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FIELD TESTS OF 2- AND 40-TWE CONDENSERS AT lPIE 

EAST MESA G- TEST SITE 

E. W. Murphy N. Doming0 

Two water-cooled isobutane condensers, one with 2 tubes 
and one w i t h  40 tubes, were subjected t o  f i e l d  t e s t s  a t  the 
East Mesa Geothermal Test S i t e  t o  assess r e l a t i v e  hea t  trans- 
f e r  performance i n  both swface  evaporator and dfrect-contact 
evaporator modes. 
f i e l d  performance was below e a r l i e r  laboratory-de termbed 
l eve l s  and t h a t  direct-contact evaporator mode performance 
was poorer than t h a t  f o r  the surface evaporator mode. In a l l  
t e s t  s i tuat ions,  f l u t ed  condenser tubes performed b e t t e r  than 
smooth condenser tubes, Cooling water qua l i ty  had no r ign i f  i- 
cant e f f ec t  on performance, but  brine pref lash i n  the di tect-  
contact mode did promote s m e  r e l a t i v e  performance imptovement. 

Important implications of these r e s u l t s  f o r  binary geo- 
themal  power p lan ts  a r e  t h a t  (1) working-fluid-side impari- 
t i e s  can s igni f icant ly  degrade hea t  t r ans fe r  performance of 
the power plant  condensers and (2) provisions f o r  minimizing 
such impurit ies may be required, 

The f i v e  groups of t e s t s  es tabl ished t h a t  

1. INTRODUCTION 

Previous s tudies  have indicated the s ign i f icant  r o l e  t h a t  hea t  ex- 
changers play in determining the economic f e a s i b i l i t y  of geothermal binary- 
cycle power plants.% This impottance i s  re la ted  t o  t w o  primary character- 
i s t i c s  of such plants:  

quired per  unit of e l e c t r i c a l  power output and (2) the  r e l a t i v e l y  poor 
heat t ransfer  propert ies  of candidate binary-cycle f luids .  

point toward a requirement f o r  comparatively large versions of conven- 
t iona l  heat erchsngers, which, i n  the aggregate, can represent a major 

f r ac t ion  of t o t a l  plant  cap i t a l  investment. 

(1) the  r e l a t i v e l y  high r a t e  of heat t ransfer  re- 

These fac tors  

Recognition of these relat ionships  l e d  t o  a program a t  Oak Ridge Na- 

t iona l  Laboratory (OD&) fmded by the U.S. Department of Energy (DOE), 
Division of Geothermal Energy, t o  develop improved hea t  exchangers f o r  

appl icat ion t o  the geothermal binary-cycle s i tuat ion.  
has centered on the heat r e j ec t ion  end of the cycle with p a r t i c u l r r  atten- 

t i o n  given t o  advanced surface condensers. 

lhphasfr t o  date 

h*, 
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b; 
Sing lc tube  laboratory experiments have been conducted t o  evaluate 

the performance of a wide range of condenser tube geometries, orienta- 

t ions,  and materials. Test r e s u l t s  showed consistent high performance 

achieved by a c l a s s  of f l u t e d  condenser tubes operated in the v e r t i c a l  

orientation.t , '  

Based on these encouraging r e s u l t s  with s ing le  tubes in the  labo- 

ra tory s i tua t ion ,  the subsequent condenser development plan included 

(1) ver i f i ca t ion  of tube bundle performance under laboratory conditions, 

(2) examination of material/fabrication/cost trade-offs f o r  f i e l d  applica- 

t ion,  ( 3 )  f i e l d  t e s t ing  of the resu l t ing  design with a surface evaporator, 

(4 )  assessment of appl icat ion t o  a f i e l d  direct-contact evaporator si tua- 
t ion,  and (5) f i e l d  t e s t ing  of a un i t  designed f o r  opera t ionwi th  a direct-  

contact evaporator i f  deemed appropriate by the assessment. Because of 
budget and schedule conr t ra in t r ,  the plan was compressed t o  "piggyback" 
and mesh with independent equipment t e s t s  being conducted by DSS Engi- 

neers, Incorporated, and BarberNichols Engineering Company involving a 
direct-contact evaporator, turbine, brine pref lash uni t ,  and direct-  

contact condenser a t  various times a t  the East Mesa Geothermal Test Si te .  
Although t h i s  s i t u a t i o n  did not permit attainment of the orderly develop- 

ment sequence out l ined previously, much f i e l d  operating experience was 
gained, and several  important experimental conclusions were reached during 

the various groups of t e s t s .  I f  the work reported here contr ibutes  t o  the 

r ea l i za t ion  of improved heat exchangers f o r  broadening world energy op- 

t ions,  it w i l l  have served i t s  purpose well. 
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2. EQUIPMENT AND FACILITIES 
W 

The condenser f i e l d  t e s t s  involved equipment and f a c i l i t i e s  under the 

control of several organizations. This section describes the most impor- 

t an t  components in some de ta i l  and c l a s s i f i e s  t h e i r  various configurations 

i n t o  convenient t e s t  groupings. 

2.1 The DSS Atmaratus 

The DSS experimental loop provided f o r  the continuous circulation, 

contact, and separation of geothermal brine and isobtatane.4.C Heat from 

the brine was t ransferred t o  the isobutane in a direct-contact evaporator 
or  a surface evaporator, depending on the  chosen mode of operation. 
major components of the DSS apparatus included a hot well, brine and is+ 

butane pumps, a separator, and a service condenser. 

Other 

Isobutane l iqu id  was pumped from the hot well  t o  the evaporator, 

where it was vaporized with heat from the brine. The vapor was then ex- 

panded, condensed, and returned t o  the hot well  t o  complete the cycle. 

Hot brine was pumped from the geothermal supply manifold t o  the 
evaporator, where heat was removed t o  vaporize irobutane. The spent brine 

passed through the t e s t  pad manifold t o  the holding pond. 

Cooling water obtained’from the cooling tower basin was pmnped 

through the t e s t  pad manifold in to  the service condenser. 

ing heat from the condensing isobutane, the cooling water returned t o  the 
manifold and fed spray nozzles in the top sec t ion  of the cooling tower. 

After absorb- 

2.1.1 pirect-contact evauorator 

The DSS direct-contact evaporator consisted of  a single  column with 

an inside diameter of 152 mm (6 .0 in.) and an avers11 height of about 

4.0 m (13 f t ) .  The distance between the isobutane d is t r ibu tor  a t  the 

bottom of the column and the brine d is t r ibu tor  a t  the top was 3.5 m 
(10.3 f t ) .  

a p la t e  containing 390 d r i l l e d  holes, each 1.52 an (0.060 in.) in diame- 

te r .  

. Isobutane l iqu id  was introduced near the bottom of the column through 

Brine was introduced through a perforated d i s t r i b u t i o n  r ing near 
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the top of the column. 
passed through a kn i t  s t a i n l e s s  s t e e l  wire-mesh demister pad 152 mm 
(6.0 in.) deep tha t  was intended t o  minimize carryover of e i the r  l i qu id  

isobutane or brine. 

Isobutane vapor leaving the top of the column 

Numerous connections were provided on the she l l  of the column fo r  

vents, drains. and instrumentation including three themowells, one pres- 

sure gauge connection, two manometer taps, and four high-pressure windows 

(or 'fbulls-eyes") fo r  viewing the  dispersion. 

2.1.2 Surface evarrorator 

For operation in the non-direct-contact mode. a surface heat ex- 

changer in a "hairpin" configuration was used t o  t r ans fe r  heat from the 
brine t o  the isobutane. This single-pass tube-in-tube un i t  performed 

with brine inside the inner tube and isobutane in the annulus. 

2.1.3 Service condenser 

Isobutane vapor. a f t e r  expanding through a turbine, valve, or dammy 

nozzle, was condensed on the she l l  side of a conventional shell-and-tube 

heat exchanger by cooling water flowing through a single  pass of tubes. 

The anit was i n s t a l l e d  i n  a counterflow arrangement with i t s  longitudinal 

axis  t i l t e d  20° from the horizontal. The i n l e t  fo r  isobutane vapor was a t  
the upper end of the exchanger, and the ou t l e t  f o r  the condensate was a t  

the lower end. The t o t a l  heat transfer area f o r  t h i s  brass and cast-iron 

service condenser was 11.15 ma (120 f t t ) .  

2.1.4 Hot well 

Li 

The hot well served as a receiver f o r  the isobutane condensate from 

which the isobutane evaporator feed pump took suction. The vessel, 1.8 m 
(6  f t )  long and 260 mm (10.6 in.) in diameter, was i n s t a l l e d  with i t s  

longitudinal axis  t i l t e d  s l i g h t l y  from the horizontal t o  f a c i l i t a t e  flow 

to  the pump suction l ine .  
l iqu id  isobutane in various pa r t s  of the apparatus changed, and the hot 

well provided the l i qu id  inventory t o  cope with both these changes and 

losses  through leakage. 

As operating conditions changed, the amounts of 



2.1.5 PUDS 

The isobutane was circulated by a four-cylinder (John Bean Model 

T-04102) outside-packed plunger pump rated a t  6.3 x 10-4 m*/s (10 gpm) ca- 

pacity. The brine p a p  was an outside-pocked t r ip l ex  plunger type (John 

Bean Model M-0910) with a rated capacity of 4.4 x 10-4 m s / s  (7 gpm). 

2.2 The ORNL Two-Tube Condenser 

The OBNL two-tube condenser was or ig ina l ly  envisioned a s  an easy-to- 

i n s t a l l  ve r sa t i l e  apparatus t o  obtain side-by-side ve r t i ca l  condenser 

tube data i n  a s table  f ie ld- tes t  environment. It l a t e r  oame t o  be used a s  
a r e l i ab le  tool i n  evaluating the e f feo ts  of various operating parameters 

on condenser performance. These requirements were met using o r e l a t ive ly  

simple shell-and-tube configuration modified t o  take advantage of experi- 

ence gained in  previous laboratory experbents  with single-tube aonden- 
sers. 

For the t e s t  a t  East Mesa. vapor feed t o  the ORNL two-tube condenser 

was provided by e i ther  the DSS diteot-contact evaporator or the W S  sur- 

faoe evaporator. The product condensate from the OBM. two-tube condenser 

drained t o  the DSS hot well. Cooling water supply and r e tu rn  connections 

were mode t o  the t e s t  pad manifold piping. 

2.2.1 Shell  and heads 

The she l l  of the two-tube condenser (Pig. 2.1) was fabricated f r m  
6-in. sched-40 s ta in less  s t ee l  pipe. Shell  penetrations were provided 

i n  the upper seation f o r  pressure and temperature sensors. i n  the middle 

section f o r  two view ports  and one liquid-level port ,  and i n  the lower 
seation f o r  the vapor in le t .  

The two heads were fabricated f t m  6-in. 150-lb s t a in l e s s  s t ee l  bl ind 

flanges and were mated t o  the 6-in. 150-lb weld neck flanges t h a t  oomprised 
the top and b o t t m  ends of the shell .  Each head contained two 25.4-QUI 

(1.00-in.) holes with Buna-N O-ring sea ls  t o  accommodate two t e s t  tubes on 
76.2-~1~1~'(3.0O-in.) oenters. A port  f o r  venting the she l l  of the condenser 

was provided i n  the top head. "bo additional penetrations i n  the bottcm 

head allowed fo r  condensate drainage and a second liquid-level port. 

i 
I 
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L L  When assembled as shown in Fig. 2.2, the she l l  and head combination 
W 

gave a t o t a l  available v e r t i c a l  condensing length of 1.194 m (47.0 in.). 

2.2.2 Tube i n s t a l l a t i o n  

Because the heads on the two-tube condenser were designed t o  sea l  
smooth 25.4-mm-diam (1.00-in.) tubes, f l u t ed  tubes were prepared f o r  test-  

ing by welding a smooth adapter sleeve t o  each t e s t  tube end (Fig. 2.3). 
During in s t a l l a t ion ,  the top head was removed, and the t e s t  tubes were in- 

serted downward i n t o  the she l l  until the bottom sleeves slipped thtough 
the +ring sea l s  in the bottom head. 
the top sleeves and bolted t o  the she l l  flange t o  complete the shell-side 

The top head was then slipped over 

sealing operation. Next, i n l e t  and o u t l e t  cooling water connections were 

made t o  the protruding sleeves a t  the bottam and top heads, respectively. 
Finally,  a 19.0- or  12.7-mnrdiam (0.75- or 0.50-in.), full-length so l id  
rod i n s e r t  was centered and sealed inside the tube in each channel t o  

achieve the desired water-side conditions (Appendix D). 

2.2.3 Test tubes 

Eleven tubes of eight d i s t i n c t  types were tes ted in the ORNL two-tube 

condenser during t h i s  investigation. 'Iko specimens each of tube types A, 

F, and F-3 and one each of the f ive  other types were employed in the stu- 

dies. Let ter  designations and physical character is t ics  of the various 
tube types a re  given i n T a b l e  2.1. Photographs of samples of the t e s t  
tubes a ra  prasented i n  Fig. 2.4. 

Tube types A, W, X, Y, and Z were smooth tubes, while tube types F, 
F-3, and L had outside f lutes .  Details of the F and L cross sections a r e  

i l l u s t r a t e d  in Fig. 2.5. 

W (copper), X (brass),  and Z (nickel). 

A l l  tubes were made of aluminum except types 

Tube type F-3 was a var ia t ion  of tube type F created by attaching 
three rubber s k i r t s  t o  the outside tube wall. Each 0.79-mnrthick (1/32- 

in.) neoprene s k i r t  was placed in a s l o t  3.18 mm wide by 0.10 mm deep 

(0.125 in. by 0.004 in.) machined i n t o  a type F f l u t e d  tube. 
s k i r t s  divided the tube i n t o  four equal lengths and aided condensate 

drainage from the outside tube surface. 

The three 
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UC(NL-OWG 79-95691R w 

6 in. 4 5 0  Ib R F BLIND FLANGE 
MATL: ASTM-A403 

304SsT 

0.64 un 
(0.25 in.) 

cm 
5 in.) 

cm 

68 
(2i 

H- 

DESIGN TEMPERATURE 366.3 K (2OOT) 
DESIGN PRESSURE 676.3kPa (24OpsiP) 
OPERATING TEMPERATURE 327.4 K (130*F) 
OPERATING PRESSURE 593.7 kP0 (85W 

GEOTHERMAL ENERGY TEST FACILITY 
ORNL TWO-TUBE CONDENSER ASSEMBLY 

Fig.  2.2. The ORNL two-tube condenser - assembly drawing. 
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ORNL-PHOTO 4506-76 

Table 2.1. Characteristior of  t e s t  tuber 
[nominal 2.5-cm (1-in.) OD, 1.2 Q ( 4  i t )  long] 

lorface .rea Number of 
tmr ( f t * ) l  f l u t e s  --- -- Tube Description Material 

Inside Out side External Internal ------ 
A Smooth Numinum 6061-T6 0,08287 (0.892) 0.09523 (1.025) 0 0 

Single-fluted Aluminum 6063 0.08110 (0.873) 0.09643 (1.038) 48 0 
La Single-fluted Aluminum 6061 0.08018 (0.863) 0.13973 (1.504) 60 0 
V Smooth Copper ASTll 8-75 0.08287 (0.892) 0.09523 (1.025) 0 0 

(AS= B251-67) 0.08287 (0.892) 0.09523 (1.025) 0 0 
Y Smooth Aluminum 202443  0.08287 (0.892) 0.09523 (1.025) 0 0 

Z Smooth Nickel ASTM B-161 0.08287 (be8921 0.09523 (1.025) 0 0 

X Smooth Brass a l l o y  330 

Areas based on 1.17- (46-in.) tube lengths- A l l  other tuber .ere of 1.19-m (47-in.) a 
lengths. W 
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L.1 ORNL-PHOTO 888&81 

TUBE 

TUBE F-3 

TUBE L 

Fig, 2.4, Sample sections - tube types A, F, F-3, and L. 

The external perimeter of each f luted tube was measured as the length 
of t h in  tape forced t o  conform closely and completely around the outside 

surface of the tube. The external surface areas in Table 2.1 apply t o  the 
tubes a f t e r  preparation f o r  testing. The areas of the smooth tubes were 

based on a 1.194-m (47.0-in.) length - the t o t a l  length available within 

the condenser shell .  [Comparable length was 1.219 m (48.0 in.) for  the u 
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ORNL-DWG 81-23630 ETD 

ENLARGEMENT: 4 f- 0.01 in. (about 17x1 

Fig. 2.5. Enlarged cross sections - tube types F and L. 

single-tube condenser used in laboratory t e s t s  in Refs. 2 and 3.1 How- 
ever, the areas of the f lu t ed  tubes a re  based on 1.168-m (46.0-in.) ef- 

fec t ive  length t o  account for the 12.7-mn (0.50-in.) adapter sleeve and 
i n s t a l l a t i o n  clearance on each end of the f lu t ed  tubes. 

2.3 The ORNL 40-Tube Condenser 

The OBNL 40-tube condenser was a f i r s t  attempt a t  incorporating i n t o  

a prac t ica l  bundle configuration the apparent advantages found during 
t e s t s  of individual ve r t i ca l  f lu ted  condenser tubes. The resu l t ing  shell- 

and-tube heat  exchanger was sized spec i f ica l ly  for  operation with the DSS 
apparatus. A U-tube configuration with four w a t e r s i d e  passes and four 
v a p o r s i d e  ba f f l e s  was chosen. The water i n l e t  and out le t ,  vapor i n l e t ,  

and condensate ou t l e t  were a l l  located near the bottom of the condenser 

in t h i s  design. 

2.3.1 Shell  and water head 

The she l l  of the ORNL 40-tube condenser was fabricated from 12-in. 

sched-40 s t a in l e s s  s t e e l  pipe with a 12-in. sched-40 s t a in l e s s  s t e e l  pipe 
W 



12 

cap welded t o  the top end and a 12-in. 150-lb s t a in l e s s  s t e e l  weld-neck 
flange welded t o  the bottom end (Fig. 2.6). Various penetrations i n  the 

she l l  provided fo r  vapor entry, venting, bundle viewing, and monitoring of 
pressure, temperature, and liquid-level conditions on the  isobutane side 
of the condenser. 

The water head was made by welding a 12-in. 150-lb aluminum weld-neck 

flange t o  an aluminum disk. Penetrations i n  the disk accommodated cooling 

water supply and re turn  connections a s  well as a condensate drainage 

1 ine . 
2.3.2 Tube bundle 

The type F tube bundle was of a Pbend configuration with f o u t p a s s  

w a t e r s i d e  flow. Construction of the bundle required 15 tubes bent t o  

form the outside rows of the bundle plus 10 more tubes bent and welded ( t o  
avoid minimum radius bends) t o  form the inner rows. The "40-tube" count 

denotes the number of ve r t i ca l  f lu ted  tube lengths ra ther  than the actual 
number of separate pieces involved i n  the construction. A l l  tube ends 

were welded t o  the aluminum tube sheet (Fig. 2.7). 
Four rubber sheets attached by Pliobond adhesive t o  each f lu t ed  tube 

were arranged along the bundle length t o  a id  with condensate drainage, t o  

ac t  as  baf f les  for  guiding the vapor flow on i t s  shell-side passes, and t o  

reduce the potent ia l  for  tube vibrations.  The resu l t ing  arrangement was, 

i n  some sense, comparable with tha t  achieved with tube type F-3 i n  the ORNL 
two-tube condenser. In addition, two shrouds (or longitudinal baf f les )  

served a s  vapor flow guides t o  minimize bypassing of the bundle core. 

The to t a l  i n s t a l l ed  outside heat t ransfer  area of the tube bundle was 

calculated t o  be 4.487 m2 (48.3 ft ' ) .  Photographs of the tube bundle a re  

presented i n  Figs. 2.8 and 2.9. 

Condenser assembly was accomplished by mating the bundle tube sheet 
t o  the she l l  flange, which, i n  turn, was bolted t o  the water head (Fig. 

2.10). I k o  Buna-N gaskets - one between the she l l  and the  tube sheet and 

the other between the tube sheet and the water head - were used t o  prevent 

isobutane or cooling water leakage t o  the surroundings. 
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ORNL-DWG 81-23632 ETD 

O W  40-tube oondenser - tube bundle drawing. 
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ORNL-PHOTO 1479-78 

Fig* 2.9. The OBNL 40-tube condenser - tube bundle with shel l .  
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2.4 East Mesa Geothermal Test S i t e  

The East Mesa Geothermal Test S i t e ,  located near HoltViller Califor- 

n ia  (Fig. 2-11), and operated fo r  DOE by Westec Services, Incorporated, 

provided t e s t  pad space, geothermal brine and cooling water aocess, u t i l i -  

t i e s ,  and various support services during the ORNL experiments described 

i n  t h i s  report. 
with both ORNL and DSS equipment i n  place. 

was Mesa 6-2, which gave gauge pressures a t  the supply manifold of 0.931 
t o  1.048 MPa (135 t o  152 ps i )  and temperatures of 422 t o  439 K (300 t o  

330oP) over t h i s  t e s t  period. 

Figure 2.12 gives a general view of the t e s t  pad area 
The primary brine source well 

ORNL-DWG 78-10168 

Fig. 2.11. Map of East Mesa Geothermal Test S i t e  and surrounding 
area. 
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FIELD TESTS OF 2- AND 40-TUBE CONDENSEBS AT TBE 
EAST MESA GEOlEERMAL TEST SITE 

8. W e  Murphy N. Doming0 

Two water-cooled isobutane c~ndensers ,  one with 2 tubes 
and one with 40 tubes, were subjected t o  f i e l d  t e s t s  a t  the 
East Mesa Geothermal Test S i t e  t o  assess r e l a t i v e  heat trans- 
f e r  performance in both surface evaporator and direct-contact 
evaporator modes. 
f i e l d  performance was below e a r l i e r  laboratory-de termined 
l e v e l s  and t h a t  direct-contact evaporator mode performance 
was poorer than t h a t  f o r  the surface evaporator mode, fn  a l l  
t e s t  s i tua t ions ,  f l u t ed  condenser tubes performed b e t t e r  than 
smooth condenser tubes. 
cant e f f e c t  on performance, but brine pref lash in the  direct-  
contact mode did promote some re l a t ive  performance improvement. 
-Important implications of these r e s u l t s  f o r  binary geo- 
thermal power p lan ts  a r e  t h a t  (1) working-fluid-side impuri- 
t i e s  can s igni f icant ly  degrade hea t  t ransfer  performance of 
the power plant  condensers and (2) provisions f o r  minfmiting 
such impurit ies may be required. 

The f i v e  groups of t e s t s  es tabl ished t h a t  

Cooling water qua l i ty  had no s igni f i -  

1. INTRODUCTION 

Previous s tudies  have indicated the s ign i f icant  r o l e  t h a t  hea t  ex- 
changers play in determining the economic f e a s i b i l i t y  of geothermal binary- 

cycle power plants.% 
i s t i c s  of such plants:  

quired per un i t  of e l e c t r i c a l  power output and (2) the  r e l a t i v e l y  poor 

heat t ransfer  propert ies  of candidate binary-cycle f lu ids ,  
point toward a requirement f o r  comparatively large versions of conven- 

t iona l  heat exchangers, which, in the  aggregate, can represent a major 

f r ac t ion  of t o t a l  p lan t  cap i t a l  investment. 

