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FOREWORD
This report is the fifth volume of a series that comprises the following:

Volume I - Summary

Volume I - Component and System Configuration Screening
Analysis

Volume III - Details of System Analysis, Engineering, and
Design for Selected System

Volume IV - Selected System Supporting Studies

Volume V - Selected System Cycle Performance Data

Volume I summarizes the Phase I portion of the program, in which the
various component and system concepts were compared and evaluated. Vol-
umes I, IV, and V contain the Phase II work, in which preliminary design
of the selected APU system concept was performed.
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SECTION |

INTRODUCTION AND SUMMARY

INTRODUCTION

The Phase II work performed under Contract NAS3-14408, "Preliminary Design
of an Auxiliary Power Unit (APU) for the Space Shuttle," was primarily concerned
with detail system analysis, engineering, and design of an APU system concept
selected during Phase I, The Phase II work is reported in three volumes:

Volume 111 Details of System Analysis, Engineering, and Design for
Selected System

Volume IV Selected System Supporting Studies
Volume V Selected System Cycle Performance Data

Volume V contains detailed cycle steady-state performance data for the final APU
system configuration for the range of input/output parameters specified by
NASA. These data provide the following:

I. Verification of the adequacy of the design to meet the NASA problem
statement for steady-state performance (transient performance is
given in Volume 111),

2. Overall system performance data for the vehicle systems analyst to
determine propellant consumption and hydraulic fluid temperature
as a function for varying mission profiles, propellant inlet
conditions, etc.

3. Detailed component performance and cycle state point data to show
what is happening in the cycle as a function of the external forcing
functions (output power, ambient pressure, propellant inlet
temperature, and hydraulic fluid temperature).

These data are given in the form of the computer printout, which presents a

large amount of data (for 144 cases) in a compact form with high precision.

An approximate correlation is given in Volume [Il, showing overall system perfor-
mance as a function of the relevant forcing functions with sufficient

accuracy (2 percent) for many purposes.

SYSTEM SCHEMATIC

The performance data presented herein are applicable to the baseline
system configuration described in detail in Volume IIl and shown schematically
in Figure 1-1,
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DATA UTILIZATION

In addition to the previously mentioned functions of system performance
verification and providing system and component performance, the data presented
here has additional uses for systems analysis, alternative systems studies,
and insurance of system compatibility during development.

Systems Analysis

The vehicle systems analyst will be required to establish system perfor-
mance for varying vehicle mission profiles. The data presented here permit
the systems analyst to determine propellant consumption and hydraulic fluid
temperature for specific mission profiles, varying propellant inlet conditions,
hydraulic system arrangements, etc.

Alternative System Studies

By appropriate cross-plotting of data given in this volume and supple-
mental hand calculations, estimates can be made of alternative system
arrangements that will be sufficiently accurate for preliminary comparison
purposes,

Insuring System Performance Compatibility During Development

In terms of the eventual hardware program, this use is probably the most
important. The computer program itself can be used during the development
program to establish system performance as actual component test data are
obtained and thereby insure performance compatibility with the vehicle
requirements. This approach has been successfully used at AiResearch with
comparable computer programs for aircraft air cycle systems. For example,

a turbine performance map based on test data would replace the analytically
derived map and system performance would be checked over the entire operating
range of the system, which in the case of aircraft systems might encompass
several hundred points. In this way, any variation in component performance
that would lead to deficiency in system performance could be detected at an
early date and appropriate remedial action (in that or another component, as
identified by program analysis) taken before the problem becomes critical
during expensive complete system tests or still more expensive flight tests.

It should be noted that it is not always possible to identify trouble-
causing performance deviations from component test data by itself. This is
due to the complex nature of the interactions within the system and the
difficulty in identifying critical design points in high-performance systems
that operate over a wide range of conditions. In the Space Shuttle vehicles,
the entire operating envelope can be considered to be critical, assuming
high incentive for being able to accurately predict and minimize propellant
weight. Therefore, it can be concluded that an APU system performance program
of the type developed in the present program will be highly desirable to the
Space Shuttle vehicles.



SELECTED PARAMETERS

As shown in Figure |-1, the APU may be required to operate over a range
of steady-state input and output variables that will influence system operation
and performance. The parameters selected for detailed performance evaluation
are inlet hydraulic fluid temperature, inlet hydrogen temperature, hydraulic
output power, and ambient pressure.

Oxygen temperature variations will not greatly influence system perfor-
mance and consequently were not included. Under the NASA component performance
ground rules (constant component losses, regardless of output), hydraulic out-
put power is interchangeable with electrical output power. Therefore, the
hydraulic output power is used to indicate the net ouput power (hydraulic and
electric) from the APU system.

DATA MATRIX

This volume presents calculated APU system performance for a matrix comprised
of |44 representative operating conditions. Steady-state performance at the
various operating conditions was obtained by using a computer program that
outputs the component performance (efficiency, effectiveness, pressure drop,
etc.) and the state points (flows, pressures, and temperatures) throughout the
system for a given net output power, hydrogen inlet temperature, ambient
pressure, and hydraulic fluid inlet temperature. Table I-l is a numerical
tabulation of the individual cases of the data matrix as related to the respec-
tive boundary conditions of each. Table I=l also keys each subsequent section
of this book to the specific cases (Section 2, 75°R inlet hydrogen cases;
Sectl?n 3, 300°R inlet hydrogen cases; and Sectlon 4, 500°R inlet hydrogen
cases

530° 70 750°R

HYDRAULIC HYDRAULIC
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Figure 1-2. APU System Input/Output
Parameters



TABLE I-1I

DATA MATRIX
Hydraulic Fluid Data Case No.
Hydrogen Inlet | Inlet Temperature Ambient .
Temperature, to Heat Exchanger, Pressure, Hydraulic Power Output, hp
°R °R psia 0 100 200 360
0.0 | 2 3 4
550 5.0 5 6 7 8
to.0 9 10 Il 12
14.7 13 14 15 16
0.0 17 18 19 20
75 650 5.0 21 22 23 24
. 10.0 25 26 27 28
(See Section 2) 14.7 29 30 31 32
0.0 33 34 34 36
750 5.0 37 38 39 40
10.0 41 42 43 44
4.7 45 46 47 48
0.0 49 50 51 52
550 5.0 53 54 55 56
10.0 57 58 59 60
14.7 6l 62 63 64
0.0 65 66 67 68
300 650 5.0 69 70 71 72
10.0 73 74 75 76
(See Section 3) 14.7 77 78 79 80
0.0 81 82 83 84
75 5.0 85 86 87 88
0 10.0 89 90 9l 92
14,7 93 94 95 96
0.0 97 98 99 100
5 5.0 tol 102 103 104
50 10.0 105 106 107 108
14,7 109 0 (NN 12
0.0 I3 (YA S ITé
500 5.0 Hz 18 9 120
650 10.0 121 122 123 124
{See Section 4) 14.7 125 126 127 128
0.0 129 130 131 152
750 5.0 133 134 135 136
10.0 137 138 139 140
14,7 141 142 143 l44




DESCRIPTION OF ANALYTICAL METHOD

The digital computer program used for system steady-state performance
analysis was written in Fortran V for the Univac 1108 computer. It uses 13
subroutines, 50 component off-design performance maps, and real fluid thermo-
dynamic properties (pressure, temperature, enthalpy, and density) for hydrogen,
oxygen, and water vapor (each fluid map uses about 10,000 bytes of computer
storage). The program uses an iterative analytical procedure using 5 nested
iteration loops with approximate equations to establish first guesses. Initi-
ally, the first-guess system flows are obtained by calculating the approximate
output power and using the flow relationship through the turbine nozzle and
the relationship between turbine throughflow, pressure ratio, 0/F ratio, and
turbine output work to calculate approximate flows for the guessed 0/F ratio.
Then a series of nested convergence loops are applied to make the system meet
the various boundary conditions imposed upon it.

FEATURES OF- ANALYTICAL METHOD

The principal feature of this program is that it allows determination of
exact system performance (within the accuracy of the performance maps) through-
out the complete operating regime of the APU. Such variables as ducting losses,
component pressure losses, and overboard expansion losses are all accounted for
in the program. Additionally, by using actual fluid thermodynamic properties
the program accounts for the large changes in cryogenic fluid specific heats.

It should be noted that such analytical sophistication would be virtually
impossible on an analog computer because of the large number of variables.

In addition, system analysis by hand calculations would be extremely
difficult and tedious because of the iterations required with the recycle
loop, jet pump, and variable 0/F ratio. It is estimated that a minimum of
4 to 6 man-hours would be required with hand calculations to solve a point
requiring 8 to I5 sec of computer time with the program. The program has
been used during the study to evaluate various system concepts and optimize
system and component design on a detailed level. Furthermore, it has been
possible to perform several iterations on component design and alternative
approaches during Phase I, Volume IV describes results of some of these studies,
which involved modification ot the program for different system concepts (such
as fixed O/F systems, variable T.t systems, and purely passive controlless
systems ). :

OUTPUT DATA FORMAT

The steady-state program output is contained on two computer printout
sheets. The input data is summarized at the heading of the first sheet and
includes pressure loss coefficients (representing the ducting between the
components; heat exchanger scale factors (which permit "rubberizing" the
system); specific system design parameters such as turbine nozzle area, turbine
inlet temperature, and recycle loop control temperature; and point input data
such as hydraulic power, electrical power, ambient pressure, hydraulic system
pressure, inlet hydrogen temperature, and inlet hydraulic fluid temperature.
The output data include the oxygen and hydrogen flows to the system, component
performance data, and state points throughout the system.
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SSAPU PHASE 11.TURB 16,75 R H2.T20=410,

8 JUNE 1971 15:54:04 PAGE 1 OF 2

® CONDITION o 0.0 HP,0.0 PAMB,3000 ®SI WYDSYS
® UNITS ® AREASSQ IN, H=BTU/LB, P2PSIA; G=BTU/MIN, T=DEG R: W=LB/MIN

*» INPUT DATAS
DUCT PRESSURE LOSS COEFFICJENTS s10E+4

.00 100 .00 1110.00 ?70000,00 <00 <00 10.00
3.64 «00 1.18 1.44 00 -1 3.50 20.80
19.00 13,088 54,00 .00 2.02 50.00 2.74 +023
012 «00
SFT TURONF SF JP P SF JP ¥ TurR 03Ca JP PRICA TURA NOZ
1.000 -000 1.009 1.000 12,56c¢ ,2000 .1210
TUR LKCA ETA COMB LUBE P AP ETA LOPP T TUR IN T HAX IN T LHX O
-0002 98 .30 5 2060.00 400.00 1500.00
ETA Cg:F DIF‘BASE

HEAT EYCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA HWOT RHODP €OLD RHODP WOT

H2 PREMEATER 2.00 2430 «50 1.00
HYD Q0 COOLER 1.00 1.00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.c0 1.00 1.00

\J e » POINT INPUT DATA @ »
HYDRA WP ELECT WP P. AMB P HYDRA OIL ALT SIZE(KW}
.00 .00 .00 3000.0 35.0

*O0OUTPUT DATAC®

DRIVE POWER HP L0SS
WYD PUMP  ALTERNATOR LUBE PUMP cam BOX
4n.0e 12.00 160 2.63
TURBJNE OUTPUT POWER =  55.35 O/F = 649 §9C 3 1.542
PROPELLANT HYDROGEN OXYGEN
FLOW RATE .862 .560
PRESSURE 500,00 500,00
TEMPERATURE 75.00 300.00
ENTHALPY 54.3 52.8

CONTROL VALVE
1S IT IN CONTROL YES YES
PRESSURE IN 499.2 500.0
PRESSURE QUT 50.2 53.9
TEMPERATURE IN 932.5 300.0

Case

® GARRETT = AIRESEARCH MANUFACTURING DIVISINN LOS ANGELES. CALIF,
SSAPU PHASE 11:TURS 16,75 1 H2,T20=4uft,
8 JUNE 1971 15:54:04 PAGE 2 QF 2
® CONDITION o 0.0 AP,0.,0 PAMB,300R PS] HYDSYS
COM3USTOR INFORMATION
HYDROGEN FLOW 862 OXYGEN FLOW +560
PRESSURE 1IN 49,9 PRESSURE QUT 49.9
TEMPERATURE IN H2 932.5 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 1.422 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 49,8 PRESSURE QUT .7
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1318.3
ENTHALPY [N 4811.4 ENTHALPY JUT 3165.90
PRESSURE RATIO 68,74 EFFICIENCY 531
RECUPERATOR lNFOIHATlON
FLOW PRE IN P OUT IN T outT H-IN H OUT EFF
COLD SIDE 1.433 499, 3 499,2 545.2 932.5 1842,6 3185.4 .49%
HOT SIDE 1.422 4 1318,3 690.3 3165.0 1811.8 .815
e TURBINE EXHAUST DVERSOARD PREESUR! . W28
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoOP
571 «158
H2 PREHEATER INFORMATION
FLOMW PRE IN P QUT T IN T our H IN H 0uT EFF
COLD SIDE .862 500.0 500.0 75,0 399.0 54,3 1296.8 ,378
HOT SINE 571 499, 489.4 932,5 401,39 3185.4 1307.4 .61
JET PUMP PERFORMANGCE
FLOW PARA FLOW PRESSURE TEMPERATURE
PRIMARY JET 17.23 86 499,99 399.04
SECONDARY JET 11.44 + 87 499.08 401.83
RESULTANT 1.43 499.36 400.15
FLOW PARA RATIO 1664 P PR1/P SEC 1.0018
JET PUMP RISE 1.0006 FR] FLQW FARA 0345 JPSF 2.30
LUBE OlL COOLER iNPORMATION
FLOW PRE IN P OUT T iN T ouT H IN H ouT EFF
COLD SIDE 1.433 439.4 499.,3 40,2 522.6 4301.0 1751.9 .57}
HOT SIDE 30.000 200.0  196.9 6:3,8 570.4 .0 .0 203
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
509.,1 111.4 25.5% 646.2
HYDRAULICS CIL COOLER lNFORHATION
FLOW PRE IN P CUT N ouT . HOIN W our EFF
COLD SIDE 1.433 499.3 499.3 5"2. 545.2 1752.0 1842.6 .933
HOT Sing 29.0 100.0 99.8 550,40 540.2 .0 .0 .360
HEAT REJECTED 129.91
15

8% 0L | S3SVI vivad



% GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELES,» CALIF.
SSAPU PHASE I1],TURB 16:75 R H2,T207400,

% GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPU PHASE 1],TURB 16,75 R H2:T20=400,

8 JUNE 1971 15:54116 PAGE 1 OF 2 8 JUUNE 1371 15154116 PAGE 2 OF 2
% CONDITION & 100 HP.0.0 PAMB,3000 PSI HYDSYS % CONDITION & 100 HP.D.,0 PAMB,3000 PS! HYDSYS
& UNITS & AREARZSS IN, W=BTU/LB, P=PS1A, G=3TU/MIN, Y=DEG R, W3l B/MIN COMBUSTOR [NFORMAT]ON
HYDROGEN FLOW 2.6 OXYGEN FLOW 1,743
s INPUT DATAS PRESSURE IN 151 5 PRESSURE QUT 151.5
DUCT PRESSURE 0SS COEFPICIENTS ®10E+4 TEMPERATURE IN H2 913.4 TEMPERATURE IN 02 300.0
.00 .00 .00 1110.00 70000,00 .00 .00 10.00
3.64 00 1.18 1.44 .00 ,66 3.50 20.80 TURBINE INFORMAT]ON
19.00 13,85 54.00 .00 2,02 50,00 2,74 023 INLET FLOW 4, SPECIFIC HEAT RATIO 1,366
.12 .00 PRESSURE IN 151.3 PRESSURE QUT 2.3
TEMPERATURE 1IN 2060.0 TEMPERATURE OUT 1362.4
SFY TURDNF SF JPP SF JP W TUR 08CA JP PRICA TURB NOZ ENTHALPY [N 4790,3 ENTHALPY OUT 3247.3
1.000 . 000 1.000 1,000 12,560 . 2000 11210 PRESSURE RAT1O 67.18 EFFICIENCY 501
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
002 98 .30 ] 2060.00 400.00 1500.00 RECUPERATOR INFORMAT]ON
ETA CORF 0/F BASE FLO¥ PRE IN P OUT TIN Tour HIN W OUT EFF
925 .600 COLD SIDE 4.460 493, 1 492.8 340,6 913.6 18316,0 3119,7 ,4%¢
HOT SIDE 4.382 2.2 1.3 1362,1 743,33 3247,3 1920.4 .7%%
HEAT EXCHANGER SCALE FACTORS ¢ TURBINE EXHAUST OVERBOARD PRESSURE « 08
HEAT EXCHANGER  ETAMA COLD ETAHa MOT  RHODP COLD RHODP HOT
H2 PREMEATER 2.00 2,00 .50 1,00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLER 1,00 1,00 1.00 1.00 FLOW PRESSURE DROF
LYB 0 COOLER 1.00 1,00 1.00 1,00 1.819 14166
RECUPERATOR 1.00 1.00 1.00 1.00
H2 PREHEATER lNFOlHATlON
o] % & POINT INPUT DATA & & FLOW PRE IN P OUT TIN T our HIN HOUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 2.641 500.0 500.0 75,0 399.4 LT 3 1298,1 .37
100.00 .00 .00 3000.0 35%.0 HOT SIDE 1.819 491.8 491,6 913,6 403,1 3119.7 1312.3 409
*OUTPUT DATA® JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE TEMPERATURE
DRIVE POWER AP LOSS PRIMARY JRT 52.79 z 64 499,95 399,38
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JRT 36,52 1.82 491,53 403,13
140,00 12.00 160 7.63 RESULTANT 4,46 493,84 400.92
FLOW PARA RATIO 692 P PRI/P SEC 1.0174
TURBINE OUTPUT POWER = 159.80 O/F a 639 SPC = 1,645 JET PUMP RISE  1,0047 PR] FLOH PARA  ,10%6 UPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE O1L COOLER INFPORMATION
FLOW RATE 2,643 1,744 rkow PRE IN P OUT TIN T oOUuT H IN O0UT  EFF
PRESSURE $00.00 500.00 COLD SIDE 4.460 493,8  493.5 400,99 452.3 1303.9 ;495 3 360
TEMPERATURE 7%.00 300,00 HOT SIDE 30.000 200,0 196.9 540,2 475.7 ] 0 (463
ENTHALPY 54,3 52.8
HEAT REJEGTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.1 323.7 25.5 858.3
IS 1T IN CONTROL YES YES
PRESSURE IN 492, 4 499,9 HYDRAULIC OIL COOLER INFORMATION
PRESSURE OUT 152.5 163.7 FLOW  PRE IN P OUT TIN T out H IN HOUT EFF
TEMPERATURE IN 913.4 300.0 COLD SIDE 4.460 493.5  493.1  452,3 540,46 1496.3 1816.0 ,904
HOT SIDE 423.7 100.9 97.8  550,0 542.6 0 0 .07

Case 2

HEAT REJECTED 1426.0)



s GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
§SAPY PHASE ll-TUlﬂ 16.73 R HZ.T20l4UO|

* GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES» CALIF.

SSAPY PHASE 11.TURB 16.75 R H2,T20%40C,

15154130 PAGE 1 OF 2

8 JUNE 1 8 JUNE 1971 15:54:30 PAGE 2 OF 2
* CONDITION » 200 HP,0.0 PaMB,3000 PSI 4YDSYS « CONDITION * 200 HP.D.D PAMB.30DL PSI +4YNSYS
s UNITS * AREA®SQ IN, H=BTU/LB, PsPS1A, GsBTU/MIN, T2DEG R. WsLB/MIN consusron INFORMATJON
HYDROGEN FLOW 4,359 OXYGEN FLOW 2.966
s INPUT DATA PRESSURE IN 253.4 PRESSURE QUT 253.4
DUCT PRESSURE L08S COEFFXC]ENTS #10E+4 TEMPERATURE IN H2 877.4 TEMPERATURE IN 02 300.0
00 «00 .00 1110.00 70000,00 .00 .00 10.00
3.64 00 1.18 1.44 00 .66 3.50 20.80 TURBINE INFORMATION
19.00 13,85 54,00 <00 2,02 50.00 2,74 023 INLET FLOW 7. SPECIFIC HEAT RATIO 1,365/
12 400 PRESSURE IN 253.0 PRESSURE QUT 3.8
TEMPERATURE IN 2060,0 YEMPERATURE OUT 1359.3
srr TURDNF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY [N 4745,2 ENTHALPY OUT 3213.5
1.000 .000 1.000 1,000 12,%60 .2000 1210 PRESSURE RAT!O 66.143Vv"  EFFICIENCY 508
TUR LKCA ETA conn LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 9 .30 .5 2060.00 400.00 1300.00 RECUPERATOR INFORMATION
ETA CORF O/F !ASE FLOW PRE IN P OUT TIN T out HIN W OUT EFF
0925 600 COLD SIDE 7.568 480, s 479.6 528.2 77,4 1771.7 2993.5 .420
HOT SIDE 7.328 3,7 2.2 1359,3 763.2 3213.5% 19%1.2 .7}
HEAT EXCHANGER SCALE FACTORS o TURBINE EXHAUST OVERBOARD PRESSURE o 1.49

HEAT EXCHANGER
HZ PREHEATER
HYD O COOLER
LuB 0 COOLER

RECUPERATOR
\O
HYDRA WP ELECT H
200,00 <00
WYD PU
240.0
TURBINE QUTPUT PO
PROPELLANY
FLOW RATE
PRESSURK
TEMPERATURE
ENTHALPY

1S 17 IN CONTROL
PRESSURE [N
PRESSURE 0UT
TEMPERATURE IN

ETAMA COLD ETAHA WOT

RHODP COLD RHODP HOT

2.00 2,00 .50 1.00
1.00 1.00 1.00 1.00
1.00 1.0 1,00 1.00
1.00 1,00 1.00 1.00
e @ POINT INPUT DATA » *
P P AMB P HYDRA O]L ALT SIZE(KW)
.00 3000.0 35.0
s OUTPUT DATAS?®
DRIVE POWER HP LO0SS
MP ALTERNATOR LUBE PUMP  GEAR BOX
0 12.00 160 12,63
WER = 265.06 O/F = .68} SPC = 1,658
HYDROGEN OXYGEN
4,359 2,966
500.00 500.00
75.00 300.00
54,3 52.8
CONTROL VALVE
Yis YES
478.9 499.8
255.0 273.6
877.4 300.0

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
3,210 2.752
H2 PREHEATER INFORMATION
FLOW PREIN POUT TIN TOUT HIN HOUT EFF
COLD SIOE 4.359  500.0 500.0 75,0 396.4 54,3 1206.6 .400
HOT SIDE 3.210 476,.8 476.7 877,4 405.2 2993,5 1320.0 .50¢
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 86,78 4,38 459,87 396.37
SECONDARY JET 64,61 321 476,61 405.17
RESULTANT 7.57 402,29 400,12
FLOW PARA RATIO 744 D PRI/P SEC 1.0488
JET PUMP RISE  1.0119 PRI FLOW PARA 1736 JPSF 2,30
LUBE_OIL COOQLER INFORMATION
FLOW PRE IN° P OUT T IN T OUT W IN HOUT EFF
COLD SIDE 7.568  482.2 481.3 400,14 437.7 1300,8 41442,2 .270
HOT SIDE 30.000  200.0 196.9 $39,4 437,9 .0 0 588
HEAT REJECTED ALTERNATOR GEAR BOX  LUBE PUMP  TOTAL
509.1 535.9 25,5 1070.4
HYDRAULIC GIL COOLER INFORMATION B
FLON PRE IN P OUT TOUT WIN HOUT EFF
COLD SIDE 7.368  481.4 480.6 43,.7 528,2 1442,0 1771.7 .806
HOT SIDE 818.4  100.0  95.4 550,0 543.3 .0 .0 .060
HEAT REJECTED 2495.41
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0l

o GARRETT & AIRESEARCH MANUFACTURING OIVISION LOS ANGELES. CALIF.

SSAPU PHASE 11,TURB 16,75 R_H2,720%400,
8 JUNE

1971 15:54:45 PAGE & OF 2

s CONDITION » 360 HP,0,0 PAMB:3000 PSI HYDSYS
s UNITS ® AREA®SQ [N, H=BTU/LB, PsPSIA, Qs8TU/MIN, T=DEG R+ W2LB/MIN

s INPUT DATAS
pucT PRESSURE LO§S COEF”CIENTS *10E+4
.00

»00 +00 1110.00 7C000,0 .00 «00 10.00
3.64 +00 1,18 1.44 .00 66 3.50 20.80
19.00 13,88 54,00 +00 2,02 50.00 2,74 023
.12 +00
SFY TUR DN F SF JP P SF JB M TUR 08CA JP PRICA TURS NOZ
1.000 .000 1.000 1.000 12,560 «2000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
002 98 .30 1] 2060.00 400.00 1300.00
ETA CORF 0/F BASE
.0925 .600

HEAT EXCHANGER §CALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAMA WOT  RHODP COLD RHODP HOT

H2 PREMEATER 2.00 2,00 «30 1.0

HYD O COOLER 1.00 1,00 1,00 1.-00
LUB 0 COOLER 1.00 1,00 1,00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

® & POINT INPUT DATA &

HYDRA WP  ELECT HP P AMB # HYDRA OfL ALT STZE(KW)
360.00 <00 .00 3000.0 35.0
e OUTPUT DATACY
DRIVE POWER HP LOSS
MYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
400.00 12.00 160 20.63
TURBINE OUTPUT POWER = 432.56 O/F = ,703 SPC = 1.676
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.093 4,989
PRESSURR 500.00 500.00
TEMPERATURE 75.00 300.00
ENTHALPY 54.3 52.8

CONTROL VALVE
1S IT IN CONTROL YES YES

PRESSURE [N 447.7 499,6
PRESSURE OUT 416.2 445,8
TEMPERATURE [N 836.0 300.0

® GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

§5APU PHASE 11/TURB 16,75 R K2,T20=400,

8 JUNE 1971 15:54145 PAGE 2 OF 2
® CONDJTION & 360 HP,0.0 PAMB,3000 PS1 HYDSYS
conausron INFORMAT I ON
HYDROGEN FLOW 7,093 OXYGEN FLOW 4,909
PRESSURE N 413 b PRESSURE OUT 413.7
TEMPERATURE IN H2 836.,0 YEMPERATURE IN 02 300.0
TURBINE [NFORMATION ’
INLET FLOW 12.081 SPECIFIC HEAT RATIO 1,364
PRESSURE [N 413.1 PRE§SURE QUT . 6.9
TEMPERATURE [N 2060.0 TEMPERATURE oUT 1358.2
ENTHALPY IN 4699.,9% ENTHALPY OUT 3182.7
PRESSURE RAT!O 60.23 RFFICIENCY 512
RECUPERATOR XNFOIHATION .
FlLOW PRE IN P OUT IN T our HIN H oUT EFF
COLD S1DE32.778 453 1 450.7 510.2 036 0 1706.6 2048.8 ,384
HOT SIDE 12.08% 3.6 1358,2 780.4 3182,6 1974.6 .68
# TURBINE EXHAUST OVERBOARD PRESSURE « 2.47
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
5.685 3.369
H2 PREHEATER lNFOIHATION
FLOW PRE IN P QUT T oUT H IN W OUT EFF
COLD SIDE 7.093 500.0 499.9 75 0 39%.7 54,3 1208.8 .44
HOT SIDE 3.688 447,3  446,9 036.0 4ol.l 2048.8 1333,5 564
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 140.38 7.09 499,68 391.70
SECONDARY JET 114,95 .69 446,63 408,082
RESULTANT 12,78 457,81 399.34
FLOW PARA RATIQ 819 P PRI/P SEC 1.1188
JET PUMP RISE  1.0250 PR] FLOW PARA 2809 JPSF 2.30
LUBE OIL COOLER INFORMATION
F#OH PRE IN P OUT T IN T our H_IN H oUT EFF
COLD SIDE12.778 457.5 455.6 399,3 428,6 1297.6 1407.9 187
HOT SIDE 30.000 200.0 196.9 855,86  448.8 o0 0 (684
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PuMP TOTAL
509.1 875.3% 25.8 1409.8
HYDRAULIC 0IL COOLER INFORMATION :
FLOW PRE IN P OUT T IN T OUT H IN. H OUT EFF
COLD SIDE12.778 455,3  453.3 428,6 510.2 1408.Q0 1706.6 .672
HOT SIDE 1450.0 100.0 91.5 550,0 544.2 0 0 2048
HEAT REJECTED 3815.39
14
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o GARRETT o AIRESEARCH MANUFACTURING DIVISJON LOS ANGELES: CALIF. e GARRETT 2 AIRESEARCH MA.JUFACTURINC DIVISION LOS ANGELES,» CALIF.

. ,T20%400 SSAPU PHASE 1},TURB 16,75 R H2,T20%40C,
SSAPU PHASE I 70.5513652 157?2 T20 ' isise187 PAGE 1 OF 2 8 JUNE 1971 15:54157 PAGE 2 OF 2
o CONDITION ® 0.0 HP,5.0 PAMB,3D00 PS1 HYDSYS e CONDITION ® 0.0 HP,5.0 PAMB.3000 #SI HYDSYS
z , . R: WzLB/M COMBUSTOR INFORMAT]ON
s UNITS ® AREARSQ IN, H=BTU/LB. PaPSIA, QeBTY/MIN., TIDEG LB/MIN HYDROGEN FLOW SRS MATION o o
« INPUT DATAS® PRESSURE 1IN 64.2 PRESSURE QUT 64,2
DUCT PRESSURE LOSS COEFFICIENTS s10E+4 TEMPERATURE IN H2 1028.8 TEMPERATURE IN 02 300.0
. .00 .00 1110.00 70000,00 .00 .00 10,00
3.22 .00 1.18 1.44 .00 .66 3,50 20.80 INLET FLOW TUR?lggnlNFDR:GEé?:;c WEAT RATIO .
. . . . 50.00 2.74 .023 . .
1"22 13 33 34-00 o 2.02 0-0 PRESSURE IN 64,1 PRESSURE QUT 5.1
) ' TEMPERATURE [N zgeu.g TEMPERATURE QUT 1492.2
SF JP W  TUR OBCA JP PIICA TURB NOZ ENTHALPY IN 4935, ENTHALPY QUT 3629.2
1?530 '”?033 F SE.SSQP 1.§uc 12.560 .2030 .1210 PRESSURE RATIO 12,63 EFFICIENGY 559
UR TA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
! ng‘ £ ‘.90 .30 .5 2060.00 400,00  1%00.00 RECUPERATOR INFOIHATION
ETA CORF O/F BASE FLOW PRE IN P OUT TIN YTOUT HIN HOUT EFF
| .092% .600 COLD SIDE 1.763 498,8  4583.8 344,31 1028,83 1828,3 3520,1 311
‘ HOT SIDE 1.300 5.1 5.0 1492,2 749.9 3829.2 1971,9 .783
\ HEAT EXCHANGER SCALE FACTORS s TURBINE EXHAUST OVERBOARD PRESSURE » 4,99
| HEAT EXCHANGER ETAHA COLD ETAMA WOT  RHODP COLD RHODP MOT
\ H2 PRE&EIT!R 2.00 2,00 .50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1,00 1.00 FLOW PRESSURE DROP
LUB 0 COOLER 1.00 1400 1,00 1,00 634 259
. 1,00 1.00 1.00
RECUPERATOR R H2 PREHEATER INFORMATION
- o « POINT INPYUT DATA o © . _ FLov PRE N PngT TN 73031. MM W o E;;,
P HYDRA ALT SIZE(KW) OLD SIDE 1.4 00.0 0.0 0 98, W3 1295.7 .
HYDR‘.E: ELECTOSP Psfgg H ggun?éL - 35.0 HOT SIDE  .634 498,5 498.% 1028,8 402.6 3520,1 1310,5 .65
TPUT DA . JET PUMP PERFURMANGE
tov pATH FLOW PARA FLOW PRESSURE - TEMPERATURE
DRIVE POWER WP LOSS PRINARY JET 22,54 1,13 499,99 398,76
WYD PUMP ALTERNATOR LUBR PUMP  GEAR BOX SECONDARY JET 12,73 63 498,49 402,63
40,00 12,00 169 2,63 RESULTANT 1.76 458,99 400.1%
FLOW PARA RATIO .565 P PRI/P SEC 1.0030
TURBINE OUTRUT POWER =  55.58 O/F = 594 SPC = 1,943 JET PUMP RISE  1.0010 PRI FLOW PARA  ,0451 JPSF  2.30
ROP| HYDROGEN OXYGEN LUBE 0IL COOLER INFORMATION
ELSuakk¢2' 1.129 1871 FLOW PRE IN P OUT TIN TOUT HIN HOUT EFF
PRESSURE 500,00 500.00 COLD SIDE 1.76) 459,0 498,9  400,2 499.2 1301.0 1667,% 543
TEMPERATURE 75,00 300.00 HOT SIDE 30.000 200.0 196.9 581,7 536, 4 <0 0 250
. 52,
ENTHALPY 4.3 2.8 HEAT REJECTHD  ALTERNATOR GEAR BOX  LUBE PUMP  TOTAL
CONTROL VALVE 509.1 111.4 25.5 646.2
YES
;Sgééu;: ?ﬂNTRDL 49}?? 500.0 HYCRAULIC OIL COOLER INFORMATION
PRESSURE OUT 64.6 68,7 Fgo: PRE IN P gur T ;u TOUT HIN HOUT E::,
RATURE IN 1028.8 300.0 COLD SIDE 1.76 498,9  498.8 499,1 544.1 1667, s 1828,3
TEHPERATURE 1 ) HOT SIDE 29.0  100.0  99.8 550,0 528.3 0 0 428
HEAT REJECTED 283.91

13
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zl

& GARRETT & AIRESEARCH MANUFACTURING: DIVISJON LOS ANGELES: CALIF.

SSAPU PHASE 11.TURB 16,75 R H2,T20"400,
8 JUNE 1971 15155109

PAGE § OF 2
% CONDITION & 100 HP,5.0 PAMB,3000 PSI HYDSYS
& UNITS & AREA®SQ@ IN, H=BTU/LB, PePS§[A, Q=8TU/MIN, TaDEG R, W3LB/MIN

e ITNPUT DATAS
DUCT PRESSURE LOSS GOEFFICIENTS #10E+4

.00 «00 .00 1110.00 70000.00 .00 +00 10.00
3.64 100 1.18 1.44 +00 66 3.50 20.80
19.00 13.085 54.00 .00 2.02 50.00 2.74 »023
12 +00
SFT TURONF SF JPP SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 -000 1.000 1.000 12,560 «2000 »1210
TUR LKCA ETA COMB LUBE P #P ETA LOPP T TUR IN T HHX IN T LHX O
[} +30 3 2060.00 400.00 1500.00

.0002 9
ETA CORF 0/F BASE
.0925 . 600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP €COLO RHQDP WOT

H2 PREMEATER 2.00 2,0C +50 1,00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

¢ & POINT INPUT DATA & &

HWYDRA HP  ELECT Hp P AMB P HYDRA OJL ALT SIZE(KW)
100,00 .00 5.00 3000.0 35.0
s 0UTPUT DATAS®
DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140.00 12.00 160 7.63
TURBINE OUTPUT POWER = 160.:36 O/F = 630 SPC = 1.728
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 2,794 1.817
PRESSURE 500.00 500.00
TEMPERATURE 75.00 300.00
ENTHALPY 54.3 52.8
CONTROL VALVE
1S 1T IN CONTROL YES YES
PRESSURE IN 491, 499.9
PRESSURE QUT 161, 172.7
TEMPERATURE N 930.7 300.0

& GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CaALIF.
SSAPU PHASE I1l,TURB 16:75 R H2,T20%400,

8 JUNE 1971 18155109 PAGE 2 OF 2
* CONDITION # 100 HP,5.0 PAMB,3000 PS]| HYDSYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 2. OXYGEN FLOW 1.017
PRESSURE- IN 160.1 PRESSURE QUT 160.1
TEMPERATURE IN H2 930.7 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 4,611 SPECIFIC HEAT RATIO 1,365
PRESSURE IN 159.9 PRESSURE QUT 5.9
TEMPERATURE N 2060.0 TEMPERATURE OUT 1398.4
ENTHALPY IN 4809,8 ENTHALPY QUT 3338.2
PRESSURE RATIOQ 29.14 EFFICIENCY +540
RECUPERATOR mroumnon
FLOW  PRE IN P OUT TIN T our HIN W OUY EFF
COLD SIDE 4.654 492,4  492.0 839,4  930.6 1811.9 3178,8 ,¢3%
HOT SIDE 4.61% 5.4 5.4 1:90.4 789.2 3338.2 1959.5 744
» TURBINE EXHAUST OVERBOARD PREBSURE 5.00
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE BROP
1.857 1:394

H2 PREHEATER lNFOIHATlON .
FLOW  PRE IN P OUT IN T out H IN HOUT EFF
COLD SIDE 2.794 500.0 500.0 75 0 398,7 54.3 1293,4 .378
HOT SIDE 1.857 490.6 490.6 930.6 402.0 3178.8 1310.9 .4LY

JET PUMP PERFORHANGE

FLOW PARA FLOW PRESSURE TEMPERATURE
PRIMARY JKT 55,79 2:79 499,98 398.66
SECONDARY JRT 37.26 1.86 490,56 402.7¢
RESULTANT 4,45 493,18 400,30
FLQW PARA RAT]0 +668 P PRI/P SEC 1.0191

JET PUMP RISE  1.0053 PRI FLOW PARA +1116 JPSF 2,30
LUBE OJL COQLER [NFORMATION

FLOW  PRE IN P QUT T IN. T OUT H*IN OUT  EFF
COLD SIDE 4.%5:, 493,14  492.9  4p0,3 449,85 1301.6 uu.x 1360
HOT SIDE 30.000 200,0 196.9 536,9 472.1 .0 W0 474

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL

509.1 323.7 25.5 58,3

HYDRAULIC QIL COOLER INFORMATION
FLOW PRE IN P OUT T IN T out HIN H our EFF
COLD SIDE 4.651 492.8 492.4 449,5 539.4 1485.8 1811.9 .09%
HOT SIDE 423.7 103.0 97.8 550,0 542.1 «0 .0 .078

HEAT REJECTED 1516.48

Case 6
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o GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
§5APYU PHASE 1. YURB 16,78

R H2,T2Q7400,

SSAPU PHASE 1],TURB 16,75 R H2,T218400,

# GARRETT « AIRESEARCH MANUFACTURING OIVISION LOS AWGELES, CALIF.

JUNE 1571 15155121 PAGE 1 OF 2 8 JUNE 1971 18155121 PAGE 2 OF 2
« CONDITION 200 HP.5. PAMB.3000 PSI WYOSYS ¢ CONDITION ¢ 200 HP,5. PAMB,3000 PSI HYDSYS
. . AREAS =BTU/LB, PPS1A, GaBTU/MIN: THDEG R, WeLB/MIN COMBUSTOR INFORMATON
UNITS * ARBASS® IN, WZBTU/LB, PaPS1A, i LYOROGEN FLON OB INFORMATION S010
PUT DaT PRESSURE IN 25905 PRESSURE oUT 2891
QUGT PRESSURE LOBS CORFPICIENTS s10E+4 TEMPERATURE IN 2 834.0  TEMPERATURE IN 02 300.0
.00 .06 .00 $120.00 70000,00 .00 .00 10.00
3,64 0o L8 f.44 +00 ‘66 3.50 20,80 TURBINE INFORKATION
19,00  13.85  54.00 00 2.02  %0.00  2.74 .023 INLET FLOW 7.480  SPEGIFIC HEAT RATIO 1.368
12 .00 PRESSURE IN 258.8  PRESSURE QUT i3
\ TERPERATURE 1N 2060.0  TEMPERATURE ouT 1375.3
SFT  TURONF SFJPP SFJPW TUR 0BCA JP PRICA TURB NOZ . ENTRALPY QUT 32531
15600 000 1.000 1,000 12,560 .2000 .1210 PRESSURE RATIO 41.24  GFFICIENCY 528
YUR LLKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.30 s 2060.00  400.00  1300.00 RECUPERATOR INFORMATION
Ei 0% osk BASE FLOW PRE IN P OUT T IN TOUT HIN HOUT EFF
o 600 COLD SIDE 7.704  479.6  478.6 527,5 484.0 1769,1 3016.4 424
HOT SIDE 7.480 6.2 $.4 1375,3  770.4 3253.1 1968.6 .714
HEAT EXCHANGER SCALE FACTORS » TURBINE EXHAUST OVERBOARD PREBSURE o 5.08
WEAT EXCHANGER ETAMA COLD ETAHA NOT  RHODP COLD RHODP WOT
H2 PREWEATER 2.00 2,00 .50 1.00 HOT BYPASS VALVE INFORMATION
WYD O GOOLER 1.00 1.00 1.00 1.00 FLOW - PRESSURE DROP
LUB 0 COOLER 1.00 1,00 1.00 1.00 3.242 3,042
RECUPERATOR 1,00 1.00 1.00 1.00
H2 PREHEATER INFORMATION
o s POINT INPUT DATA & ® FLOW  PRE IN POUT  TIN TOUT HIN WOUT EFF
WYDRA HP ELECT HP P AMB P HYDRA Ol ALT SIZE(KNW) COLD SIDE 4.462  500.0 500.0 75,0 396.3  54.3 1206.4 .397
200,00 .00 5.00 3006.0 35.0 HOT SIDE 3.242  475.5 475.4  @84,0 4c5.4 3016.4 1320.9 .392
sO0UTPUT DATAS JET PUKP PERFORMANCE
FLOW PARA PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 88.02 A 499,87 396,30
HYD PSP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 45,28 3.24 475,33 105.42
240,00 12.00 12.63 RESULTANT 7.70 481,39 400.15
FLOW PARA RATIO 738" » PR1/P SEC 4.0516
TURBINE OUTPUT POWER = 265.19  O/F = 677  SPC = 1.692 JET PUMP RISE  1.0128 PRI FLOW PARA 1777 JpSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER [NFORMATION
FLOW RATE 4,462 3.019 FYOM  PRE IN P OUT T T IN T OUT W IN W QUP  EFF
PRESSURE 500.00 500.00 CQLO SIDE 7.704 481.3  480.6 400,2 437,1 1300.9 1439,8 ,267
TEMPERATURE 75.00 300.00 HOT SIDE 30.000 200,0 196.9 538,6 437,0 N 0 .589
4, 32.8
ENTHALPY 43 2 WEAT REJECTED  ALTERNATOR  GEAR BOX  LUBE PUWP  TOTAL
CONTROL VALVE 509.1 335.9 25,5 1070.4
NTRO YE Yes
DRESTURE Aok PR 499.8 HYORAULIC OfL COOLER INFORMATION
PRESSURE OUT 26018 2758 S JFSO4PRE IN P aut T N T out T ;N‘ N OUT  EFF
8ea. 300. . o 6 43 3 7694 .
TEMPERATURE IN -0 000 3 AST R o S TP S50 S+ 1 B LA S 1769.1 .40
HEAT REJECTED 2538.79
12
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPY PHASE 11.TURB 16,75 R H2,T20%400,

* GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE I1,TURR 16,75 R H2,T202400,

8 JUNE 1971 15158133 PAGE 1 OF 2 8 JUNE 1971 15155133 PAGE 2 OF 2
& CONDITION ¢ 360 HP,5.0 PAMB,3000 WYDSYS * CONDITION & 360 HP.5.0 PAMB,3000 MYDSYS
* UNITS & AREA®SQ IN, H=BTU/LB, PsPS[A, QsATUY/MIN, T#JEG R, WsLB/MIN COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 7.147 OXYGEN FLOW 5.022
« INPUT DATAS® PRESSURE IN 416.2 PRESSURE OUT 416.2
DUCT PRESSURE LOSS COEFFICIENTS #10E+4 TEMPERATURE IN H2 838.3 TEMPERATURE IN 02 300.0
.00 +00 .00 1110.00 70000,00 .00 00 10.00 .
3.64 .00 1.18 1.44 ,00 .66 3.50 20.80 TURBINE INFORMAT]ON
19.00 13,85 54.00 .00 2,02 50.00 2,74 023 INLET FLOW 12.169 SPECIFIC HEAT RATIO 1.364
12 .00 PRESSURE IN 415,6 PRESSURE QUT 8.4
TEMPERATURE N 2060.0 TEMPERATURE OUT 1384.6
SFT TURONF SF JP P SF JP ¥ TUR OBCA JP PRICA TURB NOZ ENTHALPY N 4701.0 ENTHALPY QUT 3197.2
1.000 -000 1.000 1.000 12,560 .2000 +1210 PRESSURE RATIO 49.46 EFFICIENCY 522
TUR (KC4 ET4 COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 98 .30 . 2060.00 400,00  1500.00 RECUPERATOR INFORMATION
ETA CORF Q/F BASE FLO¥ PRE IN P QUT TIN Tour H IN HOUT EFF
0925 .600 COLD SIDEL2.862 452,6 450.1 91040 838,3 1706,0 20%8,7 ,30¢
HOT SIDE 12.469 8,2 6.0 1364,6 783.2 3197.2 1980.8 .e80
HEAT EXCHANGER SCALE FACTORS ¢ TURBINE EXHAUST OVERBOARD PRESSURE e 5.28
HEAT EXCHANGER ETAHA COLD ETAWA MOT RHODP COLD RHODP HOT
H2 PREMEATER 2.00 2.00 30 1.00 HOT BYPASS VALVE INFORMAT]ON
HYD O COOLER 1.00 1,00 1.00 1.00 FLOW PRESSURE OROpP
LUB O COOLER 1.00 1.00 1.00 1.00 5,715 3.432
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFORMATION .
® » POINT INPUT DATA o ¢ FLOW PRE IN P OUT T IN T ouT H IN H OUT EFF
HYDRA HP  ELECT HP P AMB P HYQRA OfL ALT SIZE(KW) COLD SIDE 7.447 500.0 499.9 75:0 392.3% 54,3 1270.% .41%
360.00 .00 5.00 3000.0 35.0 HOT SIDE 5.71% 446,6 446.3 38,3 409.4 2856,7 1335.8 ,56%
e QUTPUT DATA® JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER NP LOSS PRIMARY JET 141,53 7.45 499,67 392,14
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 115,65 8,72 445,97 409.45
400.00 12,00 160 20.63 RESULTANT 12.86 457,32 399,84
FLOW PARA RATIO 817 P PRI/P SEC 1.1204
TURBINE OUTPUT POWER = 431.96 C/F s 703 SPC = 1.690 JET PUMP RISE  1.0254 PRI FLOW PARA  ,2833 JPSF  2.3D
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 7.147 5.022 FLOW PRE IN P OUT T IN T OUT H IN H oyt EFF
PRESSURE 500.00 500.00 COLD SIDE12.863 457,0 455.1 399,8 428.9 1299,5 1409.1 .187
TEMPERATURE 75,00 300,00 HOT SIDE 30.000 200.0 196.9 555,8 449.3 0 0 685
ENTHALPY 54.3 52.8
HEAT REJECTED  ALTERNATOR  GEAR 80X LUBE PUMP TOTAL
CONTROL VALVE 509.1 875.3 25,5 1409.8
1S IT IN CONTROL YES YES
PRESSURE IN 447.0 499,46 HYDRAULIC CIL COOLER INFORMAT]ON
PRESSURE OUT 418.8 448.5 FLOW PRE [N P CUT T IN T our H IN H OUY EFF
TEMPERATURE IN 838.3 300.0 COLD SIDEL12.862 454,7 452.7 428,9 510.0 1409.0 1706.0 .670
HOT SIDE 1450.0 100.0 91,5 85040 544,2 0 0 .04
HEAT REJECTED 3820.06
11
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ql

® GARRETT o ARESEAR

SSAPU PHASE llaTURB.IG
J

® CONDITION » 0.0
® UNITS ® AREA®SQ IN,

CH MANUFACTURING DIVISION LOS ANGELES, CALIF.

+75 R H2.720-400.
UNE 19

HP,10. PAMB,3000 PSI WYDSYS

15:55:50 PAGE § OF 2
H=BTU/LB, PsPS1A; QaSTU/MIN, T=DEG R. WzLB/MIN

INPUT DATAS
RESSURE LO8S COEFPICIENTS wiDE+4

pucr p
»00 +00 +00 1110.00 70000,00 .00 +00 10.00
J.64 +00 1.18 1.44 .00 166 3.50 20.80
19.00 13,85 54.00 00 2,02 50.00 2,74 1023
12 «00
SFT TURONF SF JP P SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 .000 1.000 1,000 12,560 .2000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TOR IN T HMX IN T LHX 0
198 . . 2060.00 400.00 1500.00

»0002
ETA CORF O/F BASE
0925 400
Hi
MEAT EXCHANGER E
H2 PREHEATER
HYD 0 COOLER
LUB O COOLER
RECUPERATOR

HYDRA WP  ELECT HP
«00 100

NYD PUM
40,00

TURBINE OUTPUT POW

PROPELLANT
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

1S 1T IN ONTROL
PRESSURE
PRESSURE OUT
TEMPERATURE IN

EAT EXCHANGER SCALE FACTORS

TAHA COLD ETAMA WMOT  RHODP COLD RHODP WOT
2,00 2.00 +50 1.00
1.00 1.00 1.00 1.00
1.00 1,00 1.00 1,00
1.00 1.00 1.00 1.00

® o PQINT INPUT OATA = o
P AMB P HYDRA O]L
10.00

ALT_SIZE(KW)
3000.0 35,0

s JUTPUT DATAMS®

DRIVE POWER LOSS

P ALTERNATOR LUBE PUMP GEAR BoX
12.00 v60 2.63

ER = 55.17 Q/F = ,547 SPC = 2,309
QXYGEN

+768
500.00
300.00

52.8

HYDROGEN
1,353
500,00
75.00
5";
CONTROL VALVE
Yis YES
98,4 500.0

76,9 81.2
1079.6 300.0

Case

* GARRETT « AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CaLlF,
SSAPU PHASE I1.TURB 16,75 R HZ T20=400,

8 JUNE 1971 15:55350 PAGE 2 OF 2
® CONDITIOV ¢ 0.0 KP.10., PAMB,3000 PS1 RYDSYS
COMEUSTOR INFORMATION
HYDROGEN FLOW 1.355 OXYGEN FLOW 1768
PRESSURE N 76.3 PRESSURE 0UT 76.3
TEMPERATURE [N W2 1079,.6 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 2,123 SPECIFIC HEAT RATIO 1.368
PRESSURE IN 76,2 PRESSURE OUT 10.1
TEMPERATURE [N 2060.0 YEWPERATURE QUT 1591.2
ENTHALPY IN 5002.6 ENTHALPY OQUT 3901.7
PRESSURE RAT!0 7.58 EFFICIENCY 544
RECUPERATOR INFORMATION
FLOW PRE IN P QUT TIN T our HIN H OUT EFF
CoLD SIDE 2.06Q 498.3  498.2  539,3 1079.5 1811.5 3696.5 .514
HOT SIDE 2.123 10.0 10.0 1591,2 787,31 3901.7 2072.9 .764
¢ TURBINE EXHAUST OVERBOARD PREGSURE e 9.99
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
705 486
H2 PREHEATER XNFOIHATION
FLOW PRE IN P OUT TIN Tour HIN MW OUT EFF
COLD SIDE 1.35% 500.0 500.0 75,0  398.% 54,3 1295.3 .322
HOT SIDE  .708 497.7  497.7 4079,5 4D2.5 3696.5 1310,0 .674
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE.  TEMPERATURE
PRIMARY JET 27.06 1.36 499,99 398,64
SECONDARY JET 14,14 W70 497.69 402.52
RESULTANT 2.06 498,49 399.97
FLOW PARA RATIO 523 P PR1/P SEC 1.004¢
JET PUMP RISE  1.0016 PRI FLOW PARA  ,054% JPSF  2.30
LUBE OIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T oUT HIN W OUT EFF
COLD SIDE 2.060 498.5  498.4  400,0 484,4 1300.3 1614.0 .517
HOT SIDE 30.000 200.0 196.9 B563,3 516,8 0 0 208
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25,5 646,2
HYDRAULIC QIL COOLER INFORMAT]ON
FLOW PRE IN P OUT TIN T oUv H IN W OUT EFF
COLD SIDE 2.060 496.4  498.3  4H4,5 539.3 1614,2 1811,5 ,837
HOT SIDE  29.0 100.0 99.4 550.0 518,8 .0 0 477
HEAT REJECTED 406.56
17
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® GARRETT ¢ AIRESEARCH MANUFACTURING DIVISION LOS ANGELES,

SSAPU PHASE H-Tunaal

® CONDITION ¢ 100

6:75 R H2,T20%400,
JUNE 1971

HP,10. PAMB,3000 PSI

15:56101
HYDSYS

CALIF.

PAGE 1 OF 2

® UNITS ® AREA®SQ IN, H=BTU/LB, P3PSl1A, QGuBTU/MIN, T=DEG R., WzLB/MIN

= I NPUT DATA

DUCT PRESSURE LOSS COEFFICIENTS o10E+4

.00 00 .00 1110.00 70G000.00 .00 +00 10.00
3.64 +00 1.18 1.44 +00 .66 3.5%0 20.80
19.00 13,88 54.00 .00 2,02 50.00 2.74 023
.12 +00
SFT TURONF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 .2000 11210
TUR LKCA ETA ccns LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
6002 5 2060.00 400.00 1500.00
ETA CDRF 0/F BASE
.0925 .600
HEAT EXCHANGER $CALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAWA HOT  RWODP COLD RHODP WOT
H2 PREMEATER 2.00 2,00 50 1.00
HYD O COOLER 1,00 1,00 1.00 1.00
LUB O COOLER 1.00 1,00 1.00 1,00
RECUPERATOR 1.00 1,00 1.00 1,00
® o POINT INPUT DATA o »
HYDRA WP  ELECT WP P AMB P HYDRA OIL ALT SIZE(KW)
100,00 <09 10.00 3000.0 35.0
«0UTPUT DATAS
DRIVE POWER HP 0SS
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140.00 12.00 160 7.63
TURBINE OUTPUT POWER = 161.20 O/F = ,638 SPC = 1.848
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 3,033 1,933
PRESSURE 500.00 500.00
TEMPERATURE 75.00 300,00
ENTHALPY 54.3 52.8
CONTROL VALVE
1S 1T IN CONTROL YEB YES
PRESSURE IN 490.1 499.,9
PRESSURE QUT 174.6 186.5
TEMPERATURE [N 952.5 300.0

Case

* GARRETT « AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CaLtf.

SS5APU PHASE 11.TURB 16,75 R H2,T20%400,

8 JUNE 1972 15156104 PAQGE 2 OF 2
® CONDITION ® 100 HP,10. PAMB,3000 PSI HYDSYS
COMRUSTOR INFORMATION
HYDROGEN PLOW 3.033 OXYGEN FLQW 1,933
PRESSURE N 173,4 PRESSURE QUT 173.4
TEMPERATURE IN H2 952.5 YEMPERATURE IN 02 300.0
TURBINE [NFORMAT]ON
INLET FLOW 4,966 SPECIFIC WEAT RATIO 1,368
PRESSURE N 173,14 PRESSURE OUT 10.3
TEMPERATURE IN 2060.0 YEMPERATURE OUT 1447,7
ENTHALPY N 4838,4 ENTHALPY QUT 3464.2
PRESSURE RATIO 16,98 EFFICIENCY 1 11Y
RECUPERATOR INFORMATION
FLOW PRE IN P OUY TIN T OUY HIN WOUY (14
COLD SIDE 4.96¢ 491.1  490.7 537.5 952,39 1803,1 3294,6 43§
HOT SIDE 4.964 10.2 10.0 1447,7  780.7 3464,2 2013,6 733
» TURBINE EXHAUST OVERBOARD PREIBURI . 9.97
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
1.937 1:769
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T our WIN HOUt EFF
COLD SIDE 3.033 500.0 500.0 75,0 398,5 54,3 1294,8 ,300
HOT SIDE 1.937 488.9  488.9 952,5 403.2 325%4.6 4312,3 .62¢
JET PUMP PsaronnANcE
FLOW PARA FLO PRESSURE  TEMPERATURE
PRIMARY JET 60,54 3.03 499,94 398,50
SECONDARY JBT 38,89 1,94 488,04 403,20
RESULTANT 4,97 491,97 400,34
FLOW PARA RATIO 642 P PRI/P SEC 1.0227
JET PUMP RIBE 1.0064 PR} FLOH PARA  ,1211 JPSFE 2,30
LUBE 01L COOLER INPORMATION
FLOM  PRE IN P OUT TIN T OUT H IN W OUT EFF
COLD SIDE 4.969 491.9  491.6 400,3 446,4 1301.7 1474,4 347
HOT SIDE 30.000 200,0 196.9 533,0 467.8 0 0 1492
HEAT REJECTED ALTERNATOR  GEAR BOX LUBE pPuNP TOTAL
509.1 323.7 25.5% 058.3
HYDRAULIC OIL COOLER lNlORHATlON
FLO¥ PRE IN P OUT T ouT HIN MW OUT EFF
COLD SIDE 4.969 491.6  491.2 446.3 537,35 1474,0 1805.1 .880
HOT SIDE 423.7 100.0 9/.8 550,0 541,5 0 0 .082
HEAT REJECTED 1645.32
12
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® GARRETY o AJRESEARCK MANUFACTURING DIVISION LOS ANGELES, CaLIF.

SSAPU PHASE I1,TURB 16,75 R H2,Y2084G0,
8 JUNE 1971 1556113

e CONDITION @ 200 HP,10. PAMB.3000 P51 HYDSYS

PAGE 1 OF 2

s UNITS ® AREASSQ IN, H=BTU/LB,» PaPSlA,; QxBYU/MIN,» T=DEG R. W=LB/MIN

* ITNPUT DATAS
DUCT PRESSURE LOSS COEFRJCIENTS *10E+4
+00 +00 +00 1110.00 70000,00 .00 +00 10,00
3.64 +00 1.18 1.44 +00 66 3,50 20.00
19.00 43,85 54,00 +00 2,02 50.00 2.74 +023
12 «00
SFT TURONF SF PP SF JPW TUR 0BCA JP PRICA TURB NOZ

1.000 +000 1,000 1.000 12,560 «2000 +31210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LKX 0

+0002 98 +30 2060.00 400.00  1500.00
ETA CORF 0/F BASE
0925 600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETANHA WOT  RHODP cOLD RHODP HOT
H2 PREHEATER 2.00 2,00 «50 1.00
HYD 0 COOLER 1.00 1.00 1.00 1.00
LUB O COOLER 1.00 1.00 1.00 1,00
RECUPERATOR 1.00 1.00 1.00 1,00
e » POINT INPUY DATA o o
HYDRA WP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
200,00 +00 10.00 3000.0 35.0
s O0UTPUT DATA®
ORIVE POWER LOSS
HYD PUMP ALTERNATOR LUBK PUMP GEAR BOX
240.00 12,00 160 12,63

TURBINE OUTPUT POWER = 266,23 o/F = ,669 SPC 7 1.763

PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,606 34137
PRESSURE 500.00 500.00
TEMPERATURE 75,00 300,00
ENTHALPY 54,3 52.0
CONTROL VALVE

18 1T IN GONTROL YES YE

PRESSURE IN 4784 499.8
PRESSURE OUY 273,53 292.7
TEMPERATURE [N 896,34 300.0

Case

® GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE II»TURB 16,75 R HZ:TZOI400p

8 JUUNE 197 15156113 PAGE 2 OF 2
e CONDITION o 200 HP,10. PAMB,3000 PSI HYDSYS
COHBUSTOR JINFORMATION
HYDROGEN FLOW 4,686 OXYGEN FLOW 34137
PRESSURE {N 271 ? PRESSURE oUT 271.7
TEMPERATURE IN H2 896.1 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 7,824 SPECIFIC HEAT RATIO 1,365
PRESSURE IN 274.3 PRESSURE QUT 10.7
TEMPERATURE IN 2060.0 TEMPERATURE oUT 1405,9
ENTHALPY IN 4769.2 ENTHALPY OUT 3328.6
PRESSURE RAT1O 25.33 EFFICLIENCY 1549
RECUPERATOR INFDRHATION
FLO¥ PRE IN P OUT TIN T OUT HIN HOUT EFF
COLD SIDE 8.011 477.,4 476.4 525,9 896,0 1763,2 3058.1 424
HOT SIDE 7.824 10,7 10.1 1405,9 784.4 3328,6 2002.6 704
o TURBINE EXHAUST OVERBOARD PRESSURE e 9.96
HOT BYPASS VALVE INFORMATION
FLow PRESSURE DROP
3,325 3618
H2 PREHEATER lNFORHATION
FLOM  PRE IN P OUT our H IN H OUT EFF

COLD SIDE 4.686 500.0 500.0 75.0 396v1 54,3 1283,6 394
HOT SIDE 3.323 472.7 472.6 #96,0 405.9 3038,1 1322,7 397

JET PUMP PERFORMANCE

FLOW PARA FLOW PRESSURE  YEMPERATURE
PRIMARY JET 93.27 4.69 499.86 396,41
SECONDARY JRT 66.99 3+32 472,54 405,92
RESULTANT 8,01 47940 400,19
FLLOW PARA RATIO 718 P PRI/P SEC 1.0578

JET PUMP RISE  1.0145 PRI'FLOU PARA «1866 JPSF 2,30

LUBE OIL COQLER INFORMATION

FLOW  PRE IN P OUT TIN T oOUT H IN EFF
COLD SIDE 8.01% 479.3 478 % 400,2 435,7 1301.,0 1434 6 260
HOT SIDE 30.000 200.0 196.9 536,9 455,0 0 0 599
HEAT REJEGTED  ALTERNATOR  GEAR 80X LUBE PUMP TOTAL
5091 335.9 255 1070.4
HYDRAULIC QIL COOLER INFORHATION
FLOW PRE IN P OU T IN H IN HOUT EFF
COLD SIDE 8.014 478,4 477, 5 435,6 525 9 1434,2 1763.2 789
HOT SIDE 818.4 100.0 95.4 850,0 542,9 Y 0 062
HEAT REJECTED 2635.15

11



8l

® GARRETT o AJRESEARCH MANUFACTURING OIVISION LOS ANGELES, CALIF.

s GARRETT s AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPU PHASE 1]/TURB 16,75 R H2,T200400, SSAPU PHASE I1,TURB 16,75 R H2,T202400,
8 JUNE 1971 15156146 PAGE 1 OF 2 8 JUNE 1974 15156146 PAGE 2 OF 2
° CONDITION ¢ 360 HP,10. PAMB,3000 MYDSYS ® GONDITION ® 360 HP,10. PAMB,3D0U HYDSYS
® UNITS ® AREAASG IN, H=BTU/LBs P=P§IA; GxSTU/MIN, TaDEG Rs W=LB/MIN COMBUSTOR INFORMATION
HYDROGEN PLOW 7,343 OXYGEN FLOW 5,145
1 UT DATAG® PRESSURE 1IN 421,08 PRESSURE OUT 421,9
pucT PRESSURE Loss COEFFICIENTS s10E+4 TEMPERATURE [N H2 845,7 YEMPERATURE IN 02 300.0
.00 00 .00 1110.00 70000,00 .00 .00 10.00
3.64 00 1.18 1,44 4100 .66 3,50 20.80 TURBJNE INFORMATION
19.00 13,85 54.00 00 2,02 50.00 2.74 1023 INLET FLOW 12,488 SPECIFIC HEAT RATIO 1,364
12 +00 PRESSURE IN 424,2 PREGSURE QUT 12,2
TEMPERATURE IN 2060,0 YEMPERATURE OUY 1383.9
SFT TURONF SF JPP SFJUPW TUR OBCA JP PRICA TURB NOZ ENTHALPY IN 4705,2 ENTHALPY OUT 3240.7
1.000 .000 1.000 1.000 12,560 <2000 11210 PRESSURE RAT{O 34,51 BFFICIENCY 1537
TUR LKCA ETA cons LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
10002 .30 5 2060.00 400.00 1500.00 RECUPERATOR XNFORHATION
ETA CORF OIF BASE FLOW PRE IN P OUY TIN T oUT HIN H OUT EFF
<0925 , 600 COLD SIDE33.413 450, o 448,2 509,0 045 1702.2 20882,8 .30%
HOT SIDE 12,488 12 10.% 4383,9 792+3 3240.7 2004.1 ,676
HEAT EXCHANGER SCALE FACTORS o TURBINE EXHAUST OVERBOARD PREISURi 10,14
HEAT EXCHANGER ETAHA COLD ETAHA HOT  RHODP GOLD RHODP HOT
H2 PREHEATER 2.00 2,00 50 1.00 HOT BYPASS VALVE JINFORMATION
HYD 0 COOLER 1.00 1,00 1.00 1,00 FLOW PRESSURE DROP
LUB O COOLER 1.00 1,00 1.00 1.00 5.770 3.048
RECUPERATOR 1.00 1,00 1.00 1,00
H2 PREHEATER lNFOlHAT!ON
o o POINT INPUT DATA o » FLOW PRE IN P QUT IN T ourT H IN HOUY EFF
HYORA HP  ELECT HP P AHB P HYDRA OfL ALT SIZE(KW) COLD SIDE 7.343 500,0 499.,9 75.0 391.7 54,3 1268,9 414
360.00 +00 10.00 3000.0 35.0 HOT SIDE 5.770 444,3  443,9  §45,8  409,7 2882,8 1336,6 566
S« QUTPUT DATAS® JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP L0SS PRIMARY JET 145,33 7.34 499,65 391,74
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 116,77 8,77 443,63 409,65
400,00 12.00 160 20.63 RESULTANT 1311 455,69 399,62
FLOW PARA RATIO 804 P PRI/P SEC 1.1263
TURBINE OUTPUT POWER = 431.66 O/F = .701 SPC = 1,736 JET PUMP RISE 1.0272 PR] FLOW PARA  ,2909 JPSF  2.30
PROPELLANY HYDROGEN OXYGEN LUBE OIL c00LEn lNI‘ORHATION
FLOW RATE 7,343 5,145 FLOW PRE IN P OUT T outT H IN. H OUT EFF
PRESSURE 500,00 500,00 COLD SIDE13.313 455,4  453.4 399 6 426.2 1296,7 1406,2 ,484
TEMPERATURE 75.00 300,00 HOT SIDE 30.000 200,0 196.9 554.9 448,0 0 W0 688
ENTHALPY 54,3 52.8
HEAT REJECTED ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.1 875.3 25.:5 1409.8
1S 1T IN CONTROL YES YES
PRESSURE IN 444.9 499,5 HYDRAULIC OIL COOLER INFORMATION
PRESSURE QUT 424.5% 455,1 FLOW PRE IN P OUT TIN T our HIN HOUT EFF
TEMPERATURE IN 848,7 300.0 COLD SIDE13.113 453.0 450.9 428,2 509.0 1406.4 1702.2 .663
HOT SINE 1450.0 103.0 91.5 550,0 544,1 0 .0 .048
HEAT REJECTED 3879.26

Case 12

33
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® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE I1,TURB 16,75 R H2,T20%400
L/TURB 2800E 1675%" ' 48157105 PAGE 3 OF 2

® CONDJTION » 0.0 HP,14,7PAMB,300D PSI HYDSYS
» UNITS ® AREA®SQ IN, H3BTU/LB. P®PGlAy GEBTU/MINs T20EG R. W2LB/NIN

s INPUT DATA
DUCT PRESSURE LOSS GOEFFICIENTS *10E+4

00 00 «00 13110.00 70000.,00 «D0 «00 10.00
3.64 +00 1.18 1.44 »00 .66 3,50 20.80
19.00 13'.5 54.00 <00 2,02 50,00 2,74 +023
12 00
SFT TURONF SFJPP SF JP W TUR OBCA JP PRICA TURB NOZ
+000 1.000 1.000 12.%60 +2000 +1210
TUR LKCA ETA CQHB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
000 +30 v5 2060.00 400.00 1500.00

ETA CORF 0/F BASE
+0925 600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP coOLD RHODP HOT

H2 PREMEATHR 2,00 2.00 +50 1.0
HYD 0 GOOLER 1.00 1,00 1.00 1‘00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1,00 1.00
® o POINT INPUT DATA o »
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT _SIZE(KW)
«00 «00 14,70 %000.0 35.0
s O0UTPUTY DATAN
DRIVE POMER HP L0SS
HYO PUMP  ALTERNATOR LUBI PUMP  GEAR BOX
40.00 12,00 L1] 2.63
TURBINE OUTPUT POWER =  55.13 0/F = ,549 SPC = 2.680
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 1,590 1873
PRESSURE 500.00 500,00
TEMPERATURE 75.00 300.00
ENTHALPY 54,3 52.8
CONTROL VALVE
15 lT IN CONTROL YES YES
PRESSURE 1IN 497.3 $00.0
PRESSURE QUT 89.7 4.4
TEMPERATURE [N 1111.4 300.0

* GARRETT » AIRESEARCH MANUFACTURIN» DIVISION LOS ANGELES. CALIF.
SSAPU PHASE 11,TURB 16:75 R _H2,T20=400,

8 JUNE 1971 15357105 PAGE 2 OF 2
® CONDITJON 0.0 HP,14.7PAMB,300U PS] AYDSYS
COMBUSTOR INFORMAT]ION
HYDROGEN FLOW 1.590 OXYGEN FLOW v873
PRESSURE N 88,9 PRESSURE QUT a88.9
TEMPERATURE IN H2 1111.4 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 2,463 SPECIFIC HEAT RATIO 1.364
PRESSURE IN 68,8 PRESSURE oUT 14,8
TEMPERATURE IN 2060.0 TEMPERATURE ouT 1661.0
ENTHALPY IN 5045,9 ENTHALPY OUT 4095.7
PRESSURE RATIO 6.02 EFFICIENCY +509

RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN K OUT EFF
COLD SIOE 2.360 497, 7 497,85  533,6 1111.3 4179L.1 3807.1 ,512

T SIDE 2.463 14, 14.7 1661,0 014,7 4095.7 2147,7 ,75%
] TURBINE EXHAUST OVERBOARD PRESSURE [ 14,69
HOT BYPASS VALVE INFORMATION
FLOY PRESGSURE DROP
790 1699

H2 PREHEATER INFORMATION
FLOW PRE IN P _OuUT T IN T OUT H IN H OUT EFF
COLD SIDE 1.390 500.0 500.0 75,0  398,7 54,3 1295,5 ,312
T SI0E  .790 496,8  496.8 1111,3  402,3 3807.1 13309,3 684

JET PUMP PERFDRHANCE

FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 31.74 1-59 499,98 398,70
SECONDARY JET 15,84 ' 79 496,81 402.32
RESULTANT 2'58 497491 399.91

FLOW PARA RATIO ® PR1/P SEC 1.0064
JET PUMP RISE 1.0022 PRI FLOH PARA «0635 JpsF 2,30

LUBE OIL COOLER INPORMATION

FLOW  PRE_IN T lN T oUT H IN HOUY EFF
COLD SIDE 2,380 49,9 497 B 399,9 472,8 1300.1 1571,6 ,489
HOY SIDE 30.000 200,90 196'9 543.1 5015 0 0,318
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25,5 646.2

HYDRAULIC OJL COOLER INFORMAT]ON
FLOW PRE IN P OUT TIN T OUT H IN H OUY EFF
COLD SIDE 2.380 497,8  497.7 472,9 $33.6 1571.8 1791.1 .787
HOT SIDE  29.0 100.0 99.8 550,0 509.7 0 »0 ,523

HEAT REJECTED 521.69 9
i

Case |3
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® GARRETT * ATRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11.TURB 16,75 R H2,T20=400,

8 JUNE 1971 15157345
» CONDITION & 100 HP,14,7PAHB.3000 PSI HYDSYS

PAGE 1 OF 2

& UNITS & AREARSQ IN, H=BTU/LB, P=PSlA,; Q=BTU/MIN: T20DEG R: WSLB/MIN

* INPUT DAT A
DUCT PREGSURE (085 COEFFICIENTS #10E+4

+00 100 «00 1110.00 70000,00 .00 +00 10.00
3,64 »00 1.18 1.44 «00 166 3,50 20.80
19.00 13,09 54.00 «00 2,02 50.00 2,74 1023
12 +00

SFT TURONF SF JPP SF JPW TUR 0BCA JP PRICA TURB NOZ
+000 1.000 1.000 12,560 «2000 +1210

000
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O

»0002 +98 «30 ) 206000 400.00  1300.00

ETA CORF O/F BASE

0925 .$00

HEAT EXCHANGER §CALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP ¢OLD RHODP HOT
H2 PREHEATER 2.00 2,00 +50 1.00

HYD 0 COQLER 1.00 4,00 1,00 1.00
LUB 0 COOLER 1,00 4,00 1.00 1,00
RECUPERATOR 1.00 1.00 1.00 1,00
o ® POINT INPUT DATA & »
HYDRA HP  ELECT Hp P ANB P HYORA OIL ALT STZE(KW)
100.00 +00 14.70 3000.0 35,0
« OUTPUT DATA®
DRIVE POWER HP L 0SS
HYD PUMP ALTERNATOR Lua! PunP GEAR BOX
140.00 12,00 7,63
TURBINE OQUTPUT POWER = 161.72 o/F = ,6827 SPC = 1.970
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 3,264 2,047
PRESSURE 500.00 500,00
TEMPERATURE 15,00 300.00
ENTHALPY 54.3 52,8
CONTROL VALVE
1S 1T IN CONTROL YES YES
PRESSURE N 488.7 499.9
PRESSURE QUT 187.6 199.9
TEMPERATURE N 970.7 300.0

Case

® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPU PHASE I].TURB 16:.75 R H2.Y20%400¢
8 JUNE 1974

15157115 PAGE 2 OF
® CONDITION ® 4100 HP,14.7PAMB,3000 PSI HYDSYS
COMBUSTOR JNFORMATION
HYDROGEN FLOW 3.264 OXYGEN FLOW 2,047
PRESSURE IN 186,2 PRESSURE QUT 186.2
TEMPERATURE IN H2 970.7 TEMPERATURE IN 02 300.0
TURBINE ]NFORMAT]ON
INLET FLOW 5,310 SPECIFIC HEAT RATIO 1,368
PRESSURE IN 186,0 PRESSURE QUT 14.9
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1469.6
ENTHALPY IN 4861.,7 ENTHALPY QUY 397244
PRESSURE RAT]O0 12.46 IFFICIENCY +565
RECUPERATOR lNFORHATlON
FLOW  PRE lN P out H IN H OUT EFF

COLD SIDE 5 233 489.8  409,) 535. 970 7 1798,3 3317,9 ,4%6
HOT SIDE 5.310 14 14,7 4489,6 799.3 3872,4 2060,6 .724
* TURBINE EXHAUST OVERBOARD PREIBURI . 14,67

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
2,019 2,386

H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T oUur H IN H OUT EFF
COLD SIDE 3.264 500.0 500.0 75,0  398.3 54,3 1294,0 364
HOT SIDE 2.019 487,31 487.%  970,7 403.6 3317.9 1314.2 ,63)

JET PUMP PERSORMANCE

FLOW PARA PRESSURE  TEMPERATURE

PRIMARY JET 65,14 326 499,93 398.30
SECONDARY JBTY 40,87 2+02 487.03 403,04
RESULTANT 528 490.76 400435

FLOW PARA RATIO 623 P PRI/P_SEC 1.0264
JET PUMP RIBE 1.0076 PR] FLOH PARA 41303 JPSF 2,30

LUBE OIL COOLER lNFORHATlON

FLOW PRE IN P OUT TIN Y OUT H IN EFF

COLD SIDE 3.28% 490.7  490.4 400,33 443.6 1301.7 1464.2 339

HOT SI0E 30.000 200,0 196.9 329,5 464.0 0 0 4507
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL

509.4 3a3.7 259 858.3

HYDRAULIC OIL CQOLER [NFORMATION
FLOW  PRE IN P OUT TIN T OUT H IN H QUT EFF
COLD SIDE 5.283 490,3  489,9  443,5 535,6 1463,6 1798,3 .865
HOT SIDE 423.7 100.0 97.8 550,0 540.8 o0 +0 086

HEAT REJECTED 1767.17

11
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* GARRETT » AJRESEARCH MANUFACTURING DIVISION |03 ANGRLES: CaLIF,

$SAPU PHMASE 11/YURB 16.75 R H2,T202400,
§ JUNE 1974 15157127

® CONDITION ® 200 HP,14,7PAMB/ 3000 PSI HYDRYS
® UNLTS ® AREANSQ [N, HaBTU/LB: PuP8lA; QsBTU/M[N, T#DEG R: W=LB/MIN

¢ ITNPUT DT A
DUCT PRESSURE LOSS GOEFFICIENTS «10E+4

PAGE 3 OF 2

.00 00 »00 1110.00 70000,00Q »00 400 10.00
J.64 100 1.18 1.44 100 46 350 20.80
19.00 $3.08 54,00 +00 2,02 50.00 .74 +08)
12 v00
SFT TURONF SF JP P SF JP W TUR OBCA JP PRICA TURE NOZ
1,000 . 009 1,000 1.000 12,560 12000 11240
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HNX IN T LHX O
+0002 98 30 ] 2040:00 400,00  4300.D0
ETA CORF 0/F BASE
.0928 800
HEAT EXCHANGER GCALE FACTORS
HEAT EXCHANGER  ETAMA COLD ETAWA WOT  RHODP COLD RHODP HOY
H2 PRENEATER 2.00 200 50 1.00
HYD 0 COQLER 1,00 1,00 1,00 1.00
Lus 0 COOLRR 1,00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
o s POINT INPUT DATA o ¢
HYORA MP  ELECT WP P AMB P HYDRA OIL ALT SIZE(KW)
200,00 +00 14,70 3000.0 3%.0
sOUTPUT DATAC®
DRIVE POWER HP 0SS
WYD PUMP ALTERNATOR LUBR PUMP  GEAR BOX
240,00 12.00 190 12,63
TURBINE OUTPUT POWER = 267.26 o/F & ,663 SPC = 1.032
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,906 3.255
PRESSURE 500,00 500.00
TEMPERATURE 75,00 300,00
ENTHALPY 54,3 52,8
CONTROL, VALVE
18 IT IN CONTROL YE YES
PRESSURE N 73 499,8
PRESSURE OUT 2030 303.5
TEMPERATURE IN 206.3 300.0
Case

* GARRETY » AJRESEARCH MANUFACTURING DIVISION LOY ANGELES» CaALIF,
§6APY PHASBE l;vTURS 16:75% R Ha +T20%400,

8 JUNE 1973 151%7127 PAGE 2 OF 2
» CONDITION ® 200 HP.14.7PAMB.30QO P§| HYDSYS
coneusron INFORMATIQN
HYPROGEN FLOW 4,906 OXYGEN FLOW 3,255
PRESSURE IN 284,14 PRESSURE QuUT 204,
TEMRERATURE IN N2 906.3 TEMPERATURE [N 02 300.0
NLET ‘ TuR:lNE INFORMAT ] ON
INLET FLO 1162 SPECIFIC HlAT RAT(O 36
PRESBURE IN 20506 BREBSUAE out 1! v
TEMPERATURE IN 2060,0 YiHP!lATUHI oY 1433,0
ENTHALPY IN 4782.4 ENTHALPY QUT 395,46
PRESSURE RATIO 18,43 IFFICIENCY 3138
RECUPERATOR INFOIHAT!ON
FLOW PRE IN P OUT T T our HIN MW OUT EFF

COLD SIDE 8.318 475,4 474,22 524.2 906,3 3737.3 J093.4 .420
HOT SIDE 8.361 15, 14.8 1433,0 797,2 3395.6 2033,.8 ,700
& TURBINE EXHAUST OVERBOARD PREGSURI . 14,65

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
3.412 4,166

H2 PREHEATER INFOIHATION
FLOW  PRE IN P QUT TIN T oOUur HIN  WOUY gFF
COLD SIDE 4.%04 500.0 499,9 75,06  393.9 54,3 1204.0 ,38¢
HOT SIDE 3.412 470.1  469.9  906,3  405.4 3093.6 1324,5 004

JET PUMP PE:FORHANCE
FLOW

FLOW PARA PRESSURE ~ TEMPERATURE
PRIMARY JET 97,81 4.91 499,04 395.90
SECONDARY JET 68,79 Je41 469,84 406,39
RESULTANT §.32 477,48 400,22
FLOW PARA RAT!O «708 P PR]/P SEC 1,0639

JET PUMP RIBE 1.0163 PRI FLOW PARA  ,1983 JUPSF  2.30
LUBE OIL COOLER INFORMATION
FLOW PRE IN P QUT T IN T our H IN H 0 EFF
COLD SIDE 8. 310 477,4  476.5 400,2 434,4 1301.1 1029.0 253
NHOT SIDE 30.000 200.0 196.9 535,3 453.3 0 G .e07
HEAT REJECTROD ALTERNATOR GEAR B8OX LUBE PuNP TOTAL
509.1 535.9 25,5 1070.4

HYDRAULIC OIL COOLER INFORMAT{ON
FLOW  PRE IN P OUT TIN T OUT H IN HOUT EFF
COLD SIDE 8.318 476,4  475.4  434,3 524, 2 1429.3 17%7.3 .17
HOT SIDE 818.4 100.0 95.4 550,0 842,7 0 -D D83

HEAT REJECTED 2727.98

11
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® GARRETT # AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE 11.TURB 16,75 R H2.T20%400,

* GARRETT » AIRESEARCH MAMUFACTURING DIVISION LOS ANGELES: Ca
8SAPU PHASE I].TURB 16,75 R. H2,T20%400,

LIF.

8 JUNE 1971 15157:42 PAGE 1 OF 8 JUNE 1971 15157142 PAGE 2 OF 2
s CONDITION » 360 HP,14,.7PAMB,3000 WYDSYS * CONDITION ® 360 HP,14.7PAMB/,3000 WYDSYS
® UNITS & AREA®S@ IN, H=BTU/LB., PzP§la, QaBTU/MIN:. T=DEG R, W:zLB/MIN COHBUSTOR INFORMATION
HYDRQGEN FLOW 555 OXYGEN FLOW 5.254
* INPUT DATAS PRESSURE N 439 ] PRESSURE 0QUT 439.§
DUCT PRESSURE LOSS GOEFPICIENTS ®1DE+4 TEMPERATURE IN H2 850.4 YEMPERATURE IN 02 300.0
+00 +00 .00 1110.00 70000.00 .00 +00 10.00
3.64 100 1.18 1.44 .00 66 3.50 20.80 TURBINE INFORMAT]ON
19.00 13,88 54.00 +00 2.02 50.00 2,74 +023 INLET FLOW 12,809 SPEGIFIC HEAT RATIO 1.364
.12 .00 PRESSURE IN 439.1 PRESSURE OUT 16.3
TEMPERATURE IN 2060.0 TEMPERATURE oQUT 1398.¢
SFT TURDNF SF JP P SF JP W TUR Q8CA JP PRICA TURS NOZ ENTHALPY N 4716, ENTHALPY OUT 3278.6
1.000 .000 1.000 1.000 12,560 .2000 .1210 PRESSURE RATIO 26.89 EFFICIENCY 549
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 198 .30 1) 2060.00 400.00 1500,00 RECUPERATOR lNFOIHATlON
ETA CORF OQ/F BASE FLO¥  PRE IN P QUT TIN T out HOIN W OUT EFF
0925 .600 COLD SIDELS. 02' 448 9 444,1 307,7 850.3 1697.6 2098.6 ,385
HOT SIDE 12 15.0 1398,6 799.6 3278.5 204%.4 472
HEAT EXCHANGER SCALE FACTORS . TURB[NE EXHAUST OVERBOARD PRIIGUR‘ ° 14,70
HEAT EXCHANGER ETAHA COLD ETAMA WOT RHODP €OLD RHODP HOT
H2 PREMEATER 2.00 2,00 .50 1.00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLER 1.00 1.00 1.00 1.00 FLOW PRESSURE OROP
LuUB 0 COQLER 1.00 i.00 1.00 1.00 5.875 4.08%
RECUPERATOR 1.00 1.00 1.00 1.00
H2 PREHEATER INFORMATION
® » POINT INPUT DATA & © FLOW PRE IN P QUT TIN T oUT W IN W OUT EFF
HYDRA HP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 7.35% 500.0 499.9 75,0 391.4 54,3 1267,9 .408
360.00 +00 14.70 3000.0 3%.0 HOT SIDE 5.87% 442,.0 441.7 450,3 410,14 2098.6 1338,1 .963
s OUTPYT DATA® JET PUMP PlRFORHANOE
FLOW PARA FLOW PRESSURE TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 149,47 7.55 499,63 391,44
WYD PUMP ALTERNATOR LUBE PUMP GEAR BOX SECONDARY JRT 118,96 5.87 441,34 410,0%
400,00 i2.00 80 20,63 RESULTANT 1) 43 454,01 399,60
FLOW PARA RATIO ® PRI/P SEC 1.1321
TURBINE OUTRUT POWER = 434.53 O/F = ,696 SPC * 1.769 JET PUMP RISE 1.0287 PR} FLOH PARA 12992 JPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 7,553 5.254 FkOV PRE IN P OUT T IN T our ‘ W our EFF
PRESSURE 500.00 500.00 COLD SIDELD.429 453,7 451.6 399,6 127 5 1298.6 1403 5 180
TEMPERATURE 75.00 300.00 HOT SIDE 30.000 200.0 196.9 55‘.1 447,14 «0 0 69)
ENTHALPY 54,3 52.8
HEAT REJEGTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
CDNTRQL VALVE 509.1 875.3 25.5 1409.8
IS IT IN CONTROL YES
PRESSURE IN 442 7 499.5 HYDRAULIC CIL CQOLER INFORMATION
PRESSURE OQUT 442.7 470.6 FLOW PRE IN P QUT TIN T oUT HIN HWOUT EFF
TEMPERATURE IN 850.4 300.0 COLD SIDE13.429 451,2 449.0 427,44 507.7 1403.4 1697.,6 ,65%
HOT SIDE 1450.0 100.0 91.5 850,00 S44.0 0 0 <049
HEAT REJECTED 3950.71

Case 16
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® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF. ® GARRETT » AIRESEARCH MA:JUFACTURING BIVISION LOS ANGELES: CALIF.
SSAPU PHASE I!oTURB 16,75 R HZnTZD'QUO.TbOleO. S§SAPY PHASE I11.TURB 16+75 R H2,T202400,T602650,
8 JUNE 1971 6:38146 PAGE & OF 2 8 JUNE 1971 16:38146 PAGE 2 OF 2
» CONDITION » 0.0 HP.,0.0 PAMB.3000 PS1 HYDSYS ® CONDITION © 0.0 HP,0.0 PAMB,300C PST HYNSYS
® UNITS ® AREA#SG IN, H2BTU/LB., PsPS1A, Q=BTU/MIN. T=DEG R, Wz_B/MIN COMBUSTOR [NFORMATION
HYDRQGEN FLOW 87 OXYGEN FLOW 537
* INPUT DATAS PRESSURE IN 49.9 PRESSURE QUT 49.9
DUCT PRESSURE LOSS CQEFFICIENTS #10E+4 TEMPERATURE N H2 992.4 TEMPERATURE IN 02 300.0
.00 .00 <00 1110.00 70000.,00 .00 .00 10.00
3.64 100 1.18 1.44 .00 .66 3.50 20.80 TURBINE INFORMATION
1%9.00 13,85 54,00 .00 “2.02 50.00 2.74 1023 INLET FLOW 1.409 SPECIFIC HEAT RATIO 1.367
.12 .00 PRESSURE [N 49.8 PRESSURE QUT .8
TEMPERATURE IN 2060,0 TEMPERATURE QUT 1324,9
SFT TURDNF SF UPP SF JP W TUR 0BCA JP PRICA TURB NOZ ENTHALPY IN 4887.2 ENTHALPY QUT 3223.2
1.000 «000 1,000 1.000 12,560 .2000 .1210 PRESSURE RATIO 66.44 EFFICIENCY 528
TJUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
»a002 98 <30 1] 2060.00 400.00 1500.00 RECUPERATOR lNFOlHATION
ETA CORF 0/F BASE FLOW PRE IN P OUT IN T OUT H IN B OUT EFF
. 0925 .600 COLD SIDE 1.392 499,2 499.2 643.6 992.3 2176.9 3393,5 ,512
HOT SIDE 1.409 7 4 1324,9 778.0 3223.2 2021.4 .60)
HEAT EXCHANGER SCALE FACTORS o TURBINE EXHAUST OVERBOARD PREESUR! . .30
HEAT EXCHANGER ETAHA COLD ETAMA WOT RHODP COLD RHODP HOT
H2 PREWEATER 2.00 2,00 .50 1.00 HOT BYPASS VALVE INFORMATION
HYD 0 COQLER 1.00 1.00 1.00 1.00 FLOW PRESSURE OROP
LUB 0 COQLER 1.00 1,00 1.00 1.00 520 1122
RECUPERATOR 1.00 1,00 1.00 1.00
N H2 PREHEATER INFORMATION
w ® o POINT INPUT DATA & ® FLOW PRE IN P QUT TIN T out H IN H OUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA DIL ALT SIZE(KW) COLD SIDE .872 500.,0 500.0 75,0  399.0 54,3 1296,5 .333
<00 .00 .00 3000.0 35.0 HOT SI0E .920 499.1 499,31 992,3 4D2.0 3393,5 1300.1 .644
s 0OUTPUT DATAS® JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
DRIVE POWER HP 0SS PRIMARY JET 17.42 87 499,99 398,95
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX SECONDARY JET 10,42 52 499,05 402.0%
40.00 12.00 60 2.63 RESULTANT 1.39 499,35 400,09
FLOw PARA RATIO 598 P PRI/P SEC 1.0019
TURBINE OUTPUT POWER 2  55.39 O/F = ,615 SPC = 1,526 JET PUMP RISE  1.0006 PRI FLOW PARA  ,0348 JPSF  2.30
PROPELLANT HYDRQGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 872 «537 FLOW PRE IN P OUT T IN T out H IN H_OUT EFF
PRESSURE 500.00 500.00 COLD SIDE 1.392 499,3  499.3 400,11 526.3 1300.8 1765.0 ,577
TEMPERATURE 75.00 300.00 HOT SIDE 30.000 200.0 196.9 618,9 575.7 0 0 197
ENTHALPY 56.3 52.8
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
CONTRAL vaLVE 509.1 111.6 25.5 $46.2
1S IT IN CONTROL YES YES
PRESSURE IN 499,11 500.0 HYDRAULIC O1L COOLER INFORMATION
PRESSURE OUT 50,3 53.6 FLOW PRE IN P OUT T IN T OUT H IN H ouT EFF
TEMPERATURE [N 992.4 300.0 COLD SIDE 1.392 499,3 499.2 526,3 643.6 1765.0 2176.9 .948
HOT SIDE 29.0 100.0 99.8 650,0 610.9 0 0 316
HEAT REJECTED 573.34
15
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

$SAPU PHASE 11,TURB 16,75 R N2,T20%400)T60%650,
8 JUNE 1971 16130158

® CONDITION ®© 100 HP,0.0 PAMB,3000 PSI WYDSYS

PAGE 1 OF 2

® UNITS = AREA#SQ IN, W=BYU/LB., PsP§IA; Q=BTU/MIN, TaDEG R, WaLB/MIN

s INPUT DAT A
DUCT PRESSURE LOSS COEFFICIENTS ®10E+4

.00 100 «00 1110.00 70000,00 .00 «00 10.00
3.64 <00 i1.18 1.44 +00 1.1 3.50 20.80
19.00 13,83 54,00 100 2.02 50.00 2.74 1023
.12 100
SFT TURONF SF JPP SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 » 2000 +1210

TUR LKCA ETa COH! LUBE P HP ETA LOPP T TUR IN T HHX [N T LHX 0
.0002 «30 3 2060.00 400.00 1500.00
ETA CORF O/F BISI
+0925 .600

HEAT EXCHANGER SCALE FACTORS
HEAY EXCHANGER ETAHA COLD ETAHA WOT  RHODP cOLD RHODP WOT

H2 PREHEATER 2.00 2.00 +50 1.00
HYD 0 COOLER 1.00 1.00 1.00 1,00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1,00

e o POINT INPUT DATA o ®

HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZR(KW)
100.00 00 .08 3000,0 3%.0
*OUTPUT DATAC
DRIVE PQWER P LOSS
WYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
140,00 12,00 140 7.63
TURBINE OUTPUT POWER = 159.92 O/F s 624 SPC = 1.62%
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 2,668 1.665
PRESSURE 500.00 300.00
TEMPERATURE 75.00 300.00
ENTHALPY 54,3 32.8
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE IN 492.3 500.0
PRESSURE QUT 132.5 162.7
TEMPERATURE IN 976.7 300.0

Case

® GARRETT » AJRESEARCH WANUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPU PHASE I1.TURB 16.75 HZ.T20'4000T603650.
8 JUNE 1971 6:30188 PAGE 2 OF 2
o CONDITION o 100 HP,0.0 PAMB,3000 PSI w4YDSY$S
COMBUSTOR [NFORMATION
HYDROGEN FLOW 2.66 OXYGEN FLOW 1,663
PRESSURE IN 151.4 PRESSURE QUT 151.4
TEMPERATURE IN H2 976.7 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 4.332 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 158.2 PRESSURE OUT 2.
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1367.2
ENTHALPY IN 4868.5 ENTHALPY QUT 3305.9
PRESSURE RATIO 65.27 EFFICIENCY 1499

RECUPERATOR INFORMATION
FLOW PRE IN P QUT T IN T oUT HIN W OUT EFF
COLD SIDE 4.30) 493,11 492.7  633,7 976,99 2142.0 3339.6 .460
HOT SIDE 4.332 2.2 1.4 1367,2 823.9 3305.5 2115.8 .744
» TURBINE EXWAUST OVERBOARD PREI!URI . 92

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoP
1.636 1489

H2 PREHEATER INFORMATION
FLOM  PRE IN P OUT TIN T out H IN W OUT EFF
COLD SIDE 2.668 500.0 500.0 75,0 39%.1 54.3 1297,0 ,350
HOT SIDE 1.63¢6 491,3  491.2  976,9  403.0 3339.6 1311.7 .43

JET PUMP PERFORMANCE

FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 53.30 2:.67 499,93 399.10
SECONDARY JUET 32.83 1,64 491,20 402.96
RESULTANT 4,30 493,84 400,97

FLOW PARA RATIO 616 P PRI/P SEC 1.0178
JET PUMP RISE  1.0053 PRI FLOW PARA  ,1066 JPSF  2.30

LUBE OlL COOLER INFORMATION
FgOH PRE IN P QUT TIN T oUY H IN W OUT EFF
COLD SIDE 4.30) 493.8 493,35  400,6 453,9 1302.6 1502.0 .37¢
HOT SIDE 30.000 200.0 196.9 542,3 477.9 0 0 454

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PuMP TOTAL
509.1 323.7 23.8 858.3

HYDRAULIC O1L COOLER INFORMATION
FLOW PRE IN P OUT TIN T our H IN M OUT EFF
COLD SI{DE 4.303 493.5 493.1 453,80 633.7 1502.0 2142.0 .91?7
HOT SIDE 423.7 100.0 97.8 650,0 637.3 .0 +0 .06%
HEAT REJECTED 27594,14

13
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® GARRETT ® AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

S§SAPU PHASE 11. TURB 16:75 R H20T20'400oT60'650.
8 JUNE 1973 6139112 PAGE & OF 2

e CONDITION & 200 HP,0.0 PAMB3000 PSI WYDSYS
e UNITS # AREA®SQ IN, H=BTU/ZLB, PxPS1A, GaBTU/MIN,» T2DEG R, WzLB/MIN

*« INPUT DATAS
DUCT PRESSURE LOSS COEF.ICX‘NTS *10E+4

+00 «00 +00 1110.00 70000,00 .00 .00 10.00
3.564 «00 1.18 1.44 ,00 66 3.50 20.80
19.00 ;3.05 54,00 00 2,02 50.00 2.74 «023
12 +00
SFT TUR ONF SF JP P SF JP W TUR Q8CA JP PRICA TURB NOZ
1.000 .000 1.000 1,000 12,560 .2000 1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
-0002 |9' -30 '5 2060'00 ‘00-00 1500100
ETA CORF 0/F BASE
«0925 <600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP COLD RHODP HOT

H2 PREHEATER 2.00 2,00 50 1.00
HYD O COOLER 1,00 1,00 1.00 1,00
LUB 0 COOQLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1,00 1.00
e o POINT INPUT DATA o o
HYDRA WP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
200.00 +00 .00 3000.0 35.0

#QUTPUT DATA®

DRIVE POWER HP L0SS

HYD PUMP ALTERNATOR LUBR PUMP  GEAR BOX

240.00 12.00 180 12.63
TURBINE OUTPUT POWER = 265.20 O/F = 645 SPC 2 1.636
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 4,396 2,835
PRESSURE 500.00 500.00
TEHPERATURE 75,00 300,00
ENTHALPY 54,3 52.8

CONTROL VALVE

[S IT IN CONTROL YES YES
PRESSURE [N 47841 499.9
PRESSURE OUT 25445 27144
TEMPERATURE IN 93846 30040

Case

® GARRETT @ AJRESEARCH MANUFACTURING DIVISION LOS AVGELES. CA

SSAPU PHASE Il'TURB 16,75 R HZ.T20=400.T60 650-
8 JUNE 1971 6139112 PAG

a GONDITICH ® 200 HP,0.0 PAMB.3000 RSI 4{YDSYS
COHBUSTOR INFORMAT]ON

HYDROGEN FLOW 4,396 OXYGEN FLOW
PRESSURE N 252 8 PRESSURE QUT
TEMPERATURE [N HZ2 938.6 TEMPERATURE IN 02

TURBINE INFORMATION
INLET FLOW 7.234 SPECIFIC HEAT RATIO
PRESSURE il 252.4 PRESSURE QUT
TEMPERATURE [N 20600 TEMPERATURE OUT i
ENTHALPY (N 4822.5 ENTHALPY QUT 3
PRESSURE RATIO 64,52 EFFICIENCY

RECUPERATOR INFORMATION

LIF.

E 2 0F 2

2,835
252.8
300.0

1,366
3.9
363.6
269.0
1503

FLOW PRE IN P OUT TIN T oOUT H IN H QUT  EFF
COLD SIDE 7.274 480,3 479.3 613,2 938,7 2070.2 3206,5 ,434
HOT SIDE 7.234 3.8 2.3 1363,6 835.,1 3269.0 2126,0 .704
» TURBINE EXHAUST OVERBOARD PRESSURE s 1.5%
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
2.878 3.773
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T oOUur HIN HOUT EFF
COLD SIDE 4.396 500.,0 500.0 75,0  396,7 54.3 1288,%1 373
HOT SIDE 2.878 475.5 475.5 938,7  405,7 3206.5 1321,8 ,617
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 87.56 4 40 499,87 396.74
SECONDARY JET 57,97 2.88 475.39 405.67
RESULTANT 7.27 482,01 400429
FLOW PARA RATIO 1662 P PR1/P SEC 1.0515
JET PUMP RISE  1.0439 PR} FLOW PARA +1752 JPSF  2.30
LUBE OIL COOLER lNFORHATION
FLOW PRE IN P OU T T oUT H IN K QUT EFF
COLD SIDE_7.274 48179 481 3 400 3 439 5 1301.4 1448,6 277
HOT SIDE 30.000 200.0 196.9 541.4 460.2 W0 0 378
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 535.9 25,5 1070.4
HYDRAULIC OIL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T OUT H IN H OUT EFF
COLD SIDE 7.274 481.1 480.3 439,4 613.2 1448.6 2070.2 .82
HOT SIDE 818.4 100.0 95.4  650,0 639.2 "0 +0 ,058
HEAT REJECTED 4522.03
19
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® GARRETT ® AIRESEARCH MANUFACTURING O1VISION LOS ANGELES, CALIF.

SSAPU PHASE 11:TURB 16,75 R H2,T20%400,T60%650,
8 JUNE 1971 16139123

® CONDITION ® 360 HP,0.0 PAMB,3000 PS1 HYDSYS
® UNITS « AREA®SG IN, HzBTU/LB, P=PS1A, G=BTU/MIN, T=DEG R, W=LB/MIN

PAGE 1 OF 2

INPUTY DAT
puct PRESSURE L0SS COEFllClENTS *10E+4
+00 +00 -00 1110.00 70000.00 .00 «00 10.00
3.64 +00 +48 1.44 »00 166 3.50 20,60
19.00 13,88 54.00 +00 2,02 50.00 2,74 1023
12 +00
SFT TURDNF SF JPP SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1,000 12,560 .2000 »1210
TUR LKCA ETA COHB LUBE P HP ETA LOPP T YUR IN T HHX IN T LHX 0
02 +30 1] 2060.00 400,00 1500.00

+00
ETA GORF 0O/F BABE
«0925 <400

HEAT EXCHANGER $CALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA HOT  RHODP COLD RHODP HOT

H2 PREHEATER 2.00 2,00 130 1.00
HYD O COOL&R 1.00 1,00 1.00 1,00
Lus 0 COOLER 1.00 1,00 1,00 1.00
RECUPERATOR 1.00 1,00 1.00 1,00

# o POINT INPUT DATA o o

HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
360.00 +00 +00 3000.0 35.0
« OUTPUT DATAS®
ORIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
400,00 12,00 160 20,63
TURBINE OUTRUT POWER 3 432,27 O/F s 674 SPC = 1.657
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7,143 4,796
PRESSURE 500,00 500.00
TEMPERATURE 73,00 300,00
ENTHALPY 54,3 32,8
CONTROL VALVE
1S 1T IN CONTROL YES YES
PRESSURE IN 448,5 499,56
PRESSURE 0UT 414.6 441.9
TEMPERATURE IN 893,34 300.0

e GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SEAPU PHASE I];TURB°16;75 R HZ:TZO'400:T60'650.

JUNE 3 16139123 PAGE 2 OF 2
e CONDITION ® 360 HP,0.0 PAMB.3000 PS! HYDSYS
COMBUSTOR_ [NFORMAT]ON
HYDROGEN FLOW 7,143 OXYGEN FLOW 4,796
PRESSURE IN 411,9 PRESSURE QUT 4119
TEMPERATURE [N H2 893,1 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 11,939 SPECIFIC HEAT RATIO 1.365
PRESSURE IN 411,3 PREBSURE 0QUT 7.0
TEMPERATURE [N 2060.0 TEMPERATURE OUT 136244
ENTHALPY IN 4766,8 ENTHALPY OUT 323L.9
PRESSURE RATIO 59.07 EFFICIENCY +520
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T oOUT W IN oUT  EFF

COLD S1DE12.227 454,1  491.6 382,9
HOT SIDE 11,939 6,8 3.8 1362,4
® TURBINE EXHAUST OVERBOARD PREGSURE » 2.56

HOT BYPASS VALVE INFORMATION
FLOW PRESSUR DR
5,084 5497

H2 PREHEATER lNFOlHATXON

FLOW  PRE IN P OUT our H IN H OUT EFF

84,3 1271.4 388
409.8 3047,3 1337, 394

COLD SIDE 7.143 500.0 499.9 75 0 392.4
HOT SIDE 5.084 446.,1 445,08 ‘93.

JET PUMP PERFORMANCE

FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 141,49 7434 499,47 392y
SECONDARY JET 102,91 5.08 445,60 409,79
RESULTANT 12:23 458,35 399,63

FLOW PARA RATIO 727 P PRI/P SEC 1,121
JET PUMP RISE  1.029% PR} FLOH PARA  ,2832 JPSF  2.30

LUBE OlL COOLER XNIORHATION

FLO¥ PRE IN P OUT T our H IN  H OUT EFF

89344 1963,6 3047.3 1398
044.4 3231.,9 2122,0 .668

COLD SIDE12.,227 458,3  456.5 399 6 450-2 1298.7 1414.0 496

HOT SIDE 30.000 200.0 196.9 557.4 450,9 0 0 478

HEAT REJECTED  ALTERNATOR  GEAR BQX LUBE PUMP TOTAL
509.1 875.3 25,5 1409.8

HYDRAULIC OIL CQOLER lNFDRHATXON

FLO¥  PRE IN P OUT T IN ouT H IN H OUT EFF

COLD SI1DE12.227 456,2 454.2 43040 592. 1414.0 1963,6 .69%

HOT SIDE 1450.0 100.0 91,5 650,0 641.0 W0 0 048
HEAT REJECTED 6719.06

Case 20

12
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® GARRETT ¢ AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
§SAPU PHASE Il:TURB 16»75 g H2,T20%400, T6D=650n
UNE 1973

139138 PAGE 4 OF 2 JUNE 1971 16139135 PAGE 2 OF 2
e CONDITION ¢ 0.0 HP,5,0 PAMB,3000 PSI HYDSYS ® CONDITION #» 0.0 HP.5,u PAMB,3000 PSI HYDSYS
® UNITS ® AREA®SQ IN, H=8TU/LB, PaPSIA; OGaBTU/MIN, T=DEG R» WsLB/MIN COMBUSTOR INFORMATION
HYDROGEN FLOW 1,135 OXYGEN FLOW +639
INPUT DATA PRESSURE IN 63,8 PRESSURE QUT 63.8
puct PRESSURE LOSS cosrvxcxeurs *10E+4 TEMPERATURE IN H2 1082,7 TEMPERATURE IN 02 300.0
.00 +00 «20 1110.00 70000,00 .00 +00 10.00
3.64 100 1.18 1.44 ,00 .66 3,50 20,80 TURBINE INFORMATION
19.00 13,85 54,00 <00 2,02 50.00 2,74 023 INLET FLOW 1.775 SPECIFIC HEAT RATIO 1.366
12 +00 PRESSURE IN 63,8 PRESSURE QUT 5.4
TEMPERATURE IN 2060.0 TEMPERATURE ovT 1495.4
SFT TURDNF SF JUPP SF JPW TUR OBCA JP PRICA TURB NOZ ENTHALPY IN 5011,0 ENTHALPY OUT 3686.9
000 000 1.000 1.000 12,560 +2000 +1210 PRESSURE RATIO 12,86 EFFICIENCY 1556
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
.0002 98 +30 ) 2060.00 400.00 1500.00 RECUPERATOR INFORHATION
ETA CORF 0/F BASE FLOW PRE IN P OUT TIN T ouT H IN W OUT EFF
,0925 600 COLD SIDE 1.724 498,8 498.7 636,0 1082.7 2150.2 3707.5 .520
HOT SIDE 1,778 5.1 5.0 1495.4 830.7 3686,9 2173.8 ,773
HEAT EXCHANGER SCALE FACTORS » TURBINE EXHAUST OVERBOARD PRESSURE o 4.99
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP COLD RHODP WOT
H2 PREHEATER 2.00 2,00 50 1.00 HOT BYPASS VALVE INFORMATION
HYD O GOOLER 1.00 1,00 1.00 1,00 FLOW PRESSURE DROP
LUB 0 COOLER 1.00 1,00 1.00 1.00 589 +270
RECUPERATOR 1,00 1,00 1.00 1,00
H2 PREHEATER INFORMATION
e o POINT INPUT DATA ¢ @ FLOW PRE IN P OUT TIN T ouT HIN HOUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 1.13% 500.0 500.0 75,0 398.,9 54,3 1296.1 .324
00 +00 5.00 3000.0 35,0 HOT SIDE  .589 498,5  498.% 1082,7 4b3.6 3707.5 1314,2 ,674
*OUTPUT DATA® JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWE HP LOSS PRIMARY JET 22.67 1.44 499,99 398.86
RYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 11.83 .59 498,47 403,60
40,00 12,00 160 2,63 RESULTANT 1472 498,99 400,48
FLOW PARA RATIO 822 P PRI1/P SEC 1.0032
TURBINE QUTPUT POWER =  55.49 O/F = ,563 SPC = 1.919 JET PUMP RISE  1.0010 PRI FLOW PARA 0453 JPSF  2.30
PROPELLANY HYDROGEN OXYGEN LUBE OIL COOLER INPORMATION
FLOW RATE 1,138 1639 FLOW PRE NN P OUT T IN T outT H IN H OUT EFF
PRESSURE 500.00 500,00 COLD SIDE 1.724 499,0 498.9 430,3 501.8 1302.3 14677.0 .549
TEMPERATURE 75,00 300,00 HOT SIDE 30.000 200.0 196.9 585,2 540.1 W0 0 244
ENTHALPY 54,3 5248
HEAT REJEGTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509, 1 1114 25,5 646,2
1§ 1T IN CONTROL YES YES
PRESSURE N 98,7 500.0 HYDRAULIC OIL COOLER XNFORMATION
PRESSURE OUT 64,4 68,0 FLOW PRE IN P OUT ouT HIN HOUT EFF
TEMPERATURE [N 10082.7 30040 COLD SIDE 1.724 498,9  498.8 501.9 636.0 16772 2150.2 .90%
HOT SIDE  29.0 100.0 99.8 650,0 593.8 0 0 380

® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELESs CALIF.

HEAT REJECTED

Case 2|

SSAPU PHASE lerURBelbr75 R H2,T20°400, 7602650

81%.62
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° GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE 11/TURB 16,75 R H2,T202400,T60650,
8 JUNE 1971 16139146

® CONDITION ® 100 HP,5.0 PAMB.3000 PSI HYDSYS

PAGE 1 OF 2

e UNITS o AREA®SQ IN, H=BTU/LB,» P=PS1A) G=B8TU/M[N. T2DEG R» W=LB/MIN

e INPUT DATA S
ODUCT PRESSURE LOSS COEFFICIENTS #10E+4

+00 +00 .00 1110.00 70000,00 .00 100 10.00
3.64 +Q0 1.18 1,44 100 +66 3,50 20,00
19.00 13.85 54,00 «00 2,02 50,00 2,74 1023
012 100
SFY TURDNF SF JPP SF JP W TUR 08CA JP PRICA TURB NO2

1.000 »000 1.000 1,000 12,360 12000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOGPP T YUR IN T HHX IN T LHX O

+ 0002 198 +30 '3 2060.00 400.00 1500.00
ETA ggRF °/F6BSSE

HEAT EXCHANGER SB8CALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP cOLD RHODP WOT

H2 PREHEATER 2.00 2.00 +50 1,00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

e o POINT INPUT DATA o o

HYDRA HP  ELECT HP P _AMB P HYDRA O]L ALT SIZE(KW)
100.00 +00 5.00 3000.0 35.0
* OUTPUT DATAC"
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140.00 12,00 160 7,63
TURBINE OUTPUT POWER = 160.20 O/F 3,615 SPC = 1,702
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 2,843 1,731
PRESSURE 500.00 500.00
TEMPERATURE 75,00 300,00
ENTHALPY 543 52.8
CONTROL VALVE
1S 1T IN CONTROL YES YES
PRESSURE N 494,5 499.9
PRESSURE OUT 160.7 171.0
TEMPERATURE IN 992.5 300.0

Case

s GARRETT o AIRESEARCH MA/IUFACTURING OIVISION LOS ANGELES, CALIF.
SSAPU PHASE I1,TURB 16,75 R H2,T203400,T605659,

8 JUNE 1971 16139146 PAGE 2 OF 2
® CONDITION ® 100 HP,5.,0 PAMB,3000 PSI HYDSYS
COMBUSTOR [NFURMATION
HYDROGEN FLOW 2,843 OXYGEN FLOW 1,731
PRESSURE IN 159.5 PRESSURE OUT 159.3
TEMPERATURE [N H2 992.5 YEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,544 SPECIF1C HEAT RATIO 14366
PRESSURE IN 159.2 PRESSURE QUT 3.8
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1402.2
ENTHALPY IN 48084 ENTHALPY OUT 3395.5
PRESSURE RATI0 28.91 EFFICIENCY 1537
RECUPERATOR lNFORHATION
FLO4  PRE IN P OUT T IN our H IN H OUT EFF
COLD SIDE 4.489 492.4  492.0 631,8 992'5 2135,5 3393,9 .468
HOT SIDE 4.344 5.5 5.4 1402.2 837,9 3395.,5 2152.3 .73}
* TURBINE EXHAUST OVERBOARD PRESSURE e 9.00

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
1,876 1.704
H2 PREHEATER INFORMATION
FLO¥  PRE IN P OUT TIN T oOUT H IN  H OUT EFF
COLD SIDE 2.813 500.0 500.0 75,0 398,46 54,3 1295,1 .3%3
HOT SIDE 1.676 490.3  490.3 992,35 402,8 3393,9 1310.9 .64}

JET PUMP PERFORMANGE

FLOW PARA FLQW PRESSURE  TEMPERATURE
PRIMARY JET 56,16 2.81 499.93 398.59
SECONDARY JET 33.63 1,68 490,27 402,76
RESULTANT 4.49 493,17 400,16
FLOW PARA RAT10 +599 P PR1/P SEC 1.0497

JET PUMP RISE  1.0059 PRI FLOW PARA «1123 JPSF 2,30
LUBE, 01l COOLER INFORMATION
FLOW  PRE_IN P OUT TIN T oUT H IN

H OUT - EFF
COLD SIDE 4.489 493.1 492.9 400,2

451.2 1301.,0 1492,2 .367

HOT SIDE 30.000 200.0 196.9 539,11  474.4 «0 0 1465
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 323.7 25,5 858.3
HYDRAULIC QIL COOLER lNFORHATlON
FLOW  PRE IN P OUT TIN ToO H IN HOJT EFF
COLD SIDE 4.489 492.8 492.5 451,41 631- 1492,0 2135.5 .908
HOT SIDE 423.7 100.0 97.8 650.0 636.7 0 0 067
HEAT REJECTED 288d.27

22



* GARRETT = AJRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF.
$SAPU PHASE 11. TURB 16,75 R H21T20'400|T6D‘:50.

o GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF.

SSAPU PHASE 11,TURB 16,75 R H2,T202400,T60=653.

8 JUNE 1971 139157 PAGE 1 OF 2 8 JUNE 1971 16:39:57 PAGE 2 OF 2
* CONDITION & 200 HP,5. PaAMB.300C PSI HYDSYS + CONDITION ® 200 HP.S5. PAMB.,30Q0 PSI HYDSYS
® UNITS * AREASSG IN, H=BTU/LB, PsPSIA, QaBTU/MIN, T2DEG R» W=LB/MIN consusroR INFORMAT] ON
HYDROGEN FLOW OXYGEN FLOW 2,888
S INPUT DATAS PRESSURE IN 255 3 PRESSURE OUT 258.3
DUCT PRESSURE LOSS COEFFICIENTS s10E+4 TEMPERATURE IN H2 945,1 TEMPERATURE IN 02 300.0
.00 100 .00 1110.00 70000.00 .00 .00 10.00
3,64 .00 1.18 1,44 ,00 .66 3,50 20.00 TURBINE INFORMATION
19.00 13,85 54.00 .00 2,02 50.00 2.74 ,023 INLET FLOW 7,379 SPECIFIC HEAT RATIO 1.366
12 00 PRESSURE IN 257.9 PRESSURE OUT 6.3
TEMPERATURE N 2060.0 TEMPERATURE OUT 1379.5
SFT TURONF SF JPP SF JP W TUR QBCA JP PRICA TURS NOZ ENTHALPY [N 4829.0 ENTHALPY OUT 3307.8
1.000 000 1.000 1,000 12,560 ,2000 11210 PRESSURE RATIO 40.80 EFFICIENCY 525
TUR LKCA ETA COMB LUBE P P ETA LOPP T TUR IN T HWX IN T LHX 0
. 0002 98 .30 .8 206n.00 400,00 1500.00 RECUPERATOR INFORMATION
ETA CORF 0/F BASE FLOW PRE IN P OUT TIN T oOUT HIN HOUT EFF
0925 . 600 COLD SIDE 7.399 479.4  478.4  612,0 945.1 2066.0 3228,7 .43¢4
HOT SIDE 7.379 6.2 5.4 1379,5 841.6 3307.,8 2142.0 .704
HEAT EXCHANGER SCALE FACTORS e TIURBINE EXHAUST OVERBOARD PRESSURE e 5,09
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP COLD RHODP WOT
H2 PREHEATER 2.00 2.00 .50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1.00 1.00 1.00 FLOW PRESGURE DROP
LUB 0 COOLER 1.00 1,00 1.00 1.00 2.90% 4.055
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFORMATION
{3 ® o POINT INPUT DATA © = FLOW PRE IN P OUT TIN T our HIN H OUT EFF
HYDRA HP  ELECT WP P AMB P HYDRA OIL ALT _SIZE(KW) COLD SIDE 4.494 500.0 500.0 75,0  396,5 54,3 1287.0 .369
200,00 .00 5.00 $000.0 35,0 HOT SIDE 2.90% 474,3  474,3  945,1  405.7 3228,7 1321.9 .620
s QUTPUT DATAS JET PUMP PERFORNANCE
FLOW PARA PRESSURE  TEMPERATURE
DRIVE POWER HP L0SS PRIMARY JET 89.48 4.49 499,87 396,46
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JRT 58.51 2.90 474,19 405,69
241,00 12.00 140 12.63 RESULTANT 7.40 481,17 400,10
FLOW PARA RATIO 1654 P PRI/P SEC 1.0542
TURBINE QUTPUT PQOWER = 264,99 O/F = 642 SPC = 1,671 JET PUMP RISE  1,0147 PRI FLQW PARA 1790 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 4,494 2,885 FLOW PRE IN P OUT TIN T OUT HIN WOUT EFF
PRESSURE 500,00 500.00 COLD SIDE 7.399 481.1 480.4 470,1 438.6 1300.7 1445.4 ,274
TEMPERATURE 75,00 300,00 HOT SIDE 30.000 200.0  196.9  540,4  459,1 N 0 580
ENTHALPY 54,3 52,8
i HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
‘ GONTROL VALVE 509.1 535.9 25.% 1070.4
| IS 1T IN CONTROL YES YES
PRESSURE N 477.2 499.9 HYDRAULIC O1L COOLER INFORMATION
PRESSURE OUT 260.1 277.1 FLO¥ PR IN P CUT TIN T out HIN HOUT EFF
TEMPERATURE [N 945.1 300.0 COLD SIDE 7.399 480.3 479.5 438,5 612.0 1445,1 2066.C .820
‘ HOT SIDE 818.4 100,0 95.4  650,0 639.1 0 0 .052
HEAT REJECTED 4593.61 .2

Case 23
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@ GARRETT » AIRESEARCH MANUFACTURING OJVISION LOS ANGELES,

SSAPU PHASE 11,TURB 16,75 R H2,T203400,T60=650,
8 JUNE 1971 16:40109

® CONDJTION e 360 HP,5.0 PaMB.3000 WYDSYS

CALIF.

PAGE 1 OF 2

® UNITS e AREA®SSQ@ IN, HzBTU/LB, P=PS]1A, G=BTU/MIN, T=DEG R, W=LB/MIN

« INPUT DATAS
DUCT PRESSURE LOSS COEFFICIENTS *10E+4

+0V +00 »00 1110.00 70000.00 .00 +00 10.00
3.64 +00 1.18 1.44 100 66 3,50 20.80
19.00 13.85 54.00 .00 2.02 50.00 2.74 023
+12 +00
SFT TURDNF SF JPP SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1,000 12,560 +2000 .1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
+0002 198 +30 5 2060.00 400.00 1500.00
ETA CORF O/F BASE
»0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA HWOT

RHOOP COLD RHODP HOT

H2 PREMEATER 2.00 2,00 +50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB O COOLER 1.00 L,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00
e o POINT INPUY DATA o @
HYDRA HP  ELECT HP P AMB P HYDRA O1L ALT SIZE(KW)
360.00 +00 5.00 3000.0 35.0
s QUTPUT DATA®
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUvP GEAR BOX
400.00 12.00 160 20.63
TURBINE OUTPUT POWER = 432,32 O/F n (671 SPC = 1.670
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7,204 4,831
PRESSURE 500.00 500.00
TEMPERATURE 75.00 300.00
ENTHALPY 543 52.8

CONTROL VALVE
1S IT IN CONTROL YES YES

PRESSURE N 447.8 499,6
PRESSURE QUT 419.1 446.4
TEAPERATURE IN 895.0 3J0.0

Case

¢ GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPY PHASE !1,TURB
& CONDITION ® 36

HYDROGEN FLOW
PRESSURE N
TEMPERATURE IN

INLET FLOW
PRESSURE IN
TEMPERATURE IN
ENTHALPY [N
PRESSURE RAT]O

FLOW

COLD SIDE12.319

HOT SIDE 12.03%
* TURBINE EXHAU

5

FLOW
COLD SIDE 7.204
HOT SIDE 5.119%

PRIMARY JET
SECONDARY JET
RESULTANT

FLOW PARA RATIO
JET PUMP RIBE

FLOW
COLD SIDE12.319
HOT SIDE 30.000

HEAT REJECTED

FLOW
COLD SI1DE12.319
HOT SIDE 1450.0

HEAT REJECTED

24

16,75 R HZ:TZO“DO.TGD'GEU.

8 JUNE 1971 16:40:09 PAGE 2 OF 2
0 HP.5.J PAMB,3000 WYDSYS
conausron INFORMAT]ON
7.204 OXYGEN FLOW 4,831
416.4 PRESSURE QUT 416.4
H2 895,0 YEMPERATURE IN 02 300.0
TURBINE INFORMAT[ON
12,035 SPECIFIC HEAY RAT]O 1,36%
415,8 PRESSURE QUT 8.5
2060.0 TEMPERATURE oUT 1368.3
4768,8 ENTHALPY OUT 3245.9
49.03 KFFICIENCY +519
RECUPERATOR INFOIHATXON
PRE IN P OUT T T ouT HIN HOUT EFF
453,6  451.0 _582. 095 0 1961.6 3053,9 .39
8,3 6.1 1368,3 843.9 3245,9 2127, 667
ST OVERBOARD PRESSURE s 3,29
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
$115 5,569
H2 PREHEATER lNFOlHAT!ON
PRE IN P QUT TIN T oOUT HIN HWOUT EFF
500.0 499.9 75,0  392.6 54,3 1272.; 387
445,5  445,2 |95.0 410.2 3033,9 1338,7 ,59¢
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
142,74 7.20 499,66 392,60
103,61 5.42 444,94 410.22
12.32 458,06 399.93
.726 P PRI/P SEC 1.1230
1.0295 PR] FLOW PARA  ,2857 UPSF 2,30
LUBE OIL COOLER INFORMATION
PRE IN P OUT TIN T oUT H IN H OUT- EFF
457, 456.0 399,9  430.3 1299.8 1414.3 ,193
200,0 196.9 557,4  450.9 0 0 674
ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25.5 1409.8
HYDRAULIC OIL COOLER INFORMAT]ON
PRE IN P OUT TIN T oOUT H IN HOUT EFF
455,7  453.7  430,3 582.,4 1414.1 1961.6 *.692
130.0 91.5 650,00 640.9 0 W0 .044
6745,22
11



® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIJF.
SSAPU PHASE 11:.TURB 16+75 R H2,T20%400,T60%650,

* GARRETT = AIRESEARCH MAJUFACTURING DIVISINN  LOS ANGELES. CALIF.
SSAPU PHASE ll-TURB 16,75 R HZ-TZD'4UU T60=65C,

8 JUNE 1971 16:40:21 PAGE 1 OF 2 B JUNE 19 16:40:21 PAGE 2 OF 2
® CONDITION ® 0.0 HP,10. PaMB.3000 PSI 4YNSYS * CONDITION « 0.0 HP,10D. PAMB,300U PS1 HYNSYS
® UNITS ® AREA®SQ [N, H=BTU/LB, PaPSIA, @=BTU/MIN, T=DEG R» W=LB/MIN COMBUSTOR INFURMATJON
HYDROGEN FLOW 1.373 OXYGEN FLOW .738
* INPUT DATAS® PRESSURE IN 76,6 PRESSURE QUT 76.6
DUCT PRESSURE LOSS COEFFICIENTS ¢10E+4 TEMPERATURE IN H2 1128.8 TEMPERATURE IN 02 300.0
.00 +00 .00 1110.00 70000.00 .00 00 10.00
3.64 00 1.18 1.44 .00 .66 3.50 20.80 TURBINE INFORMATION
19.00 13,88 54.00 .00 2,02 50.00 2.74 ,023 INLET FLOW 2,111 SPECIFIC HEAT RATIO 1.366
12 100 PRESSURE IN 76,4 PRESSURE QUT 10.1
TEMPERATURE IN 2060.0 YEMPERATURE OUT 1591.8
SFT TURDNF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY [N 5074,7 ENTHALPY QUT 3955.4
1.000 .00Q 1.000 1,000 12,560 ,2000 .1210 PRESSURE RATIO 7.60 EFFICIENCY +542
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 98 .30 5 2060.00 430.00 1500.00 RECUPERATOR INFORHAYION
FLOW PRE IN P QUT TIN T oOUT HIN W OUT EFF

ETA CORF 0/F BASE
-0925 . 600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHa WOT  RHOQP COLD RHODP HWOT

H2 PREHEATER 2,00 2,90 .50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
w
— ® ® POINT INPYT DATA o »
HYDRA WP ELECT WP P AMB P HYDRA DIL ALT SIZE(KW)
+00 «00 10.00 3000.0 35.0
¢« OUTPUT DATAC®
DRIVE POWER HP L0OSS
HYD PUMP  ALTERNATOR LUBI FUHP GEAR BOX
40,00 12,00 2,63
TURBINE OUTPUT POWER = 565,72 O/F s .538 SPC = 2,273
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 1,373 738
PRESSURE $00.00 500,00
TEMPERATURE 75.00 300.00
ENTHALPY 54.3 52.8
CONTROL VALVE
1S 17 lN CONTROL YES
PRESSURE [N 49.-0 500.0
PRESSURE OUT 77.2 81,1
TEMPERATURE IN 1128.8 300.0

COLD SIDE 2.039 496,3  498.1  627,0 11208,8 2118.7 3867.9 ,520
HOT SIDE 2.411 13.1 10.0 1591,8 842.5 3955.4 2265,7 ,7%¢
» TURBINE EXHAUST OVERBOARD PRESSURE 9.99
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoP
1666 +510
H2 PREHEATER INFORMATION
FLO¥ PRE IN P CUT TIN T OUT W IN H OUT EFF
COLD SIDE 1.373 500.0 500.0 75,0 393,53 54,3 1294.6 ,307
HOT SIDE <066 497.6 497.6 1128,8 403.2 3867.9 1312.6 .689
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE ~ TEMPERATURE
PRIMARY JET 27.40 1.37 499,99 398.47
SECONDARY JET 13.38 67 497,64 403.19
RESULTANT 2-04 98 4“4 400,01
FLOW PARA RATIO P PR1/P SEC 1.0048
JET PUMP RISE 1.0017 PR] FLOH PARA .0540 JPSF  2.30
LUBE OlL COOLER :NFORMATION
FLOW  PRE [N cut TIN T oOUT H IN HOUT EFF
COLD SIDE 2.039 498,4 490 4 400,0 485.4 1300,5 1617,4 ,519
HOT SIDE 30.000 200.0 196.9 564,494  518.0 «0 o0 J282
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25.5 646.2
HYCRAULIC OIL COOLEK INFORMATION
FLON  PRE IN P OUT TIN T our H IN K OUT EFF
COLD SIDE 2.039 498.4  498.3 485,33 627.0 1617.2 2118.7 .860
HOT S1DE  29.0 100.0 99.8  850,0 578.9 «0 0 W432
HEAT REJECTED 1022.44

Case 25

12



[A3

o GARRETT », AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF,

SSAPU PHASE II-TURB 16.75 R H2,720%400, 160l65ﬂ.
UN

E 1971 6:40:33 PAGE 1 OF 2

s CONDITION * 400 HP.10. PAMB.3000 PSI HYDSYS
e« UNITS * AREAZSG [\, W=BTU/LB: P=PS1A, Q38TU/MIN, TsDEG R, WzLB/MIN

» INPUT DAT A
DUCT PRESSURE LOSS COEFFICIENTS #10E+4

.N0 +00 .00 1110,00 70000,00 .00 .00 10.00
3.64 100 1.18 1.44 .00 .66 3.50 20.600
19.00 43,83 54.00 .00 2,02 50.00 2.74 023
012 +00
SFT TURDONF SF JP P SF JP W TUR OBCA JP PRICA TURR NOZ
1.000 .000 1.000 1.000 12,%60 .2000 1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 198 .30 5 2060.00 400.00 1500.00
ETA CORF  0/F BASE
.0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETANA COLD ETAHA WOT  RHODP cOLD RHODP WOT

H2 PREHEATER 2.00 2.00 +50 1,00
HYD O COOLER 1.08 1.00 1.00 1,00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

% % POINT INPUT DATA & %

HYDRA WP  ELECT WP P AMB P HYDRA OIL ALT SI1ZE(KW)

100.00 .00 10.00 3000.0 35.0

s 0UTPUT DATACS

DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140.00 12.00 160 T.63

TURBINE OUTPUT POWER = 160,72 O/F & ,4D3 SPC = 1.82%
PROPELLANY WYDROGEN OXYGEN
FLOW RATE 3,048 1,839
PRESBURE %00.00 500,00
TEMPERATURE 75.00 300.00
ENTHALPY 54,3 52,4

CONTROL VALVE
YES

IS IT [N CONTROL YES
PRESSURE 1IN 4903 499,9
PRESSURE OUT 173.4 184,4
TEMPERATURE [N 1013,% 300.0

Case

% GARRETT + AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

§5APY PHASE I1,TURB 16.75 R H2,T20%=400,T60265C.

8 JUNE 1974 16:40:33 PAGE 2 OF 2
* CONDITION * 190 HP,10. PAMB,3DQ0 PSI HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 3.048 QXYGEN FLQMW 1.839
PRESSURE IN 172.5 PRESSURE QUT 172.5
TEMPERATURE IN H2 1013.1 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,888 SPECIFIC HEAT RATIO 1.366
PRESSURE 1IN 172.2 PRESSURE QUT 10.3
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1451.9
ENTHALPY N 4916,1 ENTHALPY QUT 3523.4
PRESSURE RAT]0 16.70 EFFICIENCY 1558
RECUPERATOR [NFORMATION
FLOM PRE IN P QUT T IN T ouy W IN W OUT EFF
COLD SIDE 4.803 491,2  490.7  628,6 1013,1 2124.3 3465,4 467
HOT SIDE 4.0888 10,3 10.4 1451,5 858,41 3523.4 220%.2 .72%
% TURBINE EXMAUST OVERBOARD PREBSURE o 10.00
HOT BYPASS VALVE INFORMATION
FLOW PRESBURE DROP
1.7%6 2.100
H2 PREHEATER INFORMATION
FLOW PRE IN P QUT TIN T out W IN W OUT EFF
COLD SIDE 3.048 500.0 500.0 7540 398,5 54,3 1294.7 343
HOT SIDE 1.75¢ 488,6  488.3 1013,1 403,22 346%.4 1312,¢4 ,650
JET PUMP PERFORHAN:E
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 60,85 3.05 499,94 398,48
SECONDARY JET 35,26 1-76 488,52 403.47
RESULTANTY 4,40 431,97 400,20
FLOW PARA RATIO ® PRI/P SEC 1.0234

380
JET PUMP RISE  1.007% FPRR] FLOW PARA 11217 JPSF 2,30

LUBE 01l COOLER INFORMATION

FLOW PRE IN P QUT TIN T oOUT H IN HOUT
COLD SIDE 4.803 491,9 491.6 400D,2 447,88 1301.1 1479.8
HOT S{DE 30.000 200,0 196.9 534,88  469.8 +0 0
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 37 255 858.3

HYDRAULIGC CIL GOOLER INFORMATION

FLOW PRE IN P QUT TIN T oOUT HIN HOUT
COLD SIDE 4.803 491,6 491,22 447,46 628,6 1479.5 2124.3
HOT SIDE 423.7 100,0 97.8 650,0 635,7 +0 0

HEAT REJECTED 3095.08

26

EFF
1354
483

EFF
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

S$SAPY PHASE Il.,TURB 16,75 R H2,T20=400,T603650,
8 JUNE 1971 16140144

200 HP.10. PAMB.3000 PS! HYDSYS

PAGE 1 OF 2
® CONDITION «
® UNITS & AREASSQ IN, H=BTU/LB, PsPSIA, QaBTU/M]N, T=DEG R, WsLB/MIN

e« INPUT DAT e
DUCT PRESSURE LOSS CQEFFICIENTS #10E+4
.00 +00 +00  1110.00 70000,00 .00 00 10,00
3.64 100 1.18 1.44 .00 +66 3.50 20.80
19.00 13,89 54.00 +00 2.02 $0.00 2.74 +023
'12 «00
SFT TURDNF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 »2000 +1210
TUR LKCA ETA COMB LUBE P WP ETA LOPP T TUR IN T HHWX IN T LHX O
0002 98 30 .5 2060.00 400.00 1300.00
ETA CORF O/F‘BGSE
+ 60

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA MWOT RHODP cOLD RHODP HOT

H2 PREHEATER 2.00 2,00 -50 1.00
HYD 0 COOLRR 1.00 1.00 1.00 1,00
LuB 0 COOLER 1.00 1,00 1.00 1.00

RECUPERATOR 1.00 1.00 1.00 1.00
' ® o POINT INPUT DATA o o
P AMB P HYDRA OIL ALT SIZE(KW)
13,00 3000.0 35.0

s QUTPUT DATAS®

HYDRA HP  ELECT HP
200,00 .00

DRIVE POWER HP 0SS
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

240,00 12.00 160 12,63
TURBINE QUTPUT POWER = 265,73 O/F 3,636 SPC 2 1.740
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,713 2,995
PRESSURE 500.00 500,00
TEMPERATURE 75.00 300.00
ENTHALPY 54.3 52,8

CONTROL VALVE

1S 17 lN CONTROL, YE6 YES
PRESSURE IN 474.9 499.8
PRESSUR! our 272+3 289.8
TEMPERATURE [N 956.2 300.0

® GARRETT = AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CaALIF.
SSAPU PHASE 1l,TURB 16,75 R H2,T203400,T60265C.

8 JUNE 1971 16:40: 44 PAGE 2 OF 2
¢ CONDITION ® 200 HP.,10. PAMB.»300C PS! HYDSYS
COHdUSTOR INFORMATION
HYDROGEN FLOW 713 OXYGEN FLOW 2.99%
PRESSURE IN 270 4 PRESSURE QUT 270.4
TEMPERATURE IN H2 956.2 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 7,708 SPECIFIC HEAT RATIQ 1.366
PRESSURE IN 270.0 PRESSURE QUT 10.7
TEMPERATURE [N 2060.0 TEMPERATURE oUT 140%.6
ENTHALPY IN 4043,8 ENTHALPY OUT 3383.2
PRESSURE RATIO 25.15 EFFICTENCY 544
RECUPERATOR INFORMATION
FlLOW PRE IN P OUT T IN T ouT H IN H 0UT EFF
COLD SIDE 7.700  477.4  476.3  609,3 956.2 2056,3 3267.3 ,433
HOT SIDE 7.708 10,7 10,2 1409,6 854,1 3383,2 2173.5 .94
e TURBINE EXHAUST OVERBUARD PREBSURE » 9,97
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
2,987 4.613
H2 PRENEATER INFORMATION
FLOM PRE IN P OUY T OuT HIN H oUT EFF
COLD SIDE 4.713  500.0 499.9 75 396.3  54.3 1206,2 .345
HOT'SIDE. 2.987 47,0 4716 9s6.  406.2 3207.3 1323.8 .24
JET PUMP PERFORHANCE
FLOW PIRA FLOW PRESSURE TEMPERATURE
PRIMARY JRT 93.8% 4,71 499.8% 396.28
SECONDARY JET  60.20 2.99 471,52 406.20
RESULTANT 7.70 479,29 400,12
FLOW PARA RATIO .642 P PRI/P SEC 1.0601
JET PUMP RIBE 1.0165 PRI FLOW PaARA «1877 JPSF 2.30
LUBE OIL COOLER INFORMATION
FLOW PRE IN P OUT T IN T oUT K IN H 0 EFF
COLD SIDE 7,700 4792 478.5  ap0es 4374 1300.8 14398 267
HOT SIDE 30.000 200.0 196.9 538,6 457,0 «0 0 509
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PuMP TOTAL
509.1 535.9 25.5 1070.4
HYORAULIC CIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN H OUT EFF
COLD SIDE 7.700 478,.3 477.5% 437,0 609.3 1439,5 20%6.3 .809
HOT SIDE 818.4 100.0 95.4 650,0 638,7 «0 «0 +053

HEAT REJECTED 4749.19

Case 27
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® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES,» CALIF,

$SAPU PHASE 11,TURB 16,75 R H2,T20F400,T60%650,

8 JUNE 1971 16:41118 PAGE 1 OF 2

® CONDITION ® 350 HP,»10. PAMB,300C WYNSYS
® UNITS e AREA=SQ@ IN, H=BTU/LB,» P=PS1A, @=BTU/MIN, T=DEG R, W=LB/MIN

¢« INPUT DATAS
DUCT PRESSURE LOSS COEFFICIENTS #10E+4

.00 +00 »00 1110.00 70000.00 il .00 10.00
3.64 +00 1.18 1,44 +00 .66 3,50 20.80
19.00 13,85 54.00 00 2.02 50.00 2.74 023
12 100
SFT TURONF SF JUPP 5F JPW TUR OBCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 . 2000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPF T TUR IN T HHX IN T LHX O
.0002 198 .30 5 2060.00 400.00 1500.00
ETA CORF 0/F BASE
«0925 . 600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAMA WOT RHODP COLD RHODP WOT

H2 PREREATER 2.00 2,00 +50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LuB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

® » POINT INPUT DATA o ©
P AMB P HYDRA OIL ALT SI1ZE(KW)
10.00 3000.0 35.0

HYDRA HP ELECT Wp
360.00 <03

a0UTPUT DATA®

DRIVE POWER HP LOSS

WYD PUMP ALTERNATOR LUBE PUMP GEAR BOX

400.00 12,00 160 20.63
TURBINE OUTPUT POWER = 431.89 O/F = .669 SPC = 1.714
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7,393 4.947
PRESSURE 500.00 500.00
TEMPERATURE 75.00 300.00
ENTHALPY 54.3 52.8

CONTROL VALVE
15 IT IN CONTROL YES YES

PRESSURE N 446.0 499.6
PRESSURE 0UT 425.2 453.3
TEMPERATURE IN 9016 300.0

Case

® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF,

SSAPU PHASE I1,TURB 16,75 R H2,T20400,T60=65%0.

8 JUNE 1971 16:41:18 PAGE 2 OF 2
e CONDITION o 360 HP,10. PAMB,3D00 WYDSYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 7,393 OXYGEN FLOW 4,947
PRESSURE IN 422.4 PRESSURE QUT 422.4
TEMPERATURE IN H2Z 901.6 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12.341 SPECIFIC HEAT RATIO 1.36%
PRESSURE IN 421.7 PREGSURE QUT 12.3
TEMPERATURE IN 2060.0 YEMPERATURE OUT 1387.0
ENTHALPY IN 4771.,8 ENTHALPY QUT 3288.2
PRESSURE RATIO 34,39 §FF1CLENCY 534
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN W OUT EFF

COLD SIDEL2.869 452, 1 449.4 580,86 901.6 1955.4 3077.0 .¥9¢
HOT SIDE 12.34% 12,4 10.6 1387,0 8%51,9 3288,2 2145,8 654
o TURBINE EXHAUST OVERBOARD PREBSURE o 10,13
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
5.176 5.889
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN W OUT EFF
COLD SIPE 7.393 500.0 499.9 75,0 392.2 54,3 1270.86 ,384
HOT SIDE 5.176 443.6  443.3  901,6  410.4 3077.0 1339.3 .594
JET PUMP PERFORHANCE
FLOW PARa FL PRESSURE  TEMPERATURE
PRIMARY JET 146,41 7. ;o 499,65 392,16
SECONDARY JET  104.85 5.18 443,01 410.38
RESULTANT 12.57 456,75 399,68
FLOW PARA RATIO 716 P PRI/P SEC 1.1278
JET PUMP RISE  1.0310 PR! FLOW PARA  ,2930 JPSF 2,30
LUBE OIL COOLER IMPORMATION
FLON PRE IN P OUT T IN T out H IN H OUT  EFF
COLD SIDEL2.569 456,5 454.6 399,7  429.5 1298.9 1411.0 .150
HOT SIDE 30.000 200.0 196.9 556,5 449.8 .0 +0  .680
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25.5 1409.8
HYDRAULIC OlL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T out H IN H OUT EFF
COLD SIDE12.569 454,3  452,2 429,5 S5A0.6 1411.,2 1955.4 685
HOT SIDE 1450.0 100.0 91.5 650,0 640.8 .0 20 .042
HEAT REJECTED 6841.23
34
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® GARRETY o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE I11,TURB 16.75 R H2,T20%400,T605650,

§SAPU PHASE 11,TURB 15,75

R H2,T20=400,T50Q=650.

® GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELESs CALIF.

B JUNE 1971 16141135 PAGE 1 OF 2 8 JUNE 171 16:41:35 PAGE 2 OF 2
® CONDITION ® 0.0 HP,14.7PAMB,3000 PS[ HYNSYS * CONDJTION & 0.0 HP,14.7PAMB,3000 PSI <YDSYS
® UNITS o AREASSQ IN, H=BTU/L8, P=PSIA, Q=BTU/MIN, T2DEG R, W=LB/MIN COM3USTOR [NFORMATION
HYDRQGEN FLOW 1.600 OXYGEN FLOW 835
INPUT DATAS PRESSURE [N 88.7 PRESSURE JUT 88.7
puct PRESSURE LOSS COEFFICIENTS *10E+4 TEMPERATURE [N H2 1160.5 TEMPERATURE IN 02 300.0
.00 +00 <00 1110.00 73000.00 .00 .00 10.00
3.64 «00 1.18 1,44 .00 66 3.50 20.80 TURBINE INFJURMATION
19.00 13,05 54.00 .00 2,02 50.00 2.74 023 INLET FLOW 2,435 SPECIF1C HEAT RATIO 1,365
.12 +00 PRESSURE IN 88,6 PRESSURE QUT 14,8
TEMPERATURE IN 2060.0 TEMPERATURE 0UT 1663.3
SFT TUR DN F SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY [N 5115,8 ENTHALPY QUT 4154,7
1.000 1.000 12,560 2030 11210 PRESSURE RAT[O 6.01 EFFICIENCY 506
TUR LKCA ETA cons LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 98 .30 5 2060.00 400.00  1500.00 RECUPERATOR INFOIHATXON
ETA CORF 0/F BASE FLOW PRE IN P OUT TIN T our HIN W OUT EFF
«0925 400 COLD SIDE 2.)43% 497,6 497.5  617,5 1160.0 2085,6 3976,1 ,51¥
HOT SIDE 2.435 14.7 14,7 '1663.3 886.5 4154,7 2334,3 743
HEAT EXCHANGER SCALE FACTORS » TURBINE EXHAUST OVERBOARD PRESSURE » 14.69
HEAT EXCHANGER  ETAHA COLD ETAMA MWOT  RHODP COLD RHODP WOT
H2 PREMEATER 2.00 2,00 «50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1,00 1,00 1.00 1.00 FLOW PRESSURE OROP
LUB 0 COQLER 1.00 1.00 1.00 1.00 745 1725
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFORMATION
® ® POINT INPUT DATA o » FLO¥ PRE IN P OUT TIN Tour HIN H OUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 1.600 500.,0 500.0 75,0 398,6 54,3 1295.1 .298
.00 .00 14.70 3000.0 35.0 HOT SIDE  .748 496,8 496.8 1160,0 403.0 3976,1 1311.7 .698
s QUTPUT DATAC® JET PUMP PERFURMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP 0SS PRIMARY JET 31.95 1.60 499,98 398.59
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 14,95 +74 496,75 402.96
40,00 12.00 160 2.63 RESULTANT 2:34 497.88 399,98
FLOW PARA RATIO0 468 ® PRI/P SEC 1.0065
TURBINE OUTPUT POWER = 55,10 O/F = ,522 SPC = 2.652 JET PUMP RISE  1.0D23 PRI FLQW PARA  ,N639 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE 01L COOLER INFORMATION
FLOW RATE 1.600 1835 FLOW PRE IN P OUT TIN T oUur HIN HOUT EFF
PRESSURE 500,00 $00.00 COLD SIDE 2.348 497,9  497.8  400,0 474.0 1300.4 1575,9 ,492
TEMPERATURE 75.00 300.00 HOT SIDE 30.000 200.0 196.9  550,3 503.0 W0 0 315
ENTHALPY 54,3 52.8
HEAT REJECTED  ALTERNATOR  GEAR 80X LiUBE PuMP TOTAL
CONTROL VALVE 509.1 111.4 25.5% 646.2
IS IT IN CONTROL YES YES
PRESSURE IN 497.3 500.0 MYDRAULIC OIL CODLER INFDRHATIDN
PRESSURE oOuY 9.6 93.8 FLOW PRE IN P OUT IN T our H IN H OUT EFF
TEMPERATURE [N 1160.9 300.0 COLD SIDE 2.348 497,8  497.6 474 0 617.5 1576.0 2085,6 .81%
HOT SIDE  29.0 100.0 99.8 650.0 56643 N 10 478
HEAT REJECTED 1191,94 .

Case 29
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& GARRETT  AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF. » GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPU PHASE I]sTURB 16,75 R H2,T20%400,T60%650. SSAPU PHASE 1] TURB 16:75 R K2,T202400,T602650.
8 JUNE 1971 16:41:45 PAGE 1 OF 2 8 JUNE 1971 16:41143 PAGE 2 OF 2
* CONDITION ® 10D HP,14.7PAMB,3000 PS1 HYDSYS ® CONDITION ® 100 HP,14.7PAMB,3D00 PS1 WYDSYS
® UNITS ® AREASSQ [N, W=BTU/LB, P=PS1A, G33TU/MIN, T=DEG R, W=LB/MIN c.onausma INFORMAT 1 ON
HYDROGEN FLOW 3.275 OXYGEN FLOW 1,944
« TNPUT CATAS PRESSURE IN 185.0 PRESSURE QUT 185.0
DUCT PRESSURE LOSS COEFFICIENTS #10E+4 TEMPERATURE IN H2 1030.3 TEMPERATURE IN 02 300.0
.0y 00 .00 1110.00 70000,00 .00 .00 10.00
3.64 00 1.18 1.44 .00 66 3.50 20.80 TURBINE INFORMAT]ON
1%9.30 13,85 54.00 .00 2.02 50.00 2.74 023 INLET FLOW 5.220 SPECIFIC HEAT RATIO 1.365%
12 .00 PRESSURE IN 184.7 PRESSURE QUT 14,9
TEMPERATURE IN 2060.0 YEMPERATURE OUT 1493,
SFT TURONF SF JPP SF JUPW TUR OBCA JP PRICA TURB NOZ ENTHALPY N 4939.,4 ENTHALPY OUT 3632.3
1.000 . 000 1.000 1.000 12,560 .2000 .1210 PRESSURE RATIO 12,37 EFFICIENCY 562
TUR LKGA ETA COMB (UBE P HP ETA LOPP T TUR IN T HHX IN T LHX ©
.0002 98 .30 ] 2060.00 430.00 1300.00 RECUPERATOR INFORMATION
ETA CORF 0/F BASE FLOW PRE IN P OUT TIN T our H IN W OUT EFF
0925 .600 COLD SIDE 5.414 489.9 489.3  625,5 1030.3 2113.,2 3525,3 .467
HOT SIDE 5.220 14,9 14,7 1493,1 874,83 3632,3 2249.6 .71}
HEAT EXCHANGER SCALE FACTORS ® TURBINE EXWAUST OVERBOARD PRESSURE e 14,68
HEAT EXCHANGER  ETAMA COLD ETAHA WOT  RHMODP COLD RHODP WOT
H2 PREHEATER 2.00 2.00 +50 1.00 HOT BYPASS VALVE INFORMATION
HYD © COOLER 1.00 1,90 1,00 1.00 FLOW PRESSURE DROpP
LUB O COOLER 1.00 1.00 1.00 1.00 1.836 2.5330
RECUPERATOR 1.00 1.00 1.00 1,00
H2 PREHEATER ]NFORMAT]ON
e » POINT INPUT DATA ® ® FLON  PRE IN P QUT TIN T our W IN M OUT  EFF
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SI1DE 3.278 500.0 500.0 75,0  398.3 34.3 1294,0 .338
130,00 .07 14.70 3000.0 35.0 HOT SI10E 1.836 486.,8  486.8 1030,3 403.6 3525.3 1314.0 .4%¢
«OUTPUT DATAc® JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 65,36 3.28 499,93 398,34
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 36,89 1.84 486,76 403.58
140,00 12.00 +60 7.63 RESULTANT 5 11 490.79 400,21
FLOW PARA RATIO 564 P PRI/® SEC 1,0271
TURBINE OUTPUT POWER = 160.98 0/F & ,594 SPC = 1.945 JET PUMP RISE  1.0083 PRI FLOW PARA  ,1307 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OlL COOLER INFORMATION
FLOW RATE 3.27% 10944 FLOW  PRE IN P OUT TIN T OUT H IN H OUT EFF
PRESSURE 500.00 500,00 COLD SIDE 5.11¢ 490.8  490.4  4CC,2  445,0 1301.2 1469.1 .342
TEMPERATURE 75,00 300.00 HOT SIDE 30.000 200,0 196.9  531,2  445,9 0 0 .49
ENTHALPY 54.3 52.8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.1 323.7 25.5 858.3
1S 1T {N CONTROL YES YES
PRESSURE N 488.7 499.9 HYDRAULIC OIL COOLER INFORMATION
PRESSURE OUT 186.4 197.4 FLOW  PRE IN P OUT IN T oout # IN H OUT EFF
TEMPERATURE IN 10303 300.0 COLD SIDE 5.111 490.4  489.9 444 9  625.5 1468,9 2113.2 .880Q
HOT SIDE 423.7 123.0 97.8 65.’).0 634.8 0 0 .074
HEAT REJECTED 3295.61
10

Case 30
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® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF,
$8APU PHASE 11.TURB 16:73 R H2,T20%400,T60%650,

* GARRETT # AIRESEARCH MANUFACTURING DIVIS10NV LOS ANGELES, CALIF.

SSAPU PHASE I],TURS 16 75 R H2,T20=400, T60'65D.

8 JUNE 1971 16141156 PABE L OF 2 8 JUNE 1371 6141156 PAGE 2 OF 2
s CONDITION & 200 HP,14.7PAMB,3000C PBI WYDSYS ® CONDITION & 200 HP,14.7PAMB,3000 PSI WYDSYS
e UNITS o AREA®S@ IN, H=sBTU/LB. PsP$1A, GeSTU/MIN, T=DEG R, WELB/MIN conausron INFORMAT]ON
HYDROGEN FLOW 4.930 OXYGEN FLOW 3.106
eI NPUT DATAS PRESSURE [N 282.5 PRESSURE QUT 202.5%
DUCT PRESSURE LOSS CQEFFPICIENTS *10E+4 TEMPERATURE [N H2 965.7 TEMPERATURE IN 02 300.0
+00 «00 .00 1110.00 70000.00 .00 .00 10.00
3.64 00 1.18 1.44 00 .66 3.50 20.80 TURBINE INFORMAT]ON
1%9.00 43,48 $4.00 +00 2,02 50.00 2.7¢ 1023 INLET FLOW SPECIFIC HEAT RATIO 1.36%
12 100 PRESSURE N zaz 1 PRESSURE QUT 15.2
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1436.6
srT TURONPF SF UPP SF JP N TUR OBCA JP PRICA TURB NOZ ENTHALPY IN 40856,5 ENTRALPY OUT 3450.8
000 .000 1.000 1,000 12,560 ,2000 +1210 PRESSURE RATIO 18.50 EFFICIENCY 558
TUR LKCA ETA conl Luaa P HP ETA LOPP T TUR IN T HHX IN T LHX O
02 30 1) 2060.00 400,00  1500.00 RECUPERATOR INFORMATION
ITA CORF orF |Asz FLOW  PRE IN P QUT TIN T our HIN W OUT EFF
0923 400 COLD SIDE 3.004 475, 4 474.2 608,55 965.6 2044,5 3300.0 .43)
HOT SJOE 6.036 15 14.8 !436.6 865.6 3450.8 2202.3 .608
HEAT EXCHANGER SCALE FACTORS » TURBINE EXHAUST OVERBOARD PREBSURE o 14,65
HEAT EXCHANBER  ETAHA COLD ETAWA WOT  RHODP cOLD RHODP WOT
H2 PREHEATER 2.00 2,00 +50 1.00 HOT BYPASS VALVE INFORMATON
MYD O COOLER 1.00 1.00 1.00 1.00 FLOW PRESSURE DROP
LUB O COOLER 1.00 1.00 1.00 1.00 3,074 .;3
RECUPERATOR 1.00 1.00 1.00 1,00
H2 PREHEATER XNFOIHATXON
® & POINT INPUT DATA o o FLO¥ PRE IN P OUT IN T our HIN HOUT EFF
HYDRA WP  ELECT WP P AMB P HYDRA O]L ALT SIZEC(KW) COLD SIDE 4.930 500.0 499.9 75.0 396,31 54,3 1285.5 .360
200.00 «00 14.70 3000.0 35.0 HOT S{DE 3.074 469.1 469%.0 965,6 406,7 3300,0 1325.6 628
«a QUTPUT OATAC® JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE TEMPERATURE
DRIVE POWER HP 0SS PRIMARY JET 98,12 4,93 499,84 396.06
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 61,99 3.07 468,90 406,68
240.00 12.00 W60 12.63 RESULTANT 8.00 477, 42 400.15
FLOW PARA RATIO .32 P PR1/P SEC 1.0660
TURBINE OUTPUT POWER = 266.58 O/F = ,630 SPC = 1.809 JET PUMP RISE  1.0182 PR FLOVW PARA 11963 JPSF  2.30
PROPELLANY HYOROGEN OXYGEN LUBE OIL COQLER [NFORMATION
FLOW RATE 4,930 3,106 FLOW PRE IN P OUT TIN T oOUT H IN HOUT EFF
PRESSURE 500,00 500.00 COLD SIDE 8.004 477.3  476.5 400,2 435.7 1300.9 1434,6 .260
TEMPERATURE 73,00 300,00 HOT SIDE 30.000 200.0  196,9  538,9  455.4 .0 0 598
ENTHALPY 54,3 52.8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.1 535.9 25.5 1070.4
18 IT IN CONTROL YES YES
PRESSURE IN 72,7 499,8 HYDRAULIC QL COOLER INFORMATION
PRESSURE OUY 284,85 302.3 FLOW PRE IN P OUT TIN ToUut HIN HOUT EFF
TEMPERATURE IN 65,7 300.0 COLD SIDE 8.004 476.4  475.5 435,6  606.5 1434,2 2046.5 .797
HOT SIDE B818.4 100.0 95.4  850,0 638,3 0 0 4054
HEAT REJECTED 4901.02
10

Case 3l



8¢

® GARRETT » AJRESEARCK MANUFACTURING DIVISION LOS ANGELES:, CALIF.

SSAPU PHASE [1,TURB 16,75 R H2,T20%400,T60=650,
8 JUNE 1971 16142110

PAGE 1 OF 2
® CONDITION & 360 HP,14.7PAMB.3000 WYDSYS
® UNITS ® AREASSQ [N, H=BTU/LB, PsPS§1A, 3=8TU/M[N, T=DEG R, W=LB/MIN

¢« INPUT DAT A
DUCT PRESSURE LOSS CQEFFICIENTS ®10E+4

.00 »00 .00 1110.00 70000,00 .00 .00 10.00
3,64 +00 1.18 1.44 .00 .66 3.50 20.80
19.00 13.85 54.00 .00 2.02 50.00 2.74 023
12 «00
SFT TUR ONF 5F JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
.00 .000 1.000 1,000 12,560 .2000 $1210
TUR LKCA ETA COMB LUBE P WP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 98 .30 3] 2060,00 400.00 15%00.00
ETA CORF O/F BASE
«0925 . 600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP COLD RHODP WOT
H2 PREWEATER 2.00 2,00 «50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB 0O COOLER 1.00 1.00 1.00 1,00
RECUPERATOR 1.00 1,00 1.00 1.00
® ®» POINY INPUT DATA &
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZEC(KW)
360.00 .00 14.70 3000.0 35,0
s QUTPUT DATA?®
DRIVE PQOWER 4P 1053
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
400,00 12.00 160 20.63
TURBINE OUTPUT POWER = 434,94 O/F 3,664 SPC = 1.746
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7,608 5,053
PRESSURE 500,00 500.00
TEMPERATURE 75.00 300,00
ENTHALPY 54,3 52.8
CONTROL VALVE
1S IT IN CONTROL NO YES
PRESSURE IN 443,9 499.5
PRESSURE QUT 443,9 469.3
TEMPERATURE IN 905.4 330.0
Case

® GARRETT » AlRESEARGH MAMUFACTURING DIVISION LOS ANGELES., CALIF,
SSAPU PHASE [],TURB 16.75 R H2,T202400,T605650.

8 JUNE 1971 16:42:10 PAGE 2 OF 2
® CONDITION » 360 HP,14.7PAMB.3000 WYDSYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 7,605 OXYGEN FLOW 5,053
PRESSURE 1IN 440.8 PRESSURE OUT 440.8
TEMPERATURE IN H2 905.4 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12,658 BPECIFIC HEAT RATIO 1,365
PRESSURE [N 440.2 PRESSURE QUT 16.4
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1401.2
ENTHALPY N 4782,3 ENTHALPY QUT 3325.3
PRESSURE RAY]O 26.91 EFFICIENCY 546

RECUPERATOR INFORMATION

FLOW PRE IN P OUT T IN T our H IN H oUT EFF
COLD SIDE12.89% 450.3 447,55 578,4 905,3 1947.8 3089,8 .397
HOT SIDE 12.658 16.3 15.0 1401,2 858,14 3325,3 2162,) .60

» TURBINE EXHAUST OVERBOARD PRESSURE e 14,69

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
5.286 6,094

H2 PREHEATER INFORMAT]ON

FLOW PRE IN P OUT TIN T OUT HIN MW OUT EFF
COLD SIDE 7.608 500.0  499,9 75,0 352.9 54.3  1269,8 382
HOT SIDE 5.286 441.4 441,14  905,3 410,99 3089.8 1341.1 .396
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 150.56 7,60 499,63 391,96
SECONDARY JRT  107.15 5.29 440,86 410,85
RESULTANT 12.89 455,19 399.72
FLOW PARA RATIO 712 P PR1/P SEC 1.4333
JET PUMP RISE  1.0325 PRY FLOW PARA  ,3913 JUPSF  2.30
LUBE OIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T oOUur H IN HOUT EFF
COLD SIDE12.894 454,9  453.0 399,7 428.8 1299.0 1408.4 186
HOT SIDE 30.000 200.0 196.9 555,6  448.3 .0 0,688
HEAT REJECTED  ALTERNATOR  GEAR 80X LUBE PUMP TOTAL
509.1 875.3% 25.5 1409.8
HYDRAULI. OIL COQLER INFORMATION
FLOW PRE IN P OUT TIN T our H JN H OUT EFF
COLD SIDE12.89% 452,6  4503.4  428,7 578.4 1408.,2 1947.8 ,677
HOT SINE 1450.0 103.2 91.5 650,0 640.7 0 0 042

HEAT REJECTED 6955.93

15
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© GARRETT ® AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

$SAPU PHASE 1§,TURB 16,73 R H2,720%400,T60s750.
8 JUNE 1971

* CONDJTION ®

16159123 PAGE 3 OF 2

D.0 HP,0.0 PAMB,IR0D PS] HYDSYS

® UNITS ® AREASSQ IN, M=BTU/LB, PaPBl1A, Gs8TU/MIN, T=DEG R, WaLB/MIN

* INPUT DAT

A »

DUCT PRESSURE LOSS COEFRICIENTS o10E+4

+00 +00

3.64 »00
19.00 13,85
£12 «00

SFY TUR ON F
000

TUR°L§CA ETA COH'

ITA CORF  O/F Blll
oyes 800

HEAT EXCHANBER

.00 1110. UD 70800,00 .00 »00 10.00
1.18 1. 44 00 68 3.%0 20.80
54.00 00 2,02 50.00 2,74 «023
SF JP P SF JP W TUR 0BCA P PRICA TURB NOZ
1.000 1,000 12,560 +2000 11210
LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
«30 3 2060.00 400.00  1500.00

HEAT EXCHANGER SCALE FACTORS

ETAMA COLD ETAMA MOT

RHODP COLD RHODP WOT
+50 1.0

H2 PREMEATER 2.00 2,00
HYD O COOLER 1 Jad 1,00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
® o POINT INBUT DATA o »
HYDRA WP  ELECT WP P AM3 P HYDRA OIL ALT SIZE(KW)
, . .00 3000.0 35.0
s DUTPUYT DATAC®
DRIVE POWER HP 0SS
Hvo PJlP ALTERNATOR Lual PUMP  GEAR BOX
40.00 12.00 60 .
TURBINE OUTPUT POWER 3 55.43 Q/F s ,583 SPC = 1.514
PROPELLANT HYDROGEN OXYGEN
FLOW RATE .88 514
PRESSURE 500,00 500.00
TEMPERATURE 7%.00 300,00
ENTHALPY 54.3 52.8
CONTROL VALVE
15 IT IN GONTROL YES \{
PRESSURE IN 499, 500,0
PRESSURE QUT 50,3 53,4
TEMPERATURE [N 1049.2 300,0

® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE I1].TURS 16,75 R H2,T201400, T60=750-

Case 33

8 JUNE 1971 6:59123 PAGE 2 OF 2
® CONDJTION ® 0.0 HP,0.0 PAMB,3000 PSI HYDSYS
COMBUSTOR [NFORMATION
HYDRQGEN FLOW .88 OXYGEN FLOW 514
PRESSURE IN 49,9 PRESSURE QUT 49.9
TEMPERATURE IN H2 1049.2 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 1.396 SPECIFIC HEAT RATIO 1.360
PRESSURE N 49,9 PRESSURE QUT
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1331, u
ENTHALPY N 4961,7 ENTHALPY 0QUT 3200.¢
PRESSURE RATIO 64.41 EFFICIENCY +52%
RECUPERATOR lNFOIHATlON
FLON  BRE IN P OUT TIN T oOur HIN HWOUT EFF
COLD SIDE 1.362 439, 2 499, z 740,7 1049,2 2516.9 3991.,0 .52%
HOT SIDE 1.396 1331,0 863.8 3280.1 2232,7 ,79%
o TURBINE EXMAUST OVERBOARD Pnetsual . 3t
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
480 132
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T OUT W IN W OUT EFF
COLD 51DE .082 500.0 500.0 75,0 398.9 54,3 1296,3 .33
HOT SiDE  .460 499.0 499.0 1049,2 4D2.2 3591,0 1308,9 .66¢
JET PUMP PERFORHAN:E
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 17.61 88 499,99 398,91
SECONDARY JET 9.62 148 499,03 402.21
RESULTANT 1.36 499 34 400,07
FLOW PARA RATIO 1546 P PRI/P SEC 1.0019
JET PUMP RISE  1.0006 PRI FLOW PARA .0352 JPSF  2.30
LUBE 0IL COOLER INPORMATION
FLOW PRE IN P OUT TIN ToOUT HIN W OUT EFF
COLD SIDE 1.362 499.3  499.3  400,1 529,1 1300.7 1775.,3 ,580
HOT S1DE 30.000 200.0 196.9 622,8 579,38 .0 0 193
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PuMP TOTAL
509.1 11.6 25.5 646.2
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P CUT IN T oUT H IN HOUT EFF
COLD SIDE 1.362 499,3  499.2 529.2 740.7 1775,3 2516.,9 958
HOT SIDE  29.0 100.0 99.8 750,0 687.5 0 0 283
HEAT REJECTED 1009.86

14
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® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPU PHASE 1J,TURB 16,75 R H2,T203400,T60=750.
8 UUNE 1971 16159131 PAGE 1 OF 2

e CONDJTIOiIl ® 430 HP,D.0 PAMB.3000 PS[ WYDSYS
® UNITS ® AREA®SG IN, H=BTU/L3. P=PSIAy G=3TU/MIN, T=DEG R» W=LB/MIN

* INPUT DAT A
DUCT PRESSURE L 0SS COEFFPICJENTS #10E+4

.00 .00 .20 1110.00 70000,00 .00 .00 10.00
3.64 .00 1.18 1,44 .00 166 3.%0 20.80
19.90 13.85 54.00 .00 2.02 $0.00 2.74 +023
12 00
SFT TURONF SF UPP SF JP W TUR 0BCA JP PRICA TURA NOZ
1.000 .000 1.000 1.000 12,560 .2000 »1210
TUR LXCA E£Ta COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LMX 0
.0002 198 .30 .8 2060.00 400.00 1500.00
ETA CORF 0/F BASE
L0925 . 600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHMA WOT  RHODP COLD RHODP WOT
H2 PREHEATER 2.00 2,30 .50 1.00
HYD O COOLER 1.00 1.00 1.00 1,00
LUB 0 COOLER 1.00 1,00 1.00 1,00
RECUPERATOR 1.00 1,00 1.00 1,00
o » POINT INPUT DATA o @
HYDRA HP  ELECT HP P AMB P HYBRA OIL ALT SIZE(KW)
100.00 .00 .00 3000.0 35.0
S O0UTPUT DATAS®
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140.00 12.00 160 7.63
TURBINE OUTPUT POWER & 159,20 O/F = .591 SPC = 1.603
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 2.674 1,580
PRESSURE 500.00 500.00
TEMPERATURE 75,00 300.00
ENTHALPY 54,3 52.8
CONTROL VALVE
1S IT IN CONTROL YES YES
PRESSURE 1IN 492.3 500.0
PRESSURE OUT 153.5 162.4
TEMPERATURE IN 1036.4 300.0
Case

® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF,

$SAPU PHASE 1] TURB 16/75 R H2:T20'400.T602750-

JUNE 1971 6:59:31 PAGE 2 OF 2
« CONDITION * 100 HP.0.0 PAMB.3000 PSI HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 2.674 OXYGEN FLOW 1,580
PRESSURE IN 152,3 PRESSURE 0OUT 1%2.3
TEMPERATURE IN W2 1036.4 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,254 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 152,1 PREGSURE QUT 2.4
TEMPERATURE [N 2060,0 PTEMPERATURE OUT 1370.8
ENTHALPY IN 49454 ENTHALPY QUT 33%9.4
PRESSURE RATIO 64,34 EFFICIENCY 1497
RECUPERATOR INFORMATION
FLOW PRE IN P CUT TIN T out H IN- W OUT EFF
COLD SIDE 4.359 493 2 492.8 728, 1 103643 2472.7 3546,1 .48
HOT SIDE 4.254 2.3 1.4 1370,8 901.4 3359,8 2310.5 730
e TURBINE EXHAUST OVERBOARD FREISUR! . .97
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE BROP
1,485 1,694
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T our H IN HOUT EFF
COLD SIDE 2.674 5p0.90 500.0 75,0 398,7 54,3 31295,6 .337
HOT SIDE 1.485% 491,1 491.1 1036,3 402,6 3546.1 1310.5 ,65¢
JET PUMP PERFORMANGE
FLOW PARA FLQW PRESSURE  TEMPERATURE
PRIMARY JET 53,40 2.67 499,95 398,72
SECONDARY JET 29.79 1.48 491.0% 402,65
RESULTANT 4,16 493,85 400,12
FLOW PARA RATIO .558 P PRI/P SEC 1.0181
JET PUMP RISE  1,0057 PRI FLOW PARA  ,1068 JPSF  2.30
LUBE OIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN W OUT EFF
COLD SIDE 4.159 493,85  493.6  400,1  455,3 1300.9 1%07.2 .38)
HOT SIDE 30.000 200.0 196.9  344,2  480,0 0 W0 448
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 323.7 25,5 053.)
HYDRAULIC O1L COOLER {NFORMATION
FLOW PRE IN P OUT TIN Y oUur H IN HOUT EFF
COLD SIDE 4.459 493,5  ¢93.2 455,0 728.4 1506.2 2472.7 ,92¢
HOT SINE 423.7 100.0 $7.8  750,0 733.4 0 .0 .056

HEAT REJECTED 4019.34
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¢ GARRETT & AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

$SAPU PHMASE 1}.TURB 16,75 R H21320'4001760!750.
8 JUNE 1971 6159:39 PAGE 1 OF 2

® CONDITION » 200 HWP.,0.D PAMB.3000 PSI WHYDSYS
® UNITS o AREAASQ IN, W=BTU/LB, P=P§iA, Q=BTU/MIN, T=DEG R. W=LB/MIN

«ITNPUT DATAS
OUCT PRESSURE LOSS COEFFICIENTS ¢10E+4

+00 00 «00 1110.00 70000.00 .00 +00 10.00
3,64 «00 1.18 1.44 + 00 66 3.50 20.80
1%9.00 13,85 24.00 .00 2,02 50.00 2.74 1023
12 00
SFT TURDNF & JPP SF JP W TUR 0BCA JP PRICA TURS NOZ
1.000 -000 1.000 1,000 12.560 »2000 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O

+0002 98 +30 1] 2060.00 400.00 1500.00
ETA CORF O/F BASE
+0925 - 400

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP COLD RHODP WOT

H2 PREKEATER 2.00 2,00 50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUs 0 COOLER 1.00 1,00 1.00 1,00
RECUPERATOR 1.00 1.00 1.00 1.00
= o o POINT INPUT QATA o o
HYORA HP ELECT HP P AMB P HYDBRA OIL ALT SIZE(KW)
200.00 .00 .00 3000.0 35.0

s OUTPUT DATASMS®

DRIVE POWER HP L0SS
WYD PUMP ALTERNATOR LUBR PUMP GEAR BOX
240,00 12.00 +80 12.63

TURBINE OUTPUT POWER = 262.97 O/F = 613 SPC = 1,615

PROPELLANT HYDROGEN OXYGEN
FLOW RATE 4,388 2.690

PRESSURE 500.00 500.00
TEMPERATURE 75,00 300.00
ENTHALPY 54,3 52.8

CONTROL VaLVE
15 1T IN ?ONTIOL YES YE

PRESSURE 478.3 499.9
PRESSURE OUT 253.9 208,7
TEMPERATURE [N 997.5 300.0

® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF,
SSAPU PHASE I1],TURB 16,75 R H2, Tzo-4uo.Teu=750.
8 JUNE 1971 6:59:39 PAGE 2 OF 2
® CONDITION 200 HP,0.0 PAMB.3000 PSI HYDSYS
COHBUSTOR INFORMATION
HYDROGEN FLOW 4,300 OXYGEN FLOW 2,690
PRESSURE [N 251 7 PRESSURE OUT 251.7
TEMPERATURE IN H2 997.5 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 7.077 SPECIFIC HEAT RATIO 1.367
PRESSURE [N 251.3 PRESSURE OUT 4.0
TEMPERATURE IN 2060.0 PEMPERATURE oUT 1367.0
ENTHALPY N 4895.0 ENTHALPY OUT 3320.0
PRESSURE RAT]O 63.52 EFFICIENCY 508
RECUPERATOR INFOIHAT]ON
FLOW PRE IN P QUT IN T OUT H IN MW OUT EFF
COLD SIDE 6.980 480, 6 479,46 700 7 997,35 2376,5 3410.8 443
HOT SIDE 7.077 3.8 2.4 1367.0 904,6 3320.0 2299,9 .69¢
s TURBINE EXHAUST OVERBOARD PRESSURE » 1.60
HOT BYPASS VALVE INFORMATION
FLOW PRES!URE OROP
2,593 4,472
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN HOUT EFF
COLD SIDE 4.3688 500.0 500.0 75,0 396.9 54,3 1200.7 )49

HOT SIDE 2.393 475.4 475.0 997,5 405.7 3410.8 1321,

JET PUMP PERFORMANCE

9 642

FLOW PARA FLOW PRESSURE TENPERATURE
PRIMARY JEY 87,42 439 | 499.%7 396.91
SECONDARY JET 52,22 2:59 474,97 405.69
RESUL TANT 6.98 432,19 400.18
FLOW PARA RATIO 597 # PRI/P_SEC 1.052¢4

JET PUMP RIBE 1.0152 PR] FLOW PARA 1174% JPSF 2.30
LUBE *0IL COOLER INFORMATION

FLOW  PRE IN P OUT TIN T OUT H IN W OUT_ EFF

COLD SIDE 6.980 482.1 484.5 4002 441.0 1301-0 1454,3 ,28%

HOT SIDE 30.000 200.0 196.9 543,4  482.4 1 0 8568
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 535.9 255 1070.4

HYDRAULIC OIL COOLER INFORMATION

FLOW PRE IN P QUT TIN T OUT H IN ® OUT EFF

COLD SIDE 6.98Q 481.4 480.6 440,80 700.7 1453.,5 2376,
HOT SIDE 818.4 100.0 95.4 750,0 736,2 «0
HEAT REJECTED 6443,11

Case 35
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® GARRETT ¢ AIRESEARGH MANUFACTURING DIVISION LOS ANGELES: CALIF. e GARRETT 3+ AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPY PHASE 1],TURB 16.75 R H2,T202400,T60=750. SSAPU PHASE 11,TURB 16,75 R H2,T2024J0,T602750,
8 JUNE 1971 16:59150 PAGE 1 OF 2 8 JUNE 1971 16:59:50 PAGE 2 OF 2
* CONDITION ® 360 HP,0.0 PAMB,300U PS1 H4YDSYS ® CONDITION ® 360 HP,0.0 PAMB,3D00 PSI HYDSYS
e UNITS ® AREASSQ [N, H=BTU/LB,» P=PS1A; G=BTU/MIN, T=DEG R. W=LB/MIN conausToR INFORMAT{ON
HYDROGEN FLOW 7.198 OXYGEN FLOW 4,617
*» INPUT DATAS = PRESSURE IN 410.3 PRESSURE QUT 410.3
DUCT PRESSURE LOSS COEFPICIENTS #10E+4 TEMPERATURE IN H2 947,0 TEMPERATURE IN 02 300.0
.00 4100 .00 1110.00 700800.00 .00 .00 10.00
3,64 00 1.18 1.44 ,00 .66 3.50 20.80 TURBINE INFORMATION
19.00 13,85 54.00 .00 2,02 50.00 2.74 1023 INLET FLOW 11,815 SPECIFIC HEAT RATIO 1.366
12 100 PRESSURE N 409,7 PRESSURE QUT 7.1
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1366.4
SET TURONF SF JP P SF JP W TUR 0BCA JP PRICA TURS NQZ ENTHALPY IN 4832.6 ENTHALPY QUT 3280.0
1,000 .009 1.000 1.000 12,560 .2000 .1210 PRESSURE RATIO 58.02 IFFICIENCY +508
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
,0002 .98 .30 5 206000 400.00  1500.00 RECUPERATOR [NFORMATION
ETA CORF O/F BASE FLOW  PRE IN P OUT TIN T oUT H IN H OUT EFF
10925 . 600 COLD SIDE11.829 454,5 452.0 657,7 947,31 2225.6 3234.9 .4008
HOT SIDE 11.818 6.9 3.9 136644 900.6 3280.0 2269,4 657
HEAT EXCHANGER SCALE FACTORS e TURBINE EXHAUST OVERBOARD PRESSURR e 2.64
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RMODP COLD RHODP HWOT
H2 PREWEATER 2.00 2.00 .50 1.00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLER 1.00 1.00 1.00 1.00 FLOW PRESSURE DROP
LUB O GCOOLER 1.00 1,00 1.00 1.00 4,631 7.100
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFORMATION
® o POINT INPUT DATA @ o FLOW PRE IN P OUT TIN T OUT H IN W OUT EFF
HYORA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 7.198 500.0 499.9 75,0 392.9 54,3 1273.4 .36%
360,00 .00 .00 3000.0 35.0 HOT SIDE 4.63% 444,9  444.6  947,1  410.6 3234.9 1340.1 613
s 0UTPUT DATAS® JET PUMP PERFORMANGE
FLOW PARA FLOW- PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 142,67 7.20 499.67 392.90
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 93,84 4,63 444,42 410.58
400.00 12.09 160 20.63 RESULTANT 11.83 458,79 399,84
FLOW PARA RATIO . 658 P PRI/P SEC 1.1243
TURBINE OUTPUT POWER = 432,42 O/F = .641 SPC = 1,639 JET PUMP RISE  1.0323 PRI FLOW PARA  ,2855 JPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 7.198 4,617 FLO¥ PRE IN P OUT T IN T out H IN H OUT_  EFF
PRESSURE 500.00 500.00 COLD SIDE1t.82 458,5 456.9  399,8  431.5 1299.% 1418,7 .199
TEMPERATURE 75.00 300.00 HOT SIDE 30.000 200,0 196.9 558,8  452,6 .0 W0 668
ENTHALPY 54.3 52,8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VaLVE 509.1 875.3 25.5 1409.8
IS 1T IN CONTROL YES YES
PRESSURE [N 448.6 499.6 HYDRAULIC CIL COOLER INFORMATION
PRESSURE OUT 413.2 438.4 FLOW  PRE IN P OUT IN T our H IN H OUT EFF
TEMPERATURE IN 947,0 300.0 COLD SIDE11.829 456.6  454.,6 431 5 657.7 1418,7 2225.6 .71
HOT SIDE 1450.0 100.0 91.5 750.0 738.5 .0 0 .036
HEAT REJECTED 9544.25

Case 36

11
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% GARRETT o, AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

$SAPY PHASE 11,TURB 16,73 R H2,T20#400,T602750,
L] 16159157

* CONDITION #

JUNE 1971

0.0 HP,5.0 PAMB,3000 PSI HYDSYS

SSAPY PRASE I11,TURB 16:75 =R H2,T20=430,T60:750,

PAGE 1 OF 2

¢ UNITS ¢ AREA®SQ IN, M=BTU/LB, PaP§IA, Q=BTU/MIN,» T2DEG R, WsLB/MIN

s INPUT D

AT A

DUCT PREGSURE LOSS COEFPICIENTS *10E+4

+00 +00

3.64 100

19.00 13,085

112 +00

SFT TUR DN F
1.000 .000

TUR LKCA ETA COHI

000
ETA CORF 0/F IASE
.0925 . 400

HEAT EXCHANGER
H2 PREWEATHER
HYD 0 COOLRR
LuUB 0 COOLER
RECUPERATOR

HYDRA HP

ELECT

40,
TURBINE OUTPUT P

PROPELLANT
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

1S IT IN CONTROL
PRESSURE N
PRESSURE OUT
TEMPERATURE IN

2.00 2,00 .50 1.00
1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00
1.00 {.00 1.00 1.00
e » POINT INPUT DATA & »
HP P AMB P HYQRA OIL ALT SIZE(KW)
5.00 3000.0 35.0
sQUTPUT DATAC
DRIVE POWER HP 0SS
HYD PUMP ALTERNATOR LUBR PUYmMP GEAR BOX
Qo 12.0Q0 160 2.63
OWER = 54,97 O/F = ,534 SPC = 1.897
HYDROGEN OXYGEN
1.13) 1605
500.00 50Q.00
75,00 300.00
54,3 52,8
CONTROL VALVE
Y&S Y
498.7 500.0
64.0 67.4
1136.3 300.0

.00 $140.00 70
1.18 1,44
54.00 »00
SF PP SFJP W
1.000 1.000

800,00
200
2,02

TUR 0
12,56

50.