Recognition of these relat ionships  l ed  t o  a program at; Oak Ridge Na- 

This importmce 36 related t o  t w o  primary c h a r a c t e r  

(1) the  r e l a t i v e l y  high r a t e  of heat t ransfer  re- 

These fac tors  

t iona l  Laboratory (ORNL) funded by the U.S. Department of Energy (DOE), 
Division of Geothermal Energy, t o  develop improved heat  exchangers f o r  

appl icat ion t o  the geothermal binary-cycle s i tuat ion.  Emghasis t o  date 
has centered on the  heat r e j ec t ion  end of the cycle with pa r t i cu la r  atten- 
t i o n  given t o  advanced surface condensers. 
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Sing lc tube  laboratory experiments have been conducted t o  evaluate 

the performance of a wide range of condenser tube geometries, orienta- 

t ions,  and materials.  Test r e s u l t s  showed consis tent  high performance 

achieved by a c l a s s  of f l u t e d  condenser tubes operated i n  the v e r t i c a l  
orientation.f , '  

Based on these encouraging r e s u l t s  with s ing le  tubes i n  the labo- 

ra tory s i tua t ion ,  the subsequent condenser development plan included 

(1) ver i f i ca t ion  of tube bundle performance under laboratory conditions, 

(2) examination of material/fabrication/cost trade-offs for f i e l d  applica- 

tion, (3)  f i e l d  t e s t ing  of the resu l t ing  design with a surface evaporator, 

(4) assessment of application t o  a f i e l d  direct-contact evaporator si tua- 

tion. and (5) f i e l d  t e s t ing  of a u n i t  designed f o r  operation with a direct-  

contact evaporator i f  deemed appropriate by the  assessment, Because of 
budget and schedule constraints ,  the plan was compressed t o  "piggyback" 
and mesh w i t h  independent equipment tests being conducted by DSS Engi- 

neers, Incorporated, and Barber-Nichols Engineering Company involving a 

direct-contact evaporator, turbine, brine pref lash  uni t ,  and direct-  

contact condenser a t  various times a t  the East Mesa Geothermal Test Si te .  
Although t h i s  s i t u a t i o n  did not permit attainment of the orderly develop- 

ment sequence out l ined previously, much f i e l d  operating experience was 

gained. and several  important experimental conclusions were reached during 

the various groups of tes t s .  I f  the work reported here contr ibutes  t o  the 

r ea l i za t ion  of improved heat exchangers f o r  broadening world energy op- 

tions. it w i l l  have served i t s  purpose well. 



ORNL-PHOTO 7031-79 

Fig. 2.12. Test pad at East Mesa Geothermal Test Site with ORNL and 
DSS equipment in plaoe. 
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2.5 Eauiument Configurations 

The O W  condenser t e s t s  a t  East Mesa were conducted i n  f i v e  separate 

groups. 
gories based on time period, t e s t  condenser, and service evaporator (Table 
2.2) t o  f a c i l i t a t e  description of the various equipment configurations. 

These f ive  groups have been fur ther  broken down i n t o  t en  cate- 

Conducted i n  March and April 1978, the Group I t e s t s  involved use of 

the two-tube condenser as i n s t a l l ed  on the upper deck of the DSS r i g  (Fig. 

2.13). Connections and operating conditions were d ic ta ted  by the require- 
ments of the Barber-Nichols turbine "endurance tes ts"  scheduled during t h i s  

Both surface and direct-contact evaporator modes were used i n  

t h i s  i n i t i a l  f ield-test  e f fo r t .  

The 40-tube condenser was first i n s t a l l e d  during the Group I1 tests 

An angle i ron ( s t e e l )  frame was provided t o  mount of May and June 1978. 
the  condenser on the t e s t  pad beside the DSS r i g  (Fig. 2.14). A small 
t r a i l e r  was a l so  added t o  accommodate instrumentation and other experimen- 
t a l  equipment. 

Preparation f o r  the Group I11 t e s t s  of August and September 1978, 

included s ignif icant  modifications t o  both experimental condensers includ- 

ing liquid-level indicators, larger  condensate re turn l i nes ,  and separate 

f r a e  mounting (Fig. 2.15). Several additional she l l  penetrations i n  the 

40-tube condenser were used f o r  temperature monitoring. l k o  large glass  

view ports  were welded t o  the two-tube un i t  t o  allow observation of the 

tube surfaces. A condensate temperature monitor was added t o  the two-tube 

instrument package. 

OBNL-DSS apparatus and t o  f i l l  it with h2gh-purity isobutane. 

An attempt was also made t o  evacuate the combined 

For the Group IV t e s t s  conducted i n  October and November 1978, only 
the 40-tube un i t  was operated and only the direct-contact evaporator mode 

was used. 

BarberNichols preflash u n i t  experiments scheduled during t h i s  period.',' 

Operating conditions were dictated by the requirements of the 

The f i n a l  s e r i e s  of t e s t s  reported here was Group V. A demineralized 

water loop %as i n s t a l l ed  to a i d  i n  establishing water-side fouling - -- e f f e c t s  

on the two-tube condenser. Experiments were l imited t o  the surface evapo- 

r a to r  mode during these runs. 

t r a t ed  i n  Fig. 2.16. 
The relevant equipment arrangement i s  i l lus-  



Table 2.2.  The ORNL East Mesa condenser t e s t  out l ine 

I Condenser Evaporator Te s t dates  

Beginning Ending tYPe me Group I Comment B 

I 
A 3 / 1 2 / 7 8  3 / 2 6 / 7 8  2- tube Surf ace Barber-Nichol s turbine "endurance zuns;" 2- 
B 3 / 2 7 / 7 8  41 061 78  2- tube Direct- tube condenser i n s t a l l ed  on upper deck of DSS 

1 contact r i g  
I1 

A 5 / 3 1 / 7 8  6/28/78'  40-tube Surf ace 40-tube condenser in separate frame; t r a i l e r  
B 6128178 6 / 2 9 / 7 8  40-tube Direct- with thermocouple recorder, voltmeters, 

contact heater  controls,  and voltage regulator in- N st  a1 led  CI 
I 

9 / 1 9 / 7 8  40-tube Surface Pumpdown and high-purity isobutane f i l l ;  
2- tube Surf ace both condensers with liquid-level indicators,  

1 I11 

A 812217 
B 9 / 1 q 7 8  9 / 2 4 / 7 8  
C 9 / 2 5 / 7 8  91261 78  40-tube Direct- larger  condensate l i nes ,  and separate frame 

D 9 / 2 7 / 7 8  9 / 2 8 / 7 8  2- tube Direct- t ional  she l l  temperature monitors; 2-tube - contact mounting; sampling capabi l i ty;  40-tube - addi- 

contact two view ports,  bigger condensate drain,  con- 
densate temperature monitor 

N 101 311 78  111 091 78  40-tube Direct- Barber-Nichols pref lash u n i t  t e s t s  

V 3120179 3 / 2 9 / 7 9  2- tube Surface Water-side fouling t e s t s ;  demineral ized water 
contact 

loop in s t a l l ed  
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ORNL-PHOTO 656!5-78 

I 

Fig. 2.13. The ORNL two-tube condenser insta l led  for Group I te s t s .  
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ORNL-PHOTO 7386-78 

Fig. 2.14. The ORNL 40-tube condenser i n s t a l l e d  for Group I1 t e s t s .  

U 
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ORNL-PHOTO 763579 

Fig.  2.15. The OBM. 2- and 40-tube condensers insta l led  for 
Group I11 t e s t s .  
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3 .  INSIRUMENTATION AND SAMPLING 

Measurements were taken during the t e s t s  t o  determine the heat trans- 

f e r  performance of the ORNL condensers under various s e t s  of specified 
conditions. Primary measurements established operating heat  loads and 

temperature differences associated d i r ec t ly  with evaluation of condenser 
perfomance. Secondary measurements ver i f ied  steady-state conditions, 

proper equipment operation, instrument consistency, and safe operating 

conditions. 

pending on respective requirements and goals. 

instrument schematic i s  presented i n  Fig. 3.1. 

Measurement techniques varied somexhat among t e s t  groups de- 

-4 comprehensive flow and 

3.1 The DSS Amaratus 

Most measurements taken from the DSS apparatus were of secondary h- 
Temperature indications from iron- portance in the OBNL condenser t e s t s .  

constantan thermocouples were transmitted t o  a multichannel recorder f o r  

control, comparison, and steady-state assessment. Bimetal thermometers 

were used f o r  other temperature measurements. 
and o u t l e t  brine and isobutane temperatures associated with the act ive 
evaporator unit. 

O f  most i n t e r e s t  were i n l e t  

Rotameters served a s  flow indicators f o r  both brine and isobutane i n  

the DSS apparatus. Pressate gauges i n s t a l l e d  i n  various locations pro- 

vided control and monitoring capabi l i t ies .  Loop isobutane inventory was 

monitored by a liquid-level indicator located on the hot well. Additional 

d e t a i l s  concerning DSS apparatus instrumentation a r e  given i n  Refs. 4 

and 5. 

3.2 The ORNL %*Tube Condenser 

The ORNL two-tube condenser was instrumented t o  acquire side-by-side 

v e r t i c a l  condenser tube data su f f i c i en t  t o  permit various heat  t r ans fe r  

performance comparisons. Fluid temperatures, pressares, and flows were 

the primary measurements used t o  determine such performance. Secondary 

or control equipment included an e l e c t r i c a l  apparatus f o r  water heater 
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control. a she l l  liquid-level indicator, and she l l  view ports.  Instrumen- 
t a t ion  varied somewhat from t e s t  group t o  t e s t  group during the  two-tube 

condenser experiments. 

3.2.1 Temr,erature 

Throughout each group of two-tube condenser t e s t s .  f i ve  thermistors 

(Thermometrics Par t  S-10-4-wire) were used as temperature measurement ele- 
ments. 

and ou t l e t  of each cooling water channel. 

the condenser she l l  wall and provided vapor-space temperature monitoring 

Four of these served primary measurement functions a t  the i n l e t  
The f i f t h  thermistor penetrated 

capabili ty.  A l l  thermistors were wired t o  a switch box t h a t  permitted 

individual resistance readouts on a d i g i t a l  multimeter - Hewlett-Packard 

Model 3465A f o r  Group I t e s t s  and Data Precision Model 3500 for  Groups I11 
and V t es t s .  For Groups I11 and V a Chramel-Almnel thermocouple was in- 
s t a l l ed  i n  the condensate drain l i ne  w i t h  readout connection to a Honey- 

well-Brown thermocouple recorder. 

3.2.2 Pressure 

Working-fluid pressure wut sensed through a pressure tap  i n  the upper 

she l l  wall. 

Group I t e s t s  and a 0- t o  160-psig Ashcroft Duragauge fo r  Groups I11 and 

v tes t s .  

The pressure indicator  was a 0- t o  100-psig U.S. gauge f o r  

3.2.3 

Cooling water flow t o  each channel was measured by a Fischer and 

Porter rotameter - W3-1036/3 for  Channel I and X4-4300/7 for  Channel 11. 

3.2.4 Souuort 

To achiove ac t ive  control of the cooling water temperature i n  one 

tube channel. one or two (depending on par t i cu la r  t e s t  requirements) 

Watlow L7 NX5 7721) 240-V 2000-W e lec t r i ca l  immersion hea ters  were in- 

s t a l l e d  upstream of the Channel I tube. 
heater was connected t o  a manifold-mounted var iable  transformer with in- 

tegra l  voltmeter. 
mounted var iable  transformer with both voltmeter and ammeter provisions. 

For Group I t e s t s .  a single 2-kW 

For Group I11 t e s t s  the heater was connected t o  a panel- 

V 
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The Group V t e s t s  required i n s t a l l a t i o n  of an addi t ional  Group I11 heater  

system. W 
i 

i 

i 

i w  

An Ernst Model 3010 liquid-level indicator and two Jacoby-Tarbox 

Sty le  200 Size 6 view por t s  were i n s t a l l e d  on the condenser she l l  fo r  

Groups I11 and V t c i l i t a t e  condensate observations. 

Another group of instruments was i n s t a l l e d  i n  conjunction with the 

demineralized water loop used i n  the Group V t e s t s .  

scribed in Sect. 6.1.3. 

This setup i s  de- 

3.3 ne ORNL 40-Tube Condenser 

Instruments associated with the ORNL 40-tube condenser were intended 
t o  acquire v e r t i c a l  tube bundle condenser data f o r  heat t ransfer  perfor- 

mance evaluation. As with the two-tube condenser. f l u i d  temperature. pret- 
sures. and flows were the primary measurements used t o  determine such per- 

formance. Secondary equipment included a she l l  liquid-level indicator and 

a she l l  view port. 

3.3.1 Temperature 

3ho tbermistors . (Thermametrics Par t  S-10-4-wire) were used fo r  pri-  

mary measurement ( i n l e t  and o u t l e t  cooling water temperatures) during a l l  

ORNL 40-tube condenser t e s t s .  A t h i rd  thermistor penetrated the condenser 

she l l  wall and provided single-point temperature monitoring capabi l i ty  in 
the  vapor space. Two addi t ional  the t o r s  were i n s t a l l e d  i n  the vapor 

e Groups 111 and IV t e s t  give a more complete temperature 

1 thermistor6 were wired t o  a switch box t h a t  permitted ind 

vidual res is tance readouts on a d i g i t a l  multimeter - Data Precision Model 

3500 fo r  a l l  ORNL 40-tube condenser tes t s .  

For the Group I1 t e s t s  f i v e  thermocouples were employed a s  secondary 
t s  - two a s  chec on cooling water i n l e t  and o u t l e t  
indicators  of working-fluid temperatures a t  vapor 

supply and condensate r e tu rn  locations. and one a s  a vapor-space tempera- 
tu re  indicato the condenser shel l .  Two addi t ional  vapor-space thermo- 
couples were l l e d  f o r  the Groups 111 and N t e s t s  t o  give a more com- 

p l e t e  temperature prof i le .  1 thermocouples were connected t o  a Honey- 

well-Brown recorder f o r  readout’ purposes. 
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3.3 .2 Pressure 

Working-fluid pressure was sensed through a pressure tap i n  the upper 

she l l  wall. 

(Hodel 3-19178). 
l eve l  (during loop pumpdowns), vapor feed pressure, and cooling water 

pr  e t  sur e . 

The pressure indicator was a 0- t o  2OO-psig Heise gauge 
Auxiliary pressure gauges were used t o  monitor vacuum 

A thin-plate  sharp-edged concentric o r i f  ice of 39.4-mm bore (1.55- 
in.) with flange pressure taps was used t o  measure cooling water flow t o  

the OBNL (O-t~ibe condenser. 
Model 1020 D/P indicator  (0-150 in. of water) fox Group I1 tes t s .  For 
Groups 111 and IV t e s t s  t h i s  un i t  was replaced by a Barton Instrument in- 

Pressure d i f f e r e n t i a l  readout was on a Meriam 

dica tor  (0-400 in. of water). 

3 03 04 SUDDOrt 

The view port  was located about midway up the she l l  wall t o  provide 
f o r  condensate observation. A Jacoby-Tarbox liquid-level indicator was 
i n s t a l l ed  t o  monitor condensate buildup i n  the she l l  during Groups I11 

and IV tests. 

Eight norkiag-fluid samples were-collected i n  OBNL 1000-ml s t a i n l e s s  
s t e e l  sample cylinders (Whitey 304-HDF4-1000 with Whitey SS 3NBS4 valves) 

during Group 11-B (l), Group IV (21, and Group V (5) t e s t s .  In each case 

the sample cylinder was i n i t i a l l y  pumped down t o  a vacum of 95-98 kPa 

(28-29 in. of mercury). 

sampling l i ne ,  and the l i n e  was purged fo r  1-2 min. Next, the sample was 

col lected using residual  vacuum, allowing about 5 min f o r  equi l ibra t ion  

before closing the  sample cylinder valve. 

Then the sample cylinder was i n s t a l l e d  i n  the 

The Groups 11-B and IV samples were taken from the 40-tube con- 
denser vent l ine.  

locat ions - the  two-tube condenser vent l i ne ,  the two-tube condenser 

vapor-feed l i ne ,  and the Linde supply cylinder. 

The Group V samples were taken from three d i f f e ren t  

I 
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Groups 11-B and IV samples were analyzed by Westec personnel using 
the  tes t - s i te  laboratoty gas chromatograph. Group V samples were analyzed 

by the Westec tes t - s i te  laboratory and the ORNL Analytical Chemistry Divi- 
sion, using both gas chromatograph and mass spectrometer techniques. 

BarberNichols personnel t o  provide mote complete system characterization. 

These addi t ional  samples were analyzed by Wertsc personnel a t  the t e s t  

r i t e .  

d ix  G. 

Other samples were taken a t  various apparatus locat ions by DSS and 

A discussion of the various sample analyses i s  presented i n  Appen- 
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4. OPERATING PBOCEDUBES 

Although general procedures for operating the field-test equipment 
were developed as part of the preliminary test plan, circumstances often 
required considerable adaptation and even major revision of these proce- 
dures during actual experimentation. Normal operating sequences were as 
follows. 

1. 
2. 

3.  

4. 

Assure availability of required site utilities and services. 
Bring basic DSS apparatus up to nominal steady-state conditions. 
Bring auxiliary and test equipment (including ORNL 2-tube or 40--tdbe 

Vary system operating points as required to meet test requirements 
condenser) on-line. 

within imposed constraints. 

Only one test condenser was in operation at any given the. 
specific operating procedures are given in the following subsections. 

Details of 

4.1 The DSS Auuaratus 

Because the DSS unit was generally capable of operating alone and 
because reliable condenser tests required proper operation of its compo- 
n e n t ~ ~  standard operating procedure called for checkout and steady-state 
operation of this unit before either ORNL condenser was put on-line. 

For experiments in the surface evaporator mode, after turning on 
cooling water to the DSS condenser, the operator opened a valve to intro- 
duce hot brine fed by wellhead pressure into the tube side of the evapo- 
rator. 
flow on the shell side. Valves on the brine and isobutane feed lines 
were then used to bring the unit to steady-state conditions at the nominal 
operating point. 

The evaporator feed pump was then activated to initiate isobutane 

In the direct-contact evaporator mode, after turning on the cooling 
water to the DSS condenser, the operator opened a valve to feed-hot brine 
at wellhead pressure into the top of the direct-contact evaporator column. 
m e n  the brine reached the desired level in the column8 the evaporator 
feed pump was activated to inject liquid isobutane at the bottom of the 
column. Then the brine feed pomp was started to meet the increased head 
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requirement, and brine and isobutane feed valves were used t o  a t t a i n  nomi- 
W nal steady-state conditions. 

Additional information concerning operating procedures with the DSS 
apparatus is given in Refs. 4 and 5. 

4.2 n e  ORNL Two-Tube Condenser 

With the DSS apparatus already running, the vapor i n l e t  valve t o  the 
ORNL two-tube condenser was slowly opened, gr-adoally pressurizing the con- 

denser shel l .  
bottam flange of the condenser she l l  t o  the DSS hot well, was opened. 
When pressure equilibrium was achieved, cooling water control valves were 
opened t o  provide the desired flow in each of the two condenser tube chan- 

nels. The valve on the  vent l i ne  connected t o  the top she l l  flange was 

then opened several times t o  purge any contaminant gases trapped in the  

& e l l  during the start-up procedure. 

Then a valve on the condensate drain l ine ,  connecting the 

When steady-state conditions (as judged by pressure and temperature 

monitors) were reached, raw data were recorded. Primary data included the  

f o l  low ing : 

1. 
2. water flow r a t e  - Channels I and 11, and 

3. she l l  pressure, 

Secondary data included the following: 

1. she l l  temperature (thermistor); 
2. condensate temperature (theCmOCOUple, Groups 111 and V); 
3 . heater voltage (see the following paragraph); 

4. heater current (Groups I11 an4 V I  see the following paragraph); 
5. various temperature, pressure, and flaw readings associated with the 

6 .  

i n l e t  and o u t l e t  water temperature - Channels I and I1 (thermistors),  

DSS apparatus; 
condenser liquid-level and view port  observations (Groups I11 and V); 
and 

7 . local  weather observations. - - .-. _ _  
In most cases, Channels I and I1 were f i l l e d  by condenser tubes with 

d i s t i n c t l y  d i f f e ren t  character is t ics .  The primary mode chosen f o r  these 
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side-by-side comparisons used equal average w a t e r s i d e  temperatures. 

implement experimentally the bas i s  f o r  such comparisons, the decision was 
made t o  i n s t a l l  an e l e c t r i c a l  heater in the water i n l e t  t o  Channel I and 

t o  re legate  the poorer performer of each pa i r  of tubes t o  t h i s  channel. 

To 

Since, fo r  a given water flow and water i n l e t  temperature, the poorer tube 

would have a smaller watertemperature r i s e  (and thus lower average water 
temperature), heater power could be used t o  r a i se  the Channel-I i n l e t  
water temperature t o  match the average water temperature experienced by 

the  (be t te r )  tube i n  Channel 11. A Hewlett-Packard Model 97 programmable 

calculator  was used f o r  rough on-site data reduction during the  experi- 

ments t o  f a c i l i t a t e  the required i t e r a t i v e  heater adjustments. 

After heater adjustment and data entry, the operator increased (or 

decreased) the cooling water flow t o  the DSS condenser t o  decrease (or in- 
crease) the vapor pressure in the ORNL two-tube condenser and, thereby, t o  
lover (or  r a i se )  the operating-point heat load accommodated by each t e s t  
tube. 
denser were accomplished during the Groups I11 and V t e s t s  by adjustments 

t o  a valve in the l i n e  leading t o  the desuperheater nozzle on the DSS ap- 
paratus. 
i n t e re s t  f o r  the t e s t  tube p a i r  were covered. 

Variations in vapor superheat a t  the i n l e t  t o  the ORNL two-tube con- 

These procedures were repeated u n t i l  the operating ranges of 

Subject t o  the requirements of each t e s t  sequence, tubes were pre- 
cleaned by two separate means. 

outside surfaces, involved rubbing with an acetone-soaked rag. The sec- 
ond, used only for stubborn in te rna l  deposits, involved s t e e l  brushing of 
the tube sllrface. 

The f i r s t  method, used fo r  both inside and 

4.3 The ORNL 40-Tube Condenser 

As with the ORNL two-tube condenser, the DSS apparatus was i n i t i a l l y  

brought t o  a nominal steady-state operating point. However, the tubse- 
quent procedure required t o  bring the ORNL $0-tube condenser o l r l i n e  was 

extremely tedious. 

With the DSS apparatus already operating, the vapor i n l e t  valve t o  

the OBNL 40-tube condenser was opened s l igh t ly ,  gradually pressurizing 

the condenser shell .  When pressure equilibrium was achieved, the valve on 
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the condensate dra in  l i n e  connecting the bottom of the condenser she l l  t o  
the DSS hot well  was opened. 

opened very s l igh t ly ,  and the combined 

t l e  out a t  a new steady-state condition. 

ser ,  the vapor i n l e t  valve opening was increased s l igh t ly ,  and the cooling 
water control valve opening was increased very s l ight ly .  Next, the valve 

on the  vapor i n l e t  t o  the DSS condenser was closed s l igh t ly ,  and the sys- 
tem was again allowed t o  come t o  i t s  new steady-state operating point. 