BCA P
0 .

00 .00 10.00
66 3.50 20.80
00 2.74 023
PRICA TURB NOZ
2000 «1210

LUBE P HP ETA LOPP T TUR IN T HWX IN T LHX 0
+30

206

0.09

HEAT EXCRANGER SCALE FACTORS

ETAHA COLD ETAHA

HOT

RHODP cOLD RHODP HOT

400.00

1300.00

8 JUNE 1971 16:59:57

CONDITION & 0.0 HP,5.0 PAMB,3000 PSI 4YDSYS
COHHUSYOR INFORMATION
1,133 OXYGEN FLOW
63.4 PRESSURE QUT
1136.3 TEMPERATURE IN 02

HYDRQGEN FLOW
PRESSURE IN
TEMPERATURE N H2

TURBINE INFORMATION

INLET FLOW 1,738 BPECIFIC HEAT RATIO
PRESSURE N 63,3 PRESSURE OUT
TEMPERATURE N 2060.0 TEMPERATURE OUT
ENTHALPY N 5083.2 ENTHALPY OUT
PRESSURE RAT[Q 12.46 EFFICIENCY

RECUPERATOR INFORMATION

FLO¥Y  PRE IN P OUT TIN. T OUT H 1N
COLD SIDE 1.877 458,83  498,7  730,7 1136,3 2482,1
HOT SIDE 1.738 5.1 5.0 1498,7 911.5 3743,2

% TURBINE EXHAUST OVERBOARD PRESSURE o 4,99

HOT BYPASS VALVE INFORMATION

H out
3893.8
2380.9 .7683

% GARRETT > AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF,

PAGE 2 QF 2

+603
63,4
300.0

1.367
5.1
1498.7
3743.2
+554

FLOW PRESSURE DROP
545 271
H2 PREHEATER XNFOIHATION
FLOW PRE IN P OUT IN T our HIN WOUT EFF
COLD SIDE 1.43) 500.0 500.0 75 0 398,5 54,3 1294,6 ,30%
HOT SIDE  .948 498,5  498.% 1136.1 403.4 3893, 1313.4 49
JET PUMP PERFoRnA»c:
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 22.61 1.13 499,99 390.46
SECONDARY JET 10,94 '54 498,47 403,39
RESULTANT 1.68 498,99 400,06
FLOW PARA RATIO 484 ® PRI/P SEC 1.0031
JET PUMP RISE  1.0011 PRI FLOW PARA  ,0452 JPSF  2.30
LUBE OIL COOLER INPORMATION
FLOW PRE IN P OUT TIN T our H IN oUT  EFF
COLD SIDE 1.677 499.,0  498.9 400,11 504.3  1300.7 16!5 v .552
HOT SIDE 30.000 260.0 196.9 588,7 543,8 .0 0 238
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PuNP TQTAL
509.1 111.4 25.5 646.2
HYDRAULIC OIL CDOLER INFORMAT]ON
FLOW  PRE IN P OUT T T ouT H IN HOUT EFF
COLD SIDE 1.6877 498.9  498.9 504.1 730.7 1685,3 2482,1 ,922
HOT SIDE  29.0 100.0 99.8  750,0 666.3 .0 0 340
HEAT REJECTED 1336.48

Case 37
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» GARRETY e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPU PHASE 1],TURB 16.75 R F2,T2024G0,T60=750,

8 JUNE 1971 17:00:07 PAGE 1 OF 2

® CONDITIOWN » 400 HP,5.0 PAMB,3000 PS] YYDSYS

® UNITS o AREA®SQ@ IN, H=BTU/LB, P=PS14, @3B8TU/MIN, T=DEG R. W=LB/MIN

s INPUT D ATAS
DUCT PRESSURE LOSS COEFFICIENTS #10E+4
.09 .00 .00 1110.00 70000.00 .00 .00 10.00
3.64 .00 1.18 1.44 .00 .66 3,50 20.80
19.00 13,85 54.00 .00 2.02 50,00 2.74 023
12 4100
SFT TURDNF SF JUPP SF JP W TUR 08CA JP PRICA TURB NOZ
1.003 .000 1.000 1,000 12,560 . 2070 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 .98 .30 5 2060.00 400.00 1%00.00
ETA CORF 0/F BASE
10925 . 600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP COLD RHODP HWOT

H2 PREHWEATER 2.00 2,00 «50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LuB 0 COOLER 1.00 1,00 i1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

e ® POINT INPUT JATA o »
HYDRA HP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
190.00 .00 5.00 3c0g.0 35.0

s QUTPUT DATA®

DRIVE POWER HP L0SS

WYD PUMP  ALTERNATOR LUBR PUvP GEAR BOX

140.00 12.30 169 7.63
TURBINE OUTPUT POWER = 160.25 Q/F = ,582 SPC = 1,679
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 2,835 1.649
PRESSURE 500.00 500.00
TEMPERATURE 75.00 300.00
ENTHALPY 54.3 52.8

CONTROL VALVE

IS IT IN CONTROL YES YES
PRESSURE IN 491.4 500.0
PRESSURE QUT 160.3 169.6
TEMPERATURE IN 1050.5 300.0

Case

s GARRETT =« AIRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF.

SSAPU PHASE 11,TURB 16,75 R N2,T20%400C
8 JUNE 1971
® CONDITION o 100 HP,5.5 PAMB.3000
COMLUSTOR INFOR
HYDROGEN FLOW 2.835
PRESSURE [N 159.1
TEMPERATURE [N H2 1050.5

TURBINE INFOR
INLET FLOW 4,484

PRESSURE [N 158.8
TEMPERATURE [N 2060.0
ENTHALPY IN 4967.6
PRESSURE RAT[O 28.70

RECUPERATOR [NFO
FLOW PRE IN P OUT T1

COLD SIDE 4.378 492.4 491.9 725
HOT SIDE 4.484 5.5 5.2 1406
® TURBINE EXHAUST OVERBOARD PRESSUR
HOT BYPASS VALVE 1!

FLOW PRESSURE

1.543 1.917

H2 PREHEATER INFO

FLOW PRE IN P CUT T1
COLD SIDE 2.838 590,0 500.0 75
HOT SIDE 1.543 4%90.0 490.0 1050
JET PUMP PERFOR
FLOW PARA FLOW
PRIMARY JET 56,63 2:.83
SECONDARY JET 30,99 1.54
RESUL TANT 4,38
FLOW PARA RATIO 547
JET PUMP RISE 1.0064 PR] FLOW PA

LUBE OIL COOLER IN

FLOW PRE IN' P CUT T1

COLD SIDE 4.378 493,1 492.8 400
HOT SIDE 30.000 202.0 196.9 541
HEAT REJECTED  ALTERNATOR GEAR B
509.1 323,

HYDRAULIC OIL CQOLER

FLOW PRE IN P QUT T1
COLD SIDE 4.378 492.8 492.4 452
HOT SIDE 423.7 103.0 97.8 750

HEAT REJECTED 4220.70

38

1 T40=7%0,
17:00:07

PS1 +4YDSYS

MATION

OXYGEN FLOW
PRESSURE QUT
TEMPERATURE IN 02

MATION

SPECIFIC HEAT RATIO
PRESSURE OUT
TEMPERATURE oUT
ENTHALPY QUT
EFFICIENCY

RMATION
N T OUT H IN
12 1050.6 2462.5
0 914.1 3453,1
g e 9.01

NFORMATION
DRoP

RMATION

PAGE 2 OF 2

1.649
159.4
300.0

1.367
5.5
1406.0
3453.4
534

H OUY  EFF
3595,9 .478
2346.5 .722

N T out H IN H 0uUY EFF
.0 399.0 54,3 1296.7 332
8 403.,3 3595,9 1312,9 .66)
MANCE

PRESSURE TEMPERATURE

499,95 399.01

489,99 403.28

493,12 400,52
® PRI/P SEC 1.0203
RA v1133 JPSF 2,30
FORMATION
N T 0UT H IN H OUT EFF
5 452.9 1302.4 1498.4 373
W1 476,46 0 0 458
0X LUBE PUMP TOTAL
? 25.5 858.3

INFORMAT[ON
N T OUT H IN W OUT EFF
W9 725.2 1498.4  2462,5 .916
0 732.5 .0 0 059
10



ah

s GARRETT « AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF. ® GARRETT e AIRESEARCH MAWUFACTURING DIVISINN LOS ANGELESs CALIF,

3SAPU PHASE 1],TURB 16;75 R H2.720-4on.reo-7so. SSAPU PHASE I]sTURB 16,75 R H2,T20%407,T60375J.
8 JUNE 197 7100118 PAGE 1 OF 2 8 JUNE 1971 17:€0318 PAGE 2 OF 2
* CONDITION ® 200 HP,5. PAMS,3000 PS] HYDSYS ® CONDITION & 230 HP.5, PaMB,3000 PSI 4YNSYS
® UNITS ® AREASQ IN, H=BTU/LB, PsP§1A, Q=BTU/MIN, T#DEG R. W=LB/MIN COMBUSTOR INFORMATION
HYDROGEN FLOW 4,530 OXYGEN FLOW 2,782
s INPUT DATAS PRESSURE IN 257.8 PRESSURE QUT 257.8
DUCT PRESSURE LO0SS COEFFICIENTS #10E+4 TEMPERATURE IN H2 1002.7 YEMPERATURE IN 02 300.0
<00 +00 .00 1110.00 70000.00 .30 00 10.00
3.64 00 1.18 1.44 .00 66 3.50 20.80 TURB!NE INFORMATION
19.00 13.8% 54.00 .00 2,02 50.00 2.74 1023 INLET FLOW 7.292 SPECIFIC HEAT RATIO 1,367
.12 .00 PRESSURE IN 257.4 PRESSURE QUT 6.4
TEMPERATURE IN 2060.0 TEMPERATURE oUT 1383.3
SFT TURONF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ ENTHALPY IN 4992,7 ENTHALPY QUT 3361.2
1.000 .000 1.000 1.000 12,560 , 2090 11210 PRESSURE RATIQ 40.42 EFFJCIENCY 522
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HMX IN T LHX O
.0002 98 +30 5 2060.00 400.00 1500.00 RECUPERATOR !NFORHAT!ON
ETA CORF 0/F BASE FLOW  PRE IN P OUT TIN Tour H IN W OUT EFF
»0925 4008 COLD SIDE 7.482 479.3  478.2  698,1 1002.7 2367.3 3428,8 444
HOT SIDE 7.292 6,3 5.4 1383.3 910.5 3361.2 2315.6 .90
HEAT EXCHANGER SCALE FACTORS s TURBINE EXHAUST OVERBOARD PREBSURE o 5.09
HEAT EXCHANGER  ETAHA COLD ETAMA MOT  RHODP COLD RHODP MOT
N2 PREWEATER 2.00 2.00 50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,40 1.00 1.00 FLOW PRESSURE DROP
LUB O COOLER 1.00 1,00 1.00 1.00 2,652 4.806
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFORMATION
® & POINT INPUT DATA & » FLOW PRE IN P OUT TIN Tourt HIN W OUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OlL ALT SIZE(KW) COLD SIDE 4.330 599.0  500.0 75,0 396.6 54,3 1287,6 .347
200.00 .00 5.00 3000.0 35.0 HOT SIDE 2.652 473.4  473.3 1002,7 403.9 3428,8 322,58 .643
s QUTPUT DATAC® JET PUMP PERFORMANGCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER WP LOSS PRIMARY JET 90.21 4,53 499,86 396.64
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 53,44 2:65 473,26 405,87
240,00 12.00 160 12.43 RESULTANT 7448 480,97 400,06
FLOW PARA RATIO 592 P PRI/P SEC 1.0562
TURBINE OUTPUT POWER = 265.14 O/F = .610 SPC 3 1.650 JET PUMP RISE  1.0463 PRI FLOW PARA  ,1805 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 4,530 2.762 FLOW PRE IN P QUT TIN T oOUur H IN H OYT EFF
PRESSURE 500,00 500.00 COLD SIDE 7.482 480, 480.2 400,14  439.7 1300.5 1449.6 ,280
TEMPERATURE 75,00 300.00 HOT SIDE 30.000 200.0 196.9  541,9 460.7 .0 W0 373
ENTHALPY 54,3 52,8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PuMP TOTAL
CONTROL VALVE 539.1 535.9 25.5% 1070.4
1S 1T [N GONTROL YES YES
PRESSURE IN 476.9 499,9 HYDRAULIC oxL COOLER INFORHAT!ON
PRESSURE 0OUT 259.7 275,2 FLO® PRE IN P M IN KW OUT EFF
TEMPERATURE IN 1002.7 300.0 COLD SIDE 7.482 480,1 479 3 39 7 69! 1 1449.4 2367,3 .83)
HOT SIDE 818.4 100.0 95.4 750.0 735.9 0 +0 048
HEAT REJECTED 6592.74

12

Case 39
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® GARRETT + AIRESEARCH MANUFACTURING DIV]S]
SSAPU PHASE 11.TURB 16,75 < H2.T202400,T60=7

8 UUNE 1971 17:

© CONDITION e 360 HP,5.C PAMB,3000 HYDSYS

® UNITS e AREA®=SQ [N, W=BTU/LB, P=PSla, Q@=8T

* INPUT DATA
DUCT PRESSURE LOSS COQEFFICIEN
00 .00 .00 1110.00 70000.00
3.64 «Q0 1.18 1.44 .00
19.10 13.85 54.00 .Q0 2,02
+12 100
SFT TUR DN F SF JUP P SF JP W TUR ©
1.000 .000 1.000 1.000 12,56
TUR LKCa ETa COMB LUBE P AP ETA LOPP T T

.0002 198 +30 W5 206
ETA CORF 0/F BASE
0925 600

HEAT EXCHANGER SCALE FaC

HEAT EXCHANGER  ETAHA COLD ETAWA MOT
H2 PREHEATER 2.00 2,00
HYD 0 COOLER 1.00 1,00
LUB 0 COOLER 1.00 1.00
RECUPERATOR 1.00 1.00

® o POINT INPUT DATA o
HYDRA HP ELECT HP P AMB P HYDRA 0]
360.00 <00 5.00 3000.0

= QUTPUT DATA
DRIVE POWER
HYD PUMP  ALTERNATOR LUBE PUMP
400.00 12.00 160

TURBINE OUTRPUT POWER = 432.10 Q/F =

PROPELLANT HYDROGEN

FLOW RATE 7,254

PRESSURE 500.00
TEMPERATURE 75.00
ENTYALPY 54.3

CONTROL VaL

18 IT IN CONTROL YES
PRESSURE IN 448.0
PRESSURE QUT 417. 4
TEMPERATURE [N 949.0

0N LOS ANGELES, CaLIF.

50,
Jo:29 PAGE 1 OF 2

U/MIN: T=2DEG R» W=LB/MIN

TS *10E+4
.00 .00 10.00
66 3.50 20.80
50,00 2.74 +023

BCA JP PRICA TURB NOZ

) .2000 »1210

R IN T HHX IN T LRX O

0.00 400.00 1500.00

TORS
RHODP COLD RHODP HOT
+50 1,00
1.00 1.00
1.00 1.00
1.00 1.00

L ALT SIZE(KW)

5.0

HP LOSS
GEAR BOX
20.63

640 SPC = 1,652

OXYGEN
4,644
503,00
303.00
52.8

VE
499.6

442.6
300.0

o GARRETT < ATRESEARCH MAMUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16.75 R H2.T20%410,T603750.

8 JUUNE 1971 17:00:29 PAGE 2 OF 2
e CONDITION * 360 HP.5,0 PAMB,3000 HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 7.2%4 OXYGEN FLOW 4,644
PRESSURE IN 414.5 PRESSURE QUT 414.5
TEMPERATURE [N H2 949.0 TEMPERATURE IN 02 300.0
TURBINE [NFORMAT{ON
INLET FLOW 11,898 SPECIFIC HEAT RATIO 1.366
PRESSURE IN 413,8 PRESSURE OUT 8.6
TEMPERATURE IN 2060.0 TEMPERATURE 0OUT 1372.3
ENTHALPY IN 4835,4 ENTHALPY QUT 3294.7
PRESSURE RATIO 48.36 EFFICIENCY 517
RECUPERATOR lNFonmnoN
FLON PRE IN P OUT IN T ouT H IN H OUT EFF

COLD SIDELL1.908 454, D 451.4 657 0
HOT SIDE 11.898 8.4 6.1 372.
e TURBINE EXHAUST QOVERBOARD PRESSURE e 5.33

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
4,655 7188

H2 PREHEATER INFOAMATION

FLOW  PRE IN P OUT T IN T OUT H IN H OUT EFF
54,3 1273,7 .364
410.8 3241,5 1341.1 .66

COLD SIDE 7.254 500.0 499.9 75,0 393.0
HOT SIDE 4.653 444,3 444,0 948,9

JET PUMP PERFORMANCE

FLOW PARaA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 143.80 7.25 499,66 392.99
SECONDARY JET 94,35 4,65 443,81 410,85
RESULTANT 11.92 458,35 399.98
FLOW PARA RATIO 1656 P PRI/P SEC 1.1258

JET PUMP RISE  1.C328 PR[ FLOW PARA 12878 JPSF  2.30

LUBE .0IL COOLER INFORMATION

FLOW  PRE IN F OUT TIN T oOUT H IN H OUT €FF
COLD SIDE11.908 450.1 456.4 400,0 431.4 1300.1 1418.4 198
HOT SIDE 30.000 200.0 196.9 558,7 452, 4 .0 0 670

HEAT REJECTED  ALTERNATOR GEAR BOX LUBE PUMP TOTAL

509.1 875.3 255 1409.8
HYDRAULIC CIL COOLER INFORMATION

FLOW  PRE IN P CUT T IN T oUuT H IN W OUT EFF
COLD SIDE11.908 456,1 454.2 431,4 657.0 1418.3 2222,9 .708
HOT SIDE 1450.0 10,0 91.5 750,0 738.4 0 0 036

HEAT REJECTED 9582 .36

Case 40

948.9 2222.% 3241.5 408
902.8 3294.7 2275.3 .636
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® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16,75 R H2,T202400,7602750.
8 JUUNE 1971 17:00:34 PAGE 1 OF 2

® CONDITION © 0.0 HP,10. PAMB,3000 PS] HYDSYS
o UNITS o AREA®S@ IN, W=BTU/LB, PxPSIA; Q=8TJ/MIN, TxDEG R, W=LB/MIN

*» INPUT DAT A
DUCT PRESSURE LOSS COEFFICIENTS *1QE+4

.00 00 .00 1110.0Q 70000,00 .00 .00 10.00
3.64 00 1.18 1.44 .00 .66 3,50 20,80
19.00 13,05 54.00 +00 2.02 50.00 2,74 +023
12 200
SFT TURONF SF JPP SF JP W TUR 0BCA JP PRICA TURB NO2
.000 1.000 1,000 12,960 2000 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LNX 0
0002 +98 .30 .5 2060.00 400.00  1500.00
ETA CORF  0/F BASE
.0925 .600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAMA COLD ETAMA HWOT  RHODP COLD RHODP WOT

H2 PREHEATER 2.00 2,00 .50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB O COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

® + POINT INPUT DATA ® *
HYDRA HP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
+00 .00 10.00 3000.0 35,0

¢« QUTPUT DATA®

DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBR PUMP  GEAR BOX
40.00 12.00 160 2,63
TURBINE OUTPUT POWER =  55.05 o/fF = ,508 SPC = 2,258
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1,372 1697
PRESSURE 500,00 500,00
TEMPERATURE 75.00 303.00
ENTHALPY 54,3 52.8
CONTROL VALVE

IS IT IN CONTROL YES YES
PRESSURE IN 498.0 500.0
PRESSURE QUT 76,5 79.9
TEMPERATURE IN 1181.2 300.0

® GARRETT o AIRESEARCH MAJUFACTURING DIVISION LOS ANGELES, CALIF.

S5APY PHASE 11.TURB 16:75 R H2,T20=4L0,T60*750.
8 JUNE 1971 17:30:34 PAGE 2 OF 2

® CONDITION * 0.0 HP,10. PAMB,3QQC PSI AYDSYS
COM3USTOR [NFORMATION

HYDROGEN FLOW 1.372 OXYGEN FLOW 697
PRESSURE IN 7%.7 PRESSURE QUT 75.7
TEMPERATURE [N H2 1181.2 TEMPERATURE N 02 300.0
TURBINE {NFORMATION
INLET FLOW 2,069 SPECIFIC HEAT RATIO 1.366
PRESSURE IN 75.6 PRESSURE QUT 10.4
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1596.3
ENTHALPY IN 5151,0 ENTRALPY OQUT 4021.0
PRESSURE RATIO 7.52 EFFICIENCY 539

RECUPERATOR INFOIHAYION
FLOW PRE IN P_QUT IN T ouT HIN HOUT EFF
COLD SIDE 1.993 498.3  498.%1 716 S 11831.1 2437,3 4049,8 ,52)

HOT SIDE 2 069 10.1 10.0 1396,3 939.8 4021.,8 2470,3 .748
» TURBINE EXHAUST OVERBOARD FRE‘SUR! . 9.99
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE ORoP
.621 514

H2 PREMEATER INFORMATION
FLOW  PRE IN P CUT TIN T OUT W IN W OUT EFF

COLD SIDE 1.372 5p0.0 500.0 75,0  398.1 54,3 1293.2 .292
HOT SIDE  .621 497,6 497.6 1181,1 403.9 4049.8 1315.¢ ,703

JET PUMP PERFORMANCE

FLOM PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 27.36 1.37 499,99 398.0¢9
SECONDARY JET 12,49 162 497,60 403,93
RESULTANT 1.99 498,45 399,91
FLOW PARA RATIOD 456 P PRI/P SEC 1,0048

JET PUMP RISE  1.0017 PRI FLQW PARA  ,0547 JPSF 2,30

LUBE OIL COQLER INFORMATION
FLOW PRE IN P OUT T IN T OUT HIN HOUT EFF
COLD SIDE 1.993 458.4  456.4  399,9  487,3 1300.1 1624.3 .523
HOT SIDE 30.000 200.0 196.9 566,8 520.6 0 0 277

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25,5 646.2

HYDRAULJC CIL COOLER INFORMATION
FLO¥  PRE IN P OUT TIN T OUT HIN W OUT EFF
COLD SIDE 1.993 498 .4 498.3 487,33  718.5 1624,4 2439,3 .880
ROT SIDE 29.0 100.0 99.8 750,0 647,3 0 0 .39

HEAT REJECTED 1624.01

Case 4l
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@ GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16:75 R H2.720%400,T60575C,

8 JUNE 1971 17:00146 PAGE 1 OF 2

e CONDITION « 100 HP,10. PAMB,3000 PS! 4YDSYS
® UNITS o AREA=SQ IN, H=BTU/LB, PaPSlA, QzBTU/MIN, T2DEG R, W=LB/MIN

« ITNPUT DATas
DUCT PRESSURE LOSS COEFFICIENTS #10E+4

.00 +00 .00 1110.0Q0 7¢000,00 .00 .00 10.00
3.64 +00 1.18 1.44 +00 .66 3.53 20,80
19.00 13.85 54,00 +00 2,02 50.00 2.74 023
.12 .00
SFT TURONF SF JPP SF JP W TUR 0BCA JP PRICA TURE NOZ
1.000 0090 1.000 1.000 12,560 ,2000 1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 34 <30 1] 2060.00 400.00 1500.00
ETA CORF 0Q/F BASE
.0925 .400

HEAT EXCHANGER SCALE FACTOR

S
HEAT EXCHANGER  ETAMA COLD ETAMA WOT  RHODP cOLD RHODP WOT

H2 PREWEATER 2.00 2,00 180 1.00
HYD O COOLER 1.00 1.06 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

¢ » POINT INPUT DATA & »

HYDRA WP ELECT HpP P AMB P HYORA OIL ALT S1ZE(KW)
100.00 «00 10.00 3000.0 35.0
s QUTPUT DATAS®
DRIVE POWER HP (0SS
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
140.00 12.00 180 7.63
TURBINE OUTPUT POWER = 160.54 Q/F = .57} SPC = 1,801
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 3.067 1,751
PRESSURE 500.00 500,00
TEMPERATURE 75,00 300.00
ENTHALPY 54.3 52.4

CONTROL VALVE
1S 1T IN GONTROL YES YES

PRESSURE N 490.0 499.,9
PRESSURE QUT 173.2 182.7
TEMPERATURE IN 1070.6 300.0

erwony:
® GARRETT e« AIRESEARCH MANUFACTURING OIVISION LOS ANGENLIF.
SSAPU PHASE 11,TURB 16,75 R H2,T202400,T60=750,

8 JUNE 1971 17:00146 PAGE 2 OF
e CONDITION ® 100 HP,10. PAMB,3000 PS1 HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 3.067 OXYGEN FLOW 1,753
PRESSURE IN 171.8 PRESSURE QUT 171.8
TEMPERATURE [N H2 1070.6 YEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 4,818 SPECIFIC HEAT RATIO 14387
PRESSURE IN 171,% PRESSURE OQUT 10,3
TEMPERATURE IN 2040.0 TEMPERATURE OUT 1454,
ENTHALPY IN 4993,1 ENTHALPY QUT 3580.4
PRESSURE RATIO 16.62 KFFICIENCY + 588

RECUPERATOR INFORMATION
FLON  PRE IN P QUT TIN T OUT H IN
COLD SIDE 4.68) 491,1  490.6 720,88 1070.6 2447.3
HOT SIDE 4.818 10.3 10,1 1454,8 932.4 3580.8
® TURBINE EXHAUST OVERBOARD PRESSURE o 10.00

HAT BYPASS VALVE INFORMATION
FLoW PRESSURE DROP
1.617 2:351

H OUT  EFF
3685.4 477
2396.8 .71

H2 PREHEATER INFORMATION

FLOW PRE IN P OUT TIN T our H IN HOUT EFF
COLD SIDE 3.067 500.0 500.0 75,0 398.% 54,3 1294,6 328
HOT SIDE 1.617 488.,3  488.3 1070,6 403.3 3665.4 1312.0 470

JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE

PRIMARY JET 61,22 3.07 499,94 398,47

SECONDARY JET 32,47 1.62 488,23 403,25

RESULTANT 4,68 491,98 400,13

FLOW PARA RATIO <530 P PRI/P SEC 1.0240

JET PUMP RISE  1.0076 PR} FLOW PARA  ,1224 JPSF  2.30

LUBE OLL COOLER INFORMATION
FLOW PRE IN P OUT TIN Tout H IN W OUT EFF
COLD SIDE +4.68) 491.9  491.6 40041 449,00 1300,9 1484,.1 .35
HOT SIDE 30.000 200.0 196.9 536,3 471.5 ] 0 47
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 323.7 25.5 858.3
HYDRAULIC CIL COOLER INFORMATION
FLOW  PRE IN ¢ CUT TIN T oOUT H IN W OUT EFF
COLD SIDE 4.683 491.6 491.,2 449,0 720.8 1484,0 2447,3 ,97%
HOT SIpDE 423.7 100.0 97.8  750,0 731.3 .0 0 .p62

HEAT REJECTED 4511:.76

Case 42
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE 11,TURB 16,75 R H2,T20%400,T60s750.

8 JUNE 1971 17100:56 PAGE 3 OF 2

® CONDITION e 200 HP,10. PaMB,3DDO PS1 WYDSYS
® UNITS ® AREAPSQ IN, HxBTU/LB, P=PS1A, 3sBTU/MIN, T=DEG R: WzLBZMIN

¢« INPUT DAT A
DUCT PRESSURE LOSS COEFFICIENTS »10E+4

.00 +00 .00 1110.00 70000.00 .00 +00 10.00
3.64 +00 1.18 1.44¢ «00 .66 3.50 20.80
19.00 13,85 54.00 +00 2.02 50.00 2.74 023
.12 «Q0
SFT TURONF SF UPP SF JP W TuR 08CA JP PRICA TURR NOZ
1.000 -000 1.000 1.000 12.560 +2000 »1210
TUR LKCA ETA COH‘ LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
«0002 9 . 5 2060.00 400.00 1500.00

ETA CORF Q/F BASE
0925 -800

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAWA COLD ETAWA MOT  RHODP COLD RHODP WOY

W2 PREWEATER 2.00 2.00 .50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB O COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1,00 1.00
L= e » POINT INPUT DATA o ©
0 HYDRA HP  ELECT HP P AMB P HYBRA OIL ALT SIZE(KW}
200,00 .00 10,00 3000.0 35.0
s 0OUTPUT DATA®
DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
240,00 12,00 +60 12.63
TURBINE OUTPUT POWER = 265.40 O/F = ,604 SPC = 1.719
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,740 2,864
PRESSURE 500,00 580.00
TEMPERATURE 75,00 300,00
ENTHALPY 54,3 52.8
CONTROL VALVE
1S IT IN CONTROL YES YE
PRESSURE IN 47447 499,9
PRESSURE QUT 271.4 287.1
TEMPERATURE [N 1013.2 300.0

Case

* GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
§SAPU PHASE 11, TURH 16,75 R HZ:TZU'4JQ.T60I75G'

8 JUNE 1971 no:56 PAGE 2 OF 2
® CONDITION » 200 KP.,1D. PAMB.3000 PS] HYDSYS
COMBUSTOR [NFURMAT]ON
HYDROGEN FLOW 4.740 OXYGEN FLOW 2,861
PRESSURE IN 269.3 PRESSURE OQUT 269.3
TEMPERATURE [N H2 1013,2 TEMPERATURE IN 02 300.0

TURBINE [NFORMAT]ON

INLET FLOW 7,601 SPECIFIC HEAT RATIO 1.366
PRESSURE IN 266.9 PRESSURE QUY 10.8
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1413.1
ENTHALPY IN 4917.1 ENTHALPY OUT 3436.9
PRESSURE RATIO0 24,99 EFFICIENCY 1543
RECUPERATOR INFD!HATION
FLOW  PRE IN P OUT TIN T oOUT W IN H OUT EFF
COLD SIDE 7.470 477, 3 476.2 694,33 1013.2 2354.3 3465.3 .444
HOT SIDE 7.40% 10.7 10.2 -1413,4 921.7 3436.,9 2345,2 .e84
¢ TURBINE EXHAUST OVERBOARD PRESSURR * 9.97
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
2,729 8.J50
H2 PREHEATER lNFOIHATlON
FLOW PRE IN P OUT T oUY HIN W OUT EFF
COLD SIDE 4.740 500.0 499.9 75.0 396.4 34,3 1286,9 ,34)
HOT SIDE 2.72¢ 470,80  470.8 1013,2 406.4 D3465.3 1324,4 647
JET PUMP PERFORMANCE
FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 94,38 4.74 499,85 396.44
SECONDARY JET 55,02 273 473,70 406,35
RESUL TANT 7.47 479,17 400,08
FLQW PARA RATIO +583 P PR1/P SEC 1.0619
JET PUMP RISE  1.0180 PRI FLOW PARA 11888 JPSF 2,30
LUBE OlL COOLER INFORMAT]ON
FLOW  PRE IN P QUT TIN T our H IN HOUT  EFF
COLD SIDE 7.470 479,1  478.4  40D,1  438,2 1300.6 1443,9% ,27)
HOT S]DE 30.000 200.0 196.9 540,0 458.5 .0 .0 .582
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 335.9 25.5 1070.4
HYDRAULIC CIL COOLER [NFORMATION
FLOW  PRE IN P QUT TIN TOUT'™ W IN WOUT EFF
COLD SIDE 7.470 478.3  477.4  A38,1 694.3 1443,7 2354.3 .822
HOT SIDE 818.4 160.0 95.4  750,0 735.4 «0 0 047
HEAT REJECTED 6801.56

43
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¢ GARRETT & AIRESEARCH MA.UFACTURING DIVISION

SSAPU PHASE II'TURBal

% CONDITION & 360
& UNITS & AREA=SQ IN

6:75 R H2,T20=400,T6
JUNE 1971

HP.10. PAMB,300Q0 HYD
+ H=BTU/LB, PzPSlA, @

« I NPUT DAT

DUCT PRESSURE LOSS COEFFICIENTS #10QE+4

.00 +J0 .00 1110.00 70000,
3.64 00 1.18 1,44
19.00 13.85% 54.00 .00 2,
.12 200
SFT TURONF SF JUP P SF JP W TU
1.000 .000 1.000 1,000 12,
TUR'(LKCA ETA COMB LUBE P 4P ETA LOPP T
.0002 198 +30 +5
ETA CORF 0/F BASE
0925 .600

HEAT EXCHANGER

HEAT EXCHANGER SCALE
ETAHA COLD ETAHA HOT

HZ2 PREMEATER 2.00 2,00
HYD O COOLER 1.00 1.00
LUR O COOLER 1.00 1,00
RECUPERATOR 1.00 1,00
& ® POINT INPUT DAT
HYDRA HP  ELECT HP P AMB P HYDRA
360.00 «00 10.00 300
« QUTPUT DA
DRIVE PQWER
HYD PUMP  ALTERNATOR LUBE P
400,00 12.00 160
TURBINE OUTPUT POWER = 432,20 o/F
PROPELLANT HYDROGEN
FLOW RATE 7.440
PRESSURE 500,00
TEMPERATURE 75,00
ENTHALPY 54.3
CONTROL
IS IT IN CONTROL YES
PRESSURE IN 446.2
PRESSURE OUT 426.3
TEMPERATURE IN 954.5

LOS ANGELES. CALIF.
0=750.
17:01:31 PAGE 1 OF 2
SYS
tQTU/MIN, T=2DEG R, W=LB/MIN
A=
00 .00 .00 10.00
.00 66 3,50 20.80
02 50,00 2.74 023
R 0BCA JP PRICA TURB NOZ
560 .2000 1210
TUR IN T HHX IN T LHX O
2060.00 400.00 1500.00
FACTORS
RHODP ¢OLD RHODP HOT
50 1.00
1.00 .00
1.00 1.00
1.00 1.00

Ao
oL ALT SIZE(KW)
0.0 35.0

T A
HP L0SS

GEAR BOX
20,63

uvp

=L 641 SPC = 1,693
OXYGEN
4.766
500.00
300.00
52.8

VALVE
Y
499,6

452,1
300,10

Case

% GARRETT » AJRESEARCH MANUFACTURING OIVISION LOS ANGELES. CALIF,
SSAPY PHASE [],TURB 16475 R H2,T20-400,T60=750.
8 JUNE 1971 17:01:131 PAGE 2 OF 2
% CONDITION & 360 HP,10. PAMB.3000D WYJISYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 7.440 OXYGEN FLQW 4,766
PRESSURE [N 423,3 PRESSURE QUT 423.3
TEMPERATURE IN HZ 954,5 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12.207 SPECIFIC HEAT RATIO 1,366
PRESSURE N 422,7 PRESSURE QUT 12.3
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1389.8
ENTHALPY IN 4834,5 ENTHALPY QUT 3332.5
PRESSURE RAT!O 34.32 EFFICIENCY 532
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T oUT H IN W OUT EFF
COLD SIDE12.461 452.,5 449.8 6545 954,46 2214.,1 3261,1 .4D8
HOT SIDE 12.207 12.2 10.6 1389,8 909.6 3332,5 2289.3 .,¢%)
& TURBINE EXHAUST OVERBOARD PREBSURE 10.14
HOT BYPASS VALVE INFORMATION
FLOW PRES!URE ORoOP
4,720 7,496
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT T IN T ouT H IN H OuUT EFF
COLD SIDE 7.440 500,00  499,9 75,0 392.5 54,3 1272.0 .36%
HOT SIDE 4.720 442,3  442,0 954,6 411.0 3261.1 1341, U
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 147,41 7.44 499,64 392.52
SECONDARY JET 95,69 4.72 441,83 410.96
RESULTANT 12.16 456.98 399.69
FLOW PARA RATIO 849 P PR1/P SEC 1.1308
JET PUMP RISE 1.0343 PR] FLOH PARA 12950 JPSF 2,30
LUBE OIL COOLER INFORMATION
FLOW  PRE IN ouT T IN T our H IN H OUT  EFF
COLD SIDE12.464 456,7 455 0 399.7 . 430.,5 1298.9 1414,9 .19%
HOT SIDE 30.000 200.3 196.9 557.7 451.2 .0 0 674
MEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25.8 1409.9
HYGRAULIC OIL COOLER INFORMAT]ION
FLOW PRE IN P CUT T IN T ouT H IN H ouT EFF
COLD SIDE12-461 454,6 452.6 430,5 654.5 1415.0 2214.1 .70}
HOT SIDE 1450.0 100.0 91.5 750,0 738.3 xi] 0 .037
HEAT REJECTED $9718.29

44
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 1}, TURB 16,75 R _Ha2, T20'4UD.T601750.
8 JUNE 1971 01139

0.0 HP.14.7PAMB,3000 P§] HYDSYS

PAGE 1 OF 2
® CONDITION e
o UNITS o AREA2SQ [N, H=BTU/LB. PaPS§1a, QsBTU/MIN, T=DEG R, WsLB/MIN

¢ INPUT DATAS®
DUCT PRESSURE LOSS COEFFICIENTS s10E+4
+00 »00 .00 1110.00 70000.00 .00 .00 10.00
3.64 +00 1.18 1.44 100 66 3.50 20.80
19.00 13.88 54.00 .00 2,02 50.00 2.74 1023
.12 »00
SFT TURDNF SF JPP SF JP W TUR QBCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 . 2000 »1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
«0002 98 «30 *3 2060.00 400,00 1300.00
ETA CORF O/F BASE
0925 400

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETaHA COLD ETAHA WOT  RHODP ¢OLD RHODP HWOT

H2 PREWEATER 2.00 2.00 .50 1.00
HYD O COOLRR 1.00 1.00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00
e o POINT INPUT DATA o «
HYDRA WP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
.00 .00 14.70 3000.0 35.0
s OUTPUT DATAS®
DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBI PUHP GEAR 80X
40,00 12.00 2.63
TURBINE OQUTPUT PQWER = 55.01 O/F = ,494 SPC = 2.623
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1.610 +795%
PRESSURE 500,00 500.00
TEMPERATURE 75,00 300.00
ENTHALPY 54,3 52.8
CONTROL VALVE
1S 1T lN CONTROL YES YES
PRESSURE N 497.2 500.0
PRESSURI out 89,4 92.9
TEMPERATURE [N 1208.5 300,90

Case

® GARRETT ¢ AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPY PHASE 1},TURB 16.75 R H2,T202400,T60=z750.

8 JUUNE 1971 17131439 PAGE 2 OF 2
* CONDITION ® 0.0 HP.14.7PAMB,3000 PSI HYNSYS
COMBUSTOR INFORMATION
HYDROGEN PLOW 1.610 OXYGEN FLOW 795
PRESSURE IN 88.2 PRESSURE OUT 08.2
TEMPERATURE IN HZ 1208.5 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 2,405 SPECIFIC HEAT RaTIOD 1.366
PRESSURE N 88.1 PRESSURE QUT 14.8

TEMPERATURE [N 2060.0 TEMPERATURE oUT 1665.9

ENTHALPY N 5190.2 ENTHALPY QUT 4218.0

PRESSURE RATIO 5.97 EFFICIENCY «503
RECUPERATOR [NFORMATION

FLOW PRE IN P OUT TIN T oOUT HIN W OUT EFF

COLD SIDE 2.31% 497,6 497.4 704,% 1208.4 2391.5 4144,8 ,.52¢
HOT SIDE 2.40% 14.7 14,7 - 1665,9 9%9.2 42138.0 2530,1 .73%
e TURBINE EXHAUST OVERBOARD PRESSURE » 14,69
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
+705 1745
H2 PREHEATER INFOIHATION
FLOW PRE IN P OUT T T ouT H IN H OUT  EFF
CoLD SIDE 1. 610 500.0 500.0 75.0 3968.3 54,3 1294, 1 + 289
HOT SIDE  .708 496,7  496.7 1208,4 403.5 4144,8 1313.9 .710
JET PUMP PERFORNANCE
FLOW PARA PRESSURE TEMPERATURE
PRIMARY JET 32,14 1-6‘ 499,98 398,33
SECONDARY JET 14,17 W71 496,69 403,53
RESULTANT 2+32 497,86 399,92
FLOW PARA RATIO 44y P PRI/P SEC 1.0066

JET PUMP RISE  1.0024 PRI FLQOW PARA  ,0643 JPSF  2.30

LUBE O!L COOLER INFORMATION

FLOW PRE IN P QUT TIN T our H IN HOUT EFF

COLD SIDE_2.315 497,9 497.. 399,9  474,9 1300.1 1579.2 .49%
HOT SIDE 30.000 200.0 196.9 5531,5 504.2 0 W0 312
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.4 25.5 646.2
HYDRAULIC OIL COOLER INFORMAT]ION
FLO¥W PRE IN P OUT TIN ToOUur H IN W QUT EFF
COLD SIDE 2.315 497.8  497.6 475,0 704.9 1579, 5 2391.5 .83
HOT SIDE  29.0 100.0 99.8 750,0 630.3 .0 0 436

HEAT REJECTED 188G.18

45
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® GARRETT o« AIRESEAKCH MANUFACTURING QIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11-TURB 16:75 R H2,T20%400,T40=73d.
8 UUNE 1971 17:01:49

PAGE 1 OF 2
® CONDITION ® 100 HP,14.7PAMB,3000 PS1 HYDSYS
® UNITS o AREA2SQ IN, H=BTU/LB,» P3PSIA, Q=8TU/MIN, T=DEG R, W=LB/MIN

s IJNPUT DATAS
DUCT PRESSURE. LOES COEFFICIENTS #10E+4

.00 +00 .00 1110.00 70000,00 .00 .00 10.00
3.64 200 1.18 1.44 .00 .66 3.50 20.80
19.00 13,85 54.00 .00 2,02 50.00 2,74 1023
$12 + 00
SFT TUR ON F SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1,000 12.560 .2000 «1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
«0002 198 «30 -] 2060.00 400.00 1500.00
ETA CORF 0/F BASE
.0925 .400

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETaHa MWOT RHODP cOLD RHODP WOT

H2 PREMWEATER 2.00 2.00 «50 1,00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

® o POINT INPUT DATA ® ®
HYDRA WP  ELECT HP P AMB P HYDRA OlL ALT SIZE(KW)
100,00 .00 14.70 3000.0 35.0

e« OUTPUT DATA®™

DRIVE POWER HP LOSS

HWYD PUMP  ALTERNATOR LUBE PUMP  GEAR BOX

140.00 12,00 160 7.63
TURBINE OUTPUT POWER = 160.65 0/F = ,562 SPC B 1.924
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 3,292 1,850
PRESSURE 500,00 500.00
TEMPERATURE 75,00 300.00
ENTHALPY 54,3 52.8

CONTROL VALVE
IS 1T IN CONTROL YES YES

PRESSURE IN 488.6 499.9
PRESSURE OUT 185.6 195.4
TEMPERATURE N 1086.9 300.0

Case

® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF,
SSAPU PHASE 1],TURB 16,75 = H2,T20%400,T60%750.

8 JUNE 1971 17:01:49 PAGE 2 OF 2
® CONDITION ® 100 HP,14.7PAMB,3000 PSI HYDSYS
COMBUSTOR 1NFORMAT[ON
HYDROGEN FLOW 3.2%2 OXYGEN FLOW 1.850
PRESSURE [N 184.1 PRESSURE QUT 1084.1
TEMPERATURE IN H2 1086.9 TEMPERATURE IN 02 300.0
TURBINE [NFORMAT]ON
INLET FLOW 142 SPECIFIC HEAT RATIO 1.366
PRESSURE IN 153 8 PRESSURE OUT 14.9
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1496.3
ENTHALPY IN 5015.6 ENTHALPY QUT 3691.0
PRESSURE RAT]O 12.30 EFFICIENCY 559

RECUPERATOR INFORMATION
FLOW  PRE IN P QUT TIN T OUT H IN H OUT EFF
COLD SIDE 4.987 499 9 489.3  716,5 1086.,9 2432.0 3722.1 .47%
HOT SIDE 5.342 14,7 1496,3 948.1 3691.0 2439.8 .703
® TURBINE EXHAUST OVERBOARD FRESSURE . 14,68

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
1,695 2.791

H2 PREHEATER INFORMATION
FLOW  PRE IN P OUT TIN T OUT H IN H OUT EFF
COLD SIDE 3.292 500.0 500.0 75,0  398.3 54,3 1294,0 .31
HOT SIDE 1.698 486.5 486.5 1086,9 403.6 3722.1 1314.2 .73

JET PUMP PERFORMANCE

FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 65.70 3.29 499,93 398.31
SECONOARY JET 34.05 4.69 486,47 403,64
RESULTANT 4,99 490,78 400.13
FLOW PARA RATIOQ 518 P PRI/P SEC 1.0277

JET PUMP RISE 1.0089 PRI FLQOW PARA 1314 JPSF 2.30
LUBE 0!L COOLER INFQRMATION

FLOW  PRE 1 p 0uUT TIN T oUT H IN HOUY EFF
COLD SIDE 4.987 490.7 490.4 400,1 446,0 1300.9 3473,0 346
HOT SIDE 30.000 200.0 196.9 532,68 467.3 «0 10 1493

HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
509.1 323.7 25.5 858.3

HYDRAULIC CIL COOLER INFORMATION
FLOW  PRE IN P OUT T IN T our H IN HOUT EFF
COLD SIDE 4.987 490.4  4B9.9  446,0 716.5 1472.8 2432,0 .890
HOT SIDE 423.7 100.0 97.8  750,0 739.2 Q0 0 .068

HEAT REJECTED 4783.28
10
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@ GARRETT @ AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 1] TURB 16,73 R H2,T209400,T608750,
§ JUNE 1971 17104159 PAGE ) OF 2

200 HP,14,7PANB.,3000 PS] WYDSYS
o UNITS ® AREAWSQ IN, WsBTU/L8+ PsPS]A) QsBTU/MIN, T#DEG R» W=LB/MIN

* CONDITION »

. PUT DAT A
pucr PRE:SURE LOSS COEFPICIENTS ®30E+4
«00 «00 .00 1410.00 70000.00 Q0 +00 10.Q0
3.64 «00 1.18 1.44 .00 166 3,50 20.00
19,00 43,88 5‘-00 00 2.02 50.00 2,74 1023
12 «00
SFT TURONF 8F JP P SF JP W TUR QBCA JP PRIGA TURB NOZ
1.000 .000 1.000 1,000 12,560 .2000 1230
TUR LKCA ETA COMB LUBE P WP ETA LOPP T TUR IN T HHX IN T LHX O
+0002 98 30 1) 2060.00 400,00  1500.00
ETA CORF OIF BASE
0928 400

HEAT EXCHANGER BCA E FACTORS

HEAT EXCHANGER ETAMA COLD ETAHA RHODP COLD RHODP HQT

H2 PREMEATHER 2.00 2,00 +30 1.00
HYD 0 COQLER 1.00 1,00 1.00 1,00
LUB 0 COOLER 1,00 1,00 1.00 1,00
RECUPERAYOR 1.00 1.00 1.00 1.00
o o POINT INPUT DATA » »
HYDORA WP ELECT HP P ANB P HYDRA O}L ALT SIZE(KW)
200,00 00 14.70 3000.0 35.0

COQUTPUT DATA?®

DRIVE POWER WP L08S

HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

240,00 12,00 160 12,63
TURBINE OUTPUT POWER = 265,88 O/F & 598 SPC 5 1.786
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 4,953 2,964
PRESSURE 500.00 500.00
TEMPERATURE 75,00 300,00
ENTHALPY 54,3 52.9

CONTROL VALVE

16 1T [N GONTROL YES YES
PRESSURE IN 472.5 99,8
PRESSURE OUY 283, 2 299,3
TEMPERATURE IN 10223 300.0

» GARRETT + AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF,
SSAPY PHASE I11,TYRB 16,75 R Hz.Tzo-quo.rbp-75n.

2

& JUNE 1973 7303359 PAGE 2 OF
e GONDITION * 200 HP,14.7RAMB,30D0 PS1 HYNSYS
consusron INFORMATION
HYDROGEN FLOW 953 OXYGEN FLOW 2,964
PRESSURE IN 231.0 PRESSURE QUT 201.0
TEMPERATURE 1IN W2 1022,1 TEMPERATURE IN Q2 300.0
TURBINE INFORMAT]QN
INLET FLOW 7,946 SPECIFIC HEAT RATID 1,366
PRESSURE IN 260.4 PRESSURE 0UY 15,3
TEMPERATURE [N 2060,0 TEMPERATURE oUT 1440,1
ENTHALPY [N 4929 .4 ENTHALPY QUT 3505.2
PRESSURE RAT[O 18.38 EFFICIENCY 556
RECUPERATOR lNFOlHATXON
FLOW PRE IN P OUT T ouT HIN W ouv EFF
COLD SIDE 7.764 475,86 474.2 090.6 102241 2)41.0 J496,3 442
HOT SIDE 7.916 15,2 14,8 - 1440,% 931,90 13505.2 2372.1 478
s TURBINE EXHAUST OVERBOARD PRESSURE » 14,66
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE QRoOP
2,011 5.882
H2 PREHEATER INFORHATION
FLON PRE IN P OUT T out H IN W OUT EFF
COLD SIDE 4.953 500.0 499.9 75.0 396,2 54,3 1286.2 .33
HOT SIDE 2.81¢ 468.3  468.2 1022,1 406.9 3496.,3 1326.2 ,6%0
JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 98,59 4,95 499,84 396.2%
SECONDARY JET 56,71 2,81 458,13 406,8%
RESULTANT 7:76 477,37 400.10
FLOW PARA RATIO 578 P PR1/P SEC 1.0877
JET PUMP RISE  1.0197 PRl FLOW PARA  ,1972 JUPSF  2.30
LUBE O!L COOLER INFORMAT]ON
FLON PRE IN P CUT TIN T oOUT HIN HO EFF
COLD SIDE 7.764 477,3  476.% 400,31 436.8 1300.7 1430.5 1265
HOT SIDE 30.000 200.9 196.9 938.2 456,5 0 0 5931
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 335.9 25.% 1070.4
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P CUT TIN T OUT H IN W OUT EFF
COLD SIDE 7.764 476.4  475.5  436,7 690.6 1430.3 2341.0 .010
HOT SIDE 818.4 100.0 95.4  750,0 735.0 .0 0 048

HEAT REJECTED 7008.46

Case 47
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e GARRETT e AIRESEARCH MAHUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE I1,TURB 16,75 R H2,T20%40C,T60=750,
8 JUNE 1971 17132320 PAGE & OF 2
e CONDITION ® 360 HP,14.7PAMB.3000 WYDSYS
o UNITS ® AREA3SG [N, H=BTU/LB, PcPSIA, @z3FU/MIN, T=DEG R, W:=LB/MIN
s INPUT DATACS
DUCT PRESSUKRE LOSS COEFFICIENTS #10DE+4
.00 .00 +00 1110.00 70003.,00 .00 .00 10.00
3.64 «00 1.18 1.44 .00 .66 3,50 20.80
19.00 13,85 54.00 .00 2.02 50.00 2,74 ,023
.12 .00
SFTY TURDNF SF JPP SF JP W TUR ORCA JP PRICA TURB NO2
1.000 .000 1.000 1,000 12,562 .2070 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T H4X IN T LHX 0
.0002 198 .30 5 2060.00 400.00 1500.00
ETA CORF Q/F BASE
.0925 . 600

HEAT EXCHANGER
H2 PREMEATER
HYD O COOLER
LUB 0 COOLER
RECUPERATOR

HYDRA HP
360.00

ELECT
0

HYD P
400,

TURBINE OUTPUT P

PROPELLANT
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

1S IT IN CONTROL
PRESSURE IN
PRFSSURE OUT
TEMPERATJRE IN

HEAT EXCHANGER SCALE FACTORS
ETAHA COLD ETAHA WOT

RHODP COLO RHODP HOT

2.00 2.00 .50 1.00
1.00 1.00 1,00 1.00
1.00 1,00 1.00 1.00
1.00 1.C00 1,00 1.00
o o POINT INPYT DATA ® »
HP P AMB P HYORA OIL ALT SIZE(KW)
2 14.70 3000.0 35,
s« QUTPUT DATAS
DRIVE POWER HP LOSS
UMP  ALTERNATOR LUBE PUMP  GEAR BOX
00 12.00 160 20.63
OWER =  429.96 O/F = ,636 SPC = 1.738
HYDROGEN OXYGEN
7.600 4,832
500,00 500.00
75.00 300,00
54.3 52.8
CONTROL VALVE
YES ES
444,6 439.6
430.3 456.4
960.5 300.0

Case

® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES» CALIF.

SSAPU PHASE 1],TURB 16,75 R H2.T2024CC,T40=752.
8 JUNE 1971 171021290 PAGE 2 OF 2
® CONDITION ® 360 HP,14.7PAMB,3000 MYDSYS
COMBUSTOR INFORMAT]ON
HYOROGEN FLOW 7.600 OXYGEN FLOW 4,832
PRESSURE IN 427,2 PRESSURE OUT 427.2
TEMPERATURE IN H2 960.5 TEMPERATURE IN 02 - 300.0
TURBINE INFORMAT]ON
INLET FLOW 12,433 SPECIFIC HEAT RATIO 1.368
PRESSURE N 426.5% PRESSURE QUT 16.4
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1407.5
ENTHALPY IN 4845.4 ENTHALPY OUT 3378.2
PRESSURE RATIO 26.01 EFFICIENCY 544
RECUPERATOR lNFO!MATlON
FLON PRE IN P OUT IN T oUuT H IN H OUT EFF
COLD SIDE12.367 451,2 448.4 652. 960.6 2206,9 3281,9 .408
HOT SIDE 12.433 16,3 15,1 1497,5 916.9 3378,2 2308,9 .6%0
® TURBINE EXHAUST OVERBOARD PRESSURE e 14,73
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
4,767 7.795
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN W QUT EFF
COLD SIDE 7.600 500.0 499.9 75,0 392.2 54,3 1270.6 ,3%8
HOT SIDE 4.767 440.6  440.3  960,6 411.1 3281.9 1342,0 .620
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE TEHPERATURE
PRIMARY JET 150,51 7.60 499.63 392.16
SECONDARY JET 96.65 4,77 440.12 411,10
RESULTANT 12.37 455,84 399.48
FLOW PARA RATIO 642 P PR1/P SEC ) 1.1352
JET PUMP RISE  1.0356 PR! FLOW PARA  .3713 JUPSF  2.30
LUBE OIL COQLER INFORMATION
FLOW PRE IN P OUT TIN T oUut H IN HOUY EFF
COLD SIDE12.367 455,5  453.8 399,5 429.7 1298,1 1412.1 .192
HOT SIDE 30.000 200.0  196.9 556,9  450.3 .0 0 .877
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
539.1 875.3 25.5 1409.8
HYDRAULIL OIL COOLER INFORMATION
FLOW PRF IN P OUT TIN T out H IN H OUT EFF
COoLD SiDE12.367 453,4  451.3 429,88 652.4 1412,3 2207.0 .695
HOT SIDE 1450.0 100.0 91.5 750,0 738.1 .0 .0 .037
HEAT REJECTED 9827.71
23
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® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE 1I1. TURB 16,300 R H2,76Q = 550,
JUNE 1971 15:46117 PaGE 1 OF 2
e CONDITION 0.0 HP,0.0 PAMB,300U PSI HYDSYS
® UNITS e AREAZSQ IN., H=BTU/LB, PxPSta, Q=3TU/MIN, T=JEG R, W:=LB/MIN
* INPUT DATAS
DUCT PRESSURE L0OSS COEFFICIENTS #10E+4
+00 +00 .00 1110.00 /3003.00 .00 .0n 10.00
J.64 +00 1.18 1.44 .00 .66 3.50 20.80
19.00 13.8% 54.00 .00 2.02 50.00 2.74 023
«12 100
SFT TURON F SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 .20.0 .1210
TUR LKCa ETA COMB LUBE P HP ETA LOPP T TUR IN T H-X IN T LHX O
«0002 198 .30 5 2760.09 450.00 1500.00
ETA CORF 0/F BASE
.092% <600

HEAT EXCHANGER

HEAT EXCHANGER SCALE FACTORS

ETAHA COLD ETAHA WOT

RHODP COLD RHODP WOT

H2 PREMEATER 2.00 2,00 +50 1.00
HYD O COOLER 1.00 1.4C 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.J0 1.00 1.00
e # POINT INPUT DATA o ¢
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
.00 .00 .00 3000.0 35.0
s QUTPUT DATAS®
DRIVE POWER HP | 0SS
HYD PUMP ALTERMATOR LUBE Pu%p GEAR BOX
40.00 12.00 160 2.63
TURBINE OUTPUT POWER = 55.45 0/F = .597 SPC = 1.515
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 877 1523
PRESSURE 500.00 500.00
TEMPERATURE 300.00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE
15 IT IN CONTROL YES YES
PRESSURE [N 499.2 500.0
PRESSURE ouY 50.2 53.4
TEMPERATURE IN 1024.8 300.0

Case

® GARRETT o AIRESEARCH MARYUFACTURING DIVISION LOs AVGELES, &

SSAPU PHASE I1,TURS 16,300 % H2,T60 = 550.
9

119 {28

JUNE 1971 15:46:17 PAGE 2 OF 2
® CONDITION o 0.0 HP,0.C PAMB,300, PSI 4YDSYS
CUM3IJSTOR INFORMATIAN
HYDROGEN FLOW 877 OXYGEN FLOW 523
PRESSURE IN 49,8 PRESSURE OUT 49.8
TEMPERATURE IN Hz 1J24.,8 TEMPERATURE IN 02 300.0
TURBINE INFIRMATION
INLET FLOW 1.400 SPECIFIC HEAT RATIO 1,368
PRESSURE IN 49,8 PRESSURE QUT .7
TEMPERATURE [N 2060.0 TEMPERATURE 0UT 1327.0
ENTHALPY N 4930,0 ENTHALRPY QUT 3252.7
PRESSURE RATIO 56.40 EFFICIENCY 526
RECUPERATOR [NFORﬂATION
FLO¥ PRE IN P CUT IN T ouT H IN HOUT EFF
COLD SIDE 1.032 499.3  499.3 55) 5 1024.7 1853.7 3506,0 ,61%
HOT SIDE 1.400 .7 -4 1327,0 777.5 3252.7 2031.8 .708
o TURBINE EXHAUST OVERBOARC PRESSURE e .30
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.156 253
H2 PREHEATER INFORMATION
FLON  PRE IN P OUT TIN T ouT HIN HOUT EFF
COLD SIDE .877 500,0  500.0 300,0 399.8 908,5 1299.,6 .138
HOT SIDE  .156 499.0 499.0 1024,7 4n1.5 3506.0 1306.3 ,840
JET PUHP PERFORMANCE
FLOW PARA v PRESSURE  TEMPERATURE
PRIMARY JET 17.53 .88 499.99 399.77
SECONDARY JET 3.12 .16 499.03 4D1.54
RESULTANT 1.03 499.39 400.04
FLOW PARA RATIO .173 P PRI/P SEC 1.0019
JET PUMP RISE 1.7007 PR] FLOW FARA 0351 JUPSF 2.30
LUBE OIL COQLER INFORMATION
FLOW PRE IN P CUT T IN T oUT H IN H OUT EFF
COLD SIDE 1.032 499,4 499.4 475,0 572.1 1305.6 1926.5 .612
HOT SINE 30.000 200.6  196.9  661,4  641.4 .0 0 .142
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 11:.6 25.5 646.2
HYORAULIL CIL COOLER INFORMATION
FLON PRE IN P CUT TIN T our H IN HOUT EFF
COLD SIDE 1.032 499.4  499.3  572,1 552.5 1926.5 1850.7 .97%
HOT SIDE  29.0 17,9 99.8  55C,0 555.9 .0 .0 .266
HEAT REJECTED -70.19
16
49
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e GARRETT » AJRESEARCH MANUFACTURING DI1VISI

SSAPU PHASE 11,TURB 16,300 R H2,T2]94L0,
8 JUNE 1971 16

e« CONDITION ® 100 WP,0.0 PAMB,300C PS1 HY
e UNITS & AREAZSQ [N, HzBTU/LB. P3PSIA, Qs37

e INPUT DATA
DUCT PRESSURE LO8S COEFPICIEN

L] +00 .00 1110.00 70000.00
3.64 .00 1.18 1.44 .00
19.20 13,85 54,00 +00 2,02

W12 «00
SFT TRDNF SFJPP SF JPW TURO
1.300 -000 1.000 1,000 12,56
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TU
002 98 «30 8 206

ETA CORF Q/F BASE

«0925 6900

HEAT EXCHANGER SCALE FaC

HEAT EXCHANGER  ETAMA COLD ETAHA WOT

H2 PREHEATER 2.00 2.00
HYD O COOLER 1.00 1,00
Lus 0 COOLER 1.00 1.00
RECUPERATOR 1.00 1,00
e o POINT INPUT DATA @
HYDRA HP ELECT HP P AMB P HYQRA 0]
100.00 «00 .00 3000.0
s QUTYTPUT DATA
DRIVE POWER
WYD PUMP ALTERNATOR LUBE PUMP
140.00 12.00 160
TURBINE QUTPUT POWER = 158.69 O/F =
PROPELLANT HYDROGEN
FLOW RATE 2.654
PRESSURE 500.00
TEMPERATURE 300.00
ENTHALPY 908.5
CONTROL VAL
IS 1T IN CONTROL YES
PRESSURE [N 493,14
PRESSURE OUT 153.4
TEMPERATURE [N 1014.9

ON LOS ANGELES, CALIF.

178128 PAGE 1 OF 2
DSYS
U/MIN, T2DEG Re» W=LB/MIN

*

TS ®10E+4
.00 .00 10.00
.66 3.50  20.80
30.00 2.74 023
BCA JP PRICA TURB NOZ
a .2000 1210
RIN T HHX IN T LHX ©
0.00  400.00 1500.00
TORS
RHODP COLD RHODP HOT
.50 1.00
1.00 1.00
1.00 1.00
1.00 1.00
L]
L ALT SIZE(KW)
35.0
-
WP LOSS
GEAR BOX
7.63

.603 SPC = 1,609

OXYGEN
1.600
500.00
300.00
52.8

VE
YES
500.0
162.4
300.0

® GARRETT + AIRESEARCH MANUFACTURING DIVISION
SSAPU PHASE llvTURB 16:300 R Hz,T205400,

LOS ANGELES., CALIF.

8 JUNE 1971 16:38128 PAGE 2 OF 2
@ CONDITION ® 100 HP,0N.0D PAMB,3000 PSI <YDSYS
COM3USTQR INFORMAT]ON
HYDROGEN FLOW 2,654 OXYGEN FLOW 1.600
PRESSURE IN 157, PRESSURE OUT 1%2.0
TEMPERATURE [N W2 1014.9 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,254 SPECIFIC WEAT RATIO 1,367
PRESSURE [N 151.8 PRESSURE OUT 2.3
TEMPERATURE [N 2060.,0 YEMPERATURE OUT 1368.2
ENTHALPY N 4917.0 ENTHALPY 0QUT 3336.9
PRESSURE RATIO 66,16 RFFICIENCY 497
RECUPERATOR INFORMATION )
FLOW PRE IN P QUT TIN T oury W IN W OUT EFF
COLD SIDE 3.134 493.0 493.6  547,0 1014.,9 1838,3 3471.6 .570
HOT SIDE 4.254 1.4 1368,2 825,55 3336,9 2133.8 .66}
o TURBINE EXHAUST OVERBOARD PRESSURR o 93
_ HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.480 3.217
H2 PREHEATER INFOAMATION
FLOW PRE IN P OUT T IN T oUT HIN N OUY EFF
COLD SIDE 2.654 500.0 499.9  300,0 399.2 903.5 1297.,4 1)
HOT SIDE  .480 490.3  490.3 1014,9 405.1 3471.6 1319,7 .833
JET PUNP PERFORMANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
PRIMARY JET 53.03 2.65 499,09 399.19
SECONDARY JET 9.65 148 490,34 405,07
RESULTANT 3.43 494,17 400.10
FLOW PARA RATIO .182 P PR1/P SEC 1.019%
JET PUMP RIBE  1.0078 PRl FLOW PARA  ,1061% JRSF 2.30
LUBE Ol1L COOLER INPORMATION
FLOW PRE IN P OUT TIN T ouT H IN OUT_ EFF
COLD SIDE 3.434 454,2  494.0 400,11 473,7 1300.8 1574 7 .440
HOT SIDE 30.000 200,0 196.9 367,1 505.1 «0 0 372
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUNMP TOTAL
509.1 323.7 25.% $58.3
HYDRAULIC OIL COOLER INFORMATION
FLCW  PRE IN P CUT TIN T our H IN H OUT EFF
COLD SIDE 3.434 494.,) 493.8 473,7 547,90 1574.7 1838.3 .960
HOT SIDE 423.7 100.0 97.8 550,0 545.7 .0 0 .056
HEAT REJECTED 826.20

Case 50
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

$SAPY PHASE II-TURB 16,300 R H2,T20%400,

8 JUNE 1971 16:08:41 PAGE 1 O

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF,

SSAPU PHASE 1],TURB 16,300 R H2,T20345C,
F 2 8 JUNE 1971

16:08141 PAGE 2 OF 2
® CONDITION o 200 HP,0.0 PAMB.3000 PSI 4YDSYS o CONDITION @ 200 HP»0.0 PAMB. 3005 PSI 4YDSYS
® UNITS ® AREA®SQ@ IN, H=BTU/LB., PsPElA, QsBTU/MIN, T=DEG R, W=LB/MIN COHbUSTOR INFORMAT I ON
HYDRQGEN FLOW 4,417 OXYGEN FLOW 2,743
INPUT DATAS PRESSURE N 252.1 PRESSURE OUT 252.1
puct PRESSURE LOSS COEFFICIENTS #10E+4 TEMPERATURE 1IN H2 982.7 YEMPERATURE IN 02 300.0
00 +00 .00 1110.00 70000,00 .00 200 10,00
3.64 »00 1.18 1.44 +00 66 3.50 20.80 TURBINE INFORMATION
19.00 13,83 54.00 +00 2.02 50.00 2.74 +023 INLET FLOW 7,160 SPECIFIC HEAT RATIO 1.367
12 +00 PRESSURE IN 251.7 PRESSURE QUT 3.9
TEMPERATURE [N 2060.0 TEMPERATURE 0uT 1386.4
SFT TURDNF SF JPP SF JP W TUR OBCA JP PRICA TURS NOZ ENTHALPY N 4876.8 ENTHALPY QUT 3307.8
1.000 .000 1.000 1.000 12,560 .2030 +1210 PRESSURE RAT[O 64,22 EFFICIENCY 501
TUR LKCA ETA COHD LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 «30 8 2060.00 400.00 1500.00 RECUPERATOR INFOIHAT!ON
ETA CORF  Q/F BASE FLOXN PRE IN P OUT TIN T Our H IN H OUT  EFF
-092% .600 COLD SIDE %.258 401 6 481,14  54C,4  982.8 1815,3 3359.7 ,53¢
HOT SIDE 7.160 2.3 1J66,4 849.4 3307,8 2173.,6 .626
HEAT EXCHANGER SCALE FACTORS e TURBINE EXRAUST OVERBOARD PRESSURE » 1.56
HEAT EXCHANOER  ETAHA COLD ETAHA HOT  RHODP cOLD RHODP WOT
H2 PREWEATER 2,00 2,00 +50 1.00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLER 1.00 1,00 1.00 1.00 FLOW PRESSURE DROM
LUB O COOLER 1.00 1,00 1.00 1.00 2841 9,404
RECUPERATOR 1.00 1,00 1.00 1.00

® o POINT INPUT DATA o »

HYDRA WP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
200.00 .00 .00 3000.0 35.0
S QUTPUT DATASG®
DRIVE POWER NP LOSS
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
240.00 12.00 160 12.63
TURBINE QUTPUT POWER = 265.07 O/F & ,621 SPC 2 1.621
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,417 2,743
PRESSURE 500,00 500.00
TEMPERATURE 300,00 300,00
ENTHALPY 908.5 52,8
CONTROL VALVE
18 1T IN CONTROL YES YES
PRESSURE IN 479.9 499,9
PRESSURE OUT 254.0 269.7
TEMPERATURE IN 902.7 300.0

H2 PREHEATER INFOIHATION
FLOW  PRE IN P OUT T OuT W IN W OUT

EFF

COLD SIDE 4.417 500,0 499.8 300 0 399.3 908.,5 1297.8 .143

HOT SIDE  .044 471,7 471.7 962..
JET PUNP PEE;ORHANCE

4N3.% 3359.7 1313.6 .040

FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 88,27 4,42 499,70 399.30
SECONDARY JBT 16,88 184 471,68 403,52
RESULTANT 5.26 482,58 400,00
FLOW PARA RATIO P PRI/P SEC 1.0594

191
JET PUMP RISE  1.023%1 PRI FLQW PARA

11766 JPSF 2,30
LUBE Ol COOLER INPORMATION
FLOW PRE IN P OUT TIN ToOUT K IN
COLD SIDE 5.250 482,65 482,22  400,0
HOT SIDE 30.000 200.0 196.9 560,1 481.0 0
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 535.9 25,5 1070.4

HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P QUT TIN T our H IN H OUT

EFF

454,4 1300.3 1503.’ 340

1494

EFF

CoLD SIDE 5.258 482,1 481.6 454,4 540.4 1503.9 1813.3 .900

HOT SIDE 818.4 100.0 95.4 550,0 545.6 «0

HEAT REJECTED 1636.98

Case 51

1044
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¢ GARRETT e AJRESEARCH MANUFACTURING DIVISION L0QS ANGELES: CALIF.
SSAPU PHASE 11,TURB 16,300 R H2,7202400,

® GARRETT o AJRESEARCH MAMUFACTURING DIVISION LOS ANGELES: CALIF.

S$SSAPU PHASE 11,TURB 16.300 R H2.T20%400,

8 JUNE 1971 16:00:51 PAGE 1 OF 2 8 JUNE 1971 1610815¢ PAGE 2 OF 2
® CONDJTION ® 360 HP,0.n PAMB,3000 PSI WYDSYS * CONDITIOMN ® 360 HP,0.0 PAMB,3007 PSI HYDSYS
e UNITS e AREA3SQ [N, H=BTU/LB, PsP§1A, GaBTU/MIN, T=DEG R, W=LB/MIN COHBUSTOR INFORMAT]ON
HYDRQGEN FLOW 192 OXYGEN FLOW 4,616
« INPUT DATAS PRESSURE IN 410 5 PRESSURE QUT 410.95
DUCT PRESSURE LOSS COEFFICIENTS e10E+4 TEMPERATURE IN H2 947.1 TEMPERATURE IN 02 300.0
100 .00 .00 1110.00 70000.00 .00 »00 10.00
3.64 +00 1.18 1.44 00 +66 3.50 20.80 TURBINE INFORMATION
19.00 13.85 54.00 +00 2,02 50.00 2,74 023 INLET FLOW 11.808 SPECIFIC HEAT RATIO 1.366
$12 100 PRESSURE [N 409.9 PRESSURE OUT 7.0
TEMPERATURE IN 2060.0 TEMPERATURE oOUT 1366.0
SFT TURONF SF JP P SF JP W TUR 08CA JP PRICA TURB NOZ ENTHALPY [N 4831,8 ENTHALPY QUT 3278.7
1,000 .000 1.000 1.000 12.56n0 .2000 +1210 PRESSURE RAT!0 58,63 EFFICIENCY 507

TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 98 +30 5 2060.00 400.00 1500.00
ETA CORF Q/F BASE
.0925 . 400

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAMA WOT  RHODP COLD RHODP HWQT

H2 PREWEATER 2.00 2,00 +50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB O COOLER 1.00 1,00 1.00 1,00
RECUPERATOR 1.00 1,00 1,00 1.00

® o POINT INPUT DATA @ »
HYDRA HP  ELECT WP P AMB P HYDRA OJL ALT SIZE(KW)
360.00 «00 .00 3000.0 35.0

e 0UTPUT DATAC®

DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
400.00 12.00 160 20.63

TURBINE OUTPUT POWER = 432.34 O/F = ,642 SPC = 1,639

PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.192 4,616

PRESSURE 500,00 500.00
TEMPERATURE 300,00 300,00
ENTHALPY 908.5 52.8

CONTROL VALVE

IS [T IN CONTROL YES YES

PRESSURE N 455,8 499.6
PRESSURE 0UT 413.4 438,6
TEMPERATURE [N 9471 300.0

RECUPERATOR INFORMATION

FLO¥ PRE IN P OUT T IN T our H IM W OUT EFF
COLD SIDE 8.647 460 4 459.4 528,7 947.1 1773.0 3235,3 .500
HOT SIDE 11.808 .8 3.8 1366,0 872,1 3278,7 2207.8% .390
s TURBINE EXHAUST OVERBOARD Pn!ssunl . 2,59
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
1,485 18,357
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T OUT HIN MWOUT EFF
COLD SIDE 7.192 500.0 499.5 300,0 399.1 908,5 1296.,9 ,13)
HOT SIDE 1.458% 440.7  440.7 947,1  403.9 3235.3 1314,9 830
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
PRIMARY JET 143,68 7,19 499,23 399,07
SECONDARY JET 29.24 1.45 440,68 403,92
RESULTANT 8.65 462,74 399.94
FLOW PARA RATIO +203 P PRI/P SEC 1.132¢9
JET PUMP RISE  1.0801 PRI FLOW PARA  ,2878 JPSF 2,30
LUBE Ol. COQOLER INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN HOUT EFF
COLD SIDE 8.647 462,6  461.7 399,99  443,4 1299.9 1463,0 .2%%
HOT SIDE 30.Q00 210.0 196.9 573,2 469.¢ +0 +0 608
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25:5 1409.8
HYDRAULIC CIL COOLER INFORMAT]ION
FLOW PRE IN P OUT TIN T OUT H IN H OUT EFF
COLD SIDE 8.647 461.5 460.4  443,4 528,7 1463,0 1773.0 .600
HOT SIDE 1450.0 190,0 91.5 550,0 546.0 W0 0 4038

HEAT REJECTED 2680.60

Case 52
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® GARRETT ® AIRESEARCH MANUFACTURING DJVISION LOS ANGELES» CALIF.

$SAPU PHASE I].TURB 16,300 R H2,T20»400,
8 JUNE 1971

® CONDITION ® 0.0 HP.,5.0 PAMB,3000 BSI HYDSYS

16108158 PAGE 1 OF 2
® UNITS o AREAASQ@ IN, H=BTU/LB, PaP§IA, Q=*BTU/MIN, T=DEG R, WsLB/MIN

s INPUT DATAS
QUCT PRESSURE L0SS CQEFFJCIENTS #10E+4

+00 «00 .00 1110.00 70000.00 .00 <00 10.00
3.64 +00 1.18 1444 00 3.1 3.50 20.80
19.00 13,85 54.00 +00 2,02 50.00 2.74 ,023
12 100
SFY TURONF SF JP P SF JP W  TUR OBCA JP PRICA TURB NOZ

1.000 -000 1.000 1.000 12,560 .2000 21210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O

+0002 198 +30 ] 2060.00 400.00  1500.00
ETA CORF 0/F BASE

10925 +400

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP cOLD RHODP WOT

H2 PREWEATER 2,00 2.00 +50 1.00
HYD O COOLER 1.00 1.00 1,00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

® o POINT INPUT DATA & »
HYDRA WP  ELECT HP P AMB P HYDRA OlL ALT SIZE(KW)
+00 +00 5.00 3000.0 35.0

s OUTPUT DATAC®

DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR LUBE PUMP GEAR BOX

40,00 12.00 160 2.63
TURBINE QUTPUT POWER = 54.81 O/F s .540 SPC = 1.903
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1,129 610
PRESSURE 500,00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908,95 52.8

CONTROL VALVE

1S 1T IN CONTROL YES YE
PRESSURE [N 498.9 500.,0
PRESSURE QUT 63.9 67,1
TEMPERATURE IN 112%.0 3go.0

® GARRETT » AJRESEARCH MANUFACTURING DIVISION L0S ANGELES, CALIF.
S§SAPU PHASE 1],TURB 16,300 R H2,T20%4UC,
a

JUNE 1971 16:08158 PAGE 2 OF 2
¢ CONDITION ¢ 0.0 HP,5.0 PAMB,300C PSI 4YDSYS
COMBUSTOR [NFORMATION
HYDROGEN FPLOW 1.129 OXYGEN FLOW 1610
PRESSURE IN 63,3 PRESSURE QUT 63.3
TEMPERATURE IN H2 1125.8 TEMPERATURE IN 02 3a0.0
TURBINE INFORMAT]ION
INLET FLOW 1.738 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 63.2 PRESSURE QUT 5.
TEMPERATURE N 2060.0 TEMPERATURE oUT 1498.3
ENTHALPY N 5068,0 ENTHALPY QUT 3732.4
PRESSURE RATIO 12.46 EFFICIENCY 1554

RECUPERATOR lNFOIHlTlDN
FL,OW PRE IN P OUT TIN T oUt H I[N W OUY EFF
COLD SIDE 1.302 498,9  498.9  949,3 1125.8 1846,5 3857.3 .407 .

HOT SIDE 1.738 5,4 5.0 1498,3 846.3 3732,1 2226.5 .68}
» TURBINE EXHAUST OVERBOARD PREBSURE # .99
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
173 1482

H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN ToUT HIN HOUT EFF
COLD SIDE 1.32°¢ 500.0 500.0 00,0 39%9.7 908,% 1299,3 .12¢
HOT SIDE 473 498,4  498.4 1125,8 4p2.1 3857,3 1308,6 476

JET PUMP PEREORNANCE

FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 22,56 1,43 499,98 399.70
SECONDARY JET = 3,47 W17 498,40 402,14
RESULTANT 1.39 499,04 400,02
FLOW PARA RATIO P PRI/P SEC 1.,0032

JET PUMP RISE 1.0013 PRI FLOU PARA  ,0451 UPSF  2.30
LUBE OIL COOLER INPORMATION
FLOW PRE IN P OUT TIN T oUT H IN OUT  EFF
COLD SIDE 1.302 499,0 499,0 400,0 '535.2 1300,5 1797 0 .58%
HOT SIDE 30.000 200,0 196.9 631.2 588.6 W0 W0 1184

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.4 25.5 §46.2
HYDRAULIC OlL COOLER INFORMAT[ON
FLOW PRE IN HIN HOUT EFF
COLD SIDE 1.302 49%.0 498 9 535.2 549 3 1796,7 1846,5 ,95¢
HOT SIDE 29.0 100.0 99.8 550,0 545,11 0 0 330

HEAT REJECTED 64.80

Case 53
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES,» CALIF.

SSAPU PHASE 1].TURB 16,

300 R H2,720%400,

8 JUNE 1971 16:09308 PAGE & OF 2
o CONDITIOM @ 100 HP.5.0 PAMB,3000 RSI HYnSYS
e UNITS ® AREA®SQ@ IN, M2BTU/LB., P=P§1A, QG=8TU/MINs T2DEG R, WsLB/MIN
« INPUT D AT A
DUCT PRESSURE LOSS COEFRICIENTS *10E+4
.00 «00 .00 1110.00 70000,00 .00 .00 10.00
3.64 00 1.18 1,44 200 .66 3.50 20.600
19.00 13.85 54.00 +00 2,02 50.00 2.74 1023
12 «00
SFT TURONF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 -000 1.000 1,000 12,560 .2000 1210
TUR LKGA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
+0002 +30 5 2060.00 400.00 1500.00

L]
ETA CORF Q/F BASE
+0925 . 600

HE
HEAT EXCHANGER ET
HZ PREMEATER
HYD O COOLER
LUB O COOLER

RECUPERATOR
HYDRA WP  ELECT HP
100.00 .00
WYD PUMP
140,00
TURBINE OUTPUT POWE
PROPELLANY
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

1S 1T IN GONTROL
PRESSURE IN
PRESSURE QUT
TEMPERATURE [N

AT EXCHANGER SCALE FACTORS
AHA COLD ETAHA HWOT RHODP COLD RHODP HOT

2.00 2.00 «50 1.00
1.00 1.00 1.00 1.00
1.00 1,00 1.00 1.00
1.00 1.00 1,00 1.00

e o POINT INPUT DATA o o
P AMB P HYORA OIL ALT SIZE(KW)
5.00 3000.0 35.0

s 0OUTPUT DATAS

DRIVE POWER HP LOSS
ALTERNATOR LUBE PUMP  GEAR BOX
12.00 160 7.63
R = 160.26 o/F = .59% SPC 2 1.685
HYDROGEN OXYGEM
2.028 1.673
5$00.00 500.00
300,00 300.00
908.5 52.8
CONTROL VALVE
YES YES
492.2 500.0
160.4 170.0
103348 300.0

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPY PHASE 11.TURB 16.300 R H2,T20%400,
8 JUN 7

£ 1971 16:09:08 PAGE 2 OF 2
® CONDITION ® 100 HP,5.0 PAMB:3000 PS1 WYDSYS
COMBUSTOR [NFORMAT{ON
HYDROGEN FLOW 2.028 OXYGEN FLOW 1.673
PRESSURE N 159.1 PRESSURE OUT 159.4
TEMPERATURE [N H2 1033.8 TEMPERATURE IN 02 300.90
TURBINE INFORMAT]ON
INLET FLOW 4,501 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 158,9 PRESSURE QUT 5.5
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1404,7
ENTHALPY IN 4944,4 UNTHALPY QUT 3435.7
PRESSURE RATIO 26.84 EFFJCIENCY +535
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN W OUY EFF
COLD SIDE 3.324 493,0 492.7 546,2 1033.9 1035.7 3538.0 .560
HOT SIDE ¢.80% 5.5 5.1 41404,7 842.1 3435.7 2178,7 459
» TURBINE EXHAUST OVERBOARD PRESSURE e 5,04
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoP
1496 3.684
H2 PREMEATER INFORMAT]ON
FLOW PRE IN P OUT TIN T our H IN HOUT EFF
COLD SIDE 2.928 500.0 499.9 300,00 399.1 908,55 1297,0 .13%
HOT SIDE  .496 489,0 489.0 1033,9 405.4 3533,0 1320.8 .0%¢
JET PUMP PERFORMANGE
FLOW PARA FLOwW PRESSURE  TEMPERATURE
PRIMARY JET 56,50 2:.43 499,87 399,08
SECONDARY JET 9.98 .50 489,03 405.36
RESULTANT 332 493,39 400,03
FLOW PARA RATIO . 177 P PRI/P SEC 1.0222
JET PUMP RISE  1.0089 PRI FLOW PARA  .1130 JPSF 2,30
LUBE OIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T our H IN W OUY  EFF
COLD SIDE 3.324 493,4  493,2 400,0 469,33 1300.5 1558.7 ,42)
HOT SIDE 30.000 200.0 196.9 561,7  499,2 .0 .0 387
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 323.7 25.5 858.3
HYDRAULIC CIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T oOUT H IN H OUT  EFF
COLD SIDE 3.324 493,2  493,0 469,3 546.2 1558,7 1835,7 .9%3
HOT SIDE 423.7 100.0 97.8 550,0 %45.2 .0 0 .059
HEAT REJECTED 921.60 0
1

Case 54
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® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF. ® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

$SAPU PHASE I},TURB 16.300 R H2,7T20%400, SSAPY PHASE 11,TURB 16.300 R H2.T20%400,
8 JUNE 1971 16109119 PAGE 1 OF 2 8 JUNE 1971 16:09219 PAGE 2 OF 2
® CONDITION & 200 HP,5., PAMB.3000 PSI WYDSYS » CONDITION ® 200 HP,5. PAMB,»3000 PSI HYDSYS
o UNITS » AREASQ IN, MsBTU/LB. PaPS[A, GsBTU/MIN, T=DEG R, WsLB/MIN COMBUSTOR INFORMATION
HYOROGEN FLOW 4,524 OXYGEN FLOW 2.786
« ITNPU DATAS PRESSURE IN 257.8 PRESSURE JUT 257.8
DUCT PRESSURE LO6S GQEFFICIENTS #10E+4 TEMPERATURE [N W2 990.1 TEMPERATURE IN 02 300.0
.00 +00 .00 1110.00 70000.00 .00 .00 10.80
3.64 .00 1.18 1.44 .00 .66 3.50 20.80 TURBINE INFORMATION
19.00 13,85 54.00 +00 2,02 50.00 2.74 023 INLET FLOW 7.309 SPECIFIC HEAT RATIO 1.367
12 00 PRESSURE IN 257.4 PRESSURE QUT 6.3
TEMPERATURE IN 2060,0 TEMPERATURE 0UT 1382.4
SFT TURONF SFJPP SF JP W TUR 0BCA JP PRICA TURB NOZ ENTHALPY IN 4888.7 ENTHALPY OUT 3350.6
1.000 .000 1.000 1.000 12,560 .2000 .1210 PRESSURE RATIO 40.69 RFFICIENCY 522
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 98 .30 5 2060.00 400.00  1500.00 RECUPERATOR [NFORMATION
ETA CORF 0/F BASE FLON PRE IN P OUT TIN Tour HIN HOUT EFF
0925 .600 COLD SIDE 5.37¢ neo.a 480.2 539,9 990.3 1813.2 3385.8 533
HOT SIDE 7.309 6.2 5.4 1302. 857.3 3350.6 2194,5 ,623
HEAT EXCHANGER SCALE FACTORS » TURBINE EXHAUST OVERBOARD PRESSURE » 5.08
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP COLD RHODP MOT
N2 PREWEATER 2.00 2,00 50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1.00 1.00 FLOW pnsssune BROP
LUB 0 COOLER 1.00 1,00 1.00 1.00 850 9.771
RECUPERATOR 1.00 1.00 1,00 1.00
H2 PREHEATER XNFOIHATXON
e o POINT INPUT DATA » ¢ FLOW PRE IN P OUT TIN T oOUT HIN HOUT EFF
HYORA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 4.324 500.0 499.8 300,0 399.3 908.5 1297.8 144
200.00 .00 5.00 3000.0 35.0 HOT SIDE  .850 470.,5 470.5 990.3 403.5 3385, 1313,6 .850
s QUTPUT DATAS JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP L0SS PRIMARY JET 90.40 4,52 499,69 399,30
HYD PUMP ALTERNATOR LUBR PUMP  GEAR BOX SECONDARY JET 17,08 +85 470,45 403,51
240,00 12.00 160 12.63 RESULTANT 5 37 481.78 400.00
FLOW PARA RATIO 189 P PRI1/P SEC 1.0621
TURBINE OUTPUT POWER = 265.25 O/F = ,616 SPC = 1.653 JET PUMP RISE  1.0241 PRl FLOW PARA  ,1809 JeSF 2,30 .
PROPELLANY HYDROGEN OXYGEN LUBE OIL COOLER INPORMATION
FLOW RATE 4,524 2,786 FLON PRE IN P CUT TIN T oOUT H IN W OUT EFF
PRESSURE 500.00 $00.00 COLD SIDE 5.37¢ 481.7  461.3  400,0 453.2 1300.3 1499,5 334
TEMPERATURE 300,00 300.00 HOT SIDE 30.000 200.0 196.9 558,6 479.3 ,0 +0 500
ENTHALPY 908.5 52.8
HMEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PuMP TOTAL
CONTROL VALVE 509.1 535.9 25,5 1070. 4
1S 1T IN GONTROL YES YES
PRESSURE IN 478.9 499,9 HYDRAULIC OIL coousn lnronnArxon
PRESSURE OUY 259.7 275.% FLOW PRE IN P OUT IN H IN HOUT EFF
TEMPERATURE IN 990.4 300.0 COLD SIDE 5.374 481.3  480.8 053.2 539 9 1499.5 1813,2 .09%
HOT SIDE 818.4 100.0 95.4 550,0 B545,5 0 0 (047
HEAT REJECTED 1686,08

11
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE Il,TURB 16,300 R H2,T20=400,

8 JUNE 1971 16109:28 PAGE 1 OF 2

® CONDITION ® 360 HP,5.0 PAMB,3000 WYDSYS
& UNITS » AREA®SA IN, W=BTU/LB, PaPST4, QGe8TU/MIN, TaDEG Rs WaLB/MIN

s ITNPUT DATAS®
DUCT PRESSURE LO8S COEFFICIENTS *10E+4

.00 «00 1110.00 70000.00 .00 «00 10.00
3.64 «00 1.18 1.44 00 166 3.50 20.80
19.00 13,85 54.00 «00 2,02 50.00 2.74 +023
12 100
SFT TURDNF SF JP P SF JPW TUR 0BCA JP PRICA TURS NOZ
1.000 .000 1.000 1,000 12.560 +2000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 ' 98 +30 5 2060.00 400,00  1500.00
ETA CORF OQ/F BASE
0925 .800

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAKA HOT  RWODP cOLD RHODP HOT

HZ PREMEATRR 2.00 2.00 50 1,00
HYD 0 COOLER 1.00 1.00 1.00 1,00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

® » POINT INPUT DATA & @
HYDRA WP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
360.00 il 5.00 3oo0e.0 3%5.0

s QUTPUT DATAS

DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
400,00 12.00 180 20.63

TURBINE OUTPUT PUWER = 432,49 O/F = ,639 SPC = 1,651
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.260 4,640
PRESSURE 500.00 500.00
TEMPERATURE 300.00 300,00
ENTHALPY 908.5 52.8

CONTRQL VALVE
IS IT IN CONTROL YES YES

PRESSURE N 45%.2 499,46
PRESSURE QUT 417.5% 442,46
TEMPERATURE [N 949.7 300.0

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES) CALIF.

SSAPU PHASE 1]-TURB 16,300 R H2,T7202400,
8

JUNE 1971

* CONDITION » 360 HP,5.0 PaMB,3000

HYDROGEN FLOW
PRESSURE [N
TEMPERATURE IN H2

414.6
949,7

TURBINE INFOR
INLET FLOW 11.899

PRESSURE IN 413.9
TEMPERATURE [N 2060.0
ENTHALPY IN 4837.8
PRESSURE RATIO 48,64

RECUPERATOR INF?IHATION

FLO¥  PRE IN P OUT
COLD SIDE 8.719 459.9 458,46 828,

16:09:28
HYD8YS

COHBUSTOR INFORMATION
7.260

OXYGEN FLOW
PRESSURE QUT
TEMPERATURE IN 02

MAT]ON

SPECIFIC HEAT RATIO
PRESSURE
TEHPERATURE ouT
ENTHALPY OUT
EFFICIENCY

ut H_IN
3 949, 7 177147

PAGE 2 OF 2

4,640
414. 6
300.0

1 .J“
8.3
1372.2
3295.9
1316

N OUT  EFF
3244.3 499

HOT SIDE 11.89¢ 8.3 6.1 1372.2 875.4 3295.,9 2216.8 309
o TURBINE EXHAUST OVERBOARD PRESSURE « 5.31
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoOP
1,460 18,557
H2 PREHEATER lNFOI"ATlON
FLOW PRE IN P OUT IN ouT HIN W OUT EFF
COLD SIDE 7.260 500.0 499.4 300 599 Q 908.9 1296,5 .12
HOT SIDE 1.460 440.0 440.0 949.7 403.9 3244,3 1314,6 840
JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE TEHPERATUIE
PRIMARY JET 145,00 7.26 499,22 98,96
SECONDARY JET 29.33 146 439,99 403,05
RESULTANT 8.72 462,31 399.83
FLOW PARA RATIO P PRI/P SEC t1.1346

<202
JET PUMP RISE  1.0507 PRI FLOW PA

RA 12905 JPSF  2.30

LUBE OIL COOLER INFORMATION

FLO¥ PRE [N P OUT TIN T our H IN W OUT EFF
COLD SIDE 8.71 462,2 461.2 399,88  442,9 1299,5 1461.,2 .249
HOT SIDE 30.000 200.0 196.9 872,6 468,5 10 0 (603
HEAT REJECTED ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25.5% 1409.8
HYDRAULIC OIL COOLER INFORMAT]ON
FLOW  PRg IN P OUT TIN T oOUT H IN HOUT EFF

COLD SIDE 8.719
HOT SIDE 1450.0

HEAT REJECTED 2706.88

Case 56

461,0 460.0 442,
100.0 91.% 850,

9 528,3
0 545.9 0

1461.2 1771.7 .797

0 .038



® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

$§APU PHASE 11.TURB

8 JUNE 1971
0.0 HP,10. PAMB,3000 PSI KYDSYS

® CONDITION o
® UNITS @ AREA®SQ !

16,300 R H2,T207400,

16109133 PAGE 1 OF 2

N, H=BTU/LB: PaP8IA, QaBTU/MIN, T=DEG R, WaLB/MIN

® I NPUT D4TaAce
DUCT PRESSURE LOSS COEFRICIENTS #10E+4

.00 »00

J.64 +00

19.00 13,05

12 +00

SFT TUR DN F

TUR LKCA ETA COH!
000 198

2
ITA CORF  0/F BASE
10925 400

HEAT EXCHANGER

.00 3110,.00 70803,00 .00 +00 10.90
1.18 1.44 00 66 3.50 20.80
54,00 100 2.02 50.00 2,74 »023
SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 1.000 12,560 ,2000 +1210
LUBE P WP ETA LOPP T TUR IN T HRX IN T LMX 0
«30 '3 2060.00 400.00 1500.00

HEAT EXCHANGER SCALE FACTORS
ETAHA COLD ETAMA MOT  RMODP cOLD RHODP WOT

H2 PREHEATER 2.00 2.00 .50 1.00
HYD 0 COOLER 1.00 1.00 1,00 1.00
LUB O COOLAR 1.00 1,00 1,00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00
N o © POINT INPUT DAT4 @ o
HYDRA WP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
.00 .00 10.00 3000.0 35.0

40,
TURBINE OUTPUY P

PROPELLANT
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

IS 1T IN CONTROL
PRESSURE [N
PRESSURE QUT

¢ OUTPUT DATAC®

DRIVE POWER HP L0SS
YD PUMP ALTERNATOR LUBR PUMP  GEAR BOX
0o 12.00 160 2.63
OWER = 55,02 O/F = ,509 SPC = 2.25¢
HYDROGEN OXYGEN
1,374 698
500.00 500.00
300,00 300.00
908.5% 52.8
CONTROL VALVE
YES YES
498.4 500.0
76,4 79.9
1179.2 300.0

TEMPERATURE IN

® GARRETT ® AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

S$SAPU PHASE I1,TURB 16.300 R H2,T20%400,
8 JUNE 1971

16109133 PABE 2 OF 2
® CONDITION @ 0.0 HP,10. PAMB.3000 P8I MYDSYS
COMBUSTOR INFORMATION
HYDROGEN PLOW 1.371 OXYGEN FLOW 698
PRESSURE IN 5.2 PRESSURE QUT 5.7
TEMPERATURE IN W2 1179,2 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 2.049 SPECIFIC MEAT RATIO 1.366
PRESBURE N 75,6 PREGSURE OU 10.¢
TEMPERATURE IN 2060.0 TEHPERATUI! ouT 1996.3
ENTHALPY IN 5148,4 ENTHALPY QUT 4019.6
PRESSURE RATIO 7.52 EFFICIENCY 530
RECUPERATOR !NFOIHATION
FLOW PRE IN P OUT TIN T oUr HIN W OUT EFF
COLD SIDE 1.966 ava 4 49!.) 346,7 1179.2 1837.5 4043.4 603
HOT SIDE 2.069 596.3 $00.5 4019.6 2M49.3 674
& TURBINE EIHAUST ovERaoano PRElsunl . 9.9
HOT BYPASS VALVI INFORMATION
FLOW PRESSURE OROP
2196 853
H2 PREHEATER INFOIHATION
FLO¥ PRE IN P OUT TIN T our HIN WOUT &Fs
COLD SIDE 1.37% 500.0 500.0 300,0 399,6 903.3 1299.0 .‘13
HOT SIDE 196 497.4  497.4 1179,2 402,7 4043,% 4310.7 .90
JET PUMP PERFORHANG!
FLOW PARA PRESSURE  TENPENATURE
PRIMARY JET 27,40 1.37 99,97 399,62
SECONDARY JRT 3,93 +20 497,42 402.69
RESULTANT 1.97 498,47 400,00
FLOW PARA RATIO 143 P PRI/P SEC 1.0053
JET PUMP RISE  1.0021 PR} FLou PARA  ,0548 JUsSF 2,30
LYBE OIL COOLER INFORMATION
FLOW PRE IN P QUT TIN ToOUT H IN HOUT EFF
COLD SIDE 1.364 498,5 498.4 400,80 511.8 1300.5 1713.0 .562
HOT SIDE 30.000 200.0 196.9 599,0 554,7 .0 0 22)
HEAT REJECTRD  ALTERNATOR  GEAR BGX LUBE PuMP TOTAL
509,1 111.6 25.5 646.2
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T oUT H IN HOUT EFF
COLD SIDE 1.566 498.4  498.4 511,08 546.7 1712.9 1837.5% .914
HOT SIDE  29.D 100,0 99.8 550,0 535.2 .0 0 388
HEAT REJECTED 195,13

Case 57
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® GARRETT ® AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

$SAPU PHASE 11,TURB 16,300 R H2,T20%400,
]

JUNE 1971 16:09:44

e CONDITION e 100 HWP,10. PAMB,3000 PS] HYDSYS
e UNITS ® AREA%SG [N, MsBTU/LBs PxPSIA, G=BTU/MIN, T=DEG R, W=LB/MIN

¢ INPUT DAT A
DUCT PRESSURE LOSS GOEFPICIENTS #10E+4

.00 +00 »00  1110,00 70000,00 .00 «00 10,
3.64 «00 1.18 1.44 00 166 3.50 20.
19.00 13,85 54.00 +Q0 2,02 %0.00 2.74
12 »00
SFT TURONF SF JPP SF JP W TUR 0BCA JP PRICA TURE NOZ
1.000 .000 1.000 1.000 12,560 »2000 +1210
TUR LKCA ETA CONU LUBE P HP ETA LOPP T YUR IN T HHX IN T LKX 0
.30 3] 2060.00 400.00 1500.00
ETA CORF O/F BASE
10925 .800

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAMWA WOT  RHODP COLD RHODP WQT

H2 PREHWEATRR 2.00 2.00 .50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LuB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 400 1.00 1.00
& » POINT INPUT DATA o o
HYDRA WP  ELECT Wp P AMB P HYDRA OIL ALT S1ZE(KW)
100.00 100 10.00 099.0 35,0
s OQUTPUY DATAS
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140,00 12,00 140 7.63
TURBINE OUTPUT POWER = 160.66 o/F 2 ,577 SPC = 1.804
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 3,063 1,766
PRESSURE. 500,00 900,00
TEMPERATURE 300,00 380,00
ENTHALPY 08,9 52,8
GONTROL VALVE
1S IT IN CONTROL YE YES
PRESSURE [N 490, 499,9
PRESSURE OUY 173.3 182,9
TEMPERATURE IN 1059,3 300,48

SSAPY PHASE 11,TURB 16.300 R W2.T20s4u0,

PAGE 1 OF 2

00
80

023

® CONDITION ®

HYORQGEN FLOW
PRESSVAR IN
TEMPRRATURE [N

INLETY FLOW
PRESSURE IN
TEMPERATURE [N
ENTHALPY IN
PRESSURE RATIO

FLOMW

COLD SIDE 3.380

HOT SIDE 10
e TURBINE EXHAUST OVERGOARD PRESSUR

4.029

FLOW
COLD SIDE 3.063

HOT SIDE

817

PRIMARY JET
SECONDARY JET
RESULTANT

FLOW PARA RATIQ

JET PUMP RISE

FLOW

COLD SIDE 3.58p
HOT SIDE 30.000

HEAT REJECTED

FLOW

CoLD SIDE 3,38D

HOT SIDE

Case 58

423.7
HEAT REJECTED

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

8 JUNE 1971 16:09:44 PAGE 2 OF 2
100 HP.10. PAMB.3000 PS1 HMYDSYS
COMBUSTOR [NFORMAT]ON
3.063 OXYGEN FLOW 1.766
174.8 PRESSURE OUT 171.8
H2 1059.3 TEMPERATURE IN 02 300.0
TURBINE [NFORMATION
4,829 SPECIFIC HEAT RATIO 10367
171.8% PRESSURE QUT 10.3
2060.0 TEMPERATURE OUT 1483.9
4979.9 ENTHALPY OUT 3570.0
16.68 EFFICTIENCY +558
RECUPERATOR INFORMATION
PRE xN P out TIN T oUY H IN W OUT EFF
491.7  491.5  545,1 1059.3 1831.8 3826,2 .568
10.0 1453i 864, 6 3873.0 2239.8 .48
97
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE ORoP
817 4,402
H2 PREHEATER lNFOlHAT!ON
PRE IN P OUT T our HIN WOUT EFF
500.0 499.9 :uu 0 399.1 908.5 1297.1 .i3g
487.1 487.4 1059.1 456.0 3626.,2 1323.1 .B60
JET PUNP PIRFORNANGE
FLOW PARA PRESSURE  TEMPERATURE
61,20 !.Dﬁ 499,88 399,13
10.42 52 487,0% 405,97
3.58 492,22 400.13
170 P PRI/P SEC 1.0263
1,0106 PR] FLOW PARA  ,1224 JPSF 2,30
L\BE 0lL COOLER INFORMATION
PRE'IN P OUT IN T oUuY HIN HOUT EFF
492,2 492.0 400.1 464,3 1300.9 1540.6 .41}
200,0 195.9 35%,5 02.4 0 W0 (400
ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 323.7 23.5 58.)
HYDRAULIC C[L COOLER INFORMATION
PRE IN P OUT TIN T oOUT H IN W OUT EFF
492,0  491,7 464,33  %45.1 1%40.6 1831.8 .943
100,0 97,8 850,0 544,64 0 0 063
1042.33
11



99

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

$SAPU PHASE 11,TURB 16.300 R H2,T20%400,
8 JUNE 1971

® CONDITION ® 200 HP.10. PAMB. 3000 PSI HYDSYS

16109157 PAGE i OF 2
® UNITS & AREAXSQ IN, M3BTU/LB- PsP8IA, Q=BTU/MIN, TaDEG R+ W=LB/MIN

s INPUT DATA
DUCT PRESSURE LOSS COEFIICIENTS *10E+4

.00 «00 .00 1110.00 70000.00 .00 +00 10.00
.64 «00 1.18 1.44 «00 66 3,80 20.480
19.00 43,85 54.00 +00 2,02 50.00 2,74 023
12 100

SFT TURONF SF JPP SF JP W TUR 0BCA UP PRICA TURS NOZ
1.000 -000 1,000 1.000 12,560 200 $1240
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O

«0002 98 «30 9 2060.00 400.00 1300.00
ETA GORF 0/F BASE
10925 -8600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAMA MOT  RHODP cOLD RHODP WOT

H2 PREMEATER 2.00 2.00 50 1.00

HYD 0 COOLER 1.00 1.00 1.00 1.00

LUB 0 COOLER 1.00 1,00 1.00 1.00

RECUPERATOR 1.00 1,00 1.00 1.00
® o POINT INPUT DATA o ©

HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
200.00 00 10,00 3000.0 35,0

s OQUTPUT DATAS
DRIVE POWER HP LOSS

MYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
240,00 12.00 160 12.63

TURBINE OUTPUT POWER x 265.79 O/F = 609 SPC = 1,722
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,741 2.886
PRESSURE 500.00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908.53 52,8
CONTROL VALVE

1S IT IN CONTROL YE§ YES
PRESSURE N 477.0 499.9
PRESSURE QUT 271,7 287.8
TEMPERATURE [N 1004.3 300.0

® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES.: CALIF.

$SAPY PHASE ll.tune 16:300 R HZ T202400,

8 JUNE 19 16309:57 PAGE 2 OF 2
® CONDITION & 200 HP,10. PAMB,3000 PSI HYDSYS
COHBUSTOR INFORMATION
HYDROGEN FLOW 741 OXYGEN FLOW 2,886
PRESSURE N 269 7 PRESSURE QUT 20%.7
TEMPERATURE IN H2 1004.1 TEMPERATURE IN 02 300.0
TURBXNE INFORMATION
INLET FLOW 7,027 SPECIFIC HEAT RATIO 1,366
PRESSURE IN 269.3 PRESSURE QUT 10.7
TEMPERATURE IN 2060.0 TEMPERATURE oUY 1412.4
ENTHALPY N 4904.8 ENTHALPY QUT 3427.6
PRESSURE RATIO 25,08 EFFICIENCY 1544

RECUPERATOR INFDIHAT!ON
FLOW PRE IN P CUT TIN T OUT K IN H OUT EFF
COLD SIDE 5.613 479,1  478.5 538,7 1004.1 1809.0 3433.8 .53)
HOT SI0E 7.627 10.7 10.2 ;412.4 872.1 3427.6 2232,1 .61%
¢ TURBINE EXHAUST OVERBOARD PRESSURE » 9.97

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
872 10.578

H2 PREMEATER [NFORMATION
FLOW PRE IN P OUT T IN T OUT  HIN HOUT EFF
COLD SIDE 4.744 500.0 499.8 300,0 399.3 908.5 1297.9 .14¢
HOT SIDE  .87% 467.9  467.9 1004,1 403.5 3433.8 1313.6 .83}

JET PUMP PERFORMANGE

FLOW PARA FLOY PRESSURE  TEMPERATURE
PRIMARY JET 94,73 4,74 499,66 399,34
SECONDARY JET 17,49 N X 487,91 403,51
RESULTANT 5.61 480,17 400,02
FLOW PARA RATIO +1.85% P PRI/P SEC 1.0679

JET PUNP RISE  1.0262 PR] FLOW PARA  ,1896 JPSF  2.30
LUBE O1L COOLER INFORMATION
FLOW PRE IN P OUT. T IN TOUT HIN HOUT EFF
COLD SIDE 5.611  480,1  479.7  400,0 450.9 1300.4 1491.1 ,327
HOT SIDE 30.000  200.0 196.9 555,8 476.2 .0 0 51y

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 535.9 25.5 1070.4

HYDRAULIC CIL COOLER INFORMATION
FLOW PRE IN P OUT TIN ToOUT H IN H OUT EFF
COLD SIDE 5.611 479.6  479.1  450,% 538.7 1491.1 1309.0 .88¢
HOT SIDE 818.4 100.0 95.4 550,0 545.2 0 «0 048
HEAT REJECTED 1784.02
12

Case 59
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF,

$SAPU PHASE 11,TURD 16,300 R H2,T20=400,
8 JUNE 1971 16110308 PAGE 1 OF 2

® CONDITION ® 360 HP,10. PAMB.3000 HWYD§YS

¢ UNITS & ARKAaSQ IN, W=BTU/LB, PsPSIA, QeBTU/M[N. T2DEG R, W2LB/MIN

« INPUT DATAS
DUCT PRESSURE LOSS COEFPICIENTS *10E«4

+00 +00 .00 1110.00 70000,00 +00 «00 10.00
3.64 +00 1.18 1.44 «00 .66 3,50 20.00
19.00 13.85 54.00 00 2,02 50.00 2.74 083
12 +00
SFT TURDNF SF JP P SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 +000 1.000 1.000 12,560 +2000 +1210

TUR LKCA ETA CDM LUBE P HP ETA LOPP T TUR IN T HHX IN T LWX O
.0002 2060.00 400.00 1800.00
€TA CORF O/F MIE

«a928 -600Q

«30 .

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAMA COLD ETAMA WOT RHODP COLD RHODP WOT

H2 PREHEATER 2.00 2.00 +50 1.00
HYD O COOLER 1.00 1.00 1,00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 $.00 1.00 1.00

® & POINT INPUT DATA o &
HYDRA WP ELECT HP P AMB P HYDRA OIL ALT SI1ZE(KNW)
360,00 «00 10.00 3000.0 35.0

s OUTPUY DATA S

DRIVE POWER HP LOSS

WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

400,00 12.00 160 20.63
TURBINE OUTPUT POWER = 433,04 O/F & 636 SPC * 1.6%90
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7,459 4,740
PRESSURE 500,00 500.00
TEMPERATURE 300.00 300.00
ENTHALPY 208.% 52.8

CONTROL VALVE
IS 1T IN CONTROL YES YES

PRESSURE IN 43,9 499,6
PRESSURE OUT 4280 453.3
TEMPERATURE IN 56.8 300.0

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE Il:TURBalerDO R H2,T20%400,

JUNE 1971 16110208 PAGE 2 OF 2
* CONDITION o 360 HP,10. PAMB.3000 WYDSYS
conausron [NFORMAT]ON
HYDRQGEN FLOW 455 QXYGEN FLOW 4,749
PRESSURE IN czs 0 PRESSURE OUT 425.0
TEMPERATURE IN W2 36,8 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12,19% SPECIFIC HEAT RATIO 1.366
PRESGURE (N 424.3 MRESSURE OUT 12.2
TEMPERATURE [N 2060.0 YEMPERATURE OUT 1389.4
ENTHALPY IN 4848,3 ENTHALPY OUT 2338.7
PRESSURE RATIO 34.64 EFFICIENCY 531

RECUPERATOR INFORMATION
FLOW  PRE IN P OUT TIN T out HIN N OUT EFF
COLD SIDE 8.93% 458,5  457.1 327,3 956.8 4768.1 326%.0 .49¢
HOY SIDE 12.49% 2.1 10.6 1389,6  884.3 3338,7 2338.4 .30¢
» TURBINE EXHAUST OVERBOARD PRESSURE ¢ 10,00

HOT BYPASS VALVE INFORMATION
FLoW PRESSURE OROP
1.483 19.423

H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T our H IN W OUT EFF
COLD SIDE 7.453 500.0 499.4  300,0 399,14 908.5 7.1 .15¢
HOT SIDE 1.483 438,0 438.0 956,00 404.2 3269.0 1315.8 .84¢

JET PUMP PERFORMANCE

FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 148.93 7.45 499.18 9.1
SECONDARY JURT 29.81 1.48 437,94 404,17
RESULTANT 8.94 461,00 400,01
FLOW PARA RATIO P PR1/P SEC 1.,1398

.200
JET PUMP RISE 1.0527 PR] FLOW PARA

.2983 JPSF 2.30
LUBE OIL COOLER INFORAMATION
FLOW  PRE N P OUT. TIN T OUT H IN W OUT EFF
COLD SIDE 8.938 460.9 459.9 400,0 442.0 1300.2 1457.9 .24%
HOT SIDE 30.000 200.0 196.9  B74,5 467.2 0 »0 600

HEAT REJECTED ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3% 25.5 1409.8
HYDRAULIC OIL COOLER INFORHATION
FLOW  PRE IN P OUT T IN T OUT H IN W OUT EFF
COLD S1DE 8.938 459.7  458.6  442,0 527.3 1437.8 17¢8.14 .79
WOT SIDE 1450.0 100.0 91.5 550,0 345.8 0 0 .03

HEAT REJECTED 2772.66

13

Case 60
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® GARRETT ® AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF. ® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

$SAPU PHASE [1,TURB 16,300 R H2,T20%400, SSAPU PHASE [],TURB 16,300 R K2,T2Q#400,
8 JUNE 1971 16:10:15 PAGE 1 OF 2 8 JUNE 1971 16110215 PABE 2 OF 2
® CONDITION ® 0.0 HP,14.7PAMB,3000 PS] WYDSYS ® CONDITION © 0.0 HP,14,7PAMB,3000 PSI HYDSYS
® UNITS o AREA®SQ [N, HxBTU/LB: PsP§1A, QxBTU/MIN, T=DEG R, WaLB/MIN COMBUSTOR INFORMATION
HYDROGEN FLOW 1.614 OXYGEN FLOW 792
*»INPUT DAT A PRESSURE N 88,3 PREBSURE QUT (1351
puct pnessuns LOSS COEFFICIENTS #10E+4 TEMPERATURE IN H2 1213.8 TEMPERATURE IN 02 360.0
.00 00 .00 1110.00 70000,00 .00 <00 10.00
3,64 00 1.18 1.44 .00 66 3.50 20.80 TURBINE INFORMATION
19.00 13.85 54,00 .00 2.02 50.00 2,74 ,023 INLET FLOW 2,405 SPECIFIC HEAT RATLO 1,368
12 <00 PRESSURE IN 88,1 PRESSURE OUT 14,8
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1665.7
SFT TURDNF SF JPP SF JP W TUR 0BCA JP PRICA TURB NOZ ENTHALPY IN 5198,6 ENTRALPY OUT 4224.0
1.000 . 000 1.000 1.000 12,560 ,2000 11210 PRESSURE RATIO 5,97 EFFICIENCY 503
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 9 V3 ) 2060.00 400.00 1500.00 RECUPERATOR INFonnATION
ETA CORF O/F BASE FLO¥ PRE IN P OUT TIN T OUT H IN K OUT EFF
<0925 400 COLD SIDE 1.834 497.7  497.6  543,0 1213.7 1824.5 4163.6 .397
HOT SIDE 2.40% 14,7 14,7 1665,7  919,7 4224,0 2440.0 ,664
HEAT EXCHANGER $CALE FACTORS e TURBINE EXHAUST OVERBOARD PRESSURE » 14,69
HEAT EXCHANGER  ETAHA COLD ETAMA HOT  RHOQP COLD RHODP WOT
M2 PREMEATER 2.00 2.00 <50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1,00 1.00 FLOW PRESSURE OROP
LU 0 COOLER 1.00 1,00 1,00 1.00 221 1,204
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER lNFOIHAT!ON
# @ POINT INPUT DATA o # FLOW PRE IN P OUT T IN ouT H IN H OUT EFF
HYDRA WP  ELECT WP P AMB ® HYDRA DIL ALT SIZE(XW) COLD SIDE 1.614 500.0 500.0 2300, u 399 5  908.5 1298,6 109
.00 «00 14,70 3000.0 35.0 HOT SIDE .22 496,4  496.4 1213,7 403.2 4363.6 1312.7 .8%?
S OUTPUT DATAC® JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER P LOSS PRIMARY JET 32,25 1.61 499,95 399,52
MYD PUMP ALTERNATOR LUBE PUMP GEAR 13 SECONDARY JET 4,43 22 496,39 403.22
40,00 12,00 160 2.63 RESULTANT 1.83 497,86 399,97
FLOW PARA RATIO 137 P PR1/P SEC 1.0072
TURBINE OUTPUT POWER = 55,14 O/F = 493 SPC = 2.617 JET PUMP RISE  1.0030 PRI FLOW PARA  ,0645 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OlL COOLER INPORMATION
FLOW RATE 1,614 1792 FLOW PRE IN P OUT TIN ToOUT H IN H OUT EFF
PRESSURE 500,80 500,00 COLD SIDE 1.834 497,9  497.8  400,0 495.1 1300.3 1652,6 ,53%
TEMPERATURE 300,00 300,00 HOT SIDE 30.000 200.0 196.9 576,4 530.8 W0 .0 ,259
ENTHALPY 908.5% 52.8
CONTROL VALVE HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
9. . ' 46,
IS IT IN CONTROL YES YES 2091 116 255 s46.2
PRESSURE N 497, 4 500.0 HYDRAULIC CIL COOLER INFORMAT[ON
PRESSURE OUT 89,2 92.9 FLOW PRE IN ™ CUT T our H IN HOUT EFF
TEMPERATURE IN 1213.8 300.0 COLD SIDE 1.834 497.8  497,7 495.1 543 0 1652,7 1824,5 ,872
HOT SIDE  29.0 100,0 99.8  550,0 525.% .0 0 L4239
HEAT REJECTEL 335,12

Case 6l
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® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE I11,TURB 16,300 R H2,T20=400,

8 JUNE 1971 16110125 PAGE L OF 2
® CONDITION ® 100 HP,14.7PAMB/3000 PS| HYDSYS
® UNITS e AREA®SQ IN, H=BTU/L8, PsPSIA, Gs8TU/MIN: T=DEG R, W:sLB/MIN
s INPUT DATAS
puct PRESSURE LOSS COEFFPICIENTS e10E+4
.00 .00 .00 1110.00 70000,00 .00 .00 1G.00
3.64 100 1.:8 1.46 .00 .66 3.50 20.80
19.00 13,88 54.00 00 2,02 50.00 2,74 1023
12 00
SFT TURDNF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 .2000 1210
TUR LKCA ETA COMB LUBE P #P ETA LOPP T TUR IN T HHX IN T LHX O
.0002 98 .30 5 2060.00 400.00 1300.00
ETA CORF O/F BASE
10925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP cOLD RHODP HOT

H2 PREWEATER 2.00 2.00 +50 1.00
HYD O COQLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1,00
RECUPERATOR 1.00 1,00 1.00 1.00
® @ POINT INPUT DATA © @
HYDRA WP  ELECY HP P AMB P HYDRA OIL ALT SIZE(KW)
100.00 .00 14,70 3000.0 35.0
«OUTPUT DATAS
DRIVE POWER WP 0SS
HYD PUMP  ALTERNATOR LUBE PUMP  GEAR BOX
140.00 12.00 169 7.63
TURBINE OUTPUT POWER = 160,70 O/F »  ,566 SPC = 1,924
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 3,289 1,863
PRESSURE 500,00 500.00
TEMPERATURE 300.00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE
IS IT [N CONTROL YES YES
PRESSURE N 489.5 499,%
PRESSURE OUT 183.7 195,7
TEMPERATURE |N 1078.,9 300.0.

Case

® GARRETT » AIRESEARCH MA<UFACTURING DIVISION LOS AIGELES, CALIF.

SSAPU PHASE II1,TURB 16,300 R H2,T202400,

8 JUNE 1971 16:10125 PAGE 2 OF 2
o CONDITION e 100 HP,14./PAMB.3000 PSI WYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 3,289 OXYGEN FLOW 1.863
PRESSURE IN 184,1 PRESSURE QUT 184,31
TEMPERATURE N H2 1078,9 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 5,183 BPECIFIC HEAT RATIO 1,366
PRESSURE IN 183,9 PRESSURE QUT 14.9
TEMPERATURE N 2060.0 TEMPERATURE OUT 1495.8
ENTHALPY N 5004.7 ENTHALPY QUT 3682.6
PRESSURE RATIO 12.31 EFFI1CIENCY 859
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T oUT H IN W OUY EFF.
COLD SIDE 3.828 490,5 490.2 543,9 1078,9 1827.5 3694,0 .56
HOT SIDE 5.153 14,9 14,7 1495,8  886.0 3682.6 2295,9 .644
® YURBINE EXHAUST OVERBOARD PRESSURE o 14,68
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.539 5,101
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T OUT HIN HOUT EFF
COLD SIDE 3.289 500.0 499.9  300,0 399.0 908.5 1296,6 .27
HOT SIDE  .93% 485,) 485,17 1078,9 4N6.4 3494,0 1324,3 863
JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 65,70 3.2% 499,83 398.98
SECONDARY JET 10.86 'S4 485,10 406,36
RESULTANT 3.03 491,06 400.03
FLOW PARA RATIO +16% P PR1/P SEC 1.0304
JET PUMP RISE  1.0123 PR] FLOW PARA  .1315 JPSF  2.30
LUBE 0!L COOLER INFORMAT!ON
FLOW  PRE IN P OUT T IN T our H IN HOUT EFF
COLD SIDE 3.828 491,20 490.8 400,0 460.0 1300.5 1524,7 ,400
HOT SIDE 30.000 200.0 196.9 350,1 486.6 .0 0 424
HEAT REJECTED  A_TERNATOR  GEAR 80X LUBE PuMP TOTAL
809.1 323.7 2%.5% 58,3
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P QUT TIN T our H IN H OUT EFF
COLD SIDE 3.828 490.8  490.5  460,0 543.9 1524.6 1827.5 .932
HOT SIDE 423.7 109.0 97.8 55G,0 8544,0 .0 0 .0687
HEAT REJECTED 1159.53
10
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® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELESs CALIF. ® GARRETT e AlRESEARCH MANUFACTURING DIVISION LOS- ANGELES, CALIF.

SSAPU PHASE 11,TumB 16.300 R H2,T20%400, SSAPU PHASE 11,TURB 16,300 R H2,T20%400,
8 JUNE 1971 16:10:39 PAGE & OF 2 8 JUNE 1971 16:10139 PAGE 2 OF 2
e CONDITION @ 200 HP,14.7PAMB, 3000 P51 4YDSYS © CONDITION @ 200 HP,14.7PAMB,3000 PS! HYDSYS
® UNITS * AREASSQ IN, W=BTU/LB, PsRS]A, GeBTU/MIN, TaDEG R, WSLB/MIN COHBUSTDR INFORMAT]ON
HYDROGEN FLOW 954 OXYGEN FLOW 2,981
* INPUT DATAS PRESSURE N 251 4 PRESSURE OUT 201.4
DUCT PRESSURE LOSS CQEFFICIENTS #10E+4 TEMPERATURE [N H2 1016.5 TEMPERATURE IN 02 300.0
.00 +00 .00 1110.00 70000.00 .00 .00 10.00
3.64 +00 1.18 1.44 ,080 .66 3,50 20,80 TURBINE INFORMATION
19.00 13,85 54.00 «00 2,02 50,00 2.74 ,023 INLET FLOW 7.933 SPECIFIC HEAT RATIO 1,366
12 +00 PRESSURE IN 280.9 PRESSURE QUT 15.3
TEMPERATURE IN 2060.0 TEMPERATURE oOUT 1440.1
SFT TUR DN F SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY N 4921.7 ENTHALPY QUT 3500.3
1.000 .000 1,000 1.000 12,560 +2000 +1210 PRESSURE RATIO 18.33 RFFICIENCY 556
TUR LKCA ETA cona LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
»0002 .30 ) 2060.03 400.00  1%00.00 RECUPERATOR INFOIHATION
8T4 CORF O/F BAsE FLOW  PRE IN P QUT T OUT W IN W OUT EFF
.0925 600 COLD SIDE 5.846 477.5 476.9 !}7.5 1016-5 1604,7 3477.0 .53%
HOT SIDE 7.93% 15.3 14,9 " 1440,1  886.1 3500.3 2268.3 .614
HEAT EXCHANGER S§CALE FACTORS o TURBINE EXHAUST OVERBOARD PRESSURE e 14,73
HEAT EXCHANGER  ETAHA COLD ETAWA MOT  RHODP COLD RHODP WOT
H2 PREMEATER 2.00 2,00 50 1.00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLER 1.00 1,00 1.00 1.00 FlLow PRESSURE QRoP
LU O COOLER 1.00 1,00 1.00 1.00 .892 11,442
RECUPERATOR 1,00 1,00 1.00 1,00
H2 PREHEATER INFONMATION
e o POINT INPUT DATA o o FLOW PRE IN P QUT T IN T OUT H IN W OUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 4.954 500.0 499.7 300,0 399.4 908,5 1298.0 .13
200.00 +00 14.70 3000.0 35.0 HOT SIDE 892 465,4 465.4 1016,5 403.% 3477,0 1313,4 856
2 0UTPUT DATAS JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP 0SS PRIMARY JET 99.01 4,95 499,62 399,36
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 17.92 99 465,40 403,48
240,00 12.00 180 12,63 RESULTANT 5.85 478,65 400,03
FLOW PARA RATIO .184 P PRI/P SEC 1.0735
TURBINE QUTPUT POWER = 266.0% O/F = ,602 SPC = 1.79a JET PUMP RISE  1.0285 PRI FLOW PARA  ,1982 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 4,954 2,981 ELOW  PRE IN P OUT TIN T OUT H IN H OUT  EFF
PRESSURE 500,00 500,00 COLD SIDE %.846 478,6  A78.3  40D,0 44B,9 1300.4 1483,5 D49
TEMPERATURE 300.00 300.00 HOT SIDE 30.000 200.0 196.9 553,2 473,3 .0 W0 528
ENTHALPY 908.5 52.8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.1 335.9 25.5 1070.4
IS IT IN CONTROL YES YES
PRESSURE IN 475.2 499.8 HYDRAULIC OIL COOLER INFORMATION
PRESSURE OUT 283,53 299.8 FLOW PRE IN P OUT TIN T oOUT H IN M OUT EFF
TEMPERATURE [N 1016.5 300.0 COLD SIDE 5.846 478,1  477.5 448,9 537.5 1483.4 1804.7 .876
HOT SIDE 818.4 100.0 95.4 550,0 545.0 0 0 .050
HEAT REJECTED 1874.48
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES.: CALIF.

SSAPU PHASE 1],TURB 16,300 R H2,T20%40C,

8 JUNE 1971 16111115 PAGE 1 OF 2

® CONDITION ®» 360 HWP.14,7PAMB,3D00D WYDSYS
® UNITS ® AREA=SQ IN, H=BTU/LB, PsP81A, Q®BTU/MIN, T=DEG R, W=L_B/MIN

* INPUT DATAS
QUCT PRESSURE LOSS COEFFPICIENTS #10E+4

+00 100 .00 1110.00 70000,00 .00 .00 10.00
3.64 00 1.18 1.44 .00 .66 3.50 20.80
19.00 13,83 54.00 00 2,02 50.00 2.74 023
12 100
SFT TURDNF SF JPP SF JP W TUR 0BCA JP PRICA TURB NQZ
1.000 000 1.000 1.000 12,560 .2000 »1210
TUR LKCa ETA COMB LUBE P HP ETA LOPP T TUR IN T H4X IN T LHX O
«0002 98 -30 5 2060.00 400.00 1500.00
ETA CORF O/F BASE
0925 - 600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAMA WOT RHODP COLD RHODP WOT

H2 PREHEATER 2.00 2.00 +50 1.00
HYD O COOLER 1.00 1,00 1.00 1,00
LUB O COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
® o POINT INPUT DATA ®» ®
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
360.00 +00 14.70 Jo00.0 35.0
e QOUTPUT DATAS®
DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR LUBE PymP GEAR BOX
400,00 12.00 180 20.63
TURBINE QUTPUT POWER = 431.70 0/F = .634 SPC = 1.731
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.629 4,831
PRESSURE 500.00 500.00
TEMPERATURE 300,090 300.00
ENTHALPY 908.5 52.8

CONTROL VALVE
1S 1T IN CONTROL YES YE

PRESSURE IN 452.1 499.6
PRESSURE OUT 434,34 459,9
TEMPERATURE [N 964.3 300.0

® GARRETT o AIRESEARCH MA:IUFACTURING OIVISION LOS ANGELES: CALTF.

SSAPU PHASE 1].TURB 14,300 R H2,T20%400,
1

8 JUNE 1¢7 16:11115 PAGE 2 OF 2
® CONGITION ® 360 HP,14.7PAMB,3000 WYDSYS
COHBUSTOR INFORMAT]ON
HYDROGEN PLOW 7,625 OXYGEN FLOW 4,831
PRESSURE [N 431 0 PRESSURE QUT 431.0
TEMPERATURE IN H2 964,3 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12,436 SPECIFIC HEAT RaATIO 1.366
PRESSURE IN 430.3 PRESSURE QUT 16.4
TEMPERATURE IN 2060.0 TEMPERATURE oOUT 1406.9
ENTHALPY [N 4850.5 ENTHALPY QUT 3380.0
PRESSURE RATIO 26.20 EFFICIENCY 1544
RECUPERATOR INFORMATION
FLOW PRE IN P QUT TIN T OUT W IN H OUT EFF
COLD SIDE 9.417 457.3 455.9  526,4 964.4 1764,8 3295.,4 ,497
HOT SIDE 12.456 16.3 15,1 1406,9 893,33 3380.0 22%9,7 .58%
® TURBINE EXHAUST QVERBOARD PREBSURE » 14.77
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE ORoP
1,492 19.624
H2 PREHEATER INFORMATION
FLOW  PRE IN P OUT TIN T outr H IN H QUT EFF
COLD SI1DE 7.628 500.0 499.4  300,0 398.8 908.5 1295.9 .149
HOT SIDE 1.492 436.3 436.2 964,4 404.0 3295.4 1315.1 .843
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
PRIMARY JET 152.28 7.:63 499.14 398.80
SECONDARY JET 29.98 1+49 436,22 403,97
RESULTANT 9.42 459,92 399.71 .
FLOW PARA RATIO 197 P PR1/P SEC 1.1443
JET PUNP RISE 1.0544 PRI FLOW PARA +3051 JPSF 2.30
LUBE OiL COOLER INFORMATION
FLOW  PRE IN P QUT T IN_ T our H IN W OUT  EFF
COLD SIDE 9.417 459.8 458.7  399,7 440.9 1299.0 1453.7 .242
HOT SIDE 30.000 200,9 196.9 57C,2 465.7 .0 W0 .61)
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25.5 1409.8
HYDRAULIC GIL COOLER INFORMATION
FLOW PRE IN P QUT T IN T ouUT H IN H OUT  EFF
COLD SIDE 9.117 458,5 457 . 4 440,9 526.4 1453.7 1764.8 ,784
HOT SIDE 1450.0 100.9 91.5 550,0 545.7 o0 .0 .039
HEAT REJECTED 2834.52
36

Case 64



1

1L

® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF. « GARRETT * AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
TH2:300 R »T(60)2650 R TH2=300 R +T(60)2650 R
15JUN71 09:20:00 PAGE 1 OF 2 15JuN74 09:20100 PAGE 2 OF 2
® CONDITION o CASE 1 ® CONDITION o CASE 1
® UNITS ® AREA®SQ IN, H=BTU/LB, P2F§1A, GsBTU/MIN, T2DEG R, W=LB/MIN COMBUSTOR MFORMATION
RYDROGEN FLOW 884 OXYGEN FLOW 1506
NPUT DATAGS PRESSURE 1IN 49,9 PRESSURE QUT 49.9
pucT PRESSURE LOSS COEFFICIENTS ¢10E+4 TEMPERATURE IN H2 1067,8 TEMPERATURE IN 02 300.0
.00 ,00 .00 1110.00 70000,00 .00 .00 10.00
3,64 +00 1.18 1.44 ,00 .66 3,50 20.80 TURBINE INFORMATION
19.00 13,85 54.00 Q0 2,02 50.00 2,74 .023 INLET FLOW 1.396 SPECIFIC HEAT RATIO 1.368
12 00 PRESSURE IN 49.8 PRESSURE QUT N ]
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1331.9
SFT TURDNF SF UPP SF JP W TUR 08CA JP PRICA TURB NOZ ENTHALPY IN 4988,0 ENTHALPY OUT 3297.5
1.000 +000 1.000 1,000 12,%60 .2000 1210 PRESSURE RATIO 64,64 EFFICIENCY 524
TUR LKCA ETA COMB LUBE P 4P ETA LOPP T TUR IN T HWX IN T LHX O
+0002 98 +30 5 2060.00 400.00 1500.00 RECUPERATOR !NFORHATXON
ETA CORF 0/F BASE FLOW PRE IN P CUT IN T OUT H IN H OUT EFF
0925 .600 COLD SIDE 1.034 499, 3 499,3 64! 6 1087,7 2194.5 3655,6 .61}
HOT SIPE 1.390 .5 1n1. 851.6 3297.% 2213,7 703
HEAT EXCHANGER SCALE FACTORS e TURBINE EXHAUST OVERBOARD PRESSURE o o3¢
HEAT EXCHANGER  ETAMA COLD ETARA WOT  RHODP cOLD RHODP HOT
H2 PREHEATER 2.00 2,00 50 1,00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1.00 1.00 1,00 FLOW PRESSURE DROP
LUB O COOLER 1.00 1,00 1,00 1,00 147 1257
RECUPERATOR 1.00 1,00 1.00 1,00
H2 PREHEATER INFORMATION
o & POINT INPUT DATA o » FLOW PRE IN P QUT TIN T OUT HIN HOUT EFF
HYDRA HP  ELEET HP P AMB P HYDRA O1L ALT SIZE(KW) COLD SIDE .884 500.0 500.0 300,0 399.8 908.5 1299,6 .130
00 .00 ,00 3000.0 .0 HOT SIDE  .147 499,0 499.0 4067,7 401.6 13655.6 1306.5 .868
s OUTPUT DATA® JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 17.67 .88 499,99 399,78
HYD PUMP ALTERNATOR LUBE PU4P  GEAR BOQX SECONDARY JET 2.95 145 499,02 401,58
40.00 12.00 160 2.63 RESULTANT 1403 499,38 400.03
FLOW PARA RATIO 57 P PR1/P_SEC 1.0019
TURBINE OUTPUT POWER = 55,46 O/F = ,573 SPC = 1,504 JET PUMP RISE  1,0007 PR} FLO\ PARA  ,N353 JUPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE B84 +506 FLOW  PRE IN P CUT TIN T OUT H IN H OUT EFF
PRESSURE 500,60 500.00 COLD SIDE 1.031 499.4 ., 499.4 400,0 572.3 1300.6 4927.3 .612
TEMPERATURE 360,00 300.00 HOT SIDE 30.000 200.0  196.9  681,7  641.7 .0 0 142
ENTHALPY 908,5 52.6
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VaLVE 509.1 111.6 25.5 646,2
1S 1T IN CONTROL YES YES
PRESSURE 1IN 499,2 500.0 HYDRAULIC CIL COCLER INFORMATION
PRESSURE 0UT 50,3 53,2 FLOW  PRE IN P OUT TIN T oOUT H IN H OUT EFF
TEMPERATURE IN 1067.8 300,80 COLD SIDE 1.031 499.4  499,3  572,3 44B.6 1927.3 2194.5 .982
HOT SIDE  29.0 100.0 99.8  650,0 631.4 .0 0 .239
HEAT REJECTED 275,47 .
1

Case 65
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® GARRETT & AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPYU PHASE I!.TURB 16,300 R_H2,T20%400,T602650,

® GARRETT ® AIRESEARCH MAUFACTURING DIVISION LOS ANGELES., CallF.

SSAPU PHASE 1],TURB 16,300 R H2,T20%410,T7602650,

8 JUNE 1971 16143:19 PAGE 1 OF 2 8 JUNE 1971 16343119 PAGE 2 OF 2
* CONDITION # 100 HP,0.0 PAMB,3000 PS! HYNSYS ® CONDITION & 100 HP.0.J PAMB,300C PSI HYDSYS
® UNITS ® AREA®SQ@ N, H=BTU/LB, P=PS{A, Q»3TU/MIN, T=DEG R+ Wx_B/MIN COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 2,697 OXYGEN FLOMW 1.557
¢« INPUT DAT A PRESSURE IN 152.6 PRESSURE QUT i%2.6
DUCT PRESSURE LOSS GCOQEFPICIENTS *10E+4 TEMPERATURE IN W2 1060.5 TEMPERATURE IN Q2 300.0
.00 +20 .00 1110.,00 70B00,00 ,00 .00 10.00
3.64 +Q0 1.18 1.44 »00 66 3.50 20.80 TURBINE INFORMATION
19.00 13.85 54.00 .00 2,02 50.00 2.74 1023 INLET FLOW 4,254 SPECIFIC HEAT RATIO 1.368
.12 200 PRESSURE N 152.4 PREGSURE OUT 2.4
TEMPERATURE IN 2060.0 TEMPERATURE ouT 1372.6
SFT TURDNF SF UPP SF JP W TUR 0BCA JP PRICA TURS NOZ ENTHALPY [N 4977.8 ENTHALPY QUT 3383.4
1.000 .000 1.000 1.000 12.560 .2000 1210 PRESSURE RATIO 64,31 EFFICIENCY 1495
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 98 <30 ] 2060.00 420.00 1500.00 RECUPERATOR INFORMATION
ETA CORF 0/F BASE FLO¥W PRE IN P OUT TIN T our H IN H OUT EFF
0925 .600 COLD SIDE 3.45% 493,6 493.3 643,4 1060.4 2176,1 3629.,9 .572
HOT SIDE 4.254 2.3 1.4 1372,6 894,83 13383,4 2306,7 ,8%)
HEAT EXCHANGER SCALE FACTORS » TURBINE EXHAYST OVERBOARD PRESSURE = 97
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP GOLD RHODP HOT
H2 PREMEATER 2.00 2.00 »50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1.00 1.00 1.00 FLOW PRESSURE OROP
LUB O COOLER 1.00 1.0 1.00 1.00 454 3.333
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFORMATION
® & POINT INPUT DATA & & FLOW  PRE IN P CUT TIN T OUT HIN W OUT EFF
HYDRA WP  ELECT WP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 2.697 500.0 499.9  300,0 399 1 908.5 1297.2 130
100.00 .00 .00 3000.0 35.0 HOT SIDE 454 490,0 490.0 1060.4 4D5,2 362%9.9 1320.1 .062
» QUTPUT DATAS JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JEY 53,89 2.70 499,88 399,13
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX SECONDARY JET 9.13 145 493,00 405.18
140.00 12.00 160 7.63 RESULTANT J3+15 493,98 400.02
FLOW PARA RATIO 170 P PRI/P SEC 1.0202
TURBINE OUTPUT POWER = 160.04 O/F = 577 soC = 1,595 JET PUMP RISE  1.0081 PRI FLOW PARA  .1078 JUPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 2,697 1.557 FLOW PRE IN P OUT TIN T OUT H IN H OUT EFF
PRESSURE 500.00 503.00 COLD SIDE 3.35% 494,0 493.8 400,0 473,2 1300.5% 1%72.9 43
TEMPERATURE 300.00 303.00 HOT SIDE 30.000 200.0 196.9 566,6 504.4 +0 Q0 ,373
ENTHALPY 908.5 52.8
MEAT REJECTED ALTERNATOR GEAR BOX LUBE PuUMP TOTAL
CONI'ROL VALVE 509.1 323.7 25.5 858.3
IS 1T IN CONTROL YES
PRESSURE N 492 l 500.0 HYDRAULIC OIL COOLER INFORMATION
PRESSURE OUT 153.,8 162, 4 FLOW PRE IN P OUT TIN T 0UT H IN W OUT EFF
TEMPERATURE [N 106Q.5 300.0 COLD SIDE 3.15% 493,88  493.6 473,0 643.4 3572.5 2176,1 ,963

HOT SIDE 423.7 1130.0 97.8 6530

HEAT REJECTED 1902.16

Case 66
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® GARRETT o AIRESEARCH MANUFACTURING DIVISION LO6 ANGELES. CALIF.
SSAPU PHASE 1],TURB 16,300 R H2,T20%400,7602650,

SSAPU PHASE 1].TURB 16,300 R H2,T20%400,T602650,

e GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

8 JUNE 1971 16:43:27 PAGE 1 OF 2 8 JUNE 197% 16143127 PAGE 2 OF 2
® CONDITION ® 200 WP,D.0 PAMB,3000D PSI WYDSYS * CONDITION ® 200 HWP.0.D PAMB,3000 PS] WHYDSYS
® UNITS o AREA®SQ IN, H=BTU/LB,» PsPSiA, QaBTU/MIN,» T=DEG R» W3LB/MIN COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 4,436 OXYGEN FLQW 2,642
*INPUT DATAS PRESSURE [N 253.8 PRESSURE OQUT 253.8
DUCT PRESSURE LOSS COEFFICIENTS ®10E+4 TEMPERATURE IN H2 1028.5 TEMPERATURE IN 02 300.0
.00 00 .00 1110.00 70000,00 .00 .00 10.00
3.64 .20 1.18 1.44 .00 .66 3.50 20.80 TURBINE INFORMATION
19.00 13,85 54.00 00 2,02 50.00 2.74 1023 INLET FLOW 7.077 SPECIFIC HEAT RAT]O 1,367
12 .00 PRESSURE IN 253.4 PRESSURE QUT 4,
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1368.6
SFT TURONF SF JPP SF JP W TUR OBCA JP PRICA TURS NOZ ENTHALPY N 4935,6 ENTHALPY QUT 3348.0
1.009 .000 1.000 1.000 12,560 . 2000 11210 PRESSURE RATIO 63.55 SEFFICIENCY 499
TUR LKCA ETY4 COMB LUBE P MP ETA LOPP T TUR IN T HHX IN T LHX 0
0002 98 .30 5 2060.03 430.00 1500.00 RECUPERATOR [NFORMATION
ETA CORF Q/F BASE FLOW PRE IN P OUT TIN T our H IN H OUT EFF
0925 . 600 COLD SIDE 5.219 481.5 480.9 631,88 1028.4 2135.2 3518.3 .50
HOT SIDE 7.077 3.9 2.4 1368,6 911.0 3348,0 2328,0 .62%
HEAT EXCHANGER SCALE FACTORS e TURBINE EXHAUST OVERBOARD PRESSURE e 1.62
HEAT EXCHANGER ETAHA COLD ETAHA HOT  RMODP COLD RHODP HOT
H2 PREHEATER 2.00 2,00 .50 1.00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLER 1,00 1,00 1.00 1.00 FLOW PRESSURE QROP
LUB 0 COOLER 1.00 1,00 1.00 1.00 784 9,512
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER [NFORMATION
® o POINT INPUT DATA = @ FLO¥ PRE IN P QUT TIN T oUut HIN HOUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SI1ZE(KW) COLD SIDE 4.436 5p0.0 499.8 300,0 399.2 908.5 1297.6 .13
200.00 .00 .00 3000.0 35.0 HOT SIDE  .784 471.4  471.4 1028,4  4D4.3 3518,3 1316,7 .07
*0UTPUT DATAC® JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 88,63 4,44 499,70 399.2%
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 15.76 .78 471.40 404,32
240,00 12.00 160 12.63 RESULTANT 5,22 482,47 400,04
FLOW PARA RATIO 178 P PR1/P SEC 1.0600
TURBINE QUTPUT POWER B 264.96 a/F a ,596 SPC = 1.603 JET PUMP RISE  1.0235 PRI FLOW PARA 1774 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 4,436 2.642 FLOW PRE IN P OUT TIN T oUr H IN H OUT ' EFF
PRESSURE 500,00 500.00 COLD SIDE 5.219 482.4  482.4 400,0 454.9 1300.5 1505.6 344
TEMPERATURE 300,00 300.00 HOT SIDE 30.000 200.0 196.9 560,6 481.6 .0 W0 .492
ENTHALPY 908.5 52.8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509,1 535.9 25.5 1070.4
1S 1T IN CONTROL YES YES
PRESSURE N 479.6 499.9 HYDRAULIL CIL COOLER INFORMATION
PRESSURE OUT 25%,7 270.1 FLOW PRE IN P CUT TIN T out H IN HOUT EFF
TEMPERATURE IN 1028.5 330.0 COLD SIDE %.219 452.0 481.5 454,8  631.8 150%.2 2135.2 .907
HOT SIDE 818.4 100.9 95.4  650,0 642,2 0 0,040
HEAT REJECTED 3286.08

Case 67



ql

= GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF. % GARRETT ® AJRESEARCH MAKUFACTURING DIVISION LOS ANGELES: CALIF.
SAPU PHASE 1]:TURB 16,300 R H2,T202400,T60%650, SSAPU PHASE 1],TURE 16,300 = H2,T2024.C,T602650,
SSAPU PH v BIJUNE 1971 ! um:u:u PAGE 1 OF 2 8 JUNE 19771 16:43:34 PAGE 2 OF 2
* CONDITION » 360 HP,0,0 PAMB,3000 PSI HYDSYS = CONDITION ® 360 HP,0.n PAMB,300L PSI 4YDSYS
® UNITS e AREA®SQ IN, H=BTU/LB, P3PSlA,; G=BTU/MIN., T=2EG Rs W=[B/MIN COMBUSTUR INFORMATION
HYOROGEN FLOW 7,222 OXYGEN FLOW 4,455
s INPUT DATAS PRESSURE [N 413.7 PRESSURE QUT 413,7
DUCT PRESSURE LOSS COEFFICIENTS #10E+4 TEMPERATURE IN H2 991.5 TEMPERATURE [N 02 300.0
.00 .00 .00 1110.00 70000,00 .00 .00 10.00
3.64 00 1,18 1.44 .00 .66 3,50 20.80 TURBINE INFORMATION
19.00 13,685 54.00 .00 2,02 50.00 2,74 023 INLET FLOW 11,677 SPECIFIC HEAT RATIO 1,367
12 100 PRESSURE IN 413.1 PRESSURE OUT 7.1
TEMPERATURE IN 2060.0 TEMPERATURE 0UT 1368.2
SFT TURONF SF JUPP SF JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY IN 4888.3 ENTHALPY QUT 3347.4
1.000 .000 1.000 1.000 12,560 . 2000 11210 PRESSURE RATIO 58.50 EFFI1CIENCY ,50%
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 .98 .30 5 2060.00 430.00  1500.00 RECUPERATOR INFORMATION
ETA CORF 0/F BASE FLOW PRE IN P CUT TIN T OUT HIN HOUT EFF
0925 .600 COLD SIDE 8.577 460.4 459.0 6107  991.,4 2060.8 3389,2 .50)
HOT SIDE 11.677 6,9 3.9 1368,2 925.1 3317.4 2341,7 ,588
HEAT EXCHANGER SCALE FACTORS o TURBINE EXHAUST OVERBOARD PRESSURE e 2,67
HEAT EXCHANGER  ETAHA COLD ETAHA MOT  RHODP COLD RHODP WOT
H2 PREMEATER 2.00 2,00 150 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.06 1,00 1.00 1.00 FLOW PRESSURE OROP
LUB O COQLER 1.00 1.00 1,00 1,00 1,355 18.544
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFORMATION
® @ POINT INPUT DATA o @ FLOW PRE IN P OUT TIN T OUT HIN HOUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 7.222 500.0 499.5 300,0 399.2 908.5 1297,5 .144
360.00 .00 .00 3006.0 35.0 HOT SIDE 1.358 440,4  440.4  991,4  4D4,1 3389.2 1315,¢ 850
SOUTPUT DATAS® JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 144,30 7.22 499,22 399,24
MYD PUMP ALTERNWATOR LUBE PUMP  GEAR BOX SECONDARY JET 27,23 1.35 440,40 404,06
400,00 12.00 160 20.63 RESULTANT $.58 462,76 400,06
FLOW PARA RATIO .189 P PRI/P SEC 1.1336
TURBINE OUTPUT POWER = 432,17 0/F 3 ,617 SPC = 1,621 JET PUMP RISE  1.0508 PRI FLOW PARA  ,2890 JPSF  2.30
PROPELLANY HYDROGEN OXYGEN LUBE O1L COOLER INFORMATION
FLOW RATE 7.222 4,455 FLOW PRE IN P CUT TIN T OUT H IN W OUT EFF
PRESSURE 500,00 500,00 COLD SIDE 8.577 462.6  461.7  400,1  443,9 1300,4 1464,8 ,252
TEMPERATURE 300,00 300,00 HOT SIDE 30.000 20000  196.9  573,7  469.7 0 0,999
ENTHALPY 908.5 52.8
HEAT REJECTED  4LTERHATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VaALVE 509.1 875.3 25.5 1409.8
1S 1T IN CONTROL YES YES
PRESSURE IN 455.3 499.6 HYDRAULIC CIL COOLER INFORMATION
PRESSURE OUT 416.,7 439,7 FLOW PRE IN P OUT TIN T OUT H IN HOUT EFF
TEMPERATURE IN 991.5 300.0 COLD SIDE 8.877 461.5 460.4 443,88  610.7 1464.5 2060.8 .809
HOT SIDE 1450.0 120.0 91.5 6510  643.1 .0 .0 .03
HEAT REJECTED 5114.58

Case 68



sl

® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES» CALIF,
SSAPY PHASE 11,TUur 166300 R ?2.T20'400 T&Dl650~
NE 1

® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

$SAPU PHASE 11,TURS 16,300 R H2,T20®400,T60%650,

43140 PAGE 1 OF 2 8 JUNE 1971 16143140 PAGE 2 OF 2
» CONDITION * 0.0 HP,5.,0 PAMB,30GC PS! HYDSYS ® CONDITION ® 0.0 HP.,5,0 PAMB,3000 PSI HYDSYS
. TS = AREAR » HaB8TU/LB, PaP§IA x /MINs T= Rs Wl B/M COMBUSTOR [NFORMATION
UNITS REARSQ IN, H28TU/LB SiAy QEBTU/MIN BEG LB/MIN HYDROGEN WLOW 1,146 OXYGEN FLOW 592
S INPUT DATAcC PRESSURE N 6346 PRESSURE OQUT 3.6
pucT pnzssun& LOSS GOEFPICIENTS *10E+4 TEMPERATURE IN W2 1165.3 TEMPERATURE IN 02 300.0
.00 +00 00 1110.00 70800.0 ,00 .00 10.00
3.64 +00 1. 10 1.44 .00 1) 3.50 20.80 TURBINE [NFORMATION
19.00 13.85 54.00 +00 2,02 50.00 2.74 »023 INLET FLOW 1.738 SPECIFIC HEAT RATIO 1.368
12 «00 PRESSURE IN 63.5 PRESSURE OUT 3.1
TEHPER:TURE IN 2062.2 TEMPERATURE OUT 1;;:.‘
SFT TURDNF SFJPP SF JPW TUR 0BCA JP PRICA TURS NOZ ENTHALPY IN 5129, ENTHALPY QUT 3776.4
1.000 .000 1.000 1,000 12.960 .2000 «1210 PRESSURE RATIO 12.50 RFFJCIENCY 552
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T RWX IN T LHX Q
+0002 98 +30 "9 2060.00 400.00 1500.00 RECUPERATOR INFORMATION
ETA CORF  O/F aAsg FLOW PRE IN P OUT TIN T our HIN HOUT EFF
0925 . 600 COLD SIDE 1.3}13 498,9 498.9 645,0 1165.3 2181.9 3994,7 .60V
HOT SIDE 1.738 5.1 5.0 1499,6 916.0 3776,8 2407.4 ,48)
HEAT EXCHANGER SCALE FACTORS e TURBINE EXHAUST OVERBOARD PRESSURY o 4.99
HEAT EXCHANGER ETAHA COLD ETAHA MHOT RNODP COLD RHODP WOT
H2 PREHEATER 2.00 2,00 .50 1.00 HOT BYPASS VALVE INFORNATION
HYD O COOLER 1.00 1,00 1.00 1.00 FLOW PRESSURE DRO
LUB 0 COOLER 1.00 1,00 1,00 1,00 1167 1494
RECUPERATOR 1.00 1.00 1.00 1.00
H2 PREHEATER lNFOIHATlON
® s POINT INPUT DATA o ¢ FLO¥ PRE IN P OUT TIN T oUty H IN W OUT EFF
HYDRA WP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 1.44¢ 500.0 500.9 300,0 399.7 908.5 1299,3 ,118
. . 5,00 3000.0 35,0 T SIDE  .367 498,4 498.4 1165.3 402.2 3994,7 1300.,8 ,082
s QUTPUT DATYTA?® JET PUMP PERFORHANCE
FLOW PARA PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 22.92 1 15 499,98 399.69
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX SECONDARY JET 3,34 W17 498,36 402,19
40,00 12.00 «60 2.63 RESULTANT 1,31 499,01 400.01
FLOW PARA RATIO +144 ® PRI/P SEC 1.0033
TURBINE OUTRUT POWER = 55.48 O/F »  .516 SPC » 1.880 JET PUMP RISE 1.0013 PRI FLOW PARA 10458 JPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 1,146 .592 FLOW  PRE IN TIN T our HIN HO EFF
PRESSURE 500.00 500,00 COLD SIDE 1.313 499,0 ‘99 0 400,0 534.0 1300,5 1792 6 1384
TEMPERATURE 300,00 300,00 HOT SIDE 30.000 200,0 196.9 629.5 586.8 0 0 186
NTH, 908, 52.8
e ALPY $:5 2 HEAT REJEGTED ALTERNATOR GEAR 80X LUBE PUMP TOTAL
CONTROL VALVE 509,1 11:.6 25.5 646.2
S IT IN CONTR Y Y
;REéSUaE ?S o 40Ifg SDE?U HYDRAULIC OlL CQOLER INFORMATION
PRESSURE OUT 64.2 67,1 FLOW PRE IN P OUT TIN T our H IN H OUT EFF
TEMPERATURE IN 116%5,3 330.0 COLD SIDE 1.313 499.0 498.9 533,9 645.0 1792.4 2181,9 .957
HOT SIDE 29.0 100.0 99.8 650,0 615.2 90 .0 300
HEAT REJECTED 511,46

Case 69
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® GARRETT = AIRESEARCH MAIUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE [!1/TURB 16,300 R H2,T20%40C,;T603659,

8 JUNE 1971 16:43:50 PAGE 1 OF 2
* CONDITION & 100 HP,5.0 PAMB,3000 PS! 1YDSYS
® UNITS ® AREA®S@ [N, W=BTU/LB, P3PS[A, QaBTU/MIN, T=DEG R, W=LB/MIN
¢« TNPUT DAT A

DUCT PRESSURE LOSS COQEFFICIENTS #1QE+4

.00 00 .00 1110.00 70000,00 .00 .00 10.00
3.64 ,00 1.18 1.44 00 .66 3.50 20.80
19.00 13.85 54.00 .00 2.02 50.00 2,74 .023
12 «00
SFT TURONF SF UPP SF JP W TUR OBCA JP PRICA TURR NOZ
1.000 .000 1.000 1.000 12,560 ,2000 <1210
TUR LKCA ETa COMB LUBE P P ETA LOPP T TUR IN T HHX IN T LHX O
10002 »98 .30 5 2060.02 400.00 1500.00
ETA CORF Q/F BASE
.0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLC ETAHA WOT RHODP cOLD RHODP WQT

H2 PREHEATER 2.00 2,00 »50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB 0 COOLE&R 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 .00 1.00 1.00
o o POINT INPUT DATA o o
HYDRA WP ELECT HP P AMB P HYORA OIL ALT SI1ZE(KW)
100.00 .00 5.00 3000.0 35.0
¢t QOUTPUT DATA A S
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
140,00 12,00 160 7.63
TURBINE OUTPUT POWER 2 160.23 O/F a  ,567 SPC = 1.668
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 2,844 1.611
PRESSURE 500,00 500,00
TEMPERATURE 300,00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE
1S IT IN CONTROL YES YES
PRESSURE N 492.1 $00.0
PRESSURE OUT 160.1 168.9
TEMPERATURE [N 1078.7 300.0

Case

» GARRETT o AIRESEARCH MAMUFACTURING DIVISICVY LOS ANGELES. CALIF.
SSAPU PHASE I].TURS 16,300 R H2,T2024172,T60=650,
8 JUNE 1971 16:43150 PAGE 2 OF 2
® CONDITIOM ® 100 HP.5.. PAMB,3000 PS[ 4YNSYS
COMBUSTOR INFORMAY]ON
HYDROGEN FLOW 2.844 OXYGEN FLOW 1,614
PRESSURE N 158,8 PREGSURE QUT 158.8
TEMPERATURE IN H2 1078.7 TEMPERATURE IN 02 300.0
TURBINE [NFORMAT]ON
INLET FLOW 4.455 SPECIFIC HEAT RATIO 1,368
PRESSURE IN 158.6 PRESSURE QUT 5.9
TEMPERATURE IN 2060,0 TEMPERATURE OuT 1407.5%
ENTHALPY IN 5004.4 ENTHALPY JUT 3479.9
PRESSURE RATIO 28.66 EFFICIENCY +533
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T our H IN H OUT EFF
‘COLD SIDE 3.309 492.9  492.6  642,3 1078.8 2172.1 3693,9 ,.570
HOT SIDE 4.453 5.5 5.2 3407,5 9n9.6 3479.5 2349,0 ,65%
® TURBINE EXHAUST OVERBOARD PRESSURE e 5.01
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE ODROP
466 3,725
H2 PREHEATER INFORMATION
FLOM  PRE IN P OUT TIN T OUY HIN W OUT EFF
COLD SIDE 2.344 500.0 499.9  300,0 399.1 908.5 1296.9% ,127
HOT SIDE  .466 408.9  480.9 31078,8 4D5.% 3693.9 1321.2 .0e8
JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 56.81 2:,84 499.87 399.08
SECONDARY JET 9.38 47 488,99 405,47
RESULTANT 3.31 493,32 399,99
FLOW PARA RATIO 163 P PAl/P SEC 1.022%
JET PUMP RISE 1.0091 PR] FLOW PARA  ,1136 JPSF 2.30
LUBE 0i. COQLER INPORMATION
FLOW PRE IN P CUT TIN T oOUT HIN W OUT EFF
COLD SIDE 3.30¢ 493,3  493.1  400,0 469,6 1300.4 13%9,7 429
HOT SIDE 30.000 2000  196.9 562,14 499,6 .0 . 306
HEAT REJECTED  ALTERNATOR  GEAR 80X LUBE PUMP TOTAL
509.1 323.7 25.% 858.3
HYDRAULIC OIL COQLER INFORMATION
FLOW PRE IN P OUT TIN T oOUT H [N W OUT EFF
coLD SIDE 3.309 493.1  492.9  469,6  642.3 1559.7 2172.1 .95
HOT SIDE 423.7 109.C 97.8 650,0 649.7 .0 0 .0%2
HEAT REJECTED 2024.51
10

70
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® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

$SAPU PHASE I11.TURB 16,300 R H2,T20%400,T60%650,
8 JUNE 1974 16144100

200 HP,S.

PAGE 1 QF 2
® CONDITION e PAMB,3000 PS1 WYDSYS
® UNITS ® AREA®SG IN, H=BTU/LB: PsP§IA, QsBTU/MIN, T=DEG R. WxLB/MIN

S« INPUT DATAS
DUCT PRESSURE LOSS COEFRICIENTS ®10E+4

.00 +00 .00 1110.00 70000,00 .00 .00 10.00
3.64 +00 1.18 1.44 .00 166 3,50 20,00
19.00 43.0% 54.00 00 2,02 %0.00 2.74 023
12 00
SFT TURONF SF UPP SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 . 000 1.000 1,000 12,560 , 2020 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
.0002 198 .30 i) 2060.00 400.00  1%00.00
ETA CORF  Q/F BASE
0925 600

SSAPU PHASE 1}- TURBaierOO o M2, T20'400,T§Dl650-
UNI 16

® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAMA WOT  RHODP COLD RHODP WOT

H2 PREHEATER 2.00 ?.00 +50 1,00
HYD 0 COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
@ & POINT INPUT DATA o @
HYDRA MP  ELECT ‘HP P AMB P HYDRA OIL ALT SIZE(KW)
200.00 Q2 5.00 3000.0 35.0
s O0UTPUT DATAS
DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
240.00 12.00 160 12,63
TURBINE OUTPUT PQWER = 265.Q9 0/F = 590 SPC = 1.637
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 4,548 2,685
PRESSURE 500,00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE
1S 1T IN CONTROL YES YES
PRESSURE 1IN 478.6 499.9
PRESSURE QUY 259,2 273.7
TEMPERATURE IN 1036.0 300.0

Case

E 1971 4100 PAGE 2 OF 2
® CONDITION ® 200 HP,5. PAMB.3000 PS1 WYDSYS
COMBUSTOR [NFORMATION
HYDRQGEN FLOW 4,548 OXYGEN FLOW 2688
PRESSURE [N 257.2 PREBSURE OUT 257.2
TEMPERATURE IN H2 1036.0 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 1233 SPECIFIC HEAY RATIO 1,367
PRESSURE N 256.8 PRESSURE QUT . 6.4
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1305.5
ENTHALPY N 4948,0 ENTHALPY QUT 3393.4
PRESSURE RAT10 40,33 EFFICIENCY »520
RECUPERATOR INFOIHATION
FLON  PRE IN P QUT TIN T OUT H IN W OUY EFF
COLD SIDE 5.342 480,6 480.0 630,7 1036.2 2131.5 3545,4 ,33)
HOT S1DE 7.233 6,3 5.4 1335,5 918,80 3393.8 2349.4 .68
® TURBINE EXHAUST OVERBOARD PREBSURE e 5,00
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
794 9.892
H2 PREHEATER lNFOIHATlON
FLOW PRE IN P OUT IN ouT HIN W OUT EFF
COLD SIDE 4.348 500.0 499.8 Jnu 0 399.2 908,5 1297.4 433
HOT SIDE  .794 470,1 470.% 1036.2 44,3 3545,4  1316.4 090
JET PUMP PznronnAncs
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 90,87 4.55 499,68 399,20
SECONDARY JET 15,96 79 470,12 404,28
RESULTANT 5.34 481,63 399.98
FLOW PARA RATIO 176 P PRI/P SEC 1,0629
JET PUMP RISE  1,0245 PRl FLOW PARA  ,1819 JPSF  2.30
LUBE OlL COOLER INVORHATIDN
FLOM  PRE IN IN T OUT H IN M OUT EFF
GOLD SIDE 5.342 481.6 451 2 400.0 453.5 1300.2 1500.6 .3}3?
HOT SIDE 30.000 200,0 196.9 859,0 479,8 .0 W0 498
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 535.9 25.5 1070. 4
HYCRAULIC OIL COOLER INFORMAT]ON
FLOW  PRE IN P QUT TIN T oUur H IN HOUT EFF
COLD SIDE %.342 481.,1 480.6  453,5 630,7 1500.6 2131.5 .902
HOT SIDE 818.4 109.0 95,4  650,0 642.0 .0 0 044
HEAT REJECTED 337:..1¢
10
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® GARRETT = AIRESEARCH MANUFACTURING DIVISION L0S ANGELES: CALIF.
SSAPU PHASE 11,TURB 16,300 R H2,T20%400,T602650,
8 JUNE 1971 16144108 PAGE 1 OF 2

® CONDITION o 360 KP,5.0 PAMB:3000 HYDSYS
® UNITS e AREA®SG IN, H=BTU/LB, PsP§14, G=BTU/MIN, T=DEG R: W=LB/MIN

¢ I NPUT DAT A
DUCT PRESSURE LOBS CQEFSICIENTS e10E+4

-00 100 .00 1110.00 70000,00 .00 «00 10.90
3.64 00 1.18 1.44 +090 +66 3.50 20.80
19.230 43,85 54.00 «00 2,02 50.00 2,74 1023
.12 00
SFT TURONF SF JPP SF JP W TUR O0BCA JP PRICA TURBR NOZ
1.000 +000 1.000 1.000 12,560 +2000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
.0002 198 <30 5 2060.00 400.00 1500.00
ETA CORF Q/F BASE °
.0925 600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAMA MWOT RHODP COLD RHODP WOT

H2 PREHEATER 2.00 2.00 +50 1.00
HYD 0 COOLER 1.00 1.00 1,00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1,00
» o POINT INPUT DATA o ®
HYDRA WP  ELECT HP P AMB P HYORA O]L ALT SIZE(KW)
360.00 .00 5.00 3000.0 35.0
SsOUTPUT DAT A
DRIVE POWER HP 0SS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
400.00 12.00 180 20.63
TURBINE OUTPUT POWER = 432,30 OfF = 614 SPC = 1.636
PROPELLANT HYDRQGEN OXYGEN
FLOW RATE 7.299 4,404
PRESSURE 500,00 503.00
TEMPERATURE 300,00 300.00
ENTHALPY 08,5 52,8
CONTROL VALVE
IS 1T IN CONTROL YES Y
PRESSURE [N 454.8 499.6
PRESSURE QUT 416.3 439.6
TEMPERATURE [N 994.3 300.0

Case

o GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPY PHASE 11/TURB 16,300 R H2,T20%440,T60=650.