These l a s t  few steps were repeated i n  small increments u n t i l  the OBNL 40- 

tube condenser was operating a t  steady s t a t e  with i t s  specified cooling 

water flow. 
Note tha t  f a i l u r e  t o  follow the very gradual process outlined here 

Next, the cooling water control valve was 
S - m  system was a l l m e d  t o  set- 

Theh, on the  OBNL 40-tube condelr 

resu l ted  in system i n s t a b i l i t i e s  characterized by condensate backup i n t o  

the ORNL 40-tube condenser and l o s s  o f  flow i n  the DSS evaporator feed 

pump. 
denser completely valved out of the system was not achieved during any of 

the t e s t s .  

Stable operation of the ORNL 40-tube condenser with the DSS c o w  

A t  steady s t a t e  the valve on the vent line connected t o  the top of 

times t o  pwge contaminant gases 

Additional venting was performed a s  
the condenser she l l  was opened sever 

trapped in the  she l l  during start-up 

required t o  meet pa r t i cu la r  experimental objectives. 

corded. 

1. 

2. water flow ra te ,  and 
3. she l l  pressure. 

Secondary data included the following: 

1. she l l  temperatures (thermistors); 
2. she l l  temperatures (thermocouples); 

3. water temperatures (thermocouples); 

4. condensate re turn  temperature; 

5 . vapor-feed temperature; 

When steady-state conditions were again reached, raw data were re- 

Primary data  included the following: 

i n l e t  and o u t l e t  water temperature (thermistors),  
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6. various temperature, pressure, and flow readings associated with the 

7. condenser view port  observations; 
8. condenser liquid-level observations (Groups 111 and IV); and 

9 .  local  weather observations. 

DSS apparatus; 

As a consequence of the d i f f i c u l t i e s  enumerated previously, real iza-  
t i o n  of any par t icu lar  operating point on demand was impossible. 

t ions (cog., i n  heat load or  i n l e t  vapor superheat) were therefore accom- 
plished mainly by l e t t i n g  the system "float" very slowly, influenced by 
uncontrolled external var ia t ions  such as cooling water temperature or  

ambient conditions. This lack of system control severely l imited the 

operating range cwered i n  the tes t s .  

Varia- 

The tube bundle was cleaned before each group of t e s t s .  The outside 

surface of the bundle was cleaned by flushing with water and rubbing of f  
obvious deposits. O f  course, the e f f ec t ivemss  of t h i s  procedure was re- 
s t r i c t e d  by l imited access t o  the tubes near the bundle center. 

tube cleaning was accomplished by lowering the water box away from the 

she l l  and tube-sheet f langes and then passing a tubular s t e e l  brush up 

inside the s t r a igh t  sect ion of each tube. 

Internal  
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5, DATA REDUCTION 

P a r t i a l  reduction of the data from the condenser t e s t s  was carr ied 
out in the  f i e l d  using a Hewlett-Packard Model 97 programmable calculator  

t o  give the rough guidance required t o  cover the desired t e s t  range during 

each t e s t  group. M t e r  the completion of each t e s t  group, a more de ta i led  

and complete data reduction was carr ied-out  using computer programs &vel- 

oped spec i f i ca l ly  t o  f a c i l i t a t e  test-t- test  performance comparisons (see 

Appendixes A and B) . 
Raw data were converted using instrument ca l ibra t ions  t o  give the fun- 

damental quan t i t i e s  (temperatures, pressures, flow ra tes )  required f o r  

fu r the r  manipulation. These fondamental quant i t ies  were then combined 

with f l u i d  property values t o  put the r e s u l t s  in forms (heat loads, heat 

f luxes,  temperature differences,  or  heat t ransfer  coef f ic ien ts )  amenable 

t o  performance coniparisons. . 

For the r e s u l t s  presented in Sect, 6, the primary var iables  used f o r  
condenser performance comparisons a re  heat load or  heat f l ux  and composite 

temperature difference. Bet ter  perfomance implies a higher heat load o r  

heat f l ux  f o r  a given composite temperature difference or  lower composite 

temperature difference f o r  a given heat load or  heat flux. 

load is determined from w a t e r s i d e  measurements using the r e l a t i o n  

Condenser heat 

out in 
(5.1) 

where the symbols a re  def ined- in  the L i s t  of Symbols near the beginning of 

t h i s  report ,  The corresponding heat '  f lux,  based on shell-side (outside) 

heat t ransfer  area As is then 

\ 

1 

(5.2) 
- Tw ) bwcw ('. 

out in . sz 
Q 
A 
- 

8 As 

The appropriate (overal l )  working fluid-to-water temperature difference 
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is taken to be 

(Twin + 'Wout) 
2 = Tsat iso (PI - ' 

avg 
Tsat is0 - Tw 

where T is the pure isobutane saturation temperature associated 
with the measured shell pressure as deduced from American Society of Heat- 
ing, Refrigeration, and AirConditioning Engineers values for isobutane 
(R-600a) in Ref. 8, and Tw is the arithmetic mean of the inlet and 
outlet water temperatures. 
the sum of a number of individual differences associated with various PO- 
tential resistances to heat flow. For example, the expression 

sat is0 

avg 
Such an overall difference can be considered 

she 11- side tube- tube- side 
wall 

indicates a logical separation of the overall into shell- and tube-side 
film resistances, fouling resistances, and tube-wall metal resistance. 
Since, for the situation of interest here, the tube-side film resistance 
[last term in Eq. (5.4)l was (1) dependent only on the tube-side flow 
situation and fluid (water) properties, (2) estimable from existing cor- 
relations, (3) generally small relative to the overall resistance, and 
(4) variable from test situation to test situation, it was advisable to 
emphasize a data presentation method that eliminated in a reasonable man- 
ner the tube-side film resistance from primary consideration, For com- 
parison purposes, we have expressed the temperature difference result in 
the form of a "composite temperature difference," ATcomp where 

ATcomp + 'sf + 'wall + '.t) , 

or 

(5.5) 

(5.6) 
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I 
l 

and / v  
comp = Toat is0 - Tins wall AT (5.7) 

where Tins wall, the "inside wall temperature.'' can be conceptualized as 

the temperature corresponding t o  the surface (fouling deposit  or. in the  
no w a t e r s i d e  fouling case, metal tube wall) in d i rec t  contact with the 

cool ing water . 

i 
1 j 

1 

1 i In the  laboratory s i tua t ion  of previous e~periments. t .1 the Wilsorr 
i 

p lo t  method' was employed t o  accomplish t h i s  objective. 
t h i s  method requires  the maintenance of a constant heat  load during op- 

era t ion  a t  changing water flow ra tes ,  and since such control was not at- 
ta inable  in the  f i e l d  s i tua t ion ,  an a l t e rna t ive  method was employed. 

the present f i e l d  data, the Dittus-Boelter cor re la t ion lo  was used t o  e s t i -  

However, because I 

i 
1 

For 

mate water-side f i lm coeff i c i en t s  a s  

kW 
ht = 0.023 - Re@.* PrO.4 . 

W Dh 

where 

(5.8) 

%cn 
(5.10) =- 

"w k 
W 

with water propert ies  evaluated a t  Twavg. Tria l  comparisons between the 
two methods using laboratory data showed good aBreement. as indicated in 
Appendix D. 

Estimated overal l  accuxacies associated with the reduced f i e l d  data 
are ,  for  the 2-tube ndenser. &3% he 

temperatore difference,  and fo r  the 40-tube condenser, &SW heat load and 
oad a d  9 . 5 6  K (1 .OOF) composite 
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H . 8 3  K (j$.S*F) composite temperature difference. 
amples and detailed data l i s t i n g s  for a l l  t e s t  groups are given i n  Appen- 

dixes A and B. 

Data reduction ex- LJ 

. 
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6. TESTRESULTS 

In view of the ra ther  complex and var iable  nature of the equipment, 

procedures, and instrumentation associated with both the 2- and 40-tube 

condenser-tests,  as  well a s  the large amount of t e s t  data taken, the fol-  
lowing sect ions attempt t o  d i s t i l l  the most consistent and important re- 

c u l t s  i n t o  a r e l a t ive ly  concise smnmary. Individual discussions a r e  ar- 
ranged by condenser (primary divisi0.n) and by t e s t  group (secondary divi- 

sion). Detailed data l i s t i n g s  (A, B, and C) and subsidiary assessments 

(D, E, F, 6, H, and I) a r e  re lega ted- to  appendixes. 
parameter ranges a r e  summarized in Table 6.1. As in any nonideal experi- 

mental s i tua t ion ,  ce r t a in  subjective judgments and in te rpre ta t ions  of ob- 
j ec t ive  information were required t o  determine when systems, components, 
and instruments were operating in the  required manner. 

work, important conclusions concerning the e f f ec t s  of s ign i f icant  operat- 

ing var iables  on condenser performance a r e  developed from the relevant 

t e s t  data groups. 

General operating 

Within t h i s  frame- 

Table 6.1.  Operating parameter ranges for 
East Mesa condenser tests 

Par ame t e r Range 

Shell pressure, kPa (psi.) 345-896 (SO-130) 

Isobutane saturation temperature, K (OF) 

Heat flux (based on outside area), W/ms 

297.6-334.8 (76-143) " 

Average water temperature, K (OF) 286 3 - 3 0 2 . 6  f 56-85) 

2,800-35,900 (900-11,400) 
[Btu/(h*fts) I 

(based on outside area), W/(ms*K) 
[Bt~/h*ft**~F)l 

Composite heat tranrfer coefficient 110-2,330 ( 2 0 4 1 0 )  

- _  Composite temperature dirfercnce, K (OF4 7 3 d 1  .O (13-73) 

6.1 ORNL Two-Tube Condenser 

As outl ined in Sect. 2.5, the v e r s a t i l e  ORNL two-tube condenser was 

employed during three  of the f ive  groups of f i e l d  experiments. 

r e s u l t s  gave preliminary information concerning condenser tube performance 
Group I 

W 
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i n  the f i e l d ,  but schedule and operating cons t ra in ts  did not allow resolu- 
t i o n  of several uncertaint ies  i n  the data. Group I11 r e s u l t s  confirmed 

and extended the basic  trends of Group I data using improved monitoring 

and system control capabi l i t i es .  Group V t e s t s  c l a r i f i e d  the mechanisms 

responsible fo r  performance tendencies observed during the  e a r l i e r  t e s t s .  

6.1.1 Gram I 

During the Group I t e s t s ,  the ORNL two-tube condenser "floated" with 

the DSS apparatus as the  various operating requirements f o r  the Barber- 

Nichols turbine endurance runs  were met.' Because the two-tube condenser 

was t o  be used f o r  side-by-side tube ~ ~ m p a r i s ~ n s ,  i n i t i a l  t e s t s  were con- 

ducted with ident ical  smooth tubes (A) i n  both s ides  t o  ve r i fy  channel 

s imilar i ty .  After t h i s  successful checkout phase, f l u t ed  tubes F and F-3 

( sk i r ted)  were in s t a l l ed  and operated i n  both surface evaporator and 
direct-contact evaporator modes. lfrpical data (Fig. 6.1) led t o  prelimi- 

nary conclusions t h a t  (1) f i e l d  performance was poorer than the previous 
laboratory levels  and (2) direct-contact evaporator mode performance was 

poorer than t h a t  associated with the surface evaporator mode. Specific 

performance relat ionships ,  expressed as  composite condensing temperature 

differences a t  a heat load of 2050 W (7000 Btu/h) were 5.00 K (9.0°F), 

10.28 K (18.5OF), and 18.33 K (33.0°F) for  the laboratory, field-surface 

evaporator, and field-direct-contact evaporator s i tua t ions ,  respectively 

(Fig. 6 .1 ) .  
Group I r e s u l t s  were regarded as preliminary for  the following rea- 

sons : 

1. uncontrolled, f loa t ing  nature of hookup t o  the DSS and Barber-Nichols 

equipment , 
2. highly t ransient  system charac te r i s t ics ,  

3 .  ancertain working-fluid composition, 

4. l imited schedule, and 
5. l imited monitoring capabi l i ty  - spec i f ica l ly ,  no condenser-shell 

liquid-level or  condensate temperature indicators.  
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in Fig. 6.6 give 1380 and 2340 W (4700 and 8000 Btu/h) a s  the heat-load 
capaci t ies  f o r  tubes A and F-3, respectively, a t  a composite condonsing 

temperature difference of 23.33 K (42.0°F). 
Similar performance relat ionships  were demonstrated when tube L was 

subst i tuted fo r  tube F-3 (Figs. 6.7 and 6.8) . In the  l a t t e r  f igure,  the 

lowest group of sir points  fo r  each tube vas derived from data taken dur- 

ing a period when the condenser i n l o t  vapor temperature f e l l  below the 
prsssure-determined isobutane saturat ion temperature. Because such cir-  

cumstances may indicate the introduction of 1 iquid-phare working f l u i d  

fram the direct-contact evaporator, these groups of points a r t  probably 

not re1 iable indicators of representative condenser performance for  e i the r  
tube. The remaining data show tube L performance i n  both surface evapora- 

t o r  and direot-contact evaporator modes t o  be approximately the same as 

t h a t  f o r  tube F-3 when judged on the  bas i s  used here. 



47 

W
 

-1
 

e 



48 

Because the f i e l d  data  seemed generally consis tent  and because the 

tubes tes ted  a t  East Mesa i n  the two-tube condenser were ident ica l  t o  

those tes ted  i n  the laboratory s i tua t ion ,  the in fe r io r  tube performance 

appeared t o  have been caused by working-fluid-side and/or water-side impur- 

i t i e s  encountered during the f i e l d  t e s t s .  As regards the working-fluid 
Side, noncondensibles (Such as carbon dioxide, nitrogen, and oxygen), h r  

drocarbon contamination, and/or so l id  surface deposits (fouling) seemed 
the most l i k e l y  cu lpr i t s .  On the  water side,  fouling was the  only l i k e l y  

candidate. 

though regular cleaning (Sect. 4.2) was believed t o  have min i rked  t h i s  ef- 

fec t ]  during the  two-tube condenser t e s t s ,  anot te r  s e r i e s  of %est$ (Group 

V) was planned t o  invest igate  i n  more d e t a i l  whether water-side fouling 

Because some fouling of the water side had been observed tal- 

might a t  l e a s t  p a r t i a l l y  explain the observed in fe r io r  f i e l d  performance. 

6.1.3 Group V 

The side-by-side arrangement of the two-tube condenser was used dur- 

ing the Group V t e s t s  t o  provide a real-time comparison of the performance 
of two ident ica l  F-3 tabes, with one tube channel supplied d i r ec t ly  with 

s i t e  cooling tower water (noma1 or  "dirty" mode), while the second tube 

channel was supplied by an isolated demineralized water loop (special  o r  

Figure 6.9 is  a schematic of the equipment configuration clean" mode). 11 

used fo r  Group V t e s t s .  

Cleaned F-3 tubes were in s t a l l ed  i n  both channels, and the clean 

water loop was charged with demineralized water i n  preparation f o r  the 

comparison experiment. 

mance s imilar i ty .  

cumulative e f f ec t s  on r e l a t i v e  heat t ransfer  performance of the expected 

water-side fouling buildup i n  the dirty-channel tube. The r e su l t s ,  typi- 

f i ed  by the data presented i n  Fig. 6.10, showed no s igni f icant  heat trans- 
f e r  performance difference between the two channels over an operating pe- 

r iod  of l d (maximum exposure between cleanings i n  e a r l i e r  t e s t s ) .  even 

though a subsequent v i sua l  examination of the inside surfaces of the two 

tubes showed c lear ly  observable fouling in the  d i r t y  channel and almost no 
fouling i n  the clean channel. 

I n i t i a l  t e s t s  ve r i f i ed  channel-to-channel perfor- 

Then extended period operation was begun t o  examine the 

The conclusion taken from t h i s  t e s t  group 
was t h a t  cooling water qua l i ty  had no s igni f icant  e f f e c t  on heat  t ransfer  
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Pig. 6.10. The ORNL two-tube condenser -Group V t e s t  r e su l t s ,  
surface evaporator mode, tube F-3. 

perfotmance (and, by extension, t ha t  w a t e r s i d e  fouling was not a signif i -  
cant cause of the obsarved in fe r io r  performance). 

6.2 The ORNL 40-Tube Condenser 

As outlined i n  Sect. 2.5, the ORNL 40-tube condenser was employed 

during three of the f ive  groups of f i e l d  experiments. 

served primarily as shakedown and debugging runs because system opera- 

t ional  problems severely l imited dat8 quant i ty  and quality.  Group I11 
r e s u l t s  confirmed some of the trends noted in the ORNL 2-tube condenser 

t e s t s  but a l so  indicated some d i s t inc t ions  between the measured 2- and 

40-tube performance levels.  

sponsible fo r  performance tendencies observed during the e a r l i e r  tes t s .  

Group I1 t e s t s  

Group N t e s t s  c l a r i f i e d  the mechanisms re- 
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6.2.1 Grouu I1 

Daring the Group I1 t e s t  period, most e f f o r t  was expended in attempt- 
w 

ing t o  achieve simultaneous, continuous, and harmonious operation of the 

DSS apparatus, the s i t e  service equipment, and the ORNL 40-tube condenser. 

As a r e s u l t  of unexpected problems regarding component f a i l u r e s  and mate- 

r i a l s  composition inconsistency i n  addi t ion t o  the expected trial-and- 
e r ror  e f f o r t s  i n  equipment integrat ion,  very few erperimental data se- 

quences were completed during t h i s  t e s t  group. The major output of t h i s  

period was an extensive l i s t  of equipment improvements and procedure al- 
t e r a t ions  t o  be made i n  preparation f o r  the subsequent Group I11 t e s t s  
outl ined i n  previous sect ions of t h i s  report. 

6.2.2 Grouu I11 

Even with the extensive modifications undertaken i n  preparation f o r  

the Group I11 t e s t s  described e a r l i e r ,  the achievement of steady-state 

operation of a l l  associated equipment was a tedious process. However, 
improved monitoring capabi l i ty  and ref ined procedures led  t o  the accmnula- 

t i o n  of representative performance data  i n  both surface evaporator and 

direct-contact evaporator operating modes (Figs. 6.11-6.13). Figure 6.11 

c lea r ly  demonstrates f o r  the 40-tube bundle s i t ua t ion  tha t ,  as i n  the 
2-tube s i tuat ion,  (1) f i e l d  performance was poorer than the previous 

laboratory levels  and (2) direot-contact evaporator mode performance was 

poorer than t h a t  associated with the surface evaporator mode. 
performance relat ionships  expressed as comp 
differences,  a t  a heat f l ux  of 9460 W/m* (3000 Btulhoft i )  were 1.56 K 

(2.8OF1, 11.94 K (21.S0F). and 27.22 K (49.0 or  the laboratory, f ie ld-  
surf ace evaporator, and f ield-direct-contact orator  cases, respec- 

t i ve ly  (Fig. 6.11). 

for  the 40-tube condenser, both the d i s t i a  between f i e l d  and labora- 
tory performance and the d i s t i n  ion be tween direct-contact evaporator 
mode and surface evaporator mod 
2- tube conden (Figs, 6.12 and 6.13). 

Specific 
i t e  condensing temperature 

However, with reference t o  the 2-tube condenser data (Sect. 6.1.21, 

erformances were greater  than f o r  the 
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Fig. 6.13. The OBNL condensers -Group 111 t e s t  r e su l t s ,  direct-  
contact evaporator mode . 

6.2.3 Grow IV ~ 

lharing the Qronp IV t C S t f 8  the ORNL 40-tube condensar "floated" w i t h  

the  DSS apparatus as the various operating requirements f o r  the B a r b e r  
Nichols pref lash runs' were met. 

t e s t  group was ( for  Barber-Nichols) t o  ascer ta in  the effectiveness of a 

flash-separator un i t  f o r  removal of carbon dioxide from supply brine,  i t  
was decided t o  simulAtaneourly attempt t o  determine pref lash e f f ec t s  on 
condenser performance during operation i n  the direct-contact evaporator 

mode. I f  noncondensible gases such as carbon dioxide were responsible, a t  

l e a s t  i n  par t ,  f o r  the r e l a t ive ly  poor perfotlpance a t t r i bu ted  t o  the OBM, 
40-tube condenser during the Group I11 t e s t s ,  brine pref lash was expected 

t o  reduce system l eve l s  of carbon dioxide and, thereby, improve such per- 

formance during operation i n  the direct-contact evaporator mode. 

Although the primary parpose of t h i s  

Group N 
bi4 
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0 
0 - 4  

data taken with the Barber-Nichols pref lash un i t  a r e  given i n  Fig. 6.14 

along with Group 111 data discussed i n  the previous section. 

from the f igure tha t ,  during direct-contact euaporator mode operation, per- 

formance with brine pref lash (Group IV) was superior t o  t h a t  without br ine 

pref lash (Group 111). 

t ions expressed e a r l i e r  r e l a t ive  t o  noncondensible gas e f f ec t s  on can- 

denser performance. 

It is d e a r  

Such a conclusion i s  consistent with the expects- 
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Fig. 6.14. The ORNL 40-tube condenser -Group IV t e s t  resu l t s .  
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7. CONCLUSIONS W 
The following major conclusions may be drawn from the condenser per- 

formance f i e l d  Zests described in t h i s  report: 

1. 

2, 

Fie ld  performance was poorer Man laboratory performance, 

Direct-contact evaporator mode performance was poorer than surface 
evaporator mode performance 

Fluted tube performance was superior t o  smooth tube performance. 

Cooling water qua l i t y  had nu s igni f icant  e f f ec t  on performance. 

During direct-contact  evaporator mode operation, performance with 

br ine pref lash was superior t o  t h a t  without brfne preflash. 

3 0  

4. 

5. 

r t a n t  p rac t i ca l  b p l i c a t i o n s  of these conclusions f o r  conden- 

se r s  in binary g e o t h e m d  power p l an t s  a r e  a t  follows: 

1. Working-fluid-side impurit ies can s igni f icant ly  rade condenser 

performance, 

Surface evaporator mode power p lan ts  should take precautions t o  mini- 

mize introduction of impurit ies during f i l l i n g  andlor maintenance of 
working-fluid-side syst  i t t e n t  venting may be required t o  

remove unavoidable cont 

2. 

3, The performance of condensers i n  direct-contact evaporator 
p lan ts  may be se by the  oontinuoos i n t r o  

br ine impuri 

f l u i d  recove 

In a l l  the experimental s i t ua t ions  examine 

tube condensers off e t  the poten t ia l  of sizeable performance advantages 
over more conventional condensers, 
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OBNL TWO-TUBE 

Appendix A 

C0NDE”DEB FIELD TEST DATA 

A.1 Pata Reduction Program 

Reduction of all measured data from th 

carried out using a computer program developed specifically to facilitate 
side-by-side comparison of vertical condenser tube performance. Measured 
quantities (temperatures, pressures, flow rates) were combined with fluid 
property values to calculate heat loads, heat fluxes, temperature dif- 
ferences, and heat transfer coefficients for performance comparison. A 
printout of the FORTRAN program used is presented in the section, along 
with a description of symbols that appear in the program. 