8 JUNE 1971 16:44:08 PAGE 2 OF 2
® CONDJTION ® 360 HP,5.0 PAMB.3000 HYDSYS
coneusron INFORMATJON
HYDRQGEN FLOW 299 OXYGEN FLOW 4,484
PRESSURE IN 413 1 PRESSURE QUT 413.1
TEMPERATURE IN H2 994,3 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 11,784 SPECIFIC HEAT RATIO 1.367
PRESSURE [N 412.5 PRESSURE QUT 8.6
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1375.4
ENTHALPY [N 4894,1 ENTHALPY QUT 3337.0
PRESSURE RAT10 43.17 RFFICIENCY 514
RECUPERATOR INFORMATION
FLON PRE IN P OUT TIN T out HIN W OUT EFF
COLD SIDE 8.660 459,8  458.4  610,0 994,3 20%8.4 3399.,3 ,502
HOT SIDE 11.784 8.4 6.4 1:75. 928,6 3337,0 2351.5 504
o TURBINE EXHAUST OVERBOARD PRESSURE e 5,32
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
1.360 18.767
H2 PREHEATER INFOIHATION
FLOW PRE IN P OUT IN T our H IN W OUT EFF
COLD SIDE 7.299 580,0 499.4 Joo 0 399,1 908.5 1296,9 .14}
HQT SIDE 1.360 439,6 439,68 '94.3 404,0 3399,3 1315.0 .850
JET PUMP PERFURMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 145,82 7.30 499.21 399.08
SECONDARY JRT 27.34 1436 439,61 403.9%
RESULTANT 8,66 462,26 399.90
FLOW PARA RATICQ .188 P PRI/P SEC $.1356
JET PUMP RIBE 1.0815 PR] FLOW PARA  ,2921 JPSF  2.30
LUBE OlL COOLER INPORMATION
FLOW PRE IN P OUT T IN T out H IN W OUT EFF
COLD SI1DE 6.660 462.1  461.2 399,9  443.3 1299.8 1462.6 ,25%
HOT SIDE 30.000 200,0 196.9 873,C 46%9.) 0 0 808
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.) 25.5 1409.8
HYDRAULIC OIL COOLER INFORMATION
FLO¥  PRE IN P OUT TIN T out H IN W OUT EFF
COLD SIDE 8.660 461,0 459.9  443,3  610,0 1462,6 2058,.4 .006
HOT SIDE 1450.0 100.0 91.5 650,0 643,1 .0 .0 .033
HEAT REJECTED 5159.64
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF. ® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPU PHASE 11,TURB 14,300 R H2,T200400,T60%8650, SSAPU PHASE ll.TURB 16,300 R H2,T20%400,T60%650.
8 JUNE 197% 16144145 PAGE 1 OF 2 8 JUNE 1971 16:44115 PAGE 2 OF 2
® CONDITION » 0.0 HKP,10. PAMB,300D PS! HYDSYS ® CONDITION 0.0 HP,10. PAMB,3000 PSI HYDSYS
® UNITS ® AREAASG IN, H=BTU/LB» PsP8IA, QaBTU/MIN, T=DEG R, W=LB/MIN COMBUSTOR [NFORMAT1ON
HMYDROGEN PLOW 1.390 OXYGEN FLOW 679
INPUT DATAS PRESSURE 1IN 759 PRESSURE QUT 75.9
pucT PRESSURE LOSS GOEFPICIENTS ¢10E+4 TEMPERATURE [N H2 1217.0 TEMPERATURE IN 02 300.0
00 +00 .00 1110.00 70000.00 .00 .00 10,00
3.64 +00 1.18 1.44 00 .66 3.50 20.00 TURBINE INFORMAT]ON
19.00 13,85 54.00 <00 2.02 30.00 2.74 +023 INLET FLOW 2,069 SPECIFIC HEAT RATIO 1.367
.12 00 PRESSURE [N 75.8 PRESSURE QUT 10.1
TEMPERATURE IN 2060,0 TEMPERATURE OUT 1596.2
SFT . TURODNF SF JPP SF JP N TUR 08CA JP PRICA TURM NOZ ENTHALPY IN 5203.3 ENTHALPY QUT 4089.9
1,000 »000 1.000 1,000 12,360 .2000 <1210 PRESSURE RATIO 7.54 EFFICIENCY §-31]
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
0002 98 .30 5 2060.00 400.00 1500.00 RECUPERATOR [NFORMATION
ETA CORF O/F BASE FLOW  PRE IN P OUT TIN T out H IN H QUT EFF
.0925 . 600 COLD SIDE 1.579 498,3  498,2  #39,6 1216,9 2162.83 4175.0 .604
HOT SIDE 2.069 1041 10.0 1596,2 954.5 4059.9 2524,0 ,47%
HEAT EXCHANGER SCALE FACTORS e TURBINE EXHAUST OVERBOARD PRESSURE o 9,99
HEAT EXCHANGER  ETAHA COLD ETAHA WOT  RHODP COLD RHODP WOT
H2 PREWEATER 2.00 2,00 .50 1,00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1.00 1.00 FLOW PRESSURE DROP
LUB O COOLER 1.00 1,00 1.00 1.00 .189 871
RECUPERATOR 1.00 1.00 1.00 1.00
H2 PREHEATER INFOIHATION
o o POINT INPUT DATA o @ FLOW PRE IN P OUT IN T OUT HIN W OUT EFF
HYDRA HP  ELECT HWp P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 1.390 500.0 500.0 lou 399.6 908,5 1298,9 ,109
.00 00 10.00 30800.0 35.0 HOY B1DE  .48¢% 497.3  497.3 1216.9 4h2.7 4175,0 1310.,9 .e88
s QUTPUT DATAS JET PUMP Psnronnance
FLOW PARA PRESSURE  TEMPERATURE
DRIVE POWER HP L0SS PRIMARY JEY 27.78 1-39 499,97 399.60
NYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 3.80 19 497,33 402,73
40,00 12.00 160 2.63 RESULTANT 1.58 498,42 399.98
FLOW PARA RATIO 137 P PRI/P SEC 1.0053
TURBINE OUTPUT POWER = 55.72 O/F = .489 SPC = 2,227 JET PUMP RIBE 1.0022 PRI FLOW PARA  ,0556 JPSF  2.3D
N
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 1.390 1679 FLOW  PRE IN P OUT TIN T our HIN W OUT EFF
PRESSURE 500.00 500.00 COLD SIDE 1.57¢ 498,4  498.4  400,0 510,08 1300.4 1709.6 563
TEMPERATURE 300,00 300.00 HOT SIDE 30.000 200,0 196.9 597,8 553,4 0 0 224
ENTHALPY 908.5 52.8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509, 111.6 25.5% 846.2
1S 1T IN CONTROL YES YES
PRESSURE N 499.1 500.0 HYDRAULIC CIL COOLER INFORMAT]ON
PRESSURE QUT 76,7 79.9 FLOW  PRE IN P OUT TIN T OUT W IN W OUT  EFF
TEMPERATURE IN 1217.0 300.0 COLD SIDE 1.579 498.4  498.3 510,9 639.6 1709.8 2162.8 ,928
HOT SIDE  29.0 100.0 99.8  650,0 606.9 0 G ,353
HEAT REJECTED 715.27

Case 73



08

® GARRETT « AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16,300 R H2,T20%400, T601650-

8 JUNE 1971 6:44:26 PAGE 1 OF 2

® CONDITION ® 100 HP,10. PAMB,»3000 PSI HYDSYS

@ UNITS ® AREASS@ IN, W=BTU/LBs P2PS1A,; GaBTU/MIN, TsDEG R, W=LB/MIN

¢« INPUT DATAS
DUCT PRESSURE LOSS COEFFICIENTS #10DE+4

.00 100 .00 1110.0Q0 70000.00 .00 +00 10.00
3.64 Q0 1.18 1.44 «00 66 3.50 20.00
19.00 13,85 54.00 «Q0 2,02 50.00 2.74 1023
‘12 100
SFT TURON F SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.9000 000 1.000 1.000 12,360 +2000 »1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 198 30 % 2060.00 400.00 1500.00
ETA CORF  0/F BASE
.0925 . 600

HEAT EXCHANGER SCALE FACTORS

NEAT EXCHANGER  ETAHA COLD ETAHA MWOT RHODP COLD RHODP WOT

H2 PREHEATER 2.00 2,00 +50 1.00
HYD O COQLER 1.00 1,00 1.00 1,00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

o o POINT INPUT DATA o @
HYDRA WP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW}
100,00 .00 10.00 3000.0 35.0
«OQOUTPUT DATA®
DRIVE PQWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140.00 12.00 160 7.63
TURBINE OUTPUT POWER a 160.48 O/F = .5852 SPC = 1.788
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 3,077 1.698
PRESSURE 500.00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE [N 490.7 499,9
PRESSURE OUT 172.7 181.6
TEMPERATURE [N 1103.8 300.0

Case

o GARRETT ¢ AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE Il-Tunualé.Jou R H2,7202400, T60’650.

JUNE 1971 44126 PAGE 2 OF
¢ CONDITION e 100 HP,10. PAMB,3000 PS1 4YDSYS
COMBUSTOR INFORMAT]ON
HMYDROGEN FLOW 3.077 OXYGEN FLOW 1,699
PRESSURE N 171.2 PRESSURE QUT 171.2
TEMPERATURE [N M2 1103.8 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,775 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 171.0 PRESSURE OUT 10.3
TEMPERATURE [N 2060,0 TEMPERATURE OUT 14%6.4
ENTHALPY IN 5040.1 ENTHALPY OUT 3813.0
PRESSURE RATIO 16,61 EFFICIENCY +553
RECUPERATOR INFORMATION )
FLOW PRE IN P OUT TIN T OUT H N K OUT EFF
COLD SIDE 3.363 491.6  491.3  640,3 1103.8 2165.1 3700,7 .948
HOT SIDE 4.77% 10.3 10.1 1456,4  930.8 3615,0 2409,5 644
® TURBINE EXHAUST OVERBOARD PRESSURE e 9.97
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.487 o444
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T oUT M IN W OUY EFF
COLD SIDE 3.077 500.0 499.9 300,0 399.4 908.5 1297,1 .42}
HOT SIDE  .4087 486,9  406,9 1103,8  406.1 3780,7 1323.,9 .88
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE TEHPERATUIE
PRIMARY JET 61.46 3,08 499,85 399.12
SECONDARY JET 9,80 49 486,90 406,08
RESULTANT 3.%6 492,15 400.08
FLOW PARA RATIO 160 P PRI/P SEC 1.0266
JET PUMP RISE  1.0108 PR] FLOW PARA  .1230 JPSF  2.30
LUBE OIL COOLER INPORMATION
FLON PRE IN P OUT TIN T OUY HIN N OUT EFF
COLD SIDE 3.363 492.1  491.9  400,1  464.6 1300.7 1541.,6 .44
HOT SIDE 30.000 200,0 196.9 555,8  492.8 .0 +0 1403
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 323.7 25.5 258.3
HYDRAULIC OlL COOLER INFORMATION
FLOW PRE IN P CUT TIN T our H IN W OUT EFF
COLD SIDE 3.363 491.9  491.7 464,86 640,3 1541.6 2165,1 947
HOT SIDE 423.7 100.9 97.8 650,00 639,8 .0 .0 .0%8
HEAT REJECTED 2221.70
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

S§SAPU PHASE 11.TURB 16,300 R H2,T2034004T60e653,

8 JUNE 1971 16144:37 PAGE 1 OF 2

® CONDITION ® 200 HP,10. PAMB»3000 PSI WYDSYS
® UNITS o AREA®SQ IN, W=BTU/LB. PaP§1A, Q=BTU/MIN, TEDEG R, W=LB/MIN

¢ I NPUT DATGL o
DUCT PRESSURE LO8S CQEFNICIENTS ®10E+4

<09 +00 .00 1110.00 70000.00 .00 +00 10.00
3.64 100 1.18 1,44 .00 .66 3.%0 20.80
19.00 13,85 54.00 00 2.02 50.00 2.74 1023
$12 200
SFT TURDONF SF JPP SF JP W TUR 0BCA JP PRICA TURE NOZ
1.000 Q00 1.000 1.000 12,560 »2000 »1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
+0002 34.] +30 +5 2060.00 400.00 1%00.00
ETA CORF 0/F BASE
.0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAMA WOT  RHODP COLD RHODP WOT

H2 PREHEATER 2.00 2.00 +30 1.00
HYD O COQLER 1.00 1.00 1.00 1.00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

® o POINT INPUT DATA o »
P AMB P HYORA OIL ALT SIZE(KW)
10.00 3000.0 35.0

HYDRA WP  ELECT HP
200.00 +00

s QUTPUT DATA®

DRIVE POWER HP L 0SS

HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

240.00 12,00 160 12,63
TURBINE OUTPUT POWER = 265,32 o/F 2,582 SPC = 1.704
PROPELLANT HYOROGEN OXYGEN
FLOW RATE 4,766 2,775
PRESSURE 500,00 500.00
TEMPERATURE 300.00 300.00
ENTHALPY 908.5 52.8

CONTROL VALVE

1S IT IN CONTROL YES YES
PRESSURE IN 476. 8 499.9
PRESSURE 0UT 271.0 285,7
TEMPERATURE [N 1049.6 300.0

Case

® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPU PHASE 11,TURB 16,300 R H2,T20%400,T602650,

8 JUNE 1971 16144137 PAGE 2 OF 2
® CONDITION ® 200 HP.10. PAMB.3000 PSI HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 4,766 OXYGEN FLOW 2,775
PRESSURE IN 268.9 PRESSURE OUT 268.9
TEMPERATURE [N H2 1049,6 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
[NLET FLOW 7.541 SPECIFIC WEAT RATIO 1.367
PRESSURE IN 268.5 PRESSURE QUT 10.8
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1415.6
ENTHALPY [N 4967, 4 ENTHALPY OUT 3474.0
PRESSURE RATIO 24,06 IFFICIENCY 544
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T out M IN W OUT EFF
COLD SIDE 5.930 478.9  473,3  623,7 1049.7 2124.2 3592,) .3
HOT SIDE 7.844 10.7 10.2 16415,6  932,8 3474,0 2387.6 .61

® TURBINE EXHAUST OVERBOARD PRESSURE o 10.01
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
815 10,715

H2 PREHEATER INFORMATION
FLOW  PRE IN P OUT TIN T OUT H IN
COLD SIDE 4.766 500.0 499.8 300,0 399.2 908
HOT S{DE  .813 467,6 467.8 1049,7  404.2 3592.3

H OUY  EFF
5 1297.6 132
1316.3 . 86%

JET PUMP PERFORMANGE

FLOW PARA FLOv PRESSURE  TEMPERATURE
PRIMARY UET 95,23 4,77 499.6% 39924
SECONDARY JET 16,38 W01 467,57 404.22
RESULTANT 5.58 480.04 400.00
FLOW PARA RATIO 172 ® PRl/P SEC 1.0686
JET PUMP RISE  1.0267 PR! FLOW PARA +1908 JPSF  2.30

LUBE OIL COOLER INFORMATION

FLOW PRE IN P QUT T IN T oUT H IN B OoUT EFF

COLD SIDE 5.580 480.0 479.6 400,0 451.2 1300.3 1492,1 .328

HOT SIDE 30.000 200.0 196.9 55641 476.6 0 .0 509
HEAT REJECTED  ALTERNATOR  GEAR BOX . LUBE Pymp TOTAL
509.1 535.9 25.5 1070.4

HYDRAULIC OIL COOLER INFORMATION

FLOW  PRE IN P OUT TIN T oour W IN W OUT EFF

COLD SIDE 5.580 479.5 479.0 451 ,2 628.7 1492,1 2124.2 .893

HOT SIDE 818.4 100.0 95.4  650,0 641.6 0 0 .042

HEAT REJECTED 3527.69
11
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® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
$SAPU PHASE I11,TURB 16,300 R H2,T20%400, T60'650v
8 JUNE 1971 44149 PAGE 1 OF 2
® CONDITION » 360 HP,10. PAMB.3000 HYDSYS

® UNITS = AREASSQ IN, H=BTU/LB, P=PSI1A, Qx8TU/MIN, T3DEG R, W=LB/MIN

. PUT DATAH®
pucTt PRESSURE LOSS CQEFPICIENTS #10E+4

00 «00 .00 1110.00 70000,00 .00 00 10.00
3.64 .00 1.18 1.44 .00 66 3.50 20.80
19.00 13,48 54,00 »00 2,02 50.00 2.74 +023

.12 200

SFT TURDNF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .00 1.000 1.000 12,560 2000 1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
. 0002 98 30 5 2060.:00 400.00 1500.00
ETA CORF OQ/F BASE
0925 .600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLDO ETAHA MWOT RHODP COLD RHODP HWOT
H2 PREHMEATER 2.00 2,00 50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
Lus 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00
® o POINT INPUT DATA ® »
HYDRA WP ELECT HpP P AMB P HYDRA OIL ALT SIZE(KW)
360.00 .00 10.00 3000.0 35.0
« QUTPUT DATAE®
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP GEAR 80X
400.00 12.00 + 60 20.63
TURBINE OUTPUT POWER = 433,32 O/F 3 .611 SPC = 1,672
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.497 4,581
PRESSURE 500,00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE
1S 1T IN GONTROL Y& YE
PRESSURE IN 453,% 499,6
PRESSURE OUT 428.4 452,0
TEMPERATURE N 1000.8 320.0
Case

» GARRETT » AIRESEARCH MANUFACTURING DIVISINN LOS ANGELESs CALIF.

SSAPU PHASE 11,TURB 16,300 R H2,T20"400,7605650.

8 JUNE 1971 16144348 PAGE 2 OF 2
* CONDITION ® 360 HP.10. PAMB,3001 WYDSYS
consusmn INFORMATION
HYDROGEN FLOW 49 OXYGEN FLOW 4,581
PRESSURE IN 425 4 PRESSURE 0QUT 425.4
TEMPERATURE 1IN H2 1000,8 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12.078 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 424.,8 PRESSURE QUT 12.3
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1392.1
ENTHALPY IN 4902.0 ENTHALPY OUT 3379.0
PRESSURE RAT1O 34,54 EFFICIENGY 529
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T ourt H IN H OUT EFF
COLD SIDE 8.882 458.4  456.9  608,2 1000.8 20%2.2 3421.7 .50%
HOT SIDE 12.078 12.2 10.6 1392,4  936.7 3379,0 2371,9 .38%
» TURBINE EXHAUST OVERBOARD PRESSURE o 10.10
NOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
1,384 19.333
H2 PREHEATER lNFOIHATION
FLOW PRE IN P OUT IN T oUT H IN HOUT EFF
COLD SIDE 7.497 500.0 499.4 Jun 399,2 908,35 1297.3 .142
HOT SIDE 1.384 437.6 437.6 1000.! 404.2 3421,7 1315,7 .05
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 149,79 750 499,17 399.17
SECONDARY JET 27.83 1.38 437,54 404,20
RESULTANT 8.88 469,95 400,01
FLOW PARA RATIO <186 P PRI/P SEC 1.1408
JET PUMP RISE  1.0%35 PRI FLOW PARA  ,3001 JPSF 2,30

LUBE 01L COOLER INPORMATION
FLOW PRE IN P QUT T IN T oUuT H IN

H 0
COLD SIDE 8.882 460.8 439.8 400,0 442.3 1300.2 1050.9
HOT SIDE 30.000 200.0 196.9 571.' 467.6 N 0
HEAT REJEGTED  ALTERNATOR  GEAR BOX LUBE PuMP TOTAL
509.1 875.3 2%.5 1409.8

HYDRAULIC CIL COOLER INFORMATION

FLOW PRE IN P OUT TIN T oUT HIN W OUT

COLD SIDE 8.382 459.,6 458.5 442,43 608.2 1458,9 2052.2

HOT SIDE 1450.0 100.0 91.5 650,0 642.9 .0 0
HEAT REJECTED 526%.55
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® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE I!vTURB 16,300 R H2:T20'400|T60=650.
JUNE 19 6144155

® CONDITION © 0.0 HP,»14.7PAMB,3000 PSI YYDSYS

PAGE 1 O

® UNITS ® AREA®SR IN, KW=BTU/LB, P=P§1k, G»BTU/MIN, T=DEG R» W=LB/MIN

F 2

e INPUT DATAS
DUCT PRESSURE LOSS COEFFICIENTS #10E+4
«00 00 .00 1110.0Q0 70000.00 «00 .00 10.00
3,64 «00 1.18 1.44 ,00 186 3.50 20.80
19.00 13,85 54.00 +00 2,02 30.00 2.74 1023
42 «00
SFT TURDNF SF JP P SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 .2000 1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
«0002 98 30 ] 2060.00 400.00 1900.00
ETA CORF O/F BASE
0925 . 800
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA HOT RHODP cOLD RHODP HOT
H2 PREHEATER 2,00 2.00 +50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
e » POINT INPUT DATA o @
HYDRA HP ELECT HP P AMB P HYDORA OIL ALT SIZE(KW)
.00 «00 14,70 3000,0 35.0
s OUTPUT DATACN
DRIVE POWER HP L0S$
HYD PUMP  ALTERNATOR LUBE PUMP GEAR BOX
40,00 12.00 160 2.63
TURBINE OUTPUT POWER = 55,99 O/F = L4470 SPC = 2,577
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1.638 769
PRESSURE 500,00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908.% 52,8
CONTROL VALVE
IS 1IT lN CONTROL YES Y|
PRESSURE IN 497.3 500.0
PRESSURE ouT 89,5 92.9
TEMPERATURE IN 1249,7 300.0
Case

® GARRETT ¢ AIRESEARCH MANUFACTURING DIVISION LOS ANGELES:, CALIF.
SSAPU PHASE II:TURB 16:300 57?2oT20'400:T60 650.
E 1

6:44155 PAGE 2 OF 2
® CONDITION ® 0.0 HP,14.7PAMB,3000 PS1 HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 1.6 OXYGEN FLOW 1769
PRESSURE IN 88.5 PRESSURE QUT 88.5
TEMPERATURE IN H2 1249,7 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 2,405 SPECIFIC HEAT RATIO 1,366
PRESSURE IN 88.4 PRESSURE QUT 14,8
TEMPERATURE [N 2060.0 TEMPERATURE oUT 1664.6
ENTHALPY IN 5254,3 ENTHALPY QUT 4264,
PRESSURE RATIO 5.99 EFFICIENCY +504
RECUPERATOR INFORHATXON
FLOW PRE_IN P OUT IN our H IN H OUT EFF
COLD SIDE 31,850 497.,6  4597.% 632.5 1249.4 2138,0 4289.% ,598
HOT SIDE 2.405 14.7 14,7 1664,6  902,2 4264,5 2609.0 .63

® TURBINE BXHAUST OVERBOARD PRESSURE o 14,69

HOT BYPASS VALVE INFORMATION

FLowW PRESSURE DRoOP
214 1,228
H2 PREHEATER INFORMATION
FLOW  PRE IN P OUT IN ourY H IN H OUT EFF
COLD SIDE 1.638 500.0 500.Q 300 399 5 908.5 1298.,6 109
HOT SIDE  .214 496,3  496.3 1249|4 403.3 4289.5 1312.9 .094

JET PUMP PERFORMANCE
FLOW

FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 32,70 1 64 499,95 399.50
SECONDARY JET 4,30 21 496,29 403.28
RESULTANT 1.85 497.80 399,94
FLOW PARA RATIO ® PRI1/P SEC 1.0074

0132
JET PUMP RIBE  1.0030 PR] FLOW PARA 10654 UPSF 2.30

LUBE OIL COOLER INIORMATXON

FLOW PRE_ IN P QU TIN T outr H IN H OUT  EFF

COLD SIDE 1.850 497.,8 497, 7 399,9 494,2 1300.2 1649,5 537

HOT SIDE 30.000 200.0  196.9 575.4 529.6 .0 0 264
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PuUMP TOTAL
509.1 111.6 25,5 846.2

HYDRAULIC OIL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T oUv HIN H OUT EFF
COLD SIDE 1.850 497.7  497.6 494,3  632.5 1649,8 2138,0 .689
HOT S1DE  29.0 100.0 99.8 &>0,0 587,5 0 0 404

HEAT REJECTED 903.22

77



® GARRETT o AIRESEARCH MANUFACTURING 0IVISION LOS ANGELES,» CALIF. ® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
S§SAPU PHASE 1], TURB 16.300 R Hz.rzouuo.nnlbso. SSAPU PHASE 11, TURB 16,300 n H2,T20-400.Too-650.
UNE 1 145101 PAGE 1 OF 2 JUNE 1 6145301 PAGE 2 OF 2
® CONDITION © 100 HP,14.7PAHB.3000 PSI HYDSYS e CONDITION o 100 HP,14.7PAMB,3000 ®SI HYDSYS
® UNITS ® AREA®SQ IN, H3BTU/LB, PaPS1A, QuBTU/MIN, TaDEG R., W=LB/MIN COMBUSTOR INFORMATION
HYDROGEN PLOW 3,272 OXYGEN FLOW 1.771
« INPUT DATAS PRESSURE IN 1682.3 PRESSURE QUT 1682.3
DUCT PRESSURE LOSS COEFFICIENTS «10E+4 TEMPERATURE [N H2 1124,6 TEMPERATURE IN 02 300.0
.00 00 .00 1110.00 70000,00 .00 .00 10.00
3.64 00 1.18 1.44 +00 .66 3.50 20.80 TURBINE [NFORMAT]ON
19.00 13,88 54,00 .00 2,02 50.00 2,74 1023 INLET FLOW 5,042 SPECIFIC HEAT RAT10 14367
+12 +00 PRESSURE [N 182,0 PRESSURE QUT 14.9
TEMPERATURE [N 2060,0 TEMPERATURE OUT 1499,2
SFT TUR ONF SF JP P SF JP W TUR 08CA JP PRICA TURB NOZ ENTHALPY IN 5067.6 ENTHALPY QUT 3732.9
1.000 000 1,000 1.000 12,569 +2000 11210 PRESSURE RAT!O 12.48 TFFICIENCY 1587
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
0002 9 +30 '3 2060.00 400.00 1%00.00 RECUPERATOR lNFOlHATlON
ETA CORF 0/F BASE FLOW PRE IN P OUT T OUT H IN W OUT  EFF
0925 +600 COLD SIDE 3.774 490. 6 490.3 63!.5 1124,6 2158,8 3832.9 548
HOT SIDK 5.042 14 14,8 1499,2 930,88 3732.9 2464,9 437
HEAT EXCHANGER SCALE FACTORS o TURBINE EXHAUST OVERBOARD PRESSURR » 14.68
HEAT EXCHANGER  ETAHA COLD ETAMA HOT  RMODP COLD RHODP HOT
H2 PREHEATER 2.00 2,00 30 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1.00 1,00 FLOW PRESSURE DROP
LUB 0 COOLKR 1.00 1.00 1.00 1.00 502 9,051
RECUPERATOR 1.00 1.00 1.00 1,00
foe) H2 PREHEATER INFOIHAT!ON
Kol @ o POINT INPUT DATA o FLOW PRE IN P OUT IN T OUT HIN HOUT EFF
HYDRA WP ELECT HP P AMB P HYDRA OJL ALT S1ZE(KW) CoLD SIDE 3.273 500.0 499.9 300. 399.0 908.5 12%.,7 .120
100,00 .00 14.70 3000.0 3%.0 HOT STDE .902 485,.2 488.2 1324,6 406,95 38%2.% 1324.9 .07%
s OQUTPUT DATAS JET PUMP PERFORMANGE
! FLOW PARA FLOW PRESSURE TEMPERATURE
- DRIVE POWER HP LOSS PRIMARY JET 65,35 3427 499,083 39¢,.02
. HYD PUMP ALTERNATOR LUB! Punp GEAR BOX SECONDARY JET 10.13 +50 485,22 406.4%
140,00 2,00 7.63 RESULFANT 3.77 491,18 400,03
FLOW PARA RATIO P PRI/P SEC 1.0304
TURBINE OUTRUT POWER = 158,65 O/F »  ,541 SPC * 1.907 JET PUMP R18E 1.0122 PR} FLOH PARA «1308 UrsP 2.30
PROPRLLANT HYOROGEN OXYGEN LQBE OIL COOLER INFORMATION
FLOW RAYE 3,272 1,771 FLOW PRE "IN ouT T IN T ouT H IN H our EFF
PRESSURE 500.00 300.00 COLD SIDE 3.7M 491.1 490 9 400,0 460.,9 1300,5 41358M%9 ,40)
TEMPERATURE 300,00 300,00 HOT SIDE 3J8.800 290,0 196.9 591.2 487,80 .0 0,420
ENTHALPY 908.5 2.0
NEAT REJECTED ALTERNATOR GEAR BOX LUBE PumP TOTAL
: CONTROL VALVE 509.1 323.7 25.5 058.3
\ S IT IN CONTROL YES
i gREés : IN Gl’.s 499,9 HYDRAULIC O[L COOLER INFORMATION
: PRESSURE ouT 183.9 192.8 FLOW PRE IN P OUT TIN T oOUT H IN H OUT EFF
TEMPERATURE IN 1124.6 300.0 COLD SIDE 3.774 490.9 49046 460,9 638,5 1527,8 2158.8 .93
! HOT SIDE 423.7 100.0 97.8 650,0 639.1 .0 0 .058
!

HEAT REJECTED 2381.72

Case 78
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF,

SSAPU PHASE IIITURB 16:300 R HZrTED"ODnTbU*GSD-
16145134 PAGE 1 OF 2

® CONDITION ® 200 HP,14,7PAHB,3000 P8I HYDSYS
® UNITS o AREARSQ IN)» HeBTU/LG: PsPRTA) OsBYU/MIN; TaDEG R+ W=LB/MIN

RUT
DUCT PREBSURE (8 1] CQEFVlciENTB ®L0E+4

+00 W0 nUO 1130.00 70900100 +00 100 10.00
3.64 |DU 1,48 1144 100 166 350 20,80
19.00 43485 54,00 100 '03 %0.00 2174 1023
112 100
SFT TUR DN F SF JP P SF JP ¥ TUR Q8CA JP PRIGA TURA NQZ
1.000 +000 1.000 000 12,4560 +2000 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0

+0002 14 +30 - 2060.00 400.00 1300.00
ETA CORF 0/F BASE
+ 0923 600
HEAT EXCHANGER GCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP GOLD RHODP HOT
H2 PREHEATHER 2.00 00 150 1.00

L}
HYD 0 GOOLER +.00 1,00 1.00 1.00
LUB 0 COOLER 1,00 1,00 1,00 1.00
RECUPERATOR 1.00 1:00 400 1,00
» » POINT INRUT DATA » #
HYDRA HP  ELECT HP P ANB R HYDRA OIL ALT SIZEIKW)
200,00 «00 14,70 3000.0 350

s QUTPRPUT DATAC

ORIVE POWER HP LOSH
HYD PUMP  ALTERNATOR LUB! PUWP GEAR 80X
240,00 12,00 12,63

TURBINE OUTPUT POWER & 265,93 Q/F ® 575 GRC 5 1,774

PROPELLANY HYOROGEN OXYGEN
FLOW RATE 1902 21866
PRESSURE 500 00 900,00
TEMPERATURE 300.0Q 400,00
ENTHALPY 908+5 52.8
GONTROL VALVE

1S IT IN CONTROL YES Y
PRESSURE 1 4749 49949
PRESSURE OUT 202,08 29747
TEMPERATURE IN 1064.5 39040

o GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPY PHASE 1].TURB 16¢300 R H2,T202400:T6Q=650,
8 JUNE 1971 16¢

® CONDITION ® 200 HP,14.7RAMB»3000 PSI HYISYS
conausroa INFORMATION

HYOROGEN FLQW 1982 OXYGEN FLOW 21866
PRESSURE IN 250|5 PRESSURE QUT 280,5
TEMPERATURE IN H2 1061,5 TEMPERATURE 1IN 02 30040
TURBINE INFORMATION
INLET FLOW 7,048 'PEQ‘P‘G HE‘T RAT1Q 1.367
PRESSURE IN 250 3 PRESSURE QUT 15.3
TEMPERATURE IN 2060,0 TEMPERATURE OUY 1442.8
ENTHALPY [N 4984,6 ENTHALPY QUT 3%544.9
PRESSURE RATIO 18.26 EFFJCIENCY +89%
RECUPERATQR INFORHATION
FLOW PRE_IN P OUT T IN T Qut H IN H oUT EFF
COLD SIDE 5.819% 477.,3 476.6 626,6 1061.% 2116.9 J633,4 ,H)Y
HOT SlDE 7.848 15.3 14,9 1442.5 945.7 3546.9 2422,.% 6409
® TURBINE EXHAUST OVERBOARD PREBSURR » 14.73
HQOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRop
«837 131.560
H2 PREHEATER INFORHATION
FLOW PRE N P OUT T IN T OuUY H IN H OUT &FF
COLU SIDE 4.982 500,0 499.7 300,0 399.3 908.5 4297.8 130
T SIDE 837 465,1 465,11 1061.5 404.2 36334 1316.1 863
JET PUMP PERFORHANCE
FLOW PARA PRESSURE TEMPERATURE
RRIMARY JEY 99,55 4 95 499,62 399,30
SECONDARY JET 16,82 184 465,05 404,18
RESULTANT 5,82 478 82 400.03

FLOW PARA RAT10 1169 P PRI/P SEC 1,0743
JET PUMP RIBE 1. 0290 PRI FLOW PARA 11992 JPSF 2,30

LUBE 01l COQLER INFQRMATIQN

FLOW PRE IN # QUT T IN T our H IN H QUT EFF

COLD SIDE 5.819 478,5 478,0 ADD,0  449,1 1300 4 1484,4 220

HQT SIDE 30.000 200.0 196.9 553,5 473,7 . .0 520
HEAT REJECTED ALTERNATOR GEAR 80X LUBE PUMP TOTAL
509.1 535.9 25.5 1070.4

HYDRAULIG O1L COOLER INFORMATION
FLOW PRE IN P OUT TIN T our H IN HQUT EFF
COLD SIDE 5.819 477.9  477.4 449,14 626.6 1484.4 2116,9 ,08)
HOT SINE B18.4 100.0 95.4  630,0  641,3 0 D /DAY

HEAT REJECTED 3680.26

Gase 79

45124 PAGE 2 OF 2
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPU PHASE 11,TURB 16,300 R HZ:T20=400:T60'650.
8 JUNE 1971 6145191

® CONDITION *= 360 HP+14.7PAMB,3000 MYDSYS

PAGE 1 OF 2

e UNITS e AREA=SQ@ IN, H=BTU/LBs PaPSlA, G=BTU/MIN, T2DEG R. W3LB/MIN

« ITNPUY DATAS
DUCT PRESSURE LOSS COEFFICIENTS #10E+4

.a0 100 .00 1110.Q0 70000.00 .00 +00 10.00
3.64 100 1.18 1.44 +00 166 3.50 20.80
19.00 13,85 54,00 +00 2,02 50.00 2,74 1023
.12 +00
SFT TURDNF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 +000 1.000 1,000 12,560 12000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
+0002 198 <30 +5 2060.00 400.00 1500.00
ETA CORF O/F BASE
0925 400

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAKA WOT  RHODP COLD RHODP HOT

H2 PREHEATER 2,00 2,00 +50 1.00
HYD O COQLER 1.00 1.00 1.00 1,00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

® o POINT INRUT DATA o ¢

HYDRA HP  ELECT HP P AMB P HYORA OIL ALT SIZE(KW)
360,00 <00 14,70 3000.0 35.0
e« OUTPUT DATA®
DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
400.00 12.00 +60 20.63

TURBINE QUTPUT POWER = 431.95 O/F = 609 5PC = 1.714

PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.668 4,669

PRESSURE 500.00 500.00
TEMPERATURE 300.00 300.00
ENTHALPY 908.5 52.8

CONTROL VALVE

IS 1T IN CONTROL YES YES

PRESSURE N 454.,7 499.6
PRESSURE 0OUY 434,3 458,1
TEMPERATURE [N 1007.9 300.0

Case

® GARRETT e AJRESEARCH MAMUFACTURING DIVISION LOS ANGELES, CALIF,

SSAPU PHASE II:TURB 16:300 R HZ:TZUIQOG;T60'650.
UNE 71 45151 PAGE 2 OF 2

® CONDITION ® 360 HP,14.7PAMB,3000 HYDSYS
COMBUSTOR INFORMAT]ON

HYDROGEN FLOW 7.668 OXYGEN FLOW 4,669
PRESSURE [N 431.0 PRESSURE QUT 431.0
TEMPERATURE IN H2 1007.9 YEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12,337 SPECIF1C HEAT RATIO 1.366
PRESSURE IN 430.3 PRESSURE 0QUT 16.5
TEMPERATURE 1IN 2060.0 TEMPERATURE oOUT 1409.3
ENTHALPY IN 4906.9 ENTHALPY OUT 3420.46
PRESSURE RAT10 26,14 KFFICIENCY 1542

RECUPERATOR INFORMATION
FLOW  PRE_IN P OUT TIN. T OUT H'IN H OUT  EFF
CoLD SIDE 9.063 457.2 455,7  606,7 1008.0 2046.8 3446,9 ,500
HOT SIDE 12.337 16.4 15.1 1409,3 945,0 3420,6 2392.1 .57¢
o TURBINE EXHAUST OVERBOARD PREBBURR e 14,78

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
L4395 19.824

H2 PREHEATER INFORMATION
FLOW  PRE IN P OUT TIN T oUuT H IN HOUT EFF
COLD SIDE 7.668 500.0 499.4 300,0 398,9 908,5 4296,2 .140
HOT SIDE 1.39% 435,9 435.! 1008,0 404,0 3446.9 1315,3 ,85)

JET PUMP PERFORMANCE

FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 153,15 7467 499,13 398,89
SECONDARY JET 28,04 1.39 435,82 404,02
RESULTANT 9.06 459,87 399.75

FLOW PARA RAT10 +183 P PRI/P SEC 141453
JET PUMP RIBE 1,0552 PRI FLOW PARA +3068 JPSF 2,30

LUBE OIL COOLER INFORMATION
FLOW PRE IN P OUT T IN_ T our H IN HOUT  EFF
COLD .SIDE 9.063 459,7  458,7  399,7 441.2 1299.2 1454,7 ,24)
HOT SIDE 30.000 200.0 196.9 570,58  466.1 .0 W0 1612

HEAT REJVECTED  ALTERNATOR  GEAR BQX LUBE PUNP TOTAL
509.1 875.3 25,5 1409.8

HYDRAULIC OIL GOOLER [NFORMATION
FLOW  PRE IN P QUT TIN T oOUT H IN H OUT  EFF
COLD SIDE 9.063 458,5 457.3 441,2 606.7 1454.7 2046.8 ,733
HOT SIDE 1450.0 106.0 91.5 650,0 642.8 .0 0 .03¢

HEAT REJECTED 536%.2%
37
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* GARRETT » AJRESE

THZ = 300. R s T{6D)
1
® CONDITION ® CAS|

® UNITS ® AREA®SG |

oucT

<00 +00

3.64 «00

19.00 13,89

012 100

SFT TUR DN F
1.000 .000

TUR LKCa ETa COMB
+0002 198

ETA CORF 0/F BASE
«0925 «600

HEAT EXCHANGER

ARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

=750 R T
5JUN71 09119131 PAGE 1 OF 2

E 2

Ns H=BTU/LB., P=PS§1A, Q=8TU/MIN,» T=DEG R: W=LB/MIN

INPUT DAT Ace
PRESSURE LOSS CQEFFICIENTS ®10E+4

.00 1110.,00 70000,00 .00 »00 10.00
1.18 1.44 +00 66 3.50 20.80
54.00 +00 2,02 50.00 2,74 .023
§ JP P SF JP W TUR OBCA JP PRICA TURB NOZ
1,000 1.000 12,560 +2000 1210

LUBE P HP ETA LOPP T TUR IN T HMX IN T LHX O
30 5 2060.00 400.00 1500.00

HEAT EXCHANGER SCALE FACTORS
ETAHA COLD ETAHA WOT  RWODP cOLD RHODP HQT

H2 PREHEATER 2.00 2,00 +50 1,00
HYD O COOLER 1.00 1,00 1,00 1,00
LUB 0 COOLER 1.00 1,00 1.00 1,00
RECUPERATOR 1.00 1,00 1,00 1,00
® » POINT INPUT DATA » »
HYDRA WP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
+00 +00 +00 3000.0 35.0
s DUTPUT DAT A
DRIVE POWER HP | 0SS
HYD PUMP ALTERNATOR LUBE Py4P  GEAR BOX
40,00 12.00 160 2,63
TURBINE OUTPUT POWER =  55.48 0/F 2,549 SPC = 1,492
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 891 489
PRESSURE 500.00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE
1S IT IN CONTROL YES Y
PRESSURE IN 499.2 500.0
PRESSURE OUT 50.3 53.0
1113.3 300.0

TEMPERATURE [N

Case 8l

® GARRETT = AIRESEARCA MANUFACTURING DIVISION LOS ANGELES, CALIF.
H2 = 300. R, T{80)=750 R
150un71 09119131 PAGE 2 OF 2
® CONDITION = CASE 2
COMBUSTOR IMNFORMAT]ON
HYDROGEN FLOW 891 OXYGEN FLOW 489
PRESSURE IN 49,9 PRESSURE 0QUT 49,9
TEMPERATURE [N H2 1110.,3 TEMPERATURE IN 02 300.90
TURBINE INFORMATON
INLEY FLOVW +380 SPECIFIC HEAT RATIO 1,369
PRESSURE IN 49 [] PRESSURE QUT ]
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1336.7
ENTHALPY IN 5047,1 ENTHALPY QUT 3342.9
PRESSURE RATIO 63.04 EFFICIENCY 522
RECUPERATOR INFORMATION
FLOW PRE IN P COUT TIN T OUY H IN H OUT EFF
COLD SIDE 1.034 499. 3 499,3  747,3 1110,3 2540.2 3803.6 .616
HOT SIDE 1.380 .5 1336. 925,1 3342.9 2399,3 498
® TURBINE EXHAUST OvERBOARD PRESSURE » 32
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
+140 +258
H2 PREHEATER XNFORHATXON
FLOW PRE IN P QUT T OUY W IN W OUY &FF
COLD SIDE. .89% 500.0 500.0 JDB 399.8 908.5 1299,6 .12)
HOT SIDE 140 499,0 499.,0 1110.1 4D3+6 3303.6 1306,6 875
JET PUMP PERFORMANCE
FLOW PARA FLOW " PRESSURE  TEMPERATURE
PRIMARY JET 17.82 89 499,99 399.78
SECONDARY JET 2.80 -14 499.00 401.62
RESULTANY 1,083 499,37 400,03
FLQW PARA RATIO 187 P PRI/P SEC 4.0020
JET PUMP RISE 1.0008 PR] FLOV PARA 10356 JPSF 2,30
LUBE OIL COOLER INFORMATION
FLOW  PRE IN P OUT TIN TOUT H IMN HOUT EFF
COLD SIDE_1.03% 499 ,4 499.4 400,90 572.4 1300.6 1927,5 .6312
HOT SIDE 30.000 200,0 196.9 681,88 641.8 0 0 142
MEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25.% 646.2
HYDRAULIC CIL COOLER INFORMATION
FLOW PRE IN P CUT T IN T oUT H IN H OUT EFF
COLD SIDE 1.03% 499 .4 499.3 572,4 747.3 1927.5 2540.2 .985
HOT SIDE  29.0 100.0 99.8  750.0 711.4 .0 W0 .217
HEAT REJECTED 631.48
15
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® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE IlvTURBaur!DD R H2:T20'400'T60'750-
UNE

16:5%315 PAGE 1 OF 2

® CONDITION » 100 HP,0,0 PAMB,3000 PS! 4YDSY§

® UNITS o ARRA®SQ IN, HxBTU/LB- PaP§lAy GeBTU/MIN, T=DEG R+ W3LB/MIN

INPUT DAT
QucT PRESSURE LO§S COEF'XCI!NTS #10E+4
»00 W00 .00 1110.00 70000,00 .00 +00 10.00
.64 +00 1.18 .44 00 166 3.50 20.80
19.00 13,858 54.00 +00 2,02 50.00 2.74 1023
(12 «00
SFT TURDNF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 -000 1.000 1.000 12.,5%60 +2000 +1210
TUR LKCA ETA COMB LUBE P 4P ETA LOPP T TUR IN T HHX IN T LHX O
0002 98 +30 ] 2060.00 400.00  1500.00
!TA CORF  0/F BASE
+092% +800

HEAT EXCHANGER $CALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAMA HWOT  RHMODP COLD RHODP WOT

H2 PREHEATER 2.00 2,00 50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB 0 COOLRR 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 © 1,00

@ o POINT INPUT DATA ® @
HYDRA WP ELECT WP P AMB P HYRBRA OIL ALT S1ZE(KW)
100.00 00 .00 3000.0 35,0

S QUTPUT DATAS

DRIVE PQWER HP LDSS
HYD PUMP  ALTERNATOR LUB! PUHP GEAR 80X
140,00 12.00 7,63

TURBINE QUTPUT POWER = 161.47 0fF = 552 SPC = 1.581
PROPELLANY HYSROGEN OXYCEN

FLOW RATE 2,743 1,513

PRESSURE 300.00 500.00

TEMPERATURE 300.00 300.00

ENTHALPY 908.9 52.8

CONTROL VALVE
IS IT IN CONTROL YES YE

PRESSURE N 492.¢ 500.0
PRESSURE QUY 154.9 162.4
TEMPERATURE IN 1108.3 300.0

Case

®» GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE 11,TURB 16,300 r H2,T202400,T60=750,

8 JURE 1971 16:53:15% PAGE 2 OF 2
e CONDITION ® 130 HP,0.0 PAMB,3000 PSI KYDSYS
conpusmn INFORMAT]ON
HYDROGEN FLOW 2.744 OXYGEN FLOW 1.513
PRESSURE IN 153 2 PRESSURE QJUT 153.2
TEMPERATURE [N H2 1105,3 TEMPERATURE IN 02 300.90
TJURBINE INFORMATION
INLET FLOW 4,254 SPECIFIC HEAT RATIO 1.368
PRESSURE IN 152.9 PRESSURE QUT 2.4
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1376.8
ENTHALPY IN 5040,1 ENTHALPY QUT 3430.7
PRESSURE RATIO 62.62 EFFICIENCY 1494
RECUPERATOR INFORMAT]ION
FLOW PRE IN P QUT TIN T oUut H.IN W OUT EFF
COLD SIDE 3.473 493,.4 493.1 739,9 1105.2 2514.0 3785,7 .%74
HOT SIDE 4.254 2.4 1.5 1:76.0 962.8 3430.7 2482,0 .650
o TURBINE EXHAUST OVERBOARD PREBSURE o 1.02
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
432 3,439

H2 PREHEATER INFORMATION
FLOM PR IN P QUT TIN T ourT HIN HOUT EFF

COLD SIDE 2.744 500.0 499.9 300,0 399.1 908,5 97,2 .123
NOT SipE  .432 439,46 489.6 1105,2 405.4 3705,7 1320.8 .869
JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE TEHPEIATURE
PRIMARY JET 54,77 2.74 499,88 399,18
SECONDARY JET 8.70 143 489,64 405.37
RESULTANT 3.7 493,78 400.00
FLOW PARA RATIO ® PR]/P SEC £.0209

<159
JET PUMP RISE 1.0085 PR] FLOW PARA

«1096 JPSF 2,30
LUBE OIL COOLER INFORMATION

FLOW  PRE IN P OQUT T IN T OUT H IN H OUT EFF

COLD SIDE 3.17) 493,8 493.6 400,0 472.6 1300.4 1570.% .¢M
HOT SI1DE 30.000 200.0 196.9 565, 503.7 0 0 379
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUuMP TOoTAL
509.1 323.7 25.5 858.3
HYDRAULIC OJL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T oOUY H IN H OUY EFF

493,6 493.4
100.0 97.8

COLD SIDE 3.473

472,5
HOT SIDE 423.7

739,98 1570.6 2514.0 .963
75C,0

73746 W0 Q0 043

HEAT REJECTED 2993.76

82
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® GARRETT © AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

S§SAPU PHASE 11,TURB

8 JUNE 1571

® CONDITION o
® UNITS & AREA®SQ 1

16,300 R H2. TZD"OO,T&O!?SU-

6:55123 PAGE 1 OF 2

200 HP,0,0 PAMB,3000 PSI 4YDSYS

N, HzBTU/LB: PxPS§14, G=BTU/MIN, T=DEG R+ W=LB/MIN

* INPUTYT DATA.
DUCT PRESSURE LOSS COEFFICIENTS ®10E+4
+00 100 +00 1110.00 70000.00 .00 .00 10.00
.64 «g0 1.18 1.44 »00 66 3.50 20.80
19.00 $3.85% 54.00 00 2,02 50.00 2.74 . 033
212 +00
SFT TURONF SF JPP SF JP W TUR 0BCA JP PRICA TURE NOZ
1,000 008 1.000 1,000 12,560 .2000 »1210
TUR LKCA ETA COMB
0002 98
ETA CORF  0/F BASE
.0925 .600

HEAT EXCHANGER

LUBE P HP ETA LOPP T TUR IN T HHX IN T LNX O
+30 I ] 206000 400.00 1500.00

HEAT EXCHANGER 8CALE FACTORS
ETAHA COLD ETAMA WOT  RHODP cOLD RHQDP WOT

H2 PREHEATER 2.00 2,00 +50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
e © POINT INPUT QATA o o
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
200.00 +00 .00 3000.0 35.0
¢ 0UTPUY DATAS
DRIVE POWER HP L0SS
HYD PUMP  ALTERNATOR LUBE PUMP  GEAR BOX
240,00 12.00 160 12.63
TURBINE QUTPUT POWER = 267.39 O/F = 3570 SPC = 1.388
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 4,508 2,569
PRESSURE 500.00 500.00
TEMPERATURE 300,00 300,00
ENTHALPY 908.5 52.8

1S IT IN CONTROL
PRESSURE N
PRESSURE OUT
TEMPERATURE IN

CONTROL VALVE
YES Y

478.9 499.9
256.0 270.1
1073.7 300.0

e GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES,» CALIF.

SSAPU PHASE 1].TURB 16,300 R H2,T20%400,T60=750,

8 JUNE 1971 16:55:23 PAGE 2 OF 2
® CONDITION ® 200 HP,0.0 PAMB,»3000 PSI HYDSYS
COHBUSTOR {NFORMAT{ON
HYDROGEN FLOW 4,508 OXYGEN FLOW 2,569
PRESSURE IN 254.7 PRESSURE OUT 254.7
TEMPERATURE IN H2 1073.7 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW SPECIFIC HEAY RATIO 1.368
PRESSURE IN 25‘ 3 PRESSURE QUT 4.1
TEMPERATURE IN 2060.0 YEMPERATURE ouT 1372.6
ENTHALPY N 4997,1 ENTHALPY OUT 3394.1
PRESSURE RAT1OQ 62.02 EFFICLENCY 1498
RECUPERATOQR XNFOIHATION
FLOW  PRE IN P OUT T IN our W IN N OUT EFF
COLD S1DE 5.252 480.9 480.3 72247 1073 6 2453.8 3675,5 .549
HOT SIDE 7.077 4.0 2.5 137246 972,6 3394.,1 2487,6 619
e TURBINE EXHAUST OVERBOARD PRESSURE o 1.68
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
744 9.76%
H2 PREHEATER INFORMATION
FLOW  PRE IN P OUT TIN ToOUT H IN H OUT EFF
COLD SIDE 4.508 500.0 499,8 300,00 399.,2 908.5 1297.2 .128
HOT SIDE .T44 470.5 470.5 4$073,6 405.1 3673.5 1319.6 .064
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 90.06 4,51 499,69 399,16
SECONDARY JRY 14,97 W74 470,53 405,08
RESULTANT 5 25 481.95 400.02
FLOW PARA RATIO P PRI/P SEC 1,0620
JET PUMP RIBE  1.0243 PR] FLOH PARA -1!02 JPSF 2,30
LUBE OIL COOLER INFORMATION
FLOW  PRE IN P CUT TIN T oUT H IN K OUT EFF
COLD SIDE 5.252 481,9 481.5 400,0 454.5 1300.4 41504.2 ,340
HOT SIDE 30.000 2n0.0 196.,%  560,2 481.1 .0 0 (494
HEAT REJECTED  ALTERNATOR  GEAR B8OX LUBE PUMP TOTAL
509.1 535.9 25.5 1070.4
HYDRAULIC CIL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T OUT H IN H OUT EFF
CoLD SIpE 5.252 481,5 481.0 454,4 722,7 1504.0 2453,8 .908
HOT SIDE 8:8.4 100.0 95.4  750,0 739.4 o0 0 036
HEAT REJECTED 4987.93

Case 83
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

S5SAPU PHASE I1],TURB 16,300 R H2,T20"400,T60=750,
8 JUNE 1971 16155129

® CONDITION @ 360 HP.0.Q PAMB.3000 PS! 4YDSYS
® UNITS o AREA®SQ IN, H=BTU/LB. PaPSl1A, QeBTU/MIN, T=DEG R. WsLB/MIN

PAGE 1 OF 2

® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES,

SSAPU PHASE 11,TURB 16,300 R H2,720%400,T60=750,
8 JUNE 1371 16155129

® CONDITION # 360 HP,0.0 PAMB,3000 PSI HYDSYS

COMBUSTOR [NFORMAT]ON
3

HYDROGEN PLOW 7,33 OXYGEN FLOW
s INPUT DAT A PRESSURE N 415.0 PRESSURE 0OUT
DUCT PRESSURE LOSS COEFRICIENTS *10E+4 TEMPERATURE IN H2 1034,8 TEMPERATURE IN 02
.00 +00 .00 1110.00 70000,00 .00 .00 10.00
3.64 .00 1.18 1.46 ,00 .66 3.50 20.80 TURBINE INFORMATION
19.00 13,85 54.00 +00 2.02 50.00 2.74 1023 INLET FLOW 11,677 SPECIFIC MEAT RATIO
.12 00 PRESSURE IN 4144 PRESSURE QUT
TEMPERATURE [N 2060,0 TEMPERATURE OUT
SFT TURONF SF JPP SF JP W TUR 0BCA JP PRICA TURA NOZ ENTHALPY [N 4945,6 ENTHALPY OUT
1.000 .000 1.000 1,000 12,560 .2000 1230 PRESSURE RATIO 57.29 EFFICIENCY

TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
<0002 +98 +30 5 2060.00 400.00 1500.00
ETA CORF 0/F BASE
+0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETaHa RWOT RHOQP cOLD RHODP HOT

H2 PREHEATER 2.00 2.00 +50 1.00
HYD O COOLRR 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

e o POINT INPUT DATA ©
HYDRA HP  ELECT WP P AMB P HYDRA OIL ALT SIZE(KW)
360.00 +00 .00 3000.0 35.0

¢« OUTPUT DATAS

DRIVE POWER HP 0SS
KYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
400.00 12,00 160 20.63

TURBINE QUTPUT POWER = 436,05 o/F = .592 SPC = 1.607

PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.333 4,343

PRESSURE 500,00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY %048.5 52.8

CONTROL VALVE
1S 1T IN CONTROL YES YES

PRESSURE IN 454,95 499,7
PRESSURE OUT 8.3 439.%
TEMPERATURE [N 1034.,9 300.0

RECUPERATOR INFORMATION
FLOM  PRE IN P QUT TIN T ouT H IN
COLD SIDE 8.616 459, 7 458.2 692,1 1034.7 2346,3
HOT S1DE 11.677 7. 4.1 1371,7 977.8 3359.8
o TURBINE EXNHAUST OVERBOARD PRESSURE » 2,77

HOT BYPASS VALVE INFORMATION
FLow PRESSURE DROP
1,283 18.492

H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T oUur H IN
COLD SIDE 7.333 500,0 499.4  300,0 399.3 908.5
HOT SIDE 1.203 439,3  439.3 1034,7 404.1 3539,9

JET PUMP PERFORNANCE
FLOW

CALIF.

PAGE 2 OF 2

4,343
415.0
300.0

1.367
1371.7

3389.8
2504

H OUT  EFF
3539.9 .304
2478.9 380

H OUT  EFF
1297.6 139
1315.6 ,.858

FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 146,53 7.33 499,20 26
SECONDARY JET 25.79 1.28 439,27 404,11
RESULTANT 8.62 462,21 400.04
FLOW PARA RATIO 176 P PR1/P SEC 1.1364
JET PUMP RISE  1.0522 PRI FLOW PARA  ,2935 UPSF 2,30

LUBE OIL COOLER INFPORMAT]ON

FLOW PRE IN P CUT TIN T oUT H IN H OUT EFF
COLD .SIDE 8.616 462,1 461.1  400,0 443,7 1300.3 41463,9 .252
HOY SIDE 30.000 200.0 196.9 573,5 469.5 .0 0 600

HEAT REJECTED  ALTERNATOR  GEAR 80X LUBE PUMP TOTAL
509.1 875.3 25,5 1409.8
HYDRAULIC GIL COOLER INFORMATION
FLOM  PRE IN P OUT T IN T our HIN W OUY EFF

COLD SIDE 8.616 461.0 459,80  443,6  692.1 1463.8 2346,1 .014

HOT SIDE 1450.0 100.0 91.5 750,0 749.8 W0

HEAT REJECTED 760..69

Case 84

0 .030
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® GARRETT # AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
S§5APU PHASE 11,TURB 16,300 R H2,T209400,T60s750,
8 JUNE 1971 16

155136 PAGE 1 OF 2 8 JUNE 197 6155136 PAGE 2 OF 2
® CONDITION = 0.0 HP,5,0 PAMB.3000 P§! WYDSYS e CONDITION ® 0.0 HP,5.0 PAMB,3000 PSI WYDSYS
* UNITS = AREA®SQ IN, HsBTU/LB. PsP§IA, QsBTU/MIN, TSDEG R, Wx_B/MIN COMBUSTOR INFORMATION
HYDROGEN FLOW 1.162 OXYGEN FLOW 576
INPUT DATAS PRESSURE [N 630 PRESSURE QUT 3.0
pucT PRESSURE LOSS COEFPICIENTS #10E+4 TEMPERATURE IN H2 1204.8 TEMPERATURE IN 02 300.0
.00 +00 .00 " 1110. nn 70000,00 .00 .00 10.00
3.64 «00 1.18 1.4 00 .66 3.%0 20.00 TURBINE INFORMAT{ON
19.00 13,85 54.00 .oo 2,02 50.00 2.74 +023 INLET FLOW 1.73 SPECIFIC HEAT RATIO 1,368
12 +00 PRESSURE IN 63.7 PRESSURE QUT $.1
TEMPERATURE IN 2060.0 TEHPERATURE ouT 1500.8
SFT TURDNF SF JP P SF JP W TUR 08CA JP PRICA TURS NOZ ENTHALPY N 5184,3 UNTHALPY OUT 3016, 6
1.000 .000 1.000 1.000 12.560 .2000 .1210 PRESSURE RAT]O 12.53 RFFICIENCY +5350
TUR LKCA ETA COMB LUBE P HP ETALOPP T TUR IN T HHX IN T LHX O
0002 98 30 ] 20680-00 400.00 1500.00 RECUPERATOR lNFOIHATION
iTA can 0/F BASE FLOW PRE IN P QUT TIN T oOUT HIN W OUT EPFF
.0925 .600 COLD §IDE 1.323 498,9 490.0 741.7 1204,9 2520.4 4132.9 .010
HOT SIDE 1.738 5.1 5.0 85,4 3816.6¢ 2389,.6 .47
HEAT EXCHANGER SCALE FACTORS o TURBINE EXHAUST OVERBOARD PREISURi . 4.99
HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP cOLD RHODP HWOT
H2 PREHEATER 2.00 24,00 +50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1.00 1.00 FLOW PRESSURE QRoP
LyUa 0 COOLER 1.00 1,00 1.00 1.00 161 908
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFORMATION
® o POINT INPUT DATA o » FLOW PRE IN P OUT T IN T ouY H IN H 0UT EFF
HYORA HP ELECT MP P AMB P HYDRA OJL ALT SIZE(KW) COLD SIDE 1.362 500.0 500.90 300,0 399,7 908,35 1299,2 ,110
<00 +00 5.00 3000.0 35.0 HOT SIDE .164 498,3 498.3 1204,9 4h2.2 #132.9 1309.0 007
*OUTPUT DATAC® JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 23.23 4116 499,98 399.68
HYD PUMP ALTERNATOR LUBI PUMP GEAR BOX SECONDARY JVET 3,23 146 498,29 402.24
40.00 12.00 60 2.63 RESULTANT 1.32 498,98 399,99
FLOW PARA RAT]O 9 P PR1/P SEC 31,0034
TURBINE OUTPUT POWER =  56.06 O/F & 496 SPC = 1.860 JET PUMP RIBE 1.0C14 PR} FLOH PARA 0465 JPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 1,162 576 FLOW PRE IN P OUT T IN T oUT H IN W 0UT EFP
PRESSURE 500,00 %$00.00 COLD SIDE 1.323 499,0 498.9 400,0 532.9 1300.4 1780.8 .%8)
TEMPERATURE 300.00 300.00 HOT SIDE 30.000 200.0 196.9 628,30 585.3 W0 0 18
ENTHALPY 904.5 52.8
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.,1 111.¢ 25.5 $46.2
IS 17 IN CONTROL YES YES
PRESSURE IN 498.7 500.0 HYDRAULIC OIL CQOLER INFORMAT]ON
PRESSURE QUT 64.4 67,2 FLOW PRE IN P QUT T IN T out H IN H OUT EFF
TEMPERATURE IN 1204.90 300.0 COLD SIDE 1.323 498.9 498.9 533,0 741.7 1709 D 2520.4 .962
HOT SIDE 29.0 100.0 99.8 750,0 690.2 O 276
HEAT REJECTED 967.76

® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

$SAPU PHASE 1]» TURB 16,300 R 22!T20"DC|T60‘7500

Case 85
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e GARRETT * AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

13,TURB 16,300 R H2,720"400, T601750.
SSAPU PHASE 11-Tu 8 JﬁN 1973 ) 6155142 PAGE 1 OF 2
® CONDITION » 100 HP,5.0 PAMB,3000 PS] HYDSYS

® UNITS o AREASSQ IN, W=BTU/LB, P¥P§[A, QsBTU/MIN. T=DEG Rs, WaLB/MIN

s INPUT DAT A
DUCT PRESSURE LOSS COEFFICIENTS e¢1DE+4

.00 +00 00 1110. 00 70000,00 .00 00 10.00
3.64 .00 1.18 1.4 +00 .66 3.50 20,80
19.00 13,88 54.00 .OD 2,02 50.00 2.74 023
.12 +00
SFT TURONF SF JPP SF JP W TUR 08CA JP PRICA TURB NOZ
1.000 000 1.000 1,000 12.560 «2000 <1210
TUR LKGA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
+0002 98 +30 5 2060.00 400.00 1300.00
ETA CORF O/F IllE
+0925 . 400

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAMA COLD ETAMA WOT  RHODP COLD RHODP HOT

H2 PREWEATER 2.00 2,00 50 1.00
HYD O COOLER 1.00 $.00 1.00 1.00
LUB O COOLAR 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 3,00 1.00 1,00

o © POINT INPUT BAT) = ¢

HYDRA HP  ELECT WP P AMD ] Nvgna oL ALT_SIZE(KW)
100.00 .00 5.00 000.0 35.0
s OUTPUTYT DATACY
DRIVE POWER WP LDBS
HYD PUMP ALTERNATOR LUBE PUMP  GEMR 80X
140,00 12.00 160 7.63
TURBINE OUTPUT POWER = 159,30 o/F & 542 SPC = 1.6%)
PROPELLANT HVD!OGEN OXYGEN
FLOW RATE 2,8 542
PRESSURE 500 oo 50Q. 00
TEMPERATURE 300,00 300,80
ENTHALPY 200,35 §2:8
GONTROL VALVE
1S 1T IN CONTROL YES YES
PRESSURE IN "0 500.0
PRESSURE QUY 199.7 167,46
TEMPERATURE N 11233 300,40

¢ GARRETT = AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE 11.TURB 16,300 R H2,720%400,760=750,

8 JUNE 1771 16:55142 PAGE 2 OF 2
* CONDITION ® 100 HWP.5.0 PAMB,3000 PSI WYDSYS
COHBUSTOR INFORMATION
HYQOROGEN FLOW 2.8 OXYGEN FLOW 1,542
PRESSURE IN 158, 3 PRESSURE OUT™ 198.3
TEMPERATURE IN M2 1123.3 TEMPERATURE 1N 02 300.0
TURBINE INFORMATION
INLET FLOW 4,308 SPECIFIC HEAT RATIO 1.368
PRESSURE IN 158.0 PRESSURE QUT 5.6
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1410.1
ENTHALPY IN 5065.6 ENTHALPY QUT 3524.0
PRESSURE RATIO 28.46 EFFICLENCY #5331

RECUPERATOR INFQRMATION
FLOW  PRE IN P OUT TIN T oOUT H IN H OUT EFF

COLD SIDE 3.284 492,9  492.6  738,7 1123.3 2%10.0 3048,53 ,97)
HOT SIDE ¢.388 5.5 5.3 441041 976.2 3524,0 2322,3 .64¢
® TURBINE EXHWAUST OVERBOQARD PREISURI . 5.02
HOT BYPASS VALVE lNFOlHAYlON
FLOW PRESSURE DRoP
1438 3. 721
H2 PREHEATER lNFOIHATXON
LOW  PRE IN P TIN T OUT W IN W OUT EFF

908.5 1297.2 .120

GOLD §10€ 2. .‘. 500.0 499 9 300,00 399.1
$104 3848,5 1321.7 072

430 400,08 488.8 1‘.23.1 409,6
JET PUMP PERFORH‘NCE

FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JRT 56.06 2-.5 499,87 399.14
SECONDARY JRT 8,82 144 488,84 405,61
RESULTANT 328 493.31 400.04
FLOW PARA RATIQ 159 P PR1/P SEC 1.0226

JET PUMP RISE  1.,0091 PRI FLOW PARA  ,1137 JPSF 2,30
LUSE OIL COOLER INFORMATION
FLOW PRE IN P QUT T IN T our HIN HOUT EFF
COLD SIDE 3,284 493,3 493,14  400,0 470,41 1300.4 1561.8 .43
HOT $I0E 30.000 200,00 196.9 saz.l 5n0.3 .0 0 I8

HEAT REJECTED  ALTERNATOR  GEAR 80X LUBE PUMP TOTAL
S09.1 323.7 25,5 858.3

HYDRAULIC QIL CQOLER INFORMATION
FLOW PRE IN P CUY TIN T OUT H IN HOUT EFF
COLD SIDE 3.284 493,1  492,9 470,11  738.7 1%61.7 2510.0 .980
HOT SIDE 42}.7 120.Q 97.8  750,0 737.1 0 .D 048

HEAT REJECTED 3115.74

Case 86
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® GARRETT o AIRESEARCH MANUFACTURING BIVISION LOS ANGELES: CALIF.

SSAPY PHASE 11.TURB 16,300 R HZ-TZU'QUU.T&DI750.
8 JUNE 1971 16:55152

PAMB,3000 PS! HYDSYS

PAGE 1 OF 2
® CONDITION ® 200 HP,5.
® UNITS ® AREA®SQ IN, HsBTU/LB. PsP5IA, QsBTU/MIN, T3DEG R, Wz B/MIN

INPUT DATAS
ucT PRESSURE LOSS CQEFPICIENTS #1DE+4

.00 +00 .00 1110.00 70000.00 .00 +00 10.00
3.64 200 1.18 1.44 00 66 3.50 20.480
19.00 13.85 54.00 100 2,02 50.00 2.74 023
+12 +00
SFT TRONF SF JUPP SF JP W TUR OBCA JP PRICA TURB NOZ

1.000 000 1.000 1.000 12,560 2000 »1210
TUR LKCA ETA CQMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0

+0002 98 .30 1] 2069.00 400.00 1500.00
ETA CORF 0/F BASE

+0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP COLD RHODP WOT

H2 PREHEATER 2.00 2,00 +50 1.00
HYD 0 COOLER 1.00 1.00 1.00 1.00
Lus 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 4400 1.00 1.00

® o POINT INPUT DATA o »
HYDRA WP ELECT HP P AMB P HYQRA OIL ALT SIZE(KW)
200,00 «00 5.00 3000.0 35.0

e O0UTPUT DATAC®

DRIVE POWER HP L0SS

HYD PUMP ALTERNATOR LUBE PuvP  GEAR B0X

240.00 12.00 160 12.63
TURBINE OUTPUT POWER = 265,22 O/F = 565 §°C 3 1.620
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 4,577 2,586
PRESSURE 500,00 500.00
TEMPERATURE 300.00 300,00
ENTHALPY 908.5 52.8

CONTROL VALVE

1S IT IN CONTROL YRS YES
PRESSURE 478.3 499.,9
PRESSURE OUT 258.9 272.2
TEMPERATURE IN 1064.4 300.0

Case

® GARRETT s AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
$SAPU PHASE 11.TURB 16,300 R H2,T20%400,T60s750,

8 JUNE 1971 16155152 PAGE 2 OF 2
® CONDITION ® 200 HP,5. PAMB,3000 PSI WYDSYS
COHBUSTDR INFORMATION
HYDROGEN FLOW 4,577 OXYGEN FLOW 2.58¢
PRESSURE IN 2568 PRESSURE QUT 256.0
TEMPERATURE [N H2 1084,4 TEMPERATURE IN 02 300.0
TURBINE [NFORMATION
INLET FLOW 7.1 SPECIFIC HEAT RATIO 1.368

PRESSURE N 256.4 PRESSURE QUT 6.4
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1308.5
ENTHALPY IN 5009.0 ENTHALPY QUT 3430.0
PRESSURE RAT]O 40.06 SFFICIENCY 518
RECUPERATOR INFOIHATION
FLOW  PRE IN P OUT T ouT HIN H OUT EFF

COLD SIDE 5.323 400 4  479.8 721.9 1001.,4 2450.7 3702.7 .53¢
HOT SIDE 7.463 6,3 5.5 1388,5 979.5 3438,0 2507.6 .614
® TURBINE EXHAUST OVERBOARD PREISUR! . 5.09
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoOP
746 9,997

H2 PREHEATER INFORMATION

FLOW PRE IN P OUT TIN T our H IN W OUT EFF
COLD SIDE 4.377 500.0 499.8 00,0 39%9.1 908,5 1297.0 .327
HOT SIDE -T44 469.8  469.8 1081,4 405,31 3702.7 1319,5 .8e¢
JET PUWP PERFORHANCE
FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 91.43 4 58 499,68 399.11
SECONDARY JET 15.02 W75 469.75 405.07
RESULTANT 5.32 481.45 399.97
FLOW PARA RATIO <164 P PRI/P SEC

1.0637

JET PUMP RISE 1.0249 PR] FLOW PARA +1830 JPSF 2,30

LUBE OIL COOLER INFORMATION

FLOW  PRE IN P OUT TIN T-OUT H IN H OUT  EFF
COLD SIDE 5.32) 481,4 401 0 400,0 453.7 1300,2 1501.3 .337
HOT SIDE 30.000 200,0 196.9 559.2 480,09 0 W0 497
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
529.4 535.9 25.5 1070.4
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P QUT TIN T oOUT H IN H OUT EFF

COLD SIDE 5.323 481.0 480.4  453,7 721.9 1501.3 2450.7 .903
HOT SIDE #18.4 104.3 95.4  75C,0 739.2 .0 Q0 .036
HEAT REJECTED 5u53.84
10

87
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE I1,TURB 16,300 R H2,T20%400,T602753.
8 JUNE 1971 16:56:00 PAGE 1 OF 2

® CONDITION ® 360 HP.5.0 PAMB,3000 MYDSYS
® UNITS ® AREASSQ IN, W=BTU/LB,» PsP§IA, Q=3TU/MIN, TZDEG R+ W3LB/MIN

* INPUT DAT A
DUCT PRESSURE LO8S COEFFICIENTS #10E+4

-00 100 .00 4110.00 70000.00 .00 «00 10.00
3.64 100 1.18 1,44 100 .86 3.50 20.80
19.00 13,85 54.00 +00 2,02 50.00 2.74 023
.12 +00
SFT TURDNF SF JPP SF JP W TUR 0OBCA JP PRICA TURR NOZ
1.000 -000 1.000 1.000 12,560 .2000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
002 98 +30 1] 2060.00 400.00 1500.00
ETA CORF O0/F BASE
0925 <600

HEAT EXCHANGER §CALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAMA WOT  RHODP cOLD RHODP WOT

H2 PREWEATER 2.00 2.00 1] 1.00
HYD O COOLRR 1.00 1.00 1.00 1.00
Lus 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

® o POINT INPUT OATA & ©
HYDRA WP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)

360,00 «00 5.00 3000.0 35.0
e QUTPUT DATA?®

DRIVE POWER HP L0SS
WYD PUMP ALTERNATOR LUBE PuMp  GEAR BOX
400.00 12.00 160 20.63

TURBINE OUTPUT POWER = 432,72 o/F 2,590 SPC = 1.619

PROPELLANY HYDROGEN OXYGEN
FLOW RATE 7,348 4.332

PRESSURE 300.00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 08.3 2.8

CONTROL VALVE

1S IT IN CONTROL YRS YES

PRESSURE IN 454. 4 499.7
PRESSURE OUT 417.0 438,4
TEMPERATURE N 1038.0 300.0

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPU PHASE I1.TURB 16,300 R H2,T202400,T60275C,

8 JUNE 1971 16:56:00 PAGE 2 OF 2.

e CONDITION ® 360 HP,5.0 PAMB,3000 HYDSYS
COMBUSTOR INFORMAT]ON

HYDRQGEN FLOM 7.346 OXYGEN FLOW 4,332
PRESSURE IN 413.7 PRESSURE QUT 413.7
TEMPERATURE IN H2 1038.0 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 11,678 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 413.0 PRESSURE QUT [N )
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1378.2
ENTHALPY IN 4951.7 ENTHALPY QUT 3378.4
PRESSURE RATI0 47.92 EFFICIENCY »512

RECUPERATOR INFORMATION

FLOW  PRE IN P OUT TIN T our NN W OUT EFF
COLD SIDE 8.862) 439, 7 458.% 92,0 1038.0 234%,7 3351.2 304
HOT SIDE 11.678 s. 6.2 1378,2 980.9 3378,1 a488.0 .379
e TURBINE EXHAUST ovsaaoano PRESSURE o 5.33
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
1.277 18,940
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN Y OUT HIN HOUT EFF
COLD SIDE 7.346 500.0 499.4 300,0 399.2 908.5 1297.2 ,134
HOT SIDE 1.277 439.2  439.2 1038,0 €04.0 3851.2 1315.2 859
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 146,76 7.35 499,20 399,16
SECONDARY JET 25.67 1.28 439.19 404,01
RESULTANT 8.62 482.19 399.93
FLOW PARA RATIO 173 P PRI/P SEC 341367
JET PUMP RISE  1.0%24 PRI FLOY PARA  ,2940 JPSF  2.30
LUBE OIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T OUY H IN W OUT EFF
COLD SIDE 8.82) 462.0 461.1 399,99  443.5 1299.,9 1463,4 .29
MOT SIDE 30.000 200,0 196.9  573,3  4¢9,3 0 +0 608
HEAY REJECTHD  ALTERNATOR  GEAR BOX LUBE PuNP TOTAL
$09.1 875.3 25.5 1409.8
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P CUT TIN T oOUT HIN W OUT EFF
COLD SIDE 8.623 480.9  459.7  443,5 692.0 1463.4 2345,7 P11
HOT SIDE 1450.0 100.0 91.5 753,0 740.8 .0 0 .030
HEAT REJECTED 7608.26

Cast 88
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® GARRETT e AJRESE
$5APU PHASE ll-TUIB

ARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
16-300 R H2o72014000T60l750.
UNE 19

SS5APU PHASE 1]1:.TURB 16,300 R
8 JUNE 197

® GARRETT » ATRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
H2,T20%400, T6ul750.

16156:12 PAGE 1 OF 2 1 6156112 PAGE 2 OF 2
® CONDITION ® 0.0 HP,10. PAMB,3000 PSI WYNSYS ® CONDITION ® ©.0 HP,10. PAMB,3000 PS1 HYDSYS
® UNITS ® AREA=S@ [N, M3BTU/LB, PsP§la, QaB8TU/MIN, T3DEG R, Ws|B/MIN COMBUSTOR INFORMATION
MYOROGEN FLOW 1.381 OXYGEN FLOW 1643
I NPUT DATAS PRESSURE IN 75i1 PRESSURE QUT 75.4
DUCT PRESSURE LOSS COEFFICIENTS »10E+4 TEMPERATURE IN H2 1258,5% TEMPERATURE IN 02 300.0
.00 .00 .00 1110.00 70000,00 .00 100 10.00
3.64 00 1.18 1,44 ,00 .68 3,50 20.80 TURBINE INFORMAT{ON
19.00 13,83 54.00 00 2.02 50.00 2.74 023 INLET FLOW 2.02¢ SPECIFIC HEAT RAT10 1.367
.12 100 PRESSURE N 75,0 PRESSURE OUT 10.1
TEMPERATURE IN 2060,0 TENPERATURE OUT 1600.6
SFT TURONF SF JPP SF JP W TUR OBCA JUP PRICA TURB NOZ ENTHALPY IN 5265,9 ENTHALPY : QUT 4116.4
1.000 .000 1.000 1,000 12,560 ,2000 v1210 PRESSURE RAT[O 7.46 EFFICIENCY «53%
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
<0002 98 .30 5 200,00 400.00 1500.00 RECUPERATOR lNFOlNAT!ON
ETA CORF  O/F BASK FLON PRE IN P OUT IN T oour HIN MWOUY EFPF
10925 .600 COLD SIDE 1.360 498,3  498,2 734 8 1290,5 2496,2 4321.5 .409
HOT SIDE 2.024 10.1 10.0 xtuo.s 1022.3 4116.4 2709.8 668
HEAT EXCHANGER SCALE FACTORS o TURBINE EXHAUST OVERBOARD PRESSURE e 9.99
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP cOLD RHODP HOT
H2 PREMEATER 2.00 2.00 50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1.00 1.00 FLOW PRESSURE OROP
LUB O COOLER 1.00 1,00 1.00 1.00 179 -049
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFonnATlon
e ® POINT INPUT DATA o o FLOM PRE IN P OUT T our HIN MWOUT EFP
HYDRA HP  ELECT WP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 1. )!1 500.0 500.0 Juo 0 399.6 908.5 1299.0 .404
.00 00 10.00 3000.0 35.0 T SIDE . 497.4  497.4 1255.5 4h2.8 4321,5 1311.0 .093
s OUTPUT DATAC® JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE PQWER HP LOSS PRIMARY JET 27.60 1.38 499.97 399.63
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 3,59 48 497,37 402,77
44,00 12.00 180 2.63 RESULTANT 1.56 498,45 399,99
FLOW PARA RATI0 +130 P PRI/P SEC 1.0052
TURBINE QUTPUT POWER = 54.78 O/F a 466 SPC = 2.217 JET PUMP RIBE  1.0022 PR] FLOW PARA  ,0532 JPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER XNFORNATION
FLOW RATE 1.381 643 FLOW  PRE IN P OUT T oUT H IN H OUT EFF
PRESSURE 500,00 500,00 COLD SIDE 1.560 4984 490 4 ouu 0 512.3 1300.4 1714.7 .562
TEMPERATURE 300,00 300.00 HOT SIDE 30.000 200.0 196,9 599.7 555.4 .0 0 222
ENTHALPY 908.5% 52.8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509,1 111.6 25.5 046.2
IS 1T IN CONTROL YES YES
PRESSURE IN 490,41 500.0 HYDRAULIC OIL COOLER INFORMATION
PRESSURE QUT 75.9 78.7 FLO¥  PRE IN P QUT TIN T oUur H IN H OUT EFF
TEMPERATURE IN 1258.5 300.0 COLD SIDE 1.560 458.4  498.3 512,3 734.8 1714,7 2496.2 .936
HOT SIDE  29.0 100.0 99.8 750,0 674.0 .0 .0 .320
HEAT REJECTED 1219.01

Case 89
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® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CaALIF.

$5APU PHASE I1].TURB 16,300 R H2,T20%400,T605750.
8 JUNE 1971 16156:19

100 HP.10. PAMB,3Q00 PSI HYDSYS

PAGE 1 OF 2
® CONDITION @
® UNITS ® AREASS@ IN, H=BTU/LB, PsP§1A) QsBTU/MIN, T=DEG R» WsLB/MIN

* INPUT DATAS
DUCT PRESSURE LOSS COEFFPICIENTS #10E+4

+00 +00 .00 1110.00 70000.00 .00 .00 10.00
3.64 +00 1.18 1.44 +00 .66 3,50 20.80
19.00 13.858 54.00 +00 2,02 50.00 2.74 1023
012 «00
SFT TURDNF SF JP P SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 . 000 1.000 1,000 12,960 +2000 11210
TUR LKCA ETA COMP LUBE P HP ETA LOPP T TUR IN T HHX IN T LKX O
+0002 +98 +30 5 2060.00 490.00 1500.00
ETA CORF 0Q/F BASE
»0928 .600

HEAT EXCHANGER $CALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAMA MOT  RHODP COLD RHODP MOT

H2 PREWEATER 2.00 2.00 50 1,00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB 0 COOLRR 1.00 1,00 1,00 1,00
RECUPERATOR 1.00 1,00 1.00 1.00

@ o POINT INPUT DATA o @
HYDRA WP  ELECT WP P aMB P HYQRA OIL ALT SIZE(KW)
100,00 00 10.00 3000.0 35.0
*QUTPUT DATA®
DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140,00 12.00 160 7.63

TURBINE OUTPUT POWER = 159.8% O/F 5 .526 SPC' = 1.767

PROPELLANT HYDROGEN OXYGEN

FLOW RATE 3.004 1,623

PRESSURE $00,00 500,00

TEMPERATURE 300.00 300.00

ENTHALPY 908.5 52.8

CONTROL VALVE
IS 1T IN CONTROL YES YE

PRESSURE [N 49046 500.0

PRESSURE 0UT 174.9 179.9

TEMPERATURE [N 1148.2 300.0

® GARRETT o AIRESEARCH MANUFACTURING OIVISION LOS ANGELES., CALIF.
SSAPY PHASE 11,TURB 16,300 R H2,T20%400,T60=750.

8 JUNE 1971 16156819 PAGE 2 OF 2
® CONDJTION ® 100 HP,10. PAMB,300u PSI A4YDSYS
COMBUSTOR INFORMATION
HYDROQGEN FLOW 3.004 OXYGEN FLOW 1,623
PRESSURE IN 170,3 PRESSURE QUT 170.3
TEMPERATURE IN H2 1148,2 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,707 SPECIFIC HEAT RATIO 1.368
PRESSURE IN 170.1 PRESSURE QUT 10.3
TEMPERATURE 1IN 2060.0 TEMPERATURE OUT 1459.3
ENTHALPY IN 5105,3 ENTHALPY QUT 3664.4
PRESSURE RATIO 16,50 EFFICIENCY +551
RECUPERATOR INFORMAT[ON
FLOW  PRE IN P OUT TIN ToOUT H IN  H OUT EFF

COLD S§IDE 3.542 491.,6  491.3 735,88 1148.2 2499,8 3935.0 ,570
HOT SIDE 4.707 10,3 10,4 1459,3  996.5 3664,4 2584.3 ,640
& TURBINE EXHAUST OVERBOARD PREBSURE e 9.98
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
1459 4.454
H2 PREHEATER lNFOlHATlDN
FLOW PRE IN P OUT IN T oUT K IN W OUY EFF
COLD SIQDE 3.084 500.0 499.9 300 399.1 908.5 1297.0 .117
HOT S]DE 459 486.8  486.8 114!.2 406.1 3935.0 1323.7 073

JET PUMP PEESORNANCE

FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JRT 61.60 3408 499,85 399.09
SECONDARY JET 9.25 146 486,81 406,14
RESULTANT 3.54 492,11 400.02
FLOW PARA RATIO P PR1/P SEC 1.0268

+150
JET PUMP RISE 1.8109 PRI FLOW PARA 11232 JPSF 2,30

LUBE OIL COOLER INFORMATION

FLOW PRE IN P CUT TIN T our H IN EFF
COLD SIDE 3.342 492.1 491.9  400,0 464.9 1300.5 1542 7 419
HOT SIDE 30.000 200.0 196.9  556,3  493.3 o0 0 403
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 323.7 25.5 8458,3

HYDRAULIC QIL COOLER INFORMATION

FLOW PRE IN P OUT T IN T ouT H IN H OUT €EFF
COLD SIDE 3.8542 491.9 491.6 464,9 735.8 1542.6 2499.8 ,950
HOT SIDE 423.7 1u0.0 97.8 75040 736.2 0 0 049

HEAT REJECTED 3%9.:.83

Case 90



® GARRETT e AIRESEARCH MANUFACTURING OIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16,300 R H2,T20*400,T60s750,
8 JUNZ 1971 16156130

200 HP,10. PAMB, 3000 PG WYOSYS

PAGE 1 OF 2
e CONDI{TION e
® UNITS o AREASSQ IN, H#BTU/LB, PsPS1A, Q@sBTU/MIN, T=DEG R, Wa_B/MIN

* INPUT DATAGS
DUCT PRESSURE L08S COEFPICIENTS *10E+4

«00 100 .00 1110,00 70000,00 .00 +00 10.00
3.64 +00 1.18 1.44 .00 .66 3.50 20.80
19.00 13,85 54.00 «00 2,02 50.00 2.74 «023
112 +00
SFT TURONF SF JPP SF JP W TUR QBCA JP PRICA TURB NOZ
1.000 «000 1.000 1,000 12,560 »2000 41210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 34 <30 3 2060.00 400.00 1%00.00
ETA CORF O/F BASE
.0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAMA COLD ETAMA WOT RHOOP cOLD RHODP WOT

H2 PREHEATER 2.00 2,00 +30 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LU8 O COOLER 1.00 4,00 1.00 1.00
RECUPERATOR 1.00 1.20 1.00 1.00
N s ® POINT INPUT DATA » ®
HYDRA WP ELECT HP P AMB P HYDRA OfL ALT SIZE(KW)
200.00 <00 10.00 3020.0 35.0
sOUTPUT DATAS
DRIVE POMER HP LOSS
WYD PUMP  ALTERNATOR LUBE PUMP  GEAR BOX
240.00 12,00 160 12.63
TURBINE OQUTPUT POWER = 265,4) o/F = ,557 SPC = 1.687
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 4.790 2.671
PRESSURE 500.00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE
IS IT N CONTRUL YES YES
PRESSURE IN 476.4 439,9
PRESSURE OUT 270.5 283.,9
TEMPERATURE IN 109¢.5 330.0

Case

® GARRETT + AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE 11,TURB 16'3001R7H2nT20'400|T60'750.
8 1 16

JUNE 56130 PAGE 2 OF 2
e CONDITION @ 230 WP,10. PAMB,3000C PEI HYDSYS
COHBUSTOR INFORMATION
HYDROGEN FLOW 790 OXYGEN FLOW 2:674
PRESSURE IN 260.2 PRESSURE QUT 268.2
TEMPERATURE [N H2 1094.,5 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 7.461 SPECIFIC HEAT RATIO 1,368
PRESSURE IN 267,8 PRESSURE QUT 10.0
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1418.)
ENTHALPY N 5028,0 ANTHALPY QUT 3518.2
PRESSURE RAT10 24,75 SFFICIENCY 53
RECUPERATQR lNFOlHATlON
FLOW PRE IN P OUT TIN T our HIN W OUT EFF-
COLD SIDE 3.937 478,8 478.%1 719 0 1094.6 2440.6 JI748.4 ,537
HOT SIDE 7.464 10.8 10,2 1418,3 992.4 3518,2 2%44,2 ,409
» TURBINE EXHAUST OVERBOARD PlElluR! . 10,01
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoOP
767 10.819
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT T IN T OUT W IN W OUT EFF
COLD SIDE 4.790 500.06 499.7 300.,0 399.1 908.5 1297.2 .12%
HOT SIDE  .767 467.3  467.3 1094,6 405.0 3748,4 1319.2 .86
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 95,71 479 499,65 399,14
SECONDARY JET 15.43 W77 467,25 405,00
RESULTANT 5.86 479,91 399.98
FLOW PARA RATIO +163 P PRI/P SEC 1.0693
JET PUMP RISE 1.0271 PRI FLOW PARA  .,1915 JPSF  2.30
LUBE OIL COOQLER INFORMATION
FLOW PRE IN P OUT TIN T oOUT H IN H OUT  EFF
COLD SIDE 5.5857 479.9 479.4  400,0 451.4 1300.2 1492,9 ,329
HOT SIDE 30.000 200,0 196.9  556,4 476.9 0 0 .508
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 535.9 25.5 1070. 4
HYDRAULIC GIL COQLER INFORMATION
FLOW PRE IN P QUT TIN T our H IN H OUT EFF
COLD SIDE 5.557 479,4  478.8  451,4  719.] 1492.9 2440.6 .89
HOT SIDE B818.4 169.0 95.4 750,0 733,83 .0 0 .038
HEAT REJECTED 5265.79
12
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE I].TURB 16,300 R H2,T20%400,7603750.

8 JUNE 197t 16:56139 PAGE 1 OF 2

® CONDITION ® 360 HP,10. PAMB,3000 HYDEYS

® UNITS ® AREA®SQ IN, H=BTU/LB, P3PS[A, Qa=3TU/MIN, T=DEG R: W=LB/MIN

= INPUT DATA?®»
DUCT PRESSURE LOSS COEFFICIENTS *10E+4
-00 +00 +00 1110.00 70000.00 .00 .00 10.00
3.64 «00 1.18 1.44 «00 .66 3.50 20.80
19.00 13,88 54.00 .00 2,02 50.00 2,74 023
12 +00
SFT TURONF SF PP SF JP W TUR 0BCA JP PRICA TURB NOZ
1,000 .000 1.000 1.00Q 12,560 +20)0 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 98 .30 -] 20610.09 400.00 1500.00
ETA CORF 0/F BASE
»0925 . 600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP COLD RHODP HOT

H2 PREMEATER 2.00 2,00 +50 1.00
HYD 0 COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

e « SOINT INPUT DATA o ©
P AMB P HYDRA OIL ALT SIZE(KW)
10.00 3000.0 35.0

« 0UTPUT DATAS®

HYDRA HP  ELECT HP
360.00 <00

DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX

400,00 12,00 160 20.63
TURBINE OUTPUT POWER = 433,45 0/F = ,586 SPC = 1.656
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7,548 4.418
PRESSURE 500,00 500,00
TEMPERATURE 300.00 300,00
ENTHALPY 908.5 52.8

CONTROL VALVE

1S 1T IN CONTROL YES YES
PRESSURE IN 4526 499.7
PRESSURE QUT 427.1 448.,7
TEMPERATURE IN 1044.4 330.0

Case

® GARRETT + AIRESEARCH MANUFACTURING DIVISION LOS AVGELES., CALIF.
SSAPU PHASE [1,TURB 16,300 3 H2.,T20%43C,T60=759.

B JUNE 1971 16156239 PAGE 2 OF 2
® CONDITION ® 360 HP,i0. PAMB,3000 WYDSYS
COMBUSTOR [NFORMAT{ON
HYDROGEN FLOW 7.545 OXYGEN FLOW 4,418
PRESSURE IN 423.7 PRESSURE QUT 423,7
TEMPERATURE N H2 1044,4 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 11,963 SPECIFIC HEAT RATIO 1,367
PRESSURE IN 423.1 PRESSURE OUT 12.3
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1395.2
ENTHALPY IN 4961.9 ENTMALPY OUT 3423.0
PRESSURE RATIO 34,27 EFFICIENCY 526
RECUPERATOR INFORMATION
FLOW  PRE IN P OUT TIN T oOUT H IN H OUY EFF

COLD SIDE 8.842 458,3  456.6 689,5 1044.4 2336,9 3573,3 .503
HOT SIDE 11.963 12.2 10.6 1395,2 988.6 3423,0 2509.1 .57¢
s TURBINE EXHAUST OVERBOARD PRESSURE » 10.41

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoP
1.297 19,805

H2 PREHEATER INFORMATION

FLOW PRE IN P OUT TIN ToOUT H IN H OU? EFF

COLD SIDE 7.348 530.0 499.4  300,0 399.0 908,5 1296.7 .13)
HOT SIDE 1.297 437,1 437.4 1044,4 404.0 3573.3 1315.3 .80
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 150,72 7.55 499,16 399.03
SECONDARY JET 26.08 1.30 437,11 404,02
RESUL TANT 804 460.d6 399.82
FLOW PARA RATIO 173 ® PRI/P SEC 1.1420
JET PUMP RISE 1.0543 PRI FLOW PaRaA +3019 JPSF 2,30
LUBE OlL COOLER_INFORMAT{ON
FLOW  PRE IN P OUT T IN T ouT H IN H OUT EFF
COLD SIDE 8.842 46,7 459,7  399,8 442,3 1299.5 1458,9 .247
HOT SIDE 30.000 200.0 196.9  571,9 467,6 .0 0 606
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25.5 1409.8

HYDRAULIC OlL COOLER INFORMATION

FLOW PRE N F CUT T IN T ouT H IN H OUT EFF
COLD SIDE 8.842 459, 6 458.3 442,3 689,5 1458,9 2336.,9 .B03
HOT SICE 1450.0 160.0 91.5 750,0 740.7 +0 .0 .030
HEAT REJECTED 776%.27

92
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPY PHASE 11,TURB 16,300 R H2.T20%400,T605750.
8 JUNE 1971 16:56158 PAGE 1 OF 2

® CONDITION © 0.0 HP,14,7PAMB,3000 PS] WYDSYS

® UNITS ® aAREA®5Q IN, H=BTU/LB. P=P§1A, QaBTU/MIN, T3DEG R+ W=LB/MIN

I NPUT DATAS
DUCT PRESBURE LOSS COEFPRICIENTS #10E+4
.00 +00 »00 1120.00 70Q00,00 .00 -00 10.00
3.64 100 1.18 1.44 .00 66 3.50 20.80
19.00 13,88 54,00 «00 2,02 50.00 2,74 +023
12 200
SFT TURDNF SF JPP SF JP W TUR 0BCA JP PRICA TURB NODZ
1.000 »000 1.000 1.000 12,560 +2000 11210
TUR LKCa ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
.0002 » .30 3] 2060.00 400.00 1%00.00
ETA CORF Q/F BASE
0925 . 600

HEAT EXCHANGER SCALE FACTORS
HMEAT EXCHANGER  ETAHA COLD ETAHA HWOT RHODP cOLD RHODP WOT

H2 PREWEATER 2.00 2.0¢ +50 1,00
HYD C COOLER 1.00 1,00 1.00 1.00
LuUB 0 COOLER 1.00 1,0¢C 1.00 1.00
RECUPERAYOR 1.00 1.00 1.00 1.00
® o POINT INPUT DATA & @
HYDRA HP  ELECT WP P AMB P HYDRA OIL ALT SIZE(KW)
.00 .00 14.70 3000.0 35.0

s OUTPUT DATAGA?®*

DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
40.00 12.00 160 2.63
TURBINE OQUTPUT POWER =  55.42 O/F w446 §°C = 2.558
PROPELLANT HYQROGEN OXYGEN
FLOW RATE 1.634 ' 729
PRESSURE 500.00 500.00
TEMPERATURE 300,00 300.00
ENTHALPY 908.5 52.8
CONTROL VALVE

1S IT IN CONTROL YES YES
PRESSURE IN . 497.3 %00.0
PRESSURE QUT 89.3 92.2
TEMPERATURE IN 1289.7 300.0

Case

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPY PHASE I11.TURB 16,300 R H2.T20%400,7602750,

8 JUNE 1971 16156358 PAGE 2 OF 2

® CONDITION ® 0.0 HP,14.7PAMB,3000 PS] 4YDSYS
COMBUSTOR INFORMATION

HYDROGEN FLOW 1.634 OXYGEN FLOW 729
PRESSURE [N 88,3 PRESSURE QUT 8.3
TEMPERATURE [N H2 1289.7 TEMPERATURE IN 02 300.0
TURBINE [NFORMAT]ION
INLET FLOW 2,363 QPECIFIC HEAT RATIO 1.367
PRESSURE N 88.2 PRESSURE QUT 14,8
TEMPERATURE N 2060.0 YEMPERATURE OUT 1667.7
ENTHALPY IN 5323,0 ENTHALPY QUT 4324.9
PRESSURE RATIO 5.98 EFFICIENCY +500

RECUPERATQOR INFORMATION

FLOW PRE IN P QUT TIN T oOUuT H IJN W OUT EFF
COLD SIDE 1.83¢ 497,6 497.%5  T24,7 1289.2 2460.9 4429,5 399
HOT SIDE 2.)63 14.8 14.7 1667,7 1047.0 4324.,9 2793,0 .658
e TURBINE EXHAUST QVERBOARD PRESSURE o 14,69
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
204 1.215
H2 PREMEATER INFORMATION
FLOW PRE IN P OUT T IN T oUT H IN K OUT EFF
COLD SIDE 1.634 500.0 500.0 300,0 399.5 908,5 1298.3 .04
HOT SIDE . 204 496,3  496.3 1289,2 403.3 4429.,5 1313.0 .89
JET PUMP PERFORMANCE
FLOW PARA FLOV PRESSURE TEMPERATURE
PRIMARY JET 32.66 1.63 499,95% 399,50
SECONDARY JET 4,10 ' 20 496,29 403,30
RESULTANT 1.04 497.80 399.92
FLOW PARA RATIO 126 P PRI/P SEC 1.0074
JET PUMP RISE 1.0030 PRI FLOW PaARaA 40653 JPSF 2.30
hl
LUBE OIL COQLER INPORMATION
Fkow PRE IN P OUT TIN T OUT H IN W OUT EFF
COLD SIDE .83 497.8  497.7  399,9  494,8 1300.2 1651.6 .538
HOT SIDE 30.000 200.0 196.9 876,34 530.4 .0 0. L2509
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25.5 846.2
HYDRAULIC OIL COOLER INFORMAT]ON
FLOW PRE IN P OUT TIN T oOUT H IN H OUT EFF
COLD SIDE 1.839% 497,7  497.6  494,8  724.7 1651.6 2460,9 .903%
HOT SIDE  29.0 100.0 99.8  750,0 656.3 0 0 367
HEAT REJECTED 1484.04
19
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® GARRETT » AIRESEARCH MAIlUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE I1/TURB 16,300 R H2,T20%400,T60=2755.
8 JUNE 1971 16:57:03 PAGE 1 OF 2
® CONDITION ® 100 HP,14.7PaAMB,300U PS1 4YHSYS
® UNITS o AREA®SQ IN, H=BTU/LB, PsPS1Ay Qs3TU/M[N, T=DEG R, WzLB/MIN
s INPUT DATA S
DUCT PRESSURE LOSS COEFFICIENTS »10E+4
.00 100 .00 1110.00 70000.20 .00 00 10,00
3.64 +00 1.18 1.44 .10 .66 3.50 20.80
19.00 13,85 54.90 .00 2.32 50.00 2,74 .023
012 +00
SFT TURDNF SF JUPP 5F JP W TUR ORCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 .2020 .1210
TUR ILKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.000 ' 98 .31 5 2060.00 400.00 1500.00
ETA CORF 0/F BASE
. 0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA CULD ETAHA MOT RHODP COLD RHODP WOT

H2 PREMEATER 2.00 2,00 .50 1.00
MYD O COOLER 1.00 1.90 1.00 1.00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.60 1.00 1.00
e o POINT INPUT DATA o o
HYDRA HWP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
1G0.00 .00 14.70 300¢.0 35.0
e« OUTPUY DATAC
DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR L!JBE PUMP GEAR BOX
143.00 12.00 60 7.63
TURBINE OUTPUT POWER = 160.47 0/F = ,518 SPC = 1,885
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 3.321 1.721
PRESSURE 500.00 509.00
TEMPERATURE 300.00 303.00
ENTHALPY 908.,5 52.8
CONTROL VALVE
IS IT IN CONTROL YES
PRESSURE N 489.1 99,9
PRESSURE QUT 184.6 192.9
TEMPERATURE IN 1167.0 300.0

Case

® GARRETT ¢ AIRESEARCH MA WFACTURING DIVISION LOS ANGELESs CALIF.
SSAPY PHASE 11,TURB 16.300 R ~Z2,T20%45(,T60275C,
8 JUNE 1971 16:57103 PAGE 2 OF 2
e CONDITION ®» 100 HP..4./PaMB,3000 PSI 4YJSYS
COMUUSTQR INFORMATION
HYDRQGEN FLOW 3,321 OXYGEN FLOW 1.721
PRESSURE IN 182.9 PRESSURE QUT 182.9
TEMPERATURE IN H2 1167,0 TEMPERATURE IN 02 3p6.0
TURBINE INFORMATION
INLET FLOW 5.042 SPECIFIC HEAT RATIO 1,367
PRESSURE N 182.6 PRESSURE QUT 14,9
TEMPERATURE IN 20606.0 TEMPERATURE OUT 1500.5
ENTHALPY N 5126.2 ENTHALPY OUT 3775.6
PRESSURE RATIO 12.22 EFFICIENCY 555
RECUPERATOR [NFORMATION
FLOW PRE IN P OUT T IN T 0UT H.IN H OUT EFF
COLD S1DE 3.803 490.3 490.0 732,7 1167.1 2488.8 4000.6 .566
HOT SIDE 5.042 14,9 14.8 1500,5 1015.3 3775.6 2635,4 ,632
e TURBINE EXHAUST OVERBOARD PRESSURE e 14.68
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.482 5,182
H2 PREHEATER INFORMATION
FLOW PRE IN P CUT TIN T out H IN H ouT EFF
COLD SIDE 3.321 500.0 499,9 300,0 399,0 908.5 1296,7 .114
HOT SIDE L4082 44,8  434.,8 1167,1 4p6.6 4000.6 1325.5 .77
JET PUMP PERFORMANCE
FLOW PARaA FLO® PRESSURE TEMPERATURE
PRIMARY JET 66,34 3.32 499,83 399,01
SECONDARY JET 9.72 48 484,76 406.63
RESULTANT 3.80 490,90 399.99
FLOW PARA RATIO 146 P PRI/P SEC 1.0311
JET PUMP RISE  1.0127 PRI FLOW PARA  .1327 JPSF  2.30
LUBE O‘L COOLER INFORMAT]ON
FLOW  PRE IN P QUT TIN T OUT ¥ IN W OUT EFF
COLD SIDE 3.803 490.9  490.7  400,0 460.4 1300.4 1526,1 .401
HOT SIDE 30.000 200,0  196.9  55(0,6 487,31 .0 W0 422
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
509,11 323.7 25.5 858.3
HYDRAULIC CIL COOLER INFORMATION
FLOW  PRE IN P CUT TIN T out H IN H OUT EFF
COLD SIDE 3.8n3 49°,6  493.3  4nl44  732.7 1526,1 2488.8 940
HOT SIDE 423.7 me, e 3.8 71,0 734,39 N .0 .052
HEAT REJECTED 566, .83

94
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® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE ll;TURB 16:300 R H21720'4OU|T601750-
UNE 1971

57116 PAGE 1 QF 2

® CONDITION ® 200 HP,14.7PAMB,300C PSI WYDSYS
® UNITS ® ARKASSQ N, K=BTU/LB,» PsPBlA, QeBTU/MIN, T=DEG R, W= B/MIN

* INPUT DATAS®
pucr PRESSURE LOSS COEFPICIENTS s10E+4
.00

.00 +00 1110.00 70000,00 .00 .00 10.00
3.64 «00 1.18 1.44 .00 .66 3,%0 20.00
19.00 13,09 54.00 .00 2.02 50.00 2.74 «023
12 .00
SFT TURONF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,880 .2000 «1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T (HX O
0002 98 «30 ] 2060.00 400.00 1500.00
ETA CORF  0/F BASE
,0925 .e00
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAMA WOT RHMODP cOLD RHODP HOT
H2 PREMEATER 2.00 2.00 50 1.00
HYD 0 COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLRR 1.00 1,00 1,00 1.00
RECUPERATOR 1.00 1,00 1.00 1,00
o o POINT INPUT DATA o @
HYDRA HP ELECT WP P AMB P HYDRA OIL ALT SIZE(KW)
200,00 .00 14.70 3000.0 35,0
« OUTPUT DATAS®
DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBR PUMP GEAR BOX
240,00 12.00 +60 12,63
TURBINE OUTRUT PQOWER = 265.48 o/F = .551 SPC = 1.753
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 5.000 2.755
PRESSURE 500,00 500.00
TEMPERATURE 300.00 300,00
ENTHALPY 908.5 52,8
CONTROL VALVE
1S IT IN CONTROL YES YES
PRESSURE IN 474.7 499,9
PRESSURE 0UT 281.9 295%.5
TEMPERATURE IN 1106.2 30040
Case

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGEL

SSAPU PHASE 1!,TURB 16,300 R H2,T20%400,T60%750,
8 JUNE 1971 16:57116
¢ CONDITION @ 200 HP.,14.7PAMB,3000 PSI HYDSYS
COMBUSTOR INFORMATION
5.000 OXYGEN FLOW
2795 PREBSURE OQUT
1106.2 TEMPERATURE IN 02

HYDROGEN FLOW
PRESSURE IN
TEMPERATURE IN H2

TURBINE INFORMAT]ON
7.7%

INLET FLOW SPECIFIC HEAT RATIO
PRESSURE [N 279.1 PREGSURE QUT
TEMPERATURE [N 2060.0 TEMPERATURE oUT
ENTHALPY N 5044.6 ENTHALPY QUT
PRESSURE RATIO 18,17 BFFICIENCY

RECUPERATOR XNFOIHAT!ON
PRE IN P OUT TIN ToOUT H IN
COLD SIDE 5.788 477 2 476.%  T16,1 1106.2 2430.5
HOT SIDE 7.758 5.3 14,9 1445,4 1004.4 3891,6
® TURBINE EIHAUST OVERBOARD PREBSURE o 14.73

FLOW

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
787 11,656

H2 PREHEATER INFORMATION

FLOW  PRE IN P OUT TIN T oOUT H IN
COLD SIDE 5. 000 500.0 499.7 300,0 399.2 908.5
HOT SIDE .787 464,8 464,80 13106,2 404.9 3788,7
JET PUMP PERFORHANCE

FLOW PARA PRESSURE  TEM

PRIMARY JET 99.91 5-00 499,62 39

SECONDARY JET 15,85 ' 79 464,81 40

RESULTANT 5.79 478,44 40
FLOW PARA RATIO 159 ® PRI/P SEC

JET PUMP RISE 1.0293 PR] FLOW PARA

LUBE OIL COOLER INFORMATION

FLOW PRE IN P QUT TIN T oOUuT H IN
COLD SIDE S5.788 478,4  477.9 400,0 449.4 1300.4
HOT SIDE 30.000 200.0 196.9 553,8 474,Q 0
HEAT REJECTED  ALTERNATOR  GEAR 80X LUBE PUMP
509.1 535.9 25.5
HYDRAULIG CIL COOLER INFORMATION
FLOW  PRE IN P CUT TIN T oOUT H IN
COLD SIDE 5.788 477.9  477.3  449,3 716.) 1485,2
HOT SIDE 818.4 100.0 95,4 750,0 738.3 +0
HEAT REJECTED 5471.41

95

+2000 JPSF 2.

ES: CALIF.

PAGE 2 OF 2

2,755
279.5
300.0

1.367
15.4
1445,.4
3591.6
+354

H OUT
3708,7
2577.9

EFF
339
+80%

H oUT
1297.4
1319.0

EFF
ltz’
870

PERATURE
9,21
4,94
0.02

30

1.0749

EFF
14!5 3 W32
0 .89

TOTAL
1070.4

H OUT  EFF
2430.5 .887
O .03

13
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®* GARRETT ¢ AIRESEARCH MARUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE 11.TURB 16.3060 R H2,T20%400,T602750.,
8 JUNE 19731 16:57152 PAGE 1 OF 2
® CONDITION ® 360 HP.14.7PAMB,3000 KYDSYS
® UNITS ® AREA®SQ@ IN, H=BTU/LB., P=PSI1A, Q3BTU/MIN, T=DEG R» W=LB/MIN
# I NPUT DATA
DUCT PRESSURE LOSS COEFWICIENTS #10E+4
.00 +00 .00 1110.00 70000.00 .00 «00 10.00
3.64 .00 1.18 1.44 00 .66 3.50 20.80
19.00 13,85 54.00 +00 2,92 50.00 2.74 «023
.12 +00
SFT TUR DN F SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.0090 .000 1.000 1.000 12,560 .2000 »1210
TUR LKCa ETa COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 98 «30 -] 2060.00 400.00 1500.00
ETA CORF (Q/F BASE
.0925 <800

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAHA HOT RHODP €OLD RHODP HOT

H2 PREHEATER 2.00 2,00 «50 1.00
HYD O COOLER 1.00 1,30 1.00 1,00
LUB O COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
e o POINT INPUT DATA o @
HYDRA HP ELECT HpP P AMB P HYDRA OIL ALT SIZE(KW)
360,00 -00 14.70 3000.0 35.0
#» QUTPUT DATAS?®
DRIVE POWER HP L 0SS
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
400.00 12,00 160 20,63
TURBINE OUTPUT POWER = 432.26 O/F = 585 SPC = 1.696
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.742 4,509
PRESSURE 500.00 500.00
TEMPERATURE 300.00 300.00
ENTHALPY 308.5 52.8
CONTROL VALVE
IS IT IN CONTROL YES YES
PRESSURE [N 451.2 499,6
PRESSURE QUT 434.5 456.4
TEMPERATURE IN 10509 300.0

Case

® GARRETT = AIRESEARCH MANUFACTURING DIVISION
SSAPU PHASE 11,TURB 1#,300 R H2.T20%4J0,T602750.
8

LOS ANGELES, CALIF.

JUNE 1971 16:57:52 PAGE 2 OF 2
® CONDITIOH e 360 HP,14.7PaMB,»3000 WYDSYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 7.712 OXYGEN FLIW 4,509
PRESSURE IN 431.0 PRESSURE QUY 431.0
TEMPERATURE IN W2 1050.9 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12.221 SPECIFIC ~EAT RATIO 1.367
PRESSURE IN 430,3 PRESSURE QUT 16.5
TEMPERATURE IN 2060,0 TEMPERATURE OUT 1411.7
ENTHALPY [N 4964.1 ENTHALPY QUT 3461.7
PRESSURE RATIO 26.08 EFFICIENCY .540
RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T oOUT H IN H OUT  EFF
COLD SIDE 9.024 457,14 455 . 4 687,4 1051.0 2329,6 3596,2 .502
HOT SIDE 12.22% 16.4 15.2 1411,7 996.0 3461.7 2526.4 .574
® TURBINE EXHAUST OVERBOARD PREBSURE e 14,79
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
1,312 19.97%
H2 PREHEATER INFORMATION
FLOW PRE IN P OQUT TIN T oOUT H IN H OUT EFF
COLD SIDE 7.712 500.0 499.4 300,0 399.0 908.5 1296,5 132
HOT SINE 1.312 435,4 435.4 1051,0 4n4.1 3596.2 1315.5 064
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
PRIMARY JET 154,04 7.71 499,12 398.97
SECONDARY JET 26,38 1.3% 435,41 404.09
RESULTANT 9.02 459,79 399.78
FLO4 PARA RATIO 171 P PRI/P SEC 11463
JET PUMP RISE 1.0560 PR] FLOW PaARA 3086 JPSF 2,30
LUBE OlL COOLER INFORMATION
FLOW PRE [N P CUT T IN T OUT H IN H OUT EFF
COLD .SIDE 9.024 459.6  458.6  399,8  441.4 1299.3 1455.,5 ,24)
HOT SIDE 30.000 20,0 196.9 57C,8 466.4 0 O .61%
HEAT REJECTEU ALTERNATNR  GEAR 80X LUBE PUMP TOTAL
509.4 875.3 25.5 1409.8
HYDRAULIC CIL COOLER INFORMATION
FLOW  PRE I P OUT TIN T our H IN H OUT  EFF
COLD SIDE 9.024 458,4 a57.2 4a1,4 687.4 1455.5 2329.6 .797
HOT SIDE 1450.0 150.0 91.5 750,06  749,% o3 W0 .038
HEAT REJECTED 788.72
36
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o GARRETT e AJRESEARCH MANUFACTURING AIVISION LOS ANGELES, CALIF. ® GARRETT ® AIRESEARCH MAMUFACTURING DIVISION LOS ANGELES: CALIF.

TH23500 R » T(80)a 550 R H2=500 R » T(60)= 550 R
15JUN71 n9118:28 PAGE 1 OF 2 T 0 15JU%171 D911h:28 PAGE 2 OF 2
® CONDITION ® CASE 3 ® CONDITION ® CASE 3
® UNITS ® AREA®SG IN, H=BTU/LB., PsPS1A, G=8TU/MIN: T=DEG R: W3LB/MIN COMBUSTOR INFORMATION
WYDRQGEN FLOW 883 OXYGEN FLQW 2506
s INPUT DAT A PRESSURE IN 49,8 PRESSURE OUT 9.0
DUCT PRESSURE L0SS COEFFICIENTS #10E+4 TEMPERATURE IN H2 1065,9 TEMPERATURE IN 02 300.0
100 +00 .00 1110.0C 70000,00 .00 .00 10.00
3.64 «00 1.18 1.44 .00 .66 3.50 20.80 TJURBINE [HFORMATION
19.00  13.8%  54.00 .00 2,02  50.00 2,74 (023 INLET FLOW 1.389 SPECIFIC HEAT RATIO 1.368
12 100 PRESSURE IN 49,7 PRESSURE QUT .8
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1331.2
BFT TURONF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY IN 4906,2 ENTHALPY QUT 3294.7
1.000 .000 1.000 1,000 12,560 . 2000 11210 PRESSURE RAT1O 65,24 EFFICIENCY 524
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
10002 198 +30 % 206000 400,00 1%00.00 RECUPERATOR INFORMATION
ETA CORF O/F BASE FLOW PRE IN P OUT TIN T OUT H IN H OUT EFF
+0925 ,600 COLD 5IDE .B83 499.2 499.2 851,7 1066.,2 4855.0 3630.3 .660
HOT SIDE 1.389 7 W4 1331,2  825.0 3294.7 2153,6 .649
HEAT EXCHANGER SCALE FACTORS * TURBINE EXMAUST OVERBOARD PRESSURE » .30
HEAT EXCHANGER ETAHA COLD ETAKA HOT  RHODP COLD RHODP WOT
H2 PREHEATER 2.00 2,00 +50 1,00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLER 1.00 1.00 1,00 1.00 FLOW PRESSURE DRoP
LUB 0 COOLER 1.00 1,00 1.00 1.00 000 .000
_ RECUPERATOR 1.00 1,00 1,00 1,00
p H2 PREHEATER INFORMATION
V] o o POINT INPUT DATA @ o FLOW PRE IN P OUT TIN T OUT HIN HOUT EFF
HYDRA HP  ELECT WP P AMB P HYDRA OIL ALT SIZE(KW) COLD 51DE .883 500.0 500.0 500,0 500.,0 1670.5 1670,% .000
.00 .00 .00 3000.0 35.0 HOT SIDE  .000 499,2  499.2 W0 .0 .0 Q0 000
«O0UTPUT DATAS® JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 19,74 88 499,98 500,00
HYD PUMP  ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET .00 .00 498,75 .00
40.00 12.00 160 2,63 RESULTANT .88 499.25 500,00
FLOW PARA RATIO »000 P PR1/P_SEC 1.002%
TURBINE QUTPUT POWER =  55.46 O/F = ,573 SPC = 1,503 JET PUMP RISE  1,0010 PRl FLOW PARA 0395 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUHE OJL COOLEF INFORMATION
FLOW RATE 1883 1506 FLOY  PRE LN P OUT TIN T OUT HIN HOUT EFF
PRESSURE 500,00 500.00 COLD SIDE .883 499,3, 499.2 500,0 708.0 1670.5 2402,4 .640
TEMPERATURE 500.00 300.00 HOT SIDE 30.000 200.0  196.9 824,9  790.7 0 0,105
ENTHALPY 16705 52.8
HEAT REJECTED  ALTFRNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.2 111.6 25.5 646,2
15 1T IN CONTROL YES YES
PRESSURE IN 499,31 500.0 HYDRAULIC CIL CUOLER INFORMATION
PRESSURE OUT 50.2 53,4 FLO¥ PRE IN P OUT TIN T ooutr H IN H OUT EFF
TEMPERATURE IN 1065.9 300.0 COLD SIDE .883 499.2  499.2 708,0 551.7 2402.4 1855,0 .989
HOT SInDE  29.0 100.0 99.8  550,0 585.6 .0 0 .22%
HEAT REJECTED -483.25

10
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® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16,500 R H2,T720=400,

8 JUNE 19731 16121141 PAGE 1 OF 2

®» CONDITION ® 100 HP,0.0 PAMB,3000 PSI 4YDSYS

e UNITS » AREAWSQ IN, HWzBTU/LB, PaP81A, QmBTU/M]N, T=DEG R, W=LB/MIN

e 1 PUT D AT AN
DucT PaESSURE LOSS COEFPICIENTS e10E+4
«00 +00 +00 1110.00 7C000,00 .00 <00 10.00
3.64 +00 1.18 1.44 .00 66 3,50 20,80
19.00 43,85 54.00 +00 2,02 5¢.00 2.74 «023
12 «00
SFT TURDNF SF JP P 6F JP W TUR OBCA JP PRICA TURM NOZ
1.000 .000 1.000 1.000 12.560 «2000 21210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 ' 98 .30 W5 2060.00 400.00 1500.00
ETA CORF 0/F BASE
.0925 . 600

HEAT EXCHANGER SCALE FACTOR

13
HEAT EXCHANGER  ETAHA COLD ETAMA HWOT RHODP COLD RHODP WOT

H2 PREMEATER 2.00 2,00 <50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1,00 1.00
RECUPERAYOR 1.00 1.00 1.00 1.00

e o POINT INPUT DATA @ o
HYDRA WP  ELECT WP P AMB P HYDRA OJL ALT SIZE(KW)
100.00 <00 .00 3000.0 35.90

s QUTPUT DATA®

DRIVE POWER WP LOSS

WYD PUMP ALTERNATDl LUBE PUMP  GEAR BOX

140,00 12.0 160 7.63
TURBINE OUTPUT POWER = 160.07 O/F = 578 SPC * 1.595%
PROPELLANT HYOROGEN OXYGEN
FLOW RATE 2.696 1.558
PRESSURE 500.00 500.00
TEMPERATURE 590.00 300,80
ENTHALPY 1670.5 52.8

CONTROL VALVE

15 IT IN CONTAOL YES YES
PRESSURE [N 914 300.0
PRESSURE OUT 153.8 162.4
TEMPERATURE [N 1059.4 300.0

o GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF.
§SAPU PHASE !].TURB 16,500 R H2,T20:2400,

8 JUNE 1971 16:21:41 PAGE 2 OF 2
® CONDITION e 100 HP.,0.0 PAMB,3000 PS! HYDSYS
COMBUSTOR INFORMAT]ON

HYDROGEN PLOW 2.696 OXYGEN FLOW 1.558

PRESSURE IN 152.6 PRESSURE QUT 1%2.6

TEMPERATURE [N H2 1059.4 TEMPERATURE IN 02 300.0

TURBINE INFORMATION

INLET FLOW 4.284 SPECIFIC HEAT RATIO 1,368

PRESSURE [N 152.3 PRESSURE OUT 2.4

TEMPERATURE [N 2060.0 TEMPERATURE OUT 1372.2

ENTHALPY IN 4976.,3 ENTHALPY OUT 3381.7

PRESSURE RATIO 64.78 EFFICIENCY 495

RECUPERATOR zNFonmr!ou
FLO¥  PRE IN P QUT IN T ouT HIN W OUT EFF

COLD SIDE 2.69¢ 492, 1 491.9 550.9 1059.3 1052.2 3625.9 .619
HOT SIDE ¢.254 2.3 1.4 1372,2 873.0 3381.7 2297.6 .60

« TURBINE EXHAUST OVERBOARD PRESSURE « .96

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
. 000 «000

H2 PREHEATER !NFOIHATION

FLOX  PRE IN P CUT IN T OUT H IN H OUT EFF

COLD SIDE 2.69¢ 500.p  499.9 !oo. 5p0.0 1670,5 1670.5 ,000
MOT SIDE  .000 491,9  491.9 0 0 0 «0 008
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY UKT 60.29 2:70 499,084 $00,00
SECONDARY JET .00 +0U 486,92 .00
RESULTANT 1.70 492,44 500,03
FLOW PARA RATIO P PRI/P SEC 1.0265%

JET PUMP RISE 1.0113 PR FLDV PARA «1206 JPSF  2.30

LUBE OIL COQLER INFORMATION

FLOW  PRE IN P OUT TIN T our H IN H OUY EFF

COLD SIDE 2.896 492.4  492.3  500,0 589.9 1670.,5 1986,0 .49
HOT S1DE 30.000 200.0 196.9 681,2 627.7 «0 W0 .29
HEAT REJECTED ALTERNATOR GEAR B0OX LUBE PuMP TOTAL
509.1 323.7 25.% 08,3
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P IN T OUT H N H OUT  EFF
COLD SIDE 2.696 92,3 492 1 !69 9 3%0,9 1980.8 1852.,2 ,977
HOT SIDE 423.7 1008.0 97.8 SbU.D 551.9 0 .0 .048

HEAT REJECTED ~368 40

Case 98
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® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

§SAPU PHASE 11,TURB 16.500 R H2,T20#400,
8 JUNE 1971 16:21147

PAGE 1 OF 2
® CONDITION ® 200 HP,0.0 PAMB,3000 PSI 4YDSYS
® UNITS ® AREASS@ [N, H=BTU/LB, P*P§[A, Qs8TU/MIN. T=DEG R. Ws_B/MIN

s INPUT DATAS
DUCT PRESSURE LOSS CQEFPICIENTS #40f£+4

+00 +00 .00 1£10.00 70000,00 .00 00 10.00
3.64 00 1.18 1.44 +00 .66 3.50 20.80
19.00 13,85 54.00 .00 2,02 50.00 2.74 1023
12 +00
SFT TURONF SF JPP SF JP W TUR 0OBCA JP PRICA TURB NOZ
1.000 <000 1.000 1,000 12,560 2000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 .98 .30 8 2060.00 400.00  1500.00
ETA CORF 0/F BASE
0925 . 600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETaMWA WOT RHODP cOLD RHODP HWOT

H2 PREWEATER 2.00 2.00 +50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

e o POINT INPUT DATA o @
HYDRA WP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KMW)
200,00 +00 .00 3000.0 35.0

s QUTPUT DATAC®

DRIVE POWER HP LOSS

HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

240.00 12,00 160 12,63
TURBINE QUTPUT POWER = 265.28 o/F = ,593 §PC = 1,601
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,444 2.634
PRESSURE 500,00 500.00
TEMPERATURE 500.00 300.00
ENTHALPY 1670.5 52.8

CONTROL VALVE

IS IT IN CONTROL YES YES
PRESSURE [N 476.8 499,9
PRESSURE QUT 255.8 270.1
TEMPERATURE IN 1033.4 300.0

® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELESs, CALIF.
§SAPU PHASE 11,TURB 16,500 R M2,T20=400,

8 JUNE 1971 16121147 PAGE 2 OF 2
® CONDITION e 200 HP,0.0 PAMB,30QG PSI HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 4,444 OXYGEN FLOW 2.634
PRESSURE N 253.9 PRESSURE QUT 253.9
TEMPERATURE IN H2 1033.4 YEMPERATURE IN 02 300.0
TURBINE INFORMAT]ION
INLET FLOW 7,077 SPECIFIC WEAT RATIO 1.367
PREGSURE IN 253.5 PRESSURE OUT 4.0
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1J68.9
ENTHALPY IN 4942,5 ENTHALPY QUT 3353.0
PRESSURE RATI0 63.83 KFFICIENCY 499

RECUPERATOR lNFOIHAT!ON
FLOW  PRE IN P OUT IN T OUT H IN H OUT EFF
COLD SIDE 4.444 478,5 478.% 551 1 1033.,3 1832.7 3335.4 .59

HOT SI0E 7.077 3,8 2.4 1368,9 895.7 3353,0 2296.4 ,%7
e TURBINE EXHAUST OVERBOARD PREISUR! . 1.61
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
«000 000

H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T oOUur H IN ®OUT EFF
COLD SIDE 4.444 500.0 499.7 300,0 500.0 1670.5 1670,5 008

HOT S10E .0o0 478,1 478.% o0 W0 0 9,000
JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JBT 99.36 4.44 499,58 500.00
SECONDARY JET 00 +00 464,55 +00
RESULTANT 444 479,36 500.0%
FLOW PARA RATIOQ <000 ® PRI/P SEC 1.0754

JET PUMP RISE  1.0319 PRI FLOW PaARA +1989 JPSF 2,30

LUBE OIL COQLER INFORMATION
FLON PRE IN P OUT TIN T oOUT H IN W OUT EFF
COLD SIDE 4.444 479,3 47%.0 500,1 567.9 1670.5 1911,4 .400
HOT SIDE 30.000 200.0 196.9 669,6 601.2 0 0 403

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 535.9 25.5 i070.4

HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T oUT H IN H OUT EFF
COLD SIDE 4.444 478.9 478.5 567,9 551.1 1911.4 18%2.7 .937
HOT SIDE 818.4 100.0 95.4 550,0 550.7 .0 0 039

HEAT REJECTED -265.67

Case 99



®* GARRETT o AIRESEARCH MANUFACTURING OIVISION LOS ANGELES. CALIF.

SSAPU PMASE 1],TURB 16,500 R} H2,T20=400,
8 JUNE 1971 16:21:51 PAGE 1 OF 2

® CONDITION ® 360 HP,0.0 PAMB.3000 PS] HYDSYS
® UNITS o AREA=SQ IN, H=BTU/LB, PwPS51A, Q=ATU/MIN, T2DEG R, W=zLB/MIN

. NPUT DaTA-s
oucT PRESSURE LOSS COEFFICIENTS ®1DE+4

<20 +00 .00 1110.00 7G000.00 .00 +00 10.00
3.064 + 00 1.18 1.44 «00 .66 3.50 20.80
19.00 $3.85 54.00 +00 2.02 50.00 2.74 023
12 «00

SFT TURONF SF JP P SF JR W TUR 0BCA JP PRICA TURD NOZ

1.000 .000 1.000 1.000 12.560 «2000 .1210
TUR LKCa ETA C@‘IB LUBE P HP ETA LQPP T TUR IN T HHX IN T LKX O

- 0002 ' 98 «30 5 2060.00 400.00 1500.00
ETA CORF Q/F BASE

.0925 600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD E&TAHA MOT RHODP COLD RHWODP WOT

H2 PREWEATER 2.00 2.00 .50 1.00
HYD 0 COOLER 1.00 1.00 1.00 1.80
LUB O COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.080
o s @ POINT INPUT DATA ® ®
o HYDRA WP  ELECT WP P AMB ® HYORa OL ALT SIZE(KW)
340.00 .00 .00 3000.0 .

s OUTPUT DATAES

DRIVE POWER LOSS
HYD PUMP ALTERNATOR LUBE PU™P GEAR 80X
400,00 12.00 +60 20.63

TURBINE OUTPUT POWER = 433.38 OfF = ,609 $PC B 1,617

PROPELLANY HYDROGEN OXYGEN
FLOW RATE 7,296 4,421
PRESSURE 500.00 500.00
TENPGRATURE 5Q0.00 300.00
ENTRALPY 1670.5 2.9
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE IN 433.7 499.7
PRESSURE OUT 416.7 439.3
TEMPERATURE IN 1004.0 300.0

Case

® GARRETT » AJRESEARCH MAJUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPU PHASE 11,TURB 15,500 R H2.T20=400,
8

JUNE 1671 16:21:51 PAGE 2 OF 2

e CONDITION e 360 HP,0.0 PAMB,3000 PSI «YDSYS

COMBUSTOR INFORMAT]ON

HYDROGEN FLOW 7.2%6 OXYGEN FLOW 4,421
PRESSURE IN 4136 PREGSURE QUT 413.6
TEMPERATURE IN H2 1004.8 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 11.677 SPECIFIC WEAT RATIO 1,367
PRESSURE IN 413.0 PREGSURE OUT 7.4
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1369.2
ENTHALPY IN 4905.7 ENTHALPY OUT 3330.1
PRESSURE RAT]O 58.41 BFFICIENCY «505
RECUPERATOR XNFOMATION
FLO¥ PRE IN P QUT TIN Y OUT H-IN H OUT EFF
COLD SIDE 7.254 458,2 457.2 550,7 1004 7 1850,7 3435,5 .%5)
HOT SIDE 11.477 6.9 3.9 $369,2 923.9 3330.1 B245.4 .%44
« TURBINE EXHAUST OVERBOARD PREBSURR « 2,66
HOT BYPASS VALVE INFORMATION
FLow PRESSURE ODRaP
.000 «000
H2 PREHEATER INFORMATION
FLOW  PRE IN P QUT TIN Y OUT HIN N OUT ESF
ColLD $I0C 7.258 S500.0 499.2 %0C,0 500.8 1670.%5 1470.5 .008
HOY §108 .08t 437,2 457.3 «0 1 14 0 .
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSUARE TEMPERATURE
PRIMARY BT 162.24 7.28 98,9 500.00
SECONDARY JRT .00 .00 431,95 .00
RESULTANT 7.26 480.30 500.1¢
FLOW PARA RATIO .000 P PRI/P SEC 1.15%0
JET PUMP RISE  1.0656 PRI FLOW PARA 3252 JPSF  2.30
LUBE 0!l COOLER INBORMATION
FLOW PRE IN P QUT T IN T OUT H IN HOUY EFF
COLD SIDE 7.856 460.2 459.3  300,2 5%4.7 1670.5 10864, 307
HOT 8]DE 30.008 200.0 196.9 677,9 987,¢ 0 19— )
HEAT REJECTED  ALTERNATOR  CEAR BOX LUBE PUMP TOTAL
509.1 875.3 2%.5 1409.3
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P CUT TIN T OUT H IN H OUT EFF
COLD SIDE 7.256 459.2  458.3 554,7 553.7 1864,8 1850.7 .859
HOT SIDE 1450.0 160.0 91.%5 55C,0 550.2 .0 «C .033
HEAT REJECTED -102-18

100
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® GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES,

TH2=500 R ,» T(60)= 55
15
® CONDITION e CASE

e UNITS # AREASSG IN

0 R
JUN71

4
» HaBTU/LB, P3PSI4,

09118133

CALIF.

PAGF 1 OF 2

Q=3TU/MINs T2DEG R, W={B/MIN

INPU DAT A
puct PRESSURE LOSS COEFFICIENTS #10E+4
«N0 +00 .00 1110.00 70000.00 .00 00 10.00
3,64 100 1.18 1.44 166 3,50 20.80
19,00 13,85 54,00 .00 2,02 50.00 2,74 .023
W12 200
srT TURONF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ
,000 1.000 1.000 12,560 42000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
.0002 .98 30 5 2061.00 400.00 1500.00
ETA CORF 0/F BASE
,0925 ,600

HEAT EXCHANGER
W2 PREHEATER
HYD 0 COOLER

LUs 0 COOLER

RECUPERATOR
HYDRA WP ELECT M|
.00 «00

HYD PUMP ALTERNATOR LUBE PUYP

40.0
TURBINE QUTPUT PO

PROPELLANT
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

1S 1T IN CONTROL
PRESSURE IN
PRESSURE OUT
TEMPERATURE IN

HEAT EXCHANGER SCALE FACTORS

ETAHA COLD ETAHA WOT

2.00 2,00
1.00 1,00
1.00 1.00
1.00 1,00

RHODP COLD RHODP HOT

+50 1.00
1.00 1,00
1.00 1,00
1,00 1.00

® o POINT INPUT DATA o @

P P AMB
5.00

P HYDRA OIL
3000.0

ALT SIZE(KW)
3

e QUTPUT DATAS®

DRIVE POWER

0 12.00 160

WER =  55.5%
HYDROGEN
1.147
500,00
500,C0
1670.5

Q/F =

HP LOSS
GEAR BOX
2.63
.515 SPC = 1,879
OXYGEN
591
500.00
300.00
52.8

CONTROL VALVE
YES YES

49845
64,2
116747

5000
674
300.0

Case

® GARRETT o AIRESEARCH MA.UFACTURING DIVISIOM LOS ANGELES.: CALIF.
TH2=500 R » T(80)= 550 R
15JUNT1 09118133 PAGE 2 OF 2
® CONDITION ® CASE 4
COMBUSTOR [NFORMAT]ON
HYDROGEN FLOW 1.14 OXYGEN FLOW ,591
PRESSURE IN 63,6 PRESSURE 0UT 83.6
TEMPERATURE IN H2 1167,7 TEMPERATURE IN 02 300.0
TURBINE IMFORMATION
INLET FLOW 1.738 SPECIFIC HEAT RATIO 1,368
PRESSURE 1IN 63,5 PRESSURE OUT 5.1
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1499.6
ENTHALPY IN 5132.5% ENTHALPY OUT 3778.8
PRESSURE RATIO 12,50 EFFICIENCY 17
RECUPERATOR INFORMATION
FLOW PRE IN P CUT TIN T ooOUT H IN H OUT EFF
COLD SIDE 1.147 498,6 498.6 553,4 1167.7 1860.9 4003,0 649
HOT SIDE 1.738 Vi 5.0 1499,6 897.4 3778.8 2365.1 636
o TURBINE EXMAUST OVERBOARD PRESSURE » 4.99
HQT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.000 «000
H2 PREHEATER INFORMATION
FLON  PRE IN P CUT TIN T our H IN H OUT EFF
COLD SIDE 1.147 500.0 500.0 500,0 500.0 1670.5 1670.5 .000
HOT SIDE  .0OD 498,6  498.6 W0 0 .0 +0 000
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 25,65 1.15 499,97 500.00
SECONDARY JET .00 +00 497,73 +00
RESULTANT 1:15 498,69 500,01
FLOW PARA RATIO 000 P PRI/P SEC 1.0045
JET PUMP RISE  1.0019 PRI FLOw PARA  ,0513 JPSF  2.30
LUBE OIL COOLER INFORMATION
FLO¥ PRE IN P CUT TIN T oUT H IN H OUT EFF
COLD SIDE 1.147 498,7  498,7 500,0 6%9.8 1670.5 2233,7 .617
HOT S]0E 30.000 200.0 196.9 758,8 722.1 .0 0 142
HEAT REJECTED ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25.5 646,2
HYDRAULIC CIL COOLER INFoRMATXON
FLOW PRE IN P CUT ouT H IN HOUT EFF
COLD SIDE 1.147 498,7  498.6 659 8 553 4 2233,7 1860.9 .969
HOT SINE  29.0 10C.¢ 99,8 550.0 581.6 .0 0 208
HEAT REJECTED -427.76

ol
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® GARRETT » AIRESEARCH MANUFACTURING OIVISION LOS ANGELES: CALIF.

SSAPU PHASE [1,TURB 16,500 R H2,T20%400,

8 JUNE 1971 16122136

HP,5.0 PAMB,30Q0 PST HYDSYS

PAGE 1 OF 2
e CONDITION & 100

® UNITS ® AREA®SQ IN, HsBTU/LB, PsPSIAy Q29TU/MIN, T=DEG R, WzLB/MIN

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE I11.TURB 16,500 R H2,T20%40C,

« ITNPUT DAT

DUCT PRESSURE LOSS COQEFFICIENTS e10E+4

.00 00 .00 1110.00 70000,00 .00 .00 10.00
3,64 .00 1.18 1.44 .66 3,50 20.00
19.00 13.85 54.00 «Q0 50.00 2.74 .023
.12 +30
SFT TUR DN F SF JP P SF JP W TUR 0B8CA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 . 2000 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
.0002 98 «30 5 2060.00 400.00 1500.00
KTA CORF (Q/F BASE
0925 . 600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA HWOT RHODP COLD RHODP WOT
H2 PREWEATER 2.00 2.00 50 1.00
HYD O COOLER 1.00 1.00 1.00 1,00
LUB O COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1,00
e o POINT INPUT DATA &
HYDRA WP ELECT WP P AMB ® HYDRA OIL ALT SIZE(KW)
100.00 +00 5.00 .
¢« OUTPUT DATA?®
DRIVE POWER HP LO0SS
HYD PUMP ALTERNATOR LUBE PU9P GEAR BOX
140,00 12.00 60 7.63
TURBINE OUTPUT POWER = 160.28 Q/F = ,567 SPC 3 1.667
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 043 1.611
PRESSURE 500,00 500.00
TEMPERATURE 500.00 300,00
ENTHALPY 1670.5 52.8
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE IN 490,95 500.0
PRESSURE QUT 160.,1 168,9
TEMPERATURE [N 1080.0 300.0
Case

8 JUNE 1671 16:22136 PAGE 2 OF 2
® CONDITION © 4100 HP,5.0 PAMB.3000 PS! «YDSYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 2,843 OXYGEN FLOW 1,611
PRESSURE IN 158.8 PRESSURE OQUT 156.8
TEMPERATURE IN H2 1080.0 YEMPERATURE IN 02 300.0
TURBINE [NFORMATION
INLET FLOW 4.454 BPECIFIC HEAT RATIO 1.367
PRESSURE N 158.5 PRESSURE QUT 5.5
TEMPERATURE I[N 2060,0 TEMPERATURE oOUT 1407.2
ENTHALPY N 5003.9 ENTHALPY OUT 3478.5
PRESSURE RATI0 23.74 EFFICIENCY +533
RECUPERATOR INFORMATION
FLOW  PRE IN P OUT TIN T oJT WIN W OUT EFF
COLD SIDE 2.843 492.2 491.0 551,0 1078.7 1852.3 3693.,3 .616
HOT SIDE 4.454 5.5 5.1 1407,2 889.4 3478.5 2303.,4 .09
e TURBINE EXHAUST QOVERBOARD PRESSURE 5.00
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRop
«300 +000
H2 PREHEATER INFORMATION
FLON  PRE IN P OUT TIN T OUT HIN W OUT EFF
COLD SIDE 2.843 500.0 499.9 500,0 500.0 1670.5 1670.5 .000
HOT SIDE -000 491,0 491.0 0 «0 W0 « 000
JET PUMP PERFORMANCE
Fi,OW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JUET 63.57 2.84 499.82 500.00
SECONDARY JET .00 100 485,45 «00
RESULTANT 2.84 491,60 500.03
FLOW PARA RATIO +000 P PR1/P SEC 1.029¢
JET PUMP RISE 1.0127 PR]! FLOW PARA 11272 JPSF 2,30
LUBE OIL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T oOUT H IN W OUT EFF
COLD SIDE 2.843 491.6 491 .4 500,0 585.,2 1670.,5 1972.4 .48¢
HOY SIDE 30.000 200.0 196.9 675,4  621.5 .0 «0 300
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
5C9.1 323.7 25.5 858.3
HYDRAULIC CIL COOLER INFORMATION
FLOW PRE IN P QuUT T IN T outT H IN H 0UT EFF
COLD SIDE 2.843 491.4 491.2 585,2 551,0 1972.4 1852,3 .973
HOT SINE 423.7 16043 97.8 550,0 551.8 .0 0 050
HEAT REJECTED ~341.3%

102
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® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF,

SSAPU PHASE 1{,TURB 16,300 R H2,T20%400,
8 JUNE 197%

® CONDITION o 200 HP,5. PAMB.3000 PS]1 WYDSYS
® UNITS ® AREA®SQ IN, H=BTU/LB, PsP81A, QeBTU/MIN, T2DEG R., W=LB/MIN

16122343 PAGE 1 OQF 2

¢« [NPUT DATA
DUCT PRESSURE LO8S COEFFICIENTS *10E+4

<00 «00 .00 1110.00 70000.00 .00 .00 10.00
3.64 + 00 1.18 1.44 +00 .66 3.50 20.80
19.00 13,88 54.00 .00 2,02 50.00 2.74 . 023
+12 »00
SFT TURDNF SF UPP SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12.%60 ,2000 11210
TUR LKCA ETa COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
0002 98 .30 1] 2060.00 400.00 1500.00
ETA CORF 0/F BASE
.0925 .400

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAWA WOT  RHODP cCOLD RHODP HOT

H2 PREHEATER 2.00 2,00 «50 1.00
HYD O COOLER 1.00 1,00 1,00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00
o # POINT INPUT DATA o o
HYDRA HP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
200,00 .00 5.00 3000.0 35.0

¢« OUTPUT DATAC®

DRIVE POWER HP L0SS
WYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
246.00 12,00 160 12.63
TURBINE OUTPUT POWER = 265.08 0/F = 587 SPC = 1.635
PROPELLANT HYDRQGEN OXYGEN
FLOW RATE 4.550 2,673
PRESSURE 500,00 500.00
TEMPERATURE 500.00 300.00
ENTHALPY 1670.5 52.8
CONTROL VALVE
1S [T IN CONTROL YES YES
PRESSURE [N 47%.9 499.9
PRESSURE OUT 259,1 273.5
TEMPERATURE IN 1041.9 300.0

Case

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CAL
§SAPY PHASE 1[,TURB 16,500 R H2,T202400,

8 JUUNE 1971 16:22143 PAGE 2 OF 2
e CONDITION ® 200 HP,5. PAMB.3000 PS1 WYDSYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 4.53 OXYGEN FLOW 2.673
PRESSURE [N 257 4 PRESSURE QUT 257.4
TEMPERATURE IN H2 1041,.9 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 7,223 SPECIFIC HEAT RATIO 1.367
PRESSURE 3N 256.7 PRESSURE OUT 6.4
TEMPERATURE IN 2060.0 TEMPERATURE oOUT 1385.7
ENTHALPY IN 4954,9 ENTHALPY QUT 3398.5
PRESSURE RAT}O 40.38 KFFICIENCY +520
RECUPERATOR INFORMATION
FLOW PRE IN P OUT T IN T oUT W IN H OUT EFF
COLD SIDE 4.350 477 7 477.3 551-1 1041.4 1852.5 3363,6 507
HOT SIDE 7.223 5.4 - 1385,7 9p4.7 3398.5 2320.7 .%7¢
o TURBINE EXHAUST OVERBOARD PREISURI L] 5.09
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.000 +000
H2 PREHEATER INFORMATION
FlLOW PRE IN P OUT T IN T oUT H IN H ouT EFF
COLD SIDE 4.350 500,0 499.7  300,0 500.0 1670.5 1670.5 .000
HOT SIDE .000 477.3 477.3 W0 9 +0 «0 .000
JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
PRIMARY JET 101,74 4,55 499,56 500,00
SECONDARY JET 00 +00 463,24 «00
RESULTANT 4.35 478,62 500,09
FLOW PARA RATIO 000 P PR1/P SEC 1.0784
JET PUMP R1SE 1.0332 PRI FLOH PARA +2337 JPSF 2,30
LUBE OIL COOLER INPORMATION
FLOW PRE IN P OUT T IN T ouTt H IN H 0UT EFF
COLD SIDE 4.550 478,6 478.2 50001 566.,3 1670.5 1905.7 ,39%
HOT SIDE 30.000 200.0 196.9 667,6 599,4 ¢ 0 409
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
509.1 835.9 25.5 1070.4
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P QUT T IN T ouT H IN H ouTr EFF
COLD SIDE 4.550 478.,2 477.8 566,3 551.1 1905.7 1852.5 .933
HOT SIDE 818.4 100.0 95.4 550.0 550.6 0 . 0 040

HEAT REJECTED -241.99
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® GARRETT ® AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16,500 R H2,T202400,

8 JUNE 19731 16:22149

® CONDITION » 360 HP,5,0 PAMB.3000 HYDSYS

® UNITS » AREA2SQ [N, H=BTU/LB., P=PSlA,; Q=BTU/MIN, T=DEG R. WaLB/MIN

PAGE 1 OF 2

I NPUT DAT

A

DUCT PRESSURE LOSS COEFFICIENTS »10E+4

-QQ +00 .00 1110.00 7CQ00,00 .00 + 00 10.00
3.064 <00 1.18 1.44 »00 -1} 3.50 20.80
19.00 13.83 54.00 .00 2.02 50.00 2.74 023
.12 +00
SFT TURDNF SF JP P SF JP W TUR 0BCA JP PRICA TURE NOZ
1.000 -000 1.000 1,000 12.%60 .2000 1210
TUR LKCA ETA COMB LUBE P 4P ETA LOPP T TUR IN T HHX IN T LHX 0
.0002 90 .30 .5 2060.00 400.00  1%00.00
ETA CORF 0Q/F BASE
+ 0925 .600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP cOLD RHODP HOT
H2 PREHEATER 2.00 2.40 50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB O COCLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.06 1.00 1.00
® » POINT INPUT DATA ® o
HYDRA WP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
340.00 .00 5.00 3000.0 35.0
e QUTPUT DATA?®
DRIVE POWER HP LOSS
WYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
400.00 12.00 160 20,63
TURBINE OUTPUT POWER = 432.49 o/F = ,607 SPC = 1.63%1
PROPELLANT HYDROGEN QXYGEN
FLOW RATE 7.314 4,439
PRESSURE 500.00 500.00
YEMPERATURE 500.00 3on.00
ENTHALPY 1670.5 52,8
CONTROL VALVE
1S IT IN CONTROL YE6 YES
PRESSURE [N 453.2 499,7
PRESSURE OUT 416.0 438,.8
TEMPERATURE IN 1008.0 300.0
Case

® GARRETT » AIRESEARCH MAMUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 1],TURB 156,500 R H2.T20=400,
8 JUNE

1971 16:22149 PAGE 2 OF 2
» CONDITION » 360 HP,5.7 PAMB,3000 WYDSYS
COH:!USTOR INFORMAT 10N
HYDROGEN FLOW 7.344 OXYGEN FLOW 4,439
PRESSURE [N 412.8 PRESSURE QUT 412.8
TEMPERATURE [N H2 1008.0 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 11.7%3 SPECIFIC HEAT RATIO 1.367
PRESSURE 1IN 412.2 PRESSURE OUT 8.6
TEMPERATURE [N 2060.0 TEMPERATURE 0OUT 1376.2
ENTHALPY 1IN 4911.,2 ENTHALPY JUT 3349.)
PRESSURE RATIO 48.19 EFFICIENCY 2513
RECUPERATOR INFORMATION
FLO¥W PRE IN P OUT TIN T OUT H IN H OUT EFF
COLD SIDE 7.314 457, 5 456.8 550,6 1008,0 1050.,5 3446.9 ,554
HOT SIDE 11.753 8, 6.4 1376.2 927,38 3349.1 2355,7 .54}
® TURBINE EXHAUST OVERBOARD PRESSURE o 5.31
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.000 000
H2 PREHEATER INFORMATION
FLOW  PRE IN P CUT T IN T OUT H IN H OUT EFF
COLD SIDE 7.33¢4 500.0 499.2 500,0 500.0 1670.5 4670.5 .000
HOT SIDE .000 456,808 456.8 1 0 o0 +0 .000
JET PUMP PERFORHANCE
FLOW PARaA PRESSURE  TEMPERATURE
PRIMARY JET 163.55 7 31 498,09 . 500,00
SECONDARY JEY .00 «Q0 431,32 +00
RESUL TANT 7.31 459,92 500,17
FLOW PARA RATIO ® pri1/Pp SEC 1.1567

-000
JET PUMP RISE 1.0663 PRI FLOW PARA

+3278 JPSF 2.30

LUBE 0iL COOLER INFORMATION
FLOW PRE IN P QUT T IN T OuT B IN H OUT

COLD SIDE 7.314 459,8 58,9 300,2 554,2 1670.5 1063,2
HOY SIDE 30.000 230.0 196.9 677,43 587.0 «0 «d
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL

509.1 875.3 25.5 1409.0

HYDRAULIC OIL COOLER INFORMAT]ON

FLOW PRE IN P CUT T IN T OUT H IN H OUT
COLD SIDE 7.314 458.8 457.9 554,2 550.6 1863,2 1850,5
HOT SIDE 14%50.0 100.0 31.5 550,0 559.1 .0 0

HEAT REJECTED ~85.06
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® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16,500 R H2,T200488,
8 JUNE 1971

0.0 HP,10. PAMB,3000 PS] HYDSYS

16:22154 PAGE 1 OF 2
® CONDITION o
® UNITS e AREASSG IN, H:BTU/LB, PsPS1A, QeBTU/M[N, T=DEG R, W=LB/MIN

¢« ITNPUT DAT A
DUCT PRESSURE LOSS COEFFICIENTS e10E+4

<00 «00 .00 1110.00 70000,00 .00 <00 10.00
3.64 +00 1.18 1.44 .00 66 3.%0 20.80
19.00 13,85 54.00 00 2,02 50.00 2.74 023
12 +00
SFT TURDNF SF JP P SF JP ¥ TUR 0OBCA JP PRICA TURB NOZ
1.000 -000 1.000 1.000 12,560 . 2000 1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHWX O
» 0002 98 30 '8 2060.00 400.00 1500.00
ETA CORF 0Q/F BASE
.0925 600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAMA HOT RNODP COLD RHODP WOT
H2 PRENEATER 2.00 2,00 50 1.00
MYD O COOLER 1.00 1.00 1.00 1.00
LU 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1,00
& » POINT INPUT DATA » #
HYDRA WP ELECT WP P AMB P HYORA OIL ALT SIZIE(KW)
.00 »00 10.00 3000.0 35.0
s QUTPUT DATAC
ORIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUB( PUHP GEAR BOX
40,00 12,00 2.63
TURBINE OUTPUT POWER =z 55.83 O/F = 486 SPC = 2.22)
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1,392 «676
PRESSURE 500,00 500.00
TEMPERATURE 500.00 300.00
ENTHALPY 1670.5 52.8
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE IN 497.7 500.0
PRESSURE OUT 76.8 79.9
TEMPERATURE IN 1222.6 300.0
Case

e GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CaLIF.
SSAPU PHASE Il TURB 16:500 R ?2:T20'400|

8 JUNE 19 16:22154 PAGE 2 OF 2
® CONDITION ® 0.0 HP,10. PAMB,3000 PS! «YDSYS
COHBUSTOR INFORMAT}ON
HYDROGEN FLOW 1,392 OXYGEN FLOW 1676
PRESSURE IN 76,0 PREGSURE QUT 76.0
TEMPERATURE IN H2 1222.6 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 2,069 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 75.9 PRESSURE QUT 10.1

TEMPERATURE IN 2060,0 TEMPERATURE OUT 199¢.2
ENTHALPY [N 5211.,8 ENTHALPY QUT 4066.0
PRESSURE RATI0 7.54 EFFICIENCY »538
RECUPERATOR INFORMAT]ON
FLOW PRE IN P OUT TIN T oUT HIN W OUT EFF

COLD SIDE 1.392 497.9  497.8  554,7 1222,5 1865.4 43194,7 .64
HOT SIDE 2.069 1041 10.0 1596|2 942,) 4066.0 24%8,1 .62
e TURBINE EXHAUST OVERBOARD PREBSURE o 9.99
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.000 +000
H2 PREHEATER XNFO!HAT!ON
FLOW PRE IN P OUT TIN T our H IN W QUT EFF
COLD SIDE 1.392 500.0 500.0 500,0 500,.0 1670.5 4670.5 .00Q
MOT SIDE  .000 497,88  497.8 10 3 0 «0 .000
JET PUMP PERFORNANCE
FL.OW PARA FLOW PRESSURE TEMPERATURE
PRIMARY JRT 31.14 1,39 499,95 500.00
SECONDARY JET .00 .00 496,52 .00
RESULTANT 1439 497,99 500.04
FLOW PARA RATIO .000 P PR1/P SEC 41,0069

JET PUMP RIBE 1.0030 PRI FLOW PARA 10623 JPSF  2.30

LUBE OIL COOLER INFORMATION

FLOW PRE IN P OUT T IN T out H IN H OUT EFF

COLD SIDE 1.392 498.0 497.9  500,0 631,5 1670.5 2134,5 .598
HOT SIDE 30.000 2n0.9 19¢.9 720,11  681.8 .0 W0 174
HEAT REJECTED ALTERNATOR GEAR BOX LUBE PUMP TOTAL
509.1 111.4 25.5 646,2
HYGRAULIC CIL COOLER JNFORMATION
FLOW PRE IN P OuT T IN T oUT H IN H our EFF
COLD SIDE 1.392 497.9 497,.9 631,5 554,7 2134.,5 1865.4 .94)
HQOT SIDE 29.0 100.3 9.8 550,0 577.7 ] W0 340

HEAY REJECTED -374.68

105
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® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF.

SSAPU PHASE 1].TURB 14,500 R H2,T203400,

8 JUUNE 1971 16123:01 PAGE 1 OF 2

®* CONDITION e 100 HP,10. PAMB.300C PS1 HYDSYS

e UNITS ® AREA=5Q IN, H=BTU/LB., P=PSlA, QR3BTU/MIN, T=DEG R, W=LB/MIN

* INPUT DATAS
DUCT PRESSURE LOSS COEFFICIENTS #1Q0E+4
.00 »00 .00 1110.00 70090,00 .00 .00 10.00
3.64 00 1.18 1.44 ,N0 .66 3,50 20.80
19.00 13.85 54.00 .00 2,92 50.00 2.74 023
.12 .00
SFT TURDNF SF JPP SF JP W TUR 03CA JP PRICA TURA NOZ
1.000 . 000 1.000 1,000 12.569 .2000 <1210
TUR LKCA ETA COMB LUBE P WP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 198 .30 .5 2060.00 4G0.00 1500.00
ETA CORF 0/F BASE
0925 .600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAMA WOT  RHODP COLD RHODP WOT
H2 PREWEATER 2.00 2.cc .50 1.00
WYD O COOLER 1.00 1,0C 1,00 1.00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
o o POINT INPUT DATA o @
HYDRA WP  ELECT WP P AMB P HYBRA OIL ALT SIZE(KW)
100.00 .00 13.00 3000.0 35.0
CcQUTPUT DATAS®
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR 80X
140,00 12.00 160 7.63
TURBINE OUTPUT POWER = 160.49 O/F = 554 SPC = 1.785
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 3.077 1.696
PRESSURE 500.00 500.00
TEMPERATURE 500.00 300.00
ENTHALPY 1670.5 52.8
CONTROL VALVE
IS IT IN CONTROL YES YES
PRESSURE IM 489,0 499,9
PRESSURE OUT 172.7 181.6
TEMPERATJRE [N 1106.0 300.0
Case

® GARRETT » AJRESEARCH MANUFACTURING DIVISInd
SSAPU PHASE 11,TURB 16,570 * +2,T2034100,

LOS ANGELES» CALIF,

8 JUNE 1971 16:23:01 PAGE 2 OF 2
* CONDITION ® 1.0 HP,10. PAMB,3000 PS1 4YNSYS
COMBSUSTOR INFORMAT1ON
HYDROGEN FLOW 3.077 OXYGEN FLOW 1,696
PRESSURE IN 171.2 PRESSURE OUT 171.2
TEMPERATURE IN H2 1106.0 TEMPERATURE IN 02 300.0
TURBINE ]NFORMATION
INLET FLOW 4,773 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 171.0 PRESSURE 0OUT 10.3
TEMPERATURE [N 2060,0 TEMPERATURE OUT 1456. 4
ENTHALPY IN 5041,9 ENTHALPY QUT 35616.3
PRESSURE RAT10 16.61 EFFICIENCY 1553
RECUPERATOR INFORMAT{ON
FLOW PRE IN P OUT TIN T our H:IN H OUT EFF
COLD SIDE 3.077 489.8 489.6 551,0 1105.4 1852.4 3786,3 .612
HOT SIDE 4.773 19.3 1.1 1456,4 913.1 3616.3 2369,.8 600
e TURBINE EXHAUST OVERBOARD PRESSURE e 9,97
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.000 «000
H2 PREHEATER INFORMAT]ON
FLOW PRE IN P CUuT TIN T OUT H IN W OUT EFF
COLD SIDE 3.077 500.0 495.8 500,40 500.0 1670.5 1670.5 .000
HOT SIDE  .000 489.6  489.4 0 T .0 .0 .0 .000
JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 68,80 3.08 499,79 500.00
SECONDARY JET .00 »00 483,11 +Q0
RESULTANT 3.08 490,28 500,04
FLOW PARA RATIO .000 P PRI/P SEC 1.0345
JET PUMP RIBE  1.0148 PR] FLOW PARA  ,1377 JPSF  2.3C
LUBE OIL COOLER INFORMATION
FLOW  PRE IN P OUT T IN T our H IN HOUT EFF
COLD SIDE 3.077 490,3 490.1 500,0 578.7 1670.,5 1949,4 470
HOT SIDE 30.000 200.0 196.9 667,33 612.8 .0 0 L3246
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509,1 323.7 25.5 58,3
HYDRAULIC CIL COOLER INFORMATION
FLOW PRF [N P CUT TIN T oUuT H IN H OUT EFF
COLD SIDE 3.077 490,1  4B8y.9  578,7 551.] 1949.4 1052.4 .965
HOT SIDE 423.7 15~ 97.8  550,0 551.5 .0 .9 .054
HEAT REJECTED -29n. 40
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® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF. ¢ GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

85APU PHASE 11.TURB 16,500 R HZ.TZDUQGU. S$SAPU PHASE [1.TURB 16.500 R H2,T202400,
8 JUNE 1971 16:23108 PAGE 1 OF 2 8 JUNE 1971 16123:08 PAGE 2 OF 2
o CONDITION ® 200 HP,10. PAMB,3000 PS! HYDSYS ® CONDITION e 200 HP.,10. PAMB,3000 PS! HYDSYS
® UNITS ® AREA®SQ IN, HsBTU/LB, PaP§lA, QuBTU/MIN, T3DEG R, Wa3LB/MIN consusron INFORMAT]ON
HYDROGEN FLOW 4,766 OXYGEN FLOW 2.764
* INPUT DAT A PRESSURE IN 268.7 PRESSURE QUT 260.7
DUCT PRESSURE LOBS GCOEFPICIENTS *10E+4 TEMPERATURE IN M2 1055.9 TEMPERATURE IN 02 300.0
.00 00 .00 1110.00 70000,00 .00 .00 10.00
3.64 .00 1.18 1.44 ,00 Y 3,50 20.80 TURB{NE INFORMAT]ON
1%.00 43,88 54.00 .00 2,02 %0.00 2,74 023 INLET FLOW 7.527 SPECIFIC WEAT RATIO 1,367
12 «00 PRESSURE IN 268,2 PRESSURE QUT 10.8
TEMPERATURE I[N 2060.0 TEMPERATURE OUT 1415.9
SFT TURDNF SF UPP &F JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY IN 4974,8 ENTHALPY QUT 3470.¢
1.000 .000 1.000 1.000 12,560 ,2000 +1240 PRESSURE RAT1O 24,93 SFFICIENCY 541
TUR LKCA ETA COMM LUBE P HP ETA LOPP T TUR IN T HHX IN T LWX O
.0002 98 .30 ] 2060.00 400.00  1%00.00 RECUPERATOR INFORMATION
ETA CORF O/F BASE FLOW PRE IN P QUY TIN T ouy H IN W OUT EFF.
.0925 . 600 COLD SIDE 4.764 476,2 475.7 951,80 10%5.4 18%52,2 3612,0 ,983
HOT SIDE 7.927 10.7 10,2 1415,5  924.2 3470.6 2344,2 572
HEAT EXCHANGER SCALE FACTORS o TURBINE EXHAUST OVERBOARD PRESSURE o 9,97
HEAT EXCHANGER  ETaWA COLD ETAWA MOT  RHODP COLD RHODP WOT
H2 PREWEATRR 2.00 2,00 .50 1.00 HOT BYPASS VALVE INFORHATION
HYD O COOLER 1.00 1.00 1.00 1,00 FLOW PRESSURE OROP
LU8 0 COOLER 1.00 1,00 1.00 1.00 .000 «000
RECUPERATOR 1.00 $.00 1,00 1,00
H2 PREHEATER lNFOlHATlON
e o POINT INPUT DATA o o FLOW PRE IN P QUT TIN T oUT K IN WOUT EFF
HYORA HP  ELECT WP P aMB P HYQRA OIL ALT SIZEC(KW) COLD SIDE 4.766 500.0 499.6 500,0 500.0 1670,5 41670,5 ,008
200.00 <00 10,00 3000.0 35.0 HOT S]DE  .Q00 475,7  475.7 «0 © .0 0 0 000
¢ QUTPUT DATAS® JET PUMP Panronllnce
FLOW PARA PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 106,58 4.77 499,51 500,00
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET .00 .00 460,59 00
240,00 12.00 160 12,63 RESULTANT 4,77 77,11 500,09
FLOW PARA RATIO «000 P PRI/P SEC 1.0845
TURBINE OUTPUT POWER = 265,53 O/F 5,579 SPC * 1,704 JET PUMP RIBE  1.0359 PRI FLOW PARA  ,2134 JUBSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE 0IL COOLER INPORHATION
FLOW RATE 4.766 2.761 FLOW PRE IN P OUT T OUT H IN W OUT EFF
PRESSURE 500,00 500.00 COLD SIDE 4.766 477,1  476.7 500 563.2 1670.5 1895,1 ,3686
TEMPERATURE 500.00 300.00 HOT SIDE 30.000 200.0 196.9 663.! 594.9 0 0 .420
ENTHALPY 1670.5 52,8
HEAT REJECTED  ALTERNATOR  GEAR 80X LUBE PUMP TOTAL
CONTROL VALVE 509.1 535.9 25.5 1070.4
IS 1T IN CONTROL YES YES
PRESSURE IN 474,4 499,9 HYDRAULIC CIL COOLER INFORMATION
PRESSURE OUT 270.8 285,4 FLO¥  PRE IN P OUT TIN ToOUT H IN H OUT EFF
TEMPERATURE IN 1055.9 300.0 COLD SIDE 4.766 476.6 476.2 563,2 551.,0 1895,1 1852,2 ,92%
HOT SIDE 818.4 103.0 95.4  550,0 550.5 «0 .0 .04
HEAT REJECTED -204.44
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® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE 11,TURB 16,500 R H2,T20%400,
8 JUNE 1971 16:23:16 PAGE 1 OF 2

® CONDITION e 360 HP,10. PAMB, 3000 WYDOSYS
® UNITS o AREA®S@ IN, HsBTU/LB. PsPSlA, GsBTU/MIN,» T=DEG R, W2LB/MIN

* INPUTYT DAT A
DUCT PRESSURE LOSS COEFFICIENTS ®10E+4

.00 100 <00 1110.00 70000,00 .00 .00 10.00
3.64 +00 3.18 1.44 «00 66 3.50 20.80
19.30 13,88 54,00 +00 2,32 50.00 2.74 023
12 +00
SFY TURONF SF JP P SF JP W TUR 03CA JP PRICA TURB NOZ
1.000 -00Q 1.000 1.000 12.560 .2000 <1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HAX IN T LHX O
.0902 98 +30 .5 2060.00 400.00 1500.00
ETA CORF 0/F BASE
.0925 600

HEAT EXCHANGER 8CALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAMA WOT  RHODP CcOLD RHODP WOT

H2 PREWEATER 2.00 2.00 50 1.00
HYD O COQLER 1.00 1,00 1.00 1.00
LUB O COOLER 1.00 1,390 1.00 1,00
RECUPERATOR 1.00 1.00 1.00 1.00
e o POINT INPUT DATA o o
HYDRA WP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
360.00 .00 10.00 3000.0 35.0

e 0 UTPUT DATAS

DRIVE PQOWER HP L0SS
HYD PUMP  ALTERNATOR LUBE PYwP  GEAR BOX
400.00 12.00 160 20.63

TURBINE OUTPUT POWER = 433.60 O/F »  ,602 SPC = 1,667

PROPELLANT HYDROGEN IXYGEN
FLOW RATE 7,518 4,525
PRESSURE 500.00 500.00
TEMPERATURE 500,00 300.00
ENTHALPY 1670.5 52.8
CONTROL VaLVE
IS IT IN CONTROL YES YES
PRESSURE IN 454.8 499.6
PRESSURE OUT 428.% 450.8
TEMPERATURE [N 1015.4 300.0

Case

¢ GARRETT @ AIRESEARCH MANUFACTURING DIVISIOW LOS ANGELES, CALIF,

SSAPU PHASE 11,TURB 16,530 R H2,T202400,

8 JUUNE 1971 16:23:16 PAGE 2 OF 2

® CONDITION o 360 HP,10. PAMB,3000 HYDSYS

COMBUSTOR [NFORMATION

HYDROGEN FLOW 7.518 OXYGEN FLOW 4,525
PRESSURE N 424.8 PRESSURE QUT 248
TEMPERATURE IN H2 1015.4 TEMPERATURE 1N 02 300.0

TURBINE [NFORMAT]ON
INLET FLOW 12,043 SPECIFIC HEAT RATIO 1,367
PRESSURE N 424.1 PRESSURE 0UT 12.3
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1393.2
ENTHALPY IN 4923.9 ENTHALPY OUT 3394.4
PRESSURE RATIO 34.49 EFFICTENCY 528
RECUPERATOR INFORMATON
FLOW PRE IN P QUT IN TOUT  MIN HOUT EFF
COLD SIDE 7.518  456.4  455.3 sso 4 1015.4 1849,8 3472,7 ,5%2
HOT SIDE 12.043 12,2 10.6 439312 937.5 3394.4 2381.3 .Seg
o TURBINE EXHAUST OVERBOARD PRESSURE o 10.10
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.00 +000
W2 PREHEATER INFORMATION
FLOY PRE IN P OUT T IN TOUT HIN HOUT EFF
COLD SIOE 7.818  500.0 495.1  $00,0 5nu.u 1670.5 1670.5 ,000
HOT SIDE  .000  455,3  455.3 ‘0 0 0 .0 .000
JET PUNP PERFORMANCE
FLOW PaRA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 168,10 7.52 498,83 500.00
SECONDARY JET .00 .0U 429,12 .00
RESULTANT 7.52 458,61 $00.17
FLOW PARA RATIO .000 P PRI/P SEC 1.1625
JET PUMP RIBE  1.0687 PRI FLON PARA  ,3370 JPSF  2.30
LUBE OIL. CODLER INFORMATION
FLOW PRE IN F CUT T IN T oUT W IN EFF
COLD SIDE 7.508 458.8 | 457.6  Bo0i2 | 562.7 1670.5 188810 -30p
HOT SIDE 30.000  200.0 196.9 75,5 584.9 .0 0 517
HEAT WEJECTED ALTERNATOR GEAR BOX  LUBE PUMP  TOTAL
509.1 875.3 25.5 1409.8
HYDRAULIC O1L COOLER INFORMATION
FLOW PRE IN PCUT  TIN TOUT HIN HOJUT EFF
COLD SIDE 7.518  457.4  4506.5 552,7 580.4 1858.0 1849.8 .850
HOT SINE 1450.0  121.0  91.5 5500  553.1 0 .0 .03
HEAT REJECTED -61.63
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPYU PHASE l!:TURB 16,500 R H2,T20=400,

® GARRETT = AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
S$SAPU PHASE llnTURB 16,500 R H2,T20=400,
71

atl

8 JUNE 1971 16123121 PAGE { OF 2 8 JUNE 1 16323121 PAGE 2 OF 2
° CONDITION ® 0.0 HP,14,.7PANB,3000 PSI WYDSYS e CONDITIOM ® 0.0 HP»14.7PAMB+3000 PS! HYDSYS
® UNITS ® AREA®SQ@ IN, H=BTU/LB, P=PSIA, QxBTU/MIN, T=DEG R, W=zLB/MIN COMBUSTOR INFORMATION
HYDROGEN FLOW 1.642 OXYGEN FLOW +763
INPUT DATAS PRESSURE N 88,6 PRESSURE QUT 8.6
puct PRESSURE LOES COEFFICIENTS ®10E+4 TEMPERATURE IN H2 1258.9 TEMPERATURE IN 02 300.0
.00 «00 .00 1110.00 70000,00 +00 100 10,00
3.64 .00 1.18 1444 00 166 3.50 20,80 TURBlNE INFORMATION
19.00 13,85 54.00 .00 2,02 50.00 2,74 +023 INLET FLOW 2.4 SPECIFIC HEAT RATIO 1.367
12 +00 PRESSURE IN an.s PRESSURE QUT 14.8
TEMPERATURE IN 2060,0 TEMPERATURE OUT 1664.4
SFT TIRONF SFJPP SFJP W TUR 0BCA JP PRICA TURB NOZ ENTHALPY IN 5269,3 ENTHALPY QUT 4275,3
1.000 .000 1.000 1,000 12,560 +2000 11240 PRESSURE RATIO 6.00 EFFICIENCY +503
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
<0002 198 30 5 2060.00 400.00 15%00.00 RECUPERATOR INFOIHATION
ETA CORF O/F BASE FLO¥ PRE_IN P OUT IN T our H IN M OUT EFF
10925 .600 COLD SIDE 1.642 497,14 497.0 555 5 1258,6 1068.4 4321,8 .63¢
HOT SIDE 2.408 14,7 14,7 1664,4 976.2 4275.3 2600.,4 .62¢
HEAT EXCHANGER SCALE FACTORS e TURBINE EXHAUST OVERBOARD PRESSURE e 14,69
HEAT EXCHANGER  ETAHA COLD ETAMA HOT  RHODP ¢OLD RHODP HOT :
H2 PREHEATER 2.00 2,00 50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1.00 1,00 FLOW PRESSURE DROP
LUB O COOLER 1.00 4.00 1,00 1.00 +000 1000
RECUPERATOR 1.00 1,00 1,00 1.00
H2 PREHEATER XNFORHATION
e ® POINT INRUT DATA o o FLOW PRE IN P OUT IN T ouT H IN HOUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 1.642 500.,0 499.9 500. 500.0 1670.5 1670.5 00D
.00 . 14,70 3000.0 35.0 HOY SI10E  .000 497.,0  497.0 V0 0 , +Q0 .000
«OQUTPUT DATA-® JET PUMP PERFonnAncE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 36,71 164 499,9 500,00
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET 00 +00 495,20 100
40,00 12.00 +60 2,63 RESULTANT 1.64 497,23 500,04
FLOW PARA RAT3O 000 ® PRYI/P SEC 1.009¢
TURBINE OUTRUT POWER =  56.20 O/F = ,465 SPC = 2,568 JET PUMP RISE 1.004% PR] FLOW PARA  ,0734 JPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RAYE 1,642 1763 FLOW PRE_IN P OUT T IN T OUT H IN H OUT EFF
PRESSURE 500,00 500.00 COLD SIDE 1.642 497.2 497,2 500,0 611.4 1670,5 2064,0 .878
TEMPERATURE 500.00 300.00 HOT SIDE 30.000 200.0 196.9 692,6 653.% 0 0 4205
ENTHALPY 16705 52.8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.1 111.6 25.5 646.2
1S 1T IN CONTROL YES YES
PRESSURE N 496.8 500.0 HYDRAULIC Ol COOLER INFORMAT]ON
PRESSURE ouT 89,6 92.9 FLON PRE IN P OUT TIN T oUT HIN R OUT EFF
TEMPERATURE IN 12589 30040 COLD SIDE 1.642 497,2 497,14  611,4 555.5 2064,0 1868.4 ,910
HOT SIDE  29.0 100.,0 99.8 550,0 573.8 +0 Y - 1.1]
HEAT REJECTED -321.23

Case

109
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® GARRETT = AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

§54PYU PHASE 11/TURB 16,500 R H2,T202490,
8 JUNE 1971 16123126

PAGE 1 OF 2
& CONDITION e 130 HP,14.7PAMB,3000 PS1 WYDSYS
® UNITS e AREA®S@ IN, H=BTU/LB, P=PS1A, Q=8TU/MIN, TFDEG R: W=LB/MIN

PUT DAT A
pucr PQESSUPE LOBS COEFFICIENTS ®10E+4

«20 »00 +00 1110,00 70000.00 .00 .00 10.00
3.04 +00 1.18 1.44 +00 +66 3.50 20,680
19.30 13.85 54,00 00 2,02 50.00 2,74 +023
112 +00
SFT TURDNF SF JP P SF JP W TUR 08BCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 «2000 11210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
8 »30 5 206000 400.00 1500.00

«0p02 9
ETA CORF O/F BASE
«0925 .600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA KOT  RHODP ¢cOLD RHODP HOT

HZ2 PREHEATER 2,00 2.00 «50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB 0 CNOLER 1,00 4,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

e o POINT INPUT DATA o @
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)

130.00 +00 14,70 3000.0 35.0
S OUTPUT DATAS®

DRIVE POWER HP LOSS
HYD PUMP  ALTERNATOR LUBE PUMP  GEAR BOX
140,00 12.00 160 7.63

TURBINE OUTPUT POWER = 158.84 O/F = ,539 SPC * 1.905

PROPELLANT HYOROGEN OXYGEN
FLOW RATE 3.277 1,766

PRESSURE 500,00 500.00
TEMPERATURE 500,00 300.00
ENTHALPY 1670:5 5248

CONTROL VALVE

1S 1T IN CONTROL YES YES

PRESSURE N 487.0 499.9
PRESSURE OUT 184.0 192.8
TEMPERATURE [N 112847 300.0

# GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE 11,TURB 16,500 R H2,T20%400,

8 JUNE 1971 16123126 PAGE 2 OF 2
¢ CONDITION o 4100 HP,14,/PAMB.3000 PSI <YDSYS
COMBUSTOR_INFORMAT{ON
HYDROGEN FLOW 3,277 OXYGEN FLOW 1,766
PRESSURE [N 182.3 PRESSURE QUT 182.3
TEMPERATURE IN H2 1128.7 TEMPERATURE IN 02 300.0
TURBINE [NFORMAT[ON
INLET FLOW 5,042 SPECIFIC HEAT RATIO 1.367
PRESSURE IN 182.1 PRESSURE JUT 14,9
TEMPERATURE [N 2060.0 TEMPERATURE 0UT 1499.3
ENTHALPY 1IN 5073.4 ENTHALPY OUT 3737.%
PRESSURE RAT[O 12,19 EFFICIENCY 557
RECUPERATOR XNFORHATION
FLOW  PRE IN P OUT IN T oUT H IN H OUT EFF
COLD SIDE 3.277 488,0 487,98 551 0 1128,7 1852.4 3867.1 ,609
HOT S[OE 5.042 14.9 14,7 1499.3 933.7 3737.1 2427.8 .59¢
® TURBINE EXHAUST OVERBOARD PRESSURE e 14,68
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
+000 1Quo
H2 PREHEATER INFORHAT!ON
FLOW  PRE IN P OUT IN T oUT H IN H OUT  EFF
COLD SIDE 3.277 500,0 499.8 500 0 500.,0 1670.5 1670.5 .000
HOT SIOE 000 487,8 487-6 .0 T a0 +0 0 000
JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 73.27 3.28 499,76 500400
SECONDARY JET .00 100 479,99 «00
RESULTANT 3.28 488.54 500.0%

FLOW PARA RAT!0 +000 P PR]/P SEC 1.0412
JET PUMP RI1SE 1.,0178 PR FLOW PARA +1466 JPSF  2.30

LUBE OIL COOLER [NFORMATION
FLOW  PRE IN P CUT TIN T OUT H IN H OUT EFF
COLD SIDE 3.277 488,5 488.3 5ud,0 573.8 1670.5 1932,4 .458

HOT SIDE 30.000 200.0 196.9 66142 606.4 \0 0 .34y
REAT REJECTED  ALTERNAYOR  GEAR 80X LUBE PUMP TOTAL
539.1 323.7 2545 858.3

HYORAULIC OfL COOLER INFORMATION
FLOW PRE IN P OUT T IN T GUT H IN H OUT EFF
COLD SIDE 3.277 468.3 488.14 573,8 554,90 1932.4 1652.4 .959
HOT SIDE 423.7 150.0 97.8 550,0 551.4 .0 W6 057

HEAT REJECTED -262.33

Case }10
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® GARRETT o AIRESEARCK MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPU PHASE 13,TURS 16:500 R H2,T20%400,
8 JUNE 1971

16123133 PAGE 3 OF 2 16123133 PAGE 2 OF 2
o CONDITION » 200 HP.14,7PAMB,3000 PSI HYDSYS » CONDJTION # 200 MRy 14.7PAMBr3000 PS] HYDSYS
* UNITS * AREASSQ IN, HsBTU/LB, PSPSIA, GRBTU/MIN: TDEG Ry WiLB/MIN COHRUSTOR INFORMAT1ON
' ! HYDROGEN FLOW 4,980 OXYGEN FLOW 2,848
INPUY PRESSURE IN 280,14  PRESSURE QUT 280.3
DUGT PRESSURE LOBS COEFIIGIENTB v30E+4 TEMPERATURE IN H2 1068,6  YEMPERATURE IN 02 300.0
.00 100 +00"430+00 7000000 100 W00 10,00
3.64 1048 4,44 100 166 3,50 20.80 TURBINE [NFORMATION
I TN Y 3 00 202 50,00  2.74 1033 INLET FLOW 7,82 SPECIFIC HEAT RATIO 1,367
12 V00 PRESSURE IN 279,7  PRESSURE QUT 15,3
TEMPERATURE IN 2060.0  TEARERATURE oUT 144214
ST TURONF GF P SE JR N TUROBCA JP PRICA TR NoZ ENTHALPY IN 4992.7  ENTHALRY QUT 3551.8
1,000 .000 1,000 1,000 12 ,2000 14210 PRESSURE RATIO 18:32  EFFICIENGY 1553
TUR'LKCA ETACEOMB LUBE P HP ETACLORP 2 70N IN THMN IN ToLiM 0
/0002 '98 V30 ' 2060.00 400,00  4500.00 RECUPERATOR INFORHATION
ETA CORF O/F BASE FLOW PRE IN P OUT oUT W N H QUT  EFF
‘0925 .800 COLD SIOE 4,580 4548 T4vars  ss0r9 1oseis amsiy SeSuTe G
HOT SIDE 7.828 15,2 14,8 1442,6 935.9 3554.8 2403,4 568
HEAT EXCHANGER SCALE FACTORS » TURBINE EXHAUST OVERBOARD PRESSURE » 14,68
HEAT EXCHANGER  ETAMA COLD  ETAWA HOT  RHODR cOLD RHODE WOT
H2 PREMEATER 2.00 BT a0 +50 1:00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 $.00 1,00 1,00 FLOW PRESSURE ODROP
LUB O COOLER 1.00 $,00 1.00 1,00 .600 1000
RECUPERATOR 1,00 1,00 1.00 1,00
H2 PREHEATER INFORMATION
o o POINT INPUT DATA # ¢ FLOW PRE IN P OUT T IN TOUT HIN HOUT EFF
HYDRA HP  ELEGT HP P AMB P HYDRA OIL LT GIZE(KW) COLD SIOE 4.980 5000 499-6  500,0 500.0 16705 1670.5 (000
200,00 00 14,70 30000 38,0 T SI0E  .000  A474.1 474.1 0 0 0 0 1000
SOUTPUT DATAS JET PUNP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP L0SS PRIMARY JET  £11.36 4,98 499,47 500.00
HYD PUMP ALTERNATOR LUBK PUMP  GEAR BOX SEGONDARY ET 100 100 458,00 .00
240,00 12,00 )60 12,63 RESULTANT 4098 475164 500.10
FLOW PARA RAT10 Q00 @ PRI/P SEC 1.0906
TURBINE OUTPUT POWER o 265,87  O/F v ,572  6PG = 1.767 JET PUMP RISE  1.0385 PRI FLOW PARA  +2230 JPSF  2.30
PROPELLANY HYDROGEN OXYGEN LUBE 0IL COOLER XNFORHATION
FLOW RATE 2,848 FROW  PREIN P OUT T T IN Y OUT. W IN W OUT fE
PRESSURE 80008 500,00 COLD SIOE 4.980 475,86  475.2  500,1 560.5 1670.5 1885,4 .377
TEMPERATURE 500,00 300,00 HOT SIDE 30.000  200.0 196.9 860,3 591.2 0 0 43
ENTHALPY 16705 52,8
HEAT REJECTED  ALTERNATOR  GEAR BOX  LUBE PUMP  TOTAL
GONTROL VALVE 509.1 535.9 25.5 1070.4
1S 1T IN GONTROL vEs ves
PRESSURE IN 472:4 499,9 HYDRAULIC O1L COOLER INFORMATION
PRESSURE OUT 2024 29741 FLON PREIN PCUT TIN TOUT HIN HOUT EFF
TERPERATURE IN 106846 300.0 COLD SIDE 4.980  475.1 474.6 60,5 550.9 1885.4 1851.7 .918
HOT SIDE B81B.4  100.0  95.4 550.0 550.4 ‘0 0 1043
HEAT REJECTED -167.90

* GARRETY » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.