C 

C 
C 
c 
C 

THIS PPOCRAII YAS USED ‘LO REDUCE ISOBUTANE (E-6OOA) DATA OBTAINED PRO8 C C 
A Y  OYYL UESlGUED TU0 TOLIE COYDENSER TESTED AT THE E I S T  HESA WOTHERIIAL 
TEST PACIIITY. HATER-SIDE HLAT LOADS A U P  W E D  TO DBTAIY HEAT TBAlSPPR 

AND 12 hiis AS POLLOUS, PHEhE 
C U E F F I C l E N Z S  FOL EACH ‘LUBE I Y  THE COYDENSEL. VARIABLES ?OR TUBE # l  

DENOTES P f P e B I l E I T I L  HEASUDED DATA: 
C 
C 
C 
C 
c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C. 
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A.2 Output Format 

Terms and abbreviations found i n  the program output a r e  keyed here, 

accompanied by output samples generated from Groups I-A and 111-D t e s t  

data. 

l i s t i n g  presented i n  the next sec t ion  for  Groups I-A, I-B, 111-B, 111-D, 

The i l l u s t r a t e d  key may be used t o  ident i fy  and in t e rp re t  the data  

and V t e s t s .  

CCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCccccccccccccccccccC~ccCCCCcCCeCCCcCCCccc~ 
C 
C 
C 
C 
C c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C c 
C c 
C 
C 
c 
c 
c 
C 
C 
c 
C 
C 
C 
c 
C 
c 
c 
C 
c 
C 
c 
c 
c 
C 
C 
c 
C 
C 
C 
c 
C 

e c KEY TO DIT4 OUTPUT 

TITLE DESXGUATIONS 
E 

C DEPIYITION OF OUTPUT ?LEPI(S C 

TIML ET----------- BARBER NICWLS TUPUINE INLET TEMPEYATUPE 
DSS pVAP-----------DSS VAPOR SUPPLY PRESSURE 
DSS TUAP----------DSS VAPOE SUPPLY WEIPERAPURE DSS PYELL---------- DSS HUTYELL PfiESSUIIE 
DSS TYELf.-------DSS HOTYLLL PEHPERATURZ 
INLET TEHP---------iI20 I N  TERPERAl'UlE FOE TUBE I1 A N D  $2 
OUTLET TEUP-------l?20 OUT TEHPEBATUBE PO8 TUBE 11 A N  
A V L  TEHP----------AVERAGE H20 TEUPEBATURE FOR TUD &! AYD 12 
TEMP nISE----------H20 PEXPEHATUBE RISE FOR TUBE ,! AND 12 
TV-TAVC------------?EISUhLD VAPOR TEHPERATURE H I U U S  AVERAGE H2G 
TS-T A V(+----------- CALCULA'A'ED SAlPTtATION TEHPERATUEE & I N U S  AVeBA6E 

H2O FLUY-----------HZO PLOh .Tt!ROUGH TUUE 8 1  AND 12 
PVEL--------------H2O VELOLIlY Thi lOUGH TUBE # I  AYD I 2  
HEAT LOAD----------II20 HEAT LOAD FOR TUUE t l  AND 12  
UA CALC-----------OVERALI. COYLUCTANCE YGG TUBE 8 1 AND 82 

U A  SAT-------------OVEBALL CUbiD!!CTAICE FOR TUHE I1 A 1 0  8 2  BASED 01 
INFERBED PROM IIEASUEED PRESSURE 

COEPY. 1120--- --- --- U2U NEAT Tf!Alil;YER COEFFICIENT FOR TUBE 81 APD 82  

DELTA TconP------- CO?iPOSIlt T M ? .  DIFFERENCE FOR TUBE 8 1  A Y D  a2 

82 

fEliPklATUBE-YqU TllEZ 11 AND 82  
If20 TESPZLATURE FOIl TUDE A N D  82 

U E A ~  FLIIX----------II~O  EAT FLUX mt TURE # I  A N D  t 2  
RASED OU ULASUFED VAPOR TEHPERATUBR 

SATUMbT I b d  Ta*.HP. 

HF. SAT. Lonp------conPosxTz wii TRANSFER COEFFICIENT 
FOR T l l a t : . I l  A & D  12 CALC. YROH UA SAT 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

I2 g 

s 

E 
E 
C 
E 
C 
C 
C 
C 
C 
C 
C 
c ~ i C 

~cccCCcccccccccc"cC~cc~c~c~~~ccc 'C~  cccc ~cccccccccccccccccccCCCCCCCCCCCCCCCCCCCC 



-. . .... 

BH 03- 20- 78AP -4P 

Sample of data output 

VAPOR SAT. T l A V G -  PHEAS 
TEn P TYHP T2AVG P S I G  

TEHP TEHL’ RISE TI!k T I V G  T S- PLOY H 2 0  

115 .43  98 -73  -0.05 56.0 
I N L E T  OUTLET AVC TRUP 
TEHP 

TUBE 1 6 8 . 0 9  7 1 - 3 1  6 9 - 7 0  3 .21  US.73 29.03 2.37  
TUBE 2 67 .73  7 1 - 7 7  6 9 . 7 5  4 - 0 4  45-G6 28-98  3-03 

Sample of data output 

En-09-21-76AP3-11:20A VAPOH SAT. T l A V G -  PclFIAS 
HP-D/H, AP3-11: 2OA TLW P TBIP T Z A V G  PSIG 52 .0  

TS- H 20 I W L i T  OUTLET A V G  TEHP TV- 
TEHP TEIP TEBP R I S E  T A V G  PLOY TUBE 1 6 7 . 7 3  7 0 - 6 1  6 9 . 1 7  2 .87  Ttr85 25.b7 

TUBE 2 6 b . 1 1  71 .34  b8 .72  5.24 35.29 26 .12  3:;’: 

1 0 4 - 0 2  9 4 - 6 4  0.US 

from Group I-A t e s t s  

COEPP liT.SA? DELTA UA UVEL H B A T  HEhT UA 
coap TCOHP AT H20 LOAD FLUX CALC 

3 7 9 7 .  3705 .  83.05 1300t12 1503.59  141 .42  26.20 
5.00 6089. 5861 .  133 .20  209-96  1440023  2U1.20 2 4 - 3 0  

... 

from Group 111-D t e s t s  

YVEL HEAT tIEAT U A :  UA COIF? HT-SAT DELTA CQHP TCOtiP %: 3393.  3311. 97 .38  132 .17  1490.39  143 .10  2 3 . 1 3  
H2O LOAD FLUX CALL SAY’ 

5.00 7888. 7599-  223 .48  301 .97  1430.57  3 7 9 - 6 4  2 0 . 0 2  



W A.3 Pats bitt ing 

Perforasnce data obtained with the OWL twbt\l^be condenser aoring 
43roaps X-A, I-& 111-B, IIX-9, and Y t e s t s  (see .Table 2.2) are documented 
i n  Tables A.1-A.S. respectively. 

umputer code rhown in  Sect. A.1.  

The information Vat generated %y tho 





f i b l o  A . l  (ooatinwd) 

TUBE 
TUBE 

INLET OUTLET AVO TEMP TV- TS- H20 PVBL HEAT HEAT U A  rJ A COBPP HT.SAT DELTA 
TElP TKMP TtHP RISE TAVG TAVG PLOU PT/S LOAD ?LUX CALC SAT 820 COdP TCOID 

1 58.74 62.66 60.70 3.91 59.77 36.11 2.37 4.99 4624. 4511. 77.35 128.06 1414.83 139.04 32.4U 
2 58.66 62.45 60.55 3.79 59.92 36.25 2.38 5-00 0490. 4381. 74.93 123.85 1415.80 133.97 32.79 

--_-----------------________________u___------------------------------------------------------------- 

LM03-16-78lhA -5P V I P O R  SAT. TlAVG- PIIEAS BEATER ------ BARBER-NICHOLS------ 

120.89 96.81 0.09 54.0 0.  0.0 0.0 0.0 
TElP T E l P  T2AVG PSIG VOLTS PUESSURE TOUTLET TINLET 

INLET OUTLET AVG TEUP TV- TS- 820 PVBL HEAT BEAT U A  U A  COEP? RT.SkT DELTA 
TBlP TtnP TENP RISE TAVG TAVG PLOW FT/S LOAD FLUX CALC SAT 1120 CORP TCOHF 

TOBE 1 56-79 62.75 60.77 3.96 60.13 36.04 2.37 4.99 4677. 4563. 77.78 129.77 1415.49 141.10 32.34 
TOBt 2 58-75 62-66 60-67 3-89 60.22 36.13 2.38 5.00 4550. 4439- 75.56 125.93 1417.01 136.45 32.53 

V A P O R  SAT. T l A V G -  PllEAS HEAT= ------8ARBER-N ICtlOLS------ 
TXlP T E l P  T2AIG PSIG VOLTS PRBSSURE TOUTLET TINLET 

126.50 102.45 0.16 60.0 0. 62.0 192.40 0.0 

IULET OUTLET AVG TEMP TV- TS- 820 UVEL HEAT BEAT U A  UA COEPP BT.SAT 
H20 COBP TBHP TERP TEMP RISE TAVG TAVG PLOW PT/S LOAD n o x  CALC SAT 

TUBE 1 63.59 67.52 65-55 3.93 60.85 36.90 2.37 4.99 4640. 4527. 76.26 125.73 1462.73 135.75 
TUBE 2 63.47 67.31 65.39 3.83 61.01 37.07 2.38 5.00 4540. 4429. 74.41 122.48 1463.63 131.86 

DELTA 
TCOHP 
33.35 
33.59 ----------------_---------------------------------------------------------------------------------- 

WO3-17-78AA-1 OA VAPOR SAT. TlAVG-  PlEAS HEATEE -----BARBER-NICHOLS------- 

0.0 
TElP TElP T2AVG PSI6 VOLTS PRESSURE TOUTLET TINLET 

245.00 140.20 102.45 0.19 60. 0 0. 62.0 

TUBE 
TUBE 

UL COEIF .HT.SAT DELTA InLm OUTLET AVG TEUP TI- TS- 820 YVEL HEAT HEAT U A  
TElP TBlP TElP BISIl TAVG TAVG ?LOR FT/S LOAD FLUX CALC SAT H2O CO9P TCOUP 

2 64.38 68.22 66.30 3.84 73.90 36.16 2.38 5.00 4545. 4434. 61.50 125.71 1472.61 135.63 32.70 
1 64.52 68.45 66.48 3.93 73.72 35.97 2.37 4.99 4645. 4532. 63.01 129.14 1471.93 139.73 32-43 

-- -------~------------------------------------------------------*---------------------------- 
tU03-17-7811 -1 1 A  V A P O R  SAT. TlAVG- PMlAS HBATEE -----8ARB~-NICHOLS------ 

TElP TEMP T2AVG PSIG VOLTS PRESSURE TOUTLET TINLET 
132.97 99.67 0.15 57.0 0. 78.0 190.00 0.0 

INLET OUTLET AVG TEMP TV- T S- E20 YVEL HEAT HEAT U A  UA COEPF AT.SAT DELTA 
T E l P  TElP TBlP BISE TAVG TAVG ?LOU PT/S LOAD FLUX CALC SAT E20 COUP TCOHP 

TUBE 1 66-62 68-48 66.65 3-65 66.32 33.02 2.37 4.99 4323. 4217. 65.18 130.90 1473.55 141.93 29-70 
TUBE 2 64.70 66-29 66.50 3.59 66.47 33.17 2.38 5-00 4248. 4145. 63.91 128.06 1474.59 138.41 29-95 

---~------_I_--_--c-___-__-_-_I_-_________________u__------------------------_---------_------ 

tl03-17-7811 - l l A  VAPOB SAT- TlAVG- PHEAS llEATER ------8ARBER-HIC8OLS------- 
TERP TEMP T2AVG PSIG VOLTS PRESSURE TOUTLET TINLET 

136.34 101.54 0-12 59.0 0. 62.0 207.80 0.0 

eh 
P 



c c 
Table A.1 ( conthud)  _--- ---.------.-----*-----.------.--------.------.------------------------------------..-------------.---- 

7AWB SAT. TlATG- PIEAS BEATER ----BA~B88-NICEOLS------ tlO3-17-78AA -3P 
TERP ?ElP T2AIG PSI0 VOLTS PRESSURE TOUTLET TINLET 

118.41 94-84 0.10 52-0 0. 52.0 196.00 0.0 

Ill&= OUTLET AVG TZlP TT- TS- E20 WBL BBAT B t A ?  U A  UA COEFP BT.SAT DELTA 
TEMP T t l P  T t l P  RISE FATO TAtC PLOW FT/S LOAD FLUX CALC SAT n20 cow TCONF 

2UBE 1 65.78 68-15 67.27 2-97 51.15 27.58 2.37 4.99 3511. 3425. 68-64 127.30 1479.63 137.45 24.92 
TUBt 2 65-72 68.62 67-17 2.89 51-24 27.68 2-38 5.00 3427- 3344. 66.88 123.83 1481.20 133.30 25.08 

---.---i--.--*---.-.----------------------_-uu------r------.-------------------,-----,---,----- 

1103-17-78AA -3P VAPOR SAT. TlAVG- PlBAS BEATtB -----BARB IR-N ICBOLS------ 
TElP TEMP T2AVG PSIG VOLTS PRESSURE TOUTLET TINLET 

115.71 93.85 0-01 51.0 0. 52.0 162.00 0.0 

INLET OOTLET AYG TEMP TV- TS- E20 PVlL BEAT BEAT UA UA COEW BT.SAT DELTA 
TElP TEnP TEMP RISE TAVG T A I G  ?LOP FT/S LOAD FLUX CALC SAT RZO C O l P  TCONE 

TOBE 1 66-62 69.46 68.04 2-84 47.67 25.81 2-37 4.99 3351. 3270. 70.30 129.85 1487.24 140.43 23.28 
TOBE 2 66.64 69-42 68.03 2-79 47.68 25.82 2-38 5 0 0  3299- 3218- 69-18 127.76 1489.69 137.90 23.34 

- ~ - - - ~ - - - . - - . I - - . - - ~ - - - - - - - - u - - - ~ - - - - ~ - . - - - - - - ~ ~ ~ ~ ~ ~ - - - ~ - . ~ - - - - - - - - - - ~ - - - ~ - ~ - - - - - - - - - - - - ~ -  

BARBER-NICHOLS------ t103-17-78AA -4P TAPOR SAT. TlAVG- PItAS BEATER ---- 
TBlP TElP T2AVG PSlG VOLTS PRESSURE TOUTLET TIHLET 

117-62 95.83 0-03 53.0 0. 54.0 210.00 0.0 

INLET OUTLET a16 TEUP TV- TS- E20 PVEL BEAT HEAT UA UA COEP? BT.SAT DELTA 
T t l P  T l l P  TElP RISE TAVG TAVG FLOP PT/S LOAD FLUX CALC SAT 820 conp TCONP 

TUBE 1 67-69 70-68 69.18 2-99 48.44 26.65 2.37 4-99 3528. 3442- 72.83 132.39 1498.52 143.36 24.01 
TUB% 2 67-68 70-62 69.15 2-94 48.47 26.68 2.38 5.00 3480. 3395. 71-80 130.46 1500.78 141.02 24.08 
-----------.-------------'--------------------------------------~------------------ 

tlO3-17-78AA -4P VAPOR SAT. TlAVG- PHEAS REAT88 ------BARBEB-NICEOLS------ 
TERP ZElP T2ATG PSIG TOLTS PRISSUBE TOUTLET TINLB2 

129063 102.45 0.08 60.0 O., 60.0 220.00 0.0 

INLET OUTLET A7G TElP T I -  TS- E20 WIEL BEAT HEAT UA UA COEFr HT.SAT DELTA 
TERP TEllP TElP RISE TATG TATG FLOW FT/S LOAD FLUX CALC SAT E20 cone TCONF 

TUBE t 68.95 72-09 70.72 3-54 58-90 31.13 2.37 4.99 4179. 4018. 70.95 131.71 1513.66 182.39 28-64 
TUEE 2 68.91 72-30 70.65 3.47 58.98 31.81 2.38 5.00 4105. 4005. 69.60 129.06 1515.50 139.20 28.77 

1103-17-78AA -5P VAPOR SAT. T l A V G -  PIEAS EEAPER 

120.70 100.61 0.08 58.0 0. 
TEMP TElP T2AIG PSIG VOLTS 

~- 

---1, EA BEER-N IC EOLS------ 
PRESSURE TOUTLIT TIHLET 

0.0 0.0 0.0 



_ 

?APOR SAT. T11VG- PICAS 
TEaP T E I P  T2AVG PSIG 

117.45 0.0 0.09 0-0  

I N L E T  OUTLET IVC TEDP TV- TS- mzo 
TEDP TEllP TEMP RISE TAVC TAVG PLOW 

TUBE 2 63-72 67-65 65.58 3-74 51.86 -65.58 3.03 
TUBE 1 64-12 67-22 65-67 3-11 51-77 -65-67 2-37 

BEATER ---- SARBGB-RfCIOLS------ 
VOLTS PEESSURE TOUTLET TXNLET 

6 0. 0.0 0.0 0.0 

PYPL HEAT HEAT OA UA COdP? HT-SAT DELTA 

4.99 3669. 3580. 70.87 -55.87 1463.91 -52.27 **I** 
5.00 5631. 5425. 108.58 -85.86 1400.94 -77.46 I**** 

PTlS  LOAD FLUX CALC SA? 1 ~ 2 0  cone TCOUP 

~ ~_ _~ 

LU03-20-78AP - l l A  VAPOR SAT. TlAVG- PHEAS 
T EUP TEHP TZAVG P S I 6  

126.22 0.0 -0.03 0.0 

INLXT OUTLET A V 6  T E l P  TV- TS- HZO 
TEHP TEMP TEMP B I S E  TAVG TAVG FLOW 

TUBE 2 64.42 68.61 66.51 4.18 59.70 -66.51 3.03 
TUBE 1 64.79 68.17 66-08 3.39 59.74 -66.48 2.37 

VAPOR SAT. TlAVG- PIEAS EEATER 

127.20 97.77 -0.00 55-0 54. 
TEIP  T E l P  T2AVG PSIG VOLTS 

-----BA RBER-N IC EOLS------ 
PRESSURE TOUTLET TIWLET 

55.0 121.70 0.0 

INLET OUTLET 
TEHP TENP 

TUBE 1 65.15 68.55 
TUBE 2 64.77 68.98 

El03-20-78Al - 1111 

REATEB -----EA BBEK- H ICROL S------ 
90LTS PRESSURE TOUZLET TINLET 

St. 0.0 0.0 0.0 

Y V E L  HEhT HEAT U A  UA COE?? HT.SAP DELTA 
PT/S LOAD FLUX CALC SAT 820 cow TCOME 
4.99 3999. 3902. 66.95 -60.16 1471-86 -56.12 ***** 
5.00 6304. 6073. 105.59 -94.78 1409.71 -89-98 **I** 

AYG r t n p  TV- TS- A20 
T E l P  RISE TAVG TAVG FLOP 
66.68 3.40 60.53 31.10 2.37 
66.68 9-18 60.53 31.10 3.03 
--------I-------------------- 

VAPOR SAT. TlAVG- PIEAS 
TERP TEUP T2AVG PSIG 

128.21 98.73 -0.02 56.0 

AVG TERP TV- TS- 820 
TEUP BISE TAVG TAVG FLOP 
66.85 3.40 61.36 31.87 2.37 
66.88 9-20 61.33 31.85 3.03 
-------------I---------------- 

9APOR SAT. TlAVG- PHZAS 
TENP TERP T2AVG PSIG 

129.90 97.77 0.02 55.0 

COE?F ET.SAT DELTA YVEL EEAT HEAT U A  0 1  

6-99 4018. 3920. 66-38 129.21 1473081 139.80 28-08 
5.00 6301- 6071. 104.11 202-64 1411.24 232.13 26.15 

PT/S LOAD PLOX CALC SAT 120 COUP TCOHP 

.--------------__--------~----_-_-_-----_-------*----- 
BEATER ----BARB BE- II ICIOLS------ 

VOLTS PRESSUBB TOWTLCT TINLET 
54. 0.0 0.0 0.0 

WVEL BEAT HEAT UA U A  Cog?? BT.SA1 DELTA 
PT/S LOAD FLUX CALC SAT 820 COIlP TCOIE 

5.00 6332. 6101. 103.24 198.81 1413.13 226.87 26.89 

BEATER ------EARBEE-AfCROLS------ 
VOLTS PRESSURE TOUTLET TINLET 

54. 0.0 0.0 0.0 

4.99 4023- 3925. 65.56 126.20 1475.55 136.18 28.82 

.------__------------------------------------------------ 

INLET OUTLET AVG TEUP TV- TS- A20 WVEL HEAT BEAT UA Q A  CDEFF RT.SAT DELTA 
TERP T E l P  TEUP BISE TAVG TAVG PLOW FT/S LOAD FLUX CALC SAT 820 COHP TCOUP 

'IDBE 1 65.48 69.09 67.29 3.61 62.61 30.48 2.37 4.99 4268. 4164. 68.17 140.02 1473.84 152.81 27.25 
TUBE 2 65.09 69-94 67.26 4.35 62.64 30.51 3.03 5.00 6559. 6319. 104.72 21S.01 1416-80 248.98 25.38 

_ _ _  

P103-20-78AP -121 VAPOR SAT. TlAVG- PUEAS 
T TEMP T2AVG PSIG 

135.10 99.67 -0.03 57.0 

INLET OUTLET AVG TEUP TV- TS- H2O 
T E l P  TENP TEMP BISE TAVG TAVG PLOW 

TUBE 1 65.60 69.08 67.34 3.48 67.76 32.33 2.37 
TUBE 2 65.16 69-59 67.37 4-43 67.73 32.30 3.03 --------------------------_------------------------ 



e 

TUBE 
IOBI 

WE?? IfT-SAT DBLSA mum WXLIGT AVG TEUP TV- TS- If20 PVEL EEAT BEIT OA OA 
TEMP TBUP TBUP RISE TAVG TAVG ?LOP PT/S LOAD FLUX CALC SAT If20 COlP TCOIP 

2 65.48 69-93 67-71. 1.415 72.84 32-90 3.03 5-00 6700. 6455. 91-99 203.64 1420.96 233.18 27.68 
1 65-69 69-45 67.67 3.56 72.87 32.94 2-31 4.99 4206. 1109. 57-72 127.69 1483.58 137.88 29-76 

----- --------- -----__------------_-_I-------------------__--_ -- 
~ ~ 0 3 - 2 0 - 7 e ~ r  -3e VAPOR SAT. ~ i ~ t 6 -  pnms  BEATER -I- BARBEB-MICBOLS------ 

T W P  TCUP T U V 6  P S I 6  VOLTS PRESSURE TOOTLET TIMLET 
99.09 100-61 -0.01 58.0 5% 61.0 112.80 0.0 

OOTLBT AtG T R I P  Tf- TS- 820 OVBL BEAT RBIT UA UA COIF? ELSAT DELTA 

69.81 68.08 3446 31-01 32.53 2.37 4.99 4093. 3993. 132.00 125.83 1487.67 135.61 29.44 
TEMP lBMP RISE TAVG TAVG R O U  ?T/S LOAD R U X  CALC SAT 820 COlP TCOBP 