Case |11

§5APU PHAGE 11.TURB 16,500 R H2,T2Q%400,
8 JUNE 1973
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® GARRETT = AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF. * GARRETT = AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16,500 R K2,7202400, SSAPU PHASE I1,TYURB 14,500 % H2.T202400,
8 JUNE 1971 16:23357 PAGE 1 OF 2 8 JUNE 19731 16123157 PAGE 2 OF 2
» CONDITION ® 360 HP,14,7PAMB.3000 HYDSYS e CONDITION ¢ 360 HP,14.7PAMB,3000 WYDSYS )
* UNITS ® AREASSQ IN, H=BTU/LB, PzPS!A, Q=BTU/MIN,» T=DEG R, WzLB/MIN COMBUSTOR lNFORMATlON !
HYDRQGEN FLOW OXYGEN FL.Ow 4,605
e« INPUT DATAS PRESSURE N 430 2 PRESSURE 0OUT 430,2
DUCT PRESSURE 1,055 COEFPICIENYTS ®*i0E+4 TEMPERATURE IN K2 1023.3 TEMPERATURE 1IN 02 300.0
«00 100 +00 1110.00 70000,00 .00 .00 10.00
3.64 «00 1.18 1.44 .00 66 3.50 20.80 TllRBINE INFORMATION
19.00 13.88 54.00 +00 2,02 50.00 2.74 + 023 INLET FLOW 12.281 SPECIFIC HEAT RATIO 1.367
.12 +00 PRESSURE IN 429.5 PRESSURE QUT 16,5
TEMPERATURE IN 2060.0 YEMPERATURE oUT 1410.2
SFT TUR ONF SF JUP P SF JP ¥ TUR 08CA JP PRICA TURB NOZ ENTHALPY N 4927.8 ENTHALPY OUT 3435.8
1.000 .000 1.000 1.000 12.569 +2000 +1210 PRESSURE RATIO 26411 EFFICIENCY 541
TUR LKCA ETA COHB LUBE P P ETA LOPP T TUR IN T HeX IN T LHX O
002 «30 5 2060.00 400.00 1500.00 RECUPERATOR mronmnoq
ETA CORF "Q/F BASE FLOW PRE IN P OUT IN T ouT H IN H OUT EFF
+ 0925 600 COLD SIDE 7.676 455,3 454.2 550.3 1025.4 10849,2 3500.5 .550
HOT SIDE 12.28% 16.4 15.4 1410,2 946,8 3435,8 2403,7 ,339
HEAT EXCHANGER SCALE FACYORS ® TURBINE EXHAUST OVERBOARD PRESSURE e 14,77
HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP cOLD RHODP HOY
H2 PREHEATER 2.00 2,00 +50 1.00 HOT BYPASS VALVE INFORMATION :
HYD O COOLER 1,00 1.00 1.00 1,00 FLOW PRESSURE DROP
LUB O COOLER 1.00 1,00 1.00 1.00 .000 »000 1
RECUPERATOR 1.00 1.00 1.00 1.00
H2 PREHEATER INFQRMATION
e o POINT INPUT DATA o @ FLOW PRE IN P OUT TIN T oUT H IN H O0uUT EFF
HYDRA HP ELECT HP P AMB P HYDRA OIL ALT SI1ZE(KW) COLD SIDE 7.676 500.0 499,14 50C,0 500.0 1670.5 1670.,5 ,000
360,00 .00 14.70 3000.0 35.0 HOT SIDE .Q00 454,2 454.2 0 +0 0 0 000
s OUTPUT DATAC® JET PUMP PERFORMANCE
FLLOW PARA FLOW PRESSURE TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JUET 171,65 7.68 498,78 500,00
HYD PUMP ALTERNATOR LUBE PYMP  GEAR BOX SECONDARY JET .00 +Q0 427,43 .00
400,00 12.00 160 20.63 RESULTANT 7,68 457,61 500,18
FLOW PARA RATIO .000 P PRI/P SEC 141669
TURBINE OUTPUT POWER = 431.58 O/F = .600 SPC = 1.707 JET PUMP RISE 1.0706 PR] FLOW PARA 13441 JUPSF 2,30
PROPELLANY HYDROGEN OXYGEN LUBE OIL COQLER INFORMATION
FLOW RATE 7,676 4,605 FLOM PRE IN P CUT TIN ToOUT H IN H OUT EFF
PRESSURE 500.00 500.00 COLD SIDE 7.676 457.,5 456.5 550,2 5516 1670.5 1854.1 .296
TEMPERATURE 500,00 360,00 HOT SIDE 30.000 200.9 196.9 674,14 583.4 +0 0 522
ENTHALPY 1670.5 52,8
HEAT REJECTED Al.TERNATOR GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.1 87%.3 25.5 1409.8
1S 1T IN CONTROL YES YES
PRESSURE IN 4501 499,6 RYDRAULIC OIL COOLER INFORMATION
PRESSURE QUT 433.6 456.7 FLOW PRE IN P OUT IN T oUT H IN H ouT EFF
TEMPERATURE [N 1023.3 300.0 COLD SIDE 7.676 456,4 455.4 5;1 [} 550.3 1854.1 1849.,2 .844
HOT SIDE 1450.0 10c.0 7445 550.0 550.1 Ny 0 .034
HEAT REJECTED -37.53
24

Case |12
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® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALLF.

SSAPU PRASE 11.,TURB 16,500 R H2,T60 = 630.
8 JUNE 1971 15138117 PAGE 1 OF 2

# CONDITION » 0.0 HP,0.0 PAMB.3000 PSI KYDSYS

® UNITS e AREA®SQ [N, H=BTU/LB, P=PSIA, G#BTU/MIN, T=DEG R, W=LB/MIN

e ITNPUT DATA
DUCT PRESSURE LOSS COEFF!CIENTS *10E+4

«00 «00 .00 1110.00 70000,00 .00 .00 10,00
3.64 +00 1,18 1.44 +00 66 3.50 20.80
19.00 13,85 54,00 .00 2,02 50.00 2,74 1023
W12 +00
SFT TURDNF SF PP SF JP W TUR OBCA JP PRICA TURA NOZ
1,000 . 000 1,000 1.000 12,560 .2070 +1210

TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
+0002 »98 «30 W3 2060.00 400.00 1500.00
ETA CORF 0/F BASE
+0925 .600

HEAT EXCHANGER SCALE FACTORS

@ GARRETT ¢ AIRESEARCH MANUFACTURING DIVISION LOS ANGELESs CALIF.
SSAPU PHASE II,TURB 16.500 R H2,T60 = 630.

8 JUNE 1971 15138317 PAGE 2 OF 2
© CONDITION ® 0.0 HP.D.0 PAMB,3000 PST HYDSYS
COMBUSTOR INFORMATION
HYDROGEN FLQW +809 OXYGEN FLOW 492
PRESSURE IN 49,8 PRESSURE QUT 49.8
TEMPERATURE IN H2 1102.1 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ION
INLET FLOW 1,381 SPECIFIC HEAT RATIO 1.369
PRESSURE 1IN 49 8 PRESSURE QUT .8
TEMPERATURE 1IN 2060.0 TEMPERATURE ouT 1335, 4
ENTHALPY IN 5036.3 ENTHALPY OUT 3333.4
PRESSURE RAT10 63,74 EFFICIENCY 1522
RECUPERATOR INFORHATION
FLOW  PRE IN P OUT TIN ToUT H IN HOUT EFF

COLD SIDE .8869 499,2  499.2 6505 1102.4 2201.2 3776.0 .660

HEAT EXCHANGER

ETAHA COLD ETAHA HOT

RHODP cOLD RHODP HOT

H2 PREHEATER 2.00 2,00 +50 1.00
HYD 0 COQLER 1.00 1,00 1,00 1.00
LUB O COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1,00 1.00
® % POINT INPUT DATA # ®
HYDRA HP  ELECT HP P AMB P HYDRA OJL ALT _SIZE(KW)
+00 +00 ue 3000.0 35,0
s OUTPUT DATA®
DRIVE PQWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
40.00 12,00 160 2,63
TURBINE OUTPUT POWER 3  55.47 0/F = 553 SPC = 1.493
PROPELLANT HYDROGEN OUXYGEN
FLOW RATE 1889 1492
PRESSURE 500.00 500,00
TEMPERATURE 500.00 300,00
ENTHALPY 1670.5 52.8
GONTROL VALVE
1S IT IN CONTROL YES YES
PRESSURE IN 4%9.3 500.0
PRESSURE QUT 50.3 53,0
TEMPERATURE IN 1102.1 300.0

Case

HOT SIDE 1.384 8 5 1335,4 891.5 3333.4 2319.3 .648
® TURBINE EXHAUST OVERBOARD PREBSURK » 32
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
<000 +Q00
H2 PREHEATER INFOIMATXON
FLOW  PRE IN P OUT IN T oOUT H IN H OUT EFF
COLD SIDE .889 500.0 500.0 500 o] 500 0 1670.,5 1670.5 ,000
HOT SIDE .000 499.2 499.2 .0 0 0 «0 000
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 19.88 +89 499,98 500,00
SECONDARY JET .00 +00 498,73 <00
RESULTANT 189 499,24 500.00
FLLOW PARA RATIO P PR1/P SEC 1.0023

JET PUMP RISE

FLOW
COLD SIDE_ .889
HOT SIDE 30.000

HEAT REJECTED

FLOW
COLD SJDE .889
HOT SIDE  29.0

HEAT REJECTED

13

000
1.0010 PRI FLOH PARA 10398 JPSF 2,30

LUBE OIL COOLER INPORMATION
PREIN P OUT T IN TOUT HIN HOUT EFF

499,2  499.2 500,0 706.5 1670.5 2397.3 .63¢
20030 196.9 822,59 788.6 .0 0 106

ALTERHATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 255 646.2

HYDRAULIC OIL COOLER INFORMAT{ON

PRE IN P QUT T IN T oUT H IN H OUT E&FF
499,2 499.2 706,5 659.5 2397.3 2201:2 + 993
100.9 99.8  650,0 651.6 0 0 209

~174.34
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® GARRETT o AIRESEARCH MA IUFACTURING OIVISION LOS ANGELES: CALIF.

SSAPU PHASE T1.TURB 16,500 R H2,7T60 = 630.
8 UUNE 1v71 18102109

® CONDITION © 100 HP,0.0 PAMB»3000 PSI HYOSYS
® UNITS ® AREA®SQ IN, H=BTU/LB, PsP514, QsBTU/MIN: T2DEG R, W=LB/MIN

INPUT DATA S
oucT PRESSURE LOSS COEFFICIENTS *10E+4

<00 +00 «00 1110,00 70000.00 +00 «00 10.00
3.64 +00 1.18 1.44 +00 66 3.50 20.80
19.00 13.85 54.00 «00 2,02 50.00 2,74 1023
12 «Q0
SFT TURDNF SF Jp P SF JP ¥ TUR 0BCA JP PRICA TURB NOZ
1.000 +000 1.000 1,000 12,560 .2000 +1210
TUR LKCA ETA COMB LUBE P WP ETA LOPP T TUR IN T HHX IN T LHX O
«0002 198 +30 5 2060.00 400.00 1500.00
ETA GORF 0/F BASE
»0925 <400

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT RHOD; CcOLD RHODP WOT
0 1.00

H2 PREHEATER 2.00 2400

HYD O COOLER 1.00 1,00 1,00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

e o POINT INPUT DATA o @

HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)

100.00 +00 .00 3000.0 35,0
C«O0UTPUT DATAS®
DRIVE POWER HP LOSS
HYD PUMP AL TERNATOR LUBE PUMP  GEAR BOX
140.00 12.00 160 7.63
TURBINE OUTPUT POWER = 161,27 O/F a  ,556 SPC = 1.583
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 2,734 1.520
PRESSURE 500,00 500.00
TEMPERATURE 500,00 300.00
ENTHALPY 16705 5248
CONTROL VALVE
1S IT IN GONTROL YES YES
PRESSURE IN 493,34 500.0
PRESSURE OUT 154.4 162.4
TEMPERATURE [N 1098.2 300.0

PAGE 1 OF 2

® GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE I1,TURB 16,500 R H2,T60 = 650.

8 JUNE 1771 18102109 PAGE 2 OF 2
® CONDITION e 100 HP,0.0 PAMB,30Qy PSI HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 2,73 OXYGEN FLOW 1,520
PRESSURE IN 153.1 PRESSURE QUT 183.4
TEMPERATURE IN H2 1099,2 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4.254 SPECIFIC HEAT RATIO 1.368
PRESSURE N 152.8 PRESSURE QUT 2.4
TEMPERATURE N 2060.0 TEMPERATURE 0UY 1375.9
ENTHALPY IN 5029,7 ENTHALPY QUT 3422.4
PRESSURE RAT]O 63,21 EFFICIENCY 1494
RECUPERATOR INFORHAT!ON
FLOW PRE IN P QUT IN T OUuv H IN° H OUT EFF
COLD SIDE 2.734 491,8  491.6 648 6 1090.0 2194.3 3760,7 618
HOT SIDE 4.354 2.3 1.5 1375,9  935,2 3422.4 2415,7 ,406
o TURBINE EXHAUST OVERBOARD PREBBURI . 1.00
HOT BYPASS VALVE INFORMATION
FLowW PRESSURE DROP
.000 »000
H2 PREHEATER INFORHATlON
FLOW PRE IN P OUT IN T OUT H IN HOUY EFF
COLD SIDE 2.734 500.0 499.9 500 0 500 0 1670.5 1670,5 ,000
T S|0E  .000 491.6  491.6 .0 1] 0 0 4,000
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 61.13 2:73 499,83 500.00
SECONDARY JET .00 »00 486,54 +00
RESULTANT 273 492.22 500.03
FLOW PARA RAT10 000 P PRI/P SEC 1,0273

JET PUMP RISE  1.0117 PR! FLOU PARA  ,1223 JPSF 2,30

LUBE OIL COOLER INPORMATION
FLOW  PRE IN £ QUT TIN T OUT H_IN OUT  EFF
COLD SIDE 2.734 492,2 492.1  500,0

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.2 323.7 25,5 858.3

HYDRAULIC O]t COOLER INFORMATION
FLOW PRE IN ® OUT TIN T OUT H IN H OUT EFF

COLO SIDE 2.734 492.0 491.9 538,7 648,6 1°84,4 2194.3 .977
HOT SIDE 423.7 100.0 97.8 65C,0 647.4 +0 d 4043

HEAT REJECTED 572.64

Case 114

588,7 1670,5 1904 4,493
HOT SIDE 30.000 200.0 196.9 679,7  626.0Q '0 0 4299
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o GARRETT ¢ AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE 1].TURB 16,500 R H2,T60 = ¢30.
8 JUNE 1973 18102315 PAGE L OF 2

* CONDITION *= 200 HP,0.0 PAMB/3000 PSI HYDSYS
© UNITS ® AREA3SQ [N, H=BTU/LB,.PaPS1A, G238TU/MIN, T=DEG R, WsLB/MIN

NPUT ODATAS
puct PRESSURE LOSS COEFFPICIENTS »10E+4

+00 +00 .00 1:110.00 70000.00 .00 10Q 10.00
3.64 100 1.18 1.44 +00 66 3.50 20,80
19.00 13.85 54.00 +00 2,02 50.00 2.74 +023
$12 +00
SFT TURONF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
000 »000 1.000 1.000 12,560 42000 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 198 +30 -] 2060.00 400.00 1500.00
ETA CORF 0/F BASE
20925 1600

HEAT EXCHANGER SCALE _FACTORS
HEAT EXCHANQER ETAHa cOLD ETAHA WOT  RHODP cOLD RHODP HOT

H2 PREHEATER 2.00 2,00 »50 1.00
HYD 0 COOLER 1.00 1.00 1.00 1.00
LUs 0 COOLER 1.00 1,00 1,00 1,00
RECUPERATOR 1.00 1,00 1.00 1.00
® # POINT INPUT DATA @ o
HYORA HP  ELECT HP P ANB P HYDRA OlIL ALT SIZE(KW)
200.00 00 .00 3000.0 35,0

«O0UTPUT DATAS®

ORIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
240,00 12.00 160 12,63

TURBINE OUTPUT POWER = 267,39 Q/F 3,574 SPC = 1.588

PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,506 2,572

PRESSURE 500.00 500.00
TEMPERATURE 500,00 300.00
ENTHALPY 1670.5 52.8

CONTROL, VALVE

IS IT IN CONTROL YES YES

PRESSURE IN 476.2 499.9
PRESSURE OUT 256.8 270,1
TEMPERATURE IN 1072.5 300.0

Case

4 GARRETT o= AIRESEARCH MAJUFACTURING DIVISION LOS AAGELES: Ca

SSAPU PHASE 11,TURB 16+500 R F2,T60 = 650,
8 JUNE 1971 18:02:15 PAG

¢ CONDITION # 200 HP,0.0 PAMB.3000 PSI AYDSYS
COMBUSTOR INFORMATION

HYDROGEN FLOW 4,506 OXYGEN FLOW
PRESSURE IN 254.7 PRESSURE OUT
TEMPERATURE IN H2 1072.5 TYEMPERATURE IN 02

TURBINE INFORMATION
INLET FLOW 7.077 BPECIFIC NEAT RATIO
PRESSURE IN 254.3 PRESSURE QUT
TEMPERATURE [N 2060.0 TEMPEZRATURE OUT i
ENTHALPY IN 4995.2 ENTHALPY QUY 3
PRESSURE RAT1O 62.41 SFFICIENCY

RECUPERATOR INFORMATION
FLOW PRE IN P QUT T IN T OUT H IN HoUT
COLD SIDE 4.506 478,0 477,86 644,7 1072,5 2180.,3 3671,

HOT S]DE 7.077 3,9 2.4 1372. 953.,0 3392,3 2442,
® TURBINE EXHAUST OVERBOARD PRESSURE » 1,67
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
«000 +000

H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T OUT HIN HOUT

LIF.

E 2 OF 2

2,572
254.7
300.0

1,368
4.1
372.2
392,3
1498

EFF
5 588
9 .57

EFF

COLD SIDE 4.304 500.0 499.7 500,0 500.3 1670.,5 1670.5 ,000

HOT SIDE .000 477,6 477.6 0 ] 0 0,000
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 100.75 4,51 499,56 500.00
SECONDARY JET +00 +00 463,78 +00
RESULTANT 4.51 478,93 500.09
FLOW PARA RATIO .000 p PRI/P SEC 1.0774

JET PUMP RISE  1,0327 PRI FLOW PARA 12047 JPSF  2.30

LUBE OIL COOLER [NFORMATION
FLOW PRE IN P OUT T- IN T out

EFF

H IN H OUT
COLD SIDE 4.506 478,9  478,5 50041 56649 1670.5 1908.0 .397
HOT SIDE 30.000 200.0 196.9 668,4 599,9 0 g .407

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 535.9 25,5 1070.4

HYDRAULIC OIL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T OUT H IN HoOUT

EFF

COLD SIDE 4.506 478.5 478,12 B566,9 644.,7 1908, 0 2180.3 ,93¢

HOT SIDE 818.4 100.0 95,4  650,0 647.1 '0 .
HEAT REJECYED 1225.57

15

0 .03%
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® GARRETT e AJRESEARCH MANUFACTURING OIVISION LOS ANGELES. CALIF.

SSAPY PHASE 11.TURB 16.500 R H2,T60 = 680,

8 JUNE 19731 168102119

® CONDITION ® 360 HP.0.U PAMB, 3000 PSI HYNSYS

PAGE 1 OF 2

® UNITS ® AREA®SQ IN, H=BTU/LB, P=P§!A) QG=3TU/MIN,» T=DEG R+, W=LB/MIN

s INPUT DATAS®
DUGT PRESSURE LOSS COEFFICIENTS s10E+4

«00 +00 +00 1110.00 70000,00 .00 100
3.64 +00 1.18 1044 +00 66 3.50
19.00 13,85 54.00 «00 2,02 50,00 2.74
.12 +00

10.00
20.80
+023

SFT TUR DN F SF JPP SF JP W TUR 08CA JP PRICA TURB NOZ

1.000 +000 1,000 1.000 12,569 +2000 +1210

TUR LKCA ETA COMD LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
»0002 98 +30 +5 2060.00 400.00 1500-00

ETA CORF OQ/F BISE
0925 .600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAHA MOT  RHODP cOLD RHODP WOT

H2 PREHEATER 2.00 2,00 +50 1.00
HYD O COOLER 1,00 1,00 1,00 1.00
LUB O COOLER 1.00 1,00 1,00 1.00
RECUPERATOR 1.00 1.u0 1,00 1.00
e o FOINT INPUT DATA o o
HYDRA HP  ELECY HP P ANB P HYDRA olL ALT _SIZE(KKW)
360.00 +00 .00 3000.0 35.0
* QOUTPUT DATAC®
DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
402.00 12,00 160 20,63
TURAINE QUTPUT POWER = 436,83 o/F = ,588 SPC = 1.604
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7,35% 4.321
PRESSURE 500.00 500,00
TEMPERATURE $00.00 300.00
ENTHALPY 1670.5 52.8
CONTROL VALVE
IS 1T lN CONTROL YES YES
PRESSURE IN 452.5 499,7
PRESSURE ouT 418.1 439.3
TEMPERATURE [N 1043, 4 300.0

& GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES» CAL
SSAPU PHASE J1.TURB 16,500 R H2,T60 = 650,
8 JUNE 1971

18102119 PAGE 2 OF 2
2 GONDITION @ 360 HP,0.0 PAMB,30GU PS[ HYDSYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 7.3 OXYGEN FLOW 4,324
PRESSURE [N 414 7 PRESSURE OUT 414.7
TEMPERATURE IN H2 1043.4 TEMPERATURE IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 11,677 SPECIFIC HEAT RATIO 1,367
PRESSURE IN 414,41 PRESSURE QUT 7.2
TEMPERATURE 1IN 2060.0 YEMPERATURE 0UT 1372.4
ENTHALPY IN 4957,0 ENTHALPY QUT 3358.2
PRESSURE RAT0 57,28 EFFICIENCY +503
RECUPERATOR INFOIHATION
FLOK PRE_IN P QUT IN our H IN ouT . EFF
COLD SIDE 7.35% 457 5 456.4 636 3 1043v4 2150,5 3569 8 .533
HOT SIDE 11.677 4.1 1372. 973.8 3368,2 2474.2 ,542
® TURBINE EXHAUST OVERBOARD PREBSURE e 2.7%
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
«000 «000
H2 PREHEATER XNFORHATXON
FLOW PRE IN P OUT T1 T ouT H IN H OUT EFF
COLD SIDE 7.358 500.0 499.2 500 0 500 0 1670,5 1670.5 .000
HOT SI1DE .000 456,4  456.4 .0 1Y W0 «0 000
JET PUMP PERFORHAVCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 164,47 7436 496,88 500.00
SECONDARY JET .00 +00 430,87 <00
RESULTANT 7434 459,66 500,17
FLOW PARA RATIO »000 P PRI/P SEC 1.1578

JET PUMP RISE  1.0668 PRI FLOW PARA 13297 JPSF 2,30

LUBE OIL COOLER INFORMATION
FLOW  PRE IN P QUT TIN T our IN HO
COLD SIDE_7.355 459,5 458.7 5p0,2 553.9 1670 5 1862.2
HOT SIDE 30.000 200,0 196.9 676,9 586.5 0 0

HEAY REJECTED  ALTERNATOR  GEAR BOX LUBE PUNP TOTAL
539.1 875.3 25.5 1409.8

HYDRAULIC OIL COQLER INFORMATION
FLOW  PRE IN P QUT TIN T OUT H IN H our
COLD SIDE 7.355 458.5 457.5 553,9 636.3 1862.,2 2150.5
HOT SIDE 1450.0 100.0 1.5 650,0 647.2 .0 «0

HEAT REJECTED ?2121.16

Case 116

IF.

EFF
+304
513



o GARRETT ¢ AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE IlnTURB 16,500 R H2,T60 = 630,

® GARRETT ¢ AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF,
SSAPU PHASE 1],TURB 16,500 R H2,T60 = 650.

XA

8 JUNE 1971 15:38:27 PAGE 1 OF 2 8 JUNE 1971 15138127 PAGE 2 OF 2
» CONDITION ® 0.0 HP,5.0 PAMB:3000 PSI HYDSYS « CONDITION » D.0 HP,5.0 PAMB,300D PSI WYDSYS
e UNITS ® AREA®SQ IN, H=BTU/LB, P=PSIA, Q=BTU/MIN: TSDEG Rs WZLB/MIN COHBUSTOR INFORMATION
HYQROGEN FLOW 1.161 OXYGEN FLOW 577
« ITNPUT DATAS® PRESSURE IN 63,7 PRESSURE QUT 63.7,
DUCT PRESSURE LOSS COEFFICIENTS #10E+4 TEMPERATURE IN H2 1201,8 TEMPERATURE IN 02 360.6
.00 .00 .00 1110.00 70000.00 .00 .00 10.00
3.64 +00 1.18 1.44 100 <66 3150 20.88 TURBINE INFORMATION
19.00 43,85  54.00 +00 2,02 50.00 2,74 -02 INLET FLOW 1,73 SPECIFIC HEAT RATIO 1,360
12 100 EnoERAURE IN 2069°0 ToapehaTURE QUT 1500.4
TEHPERATU 0 MPERATURE oU
sFT TUR°°§ F SF JSOP Si ggow ngsggCA JPzzglCA Tu§gtgoz ENTHALPY N 5179:; ENTHALPY QUT 3813.1
1.000 1.0 ) . . PRESSURE RATIO 12.% EFF1CIENGY 550
TUR LKA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0 212 '

002 %4
ETA CORF 0/F BASE
+0925 +600

<30 -]

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAMA ROT  RHODP COLD RHODP WoUY

H2 PREHEATER 2.00 2+00 150 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB O COOLER 1.00 1,00 1,00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00
o o POINT INPUT DATA o ©
HYDRA HP  ELECT HP P_AMB P HYDRA OlL ALT SIZE(KH}
+00 .00 5,00 3000.0 35.0
e« QOUTPUT DATA®
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
40.00 12.00 160 2.63
TURBINE OUTPUT POWER =  56.02 O/F = ,497 SPC = 1.862
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1.16% 1577
PRESSURE 500,00 500,00
TEMPERATURE 500,00 300.00
ENTHALPY 167045 52.8
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE IN 490.4 500.0
PRESSURE QUT 64,4 67.2
TEMPERATURE IN 1201.8 300.0

2060.00 400.00  1500.00

Case 117

FLOW PARA RATIO Qoo
JET PUMP RIGE  1,0020 PR] FLOH PARA

FLOW
COLD SIQE 1.161 498,7 498.6  500,0
HOT SIDE 30.000 200.0 196.9 756,2 719.4 0 0 o144

HEAT REJECTED  ALTERNATOR  GEAR BOX

RECUPERATOR INFORMAYION
FLOW PRE IN P OQUT TIN T oUT H IN H OQUT EFF

COLD SIDE 1.316¢ 498.6  498.5 650,2 1203.8 2200.1 4121.8 .64?

HOT SIDE 1.738 5.1 5.0 4500,6 960.7 3813,1 2529.8 ,63%
® TURBINE EXHAUST OVERBOARD PRESSURE . 4.99
HOT BYPASS VALVE INFORMATION
FL.oW PRESSURE DROP
+Qo0 +000
H2 PREHEATER INFOIHATION
FLOW  PRE IN P OUT IN T oUTr H IN HOUT EFF
COLD SIDE 4.164 500.0 500.0 500 0 500.0 1670.5 1670.3 ,000
HOT SIDE  .0OC 498.5 498.5 .0 o0 «0 0 4000
JET PUNP PERFORHANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 25,96 1.6 499,97 500.00
SECONDARY JET .00 »00 497,66 +00
RESULTANT 116 496,65 500.02

P PR1/P SEC 1.0046
10519 JPSF  2.30

LUBE OIL COOLER INFORMATION
PRE IN P OUT T IN T 0UT H_IN H OUT EFF
657.9 1670.5 2227.1 .616

LUBE PUMP TOTAL
509.2 111.6 25,5 646,2

HYDRAULIC OIL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T oUT H IN H OUT EFF

COLD SIDE 1.16% 498,6 498.6 657,9 650.2 2227.1 2200.,1 .973
HOT SIDE  29.0 100.0 99.8 650,0 652,41 0

0 1264
HEAT REJECTED =31.32
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o GARRETT @ AJRESEARCH MANUFACTURING OIVISION LOS ANGELES: CALLF,

APU PHASE [1,TURB 16,500 R H2.T60 3 630.
s y ' J'NE 1v71 168133103

» CONDITIOM ® 130 HWP,5,0 PAMB,3000 PS1 4YDSYS

PAGE 1 OF 2

# UNITS  AREASSQ IN, HaBTU/LB+ PsPGlAy RsBTU/MIN: T3DEG R, W3LB/MIN

NPUT
ouct PRESSURE Lo8s GOEF”C!ENTS *L0E+4

. 0 100 1110,00 7000600 .00 W00 10,00
304 190 1098 9:94 7000028 166 3.50  20.80
19.00 13,85 54,00 00 2.02 50,00 274 1023
12 «00
SET TR ONF SF e g SF JP W TUR 08CA JP PRICA TURB NOZ
1,000 .000 1.000 1.000 12,869 .2000 11210
TUR LKA ETA COMB LUBE P WP ETA LOPP T TUR IN T HiX IN T LHX O
V30 .5 2060000 400,00  1500.00

002 98
ETA CORF o/F BhSE
10925 +600

HEAT EXCHANGER GCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA HWOT  RHODP COLD RHODP HOT

H2 PREHEATER 2,00 2,00 .50 1.00
HYD O COOLER 1,00 1.00 1.00 1,00
LU8 0 COOLER 1,00 1,00 1,00 1.00
RECUPERATOR 1.00 1:00 1.00 1.00
« ¢ POINT INPUT DATA » @
HYDRA HP  ELECT HP P AMB R HYORA O1L ALT SIZE(KW}
100.00 .00 5,00 39000 35,0
s OUTPUT DATAC®
DRIVE POWER HP LSS
HYD PUMP ALTERNAYOR Lua! PUHP GEAR BOX
140,00 12.0 7.63
TURBINE OUTPUT PUWER a 159,30 O/F = ,545 SPC 3 1.653
PROPELLANT HYORQBEN QXYGEN
FLOW RATE 2,837 1,548
PRESSVURE 500.00 509,00
TEMPERATURE 500,00 309,00
ENTHALPY 16705 8248
CONTR cggrROL VALVE
1S 1T IN CONTROL
FRESSURE IN 49044 50D.D
PRESSURE OUT 159,46 10746
TEMPERATURE IN 18173 39040

Case

* GARRETT » AIRESEARCH MANUFACTURING DIVISIOV LOS ANGELES:, CALIF.
S5APU PHASE 11.TURR 16,500 R H2,T60 & €50,
8 JUNE 1973 18:03:03 PAGE 2 OF 2
o CONDITION * 100 HP.5.u PAMB, 300D PSI -HYDSYS
GOMBUSTOR [HFURMAT[ON
HYDROGEN FLOW 2.839 OXYGEN FLOW 1,548
PRESSURE IN 158.2 PRESSURE QUT 158,2
TEAPERATURE IN H2 1117.3 YEMPERATURE IN 02 300.0
TURBINE [NFORMATION
INLET FLOW 4,388 SPEGIFIC HEAT RATIO 1.368
PRESSURE IN 158.0 PRESSURE OUT 5.5
TERPERATURE IN 2080.0 TEMPERATURE OUT 1409.4
ENTHALPY 1N 5056.9 ENTHALPY OUT 3517.3
PRESSURE RAT10 28.54 EFFICIENCY \531
RECUPERATOR INFORHATION
FLOW  PRE N P QUT IN TOUT  HIN W OQUT EFF
COLD SIDE 2.839  451,2  491.0 648.3 1107,3 21933 3avie 61
HOT SIDE 4.388 9,5 5,2 1409,6 950.2 3517.3 2459,7 .60)
» TURBINE EXHAUST OVERBOARD PRESSURE ® 5.01
HOT BYPAGS VALVE INFORMATION
PLO PREGSURE DROP
500 <000
H PREKEATER INFONWATION
FLOW PRE IN P QUT TIN TOUT HIN HOUT EFF
COLD G1DE 2.839  500.0 Pt 500,0 '500.0 14705 1670.5 -000
HOT SIDE  .000  494.0 491.0 a0 .0 0 .000
" JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 63,49 2.84 499,82 500.00
SECONDARY WRT .0 <00 485,48 .00
RESUL TANT o210 91,62 500,03
FLOW PARA RATIO P ORI/P SEC 1.0295
FETPUNR RISE ~ 1.0126 PRI PLOW PaRA | 13230 upsF  2.30
LUBE OLL COOLER LNFORMATION
FLOW PREMIN P O IN TOUT  HIN oUT  EFF
COLD SIDE 2,838  491,6 R 5un 0 585.3 1670.3 199317 “abe
HOT SIDE 30.000  200.0 196.9 6755  621.6 0 .0 .307
HEAT REJECTED  ALTERNATOR  GEAR 80X  LUBE PUMP  TOTAL
%0944 323,7 25,5 353.3
KYOREULIG Q1L GOOLGR lNFORMATION
FLOW PRE IN PQUT T IN TOUT HIN HOUT EFF
COLD SIDE 2.839  491.4 493.2 505,3  648,3 1972.7 2193.3 .974
HOT SLOE 423.7  100,0  97.8  653,0 647.1 .0 0 044

HEAT REJECTED 626,25

118
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& GARRETT & AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE I1,TURE 16,500 R H2,T60 = 650,
8 JUNE 1971 18:03:09

& CONDITION & 200 HP,5, PAMB,3000 PSI HYDSYS

PAGE 1 OF 2

& UNITS & AREA®SG IN, H=BTU/LB, PaP§lA, QsBTU/MIN, T=DEG R, WaLB/MIN

« INPUT DATA®
DUCT PRESSURE LOSS COEFFICIENTS #10E+4
+00 100 .00 1110.00 70000.00 .00 +00 10.00
3.64 «00 1.18 1.44 +00 166 3,50 20.80
19.00 13,85 54.00 100 2.02 50.00 2.74 +023
012 »00
SFT TURDNF SF JPP SF JP W TUR 0BCA JP PRIGA TURR NOZ
<000 1.000 1.000 12,560 +2000 »1210
TUR LKCA ETA COHB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
98 «30 +5 2060.00 400.00  1500.00
ETA CORF 0/F BASE
0925 +600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP cOLD RHODP HOT

H2 PREHEATER 2.00 2,00 »50 1.00
HYD O COOLER 1,00 1.00 1.00 1.00
LUB 0 COOLER 1,00 1,00 1,00 1,00
RECUPERATOR 1.00 1.00 1.00 1.00
& & POINT INPUY DATA & &
HYDRA HP  ELECT HP P_AMB P HYDRA OflL ALT_SIZE(KHW)
200,00 +00 5.00 3000.0 35.0
e OUTPUT DATA®
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUHP GEAR BOX
240.00 12,00 16 12,63
TURBINE QUTPUT POWER = 265.17 O/F s .566 SPC = 1.621
PROPELLANY HYDROGEN OXYGEN
FLOW RATE 4,573 24588
PRESSURE 500.00 500,00
TEMPERATURE 500,00 300.00
ENTHALPY 167043 52.8
CONTROL VALVE
1S lT IN CONTROL YES YE
PRESSURE IN 47%.6 499,9
PRESSURE ouT 258,9 2722
TEMPERATURE IN 1084.3 300.0

Case

& GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELESs CALIF.

SSAPU PHASE I1.TURB 16,500 R H2,T60 * &30,

8 JUNE 1971 18:03109 PAGE 2 OF 2
o CONDITION & 200 HP,S5, PAMB,3000 PSI WYDSYS
COMBUSTOR INFORMAT1ON
HYDRQGEN FLOW 4.575 OXYGEN FLOW 2,588
PRESSURE IN 256.7 PRESSURE QUT 256.7
TEMPERATURE IN H2 1081,3 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 7,163 SPECIFIC HEAT RATIO 1.:50
PRESSURE IN 256.3 PRESSURE QUT
TEMPERATURE. IN 2060.0 TEMPERATURE OUT 1350 4
ENTHALPY IN 5007.7 ENTHALPY OUT 3437.0
PRESSURE RATIO 40.08 EFFICIENCY 518
RECUPERATOR INFORHATION
FLON PRE IN P OUT IN TOUT  H N HOUT EFF
COLD SIDE 4.57%  477,5  477.3 644. 1080.8 2179.3 3700.5 .587
HOT SIDE 7.163 6,3 5.5 1388,4 961.0 3437,0 2465,4 ,574
& TURBINE EXHAUST OVERBOARD PREBSURE & 5.10
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
.000 +000
H2 PREHEATER lNFOlHATlON
FLON PRE IN P OUT T N TOUT HIN HOUT EFF
COLD SIDE 4.37%  500.0 499.7 500,0 500.0 1670,5 1670,% .000
HOT SIDE .000  477.1 477.% '0 0 .0 .0 .000
JET PUMP PERFORMANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 102,30 4,58 499,58 500,00
SEGONDARY JGT 00 +00 462,93 .00
RESULTANT 4.58 478,44 500,09
FLOW PARA RATIO 000 P PRI/P SEG 1.0791
JET PUMP RISE  1.0335 PR] FLOW PARA  ,2048 JPSF  2.30
LUBE OIL COOLER INIORHATION
FLOM PRE IN P CUT IN TOUT HIN HOUT EFF
COLD SIDE 4.578%  478.4  478.0 500 1 Tsohro 1670,5 1904,5 .394
HOT SIOE 30.000  200.0 196.9 667,1 598.6 .0 0 410
HEAT REJEGTED ALTERNATOR GEAR BOX  LUBE PUMP  TOTAL
509.1 5359 25.5 1070.4
HYDRAULIC 01 COOLER INFORMATION
FLOW PRE IN POUT TIN TOUT HIN HOUT EFF
COLD SIDE 4.578  478,0 477.5 565,9 644.4 1904,5 2179,3 ,933
HOT SIDE B848.4  100.0  95.4 650,0 647.0 .0 0 035

HEAT REJECTED 1257.53

(RR)
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% GARRETT s AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF,
SEAPU PHASE 11,TURB 16,300 R K2,T60 = 630,

% GARRETT = AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE 11,TURB 16,500 R H2,T60 & 630,

8 JUNE 1971 18103145 PAGE 1 OF 2 8 JUNE 1971 161031158 PAGE 2 OF 2
o GONDITION ® 360 HP/5,0 PAMB,3000 WYDSYS o CONDITION & 360 HP.5.,7 PAMB,3000 WYDSYS
& UNITS & AREASQ IN, H=BTU/LB, P=PSIA, QG=8TU/MIN, T=DEG R+ W3LB/MIN COMBUSTOR INFORMATION
HYDROGEN PLOW 7,355 OXYGEN FLOW 4,304
INPUT DATA PRESSURE [N 413,2 PRESSURE QUT 413,2
pucT PRESSURE LOSS cm-_Fncxams *10E+4 TEMPERATURE IN H2 1046,.8 YEMPERATURE IN 02 300.0
.00 «00 «00 1110.00 70000.,00 .00 +00 10.00
3,64 +00 1.18 1,44 +00 166 3.50 20.80 TURBINE INFORMATION
19.00 13,85 54,00 +00 2,02 50,00 2.74 1023 INLET FLOW 11.6%9 SPECIFIC HEAT RATIO 1.367
.12 100 PRESSURE N 412,6 PRESSURE QUT 8.6
TEMPERATURE IN 2060.,0 YEMPERATURE OUT 1378,7
SFT TURDNF SF UP P SF JP W TUR 0BCA JP PRICA TURR NOZ ENTHALPY IN 4962,7 ENTHALPY OUT 3386.0
1.000 .000 1.000 1.000 12,569 12000 11230 PRESSURE RATIO 47.93 EFFJCIENCY +512
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LNX O
10002 98 30 ] 2060.00 400.00 1500.00 RECUPERATOR !NFOIMAT!ON
ETA CORF O/F BASE FLOW PRE_IN P OUT IN T our HIN HO EFF
0925 .600 COLD SIDE 7.358 457 5 456 .4 636.3 1046,8 2150,5 3501. +553
HOT SI1DE 11.659- 6.2 4378,7 976.8 3386,0 2483,1 ,54¢
HEAT EXCHANGER SCALE FACTORS & TURBINE EXHAUST OVERBOARD PREBGUR! [y 5,33
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP cOLD RHODP HOT
H2 PREHEATER 2.00 2,00 +30 1.00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLRR 1.00 1,00 1.00 1,00 FLOW PRESSURE DROP
LUB 0 COOLER 1.00 1,00 1,00 1,00 »000 1000
RECUPERATOR 1.00 1,00 1.00 1,00
H2 PREUEATER lNFOlHATION
o % POINT INPUT DATA & & FLO¥ PRE IN TIN T oOUT H IN H OUT EFF
HYDRA HP  ELECT HP P AMB P HYDRA OJL ALT SIZE(KW) COLD SIDE 7.355 500.0 499 2 500,40 5p0.0 1670.5 4670.,5 ,000
360.00 .00 5.00 3000.0 35.0 T SIDE  .00D 456.4  456.4 .0 0 0 +0 ,000
s O0UTPUTY DATAS JET PUMP PERFORHANcE
FLOW PARA PRESSURE  TEMPERATURE
DRIVL POWER HP LOSS PRIMARY JET 164,47 7 36 498,88 500.00
HYD PUMP  ALTERNATOR LUBI PUMP GEAR BOX SECONDARY JET .00 00 430,87 +00
400.00 12.00 20,63 RESULTANT 7.36 459,65 500417
FLOW PARA RATIO 000 P PRI/P SEC 1,1578
TURBINE OUTPUT POWER = 432,84 O/F = ,585 SPC = 1.618 JET PUMP RISE 1.0668 PR} FI.OH PARA  ,3297 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INPORHATION
FLOW RATE 7.355 4,304 FLO¥ PRE IN P CUT T IN T outr H IN H OUT  EFF
PRESSURE 500,00 500,00 COLD SIDE 7.35% 459.5 458,77 59G,2 553.9 1670.5 1862,2 .304
TEMPERATURE 500,00 300,00 HOT SIDE 30.000 200.0 196.9 6769 586,95 .0 0 514
ENTHALPY 167045 52.8
HEAT REJECTED ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL. VALVE 509.1 875.3 25,5 1409.8
1S IT IN CONTROL YES YES
PRESSURE IN 452,5 499,7 HYDRAULIC OIL COOLER INFORMATION
PRESSURE QUT 416.6 437,7 FLOW PRE IN F OUT TIN T our H IN HOUT EFF
TEMPERATURE IN 1046.8 300.0 COLD SIDE 7.355 458,5 457.5 553,9  636.3 1862.,1 2130.5 .857
HOT SI1DE 1450.0 1990.0 91.5 63D,0 647.2 0 .0 ,030

Case

HEAT REJECTED
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@ GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES», CALIF.
SSAPU PHASE 1!,TURB 16,500 R H2,T60 = 630,
8 JUNE 1971

® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE 11,TURB 16,300 R H2,T60 = 63D,

10103124 PAGE & OF 2 8 JUNE 1971 18103324 PAGE 2 OF 2
¢ CONDITION ® 0.0 HP»10. PAMB,3000 PSI HYDSYS ® CONDITION ® 0.0 HP,10. PAMB,3000 PS! HYDSYS
® UNITS e AREA®SG IN, H=BTU/LB.» P=PSIA; GsBTU/MIN: T#DEG R, W:=LB/MIN COMBUSTOR INFORMATION
HYDRQGEN FLOW 1,381 OXYGEN FLOW 1643
* INPUT DATAS PRESSURE IN 75.1 PRESSURE 0UT 75.4
DUCT PRESSURE LOSS COEFFICIENTS #10E+4 TEMPERATURE IN H2 1259.0 YEMPERATURE IN 02 300.0
+00 100 .00 1110.00 70000,00 .00 +00 10.00
3,64 +00 1.18 1,44 «00 166 3.50 20.00 TURBINE INFORMATJON
19.00 13,85 54.00 +00 2,02 50.00 2.74 1023 INLET FLOW 2,024 SPECIFIC HEAT RATIO 1,367
+12 +00 PRESSURE IN 75.0 PRESSURE QUT 10.4
TEMPERATURE IN 2060.0 TEMPERATURE 0UT 1600.7
SFT TURDNF SF JP P SF JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY N 5267, ENTHALPY QUT 4317.3
1.000 -000 1.000 1,000 12,560 +2000 11210 PRESSURE RAT10 7.46 EFFICIENCY 1534
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
«0002 98 +30 5 2060.00 400.00 1300.00 RECUPERATOR INFORHATION
ETA CORF 0/F BASE FLOW PRE_IN P QUT IN T our H IN H OUT  EFF
+0925 + 400 COLD SIDE 1.384 497,9  497.8 649.2 1259 0 2196.4 4323,3 ,64%
HOT SIDE 2.024 10,1 10.0 1600,7 1003.9 4117,3 2666.0 ,627
HEAT EXCHANGER SCALE FACTORS ® TURBINE EXHAUST OVERBOARD PRESSURE . 9.99

HEAY EXCHANGER  ETAHA COLD ETAHA HOT  RHODP cOLD RHODP HOT

H2 PREHEATER 2.00 2.00 +50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1.00 1.00 1,00 FLoOW PRESSURE DROP
LUB 0 COOLER 1.00 1.00 1.00 1.00 . 000 «000
RECUPERAYOR 1,00 1400 1.00 1.00
H2 PREHEATER INFORMATION
® o POINT INPUT DATA o @ FLOW PRE IN P OUT T IN T oOUT H IN H OUT EFF
HYORA HP  ELECT HP P AMB P HYORA OIL ALT_SIZECKW) COLD SI1DE 1.38% 500.0 500.0 500,00 500.0 1670.5 1670.5 .00Q
«00 .00 10.00 3000.0 35.0 HOT SIOE .000 497.8 497.8 W0 '0 «0 +0 o000
«O0CUTPUT DATACN JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP L 0SS PRIMARY JET 30.88 1.38 499,95 500.00
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET +00 +00 496,57 +00
40.00 12.00 160 2.63 RESULTANT 1-38 498,03 500.01
FLOW PARA RATIO P PRI/P SEC 1.0068
TURBINE OUTPUT POWER * 54,78 O/F = 466 SPC = 2,216 JET PUMP RISE  1.0029 PR} FLON PARA +0618 JPSF 2,30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER !NFORHATION
FLOW RATE 1,388 1643 FLOW  PRE IN P QUT T IN T our H_ IN  H OUT  EFF
PRESSURE 500,00 300.00 COLD SIDE_1.384 498,0 498.0 50040 632.6 1670.5 2138.4 .998
TEMPERATURE 500,00 300,00 HOT SIDE 30.000 200.0 196.9 721,6 683.4 0 W0 .472
ENTHALPY 16705 52.8

HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509.1 111.6 25.5 646.2
16 1T IN CONTROL YES YES

PRESSURE IN 497.7 500.0

PRESSURE OUT 75.9 78.7
TEMPERATURE 1IN 1259.0 300.0

Case

COLD SIDE 1.38% 498,0 497.9 632,6

HYDRAULIC CJL COOLER INFORMATION
FLOW  PRE IN P CUT TIN T oUT H IN H QUT EFF
649.2 2138,4 2196.4 ,95¢

HOY SIDE  29.0 100.0 99.8  650,0 644.6 W0 0 ,308

121

HEAT REJECTED 79.99
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o GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 1]+TURB 16,500 R H2,T60 = 630,
B JUNE 1971 18:03128

® CONDITION ® 100 HP,10. PAMB, 3000 PSI HYDSYS

PAGE 1 OF 2

¢ UNITS e AREA=SQ@ IN, H=BTU/LB., P=PS1A, Q@=BTU/MIN, TsDEG R: W=LB/MIN

* ITNPUT DATA®
DUCT PRESSURE LOSS COEFFICIENTS #10E+4

+00 «00 »00 1110.00 70000,00 .00 +00 10.00
3.64 +00 1.18 1.44 ,00 166 3.50 20.80
19,00 43,85 54.00 +00 2,02 50.00 2,74 1023
12 «00
SFT TURDNF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 -000 1.000 1.000 12,560 +2000 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 98 »30 ] 2060+ 00 400.00 1500.00
ETA CORF  O/F BASE
+0925 +600

HEAT EXCHANGER 3SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP COLD RHODP HOY

H2 PREHEATER 2.00 2,00 .50 1,00
HYD O COOLER 1.00 1,00 1.00 1,00
LUB O COOLER 1.00 1,00 1.00 1,00
RECUPERATOR 1.00 1,00 1.00 1.00
® o POINT INPUT DATA © ¢
HYDRA HP  ELECT HP P AMB P HYORA OIL ALT SIZE(KW)
100.00 +00 10.00 3000.0 35.0
¢« OUTPUT DATAS®
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140,00 12.00 160 7.63

TURBINE OUTRUT POWER = 159,65 O/F = ,529 SPC = 1.769

PROPELLANY HYOROGEN OXYGEN
FLOW RATE 3.078 1.629

PRESSURE 500,00 500.00
TEMPERATURE 500.00 360.00
ENTHALPY 1670.5 52.8

CONTROL VALVE
1S IT IN GONTROL YES YES

PRESSURE N 488.9 500.0
PRESSURE QUY 171.8 179.9
TEMPERATURE IN 1144.1 300.0

Case

® GARRETT ° AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE [1+TURSB 16,500 R H2,T60 = 630.

8 JUNE 1971 18103:28 PAGE 2 OF 2
* GONDITION ® 100 HP,10. PAMB,3000 PSI HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 3.078 OXYGEN FLOW 1.629
PRESSURE IN 170.3 PRESSURE QUT 120.3
TEMPERATURE [N H2 1144.2 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,707 SPECIFIC HEAT RATIO 1,368
PRESSURE IN 170.0 PRESSURE QUT 10,3
TEMPERATURE IN 2060.,0 TEMPERATURE OUY 1459.14
ENTHALPY IN 5098.2 ENTHALPY QUT 3639,2
PRESSURE RATIO 16,50 EFFICIENCY 1558

RECUPERATOR INFORMATION
FLOW  PRE IN P OUT TIN T oOUT H:IN_ H OUT EFF
COLD S1DE 3.078 489,8  489.6 647,6 1144.1 2190.8 3920.8 612
HOT SIDE 4.707 10,3 10,1 1459,1 973.2 3659.2 2%27.9 ,59¢

e TURBINE EXHAUST OVERBOARD PRESSURE o 9.98
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
«000 +000

H2 PREHEATER XNFOIHAT!ON
FLON PRE IN P T ouT H IN H OUT EFF
COLD SIDE 3.078 500.0 499 O 500 0 500.0 1670.3 1670.5 .000
HOT SIDE  .000 489.6  489.6 W0 o0 W0 .0 .000

JET PUMP PERSORHANCE

FLOW PARA PRESSURE  TEMPERATURE
PRIHARY JET 66,83 3.08° 499,79 500.00
SECONDARY JRY «00 »00 483,10 +00
RESULTANT J.08 490,28 500,04

FLOW PARA RAT!O +000 P PRI/P SEC 1.0343
JET PUMP RISE 1.0149 PRI FLOW PARA 1377 JPSF 2.30

LUBE OlL COOLER INFORMAT]ON

FLOW  PREMIN P OUT TIN T OUT H IN QUT_ EFF

COLD. SIDE 3.078 490,3 490.4 500,0 578,7 4670.5 1949 3 470

HOT SIDE 30.000 200.0 196.9 667,2 612.7 .0 0 J326
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL

509.1 323.7 25.% 858.3
HYDRAULIC OIL COOLER INFORMATION
FLON PRE IN P OUT TIN T OUT H IN N OUT  EFF
COLD SIDE 3.078 490.1 489.8 578,7 647.6 1949.3 2190.8 .967
HOT SIDE 423.7 100.0 97.8  650,0 646.6 .0 +0 048

HEAT REJECTED 743.39

122
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& GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SSAPU PHASE I{,TURB 16,500 R H2,T60 = 680,

& GARRETT & AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE 1]+TURB 16,500 R H2,760 = 630,
8 JUNE 1971

8 JUNE 1971 181033135 PAGE 1 OF 2 18103135 PAGE 2 OF 2
o CONDITION & 200 HP,10. PAMB,»3000 PSI MYDSYS & CONDITION & 200 HP,10. PAMB»3000 ®SI HYDSYS
& UNITS o AREA3SQ IN, H=BTU/LB., P=P6IA, QG=BTU/MIN, T=DEG R, W=LB/MIN COMBUSTOR INFORMATION
HYDROGEN FLOW 4,788 OXYGEN FLOW 2.670
INPUT DATAS PRESSURE IN 268.1 PRESSURE 0UT 268.1
pucT PRESSURE LOSS COEFFICIENTS e10E+4 TEMPERATURE IN H2 1095.2 TEMPERATURE IN 02 300.0
.00 «00 .00 1110.00 70000,00 +00 «00 10.00
3.64 +00 1.18 1.44 200 66 3.80 20.80 TURBINE INFORMATION
19.00 13,85 54,00 100 2.02 50.00 2.74 «033 INLET FLOW 45 SPECIFIC HEAT RATIO 1.368
12 +00 PRESSURE IN 267 7 PRESSURE OUT 10.8
TEHPERATURE IN 2060,0 TEMPERATURE OUT 1447.9
SFT TURONF SF JYP P SF JP W TUR 0BCA JP PRICA TURB NOZ ENTHALPY IN 5027.8 ENTHALPY QUT 3517.3
1.000 .000 1,000 1,000 12,560 «2000 +1210 PRESSURE RATIO 24.82 EFFICIENCY 539
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TYUR IN T HHX IN T LHX O
+0002 . +30 3] 2060.00 400,00 1500.00 RECUPERATOR INFOIHATION
ETA GORF 0O/F BASE FLOW PRE IN P QUT IN T our H_IN H OUT  EFF
10925 +400 COLD SIDE 4.788 476,0 475.5 64315 109‘-6 2175,3 3748,4 ,502
HOT SIDE 7.458 10.7 10.2 1417,9 976,55 3517,3 250'.0 370
HEAT EXCHANGER SCALE FACTOR & TURBINE EXHAUST OVERBOARD PREBSUR! ) 9.98

S
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP ¢OLD RHODP WOT

H2 PREHEATER 2.00 2,00 +50 1,00 HOT BYPASS VALVE INFORMATION
HYD 0 COOLER 1.00 1,00 1.00 1.00 FLOW PRESSURE DROP
LUB O COOLER 1.00 1,00 1,00 1.00 «000 +000
RECUPERATOR 1.00 1.00 1.00 1.00
H2 PREHEATER INFORMATION
c POINT INPUT DATA L) FLO¥ PRE IN P OUT TIN T oUT H IN HOUT EF
HYDRA HP  ELECT HP AMB HYDRA OIL ALT SIZE(KW) COLD SIDE 4.768 500,0 499.6 500,0 500.0 1670.5 1670.% ,00C
200.00 +00 10 00 3000.0 35.0 HOY SIDE  ,000 475.5 475%,% W0 Y} ] «0 .000
s 0OJUTPUT DATA® JET PUMP PERFORHANGE
FLOW PARA PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 107.07 4 79 499,53 500,00
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET .00 +00 460,32 +00
240,00 12,00 60 12,63 RESULTANT 4.79 476,96 500.10
FLOW PARA RATIO P PRI/P SEC 1.085%
TURBINE OUTPUT POWER = 265,46 O/F = ,558 SPC 3 1.686 JET PUMP RISE 1.0361 PR} FLOH PARA .2143 JPSF 2.30
PROPELLANY HYDROGEN OXYGEN LUBE OIL COOLER INPORHAT]ON
FLOW RATE 4,788 2,670 F%OV PRE IN P OUT T IN ouT H IN HOUT EFF
PRESSURE 500.00 500,00 COLD SIDE 4.7088 476,9 476.% 50041 562 9 1670.5 1894,0 ,38%
TEMPERATURE 500,00 300.00 HOT SIDE 30.000 200.0 196.,9 6063,4 594,6 .0 0 422
ENTHALPY 1670.53 52.8
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 5091 535.9 2545 1070.4
IS IT IN GONTROL YES YES
PRESSURE [N 473.8 499,9 HYDRAULIC OIL COOLER INFORMATION
PRESSURE 0UT 2703 283.8 FLOW PRE IN P QUY TIN 7T our H IN HOUT EFF
TEMPERATURE [N 1095.2 300.,0 COLD SIDE 4.768 476,5 476.0 562,9 643.5 1894.0 2176.3 .926
HOT SIDE 818.4 100.0 95.4 650,0 646.8 +0 O .037

HEAT REJECTED 135,63

Case 123
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® GARRETT e AJRESEARCH MANUFACTURING OIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16:500 R H2,)T60 = 630,
8 JUNE 1971 18103142

e GONOITION e 360 HP,10. PAMB,3000 WYDSYS

PAGE 1 OF 2

e UNITS e AREA®SQ IN, H=BTU/LB» P=PSIA, QsBTU/MIN, T=DEG R, W=LB/MIN

¢« INPUT DATAS
DUCT PRESSURE LOSS COEFFICIENTS #10E+4

® GARRETT & AJRESEARCH MANUFACTURING OIVISION LOS ANGELES. CALIF,
SSAPU PHASE ll;YURB 16,500 R H2,T60 = 630,

+00 +00 +00 1110.00 70000,00 +00 +00 10.00
3,64 «00 1.18 1.44 +00 .66 3.50 20.80
19.00 13.85 54,00 «00 2,02 50.00 2.74 1023
012 00
SFY TURDNF SF JP P SF JPW TUR 0BCA JP PRICA TURB NOZ

1.000 +000
TUR LKCA ETA COMB
10002 98
ETA CORF 0/F BASE
+0925 .600

HEAT EXCHANGER

1.000 1,000

12,560 12000 +1210

LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0

+30 1]

2060.00

400.00

HEAT EXCHANGER SCALE FACTORS

ETAHA COLD ETAHA WOT

RHODP ¢OLD RHODP WOY

H2 PREHEATER 2.00 2,00 «50 1.00
HYD O COOLER 1.00 1.00 1.00 1,00
LUB O COOLER 1.00 1,00 1,00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
e o POINT INPUT DATA o @
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
360,00 +00 10,00 3000.0 '

HYD PUMP  ALTERNATOR LUBE PUMP

400,
TURBINE OQUTPUT P

PROPELLANT
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

IS IT IN CONTROL
PRESSURE IN
PRESSURE OUT
TEMPERATURE IN

s OUTPUT DATAS®

DRIVE POWER
ac 12,900 +60
QWER = 433.45 0/F =

HP LOSS
GEAR BOX
20.63

580 SPC = 1.653

HYDROGEN OXYGEN
7.554 4,385
500.00 500.00
500.00 300.00
167045 52.8

CONTROL VALVE

YES YES
450.8 499.7
426.9 447.7
1054.2 300.0

1500.00

Case

8 JUNE 1971 18:03142 PAGE 2 OF 2
® CONDITION ® 360 HP,10. PAMB,3000 HYDSYS
COHBUSTOR INFORMATION
HYDROGEN FLOW 7,554 OXYGEN FLOW 4,385
PRESSURE N 423 0 PRESSURE QUT 423.0
TEMPERATURE IN H2 1054.2 TEMPERATURE 1IN 02 300.0
TURBINE INFORMATION
JNLET FLOW 11,939 SPECIFIC HEAT RATI10 1,367
PRESSURE IN 422.4 PRESSURE QUT 12.3
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1395.9
ENTHALPY IN 4974,2 ENTHALPY QUT 3432.0
PRESSURE RATIO 34,23 EFFICIENCY +526
RECUPERATOR INFORMATION
Fkow PRE IN P OUY TIN T oUT H IJN H OUT EFF
COLD SIDE 7.354 456,14 454,9  635,4 1054.2 2147.4 3607,6 .35%
HOT S1DE 11.939 12,2 10.6 1395,9  986,0 3432.0 2508.1 .53¢
e TURBINE EXHAUST OVERBOARD PRESSURE o 10.11
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
+000 +»000
H2 PREHEATER INFORHATlON
FLOW PRE IN P OUT TIN T oOUT H IN H OUT EFF
COLD SIDE 7.554 500.0 499.1 500,0 500.0 1670.5 1670.5 .000
HOT SIDE .000 454.9  454.9 |0 +0 ' 0 000
JET PUMP PERFORHANCE
FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 168.92 7-55 498,82 500.00
SECONDARY JET .00 +00 428,73 «00
RESULTANT 7.55% 458,38 500417
FLOW PARA RATIO +000 P PRI/P SEC 1,1633%
JET PUMP RISE 1.0692 PRl FLOW PaRA 3386 JUPSF 2,30
LUBE OlL COOLER INFORMAT 10N
FLOW PRE MIN P OUT T IN T oUT H IN R Our EFF
COLD SIDE_7.554 458.3 457 3 50042 8%2.5 1670.5 1857,1 .29¢
HOT SIDE 30.000 200.0 196.9 675,2 584.6 .0 0 518
HEAT REJECTED ALTERNATOR GEAR 80X LYBE PUMP TOTAL
509.1 875.3 25,5 1409.8
HYDRAULIC CIL COOLER INFORMATION
FLOW PRE IN P OUT TIN T oUT H IN H OUT EFF
COLD SIDE 7.554 457.2 456,31 552,5 635.4 1857.1 2147,5 .850
HOT SIDE 14%50.0 100.0 31.5 65¢,0 647,14 B «0 .030

HEAT REJECTED

2195.46
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® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF. ® GARRETT & AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE 11,TURB 16,500 R H2,T60 & 630. SSAPU PHASE 1!+.TURB 16,500 R H2,T60 = 650,
8 JUNE 1971 18:03158 PAGE 1 OF 2 8 JUNE 1971 18:03:55 PAGE 2 OF 2
® GONDITION ® 0.0 HP.14.7PAMB,3000 PS1 HYDSYS ® CONDITION ® 0.0 HP,14.7PAMB,3000 MSI HYDSYS
® UNITS e AREA2SQ IN, H=BTU/LB, P2PS1A, QsBTU/MIN, T=DEG Rs W=LB/MIN COMBUSTOR INFORMAT]ION
HYDROGEN FLOW 1.635 OXYGEN FLOW 1725
INPUT DAT A PRESSURE IN 863 PRESSURE QUT 4,3
puCY PRESSURE LOSS COEFFICIENTS #10E+4 TEHPERATURE IN H2 1293.3 YEMPERATURE IN 02 300.0
+00 »00 .00 1110.00 70600,00 +00 +00 10,00 .
3.64 +00 1.18 1:44 .00 66 3,50 20.80 TURBINE INFORMAT]ON
19.00 13,85 54,00 «00 2,02 50.00 2,74 +023 INLET FLOW 2,360 lPEchlc HEAT RATIO 1,367
12 100 PRESSURE IN 88.2 PRESSURE QUT 14.8
TEMPERATURE [N 2060,0 TEMPERATURE OUT 1667,5
SFT TUR DN F SFJPP SF JPW TUR OBCA JP PRICA TURB NOZ ENTHALPY IN 5330.3 ENTHALPY QUT 4329.8
000 .000 1.000 1,000 12,560 +2000 »1210 PRESSURE RAT]O 5,97 EFFICIENCY +500
TUR LKCA ETA cona LUBE P HP ETA LOPF T TUR IN T HHX IN T LHX O
+0002 9 «30 5 2060+00 400.00 15080.00 RECUPERATOR lNFOlHATlON
ETA CORF O/F BASE FLOW PRE IN P QUT IN T our H {N H OUT EFF
+0928 .00 COLD SIDE 1.638 497.1 497.0 647 0 1293.4 2188,8 4444,5 ,633
HOT SIDE 2.360 14.8 14.7 1667.5 1035.0 4329.0 2767,0 ,620
HEAT EXCHANGER SCALE FACTORS » TURB!NE EXHAUST OVERBOARD PREBSURE e 4,69
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP ¢OLD RHODP HOT
H2 PREHEATER 2.00 2,00 50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1.00 1.00 FLOW PRESSURE OROP
LUB O COOLER 1.00 1,00 1,00 1.00 +000 «Qae
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER INFOIHATION
® o POINT INPUT DATA o ¢ FLOW PRE IN P OUT IN T OUT HIN HOUT EFF
HYDRA HP  ELECT HP P AMB P HYBRA OJL ALT _SIZE(KN) COLD SIDE 1.63% 500.,0 499.9 500 0 3p0.0 1670.5 1670,5 ,000
.00 .00 14.70 3000.0 35,0 HOT SIDE  .000 497.,0 497.0 .0 ] 0 «0 .000
s O0UTPUT DATAC JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP L0SS PRIMARY JET 36,56 1.64 499,93 500,00
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX SECONDARY JET .00 .00 495,24 .00
40,00 12.00 160 2,63 RESULTANT 1.64 497.25 500.04
FLOW PARA RATIO «000 P PRI/P_SEC 1.0093
TURBINE OUTPUT PONER =  55.48 O/F 3,443 SPC = 2,553 JET PUMP RISE  1,0041 PRI FLQW PARA .0731 JPSF  2.30
PROPELLANT HYDROGEN OXYGEN LUBE OIL COOLER INFORMATION
FLOW RATE 1.63% 1725 FLOW PREMIN P CUT T IN T oOUT H_IN EFF
PRESSURE 500.00 500.00 COLD SIDE 1.633 497.2 497,2 500,0 611.8 1670.5 2065 6 379
TEMPERATURE 500,00 300.00 HOT SIDE 30.000 200,0 196.9  693,2 433,8 W0 0,204
ENTHALPY 1670.5 5248
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
CONTROL VALVE 509,1 111.6 25.5 646,2
16 1T [N CONYROL YES YES
PRESSURE IN 496.8 50040 HYDRAULIC CIL COOLER INFORMATION
PRESSURE 0UT 89.3 92,2 FLOW PRE IN P OUT TIN T our H IN H OUTY EFF
TEMPERATURE IN 1293.3 300.0 COLD SIDE 1.63% 497,2 497.4 611,8 647.0 2063.6 2188,8 ,92%
HOT SIDE 29.0 100.0 99.8 6500 636.,5 0 0 4358
HEAT REJECTED 201,33
13
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 13,TURB 16,500 R_H2,T60 o 650.
8 JUNE 1971 18103159 PAGE & OF 2

o CONDITION & 170 HP»14.7PAMB,3000 PSI HYOSYS
& UNITS & AREA®S@ [N, H=BTU/LB, P=PS1A, Q=BTU/MIN, TaDEG R, W=LB/MIN

INPUT DATAS
pucT PRESSURE LOSS COEFFICIENTS #10E+4

«00 +00 .00 1110.00 70000,00 .00 «00 10.00
3.64 «00 1.18 1.44 00 166 3.50 20.80
19.00 13,85 54.00 100 2,02 50.00 2.74 1023
12 »00
SFT TURONF SF JPP SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 «000 1.000 1.000 12,56¢C +2000 »1210
TUR LKCA ETA COMB (UBE P AP ETA LOPP T TUR IN T HHX IN T LHX O
002 98 +30 5 2060.00 400.00  1300.00
ETA CORF OIF BASE
10925 .600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP cOLD RHODP HQT

H2 PREHEATER 2,00 2.00 .50 1.00
HYD O COOLER 1,00 1,00 1.00 1.00
LUB O COOLER 1,00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 .00 1.00

o & POINT INPUT DATA & ®
HYDRA HP  ELECT HP P AMB P HYDRA O]L ALT_SIZE(KW)
100.00 +00 14,70 3000.0 35.0

2 OUTPUT DAT AN

DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

140.00 12.00 W60 7.63
TURBINE OUTPUT POWER = 160.43 O/F = 519 SPC = 1,886
PROPELLANT HYOROGEN OXYGEN
FLOW RATE 3.320 1,723
PRESSURE 500.00 500.00
TEMPERATURE 500.00 300,00
ENTHALPY 16705 52.8
CONTROL VALVE
IS IT IN GONTROL YES YES
PRESSURE IN 486.5 499,9
PRESSURE QUT 184.6 192.9
TEMPERATURE [N 1165.9 300.0

Case

® GARRETT < AIRESEARCH MAHUFACTURING DIVISION LOS ANGELESs CALIF.
S§SAPU PHASE ll;TURB 164500 R H2.T60 = 630,

8 JUNE 1971 18:03:59 PAGE 2 OF 2

® CONDITION o 100 HP,14.7PAMB.,300uU PSI HYDSYS
COMBUSTYOR [NFORMAT]ON
3.320

HYDROGEN FLOW OXYGEN FLOW 14723
PRESSURE IN 182,9 PRESSURE OUT 162.9
TEMPERATURE [N H2 1165,9 TEMPERATURE 1IN 02 300.0
TURBINE INFORMAT]ON
INLET FLOW 5,042 SPECIFIC HEAT RATIO 1,367
PRESSURE IN 182.6 PRESSURE OQUT 14.9
TEMPERATURE IN 2060.0 TEMPERATURE oUT 1500,5
ENTHALPY IN 5124.8 ENTHALPY QUT 3774.5
PRESSURE RATIO 12.22 EFFJCIENCY 1555

RECUPERATOR INFORMATION
FLOW  PRE IN P OUT TIN T oOUT HJIN HOUT EFF
COLD SIDE 3. 320 487 6 487,3 646,8 1165.,9 2187,9 3996,7 ,608
HOT S§1DE 5.0 14.8 1500, 992,9 3774,5 2583,7 .59%
s TURBINE EXHAUST OVERBOARD PREBSURE . 14.68

HOT BYPASS VALVE INFORMATION

FLOW PRESSURE DROP
+000 +000
H2 PREHEATER XNFORHATION
FLOW PRE IN P OUT IN T our H IN H OUT EFF
COLD SIDE 3.320 500.0 499.8 500 0 500.0 $670.5 1670,5 .000
HOT SJDE 000 487,3  487.3 .0 a0 W0 «0 ,000
JET PUMP PERFORMANCE .
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 74,23 3432 499,76 500.00
SECONDARY JET .00 109 479,34 +00
RESULTANT 3432 488,14 500.05%
FLOW PARA RATIO 000 P PRI/P SEC 1.0427

JET PUMP RISE 1.0184 PR] FLOH PARA «1485 JPSF 2,30
LUBE OIL COOLER INIORHATION

FLOW PRE IN TIN T OUT H IN H OoUT EFF

COLD SIDE 3.320 488,41 487 9  500,0 572,9 1670,5 1929.0 .453

HOT SIDE 30.000 200,0 196.9 660.0 605,13 0 0 L34¢
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.: 323.7 25.5 858.3

HYDRAULIC OIL COQLER INFORMATION
FLOW PRE IN P OUT TIN T OUT H IN H OUT EFF
COLD SIDE 3.320 487.9 487.6 57249 646,8 1929.,0 2187.9 ,958
HOT SIDE 423.7 100.0 97.8 650,0 646,14 0 0 054

HEAT REJECTED 85%.45
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@ GARRETT = AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE ll.TURB 16+500 R H2,T60 = 630,

JUNE 1971 18:04:06 PAGE 1 OF 2

® CONDITIOH © 200 HP,14.7PAMB.3000 PSI HYDSYS
® UNITS » AREASSG IN, H=BTU/LB. P=PS1A, QaBTU/MIN, TaDEG R, W=LB/MIN

*» INPUT DATAS®
DUCT PRESSURE LOSS COEFPICIENTS ®10E+4

«00 100 .00 1:10,00 70000.00 «00 +00 10.00
3.64 +00 1.18 1.44 »00 66 3.50 20.830
1%9.00 13,83 54.00 .00 2,02 50,00 2,74 +023
+12 «00
SFT TURODNF SF JP P SF JP W TUR 08CA JP PRICA TURB NOZ
1.000 +000 1.000 1.000 12.560 +2000 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
+30 5 206000 400.00 1500.00

+0002 9
ETA CORF O/F BASE
10925 +600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETARA HOT  RHODP cOLD RHODP HOT

H2 PREHEATER 2.00 2.00 .50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00
® » POINT INPUT DATA » ®
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT_SIZE(KW)
200.00 -00 14,70 3000.0 35.0

s OUTPUT DATAC®

DRIVE POWER HP LOSS

HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

240,00 12,00 160 12,63
TURBINE OUTPUT POWER = 265,46 Oo/F = .550 SPC = 1.75%
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 4,997 24749
PRESSURE 500,00 509.00
TEMPERATURE 500.00 300,00
ENTHALPY 16705 52.8