0.99 32.51 3.03 5.00 6410. 6176, 206.85 197.17 1e24.65 224.33 27.53 --------- --___-------------------------- 
8103-20-78AP -3P VAPOR SAT. ?lAVG- PIEAS BEATER --BARBER-NICHOLS------ 

rim TBUP TZAVG PSIG VOLTS PRESSURE TOUTLET TINLET 
118.41 100.61 0.02 58.0 65, 61 0.0 

ISLET OUTLET AV6 TEUP TV- TS- 820 IIVEL HEAT RBAT COEFP BT-SAT DELTA 
TEUP TBIP  TEEIP RISE TAT6 TAW FLOS Pr/S LOAD FLUX HZO COUP TCOlP 

TUBB 1 61-09 70.55 68-02 3.46 29-59 31.79 2.37 4-99 4082. 3983. 82.32 128.42 1499.94 138.64 28-73 
TUBE 2 66.65 70-94 68-60 1)-29 99-61 31.81 3.03 5.00 6463, 6227. 130.27 203.19 1431.26 232.25 26-81 

-----____I ---.---.--c-------------------------- -- --- 
6L103-20-78AP -3P VAWB SIT. TlAVG- PMEAS BBATEB -----BARB EB- N I C  BOL S------ 

T E I P  2'BIP 92116 PSfG VOLTS PEBSSURE TOUTLET T I I L I T  
65. 60.0 187.60 232.00 

rnLm . OUTLET A R2O RVEL REAT EEAT U A  WA COIPP BT.SAT DELTA 
TEMP T E I P  211 ?T/S LOID ?LUX CALC SAT 820 COUP TCOOE 
67.51 71-13 69.32 3.62 53-98 33.14 2.37 4.99 4277. 4172. 79.96 129.05 1499.81 139.34 29.99 
67.07 71.56 69.32 $049 53.48 33.11 3-03 5-00 6765. 6517. 126.49 204.15 1436.17 233.41 27.92 

1103-20-78~~ -SP AT. TIAVG- PIEAS EEATEE --- BIBBEE-I ICBOL S----- 
T I l P  T2AVG PSI0 VOLTS PRISSWB TOUTLET "INLET 

58.0 65. 60.0 167.50 0.0 

Inim OOTLET A TS- e20 n v m  HEAT BEAT UA UA WE?F BT.S&T DBLTA 
TEBP TEHP T E I P  RISE TAVG T I 9 6  PLOY ?T/S LOAD FLUX CALC SAT 820 COUP TCOHP 

7-06 71.22 69.54 3.36 52.07 31.07 2.37 4.99 3967. 3870. 76.19 127.67 1501.99 137.68 28.11 
TUBE 2 67-44 7106% 69.54 4-20 52-06 37-07 3-03 5-00 6332. 6100. 121.62 203.82 1438.29 232.90 26-19 

--____-_-------_I-___l_____l__________------------------------ ----- --- 
~ n 0 3 - 2 0 - 7 8 ~ ~  -4e V H O R  SAT. 21AVG-  PHEAS BEATER ----BABBEB-NIC8OLS----- 

TEHP TBIP TZAVG P S I 0  VOLTS PRESSORE TOUTLET TXILET 
119-21 99.67 0-03 57.0 65. 60.0 153-00 216.00 

I l l L f i  OOTLIT AV6 ?ZIP  TV- TS- 820 YVBL m a T  RBAT U A  UA COEFP HT.SAl' DELTA 
TBOP TE8P TBIP  RISE TAVG T11G PLOY PT/S SOAD PLOX CILC SAT 1120 COUP T C O ~ F  

2 U B E  1 67.97 71.29 69.63 3.32 49.59 30.04 2.37 9-99 3917. 3822. 79.00 130.38 1502.89 140.90 27.12 
FUBE 2 67-53 71.65 69-59 1.12 99.62 30.08 3.03 5-00 6207- 5980. 125.10 206.37 1438-77 236.35 25.30 -_-----------------------------------------___---------------------------- ---- -- 



Table A.1 (8ontinr.d) 

-~ 

ER03-20-78A2 -4P VAPOR SAT. TlAVG- PREAS HEATEB ------ BARBEE-NIC€IOLS------ 

115.43 98.73 -0.05 56.0 59. 58.0 136.00 202.00 
TEMP TERP T 2 A V G  PSIG VOLTS PRESSURE TOUTLET TIWLET 

IULET WTLE? AVG T M P  TV- TS- 820 WVEL BEAT 
TERP TERP ZERP RISE TAVG TAVG PLOW ?T/S LOAD 

TUB6 1 68.09 71.31 69.70 3.21 45.73 29.03 2.37 4.99 3797. 
TBEB 2 67.73 71.77 69.75 4.04 45.68 28.98 3.03 5.00 6084. 

EMO3-20-78AF -4P TAPOB SAT. TlATG- PlEAS HEATER 

110.16 99.67 0.00 57.0 - 62. 

_---------------------------------------------I- 

T EBP TEW? T2AV6 PSIG VOLTS 

BEAT OA U A  COE?F 8T.SAT DELTA 

3705. 83.05 130.82 1503.59 141.42 26.20 
5861. 133.20 209.96 1440.23 241.20 24.30 

r i u x  CALC SAT 1120 cow TconE 

-----EAEEEB-UICROLS------ 
PBESSUBE TOUTLET TINLET 

58.0 134.00 0.0 

INLET OUTLET AT6 TZHP TV- TS-  620 PTBL HEAT RBAT O A  UA COEPF 8T.SAT DELTA 
TBRP TEBP TERP RISE TAVG TAVG ?LOP ?LT/S LOAD FLUX CALC SAT 620 cow rcone 

TUBE ? 68.47 71-53 70.00 3.06 40.16 29.67 2-37 4.99 3615. 3527- 90.01 121.82 1506.53 130.70 26.99 
TUBB 2 68.07 71.92 70.00 3.86 40.17 29.68 3-03 5.00 5809. 5596. 144.61 195.72 1442.54 221.89 25-22 

----_I----------------____________________----------------------i---_-------------------- 

1103-20-7811 - 4 ~  VAPOR SAT. TlAVG- PIEAS HEATER -----EARBEE-NICIIOLS----- 

0.0 
TERP T l l P  T2AVG PSIG VOLTS PBBSSUBE TOUTLET TINLET 

125.00 107.18 96.81 0.06 54.0 62. 56.0 

INLET OUTLEY AVG TERP TV- TS- 820 UVBt BEAT BEAT UA UA COEFF RT.SAL1 DELTA 
TERP TEMP TERP BISE TAVG TAVG FLOW ?T/S LOAD FLUX CALC SAT 820 COUP TCOllP 

TUEB 2 67.94 71-61 69.77 3.68 37.41 27.03 3.03 5.00 5543. 5340- 148.17 205.04 1440.47 234.49 22.77 
TUBE 1 68.36 71.30 69-83 2.93 37.35 26.98 2.37 4.99 3463. 3379. 92.72 128.39 1508.88 138.51 24-00 

EM03-20-78AF -5P TAPOR SALT. T l A T b  PREAS REATBR ----- EAEEW-U ICROLS------ 

103.97 96-81 0.00 54.0 56. 55.0 125.00 0.0 
TEMP TERP T2AVG PSIG VOLTS PBESSUBE TOUTLET T I l l L E l  

IULET OUTLET AVG TERP TT- TS- a20 PVEL HEAT BEAT U A  ITA C O E I l  8T.SAT DELTA 
TERP ZB!fP TEMP R I S E  TAVG TAT6 ?LOP p r / S  LOID FLUX CALC SAT R2O CORP TCORP 

TUBE t 67-62 70.52 69.07 2.90 34.90 27-74 2.37 4.99 3428. 3345. 98.23 123.59 1497.38 132.86 25.17 
TUBE 2 67.26 70.87 69.06 3-62 34.90 27.74 3.03 5.00 5447. 5248. 156.07 196-35 1433.78 222.97 23.54 

-I_--------------____I___________u___---------------------------- --- 

c 



Tablo A.1 (oont i rud)  

--------------------------- ----------------------I------ --- 
E80 3-21-78lP'f 9A SAT. TlATG- PBES EEATBII ----- BALBBIIB-tiICEOLS------ 

ZEIP T2ATG PSIG TOLTS PRESSURE TOUTLET TIRLET 
92.84 -0.32 50.0 0. 0.0 0.0 0.0 

IILm OUTLBT ATG TEMP TV- TS- 820 W Y n  REAT EEAT OA UA mEFF BT.SAT DELTA 
TMP TEnP Tine  RISE TAVG TATG n o w  m/s LOAD FLUX CAW SAT 820 cow T C O ~ P  

TOW 1 66.92 69.28 68-10 2-37 30.34 24-71 2.37 4.99 2794. 2726. 92.11 112.97 1487.87 120.46 22.63 
TUBS 2 66-76 70-15 68-92 3-95 30-02 24-42 3.03 5-00 5192. 5002. 172.98 212.67 1427-72 245.35 20-39 

-_Iu -&--------------------- ------.---.-----L-------------------------- 

1103-21-78AP3-9A VAPOR SAT. TlAT6- PBEAS EEAXEE -----BARBER-RICEOLS------ 
TWP TEBP TZATG PSfG TOL?S PRESSOBI! TOUTLET TIBLST 
99-21 93.85 -0.04 51.0 58. 0.0 0.0 0.0 

TUBE 
TUBE 

XULET OUJ!LlST A16 TEMP TT- T S -  620 IYEL AEAT BEAT UA UA COEPF RT.SAT DELTA 
TEBP TEnP Ttne RISB TATG TATG now n/s LOAD FLUX CALC SAT 820 COlP TCOOF 

1 66-80 69-?8 67-99 2-36 31-22 25-86 2.37 4.99 2809- 2741. 89.99 108.65 1486.76 115.46 23.74 
2 66.26 69.01 68-03 3-56 31-17 25.81 3-03 5.00 5357- 5160. 171.83 207.51 1924.06 238.37 21.65 ----- ----~-------__------------~-------------- --- 

ERO3-21-78AP3- 1 O A  TlAY6- PBEAS BEATER ----EA RE BB- NICHOLS------ 
T2AYG PSIG TOLTS PBESSUBB TOUTLET TIHLET 

103.03 0.0 -0-05 0.0 75. 0.0 0.0 0.0 

IIILZT OCtTlaX AT6 TERP TY- TS- 
?SIP TERP iERP RISB T A t G  TAYG 

TUBE 1 65-11 67-65"  66.51 2.68 36-52 -66.51 
TUBE 2 64-17 6806I 66.56 4.17 36-47 -66.56 

----------------_I 

EE03-21-78AF3- 1P YSPOf! SAT. TlATG- 
r t n p  TElP T2ATG 

101-83 0.0 -0.01 

E20 wTEL BEAT BEAT 11A UA coxm ET.SAT DELTA 
n o w  -1s LOAD FLUX caw SAT 820 COW TCONP 
2.37 4.99 3166. 30890 86.69 -97.60 1472.14 -44.82 *e*** 
L O 3  5-00 6283. 60530 172.28 -94.40 1410.13 -84.66 ***** 

---------I------------_-------------- --- 
PEEAS EXATEE -E& RBER-NICROLS------ 

PSfG TOLTS PRESSUBB TOUTLET TIBLET 
0.0 80. 0.0 0.0 0.0 

TUBE 
TUBE 

InZlE 00- AT6 TLlD T P  TS- E20 WTEL EBAT A I A T  UA UA CDEFF ET-SAT DELTl  
T l l P  TBllP TEBP RISE TAYG TAVG FLOW FT/S LOAD FLUX CALC SAT 820 cone zconp 

1 69.66 67.60 66.13 2-94 35-70 -66.13 2.37 4-99 3475. 3390. 93-34 -52.55 1468.40 -49.29 *+**+ 
2 63-91 68.37 66.14 4-*6 35-69 -66.14 3.03 5.00 6717. 6471. 188.21 *****+ 1406.18 -90.60 ***+* 

-ui--- ----.-----.II.--.----.------..--L---.---h--.-----.---------- 

1103-21-78AF'flP YAFOR SAT. TlATG- PBEAS EEATSR ---B&RBW-RfCBOLS------ 
i T r n  TERP T2ATG PSI0 TOLTS PRESSUBB TOUTLET TIBLE? 

109046 96.81 0.00 54.0 82. 55.0 165.00 0.0 

I R t f i  OUTLln A t 0  TERP TY- TS- E20 WVEL BEAT RELT UA UA a m r  BT.SAT DELTA 
TsnP Ttne  TERP RISE TAW TATG now -1s LOAD n u x  c a ~ c  SAT E20 COllP TCOlP  

.TUBE 2 64.08 69.08 66.58 5-00 4 2 8 7  30-23 3-93 5.00 7539, 7263. 175.83 249.41 1410.35 298.78 28.31 

EU03-21-78A13-2P TAPOR SAT. TlAV'6- PLlEAS REATEa -----BAEBBB-IICROLS------ 

TUBE 1 69.90 68.27 66.59 ' 3.38 42.87 30.22 2-37 4-99 3988. 3891. 93.03 131.97 1472.92 143.13 27.19 

---.-----.I------.-----------.--------- -----u_-------------__________I_____ -- 
TErlP TXRP T2ATG PSI6 VOLTS PRESSURS TOUTLET T I l l 1 1 T  

111-51 96-81 -0.06 54.0 92. 55.0 165.00 0.0 

Il lLlE OUfLtz AT0 TEnP T t -  TS- H Z 0  WTBL HE&T HEAT U A  OA COEPF ET-SA21 DELTA 
820 COHP TCOllF TSBP T m p  zEnp RBI TAYG TATG n o w  PT/S LOAD FLUX CALC SAT 

TUBl  1 65-52 .  69.01 67-26 3.49 49-25 29.55 L37 4-99 9125- 4025, 93-24 139.63 1479.59 152.34 26.42 
TOBE 2 64-67 69.98 67-32 5.31 94-18 29.48 3-93 5-00 7995- 7703. 180.96 211.19 1417.36 331.98 23-20 

-.-------------c-------------------------------.-------------------------- 



Tebh A.1 (oontinmd) 

IHLm OUTLET AVG TEUP TV- TS- n20 
TSUP TElP TEHP RISE TAVG TAVG FLOU 

TUBE 1 65.89 69.42 67.65 3.53 44.46 30.12 2.37 
TUBE 2 64.91 70.32 67.62 5.41 44-50 30.15 3.03 

1~03-21-781m-z~ VaPOB SAT. TlAVG- PUEAS 
-YI------------------------------- 

TEUP TEUP T2AVG PSI0 
115.00 98.73 -0.00 56.0 

YVEL BEAT BEAT U A  U A  COBFP BT.SAT DBLTA 

4.99 4173. 4071. 93-85 138.54 1483.44 150.97 26.97 
PT/S LOAD rLux CALC SAT 1120 COUP TCOUP 

5.00 8152. 7853. 183.20 270.35 1420-14 330.00 23.80 -------------------------------------- -- 
HEAT= --- B A RB EB-If I C  HOLS------ 

VOLTS PRESSORE TOUTLET TIHLET 
102. 58.0 222.00 0.0 

IHLET OUTLET AVG TEUP TV- TS- 920 UVEL HBAT KEAT U A  UA COEPF BT.SAT DELTA 
m n p  TEUP TEUP RISE 'TAVG TAVG PLOU FT/S LOAD FLUX CALC SAT 920 cone TCOMP 

TUBE 2 65.78 71.32 68.55 5.54 06.45 3o.m 3.03 5.00 8339. 8030. 179.53 276.30 1428.93 338.76 23-77. 
TUBE 1 66.76 70.33 66-55 3.57 46.45 30.18 2-37 4.99 4214. 4111. 90.73 139.64 1492.26 152.20 27.01 

INLZT OUTLET 
TBHP TEUP 

TUBE 2 66-03 70.85 
TUBB 1 66.98 69-87 

VAWE SAT. TlA9G- PBEAS BEATXB 
?EHP TBHP T2AVG PSI6 VOLTS 

119.71 98.73 -0.03 56.0 102. 

AVG TEIP TV- TS- 820 
TEUP BISE TAV6 TAV6 PLOH 
68-80 3.61 50.91 29.92 2.37 
68.83 5.60 50-88 29-89 3.03 ---------------- 

VAPOR SAT. TlAVG-  PUEAS 
TESP TEUP T2AVG PSIG 

110.60 91.82 -0.01 49.0 

UVEL HEAT 
FT/S LOAD 
4.39 4261. 
5.00 8441. 

HEATER 
VOLTS 
100. 

---- 

AVG TEMP TV- TS- E20 SVEL HBAT 
TBHP RISE TAVG TAVG FLOW PT/S LOAD 
68.43 2.89 42.17 23.39 2.37 4.99 34111. 
68-84 4-82 Y2.16 23-37 3-03 5.00 7263. 

----BARB BR-N ICBOLS------ 
PRESSURE TOUTLET TIHLET 

58.0 225.00 0.0 

BKAT UA U A  COEPF BZ.$AT DSLTA 
rLux CALC SAT H2O COHP TCOUP 

8132. 165.90 282.37 1431.60 348.03 23.37 
4157. 83.70 142.40 1494.78 155.54 26-73 

----------------------------I- -- ----- BABBgB-HICBOLS------ 
PRESSURE TOUTLET TINLBT 

51.0 201,oo 0.0 

HEAT U A  ua COEFF HT.SAT DELTA 
FLUX CALC SAT 820 CONP TCOllP 
3330. 80.95 145.96 1091.08 159.95 20.82 
6997. 172.29 310.74 1427.91 394.39 17.74 

iiUO3-22-78AF3- 1 O A  

IHLET OUTLEZ 
TEUP TElP 

TUBE 1 62.38 65.66 
TUBE 2 61.41 66-65 

-I------------ 

BHOf22-78123-10A 

VAPOR SAT. T1AV6- PlEAS 
TEUP TEUP T2AVG PSIG 
96.81 91.82 -0.01 49.0 

AVG TEMP TV- TS- 1120 
TEUP RISE TAVG TAVG PLOU 
64.02 3.29 32.79 27-79 2.37 
60-03 5-24 32-78 27.79 3.03 

.------------I---------- 

VAPOR SAT- TlAVG- PUEU 
T B!P TBUP T2AVG PSIG 

100.17 92.84 -0.03 50. 0 

BEATER 
VOLTS 

98. 

PVEL BEAT 
PT/S LOAD 

5-00 7895. 

BEATER 
TOLTS 
100. 

a-99 3883. 

-----I- 

---- BARBER-NICEOLS----- 
PRESSURE TOUTLET TIllLET 

52. 0 148.00 220.00 

HEAT U A  UA COEFF BT.$AT DELTA 

3788. 118.41 139.70 1447.63 152.83 24.79 
7606. 240.83 284.12 1386-25 354.06 21.48 

FLUX CALC SAT 1.120 COUP TCOUP 

--------I-------------------------------- 

---I- BABBEE-NICBOLS------ 
PRESSURE TOUTLET TINLBT 

53.0 170.00 240.00 

11ILET OUTLET AVG TEUP TV- TS- 820 BVEL BEAT BEAT U A  UA COZF? ET. Slf DELTA 
TEUP TEMP TEUP RISE TAVG TAVG FLOP 2T/S LOAD FLUX CALC SAT 920 COUP TCOUP 

9UBE 1 62.26 65.66 63.96 3.40 36.21 28-88 2.37 4.99 4016. 3918. 110.91 139.07 1446.99 152.06 25.77 
TOBE 2 61.25 66.72 63.99 5-47 36.19 28.85 3.03 5.00 8242. 7941. 227.78 285.68 1385083 356-61 22-27 

-----------_uI-----__________________I-_I------1---1----------_--------------------------- 



Tablo A.1 (roatinuod) 

---- ---~--LI.---3-----------------~-----I-------I----.---*---------- -- 
~ 1 1 0 ~ 2 2 - 7 8 ~ r 4 - i o i i  VAPOR SAT- TlAVG- PIEAS BEATLZBB ----BARBBB-llICXOLS--~--- 

TElP  ZERP T2AV6 PSIG VOLTS PRBSSWBI TOUTLET TIHLET 
105.00 93-05 -0.02 51.0 103. 54.0 191.00 260.00 

TI- TS- 820 @PEL 0EAT BEAT 0 1  WA COIPF RT.SAT DELTll 
TAVG TATG  LOP FTIS LOAD ~ L W X  caw SAT 820 com TCOBP 
48-18 29.63 2-37 4.99 4120. 4020. 101.04 139.07 1449.58 152.03 26.44 
40.76 29.61 3.03 5-00 8473- 8163. 207.88 286-16 1388.20 357.21 22685 

--EA RE €3-I IC ROLS------ 
PRESSWE TOUTLET TINLET 

170*00 240-00 

COEl'F EXSAT DELTA 
TEMP TEBF TERP 

PRESSURE TOUTLET TIBLET 
gad81 -0.07 50-0 10 183.00 260.00 

COErP BI-SAT DELTl 

-- 
--BABE ER-5 ICROLS------ 

137.00 220-00 

REAT BEAT OA 01 corn RT.SAT DELTA 

--BARB ER-IICAOLS------ 

130.00 220-00 

820 WEL BEAT BBAT WA 01 CbSl'P RT-SAT DELTA 

%WEE 2 66-79 66-04 . 63-42 5-24 31.66 360r(3 3.03 L O O  790f-  7612. 249.52 259.63 1380.45 315.90 24-09 
_ 

EEO3- 22-78 AF3-3P YAPOB SAQ- TlAt6- PllAS REATBR ~--B188ER-lfICBOLS------  
VEEP T t l P  T2AtG PSI0 VOLTS PRESSOR1 POWTLBT T f l l l t T  

1 0 2 5 5  88-68 0.08 46-0 105. 58.0 206.00 26OoOO 

IIWZ O V T U T  ATG TEIP TO- TS- E20 RtBL REAT EBAT 01 UA COEPP RT-SAT DELTA 

62.32 65.18 63-15 2-86 36-80 24-93 2-37 U.99 3376. 3293. 81-00 135.43 1444095 197.64 22.31 
TOEE 2 61.31 66-02 63-61 4-71 38-88 25.01 3.03 5-00 '7092. 6833- 182.40 283-59 1382.82 353.06 19.33 

TElP XERP TBlP RISE TAVG T1V6 FLOU FT/s LOAD PLUX CALC SAT 820 COUP TCOlF 

__L__- -II.--------.--~-II--.---------------------------------------- --- -- 



1103-22-78A13-3P 1 A P O B  SAT. T l A l G -  PMEAS BEATER 
TSlP TEIP T2AVG PSIG VOLTS 

103.33 88-68 -0.06 46.0 100. 

, XHLlT OUTLET A l G  TEIP Tl -  TS- R20 WlEL HEAT BEAT U A  UA COElP HT.SAT DELTA 
TBlP TEMP TlIP  RISE TAVG TAlG n O U  FT/S LOAD FLUX CALC SAT R20 conp Tcom 

TUBS 1 62.24 65.14 63-69 2.90 39.64 24.99 2.37 4.99 3421. 3337. 86.30 136.90 1449.34 149.44 22.33 
TUBE 2 61-39 66.16 63.75 4.83 39.58 24.93 3-03 5.00 7271. 7005- 183.71 291.70 1383.61 366.60 19.11 ---------------__----------------------------__---------------------------------------- 
mo 3- 22-78 am-3 P 1AWB SAT. T l A V G -  PREAS BEATER --e BARBER-IILdOLS------ 

TEIP T L l P  TZAVG PSIG 10LTS PRESSURE TOUTLET TIIILEZ 
lOL90 88.68 -0.07 46.0 100. 70.0 189.00 240.00 

I l L R  OUTLET A l G  T E I P  TV- T S- 820 WVtL BEAT BEAT UA UA COBOF BT.SAT DELTA 
T l l P  TEIP TBIP RISt TAlG T A l G  FLOU ?P/S LOAD FLUX CALC SAT' R20 COHP Tcone 

TUBE 1 62.65 65-51 64.10 2.89 39.80 24.58 2.37 4.99 3413. 3329. 65-71) 138.85 1448.39 151.77 21-94 
TUBE 2 61.75 66.59 64.17 9-84 99-73 24.50 3.03 5.00 7296. 7029. 183.64 297.74 1387.61 376.22 18.68 

-----------------------_---__________________I_----------------------------- 

EM0 3-22- 7 8Am-30 1APOE SAT. TlAVG-  PIEAS BEATER ----BARBER-l ICtlOLS------ 
TElP TElP T Z A l G  PSIG VOLTS PRBSSUBE TOUTLET TIULBT 

58, 0 186.00 240.00 46.0 103. 102.10 88.68 -0.03 

InLm OUTLET AW TEMP TV- PS- 820 WlEL HEAT BEAT O A  U A  amrr HT.SAT DELTA 
T E l P  TEIP T l l P  BISE TAIG TAlG ?LOR FP/S LOAD FLUX CALC SLT 820 COlP TCOlO 

TUBE 1 62.97 65.83 64.40 2.87 37.70 24.28 2.37 4.99 3386, 3303. 69.79 139.45 1451.35 152.47 21.66 
TUBE 2 62.01 66.85 64.43 4.84 37.67 24.25 3.03 5.00 7291- 7024. 193.53 300.69 1390.02 380.91 18.44 

1APOB SAT. TlAVG-  PIBAS BEATER ------EARBEB-N ICBOLS----- 
TENP V E l P  T2AVG PSIG VOLTS PXESSURE TOUTLET TIBLET 
98.28 87.60 0.01 45.0 105. 58.0 162.00 220.00 

TUBE 
TUBE 

IBLET OUTLET A l G  TEMP Tl- TS- E20 UVEL BEAT HEAT U A  UA COB?F HT.SAT DELTA 
TEMP TEIP TElP RISE T A l G  T A l G  ?LO11 PT/S LOAD FLUX CALC SAT . 820 COllP T C O l P  

1 63-23 65.99 64.61 2-76 33.67 22.99 2.37 4.99 3260, 3180, 96.81 141.78 1453.44 155.30 20.48 
2 62.25 66.95 64.60 4.70 33.68 23.00 3.03 5.00 7075- 6816- 210.05 307.57 1391.64 392.31 17.37 ---------------------~------------------------------------------------------------------- 

B I B B  ER-l  ICBOLS------- VAPOR SAT. TlAVG-  PlSAS BEATEB ----- EI03-22-78AP3-4P 
TERP TElP T2AIG PSIG VOLTS PRBSSUBE TOUTLET TIBLET 
93.61 87.60 -0.02 45.0 105, 70-0 166.00 220.00 

4 
H 

IHLET OUTLET AVG TBIP TV- TS- a20 a v m  BBAL~ REAT U A  UA COBIF HT.SAT DELTA 
TSlP TWP TEUP BfSI TAVG T A l G  PLOW PT/S LOAD FLUX CALC SAT ~ 2 0  conp Tcone 

TUBE 1 63-44 66-14 64.79 2.70 28082 22.81 2.37 4.99 3191. 3114- 110.79 139.88 1455.20 152.95 20.36 
TOES 2 62.e7 61-15 64.81 4.68 28.80 22.79 3.03 5.00 7047. 6789. 244.72 309.17 1393.63 394.82 17.19 

---.I-------u------.-------.-------.--.--------.I--------------u--------------.--- 



Q 
Table A.1 (ooatinud) 

--I_---------- ------------uIu--------_----------------------------- -- 
1103.23-7813 -1lA VAPOR SAT. TlAVG- PLJEAS BEATER ----BABBE3-lXCCOLS------ 

TERP T E l P  T2AVG PSXG VOLTS PRESSURE TOOTLET TIBLET 
104.75 94-84 0.00 52-0 20. 53.0 151.00 290.00 

I l L E T  OUTLtT AVG T tNP TV- TS- E20 SVBL HEAP BEAT O A  U A  amrr HT.SAT DELTA 
TELJP T E l P  TEUP BISE TAVG TAVG FLOU FT/S LOAD ?LUX CALC SAT 820 COHP TCQAP 

i O B t  1 62-26 65-43 63-05 3-17 40.90 31-00 2.37 4099 3740, 3648. 91.43 120.65 1445.91 129.85 28.10 
TOBE 2 62.02 65-68 63-85 3-66 40.90 31-00 3-03 5.00 5511- 5309, 134.73 177.78 1384.52 199.65 26.59 - --- --I_---------------- --------------------------,,----,-,,,- 
X163-23-78A? -1lA VAPDX SAT- TlAVG- PMEAS RXATEE ---BAEB~-NICAOLS--t-- 

TEHP TEHP T2AIG P S I 6  VOLTS PEESSUBB TOOTLEP TIIILET 
103.W 92.84 0.02 50.0 20. 54.0 131.00 280.00 

I a L m  OUTLXT AVG map  TI- TS- 120 ami HEAT HEAT U A  UA comr HT.SAT DELTA 
TBHP TEUP TERP RISE TRY0 TA7G FLOU FT/S LOAD FLUX CLLC S I T  820 cow T c o m  

%UBE 1 62.60 65.63 68-11 3-03 39.33 28-72 2.37 4.99 3583. 3496. 91-11 124.74 1448.54 134.70 25.95 
TUBE 2 62-32 65-88 64-10 3.56 39.34 26-74 3.03 5.00 5366- 5169- 136.39 186.71 1386.90 211.38 24.46 

-------------w_--I_-----------u_------~--YI-------------- e--_-- 

rn~3-23-78ar - 1 ~  VAPOR SAT- TlAVG- PIEAS HEATER --- BARBER-ll I C  ROLS------  
TZRP TEHP T2AVG PSI6 VOLTS PRESSURE TOOTLET TXlLET' 

1 0 x 7 2  92-89 -0.01 50.0 35. 53.0 135.00 285.00 

TOBI 
TOBI 

IULET OUTLET AVG T I l P  T7- T E  E20 VIEL BEAT BEAT U A  O A  coxrr UT.SAT DELTA 
m n p  TZRP TEBP RISE TIVG TAYG ROW rvs LOAD c L o x  CALC S ~ T  E20 COW TCORP 

1 63.45 66-24 64-85 2-78 38.88 27-99 2.37 8-99 3286. 3206,. 89-53 117.41 1455.76 125.93 25.46 
2 63-15 66.56 64-05 3.41 38-07 27.98 3-03 5-00 5141- 4953- 132.25 183.70 1394.03 207-20 23.90 

-_I------------___------------- --------------------------------- 
EH03-23-78B? -2P VAPOR SAT. T1AVG- PlEAS BEATER -----BA BBEE-IIICIIOLS----- 

TERP T E l P ,  T2AVG PSXG VOLTS PBBSSORE TOOTLST TINLET 
52-0 109.00 278.00 93-09 . 91-82 -0.00 49.0 44. 

INLET OUTLET AVG TEHP TV- TS- B20 WVEL BEAT BEAT 01 UA COEF'P RT-SAT DELTA 
T t l P  TELJP T t l P  RISE TAW TAVG PLOW ?T/S LOAD FLUX CALC SAT 820 COUP TCORP 

TUBE t 63.79 66-33 63.06 2-54 28.03 26.76 2-37 4.99 - 2996. 2923, 106-90 111.97 1457-85 119.53 24-45 
TOBt 2 63-43 66-69 69-06 3-26 28.02 26-75 3-03 S*OO 4918. 47380 175-50 183.83 1396.01 207.33 22-65 

--_1_1---- --.------L------.------------------,,,--,,,,-r---------------------- 

m03-23-7au -29 TAPOB SaT. T1AVG- P l B U  REATEI! ---BAEBBB-NICBOLS------ 
T U P  TELJP T2AVG PSIG VOLTS PRESSURI TOOTLET TXlLET 

48.0 45. 51.0 90.00 266.00 77.00 90.78 0-00 

IRLET OUTLET A 7 6  T E I P  TV- 
'mnp m n p  n a p  XISX TAVG 

TUBt 1 63.89 66.25 65-67 2-36 11-91 25.71 2.37 
?UBI 2 63-53 66.60 65.07 3.01 11-94 25-72 3-93 
--------.----___/*-_.--- 

tn03-23-7mr -3p VAPOR SAT. TlA7G- PNEAS 
TERP T t l P  T2AVG PSIG 
76.46 90.78 -0.03 48.0 

U V a  HEAT BEAT UA UA COEFF HT.SAT DELTA 
PT/S LOAD r L u x  CALC sar 820 cow wxm 
4.99 2782, 2714- 233-08 108.20 1457.96 115.14 23.58 
5-00 46300 4461, 387.87 180.06 1396.05 202.36 22.09 -----~-------------------_--------------- 
BBATEE ----BABBtB-UICBOLS----- 

VOLTS PBESSOEB ?OUTLET TINLET 
50. s1.0 90.40 0.0 

I l L E T  , OUTLET AVG T E l P  TV- TS- H20 RVEL 'BEAT HEAT UA UA COBPF HT-SAT DELTA 
'TEHP TBNP TEHP B I S E  TAVG TAVG PLOA PT/S LOAD FLUX CALC SXT 820 com TCOIE 

?UBE 1 63.97 66.23 65-10 2.25 11.36 25.68 2.37 4.99 2662. 2597- 234.46 103.67 1458.29 109.90 23.63 
TOBX 2 63.63 66-64 65.14 3-01 11.32 25.65 3.03 5-00 4533. 4367. 400.39 176.74 1396.70 198.02 22.05 ---------- ------------.-------------.-----------------------_ 



Table A . l  (oontinwd) 

1103-23-78A1 - 3 ~  VAPOR SAT. T l A l G -  PlEAS BBATBR --- BAR3BR-~ICAOIS------ 
TEBP TEIP T2AVG PSI6 VOLTS PRESSURE TOUTLET TIRLET 
76.07 92.84 0.03 50.0 55. 53.0 120.00 282.00 

WJRB 
TUBB 

IllLEX OUTLZT AVO TElP TV- TS- A20 PVEL MEAT HEAT OA UA COEFF E L S A T  DELTA 
TBIP TBBP TEIP RISE TAVG TAVG ?LOU ?T/S LOAD F L U X  CALC SAT R 20 COUP Tcom 

1 63.75 65-18 64.97 2.44 11.10 23-87 2.37 4.99 2878. 2808. 259.25 103.25 1456.94 109-43 25-66 
2 63-35 66.51 64-93 3.16 11.13 27.90 3-03 5-00 47600 45860 421.59 170.59 1394.80 130.09 24-12 

_-----_---------------------------------------------L_I_---------I- -- 
--I-- BAEBBR-UfCHOLS------ BIO3-23-78AF -3P VAPOR SAT. T l A f G -  PIBAS BEATER 

PERP TBlP T2AVG PSI0 VOLTS PBESSWRE TOUTLET TIULET 
75.75 92.84 0.02 50.0 55. 33.0 132.00 278-00 

IBLET OUTLET A?G TBlP TV- TS- 820 UVEL REAT REAT BA BA COBFC 8T.SAT DELTA 
TBRP TEMP TEBP RISE ? A 1 6  TAVG ?LOW FT/S LOAD PLUX CALC SAT A20 COUP TCOEP 

TUBS 1 63.62 66-06 64.84 2-49 10.91 28.00 2-37 4-99 2880. 2810. 264.11 102.89 1'455.71 109.01 25-78 
TUBB 2 63.24 66.40 64.82 3-16 10.93 28.02 3.03 5-00 4759. 4585- 435.40 t69.83 1393.70 189.13 24.24 

-_I_I-------_---_-____u__________L____------------------------------------ --- 

4 
P 





Teblo A.2 (oontinwd) 

VAPOR SAT. TlAV6- PlEAS HEATEB ------ BABEER-"ICHOLS------ 

115.20 106.05 0.03 64.0 0. 67.0 156.00 211.00 
TEMP TEUP T2AVC PSIG VOLTS PRESSURE TOUTLET TINLET 

INL3T OUTLET AVG TEHP TV- TS- 820 

'IDBE 1 b1.40 64-81 63.11 3.41 52.09 42.94 2.37 
TUBE 2 61.34 64.82 63.08 3.48 52.12 42.97 3.03 

EH03-28-7BAF -9A V A P O R  SAT. TlAV6- PNEAS 

T a p  rtnp TEHP RISE TAFG TAPG PLOY 

-----------I----_-----------------------------_ 

TElP TEUP T2AVC PSIG 
118.11 108.66 0.03 67.0 

XlILET OOTLET AVG ?GMP TV- TS- 820 
T B l P  TXHP TEHP BISE T A V G  TAVG ?LOU 

TUBE 1 62-84 66.29 6U.57 3.45 53.54 44.09 2.37 
ZOEX 2 62.76 66-32 64.54 3.56 53.57 44.12 3.03 

YVEL RZAT HEAT UA U A  COIF?  AT.SAT DELTA 
PT/S LOAD FLUX CALC SAT H20 C O l P  TCOHP 
4.99 4027. 3929. 77.30 93.77 1438.59 96-70 39.80 
6.36 5247, 5119. 100.63 122.12 1747.05 129.27 39.60 

UIATER ------RAPBER-IICHOLS------ 
,------------------------------------------------------------- 

VOLTS PRESSURE TOOTLET TINLET 
0. 69.0 161.00 224.00 

PVBL fEAT HEAT UA UA COEFF HT.SAT DELTA 
ET/S LOAD FLUX CALC SAT * H20 :Or13 ¶ C O . I E  
4.99 4072. 3973. 76-06 92.36 1453.00 97.02 40.95 
6.36 5359. 5228. 100.04 121.46 1764.53 128.41 UU.72 

El03-28-78AI -4P VAPOR SAT. TlAVG- PHtAS BEATER ----BAIIBeB-IIICBOLS------ 

117.33 106.93 0.01 65. 0 20. 69.0 156.03 220.00 
TXrrP TERP T2AVG PSIG VOLTS PEESSOEE TOOTLBT TINLET 

INLET OUTLET AVG TEMP TV- TS- 820 WEZ HEAT HEAT UP 011 COBYP HT.SAl' DELTA 
TIHP TERP TEMP BISE TAV,G T A N  R O Y  FT/S LOAD PLUX CALC SAT H20 COY? T C O l F  

TUBE 1 66.07 69-41 67.74 3.34 49.58 39.18 2.37 4.99 3941. 3814. 79.47 100.56 1489.31 106.18 36.21 
TOBE 2 65.97 69.49 67.73 3.52 49.60 39.20 3.03 6.36 5333. 5174. 106.92 135.29 1802.76 144.12 35.90 

VAPOR SAT- T l A V G -  PIEAS HEATER ------BAED Ea-R ICHOLS------ 

116.18 107.79 -0.02 66.0 20. 69.0 152.00 219.00 
TEUP T E l P  T2AVG PSIG VOLTS PEESSUEE TOUTLET T I I L B T  

INLET OUTLST AVG TERP TV- TS- 
TBIP  T E l P  TEHP RISE TAVG TAVG 

TUBt 1 66.11 69.42 67.76 3.31 48.41 40.03 
TOEL 2 65.98 69-60 67-79 3.62 40.39 40.01 

fMO3-28-78AF -5P V A P O R  SAT. T l A V G -  
----------------I---------------_---- 

TEHP T E l P  T2AVC 
116.73 107.79 0.01 

INLET OUTLET AVG TEHP TV- T S- 
TElP TEMP TEnP RISE TAVG TAVG 

TOE11 1 66.06 69.40 67-73 3.34 49.00 40-07 
TOE!? 2 65.98 69.46 67.72 3.48 49.01 40.08 

Ll20 
PLOD 
2.37 
3.03 
I--- 

PYESS 
PSIG 
66.0 

HZO 
PLOY 
2.37 
3.03 

DVEL HEAT 
FT/S LOAD 
4.99 3911. 
6.36 5451. 

HEATER 
VOLTS 
20. 

.---------I 

YVEL HEAT 
PT/S LOAD 
4.99 3950- 
6.36 5246. 

BEAT UA V A  COIPF Hl'.SAT DELTA 
FLUX CALC SAT 820 
3815, 80.78 97.69 1684.53 102.89 37.08 
5318. 112.64 l3b.24 1803.45 145.21 36.62 

c o w  TCOMP 

--------------------___________________)------ 

------D~hQB~-Nl[CROLS------ 
PBESSURE TOUTLET TINLET 

63.0 156.03 221.00 

HEAT U A  U A  COEPF HT.SAT DELTh 

3854. 80.60 98.58 1484.17 103.92 37.08 
5118. 107.03 130-90 1902.64 139.03 36.81 

FLUX CALC SAT H20 COHP Tcone 



G c 
Table A.2 (oontinwd) 

-------------------_______________)____------------------------------- 

E I O + - Z ~ - ~ ~ A P  -se 'VAPOR SaT- TlAVG-  PIEAS HEATW ----BA RBEB-IIC BOLS------ 
TEMP TEIP T2AV6 PSIG VOLTS PRESSURE TOUTLET TINLET 

158.00 223.00 66.0 25. 70.0 

INL6T OUTLET hV A20 RVEL HEAT HEAT UA UA COCFP R!J!.SAT DBLPA 
TERP TXlP + TWIT? BISE TAVG TAVG PLOP F't/S LOAD PLUX CALC SAT fi20 COOP T C O l C  
66132 69.72 68.02 3.39 53.55 39.77 2-37 4-99 4010, 3912. 74.87 1QO.81 1487.06 106.44 36.75 

lUBt 2 66-20 69.83 68.02 3-63 53.56 39.78 3.03 6-36 5467. 5334. 102.08 137.44 1806.20 146.59 36.39 
-----I _--- --_ -_ __ ----- - - -- __ __ _____ _-- - - - - __ - - - __ - __ - 

.c--- 6A8BER-UICHOLS------ 
PRESSURE TOIJTLlT TINLET 

156*00 225.00 69-0 
, 

T AVG I t@ TV- HEAT BEAT U L  a4 COEPP XI.SLT DELTI 
TEIP TE:IP ZElP B I S E  i A V G  TAVG OH IT/S LOAD FLUX CALC SAT 820 CONP T C O l P  

TODt 1 66-17 69-55 67.86 3-38 52-77 39-93 2-37 4.99 3996- 3898. 75-72 1 0 0 ~ 0 6  1485.50 105.59 36.92 
TOBE 2 66.07 69-67 67.87 3-61 52*76 39.92 3-03 '6.36 5433- 5300- 102.96 136.08 1804.46 145.J2 36-55 

--.----.-*-------- ------------------r'-------------,-,,-,-,---,,-,,,,,,, 

tNO3-28-7881 -6P T- ' TlAVG- PIBAS HEATER -'-BARBEII-MfCHOLS------ 
E I P  T2AVG PSIG VOLTS PRESSURB TOUTLET TINLET 

158-00 225-00 664 0 20. 69.0 

I l L E T  OUTLET tl20 *WSL HEAT HEAT O A  UA COBFP H4.SAT DELTA 
TLlP  TBNP ,TAVG R O Y  IT/S. LOAD FLUX CALC SAT H20 COlP  TCORf 

TUBE 1 65-49 68-95 40.57 2.37 4.99 @OWL 3989,, 75.72 100.77 1479.17 i o ~ . q 4  37.4e 
%DEL 2 65r39 69-05 40.57 3.03 6.36 5515, 5380. 102.14 135.93 1796.71 144*90 37.13 

BlO3-28-78AP -7P - TlAVG-  PIEAS EtA?EB -----BAEB~R-NI~ZOLS------ 
------------ --------------.I---------- --------------------------* --- 

T2AVG PSIG VOLTS PllESSURE TOUTLET TIULET 
-93 0.01 65.0 22. 68.0 157.00 223.00 

XlL3T OUTLET 1s- H20 VVEL REAT UTAT UA UA COEPF BT-SAT DELTA 
TERP TElP TAVG PLOS PT/S LOAD FLUX CALC SAT H20 CON? TCORE 

*TUBE 1 64649 67-98 40.69 2.37 4-99 0125. 4024. 76.91 101.38 1469051 107.20 37.54 
TUBE 2 64.90 68-06 66-23 3.66 53.64 40-70 3.03 6.36 5517. 5383- 102r85 135.57 1784.77 144.57 37.23 

-I---------.l-----.---.---.-------LII--------t-----------u--.------------------------------__----- 



INZR OUTLET ATG T I I P  T l -  TS- 
TBEP TBnP TERP RISE TAVG m v t i  

ZUBB 1 58-68 62.10 60.39 3.01 42.83 40.22 
TUBB 2 58.11 62.85 60.48 4-79 02-78 40.13 

tKO3-29-78A?3-8A VAPOR SAT. TlATG- 

104.50 100.61 -0.04 

UI_---------------------------- 

T E l P  T I l P  T2AVG 

HZO RVZL BEAT 
moa FT/S LOAD 
2-37 4.99 4029. 

, 3.03 ! L O O  7135. 
,--------+------ 

PlEa.5 HEATEE 
PSIG VOLTS 
58.0 80. 