IS 1T IN CONTRAOL
PRESSURE IN
PRESSURE QUT
TEMPERATURE IN

CONTROL VALVE
YES YES

47243
281.6
110746

499.9
295.1
300.0

Case

® GARRETT ® AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.
SSAPU PHASE I].TURB 16:500 R K2,T60 = 630,
8 JUNE 1971 18:04:006 PAGE 2 OF 2
° CONDITION » 200 HP,14.7PAMB,»3000 PSI HYDSYS
COHBUSTOR INFORMAT]ON
HYDROGEN FLOW 4.997 OXYGEN FLOW 2,749
PRESSURE IN 279.2 PRESSURE 0UT 279.2
TEMPERATURE IN H2 1107.6 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 7,746 SPECIFIC HEAT RATO 1.367
PRESSURE 1IN 276.8 PRESSURE QUT 15.3
TEMPERATURE IN 2060.0 TEMPERATURE oUT 1445.0
ENTHALPY IN 5046.,6 ENTHALPY OUT 3592.0
PRESSURE RAT]O 18.24 EFFICIENCY 1551
RECUPERATOR INFORMATION
FLOW PRE IN P OUT T IN_ T oOUT H IN H OUT EFF
COLD SIDE 4.997 474.4 473.9  642,7 1107.6 2173.,2 3793.4 579
HOT SIDE 7.746 15.2 14.8 1445,0 990.3 3592,0 2546.7 ,%67
® TURBINE EXHAUST OVERBOARD PREGSURE 14,67
HOT BYPASS VALVE INFORMATION
FLoW PRESSURE BROP
+000 +000
H2 PREHEATER lNFORHATION
FLOW PRE IN P OUT IN T ooUT H IN H OUT EFF
COLD SIDE 4.997 500.0 499.6 500 0 500.0 1670.5 1670.5 .000
HOT SIDE .000 473.,9  473.9 .0 9 «0 +0  ,000
JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 111.74 5.00 499.47 500,00
SECONDARY JET +00 «00 457,79 «00
RESULTANT 5.00 475,52 500,10
FLOW PARA RATIO +000 ® PRI/P SEC 1.0910
JET PUMP RIBE  1.0387 PR} FLOH PARA 12237 JPSF 2,30
LUBE OIL COOLER INFORMATION
FLOW  PRE_IN P OUT T IN T_ouT H_IN H OUT_  EFF
COLD SIDE_4.997 47575 475,0 800,41 560.3 1670.5 1884,7 .376
HOT SI10E 30.000 200,0 1946.9  66C,1 590.9 +0 W0 432
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
50%9.) 535.9 25,5 1070.4
HYDRAULIC OIL CQOLER INFORMATION
FLOW PRE IN P CUT T IN T ouT H IN H OUT EFF
COLD SIDE 4.997 475.0 474.5 56043  642.7 1884,7 2173.2 ,918
HOT SINE 818.4 100.2 95.4 65040 646.6 .0 0 .038
HEAT REJECTED 1441.94
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» GARRETT ¢ AIRESEARCH MAUFACTURING DIVISION LOS ANGELES: CALIF,
SSAPU PHASE 1],TURB 16,500 K H2,T60 = 650,

8 JUNE 1971

® CONDITION ¢ 360

18104:29
HPs14.7PAMB, 300U HYDSYS

PAGE 1 OF 2

® UNITS # AREAnSQ IN, H=BTU/L®H, P=PSIA, Q=3TU/MIN, TaDEG R+ W3LB/MIN

e TNPUT DATAOS

DUCT PRESSURE LOSS COEFFICIENTS #10E+4

.00 100 .00 1110.00 0D00,00 .00 +00 10.00
3,64 «00 1.18 1.44 .00 66 3.50 20.80
19.00 13.85 54.00 +00 2,902 50.00 2.74 1023
12 «00
SFT TUR DN F SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1,000 12,560 <2000 1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 98 «30 5 20630.00 400.00 1%00.00
ETA CORF O/F BASE
0925 .600
HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAMA HOT RHODP COLD RHODP HOT
H2 PREHEATER 2.00 2,00 +50 1.0
HYD 0 COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1,00
RECUPERATOR 1.00 1.40 1.00 1.00
o = POINT INPUT DATA o o
HYDRA HP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
360.00 .09 14,70 3000.0 35.0
s OUTPUT DATAT®
DRI1Ve POWER HP LOSS
HYD PUMP ALTERNMATOR LUBE PUMP GEAR BQX
400,00 12.00 160 20.63
TURBINE OUTPUT POWER * 431.77 o/F = ,578 SPC = 1.692
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7,745 4,458
PRESSURE 500.00 500.00
TEMPERATURE 500.00 300.00
ENTHALPY 167045 52.8
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE [N 449.5 499.6
PRESSURE 0UT 433,7 455,0
TEMPERATURE IN 1061.7 300.0
Case

& GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES» CALIF.
SSAPU PHASE 11,TURB 16,500 R H2,T60 = 630,

8 JUNE 1971

18:04129 PAGE 2 OF 2
® CONDITION » 360 HP,14.7PAMB»3000 HYDSYS
COMBUSTOR INFORMATION
HYDROGEN FLOW 7,745 OXYGEN FLOW 4,458
PRESSURE N 430.1 PRESSURE QUT 430.1
TEMPERATURE IN H2 1061.,7 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 12.173 SPECIFIC HEAT RATIO 1,367
PRESSURE IN 4294 PRESSURE 0UT 16.5
TEMPERATURE [N 2060,0 YEMPERATURE QUT 1412.4
ENTHALPY IN 4980.6 ENTHALPY QUT 3473.7
PRESSURE RAT10 26.05 EFFICIENCY 539
RECUPERATOR INFORMATION
FLOW PRE IN P OUT T IN T oUT H IN W OUT EFF
COLD SIDE 7.715 455,0 453,80  634,7 1061.8 2144,9 3633.7 .549
HOT SIDE 12.473 16.4 15.2 1412,4 994,83 3473,7 2530.1 .537
® TURBINE EXHAUST OVERBOARD PREESURE o 14.78
HOT BYPASS VALVE INFORMATION
PRESSURE DROP
.ooo +000
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T our H IN H OUT EFF
COLD SIDE 7.718 500.0 499.1 500,0 Sp0,0 1670.5 1670,5 .000
HOT SIDE .000 453,.8 453.8 0 0 0 0 000
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 172.51 7:71 498,77 500,00
SECONDARY JET 00 114 427.01 .00
RESULTANT 7471 457,36 500.18
FLOW PARA RATIO 0090 P PRI/P SEC 1.1680
JET PUMP RISE  1.0711 PRI FLOH PARA  ,3459 JPSF  2.30
LUBE 0lt. COOLER [NFORMATION
FLOW  PRESMN P CUT TIN T our H IN H QUT EFF
COLD SIDE 7.715 457,2 456.3 50042 551,44 1670.5 1853,2 .29%
HOT SIDE 30.000 200.0 194.9 673,8 583.0 .0 0 523
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509, 875,3 25.5 1409.8
HYDRAUL[C clL COOLER lNFORMATlON
FLOW PRE IN P IN H IN H OUT EFF
COLD SIDE 7.715 456,1 455 0 551 4 614 7 1853,2 2144,9 .045
HOT SIDE 1450.0 1:0.0 91.5 65L.0 647,23 .0 0 .03
HEAT REJECTED 2250.65
23
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

TH2= 500 R ,» T(6023750 R

15JUN71 093118156 PAGE & OF 2

® CONDJTION @ CASE 5

® UNITS ® AREANSG IN, H=BTU/LBs P®P§1As 0s8TU/MINs T=DEG Rs W=LB/MIN

® GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

TH2= 500 R + T(602=750 R
15JUN71 N9:18156 PAGE 2 OF 2

® CONDITION ® CASE 5
COMBUSTOR [NFORMATION

NYDROGEN FLOW 1896 OXYGEN FLOW 477
s I NPUT DATAS PRESSURE IN 49 9 PRESSURE QUT 49,9
DUCT PRESSURE LOS8 COEFFICIENTS #10E+4 TEMPERATURE IN H2 1138.5 TEMPERATURE IN 02 300.0
00 +00 .00 1210.00 70000,00 .00 100 10.00
3,64 100 1.18 1.44 +00 +66 3,50 20.80 TURBINE INFORMATION
19,00 13,85 54,00 .00 2,02 50.00 2,74 «023 INLET FLOW 1,373 SPECIFIC HEAT RATIO 1,370
12 +00 PRESSURE IN 9.8 PRESSURE OUT )
TEMPERATURE IN 2060,0 TEMPERATURE oOUT 1339.%
SFT TUR DN F SF JP P §F JP W TUR 0BCA JP PRICA TURB NOQZ ENTHALPY IN 5088,5 ENTHALPY QUY 3373.7
1.000 , 000 000 1,000 12,560 +2000 «1210 PRESSURE RATIO 62,34 EFFICIENCY 520
YUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
+0002 198 +30 *5 2060400 400.00  1500.00 RECUPERATOR INFORHATXON
ETA CORF O/F BASE FLOW PRE IN P QUT TIN ToO H IN EFF
+0925 +600 COLD 8IDE .B96 499, 2 499,41 749|6 11!50l 2548.4 3902. »$60
HOT SIDE 1.373 5 3339,5 938,14 3373.7 2489,8 647
HEAT EXCHANGER SCALE FACTORS * TURBINE EXHAUST OVERBDARD PREGSURE » 33
HEAT EXCHANGER ETAHA cOLD ETiHA HOT RHODP COLD RHODP HOT
H2 PREMEATER 2.00 2,00 50 [}
HYD 0 COOLER 1.00 1,00 1.00 1.00
LUB O COOLER 1.00 1,00 1,00 1,00
RECUPERATOR 1.00 1,00 1,00 1,00
& o POINT INPUT DATA o »
HYORA HP ELECT HP P AMB P HYDRA OIL ALY SIZE(KW)
+00 +00 .00 3000.0

e O0UTPUT DATAS

DRIVE POWER HP LOSS
HYD PUMP ALTERNATQR LUBE PUMP  GEAR BOX
40,00 12.00 160 2.63
TURBINE QUTPUT PQWER = 55,53 O/F = 532 SPC = 1,483
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1896 1477
PRESSURE 500.00 500,00
TEMPERATURE 500,00 300.00
ENTHALPY 16705 52,6
CONTROL VALVE

186 IT IN CONTROL YES YES
PRESSURE 1IN 499,31 500.0
PRESSURE 0UT 5043 52,8
TEMPERATURE IN 11388 300.0

HOT BYPASS VALVE INFORMATION

FLOW PRESSURE DRoP
+000 1000
H2 PREHEATER !NFORHATXON
FLOW PRE IN P OUT T IN T oUT H_IN oUT  EFF
COLD BIDE ,396 500.0 500.,0 300,0 %00.0 1670.5 1670.5 1000
HOT SIDE 000 499.1  499.1 .o .0 .0 +0 4000
JET PUNP PERFORMANCE
FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 20,03 .90 499,98 500,00
SECONDARY JET .00 +00 498,74 100
RESULTANT 190 499,23 500,00

FLOW PARA RATIO +000 P PR1/P SEC 41,0025
JET PUMP RISE  1.0010 PRI FLOW PARA  ,0404 JPSF  2.30

LUBE OIL COOLER INFORHATION

FLOW PRE IN P OUT T1 T ouT H IN H OUT EFF
COLD SIDE .896 499,2  499,2 500 0 704.9 1670.5 2391.7 ,639
HOT S1DE 30.000 200,00 196.9 820.7 786,3 0 0,107
HEAT REJECTED ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25,5 646,2
HYDRAULIC OIL COOLER !NFORMATION
FLOY  PRE IN P O T IN out HIN H OUY EFF
COLD SIDE .896 499,2 499 2 7049 749 6 2393.7 2548,4 992
HOT BJOE  29.0 100,0 99.8 750.0 744.5 0 0 .387
HEAT REJECTED 140.42
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® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE 11.TURB 16.500 R H2,T60 = 780.
8 JUNE 1971 173103158

PAGE 1 OF 2
® CONDITION ® 170 HP,0.0 PAMB,300D PS! 4YDSYS
e UNITS e AREASSQ IN, H=BTU/LB, P=PS§1A; Ga28TY/MIN, T=DEG R. W=LB/MIN

s INPUT DAT A
DUCT PRESSURE LOSS COEFFICIENTS *1QE+4

+00 100 +00 1110.00 76000.00 00 +00 10.00
3,64 +00 1.18 1.44 +00 +66 3.50 20.80
19.90 13485 54.00 <00 2,02 50.00 2.74 1023
«12 +00
SFT TURDNF SF JP P SF JP W TUR 08CA JP PRICA TURB NOZ
1.000 .000 1,000 1,000 12,560 2000 11210
TUR LKCa ETA COMB LUBE P HP ETA LOPF T TUR IN T HdAX IN T LHX O
. 0002 198 30 5 2060.00 400.00  1300.00
ETA CORF 0Q/F BASE
+0925 +600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP coLD RHODP WOT

H2 PREHEATER 2.00 2,00 .50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

® 5 POINT INPUT DATA o o

HYDRA HP  ELECT Hp P AMB P HYDRA OlL ALT SIZE(KW)
100.00 <00 .00 3000.0 35.0
e« 0UTPUT DATAG®
DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PUvP  GEAR BOX
140.00 12.00 60 7.63
TURBINE OUTPUT POWER = 160.22 O/F = ,534 SPC = 1.571
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 2,734 1,460
PRESSURE 500.00 500,00
TEMPERATURE 500,00 300,00
ENTHALPY 1670.5 5248
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE IN 491.1 500.0
PRESSURE QUT 152.4 159.8
TEMPERATURE [N 1138.6 300.0

Case

o GARRETT = AIRESEARCH MAHUFACTURING DIVISION LOS ANGELES, CALIF,
SSAPU PHASE []:TURHB 16,500 R ‘H2,760 = 750,

HYDROGEN FLOW
PRESSURE IN

TEHPERATURE IN H2

INLET FLOW
PRESSURE IN
TEMPERATURE [N
ENTHALPY N
PRESSURE RATIO

8 JUNE 1971 17123158 PAGE 2 OF 2
o CONDJTION e 100 HP,0.0 PAMB.3000 PSI HYDSYS
COMBUSTOR INFORMAT]ON
2,734 OXYGEN FLOW 1,460
151.0 PRESSURE OUT 151.0
1138.6 TEMPERATURE IN 02 300.0
TURBINE JNFORMATION
4,194 SPECIFIC HEAT RATIO 1.369
150.8 PRESSURE QUT 2.4
2060.0 TEMPERATURE OUT 1379.5
5085,4 ENTHALPY QUT 3464.5
61.70 EFFICIENCY 1493
RECUPERATOR XNFORHATION
PRE IN P QUT T ouT HIN H OUT EFF

FLOW
COLD SIDE 2. 734
HOT SIDE 4.194

491 6 494, 6 746 4 1137.5 2536.8 3898.0 .618
379.5 $96.9 3464,5 2577.2 .604

1.5
® TURBINE EXHAUST OVERBOARD PRESSURE o 1.01

FLOW
COLD SIDE 2.734
HOT SIDE .000

PRIMARY JET
SECONDARY JET
RESULTANT

FLOW PARA RATIO

JET PUMP RISE

FLOW
COLD .SIDE 2.734
HOT SIDE 30.000

HEAT REJECTED

FLOW
COLD SIDE 2.734
HOT SIDE 423.7

HEAT REJECTED

130

HOT BYPASS VALVE [NFORMATION
FLOW PRESBURE DROP
+000 000

H2 PREHEATER INFORMATION
PRE IN P OUT TIN T OUT H IN H OUT EFF
590.0  499.9 500,0 500.0 1670.5 1670.5 .000

491.,6  491.6 0 0 0 +0 000
JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE = TEMPERATURE
61.13 2.73 499,83 500.00
.00 200 486,54 +00
2,73 492,22 500,03

«000 P PR1/P SEC 1.0273
1.0117 PRI FLOW PARA 11223 JPSF 2.30

LUBE O1L COOLER INFORMATJON

PREMIN P OUT TIN T OUT H IN H QUT EFF
492,2 492.1 500,0 588.7 1670.5 1984,4 ,493
200.0 196.9 679,7 626.0 0 0 0299

ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
50%9.1 323.7 25.5 8458.3

HYDRAULIC CJL COOLER INFORMATION

PRE IN P OUT T IN T our H IN H OUT EFF
492.0 491.8 568,7 746.4 1984,4 2536,8 .978
199.90 97.8 750,0 743,8 .0 0 .039

1517.46
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3 GARRETT e AIRESEARCH MANUFACTURING DIVISION LOS ANGELES» CALIF.

SSAPU PHASE 11,TURB 16,500 R H2,T60 = 730.
8 JUNE 1974 17104305 PAGE 4 OF 2

¢ CONDITION » 200 HP,0.0 PAMB,3D00 PS! HYDSYS
® UNITS ® AREA®SG IN, H=BTU/LB, PaP&1A, Q=BTU/MIN, T2DEG R, WaLB/MIN

INPUT DATAC®
ucT PRESSURE LOSS COEFFICIENTS e10E+4

+00 +00 +00 1110.00 70000,00 +00 +00 10.00
3.64 +00 1.148 1.44 «00 '66 3450 20.80
19.00 13,85 54.00 +00 2,02 50.00 2,74 «023
12 «00
SFT TURDNF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 +00Q 1,000 1,000 12,560 42000 41210
TUR LKCA ETA COHB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
»0002 «30 +B 2060.00 400,00 1500.00
ETA CORF O/F BASE
10925 «400

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP COLD RHODP KOT

W2 PREWEATER 2.00 2,00 . 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB O COOLER 1.00 1,00 1,00 1.00
RECUPERATOR 1.00 1,00 1,00 1.00

e o POINT INPUT DATA @ ®
HYDRA HP ELECT HP P AMB P HYDRA OIL ALT ST1ZE(KW)
200,00 .00 .00 3000.0 35.0
“OUTPUYT DATAS®
DRIVE POWER LO5S
HYD PUMP ALTERNATOR LUB! PUMP GEAR BOX
240,00 12,00 60

TURBINE OUTPUT POWER = 265,25 O/F = .547  SPC = 1,574

PROPELLANT HYDROGEN OXYGEN

FLOW RATE 4,499 2,461

PRESSURE 500,00 500.00

TEMPERATURE 500,00 300,00

ENTHALPY 1670,5 52,8

GONTROL, VALVE

1S 1T IN CONTROL YES

PRESSURE IN 47641 49%.9

PRESSURE our 253.2 265,3

TEMPERATURE (N 1113.8 300,0

® GARRETT ¢ AJRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
S§SAPU PHASE ll:TUR8516:500 R H2,T60 = 730.

JUNE 1971 17104105 PAGE 2 OF 2
® CONDITION ® 200 HP,0.0 PAMB,»3000 PSI HYDSYS
CDHBUSTOR INFORMAT]ON
HYDRQGEN FLOW OXYGEN FLOW 2,463
PRESSURE [N 251:0 PRESSURE QUT 254.0
TEMPERATURE IN H2 1113.5 YEMPERATURE IN 02 300.0
?URBINE INFORMAT10ON
INLET FLOW 960 SPECIF1IC HEAT RATIO 1.369
PRESSURE IN 250' PRESSURE QUT 4.4
TEMPERATURE IN 2060.0 TYEMPERATURE OUT 1375.9
ENTHALPY IN 5053,8 ENTHALPY OUT 3436.2
PRESSURE RATIO 64,07 EFFICIENCY 149¢
RECUPERATOR INFORHATION
FLOW PRE IN P OUT T out H IN W OUT EFF
COLD SIDE 4.499 475 1 477.9% 736 4 1313.1 25008.7 3812.7 ,388
HOT SI0E 6.960 2+3 1375o9 1009.6 3436.2 2393.4 .97%
» TURBINE EXMHAUST OVERBOARD PRESSURE « 1.69
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE ORoOM
«000 «Qo0
H2 PREMEATER lNFOIHATlON
FLOW  PRE IN P OUT ouT W IN N OUT EFF
COLD SIDE 4.49¢ 500.0 499.7 500 qQ 500!0 1670,5 41670.3 .0Q00
HOT SIDE  .000 477.5 477.5 .0 Y o0 +0 000
JET PUMP PERFORHANC!
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 100.61 4,50 499,57 500.00
SECONDARY JET .00 «00 463,87 .
RESULTANT 4430 478,97 500.09
FLOW PARA RAT1O 000 P PRI/P & 1,077

EC
JET PUMP RISE 1.0326 PRI FLOH PARA +2014 JPSF 2,30

LUBE OIL COOLER INFORMATION
LOW  PRE IN P QUT T IN T OUT H IN H OUY EFF
COLD SIDE 4.499 478,9 476.6 500,% 567.0 41670.5 4908.4 .397

HOT SIDE 3Q.000 200.0 196.9 668,45 600.% 0 0 408
HEAT REJECTED  ALTERNATOR  GEAR B0OX LUBE PUMP TOTAL
509.1 535.9 28,3 1070.4
HYDRAULIC O]L COOLER lNFORHATXON
FLOW PRE IN P OUT IN ot H IN H OUT EFF

COLD SIDE 4.499 478.5 478.4 567 738.4 1908.4 2508,7 .937
HOT SIDE 618.4 100,90 95,4 753.0 744,2 W0 0 4038

HEAT REJECTED 2701.05

Case 13l
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® GARRETT = AJRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF.

SSAPU PHASE 11,TURB 16,500 R H2,T60 =z 750.
8 JUNE 1971 17:04:110

PAGE 1 OF 2
s CONDITION » 360 HP,0.0 PAMB,3000 PS! -YDSYS
e UNITS ® AREA®SG IN, H=BTU/LB,» PaPSlA, Q23TU/M[Ns T=UEG R+ W=LB/MIN

* INPUT DATAG®
DUCT PRESSURE LO0SS COEFFICIENTS #10E+4

.00 »00 .00 1110.00 7C000.00 .00 <00 10.00
3.64 +00 1.18 1.44 +00 66 3.50 20.80
19.00 13,85 54,00 +00 2,02 50.00 2.74 .023
12 »00

SFT TURDNF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ

1.00¢C -000 1.030 1,000 12,560 «2000 +1210
TUR LKCA ETa COMB LUBE P #P ETA LOPP T TUR IN T HHX IN T LHX O

.0902 98 «30 o5 2060.00 400.00 1500.00
ETA CORF 0/F BASE

.0925 .600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER ETAHA COLD ETAHA HOT  RHODP COLD RHODP HOT

H2 PREHEATER 2.00 2,00 +50 1.00
HYD 0 COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

e & POINT INPYT DATA @ @
HYDRA HP  ELECT HP P AMB P HYDRA OIL ALT SIZE(KW)
360,00 «00 «00 3000.0 35.0

» OUTPUT DATAS®

DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

400.00 12.900 163 20,63
TURBINE OUTPUT POWER = 433,44 O/F = .565 SPC = 1.590
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.338 4.146
PRESSURE 500,00 500.00
TEMPERATURE 500.00 300.00
ENTHALPY 1670+5 52.8
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE [N 452.4 499,7
PRESSURE OUT 414.0 433.4
TEMPERATURE IN 1083.4 3g0.0

Case

8 GARKHETT o AIRESEARCH MAUFACTURING DIVISION LOS ANGELES. CALIF.

SSAPU PHASE 11.TURB 16:500 R ‘H2,T6Q = 750.

8 JUNE 1974 17104310 PAGE 2 OF 2
s CONDITION = 360 HP.J.0 PAMB,»3005 PSI 4HYDSYS
COMBUSTOR INFORMAT]ON
HYDROGEN FLOW 7,338 OXYGEN FLOW 4,146
PRESSURE IN 410.5 PRESSURE OUT 410.5
TEMPERATURE IN H2 1083.4 TEMPERATURE IN 02 300.0
TURBINE IMFORMATION
INLET FLOW 11,483 SPECIFIC HEAT RATIO 1-360
PRESSURE IN 409.9 PRESSURE
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1375 3
ENTHALPY IN 5011,5 ENTHALPY QUT 3407.7
PRESSURE RATIO 56.70 EFFICIENCY +502
RECUPERATOR lNFORHATlON
FLOW  PRE_IN P OUT IN T our H IN H OUT  EFF
COLD SIDE 7.338 57 5 456.3 722.3 1083,2 2451,9 3708,1 ,553
HOT SIDE 11.483 7,0 4,1 1375,3 1022.6 3407.7 2605,0 .540
o TURBINE EXHAUST OVERBOARD PREGSURE . 2,79
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
<000 +000

H2 PREHEATER INFORMATION

FLOW  PRE IN P OUT TIN T our H IN H OUT  EFF
COLD SipE 7.338 500.0 499,2 500,0 500.0 1670.5 1670,5 .000
HOT SIDE .000 456,3  456.3 0 0 0 «+0 000
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE ~ TEHPERATURE
PRIMARY JET 164,08 7.34 496,88 500,00
SECONDARY JET .00 «00 431,06 +00
RESULTANT 7.34 459.77 500,17
FLOW PARA RAT!O +000 P 2Rl/p SEC 1.1573
JET PUMP RISE 1.0666 PRI FLQW PARA 13289 JPSF 2.30
LUBE Ol1L COOLER INFQORMATION
FLOW PREIN P QUT TIN T our H IN H OUY EFF
COLD SIDE 7.338 459.7 458,8 53042 554.1 1673.5 1B862,6 ,308
HOT SIDE 30.00Q 232.0 196.9 677,14 586,7 .0 0 514
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3 2545 1409.8
HYORAULIC CIL COOLER INFQRMATION
FLOW  PRE IN P OUT T IN T oUT R IN H OUT EFF
COLD S1DE 7.338 454,68  457.6 554,1 722.3 1862.6 2451,9 .859
HOT SIDE 1450.0 102.0 91,5 759,0 744,8 .0 8027
HEAT REJECTED 4323.67
132
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* GARRETT = AIRESEARCH MAYMUFACTURING DIVISION LOS ANGELES, CALIF.

TH2= 500 R , T(60)3750 R
15JUN71

® CONDITION ® GASE 6

09119104 PAGE 1 OF 2

® UNITS ® AREA®SQ IN, H=BTU/LB. P=PSIA, BaBTU/MINs TaDEG R, WsLB/MIN

INPUT DATA
pucT PRESSURE LOSS COEFFICIENTS <10E+4

+00 190 00 1110.00 70000,00 +00 «00 10.00
3,64 «00 1.18 1,44 «00 66 3.50 0.80
19.00 13,88 54,00 Q0 2,02 50.00 2,74 +023
12 +00
SFT TUR DN ¥ SF JPP SF JP A TUR OBCA JP PRICA TURA NOZ
+000 1.000 1,000 12,560 » 2000 11210
TUR LKCA ETA COMB L“BE P HP ETA LOPP T TUR IN T HHX IN T LHX O
0002 +98 30 o5 2060400 400.00 1500.00
ETA CORF Q/F BASE
0925 600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP cOLD RHODP HOT

H2 PREHEATER 2,00 2,00 +50 1,00
HYD 0 COOLER 1.00 1,00 1,00 1,00
LyUB O COOLER 1.00 1,00 i.00 1,00
RECUPERATOR 1.00 1.00 1,00 1.00

® o POINT INPUT DATA o ®

HYORA HP  ELECT HP P A¥B P HYDRA ofL ALT SIZE(KW)
+00 +00 5,00 3000.0 35.0
S O0OUTPUT DATACS
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
40.00 12,00 1.1] 2,63
TURBINE OUTPUT POWER =  54.95 0/F = ,478 SPC = 1,852
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1.148 1548
PRESSURE 500,00 500.00
TEMPERATURE 500,00 300,00
ENTHALPY 167048 52.8
CONTROL VALVE
16 IT IN CONTROL YES YES
PRESSURE IN 498, 4 50040
PRESSURE OUT 6344 65,9
TEMPERATURE IN 1238.8 300:0

Case

* GARRETYT e ATRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.,
TH2= 500 R » TI60)=750 R
15Jun71 09119104 PAGE 2 OF 2
® CONDITION & CASE 6
COHBUSTOR TNFORMATON
HYDROGEN FLOW 1.148 OXYGEN FLOW 5408
PRESSURE 1IN 62 7 PRESSURE OUT 62.7
TEMPERATURE IN H2 1238,8 TEMPERATURE IN 02 300,0
TURBINE THFORMAT]ON
INLET FLOW 1.69 SPECIFIC HEAT RATIO 1,369
PRESSURE IN 62,7 PRESSURE OUT 5.1
TEMPERATURE IN 2060,0 TEMPERATURE OUT 1504.6
ENTHALPY IN 5233,0 ENTHALPY QUT 38368.8
PRESSURE RATIO 12,32 EFFICIENCY +549
RECUPERATOR XNFORHAT!ON
FI,OM PRE IN P OUT IN T ouT HIN #H OUT EFF
COLD SIDE 1.148 498,6 498,5 7‘7 9 1238.,8 2542.4 4252,0 449
HOT SIDE 1.696 5.1 5.0 1504.6 1024.,6 3838.,8 2701.9 .634
© TURBINE EXHAUST OVERBOARD PRESSURE ® 4.99
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DRoOP
»000 1000
H2 PREHEATER !NFORHITION
FLOW PRE IN P QU T IN T OUT H_IN H oU? EFF
COLD SIDE 1.148 500.0 50000 500,0 500,0 1670.5 1670,5 ,000
HOT SIDE .000 498.5 498,5 0 0 0 «0 000
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURF TEMPERATURE
PRIMARY JET 25.67 1.35 499,97 500,00
SECONDARY JET 00 »00 497,72 +00
RESULTANT 1His 498,69 500,01
FLOW PARA RATIO 000 P PRI/P SEC 1.0045
JET PUMP RISE 1.0019 PRI FLOH PARA 20513 JPSF 230
LUBE OIL COOLER INFORMATIOM
FLOW PRE IN P QUT T IN T oUT H IN H OUT EFF
COLD 5IDE _1.148 498,7 498.7 500,0 659.7 1670.5 2233,3 .617
HOT SIbE 30,000 200,0 196,9 750.7 722.0 .0 0 142
HEAT REJECTED ALTEéNATOR GEAR BOX LUBE PUMP TOTAL
509.1 112.6 25.% 646,2

GOLD SIDE 1.148
HOT SIDE  29.0

133

HYDRAULIg OdL GOOLER lNF?RMATION

FLOY  PRE IN
498,7  498.6
100.0 99.8

659 7

750,0 728.5

HEAT REJECTED 354,88

H IN
.0

EFF

our
747.9 2233.3 2542 4 977

0,238
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o GARRETT ©» AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE T1,TURB 16,500 R H2,T60 = 780,
8 JUNE 1971 17104152 PAGE 1 OF 2
o CONNJTION = 1°0 HP,5.0 PAMB,3000 PS] WYDSYS

o UNITS e AREA®SG [N, H=BTU/LB. P=PS]4, QzBTU/MIN, T=DEG R, W=LB/MIN

s ITNPUT DATAS
DUCT PRESSURE LOSS COEFFICIENTS #10E+4

«00 100 .00 1$10.00 70000.00 +00 100 10.00
3.64 «00 1.18 1.44 »00 166 3.50 20,80
19.00 $3.85 54,00 +00 2,92 50.00 2.74 +023
.12 +00
SFT TURODNF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ
1.000 .000 1.0020 1.000 12,560 +2000 «1210
TUR LKCA ETA COMB LUBE P #P ETA LOPP T TUR IN T HHX IN T LHX 0
2 8 30 5 2060.00 420.00 1500.00

-000 ’
ETA CORF 0/F BASE
.0925 +600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP COLD RHODP HQT

H2 PREHEATER 2.00 2,00 «50 1,00
HYD 0 COOLER 1.00 1,00 1.00 1.00
LUA 0 COOLER 1.00 1.50 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

e o POINT INPUT DATA ¢ @
HYDRA HP  ELECT HP P AMB P HYORA OlL ALT _SIZE(KW)
100.00 +00 5.0C 3000,0 35.0

s OUTPUT DATA®

DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
140,04 12.00 160 7.63

TURBINE OUTPUT POWER = 1611.83 O/F 3 .524 SPC = 1.637

PROPELLANT HYOROGEN OXYGEN
FLOW RATE 2.879 1,509

PRESSURE 500.00 500,00
TEMPERATURE 500,00 301,00
ENTHALPY 167045 52.8

CONTROL VALVE
1S 1T IN GONTROL YES Y

PRESSURE IN 490.1 530.0
PRESSURE OUT 160.2 167.6
TEMPERATURE IN 1156.7 300.0

Case

¢ GARRETT o AIRESEARCH MAMUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE J1.TURB 16,500 R H2,T60 = 750.

8 JUNE 1971 17104152 PAGE 2 OF 2
° CONPJTION = 100 HP,5,0 PAMB,300D PSI HYDSYS
COMBUSTOR [HFORMAT]ON
HYDROGEN FLOW 2,879 OXYGEN FLQW 1,309
PRESSURE IN 158.7 PRESSURE QUT 158.7
TEMPERATURE IN H2 1156.7 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,38 SPECIFIC HEAT RAT!O 1,369
PRESSURE IN 15845 PRESSURE QUT 5.6
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1441.7
ENTHALPY IN 5111,0 ENTHALPY OUT 3556.1
PRESSURE RAT10 28,53 EFFI1CIENCY 529
RECUPERATOR XNFDRHAT!ON
FLOW  PRE IN P QUT IN T OUT H IN H OUT EFF
COLD SIDE 2.879 491,0 490.7 745 6 1155.4 2534.,1 3960.0 .613
HOT SIDE 4.388 5.5 5.2 1411.7 1011¢1 3556,1 2620.5 603
* TURBINE EXHAUST OVERBOARD PRESSURE e 3,01
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
«000 +000
H2 PREHEATER lNFORHATlON
FLO¥W  PRE IN P CUT T1 ouT H IN KW OUT EFF
COLD SIDE 2.879 500.0 499,9 500 500 0 1670.5 1670.,5 .000
HOT SIDE .000 490.7  490.7 .D 0 0 +0  .000
JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 64.38 2.88 499,81 500.00
SECONDARY JETY +00 <00 485,08 +00
RESULTANT 2,88 491,39 500,04
FLOW PARA RATIO 000 P PR1/P SEC 1.,0304
JET PUMP RISE  1.0130 PRI FLOJ PARA 11284 JPSF  2.30
LUBE OIL COOLER INPORMATION
FLOW  PRE IN ouT TIN T OUT H IN  H OUT EFF
COLD SIDE 2.879 491.4 491 2 500,0 584.2 1670.5 1968.6 .48)
HOT SIDE 30.000 200.0 196.9 674.1 62040 .0 0 W31
HEAT REJECTED ALTERNATOR  GEAR BOX LUBE PuUMP TOTAL
509.1 3237 25.5 858.3
HYDRAULIC OJL COOLER INFORMATION
FLOW  PRE IN P OUT TIN T 0UT H IN H OUT  EFF
COLD SIDE 2.879 491.2 491.0 584,2 745.5 1968.6 2534.,1 .,973
HOT SIDE 423.7 100.0 97.8 750,0 743.3 .0 W0 040
HEAT REJECTED 1627.93
134
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® GARRETT e AJRESEARCH MANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPY PHASE I1.TURB 16,500 R H2,T60 = 730.

8 JUNE 19731 17104155

® GARRETT o AIRESEARCH MANUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE 1J.TURB 16,500 R H2.760 = 730.
8 JUNE 1972

PAGE 1 OF 2 17104155 PAGE 2 OF 2
© CONDJTION » 200 HP,5, PaMB.3000 P51 HYDSYS * CONDITION ® 20D HP.,5. PAMB,3000 P51 HYDSYS
e UNITS ® AREA®SQ IN, HsBTU/LB.: PsPS1A, G=BYU/MIN. T=DEG R, W=LB/MIN COHBUSTOR INFORMATION
HYDROGEN FLOW 4.593 OXYGEN FLOW 2,489
INPUT DATAS PRESSURE [N 255,9 PRESSURE OUT 255.9
puct PRESSURE LOSS COEFIICIENTS S10E+4 TEMPERATURE IN H2 1120.6 YEMPERATURE IN 02 300.0
N0 «00 .00 1110.00 70000,00 «00 10.00
3.64 +00 1.18 1.44 «00 66 20,80 TURB!NE INFORMATION
19.00 13.85 54.00 «00 2,02 50.00 +023 INLET FLOW 7.08 8PECIFIC HEAY RATIO 1.368
12 +Q0 PRESSURE N 25%.5 PRESSURE QUT 6.4
K TEMPERATURE IN 2060,0 TEMPERATURE OUT 1391.2
SFT TURONF SF JPP SF JP W TUR OBCA JP PRICA TURB NOZ ENTHALPY IN 5066.8 ENTHALPY QUT 3479.7
1.000 -000 1.000 1.000 12,960 +2000 +1210 PRESSURE RATIO 39.01 EFFICIENCY 516
TUR LKCA ETA COHB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
+0002 9 «30 5 2060.00 400.00 1500.00 RECUPERATOR INFORHATION
ETA CORF O/F BASE FLOW  PRE IN P OUT IN T 0UT HIN  H OUT EFF
10925 +600 COLD SIDE 4 593 477 4 476.'

737.. 1120.5 250003 3838,.5 586

HOT SIDE 7.0 439142 1017.1 3479,7 2615,7 ,57)
HEAT EXCHANGER SCALE FACTORS * TURBINE EXHAUST OVERBOARD PREIBURI . 5,10
HEAT EXCHANGER ETAHA COLD ETAHA WOT  RHODP cOLD RHODP WOT
H2 PREHEATER 2.00 2,00 +50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COOLER 1.00 1,00 1,00 1.00 FLOW PRESSURE ORoP
LUB 0 COOLER 1.00 1.00 1,00 1.00 .000 +000
RECUPERATOR 1.00 1.00 1.00 1.00
H2 PREHEATER !NFOIHAT!ON
e o POINT INPUT DATA ©® @ FLO¥ PRE IN P OUT TIN T oUT H IN H OUT EFF
HYDRA HP  ELECT HP P AMB P HYQRA OIL ALT S1ZECKW) COLD SIDE 4.59) 500.0 499.7 300,0 500.0 1670.5 $670.5 ,00Q
200,00 +00 5.00 3000.0 35,0 HOT SIDE  .000 476,86 476.8 o0 .0 1] +0  .000
«a QUTPUT DATA® JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 102,71 4,59 499,55 500,00
WYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JRT .00 00 462,71 +00
240,00 12,00 160 12,63 RESULTANT 4.%9 478,32 500,09
FLOW PARA RAT1O +000 ® PR1/P SEC 1,079¢
TURBINE OUTPUT POWER = 264.80 O/F & ,542 SPC = 1.60% JET PUMP RISE 1.0337 PR] FLOW PARA +2056 JPSF 2.30
PROPELL ANT HYDROGEN OXYGEN LUBE OIL COQLER INFORMATION
FLOW RATE 4,593 2+489 FLOW PRE IN P OUT TIN T oUT H IN H OUT EFF
PRESSURE 500,00 500,00 COLD SIDE 4.593 478,3  477.9 830041 565.6 1670.5 1903,5 ,393%
TEMPERATURE 500,00 300.00 HOT SIDE 30.000 200,0 196.,9 666,88 598,2 00 0 L4613
ENTHALPY 16705 5248

1S 1T IN CONTROL

PRESSURE 1IN 4753
PRESSURE OUT 258.2
TEMPERATURE IN 1120.6

CONTROL VALVE
Y&s YES

499.9
270.3
300.0

HEAT REJECTED

FLOW
COLD SIDE 4.593
HOT SIDE 818.4

HEAT REJECTED

Case 135

ALTERNATOR  GEAR BOX

LUBE PUMP TOTAL

H OUT  EFF

0 .032

509.1 535.9 25.5 1070.4
HYDRAULIC OIL COOLER INFORMATION
PRE IN P QUT TIN T our H IN
477.8 477.4  565,6 7}7 8 1903.5 2506,3 ,934
100.0 5.4 75040 744,34 «0

2768.89



Zil

@ GARRETT ¢ AIRESEARCH “ANUFACTURING DIVISION LOS ANGELES, CALIF.

SSAPU PHASE 11,TURB 16,530 R _H2,Té0 = 750.

8 JUNE 1971 17:34:58

¢ CONDITIOM = 360 HP,5.¢ PAMB,3000 WYDSYS

PAGE 1 OF 2

o UNITS o AREA=SQ 14, W=BTU/LB. PaPS1Ay G=23TU/MIN, T2DEG R» W=LB/MIN

s INPUT DATAS®
DUCT PRESSURE LOSS COEFPICIENTS ®10E+4

+00 +00 .00 1110.00 70000,00 .00 +00 10,00
3.64 100 1.18 1.44 «00 166 3.50 20.80
19.00 13.85 54,00 «00 2,02 50.00 2.74 023
12 00

SFT TURDNF SF JP P SF JP W TUR OBCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12.560 «2000 +1210
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O

+0002 198 .30 5 2060.00 400.00 1500.00
ETA CORF 0/F BASE
+0925 .600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP COLD RHODP HOT

H2 PREHEATER 2.00 2,00 50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00

® o POINT INPUT DATA o ©
HYDRA HP  ELECT HP P _AMB P HYDRA ofL ALT SIZE(KW)
360,00 +00 5.00 3000.0 35.0

*» OUTPUT DATAC®

DRIVE POWER P LOSS

HYD PUMP ALTERNATOR LUBE pyvp GEAR 80X

400,00 12.00 160 20.63
TURBINE QUTPUT POWER = 429.78 O/F = .364 SPC = 1.602
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 7.338 4,137
PRESSURE 500,00 500,00
TEMPERATURE 500,00 302.00
ENTHALPY 167045 52.8

CONTROL VALVE

IS 1T [N CONTROL YES YES
PRESSURE [N 452.3 499.7
PRESSURE 0UT 413.9 433.3
TEMPERATURE IN 1086.4 300.0

Case

® GARRETT = AIRESEARCH MA:IUFACTURING OIvISInd LOS AMGELESs CALIF.

SSAPU PHASE 1!1,TURB 14,500 R H2,T60 = 750.

8 JUNE 1971 17134:58 PAGE 2 OF 2
© CONDITION # 360 HP.5.0 PaMB,3000 HYDSYS
COMBUSTOR INFORMAT ] ON
HYDROGEN FLOW 7,338 OXYGEN FLOW 4,137
PRESSURE [N 410.4 PRESSURE QUT 410.4
TEMPERATURE IN H2 1086,4 TYEMPERATURE IN 02 300.0
TURBINE {NFORMATION
INLET FLOW 11.474 SPECIF1C HEAT RATIO 1.368
PRESSURE IN 409.8 PRESSURE OUT 8.6
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1381.4
ENTHALPY IN 5014.6 ENTHALPY OUT 3423.4
PRESSURE RATIO 47.62 EFFJCIENCY +510
RECUPERATOR lNFORﬂATlOV
FLOW  PRE IN P OUT TIN T OUT H IN H OUT  EFF
cOLD SIDE 7.338 457, 5 456.3 722.3 1086,4 2451,8 3719,3 ,553
HOT SIDE 11.474 8, 6,2 1381,1 1025.4 3423.,1 2612.6 ,540
« TURBINE EXHAUST OVERBOARD PRESSURE . 5.34
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
+000 1000
H2 PREHEATER lNFORMATlON
FLO¥  PRE IN P OUT IN T oUT H IN H OUT EFF
COLD SIDE 7.338 500.0 499.2 500 0 500.0 1670,5 1670,5 .00Q
HOT Sl0E »000 456.3 456.3 .0 T 0 0,000
JET PUMP PERFORMANCE ,
FLOW PaRA FLOoW PRESSURE  TEMPERATURE
PRIMARY JUET 164.08 7.34 498,88 500.00
SECONDARY JET .00 «00 431.06 +00
RESULTANT 7434 459,77 500,17
FLOW PARA RATIO +000 P PRI1/P SEC 1.1573
JET PUMP RISE  1.0666 PRI FLOW PARA +3289 JPSF 2,30
LUBE OIL COOLER INFORMATION
FLO¥  PRE IN P CUT TIN T oOUT H IN H OUT  EFF
COLD, SIDE 7.338 459,7 458.8 5.7,2 554.1 167),5 1862.6 .30
HOT SIDE 30.000 200.0 196.9  677,1 586,7 .0 0 .51%
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25.5 1409.3
HYORAUL TG OIL COULER INFORMAT[ON
FLO¥  PRE IN P OUT T oUT H IN H OUT  EFF
COLD SIDE 7.338 458, 6 a57.6 554 1 722.3 1862.6 2451.9 .859
HOT SINE 1450.0 169.0 91.5 750-0 744.8 W0 0 .027
HEAT REJECTED 4323%.79
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® GARRETT ® AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.

SSAPU PHASE IerURB 16,500 R H2,T6D = 730,
8 JUNE 1971 17105:07

e CONDITION ¢ 0.0 HP.10. PAMB.30Q0 PSI HYDSYS
e UNITS e AREASSQ IN, H=BTU/LBs» PaPSIA,; GsBTU/MINs T=DEG R, W=LB/MIN

« TNPUT DATAS
DUCT PRESSURE L0OSS COEFFICIENTS ®10E+4

PAGE 1 QF 2

<00 «00 .00 1110.,00 70000,00 00 +00 10.00
3.64 «00 1.18 1,44 +00 166 3,50 20.80
19.00 13.85 54.00 «@0 2.02 50.00 2,74 +023
12 +00
SFT TURONF SF JP P SF JPW TUR OBCA JP PRICA TURB NOZ

<000 1.000 1,000 12,560 +2000 11230
TUR LKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
0002 8 +30 ] 2060.09 400,00 1500.00
ETA CORF Q/F BASE

10925 400

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER ETAHA COLD ETAHA HOT  RHODP cOLD RHODP HOY

H2 PREHEATER 2.00 2,00 .50 1.00
HYD O COOLER 1.00 1.20 1.00 1.00
LUB O COQLER 1.00 1.00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00
® ® POINT INPUT QATA o o
HYDRA HP  ELECT HP P AMB P HYDRA O]L ALT SIZE(KW)
+00 +00 10.00 3000.0 35.0
« OUTPUT DATAS
DRIVE POWER L0SS
HYD PUMP ALYERNATOR LUBK PUMP GEAR BOX
0.00 12.00 160 2,63
TURBINE QUTPUT POWER 2 354,36 Q/F = 446 SPC = 2.203
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 1.368 1615
PRESSURE 500,00 500.00
TEMPERATURE 500,00 300.00
ENTHALPY 1670+5 52.8
CONTROL VALVE
18 17 IN CONTROL YES YES
PRESSURE [N . 497.7 500.0
PRESSURE 0UT 754 7749
TEMPERATURE IN 1294.9 330.0

Case

@ GARRETT = AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF,
SSAPU PHASE ]l:TURBalbt5gD R HZ:T&D 730,

1971 17105207 PAGE 2 OF 2
® GCONDITION e 0.0 HP,10. PAMB,3D00 P51 HYDSYS
COMBUSTOR [NFORMAT]ON
HYDRQGEN FLOW 1.384 OXYGEN FLOW 1615
PRESSURE IN 74.6 PRESSURE OUT 74.6
TEMPERATURE IN H2 1294.9 TEMPERATURE IN 02 J00.0
TURBINE INFORMAT]ION
INLET FLOW 1.996 SPECIFIC HEAT RATIO 1,368
PRESSURE N 74.5 PRESSURE QUT 10.4
TEMPERATURE IN 2060.0 YEMPERATURE OUT 1603.6
ENTHALPY 1IN 5323.8 ENTHALPY QUT 4166.3
PRESSURE RATIO 7.40 KFFICIENCY 532
RECUPERATOR INFORHATION
FLOW  PRE IN P QUT TIN T our HIN  HOUYT EFF

COLD SIDE 1-384 497 9 497.0 744,9 1294.8 2531.9 4449,6 ,640
HOT SIDE 3.994 10.0 1603.6 1066,0 4166,3 2839,7 626
s TURBINE EXHAUST OVERBOARD PRESSURE » 9.99

HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
000 000

H2 PREHEATER INFORMATION
FLOW  PRE IN P OUY TIN T OUT H IN W OUT EFF
COLD SIDE 1.381 500.0 500, D 500,0 500.0 1670.5 1670.5 ,000
HOT SIDE  .000 497,8 497.8 10 o9 +0 «0 000

JET PUMP PERFORMANGE

FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 30,87 1.8 499,95 500.00
SECONDARY JET «00 +Qa 496,58 +00
RESULTANT 1 J8 498,03 500.01
FLOW PARA RAT]O P PRI1/P SEC 1.0068

JET PUMP RISE  1.0029 PRl FLOH PARA 10618 JPSF 2,30

LUBE OIL COOLER INFORMATION

FLOW  PRE IN P OUT IN T OUT H IN H OUT  EFF
COLD SIDE 1.384 496.0 498.0 500 0 632,6 1670.5 2138.5 .59
HOT SIDE 30.000 200,0 196.9 721.6 683.4 «0 10 872
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 111.6 25,5 646,2
HYDRAULIC OIL COOLER INFORMATION
FLOW PRE IN P T our H IN H OUT EFF
COLD SIDE 1.384 498.0 497 ? 632. 744,9 2138,5 2531.9 .957
HOT S1DE  29.0 100.0 99,8 750,40 716.9 W0 0 282
HEAT REJECTED 543,20
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¢ GARRETT ° AIRESE
S§S4PU PHASE 11,TURS

8 JUNE 1971

e CONDITION » 100
® UNITS o AREA®SG |

oucT

«J0 +00

3,84 +00

19.50 13.85

-12 +00

SFT TUR ON F
1.000 .000

TUR LKCA ETA COMB
.0002 198

ETA CORF O/F BASE
0925 .600

HEAT EXCHAMGER
H2 PREHEATER
HYD O COOLER
LUR 0 COOLER
RECUPERATOR

HYDRA HP  ELECT
100.00 0

HYD P
140,

TURBINE QUTRUT P

PROPELLANT
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

IS IT IN CONTROL
PRESSURE [N
PRESSURE OUT
TEMPERATURE IN

ARCH MANUFACTURING DIVISION LOS ANGELES., CALIF,

16,500 R K2,T60 = 750,

17105112 PAGE 1 OF 2

HP,10. PAMB.3000 PSI 4YDSYS
N, H=BTU/LB: P=PS1A, @=3TU/MIN, T=JEG R, W=LB/MIN

NPUT DATAG®

PRESSURE LOSS COEFFICIENTS #10E+4
+0C  1110.00 70000,00 00 .00 10.00
1.18 1.44 »00 .66 3.50 20,40
54,00 +00 2,02 50.00 2.74 1023
SF JP P SF JP W TUR 0RCA JP PRICA TURB NOZ

1,000 1,000 12,560 22000 + 1210
LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
+30 31 2060.00 400,00 1500.00

HEAT EXCHANGER SCALE FACTORS
ETAHA COLD ETAHA HOT  RHODP COLD RHODP HOT

2.00 2,00 50 1,00
1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00
1.00 1,00 1.00 1.00
e o POINT INPUT DATA » o
Hp P AMB P HYDRA OIL ALT SIZE(KW)
0 10,00 3000,0 35.0
s OUTPUT DATAS®
DRIVF POWER HP LOSS
UMP  ALTERNATOR LUBE PUMP  GEAR BOX
04 12.00 160 7.63
O4ER = 161.21 O/F 3,509 SPC = 1.752
HYDROGEN OXYGEN
3.119 1.587
500,00 500.00
500,00 309,00
1670.5 5248
CONTROL VALVE
YES YES
488.4 500,0
172.5 179,9
1181.,9 300.0

Case

o GARRETT ¢+ AIRESEARCH MAJUFACTURING OIVISION LOS AVGELES, CALIF,

SSAPU PHASE [!.TURB 16.500 R H2,T6Q0 = 780.

8 JUNE 1971 17:95112 PAGE 2 OF 2
# CONODITION = 100 HP,10. PAMB,300) PSI +YDSYS
COMBUSTOR INFORMATION
HYDRQGEN FLOW J.119 OXYGEN FLOW 1.587
PRESSURE Id 170.8 PRESSURE 0UT 170.8
TEMPERATURE [N H2 1161.9 TEMPERATURE [N 02 300.0
TURBINE [NFURMATION
INLET FLOW 4,707 SPECIFIC HEAY RATIO 1.368
PRESSURE [N 176.5 PRESSURE OUT 19.3
TEMPERATURE [N 2060.0 TEMPERATURE OUT 1460.6
ENTHALPY IN 5151.0 ENTHALPY QUT 3697.4
PRESSURE RAT10 16,53 EFFICIENCY 1549
RECUPERATOR lNFORHATION
FLO¥ PRE IN P OUT T T our H IN H OUT EFF
COLD SIDE 3.419 469.4 489.2 744.2 1181.9 2529.0 4052,2 .614
HOT S{OE 4.707 10.3 10,14 1460,6 1033.1 3697.4 2687.8 ,597
* TURBINE EXHAUST OVERBOARD PREBSURE . 9.97
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
+000 <000
H2 PREHEATER lNFORHATION
FLO¥ PRE IN P OUT TIN T our H IN H OUT EFF
COLD SIDE 3.419 500.0 499.8 500,0 $00.0 1670.5 1670.5 .000
HOT SIDE .000 89,2  489.2 .0 Y] ] .0 .000
JET PUMP PERFORMANCE
FLOW PARA FLON PRESSURE ~ TEMPERATURE
PRIMARY JET 69,75 3.12 499,79 500,00
SECONDARY JET .00 +00 482,48 .
RESULTANT 312 489,93 500,04
FLOW PARA RATIV <000 P PRI/P SEC 1.0359
JET PUMP RISE  1.0154 PRI FLOW PARA 11396 JPSF 2.30
LOBE OlL COOLER INPORMATION
FLOXW  PRE IN P CUT TIN T OUT H IN  H OUT  EFF
COLD SIDE 3.319 489.9 489.7 500,0 S577.6 1673.,5 1945,6 468
HOT SIDE 30.000 200.0  196.9 665,99  611.3 'O 0,329
HEAT REJECTED  ALLTERNATOR  GEAR BOX LUBE PUMP TOTAL
50%9.1 325.7 25,5 858.3
HYZRAULIC OIL COOLER INFORMATION
FLOW  PRE IN P OQUT TIN T OUT H IN H OUT  EFF
COLD SIDE 3-119 489.7 489.5 8776 744,2 1945.6 2529.0 .966
HOT SIDE 423.7 163.0 97.8  75C,0  742.5 .0 0,043

HEAT REJECTED
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® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES: GALIF,

SSAPU PHASE 11:TURS 16,500 R_W2:T60 s 750,
8 JUNE 1971 17103145

* CONDITION * 2)0 HP,10. PAMB,3000 P5] MWYDSYS

PAGE % OF 2

® UNITS o AREA®SG IN: HzBTU/LB. PaPGIAy GRBTU/MINy T#DEG Re W=LB/MIN

I[NPUT
pucr PRESSURE LOIS COEF;!C!ENTS '105*8

+00 +00 00 10 00
3.64 +00 1.18 l 100 3180
19.00 13155 24,00 -00 2:02 50000 2:74

012 100

SFT TURDNF SF JPP SF JP W
1.000 -000 1+000 1,000 12 560

TUR LKSA ETA gOHB LUBE P HP ETASLOPP
0

130 1
ETA CORF  O/F BASE
10925 +600

2060.00

HEAT EXCHANGER §CA E FAGTORB

HEAT EXCHANGER  ETAHA COLD ETAHA

H2 PREHEATER 2.00 00

HYD O COOLER 1.00 1-00 1.00
LUB 0 COOLER 1.00 .00 100
RECUPERATOR 4000 1.00 1+00

® & POINT INPUT DATA v »

HYDRA HP  ELECT HP P AMB P HYDRA Q,L
200.00 +00 10,00 3000.0
S O0UTPUT DATACP®
DRIVE POWER HP L
HYD PUMP ‘LTERNATOR LUBI PUHP GEAR
240,00 12,00 12,
TURBINE QUTPUT POWER = 264,30 O/F &= ,837
PROPELLANT HYDRQGEN OXYGEN
FLOW RATE 4,792 2974
PRESSURE 500,00 500,00
TEMPERATURE 500,00 300,00
ENTHALPY 167049 528
CONTROL VALVE
1S IT IN CONTROL YES YE
PRESSURE IN ' 47346 499.9
PRESSURE QUT 2688 84,2
TEMPERATURE IN 113446 300+0

TUR IN T HHX IN T LHX
1300.00

400,00

RHOD; coLp RHODP HOT

ALT_SIZE(KW)
35.0

Q89
BOX
63

§PC = 1,672

10.00
20.80
ir3]

TUR _08CA JPzgRlGA TURB ND!

Case

* GARRETT = AJRRSEARGH MANUFACTURING DIVIGION LOS ANGELES: GCALIF,

§SAPY PHASE I]+TURB 16/500 P H2.T60 = 750,
8 JUNE 1974

17105115 PAGE 2 OF 2
* CONDITION * 200 HP.10, PAMA.3000 PSI 4YDSYS
consusron INFORMAT JON
HYDROGEN FLQW 4,792 OXYGEN FL,0W 2,574
PRESSWRE IN 66.4 PRESSURE QUT 266.4
TEMPERATURE N H2 1334,6 TEMPERATURE 1IN 02 300.0
TURBINE INFORMAT]ON
JNLET FLOW ' 306 SPECIFIC HEAT RATIO 1.368
PRESSURE IN 266 1] RRESSURE OUT 0.8
TEHPERATURE [N zoau.o TYEMPERATURE OUT 1420.¢
ENTHALPY IN BO79,¢ ENTHALBY QUY 3555,9
PRESSURE RATIO 24,62 KFF]GIENCY 337
RECYPERATOR ;NFORNATION
FLOW PRE IN P OUT ouT H IN H QUT EFF
cOLD SIDE 4.792 475.9 475,3 736 13 1131-6 2501.1 3087,5 502
HOT SIDE 7.364 10.2 1420.6 1033+8 3555. 2653.9 360
* TURBINE EXHAUST ovERaoano PREBSURE » 'H)
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
+000 +Q00
H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN T our IN HOUT EFF
COLD SIDE 4.792 500.0 499.6 500,0 500. o 1670.5 1670,5 ,000
HOT SIDE  .000 475.3  475.) 0 0 0 0 4000
JET PUMP PERFORHANGE
FLOW PARA FLOW PRESSURE  TEMPERATURE
RRIMARY JET 107,16 479 499,53 500.0
SECONDARY JET 00 0D 460,27 +00
REGULTA 4,79 476,93 500,30
FLOW PARA RATI0 000 P PRI/P SEC $.00562
JET PUMP RIBE  1.0362 PR! FLOW PARA  ,2145 JPSF  2.30
LUBE OLL COQLER INFQRMATION
FLOW  PRE JN P OUT T IN T our 1 H 0 EFF
COLD SIDE 4.792 476.9  476.5  50Ly1  562,9 1670.5 1093.0 385
HOT SIDE 30.000 200.0 196,9 663,3 594,5 0 1422
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509,1 535.9 25.5 1070.4
HYDRAULIC OIL GOOLER INFORMATION
FLOW PRE IN P OUT T out H OUT  EFF
COLD SIDE 4,792 476,4  475,9 562. 736.3 1893.8 2501.1 927
HOT SInE 818.4 100,0 95.4 750,0 743.8 o 0 4033

HEAT REJECTED 2910.17
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°© GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELES:
SSAPU PHASE I1,TURB 16,500 R H2,T60 =
8

® CONDITION °

780.
JUNE 1971

17:05:22
360 HP,10. PAMB,3000 WYDSYS

CALIF.

PAGE 1 OF 2

e UNITS e AREAxSG IN, H=BTU/LB, P2PS1Ay Q@=B8TU/MINs T=DEG R, W=LB/MIN

«00 +00

* INPUT DATAS
OUCT PRESSURE LOSS COEFFICIENTS *10E+4

+00 1110.00 70000.00 «00 «00 10.00
3.64 «00 1.18 1.44 .00 166 3.50 20,80
19.00 13.85 54.00 +00 2.02 50,00 2.74 1023
W12 +20
SFT TUR ON F SF JUP P SF JP W TUR O0BCA JP PRICA TURB NOZ
1.000 .000 1.000 1.000 12,560 +2000 +1210
TUP LLKCA ETA COMB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX 0
0gu2 +98 +30 «5 2060.00 400.00 1500.00

ETA CORF Q/F BASE
925 .600

HEAT EXCHANGER

HEAT EXCHANGER SCALE FACTORS

ETAHA COLD ETAHA HOT

RHODP COLD RHODP HOT

HZ PREHEATER 2.00 2.00 +50 1.00
HYD O COOLER 1.00 1,00 1.00 1.00
LUB 0 COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1,90 1.00 1.00
e » POINT INPUT DATA e »
HYDRA HP  ELECT HP P aAMB P HYDRA OIL ALT _SIZE(KW)
360,00 +00 123,00 3000.0 35.
+OUTPUT DATAS®
DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP GEAR BOX
403,00 12.00 160 20,63

TURBINE OUTPUT POMER =

PROPELLANT
FLOW RATE
PRESSURE
TEMPERATURE
ENTHALPY

1S 1T IN CONTROL
PRESSURE [N
PRESSURE 0QUT
TEMPERATURE 1IN

433,68 0/F

.560 SPC = 1.638

HYDROGEN OXYGEN
7.590 4,248
500,00 509.00
500.00 300.00
167045 52.8

CONTROL VALVE

YES YES
450.2 499.7
426,08 446.4
1092.9 300.0

Case

® GARRETT » AJRESEAFCH MAMUFACTURING OIVISION LOS ANGELES, CALIF,

SSAPU PHASE 11.TURB 16,530 R H2,T60 = 750,
8 JUNE 1971 17:05122 PAGE 2 OF 2
o CONDITION © 360 HP.10. PAMB,3000 HYDSYS
COMBBUSTOR INFORMAT]ON
HYDROGEN FLOW 7.590 OXYGEN FLOW 4,248
PRESSURE N 423,1 PRESSURE QUT 423.4
TEMPERATURE IN H2 1092,9 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 11.838 SPECIFIC HEAT RATIO 1.368
PRESSURE N 4225 PRESSURE QUT 12.4
TEMPERATURE IN 2060.0 TEMPERATURE oOUT 1398.0
ENTHALPY IN 5024.9 ENTHALPY QUT 3468,2
PRESSURE RATIO 34,18 EFFICIENCY 524
. RECUPERATOR lNFORHATION
FLOW  PRE IN P OUT T ouT H IN H OQUT EFF
COLD SIDE 7.390 455 8 454,5 720 4 1092 9 2444,9 3742,1 550
HOT SIDE 11.838 10.6 1396,0 1034.0 3468,2 2636.4 537
e TURBINE EXHAUST OVERBOARD PRESSURE . 10,10
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE DROP
+000 +000
H2 PREHEATER INFORMATION
FLOW  PRE IN P OUT TIN T oOUT H IN H OUT EFF
COLD SIDE 7.390 500.0 499,3 500,0 500.0 1670.5 1670.5 .000
HOT SIDE .000 454,5  454.5 «0 T ' «0 000
JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE  TEMPERATURE
PRIMARY JET 169.73 7,59 498,81 500.00
SECONDARY JET .00 «00 428,34 .00
RESULTANT 7459 458,15 500,17
FLOW PARA RATIO +000 P °R1/P SEC 1,1645
JET PUMP RISE  1.0696 PRI FLOW PARA «3403 JPSF 2.30
LUBE OlL COOLER INFORMATION
FLOW  PRF IN P OUT TIN T oUT H IN H OUT EFF
COLD SIDE 7.590 458,0 457.1  500,2 552.2 1670.5 18%56.,2 .298
HOT SIDE 30.000 220.0 196.9 674,8 584.2 0 +0 .519
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 875.3 25.5 1409.8
HYDRAULIC CIL COOLER INFORMATION
FLOW  PRF IN P CUT TIN T QUT H IN H OUT EFF
COLD SIDE 7.590 456.9 455.8 552,2 720.4 1856.2 2444.9 .850
HOT SIDE 1450.0 100.2 91.5 75C,0 744.6 .0 0 .027
HEAT REJECTED 4460.45
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® GARRETT » AIRESEARCH MANUFACTURING DIVISION LOS ANGELESs CALIF. ® GARRETT o AJRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF,

SSAPU PHASE 1],TURB 16,500 R H2,T60 = 750. SSAPU PHASE 1l,TURB 16:500 R H2,T60 = 750.
8 JUNE 31971

A

8 JUNE 1971 17305135 PAGE 3 OF 2 17105135 PAGE 2 OF 2
® GONDITION ® 0.0 HP,14.7PAMB,3000 PS] HYDSYS ® CONDITION ® 0.0 HP,14,7PAMB,3000 PSI HYDSYS
® UNITS ® AREA®SQ [N, H=BTU/LBs PcPSIA; Qx8TU/MIN, T=DEG R, WsLB/MIN COMBUSTOR INFORMATION
HYDROGEN FLOW 1,644 OXYGEN FLOW 698
« INPUT DATAS® PRESSURE N 88,2 PRESSURE QUT 88.2
DUCT PRESSURE LOSS CQEFFICIENTS #10E+4 TEMPERATURE IN H2 1327.4 TEMPERATURE IN 02 300.0
+00 +00 .00 1110.00 70000.,00 .00 00 10.Q0
3,64 +00 1.18 1,44 .00 66 3,50 20,80 TURBlNE INFORMAT]ON
19.00 43.85 54.00 +00 2,02 50.00 2.74 ¢ 023 INLET FLOW 2.34 SPECIFIC HEAT RATIO 1,368
.12 «00 PRESSURE IN ue i PRESSURE QUT 14,8
TEMPERATURE IN 2060,0 YEMPERATURE OUT 1668,5
SFT TURONF SF JP P SF JP W TUR 0BCA JP PRICA TURB NOZ ENTHALPY [N 5384.6 ENTHALPY OUT 4374,3
1.000 .000 1.000 1,000 12.560 +2000 1210 PRESSURE RATIO 5.97 EFFICIENCY «498
TUR LKCA ETA COHB LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O
.0002 )9 +30 '5 2060.00 400,00 1500.00 RECUPERATOR INFonMATION
ETA CORF OQ/F BASE FLOW PRE IN P OQUT IN T oUT H IN H OUT  EFF
.0925 .600 COLD SIDE 1.644 497, 1 497,0 740 o 1327.4 2514,6 4564.4 633
HOT SIDE 2.342 14 14,7 1668,5 1094.2 4374,3 2935.7 ,61%
HEAT EXCHANGER SCALE FACTORS e TURBINE EXHAUST OVERBOARD PRESSUR! . 14,69
HEAT EXCHANGER ETAHA COLD ETAHA WOT RHODP COLD RHODP HOT
H2 PREHEATER 2.00 2,00 +50 1.00 HOT BYPASS VALVE INFORMATION
HYD O COQLER 1,00 1.00 1,00 1.00 FLOW PRESSURE DRoP
LUB O COOLER 1.00 1,00 1.00 1.00 +000 1000
RECUPERATOR 1.00 1,00 1.00 1.00
H2 PREHEATER lNFORHATION
e o POINT INPUT DATA o o FLOW PRE IN P OUT IN T oUT H IN H 0UT EFF
HYDRA HP ELECT HP P AMB P HYDRA OIL ALT SIZE(KW) COLD SIDE 1.644 500.0 499.9 500 0 500.0 4670.5 1670.5 ,000
.00 +00 14.70 3000.0 35.0 HOT SIDE 000 497.0 497.0 .0 W0 W0 “0 ,000
s 0UTPUT DATAS® JET PUMP PERFORMANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
DRIVE POWER HP LOSS PRIMARY JET 36,76 164 499,93 500.00
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX SECONDARY JET .00 +00 495,19 +00
40,00 12.00 160 2.63 RESULTANT 1-64 497.22 500,01
FLOW PARA RATIO P PR1/P SEC 1.0096
TURBINE OUTPUT POWER = 55,57 O/F = ,425 SPC = 2.529 JET PUMP RISE 1.0041 PR} FLoH PARA +0735 JPSF 2.30
PROPELLANTY HYOROGEN OXYGEN Ly E olL COOLER INFORMATION
FLOW RATE 1,644 1698 FLOW PRE P OUT IN T oUt H IN H OUT EFF
PRESSURE 500.00 500,00 COLD SIDE 1.644 497, 2 497 2 500 0 611.2 167045 2063.,5 ,578
TEMPERATURE 500,00 300.00 HOT SIDE 30.000 200.0 196.9 692.4 652,9 «0 0 L2085
ENTHALPY 1670.5 52.8
HEAT REJECTED  ALTERNATOR  GEAR 80X LUBE PUMP TOTAL
CONTROL VALVE 509.1 111.6 25.5 646.2
1S 17 IN CONTROL YES YES
PRESSURE N 496.7 500.0 HYORAULIC OIL COOLER INFORMATION
PRESSURE 0UT 89,2 91,8 FLOW PRE IN P OUT IN T oUT H IN H ouTt EFF
TEMPERATURE IN 1327.4 300.0 COLD SIDE 1.644 497.2  497.4 611.2 740.0 2063.,5 2514.6 928
HOT SIDE  29.0 100.0 99.8  750,0 704.5 .0 .0 .328

Case

HEAT REJECTED
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o GARRETT ¢ AJRESEARCH MANUFACTURING DIVISION LOS ANGELES,» CALIF.

SS8APU PHASE 11/TURY 16,500 R K2.T60 a 750.
8 JUNE 1971 17105142 PAGE 1 OF 2

@ CONDJTION o 100 HP.,14,7PAMB,3000 PSI 4YDSYS
& UNITS ® AREA=SQ IN, H=2BTU/LB, PaPSlA, Gx3TU/MIN, T=DEG R¢ W2LB/MIN

s INPUT DATAS
DUCT PRESSURE LO0OSS COEFFICIENTS #10E+4

<00 +00 .00 1110.00 7n900,00 .00 +00 10.00
3.64 «00 1.18 1,44 +00 66 3.50 20.80
19.00 13,85 54,00 +00 2,02 50.00 2,74 1023
112 +00
SFY TUR DN F SFJPP SF JP W TUR 0BCA JP PRICA TURB NOZ

1.000 1.000 1.000 12,560 « 2000 11210
TUR LKCA ETA COHB LUBE P MP ETA LOPP T TUR IN T HHX IN T LHX O

+0002 198 +30 '8 2060.00 400.00 1500.00
ETA CORF O/F BASE

10925 +600

HEAT EXCHANGER SCALE FACTORS
HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP COLD RHODP HOT

H2 PREWEATER 2.00 2:00 +50 1.00
HYD 0 COOLER 1.00 4,00 1.00 1,00
LUB O COOLER 1.00 1,00 1.00 1.00
RECUPERATOR 1.00 1.00 1.00 1,00

e o POINT INPUT DATA o ©

HYDRA HP  ELECT HP P AMB P HYORA OIL ALT_SIZE(KW?
100,00 +00 14,70 3000.0 35.0
¢ 0UTPUT DATAS®
DRIVE POWER HP L0SS
HYD PUMP ALTERNATOR LUBE PU4P  GEAR BOX
140,00 12,00 160 7.63

TURBINE OQUTPUT POWER = 159.95 O/F = .497 SPC = 1.868

PROPELLANY HYOROGGEN OXYGEN
FLOW RATE 3.327 1,652
PRESSURE 500.00 500,00
TEMPERATURE 500,00 300.00
ENTHALPY 1670.5 52.8
CONTROL VALVE
IS 1T IN CONTROL YES YES
PRESSURE IN 4863 500.0
PRESSURE QUT 184.0 191.4
TEMPERATURE IN 1204.6 390.0

Case

@ GARRETT # ATRESEARCH MAMUFACTURING DI1vIS1OV LOS ANGELES, CALIF.
SSAPU PHASE 11,TURB 16,500 R H2,T60 = 730,
8 JUNE

1971 17105242 PAGE 2 OF 2
® CONDITION ® 100 HP,14.7PAMB.3000 PSI HYDSYS
COMBUSTOR INFORMATION
HYDRQGEN FLOW 3,327 OXYGEN FLOW 1.652
PRESSURE IN 182,2 PRESSURE QUT 162.2
TEMPERATURE IN H2 1204.6 TEMPERATURE IN 02 300.0
TURBINE INFORMATION
INLET FLOW 4,980 SPECIFIC HEAY RATIO 1.368
PRESSURE IN 181.9 PRESSURE OUT 15.0
TEMPERATURE IN 2060.0 TEMPERATURE oUT 1802.7
ENTHALPY IN 5183.5 ENTHALPY OUT 3819.6
PRESSURE RATIO 12.16 EFFICIENCY 1553

RECUPERATOR INFORMATION
FLOW PRE IN P OUT TIN T our HIN H OUT EFF
COLD S{DE 3.327 487.5 487.2 74248 1204.5 2524,% 4130,9 .608

HOT SINE 4.980 14.9 14,8 150247 1052-2 3819.6 2746.,0 593
o TURBINE EXHAUST OVERBOARD PRESSURE e 4,68
HOT BYPASS VALVE INFORMATION
FLOW PRESSURE OROP
+000 +00C

H2 PREHEATER INFORMATION
FLOW PRE IN P OUT TIN ToUT H IN H OUT EFF
COLD SIDE 3.327 500,0 499.8 500,0 500.0 1670.5 1670.5 .00C

HOT SIDE .000 487.2  487.2 ' 0 9 0 0 ,000
JET PUMP PERFORHANCE
FLOW PARA FLO¥ PRESSURE ~ TEMPERATURE
PRIMARY JET 74,40 3,33 499,76 500,00
SECONDARY JET .00 +00 479,19 +00
RESULTANT 3433 488,07 500405
FLOW PARA RATIO <000 ® PRI/P SEC 1.0429

JET PUMP RISE  1.0185 PR} FLOW PARA  ,1489 JPSF  2.30

LUBE 0L COOLER INFORMATION
FLOW  PRESIN P OUT TIN T OUT H IN H OUT EFF
COLD .S1DE_3.327 488.0 487.,8 500,0 572,7 1670.5 1928,4 .453

HOT S{DE 30.000 200.0 196.9 659,88  604.3 0 +0 L3344
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509, 323.7 2545 858.3
HYDRAULIC CIL GOOL!;R INFORMATION
FLOW PRE IN P CUT T T ouT H IN H OUT EFF
COLD SIDE 3.327 487.8  487.5 572 7 742 8 1928.4 2524.% .959
HOT S{DE 423.7 1€0.2 97.8 7E)J.D 741.8 W0 0 .046
HEAT REJECTED 198:.75

142
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® GARRETT ® AIRESEARCH MANUFACTURING DIVISION LOS ANGELES: CALIF.
SS5APU PHASE 11,TURB 16,300 R H2,T60 = 750.

8 JUNE 1971 17105146

¢ CONDITION = 200

PAGE 3 OF 2
HP,14.7PAMB, 3000 PSI WYDSYS

@ UNITS o AREA®SQ IN. H=8BTU/LB: PePS[Ay Q=BTU/MIN, T=DEG R+ WELB/MIN

puct
+00 «00
3.64 «00
19.00 13.85
'12 «00
SFT TUR ON F
1.000 .000Q

TUR LKCA ETA CgHI

002
ETA CORF 0/F eASE
10925 600

HEAT EXCHANGER

¢ I NPUT DATAS®
PRESSURE LOSS COEFFICIENTS s40E+4
.00 1110.00 70000.00 «00 +00 10.00
1.12 1.44 00 166 350 20.80
54.00 +00 2,02 50.00 2,74 +023
SFJPP SFJP W TUR 0BCA JP PRICA TURB NOZ
1.000 1.000 12,560 +2000 11210

LUBE P HP ETA LOPP T TUR IN T HHX IN T LHX O

2060,00° 400.00 1500.00

«30 5

HEAT EXCHANGER SCALE FACTORS
ETAHA COLD ETAHA HOT  RHODP COLD RHODP HOY

H2 PREHEATER 2.00 2,00 +50 1.00
HYD O COOLER 1.00 1.00 1.00 1.00
LUB 0 COOLER 1,00 1,00 1,00 1.00
RECUPERATOR 1.00 1.00 1.00 1.00
® o POINT INPUT OATA ® ®
HYDRA HP  ELECT HP P AMB P HYDRA OJL ALT_S1ZE(KW)
200.00 +00 14.70 3000.0 35,0

*QUTPUT DATA®

DRIVE POWER HP L0SS

HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX

240,00 12,00 160 12,63
TURBINE OUTPUT POWER = 264,72 0/F = 530 SPC = 1.737
PROPELLANT HYDROGEN OXYGEN
FLOW RATE 5.009 2,656
PRESBURE 500,00 500 00
TEMPERATURE 500,00 300.00
ENTHALPY 1670.5 52.8

CONTROL VALVE

IS IT IN CONTROL YES Y|
PRESSURE [N 4734.8 499,9
PRESSURE OUT 280.4 29246
TEMPERATURE IN 1147.3 300.0

Case

® GARRETT # AIRESEARCH MARUFACTURING DIVISION LOS ANGELES. CALIF.
SSAPU PHASE I1.TURB 16.500 R H2.T60 = 730.

8 JUNE 1971 17105146 PAGE 2 OF 2
® CONDJTION ® 200 HP,14.7PAMB,3000 PSI HYDSYS
COMBUSTOR XNFORHATIDN
HYDROGEN FLOW 5,009 OXYGEN FLOW 2,656
PRESSURE IN 277.5 PRESSURE 0UT 277.5
TEMPERATURE IN H2 1147.3 TEMPERATURE IN 02 300.0
TURB[NE INFURMATION
INLET FLOW 7.66 SPECIF1C HEAT RATIO 1,368
PRESSURE IN 27743 PRESSURE QUT 15,3
TEMPERATURE IN 2060.0 TEMPERATURE OUT 1447.%
ENTHALPY IN 50968 ENTHALPY QUT 3630.3
PRESSURE RATIO 18,11 EFFICIENCY 549
RECUPERATOR XNFORHATXON
FLOW  PRE IN P OUT IN T OUT HIN HOUT EFF
COLD S1DE 3.009 474.3 4737 734.6 1347,4  2495,2 3931,8 970
HOT SIDE 7.668 15.3 14,8 1447,5 1044.7 3630.3 2691.% .563
® TURBINE EXHAUST OVERBOARD PRESSURE e 14,67
HOT BYPASS VALVE INFORMATION
FL.OW PRESSURE DR
«000 1000
H2 PREHEATER INFORHATION
FLO¥  PRE IN P OUT IN T OUT HIN  HOUT EFF
COLD SIDE 5.009 500,0 499.6 500 0 500.0 1670.%5 1670.5 .000
HOY SIDE  .000 473.7 4737 .0 Y 0 0 000
JEY PUMP PERFORHANCE
FLOW PARA PRESSURE  TEMPERATURE
PRIMARY JET 112,01 5-01 499,47 500.00
SECONDARY JET 200 00 457,65 «00
RESULTANT 301 475,44 500,10
FLOW PARA RAT1O0 +000 ® PR1/P SEC 140914
JET PUMP RIBE  1.0389 PRI FLOW PARA 12243 JPSF 2,30
LUBE OIL COOLER INFORMATION
FLOW PRE IN P OUT T IN Tour H IN H OUT EFF
COLD SIDE 5.009 475,4 475,0 500,10 560.1 1670.5 1084,2 ,37
HOT SIDE 30.000 200.0 196.9 659,9 590.8 0 Q43
HEAT REJECTED  ALTERNATOR  GEAR BOX LUBE PUMP TOTAL
509.1 335.9 2545 1070.4
HYDRAULIC OIL COOLER !NFORHATION
FLOW PRE IN P OUT IN H IN H OUT EFF
COLD SIDE 5.009 474,9  474.4 560 734 6 10884,2 2495,2 .919
HOT SIDE 0816.4 100.0 $5.4 750.0 743.5 ] «0 034

HEAT REJECTED
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¢ GARRETT » AJRESEARCH MANUFACTURING DIVISION LOS ANGELES., CALIF. ® GARRETT « AIRESEARCH MA"#FACTURINS OIVISION LOS ANGELESs CALIF.

SSAPU PHASE lIrTURB 16,500 R H2,760 = 750, SSAPU PHASE 11,TURB 16,500 « MH2,T60 = 750,

0S1

JUNE 1974 17105151 PAGE 1 OF 2 8 JUNE 1771 17195151 PAGE 2 OF 2
o CONDITION » 360 HP,»14.7PAMB,3000 HYDSYS © CONDITION » 360 HP,14.7PAMB,3000 HYDSYS
e UNITS » AREA=ZSG IN, H=BTU/LB,» P2PS1As» Ge3TU/MIN, T=DEG R, W=LB/MIN COH:USTOR INFORMATION
HYDROGEN FLOW 698 OXYGEN FLOW 4,264
o INPUT D AT A PRESSURE IN 426 3 PRESSURE JUT 428.3
DUCT PRESSURE 1.0SS COEFFICJENTS *10E+4 TEMPERATURE IN H2 1100,7 TEMPERATURE 1N 02 300.0
«00 +00 .00 1110.Q0 70000,00 .00 +00 10.00
3.64 +00 1.18 1.44 »90 '66 3.50 20.80 TURBINE INFORMATION
19.00 13,85 54.00 +00 2.02 50.00 2.74 1023 INLET FLOW 11.982 SPECIF1C HEAT RATIO 1,368
12 «00 PRESSURE IN 427,6 PRESSURE QUT 16.4
TEMPERATURE IN 2060.0 TEMPERATURE oUT 1414.3
SFT TURONF SF JP P SF JP W TUR 08CA JP PRICA TURB NOZ ENTHALPY [N 5032.8 ENTHALPY QUT 3510.8
1.000 <000 1,000 1.000 12,560 »2020 +1210 PRESSURE RATIO 26,01 EFFICIENCY B3I

TUR LKCA ETA COMB LUBE P 4P ETA LOPP T TUR IN T HHX IN T LHX O
«0002 198 +30 5 2060.00 400.00 1500.00
ETA CORF 0O/F BASE
10925 +600

HEAT EXCHANGER SCALE FACTORS

HEAT EXCHANGER  ETAHA COLD ETAHA HOT  RHODP COLD RHODP WOT

H2 PREHEATER 2.00 2,00 +50 1.00
HYD 0 COOLER 1.00 1.00 1,00 1,00
LUB 0 COOLER 1.00 1.00 1,00 1.00
RECUPERATOR 1.00 1,00 1.00 1.00

& & POINT INPUT DATA o
HYORA HP  ELECT HP P AMB P HYDRA OlL ALT SIZE(KW)
360,00 +00 14.70 3000.0 35.0

» OUTPUT DATA®"

DRIVE POWER HP LOSS
HYD PUMP ALTERNATOR LUBE PUMP  GEAR BOX
460.00 12.00 160 20.63

TURBINE OUTPUT POWER = 429.10 0/F 3,556 SPC = 1.675%

PROPELLANT HYOROGEN OXYGEN
FLOW RATE 7.698 4,284

PRESSURE 500.00 500.00
TEMPERATURE 500,00 309.00
ENTHALPY 1670.5 52.8

CONTROL VALVE
15 1T IN GONTROL YES YES
PRESSURE [N 449.2 499.7
PRESSURE QUT 432.0 451.6
TEMPERATURE 1IN 1100.7 300.0

Case

FLOW

COLD SIDE 7.698

HOT SJDE 11.982
» TURBINE EXHAU

FLOW
COLD SIDE 7.698
HOT S1DE +000

PRIMARY JET
SECONDARY JET
RESULTANT

FLOW PARA RATIO
JET PUMP RISE

FLOW
COLD SIDE 7.698
HOT SIDE 30.000

HEAT REJECTED

FLOW
COLD SIDE 7.698
HOT SIDE 1450.0

HEAT REJECTED

144

RECUPERATOR INFORMATION

PRE IN P QUT TIN T oOUT HJIN H OUT EFF
455,0  453.7 71945 110048 2441,9 3769,3 ,549

16.3 15.1 1414,3

ST OVERBOARD PRESSURE e 14,73
HOT BYPASS VALVE INFORMATION

FLOW PRESSURE OROP

«000 1000

H2 PREHEATER INFORMATION

1042.4 3510.8 2658.0 .536

PRE IN P OQUT TIN T OUT H IN HOUT EFF

500.0 499.1 500,0

500.0 1670,5 1670.5 .000

453,7 453,7 W0 ] 0 .0 .000
JET PUMP PERFORHANCE
FLOW PARA FLOW PRESSURE TEMPERATURE
172.14 770 498,78 500.00
.00 +00 427419 .00
770 457,47 500.16
.000 P PRI/P SEC 1.1676

1.0709 PRI FLQ¥ PARA 13451 JPSF 2,30

LUBE O!L COOLER INFORMATION

PRE IN P OUT TIN T OUT H IN H OUTY EFF
457.3  456.4 50042 551.3 16703.5 1853,6 .293

200.0 196.9 673,9 583.2 .0

ALTERNATOR  GEAR BOX
509.1 870.3 25.5

HYDRAULIC CGIL COOLER INFORMATION

0 522

LUBE PumMP TOTAL
1409.8

PRE IN P CUT TIN T 0T H I[N H OUT EFF
456,2  455.1 551,45 719.3 1853.6 2441.9 .84%

100.0 91.5  756,0 744,6 .0

4529.08

0 .027