BEAT UA !JA COEPI WLSIT DqLTA 
FLUX CALC SAT !i20 COYP TCOYE 
3931. 94-08 100.19 lb1?.77 106.19 37.02 
6874, 166.95 177.82 1352.70 200.49 34.29 .-----------------_--------------*---------- 

-----RARBER-IICBOLS------- 
PRESSURE TOUTLET TiNLBT 

63.0 166.00 226.00 

INLET OUTLET AVG TEnP TV- TS- 820 UVIL HEAT REAT UA oa COEFP HT.SAT DELTA 
TIED TEEP TEEP RISE T A T G  TAVG PLOW PT/S LOBO YLUX ClLC SAT u20 CQlP TCOJC 

fOBB 1 59-10 62.67 60.90 3.52 03.60 39.70 2.37 4.99 4160. 4059. 95-02 134.78 1016.85 111.05 36 -41  
TUBE 1 58.60 63-29 60.95 4.68 43.56 39.66 3.03 5-00 7054. 6796. 161.95 177.85 1357.10 200.U2 33.91 

1103-29-78113-9A 

I N L R  OU?LLT 
T I l P  T I l P  

TUB1 2 59.88 60.70 

1803-29-78AFE9A 

TUBE 1 60.53 64.07 

----I_-------- 

VAPOR SAT. TlAVG- PIBAS 
T I l P  T E l P  T2AVG PSI0 

107.59 t01-54 0.01 59.0 

ATG TGUP TV- TS- 820 
T E l P  RISE TAVG TAVG FLOW 
62.30 3.53 05.29 39.24 2.37 
62.29 4.82 45.30 39.25 3.03 -------- ---------i------- 

VAPOR SAT. TlAVG- PIEAS 
TEMP TBRP T2ILVG P S I 0  

1 0 5 4 5  100.61 -0.03 58.0 

INLET OUTLET AVG TEUP TV- T S- 820 
TBRP TEHP T E l P  RISE TAVG TAVG FLOW 

TUDE I 60.88 61.27 62-58 3.39 ~ 2 . 8 8  38-03 2.37 
TUB21 2 60-27 69-95 62.61 4.68 42.84 38.00 3.03 

ABATER --0--- EA RB EB- I IC ROLS---'--- 
VOLTS PRESSURE T3UTLET TINLIST 

85. 62.0 155.00 222.00 

UVEL BEAT HEAT UA UA COEIF RT.SAT DELTA 
PT/S LOAD FLUX CALC SAT 1120 CO3P TCOlP 
4.99 4191. 4089. 92.53 106.81 1430.63 113.72 35.95 
5.00 7257. 6991. 160.19 184.90 1369.81 209.40 33-38 

RE&TIR ---e- BARBER-UICSOLS------ 
VOLTS PRESSURE TOUPLET TIMLET 

80. 61.0 150.00 223.00 

WVEL HEAT BEAT 111 I1 A COSFf 82.SAT DELTA 

4.99 4007. 3909. 93-46, 105.37 1433.39 112.03 34-96 
5.00 7044. 6786. 164.42 185.38 1372.81) 209.99 32.32 

FT/S LOAD FLUX CALC 3 A T  fi20 COW T C O l P  

BRO3-29-78AF3- 1OA TAPOB SAT. TlAVG- PEEAS BEATER -----BARB ER -11 XC HOLS------ 

105.23 101.54 -0.02 59.0 80. 62.0 155.00 223.00 
TEnP TElP T 2 I l G  PSIG VOLTS PRESSURE TOllTL2T TfJLBT 

INLEE OUTLET AVG T E l P  TV- TS- 820 PVEL EEAT HEAT 01 @ A  COEtP HTISAT DELTR 
T z n P  TBRP BISE TAVG TAVG FLOW rws LOAD FLUX CALC SAT fl20 COHP TCO'!F 

TUBE 1 60.98 60.34 62.66 3.37 42.57 38.88 2-37 4.99 3976. 38?9. 93.42 102.28 1'434.19 108.46 35.77 
TUBE 2 60.37 64.99 62.68 4.62 42.54 38.85 3.03 5.00 6958. 6753. 163.56 179.09 1373.53 201.64 33.24 

1803-29-78Ar3-101 VAPOR SAT. TlAVG- PIEAS HEBTEE ------BARB m- fCAOLS------- 
----.------.I----*-L--L--c--cI----------------------~----------------------------------------------- 

T E l P  TBUP T2AVG ? S I G  VOLTS PRESSURE TOUTLET TI?ItET 
104.08 1 0 1 ~ 5 4  -0.01 59.0 80. 62.0 151.00 219.00 

AZO N E L  UEAT HEAT U A  ?TA COEFF HT-SAT DELTA IULET OUTLBT 4VG TERP TV- PS- 
T I l P  TBEP TBlP  BISE TAVG TAVG PLOW PT/S LOAD FLUX CALC SAT H20 CONP TCONP 

ZOBI 2 61.48 66.03 63.75 4.55 40.73 37.78 3.03 5.00 6854. 6603. 168.30 181.41 1383.65 204.1)5 32 -30  
TUBB 1 62.06 65.43 63.75 3.37 40.73 37.79 2.37 4.99 3979. 3881. 97.67 105.28 1440.92 111.85 34.70 

---.---------.--.I---..-----------------------u-------.-----.----------------------.------------------ 



Tablt A.2 (continutd) 

COEPP RT.SAT DILTA I N L E T  ODTLET AVG TS- H20 UVEL HEAT HEAT UA 1JA 
TEHP TElP  TEClP TAVG PLOY FT/S LOAD FLUX CALC SAT tl20 cole TCOW 

TOBE 1 60.17 63-58 61.8 39.66 2.37 4-99 U028- 3930. 96.47 101.57 1426.96 107.69 36.49 
TURE 2 59.37 64.35 61-86 4-98 41.78 39.68 3.03 5-00 7505- 7230. 179.63 189.14 1365.71 215.21 33.59 

-- 

BA RBER-I ICtlOLS------ T l A V G -  PIEAS HEATER ---- 
T2AVG PSIS VOLTS PRESSURE FOOTLET TINLET 

1 0 2 8 3  100.6% 0.01 58.0 9s. 60- 0 152.00 221.00 

COEPF BToSAT DELTA INLET OUTLET AVG TS- 820 Y V E L  HEAT BEAT !IA UA 
TEIP TEBP TENP TAVG FLOW FT/S LOAD FLUX CALC SaT 820 COllP TCOl f  

TUBE 1 61.00 64-30 62-65 8 37.96 2.37 4.93 3899- 3809. 97.04 102.72 1434.09 108.96 34.91 
TUBE 2 60.26 65-03 62-64 4-77 40.19 37.97 3-03 5-00 7185. 6922- 178i79 189.25 1373.14 215.15 32.17 

~103-m- VAPOR SAT. TlAYG- PltAS BEiiTER ------ BABBEB-IXCROLS------ 
ZEnP TEMP T21VG PSIG VOLTS PRESSURE TOUTLET TINLET 

106.01 100.61 -0.03 58.0 100. . 60.0 156.00 225.00 

m ,  COEFP HT.SAl! DLLTA IItLl7.C OUTLET AVO TEIP TV- TS- H20 #VEL HEILT HEAT WA 
TEMP TENP TZRP RISE TAVG TAVG ?LOU FT/S LOAD FLUX CLLC SAT 120 cow T C O ~ F  

TUBS 1 61-05 64-46 62.75 3-41 03-25 37.05 2-37 4-99 4032- 3934. 93.23 136.53 1435.12 113.36 34.71 
TUBE 2 60.28 65-29 62.78 5.01 43-22 17-82 3.03 5.00 7545. 72690 174.55 199.47 1374-49 228.95 31.75 

~ n o 3 - 2 9 - 7 8 ~ r 3 - 9 ~  VAPOR SAT. TlAYG- PNEAS HEATER ------BbRBeB-31lCtlOL$------ 
--.l----l-C---------------------- ------------_--------------_----------- ----- -_- 

TBlP TEIW T2AQG PSIG VOLTS PRESSUBE TOUTLET TIilLET 
105-75 101-54 -0.02 59.0 100. 61.0 154.00 224.00 

f l A  COEFP BLSAT DELTA znim OUTLET AVO TEMP TV- TS- 120 YVlL HEAT &8AT WA 
TBHP m n p  TEHP RISE TAVG TAVG ~ L O Y  PTYS LOAD FLUX CALC SAT 320 CORP TCOlf 

TUBB 1 61.30 64.66 62.98 3-37 42.77 38-55 2.37 4-99 3977. 3880, 92.99 103.15 1437.37 109.44 35-45 
TUBE 2 60-53 65-48 63.01 9-95 42.75 313.53 3.03 5-00 7461. 7188. 17U.54 193.64 1376-57 220.97 32.53 



Tal110 6.2 (oontinud) 
--__------------------------------------------ 

LIO3-30-78A13-3P VAPOR SAT. TlAVG- PBEAS BEATER 

107.33 105.16 0.03 63.0 9 0. 
T E I P  T E I P  T2AVG P S I 6  VOLTS 

tnim OUTLET AVG TERP TV- TS- H20 UVEL BEAT 
T E l P  T E I P  T E l P  RISE TAVG TAlG FLOW PT/S LOAD 

1 O B t  1 61-19 70.19 68.69 3.00 36-63 36.47 2-37 4-99 3546. 
TOBE 2 66-51 70.82 68.67 4.31 38.66 36.49 3.03 5.00 6501. 

------------------_-_l________l_________----- 

I3 A RBEE-N I C  HOLS------ ----- 
PRESSORE TOUTCET TIULET 

67. 0 150.00 216.00 

HEAT U A  'I a COS?? HTrSAT DELTA 
PLOX CALC SAT 920 CON? TCOYF 
3459. 91.78 97.23 1493.70 102.32 33.91 
6263. 168.15 178-12 7430.02 199.05 31.06 

VAPOR SAT. TlAVG- PI3AS EZATER ------BARBER-I LCHOLS------- 

107.90 105.16 0.00 63.0 95. 67.0 156.00 218.00 
TEBP 2ERP T2AVG PSIG VOLTS PEESSURE TOOTLET TINLET 

INUIT OOTLtT A90 TEEP TV- TS- E20 WVEL HEAT E5AT O A  O A  CQEFl 8T.SAT DELTI 
T B l P  T E l P  T E I P  RISE TAVG TAVG PLOU 7T/S LOAD FLUX CALC S I T  a20 C03P TCOOE 

TOBE 1 66.99 69.88 68.44 2.89 39.47 36-72 2-31  4-99 3415. 3331- 86.52 92.98 1491.17 97.53 34-16 
TOBE 2 66.26 16-61 68.43 4-36 39.47 36.73 3-03 5.00 6563. 6323. 166.29 178.71 1427083 199.97 31.64 

BAaBEB-NICHOLS------ EN03-30-78A13-4P VLPOR SAT. TlAVG- PIEAS BEATER ---- ----.----------.------------.-----------------------------------------------------.---------------- 

T E l P  T E I P  T2AVG P S I 0  VOLTS PRESSORB TOUTLZT TINLET 
106.10 105-16 -0.00 63.0 95. 67-0 156.00 216.00 

XOBE 
1UEE 

xnLm OUTLET AVG TEHP TV- TS- E20 SVEL HEAT fIEAT UA 11 A COWF AT.SAT 'JELTn 
T l l P  T t R P  TXEP R X S E  TAVG TAtG ?LOW PT/S LOAD FLUX CALC SAT 820 COq? TCONE 

1 66.66 69.61 66-13 2.95 37.97 37.03 2.37 4.99 3490. 3405. 91.93 94.27 1488.17 99.00 34.80 
2 65-91 70.36 68.13 4-06 37.97 37.03 3.03 5.00 6714. 6869. 176.85 181.35 1425-01 203.36 31.gl - ----------------------~---------u_-------II------------I-------------_------ 

l!IQ3-30-78AP3-5P VAPOR SAT. TlAVG- P I t A S  HEATER --- BABBEE-lrICEOLS------ 
TEID T E l P  T2A9G P S I G  VOLTS PRESSORE TOUTLZT TINLET 

108.91 104.27 0.01 62.0 85. 65.0 159.00 224.00 

I n U T  W T M T  AVG T E I P  TV- TS- E20 UVEL HEAT AEAT UA UA COEP? ET.SkT DELTA 
TXRP TEIP T E I P  % I S E  TAP6 TAVG S O W  PT/S LOAD FLUX CALC SAT 820 C03P TCOIF 

TUBll 1 63.59 66-86 65.23 3.27 43.68 39.04 2.37 4.99 3868. 3774. 88.56 99.08 1459.51 101.62 36.07 
TUBE 2 62.97 67-45 65-21 4.48 43.69 39.06 3-03 5.00 67f0. 6503- 154.49 172.83 1397.43 192.92 33.71 

-__L_ --- ----------------_-----------uI----*--------------------_------------------------ 

ERO3-30-78AC3-6P l A # ) B  SAT. TlAVG- PIEAS HJ3ATtR ---BAR911B-UfCHOLS------ 
T EIP  T E l P  T2IVG PSIG VOLTS PRESSURE TOOTLET TINLET 

105.45 102.45 0-02 60.0 90- 63-0 153.00 221.00 

I N L m  OOTLBT A 1 0  T I I P  TV- TS- 820 SVEL AEAT HEAT UA rJA COEPF HT.SAT DELTA 
TEMP TERP Z E l P  RISE TAlG TAP0 PLOY PT/S LOAD PLOI CALC SAT 820 COBP TCOIF 

101111 1 62-13 65-66 64-05 3-24 01.41 38-01 2.37 4-99 3826. 3733. 92.39 99.61 1147.87 105.30 35-45 
TUBE 2 61-78 66-21 64-03 4-49 41-03 38-43 3.03 5.00 6759- 6512. 163.17 175.90 1386.23 197.16 33-93 

tl03-30-78A?3-6P 1 A L w R  SAT. TlAVG- PIEAS REATEX ----BARBEB-W ICEOtS------ 
--------u_--------------------------------------------------------------u----------- 

TlRP TEIP TZAVG PSfG VOLTS PRESSURE TOUTLET TINLET 
107.33 103.36 -0.06 61-0 90. 64.0 160.00 226.00 

I l Z l ! T  OUTtXT AVO T I R P  T l -  TS- 820 UVBL HEAT AEAT OA UA COEIF RT.SAT D n T A  
TZMP TtUP TBIP RISE TA1G TAVG FLOA PT/S LOAD FLU1 CALC SAT H2O COW TCOOF 

T U R t  1 62.83 66.06 69.45 3.23 82-88 38.92 2.37 4-99 3810. 3717. 88.86 97.91 1451.83 103.33 3'5.9@ 
TDRB 2 62.21 66-79 61-50 4-58 42-92 38-86 3.03 5.00 6904. 6651- 161-21 177.65 1390072 199.34 33.37 

-__L---1-----_-1_---1-------------------------------------------------------------_--- 



Tablr A.2 (ooatiaud) 

-_----------_----------------------------------------------------------------------- 
~n03-30-78nm-7~ VAPOR SAT. TlATG- PIEAS BEATE8 ----BARBER-NICHOLS------ 

TEIP TSlP TZAVG PSIG VOLTS PRESSURE TOUTLXT TIRLET 
107.42 102.45 0-02 60.0 90. 63.0 153.05 222.00 

TOBE 
'LUBE 

I N L R  OUTS.32 AVG T E l P  TV- TS- 820 WVXL RBAT A3AT UA UA COEfF HT.SAT JELTll 
TXIP T E I P  TSIP RISE TAVG TAVG FLO1 P T / S  LOAD FLUX CILC SAT R20 COW TCOYT 

1 62.92 66.22 64-57 3.30 42.85 37.89- 2-37 4-99 3901. 3806. 91-01 102.97 1453.02 109.13 3 U . 8 E  
2 6 2 2 8  66-81 64.54 4-58 92-88 37-91 3.03 5.00 6834. 6584- 159.39 180.27 1391.11 202.76 32.U7 

L-~-----.--------------------------------,------------ -- --- -- ---* -- - 
LI03-31-78AF3-8A TAWR SIT. TlAYG- PAE1S BEATSE -----BARBER-WICBOLS------ 

T D P  TEIP  T2ATG PSIG VOLTS PRESSUBB TODTLET TIRLET 
105.64 99.67 -0.04 57.0 90. 60.0 149.00 220.00 

I R L ~  OUTLET ATG mne TI- TS- A20 W V t l  REA2 REAT U A  YA COWF BT.SAT D G L T l  
TERL TERP T l l P  BfSl ?A10 TATG FLOW PT/S LOID FLUX CALC SAT 820 COUP TCOVF 

'LOBE 1 60.43 63-56 61-99 3-19 43-65 37-68 2-37 4.99 3730. 3609. 84.76 98-18 1527.58 103.79 39.78 
TUBE 2 59.79 64-27 62-03 4 ~ 4 8  43-61 37.64 3.03 5.00 I 6719. 6502. 154.78 179.31 1367.36 202.08 32.18 

---I.--------~--u-~-.---------.----------.----------.------------------~.------ri----------------.---- _-- 
FBO3-3 1-7 8AF3- 9A TAPOR SlT. T l A V G -  PIEAS BEATER J---BARBBB-RICHOLS------ 

TEIP  T t l P  T2AVG PSIC VOLTS PRESSURE TOUTLET T I l L E T  
101.28 99.67 0.03 57.0 83- 60.0 i4e.00 219.00 

I N L ~  OUZUT ATG T t n P  TV- TS- 820 WTEL BEAT ABAT U A  3 a  COEFP RT.SAT DSLTA 
r t a e  mne tznp RISE TAVG TAVG FLOW FTIS LOAD FLUX c h i c  saT R20 COnP TCOOF 

TUBS 1 6OoS3 63-67 62-10 3-75 39.18 37-57 2.37 4.99 3717. 3627. 94.87 98.93 1428.65 104.45 34.60 
9OBB 2 59-93 64-23 62-07 4.32 39-21 37-66 3.03 5.00 6502- 6264- 165.82 172.91 1367.73 193.69 32.30 

--Ad------- ------i---------------------------u---,,-----,,,,,,,,, - --- 
--BARBIR-l I C  HOLS----- rao3-3 i - 7 8 1 ~ 3 - 9 ~  l W O R  SlT- TlAVG- PIEAS BEATER 

TEMP TBRP t 2 A l G  P S I 6  VOLTS PRESSURE TOUTLET TIIILET 
101.18 99-61 0.02 57.0 83. 60-0 199.00 220.00 

I R L m  O U n t T  hV6 T t l P  TI- TS- E20 DVSL REAT ABAT UA 0a c o m  AT.SRT DELTA 
TXRP TtRP TEllP RISS T k l G  TAVG FLOW FT/S LOAD FLUX CALC S I T  A20 COnP TCONt 

T8BE 1 60-49 63-77 62-13 3-26 39-09 31-54 2-31  4.99 3872- 3778. 99.17 103.15 1428-99 109.49 30.50 
ZOBB 2 59-88 '64.34 62-11 4-46 39.07 37.56 3.03 5 0 0  67140 6468. 171.85 178.73 1368.11 201.31 32.13 --- ---L---I.--------------------.--.I----------* 

PI03-31-78AP3-1OA VAPOR SAT- TlAV6- PIEAS BEATdB ' ----- BAEBIR-RICBOLS------ 
TtBP TEIP T2AVG PSI6 VOLTS PRBSSURE TOUTLET TINLST 

103.61 100.61 -0.01 58-0 83. 60-0 153.00 225-00 

IRLm T T L S T  AVG . T t l P  Tl- TS- H 2 0  W l t l  REAT UBLT UA W A  COEP? RT.SIT D E L T l  
zzae zmp TSnp  RISE TAVG TAVG now m/s LOAD FLUX C&LC 'SAT A20 COP? TCOYT 

TUBE 1 60.53 ' 63-75 62.14 3.22 41.48 38.47 2.37 4.99 3806. 3713. 91.77 98.93 1429.02 1011.54 35.49 
9 U B E  2 59.92 64.38 62.15 4.46 41.46 38.46 3.03 5.00 6722. 6976. 162.13 *174.80 1369.09 196.13 33.02 

LB03-31-70At3- 101 VAPOR SAT. T l A V G -  PIKAS ITEATER ----BARB ER-I I CROL S------ 
-.e--- -----------.-i--------.-------------------------------.------ ----- ---- --- 

TtLlP T t R P  T2AlG PSIG 10LTS PRESSURE TOOTLET TIWLET 
105.52 100.61 -0-01 58.0 8 3- 61-0 157.00 227.00 

I R L H  OUTLET A16 TS- 820 WVEL AZAT HEAT UA WA C O X V  HT-SIT DELTA 
COgP TCORF 

TUBE 1 60.65 63.99 62-32 0 38.29 2.37 4.99 3996. 3850. 91.34 103.07 1430.83 109.39 35.20 
TUBE 2 60.06 64-60 62.33 4-55 43.19 38.28 3.03 5.00 6809. 6599. 158.58 178.94 1370.10 201.53 32.70 

TB1P T E l P  T I I P  TAVG ?LOW FT/S LOAD FLUX CALC SAT E20 



. I . I  . . .. . . .. . . . . . . , . . ~ ~~~~ . . . -. . . .. 

T . b h  A.3 (008tinud) ------- --------"--1----.--.----.--------~---------I---------------'Il--.-C--.----------------.-- 

1NO3-31-78A?3-tlA VAPOR SAT. TlAVG-  PNEAS BLAZER ----- BA P B EU- IfC AOL S------ 
TEHP TEIP T2AVG PSIG VOLTS PRBSSURE TODTLET TINLET 

108.64 100.61 -0-00 58.0 d3. 61.0 161.00 227.00 
i 

XULFL OUTLET AlG TIRP TV- TS- I20 Y l l L  HBPT HEAT OA O A  COEFF "!.SAT DELTA 
TGRP TKMP TIUP elsz TAVG TAW CTOU PT/S LOAD FLUX CALC SLT 1120 CORP zconr 

XOBG 1 61.02 64-90 62.71 3.38 45.92 37.90 2.37 0.99 3990. 389.3, 86.89 105.30 1134.71 111.9U 3U*7C 
T U B t  2 60.40 65-04 62-72 4.68 45.92 37.89 3.03 5.00 6989. 6733. 152.20 ldU.05 1373.84 208.72 32-26 

VAPOR SAT, TlAVG- PIBIS BEATEE ------ BAR11RR-NICHOLS------ 

103.79 100.61 -0.02 58.0 83. 60.0 t41.W 223.00 
TEMP TERP T2AlG PSIG VOLTS PasssuaE TOJTLET TINLET 

I E t E T  OUTLET A l G  TZlP TV- TS- tI20 
T B I P  TtRP TEHP RISE T A V G  TAVG PLOU 

TOBB 1 61.25 61-35 62.80 3.10 80.99 37.81 2.37 
'11UEE 2 60.65 64-99 62.82 4-35 40.97 37.79 3.03 

----------------------I ------------------- 
I803-31-78A?3-1P V A P O R  SAT. T l A V G -  PMZAS 

TEHR T E I P  T2AIlG PSIG 
f02.08 100.61 0.03 58. 0 

YVEL HEAT HEAT U A  1 A  COEPC flZ.SA? DELTA 
U20 C O W  TCONF rT/S L O A D  OLUX CALC SAT 

5.00 6548. 6308. 159.82 173.28 1370.81 194.31 3 2 - 5 2  

BEAT= -----EABBBB-NICHOLS------ 

4.99 3661. 3572. 89.32 46.83 1035.58 102.21 34.95 

.-------------------________-_-------------_-----------*C-- 

VOLTS PUESSURE TOUTLZT TINLET 
83. 60.0 148.00 219-00 

rJA COSPP HT-SAT DLLTA TILFIT OOTLBT AVG TEMP TV- T s- H20 WVEL REAT HEAT 01 
T X I P  TENP TUNP BISE T A V G  TAVG l L O U  FT/S LOAD ?LUX CALC S l T  ~ 2 0  COMP rcow 

I U B t  1 61.27 64-02 62.89 3.15 39.24 37.77 2.37 4-99 3723. 3632. 94.88 98.58 1436.00 104.20 34-86 
TUBX 2 60.67 64.95 62.81 4-26 39.27 37.80 3.03 5-03 6448, 6212. 164.19 170.59 t370.71 190.52 32.61 
---c-----------------------------------c_--------------------u-_----------------__------_--- 

m o 3 - 3 1 - 7 8 ~ ~ 3 - 2 ~  VAPOR SAT. TlAVG-  PREILS RBATEB ------ BABBER-t?ICHOLS------- 
T t I P  TEMP T2AV6 PSIS VOLTS PRESSURE TORTLET T I I L E T  

103.00 100.61 -0.02 58.0 8 3. 60.0 147.00 219.00 

IULET OUTLET AVG TENP TV- TS- H20 UVEL HEAT HEAT UA q A  COEPP HZ.SAT DELTA 
T t R P  TCNP ?BLIP PISE TAVG TAVG FLOY FT/S LOAD FLUX CALC SAT HZ0 COMP TCOHL 

PUBL 1 61.28 64.32 62.80 3.03 40.20 37.81 2.37 4.99 3584. 3497. 89-15 94.79 1435.57 99.97 35.01  
V J B t  2 60.69 64.96 62-82 4.27 40.18 37.79 3.03 5-00 6438. 6202. 160.21 110.37 1374.84 190.23 32.60 

--------------------__------------_-u------_--------------------_--wII-----_-_-_----c---- 

C) 



Tab10 A.2 (eontinnod) 
-----__---------------------_------c----------------------------------_------------- 

EHO4-01-78AP - 1 O A  TAWR SIT. TlAVC- PHEAS BEATER ---ELtrSEB-Y ICHOLS------- 
TEMP TEUP T2ATC PSIG VOLTS PRESSURE TODTLET TIHLET 

111.80 97.77 -0.01 55.0 19. 58.3 153.00 224.00 

OOTLET ATG T E l  TS- 820 YVEL HEAT HEAT U A  UA COEPP HT-SAT DELTA 
TERP TEUP B I S  TAVG PLOY FT/S LOAD PLOX CALC SAT 820 CONP TCOnE 

63.87 62.21 3-3 35.56 2.31 4-99 3917. 3021. 78.99 110.1b 1424.79 117.63 32.49 
9088 2 60.48 63-97 62-23 3-09 49.57 35-58 3.03 5.00 5261. 5068. 106.13 148.01 1369.23 161.97 31.29 

-------------------------I-_---------_---_---------_---------------L-_---I----I---------- 

PU04-01-701? - 1 O A  VAPOR SAT- TlAVG- PUIAS HEATER ----- BARBER-!i ICROLS------- 
TERP TERP T2AW PSIG 10LTS PRESSURE TOUTLET TINLET 

113.11 98-13 -0.01 56.0 19. 5900 157.00 227.00 

TG TElP  TV- TS- U20 WVEL HEAT HEAT 08 OA COEPP EI.SbT DELTA 
1120 COUP T C O l E  TIRP RISE TAVG TAVG PLOW PY/S LOAD FLUX CALC SAT 

63-35 4.26 49.76 35.38 2.37 4-99 5035- U912. 101.18 142.32 1441.01 156.13 31.46 
'1UEX 2 61-10 65-63 63-37 4.53 a9.74 35-36 3-03 5-00 6827. 6577. 137.24 193-06 1379.97 220.09 29.8P ------- -----I.--b--------I-----.---------.-------------u--------*-----------------,--,,, 

lIl04-01-78AP - 1 O A  1APOE SAT. TlAVG- PMEAS BEATEB -----!?ARB BR- 0 ICHOLS------ 
TEMP TEUP T2AlG PSIG VOLTS PRESSOBE TOOTLET TINLET 

l'iA.00 227.00 112.89 98.73 0.01 56.9 25. 59.0 

mrt OUTLBT AVG TEnp TV- Ts- H20 P V I L  HEAT REAT 0 1  IJA CdEP,' HI.SAT DELTA 
TEUP TElP  BISE TRIG TAVI: PLOY iT/S LCA? PLOX CaLC SAT HZO COHP T C O l E  

SORE 1 61-23 65.53 63-38 4-30 49-52 35-35 2-37 Ir-99 5077, 49530 102.53 143-62 1491027 157.74 31-93 
f U B t  2 61.07 65-67 63-37 4-60 49-53 35-36 3-03 5-00 6927- 6673- 139.86 195.90 1379.99 223.93 29.0C 

--------___------u__-------------------------------------------------------------- --- 
a~o4-oi-?ar? - i i ~  SAT. T l A l G -  PUEAS BBATIB ----BARBEB-NICHOLS------ 

TERP T2AVG PSIG TOLTS PRESSURE TOUTLST TIKLLBT 
98.73 -0.00 56.0 25. 59.0 158.00 227.00 

ISLET OUTLET AVO TEHP TV- TS- E20 Y V t L  HEAT HEAT OA VA COEFP ET-SAT DELTA 
TElP TEUP TEMP BISE TAT6 2116 PLOU Pl/S LOAD FLUX CALC ShT a20 CONP TCOn€ 

1 61.13 65-58 63-36 4-44 51.42 35-37 2-37 4.99 5249- 5121. 102.10 lliR.91 1441-05 163.69 31-29 
TORE 2 61-00 65.72 63-36 4-72 51-41 35-37 3.03 5-00 7113. 6853. 138.35 201.11 1379.91 231.03 29.66 

--LI_-- ------- u_r----------------------____-----------_--------------------- 

1104-0 -12F j V L W R  SAT. T lLVG-  P M b S  BEhTEE -----BARBEB-Y ICHOL S------- 
TERP TEMP T2AVG PSIS VOLTS PRESSURE TOUTLET TIRLBT 

1!&?.00 221.00 113.66 98-13 0.03 56.0 0. 60.0 

IRLET OUTLET A 9 6  TBHP TV- TS- B20 UVlL HEAT HEAT U A  UA COBPP iiT.SAT DELTA 
n2 0 COUP TCOUE TBIP TEMP RISX TAYG TAVG PLOY PT/S LOAD FLUX CALC SAT 

65.16 63.40 3-52 50.26 35.33 2.37 4-99 4161- 0060- 82.80 117.80 1441.50 126.51 32.09 
Z O D 1  2 61061 65-13 63-37 3-52 50029 35.36 3-03 5.00 5310- 5115- 105-58 150.17 1380.01 164.99 31.tC 

------c--_--------------------I_--------------------------------___________I________------ 

t104-01-78AP -12P VAWB SAT. TlAVG- PHEAS BEATEB ----- BARBER-!iICHOLS------ 
TEHP T E l P  T2AVO PSIG VOLTS PRESSOR3 TOUTLBT TINLST 

56.0 0. 59.0 151.00 222.00 114,Ul 98.73 0.08 

IlltET OUTLET AVG TERP 4V- TS- H20 PVEL HEAT UBAT 0 8  on COEPP BT.SAT DELTA 
TERP TEUP TEUP RISE TAVG TAVG PLOU FTlS LOAD FLUX CALC SAT H2O c o w  T C O R I  

I D E E  1 61.55 65.06 63.30 3.51 51.10 35.42 2.31 4.99 4143. P042. 81.08 116.96 1443.5b 125.54 31.20 
FORI 2 61.47 64.98 63.23 3.51 51.18 35.50 3.03 5.00 5290. 5097. 103.37 149.03 1378.68 163.09 31.25 

------c----1---1__------------------------------------------------------------*-------------------_-- 

00 w 



Tablo A.2 (ooatinuod) 

------I--I----------------------------------I------------------------------------u_--------I_---- 

mob-0 1 - 7 8 ~ ~  - 1 2 ~  1 A P O R  SAT. TlAlG- PISAS REATER ------BARBER-NICROLS------- 
TtlP TEBP T2AVG PSIG VOLTS PRESSURE TOUTLET T I R L E T  

113.66 98.73 0.08 56.0 0. 59.0 158.00 223.00 

I N L t T  OUTLtT AVG T t l P  T l -  TS- 820 WVEL HEAT H I A T  U A  O A  COLPP 8T.SAT DELTA 
T t l O  TtRP T t l P  RISt  T A V G  TAVG ?LOW ?T/S LOAD FLUX CALC SAT H 20 COY? Tconr 

-10EB 1 61.65 65.22 63-43 3.57 50.22 35.29 2-37 9-99 4224. 4121. 84.10 119.68 1441.94 128.73 32.01 
TOBt 2 61.59 65.12 63.36 3-53 50.30 35.37 3-03 5.00 5320. 5125. 105.77 150.42 1379.90 164.90 31.1C 

--I__-------------____I_______________----------------------------------~----------------- 

1104-01-78~~ - 1 2 ~  1 A P O R  SAT. TlAVG-  PYEAS HEATES ------BARBER-WICBOLS------ 
T F3P TElP T2AVG PSIG VOLTS PBESSOBB TOUTLET T I I L E T  

113.88 98.73 0.01 56.0 0. 59.0 151.00 223.00 

INLET OUTLET AVG TEIP TV- T S- 820 WVEL HEAT ASAT !JA UA C O f P ?  " L S A T  JELTR 
TBRP TBlP TElP BISE TAT6 TAVG ?LOU PT/S LOAD FLUX CALC SLT A20 COq? TCORP 

X O B I  1 61-38 69-87 63-12 3-09 50-75 35.60 2-37 4-99 4125. 4024. 91.27 115.86 1938-77 124.25 32.39 
TOE1 2 61-33 64-89 63.11 3.56 50.77 35.62 3.03 5.00 5362. 51660 105.62 150.56 1377.55 165.01 31-31 

inim OUTLET 
TtEP TEIP 

fOEB 2 61-12 64.95 
TOBB 1 61.47 65-02 ----- 
~ n 0 4 - 0 2 - 7 8 ~ ~  - t o ~  

1 A P O R  SAT. TlAVG-  PHEAS 
TtRP T l l P  T2AVG PSI0 

112.41 98-13 0.06 56.0 

AVO T t n e  TI- TS- 820 
TEBP RISE TAVC TAVG !%OH 
63-25 3.55 49.16 3S.48 2.37 
63-19 3-53 49-22 35-51) 3.03 
,-----I---- ------------- 

VAPOR SAT. T l A V G -  QlEAS 
r t n e  T t l P  T2AVG PSIG 

116.94 97.77 0.00 55. 0 

IMLtT OUTLtT A l G  TEIP TV- TS- H20 
T t l P  T t l P  T t l P  RISE TAVG TAVG ?%OH 

TUBE 1 58.16 61-57 59.86 3.41 57.07 37.91 2.37 
TOE1 2 58-09 61-61 59.86 3.55 57-07 37.91 3.03 

U l t L  HEAT 
PT/S LOAD 
4.99 4196. 
5.00 5311. 

HEATER 
VOLTS 

0. 

R t A T  O A  UA COEF? HT.SAT DELTA 
If20 COIP TCONF FLUX CALC SAT 

4099. 85.35 119.27 1400.00 127.09 32.21 
5116. 107.90 149.43 1370.28 163.60 31.27 .-------------------- ------ -- -- --- -- ---- -- 

-----EA BEER- Y I C  901s------ 
PRESSORE TOOTLET TIWLET 

58.0 162.00 230.00 

UVEL HEAT HEAT OA % A  COdlF HT.SAT D t L T I  
cone T C O ~ F  FT/S LOAD ?LUX CALC SAT a20 

4-99 4034. 3936. 70.68 106.42 1906.58 113.45 34-69 
5.00 5343. 5147. 93.61 140.94 1396.86 153.57 33.52 

lW9-02-78AP -101 1APOB SAT. T l A l G -  PIEAS 
T t l P  T t l P  T2AlG PSIG 

116.00 97.77 0.03 55.0 

HEATER ---BABE~R-IIC80LS------- 
VOLTS PRBSSORE TOOTLitT T I I L E T  

10. 58.0 163.00 230.00 

INLET OOTLBT A l G  T t l P  TV- TS- 820 
T t l P  T t I P  TElP RISE T A V G  TAVG FLOW 

TUBE 1 58.35 61.76 60.06 3.01 55.94 37.71 2.37 
TOB1 2 58-27 61.79 60.03 3.51 5%97 37.71 3.03 
----_I--------------------------------- 

~ n o 1 - o z - 7 8 ~  - i i ~  VAPOR SAT. TlAVG-  PHEAS 
TmP T E I P  T2AVC PSIG 

114o07 97.77 0.02 55.0 

IllLtT OOTLET A V 6  T t l P  T1- TS- 820 
T t I P  TEIP TRIP RISE TI10 TAVG FLOW 

'IOBE 1 58-52 61-84 60-18 3.32 53-89 37.59 2137 
'IOBll 2 58.04 61-88 60-16 3.44 53.91 37.61 3-03 

HVXL BEAT 
PT/S LOLD 
4.99 4025. 
5.00 5295. 

HEATER 
VOLTS 

10. 

I-------- 

%VEL HEAT 
PT/S LOAD 
4-99 3920. 
5.00 5185. 

HEAT UA UL COE?? HT.SAT 
n o x  CALC SAT 8 20 COYP 
3927. 71.95 106.73 1408.48 113.90 
5101. 94.60 ia0.30 I ~ O B . U P  152.76 ---------------------------- -- 

---E A R E  Ill-1 I C  !iOLS--- --- 
PXESSORE TOOTL3T TINLET 

58.0 163.00 230.00 

COEF? RT.SAT HEAT U& OA 
FLUX CALC SAT ti20 cone 
3824, 72.74 100.28 1439.71 110.94 
4995. 96.18 137.88 1349.70 149.77 

DELTA 
TCOUF 

33.3': 
30.47 



Table A.2 (oontiamed) 
------L--.L-.II.-.I-----1-c---------u-------------------------------_- ----------------------- 

~noe02-7enr    ti^ VaWR SAT. T l A V G -  PIEAS BEATER -----BAIiBER-lfCHOLS------- 
TEIP T E I P  T2AVG P S I C  VOLTS PRESSWE TOtlTLST T f l l L t T  

l l f S 8  97.77 -0.01 55.0 5. 58.0 160.00 226.00 

Inzm OUTLET ATG TBBP TV- IS- 1120 PVGL HEAT BEAT O A  11 L c o w  ALSAT DELTA 
TtllP TEKP TBIP RISE TAVG TAVG FLOW FT/S LOAD ?LOX CALC SAT B 20 COIP T c o q r  

TUBB i 58.68 62-02 60.35 3.34 53-23 37.42 2.37 4.99 '3944. 3848. 74.09 105.38 1411.33 112.23 3U.29 
TOBX'2 58.60 62.10 60-35 3-50 53.22 37.42 3.03 5.00 5267. 5070. 98.97 100.77 1351.08 153.29 33.1C 

Eil0+.02-78A? - 1 1 A  VAPOR SAT. TlAVG- PIEAS HEATER --- BARBER-JIC AOLS------ 
-~-~-- - - - - . . - - - - - - - - -~. - - - . - - - - - - - - - - - - - - - - -~~~~-~--~-- - - - . . - -~- - -~- - - -~- - - ._-~--~~~~~~~~~~~~~~~~~~~~ 

T W P  TKRP T2A16 PSI0 VOLTS PRESSURE TOTITLET TINLET 
1 1 8 0 9 0 ~  98.73 0-07 56.0 5, ' 59-0 161.00 227.00 

T OUTLET AT6 TS- 820 HVBL HEAT RBAT UA ua COW? BT.SAT DELTA 
TBRP T B I P  TERP TATG ?LOR FT/S LOAD ?LUX CALC SAT R20 COllP ZCORE 

TUDE t 58-86 62-38 60-6 8 38.10 237 4-99 4160, 4058. 71.37 109.17 1410.06 116.59 34-91 
XUBB 2 51-77 62-30 60.56 3-50 58.35 38.17 3.03 5.00 5387. 5190. 92.33 141.13 1353.bO 153.71 33.76 

~-~-LII-------C-----~---Ir--~---~--~----.--------~--L---------------~----~--~----------- 

VAeoB SAT. TlATG- PIEAS AJRTEE ------ B A R B ER- rl XCBOLS------- 

115.25 98-13 -0.01 56.0 0. 58.0 157.00 224.00 
TIMP TElP  T 2 A V G  PSIG VOLTS PRESSORE TOVTLET '?ISLET 

T ATG TEMP TV- TS- 820 UVBL HEAT HEAT 01 !lA COEPF ET-SAT DELTA 
TEIP TBIP TEIP BISE fdVG TAVG PLOW PT/S LOAD FLUX CALC SAT A20 C O V  TCOl€  

T U B 1  1 59.13 62.59 60.84 3-41 54.42 37-69 2.37 0.99 4034. 3936. 70.13 106.47 1016.18 113.03 34.7C 
2 m t  2 '  59.10 '62.60 60.85 3.50 59-41 37.88 3.03 5.00 5273, 5080, 96.92 139.20 1356.15 151.30 33-5e 

~~~~----~-i.L.---~~~~~-~--.-.---.--.-.----~----------------~~-~-~~~~~~~~-~~_-~~~,,~~~~~,~~~~ 

?!104-03-78AF - 1 1 A  VAPOR SAT. T l A V G -  PBEAS REATEB -----BARBER-I ICEOLS------ 
0 P S I 0  VOLTS PRESSURE TOTITLET T I l t E T  

56.0 15. 59.0 157.06 223.00 

X l n t l  OUTLEi AV6 TElP TV- TS- 920 PltT, EEAT HEAT O A  01 COE?F AT.SAT DELTA 
TEIP T W P  TERP RISE T A W  TAYG R O W  PT/S LOAD ?LOX CALC SAT tt20 cone TCQWF 

TUBB 1 57.99 61-99 59.74 3.50 60.61 38-99 2.37 4.99' 11130, 402% 68.14 105.92 1405.33 112.37 35.69 
T U B t  2' 57.08 61.63 59-75 3-75 60-59 38.97 3-03  5-00 56r)l. 5043, 93.20 144.90 1345.82 158.49 34 .33  

LIOI-03-78AF - 11 VAPOR SAT, T l A V G -  PIGAS HEATER -----BA RBER-N ICEOLS------- 
---------wI__----I____---------------_------------------------------ ------- 

T W P  TEIP TSAVG PSIG VOLTS PRESSURE TOUTLZT TIBLET 
120.83 98.73 -0.02 56.0 15. 59;O 149-00 225.00 

I R U T  ~ . T L E ?  AT6 TGlC TV- TS- E20 PVEL HIIAT HEAT OA r l A  COB?? AT.SAT X I T A  
T E l P  TBRP TEMP 'RISE ?AVO TAVG FLOW ?T/S LOAD YLOX CkLC SIT A20 COP:, TCO!4T 

TUBE 1 58-27 61-13 60.05 3-56 66-71 31-61 2-37 4-99 uzm. 4102. 69.18 108.71 i w 8 . w  116.11 3 5 . 3 3  
TOBE 2 + 58.19 61-96 60.08 3,713 60.75 38-65 3.03 5-00 5692. 5 4 ~ 4 .  93.70 107.27 1348.86 161.39 3 3 . 9 ~  



Table A.2 (continued) 

---------------------------------------------------------------------------------------------------------- 
m o 4 - 0 3 - ~ A F  - 1 2 ~  VAPOR SAT. TlAVG- PMEAS UEATER ------ BARB ER-YIC BOLS'----- 

TElP TEHP T2AVG PSIG VOLTS PBESSURE TOUTLZT TINLET 
116.20 99.67 0.07 57.0 0. 60.0 155.00 222.00 

IULET OUTLET AVG TENP TV- T S- ft20 YVEL HEAT HEAT U A  '1 4 COEPP H'LSAT DELTb 
TEBP TEMP TEWP RISE TAVC TAVG FLOY PT/S LOAD FLUX CALC SAT ~ 2 0  c o l e  T C O ~ E  

TUBE 1 59-16 62.27 60.71 3.11 55.49 30.96 2.71 5-79 4204. 4101. 75.76 107.90 1574.97 114.03 35.97 
TUBE 2 59.10 62.19 60.65 3.09 55.56 39.03 3.65 6.02 5604. 5399. 100.87 143.60 1572.32 153.91 35.0P 

IMO4-03-78AE - 1 P  VAPOR , SAT. T l A V G -  PWSAS HEATER ----- BABBEB-NICHOLS------- 
118.66 99.67 0.09 57.0 0. 60.0 157.00 223.00 
TElP T E l P  T2AVG PSIC VOLTS PRESSURE TOUTLET TINLET 

INLET OUTLET AVG TElP TV- TS- n20 
TEED TBBP T E l P  R I S E  TAVG TAVG PLOY 

TUBE 1 59.62 62.77 61.20 3.15 57.46 38.48 2.71 
TUBE 2 59.56 62-64 61.10 3.08 57.55 38.57 3.65 

IlO4-03-78AF -1P VAPOR SAT. T l A V G -  PNEAS 
------II---------------------------------- 

TENP T E l P  T2AVG PSIG 
114.60 99.67 0.00 57.0 

COSFP BT.SAT DELTA YVEL IiEIl' HISAT UA rJA 
PT/S LOAD FLUX CALC SAT H2O COH? TCOHL 
5.70 4249. 4145. 73.94 110.43 1500.28 116.89 35.46 
6.02 5595. 5391. 97.22 lU5.07 1577.35 155.61 34.64 

HEATER -----BIEIBBX-RICROLS------ 
.------------------------------------------------------_--- 

VOLTS PRESSURE TOVTLET TINLET 
3 5. 60.0 156.00 223.00 

INLET OUTLET AVC T E l P  TV- T S- U20 YVEL HEaT HEAT UA UA COEPP HT.SAT DELTA 
T E l P  T E l P  ZENP R I S E  TAVG TAVG PLOP PT/S LOAD FLUX CAW SAT 820 C O l P  TCOJC 

SUEE 1 60.62 65.76 63.19 5-14 51.41 3b.48 1.23 2.58 3137. 3061. 61.02 86.0U 848.36 94.65 32.34 
TUBE 2 60.25 66.13 63.19 5.88 51.41 36.48 1.57 2.59 4589. 4421- 89-25 125.7'7 814.71 146.14 30.25 

VAPOR SAT. T l A V G -  PMEAS HEATER ----BABBBE-IICHOLS------ 

113.71 99.67 -0.03 57.0 3 5. 60.0 159.00 224.00 
T E l P  TBNP T2AVC PSIG VOLTS PRESSURE TOUTLET TINLBT 

INLET OUTLET AVG T E l P  TV- TS- H20 UVCL HEAT HEAT I I A  UA WE?? HT.SAT DELTA 
TElE TEHP T E l P  RISE TAVG TAVG PLOY FT/S LOAD FLUX CALC SAT R2O COYP TCOIF 

TUBE 1 60.99 66-22 63.61 5.23 59.11 36-07 1.23 2.58 3189. 3111. 63.64 88.41 850.78 97.53 31.87 
TUBE 2 60.66 66-61 63-69 5.95 50.08 36.04 1.57 2.59 4647. 4477. 92.81 128.96 817.21 153.54 29.74 

--------------------------------_I____________I_____----------------------------------------- 

~ 1 0 4 - 0 3 - ~ A F  - 2 ~  VAPOR SAT. TlAVC- PlEAS IIEATER ------BARBER- N I C  HOLS------ 
TEMP T E l P  T2AVC PSIG VOLTS PRESSURE TOUTLET TINLET 

117.06 99.67 -0.02 57.0 15. 60.0 162.00 220.00 

TUBE 
TOBE 

INLET OUTLET AVG TENP TV- TS- H2O YVEL HEAT HEAT UA U A  C O E l P  H'I.SAT DELTA 
TElE TElP T B l P  RISE TAVG TAVG FLOW PT/S LOAD FLUX CALC SAT H20 COYP TCOBC 

1 60.72 65-02 62.87 4.30 54.19 36-60 1.80 3.78 3856. 3762. 71.16 104.77 1150.98 113.83 33.05 
2 60.61 65.18 62.90 4-56 54.16 36.78 2.30 3.79 5216. 5025. 96.30 141.82 1103.39 159.29 31.54 

------.--------------------------------------------.---------------------------------------------------------- 
fM04-03-78AF -3P VAPOR SAT. TlAVG- PlEAS HEATEN ----BARBEN-N~cH~Ls------ 

TEHP lEHP T2AVG PSIG VOLTS PRESSURB TDUTLZT TINLET 
117.45 99.67 -0.04 57.0 15. 60.0 161.00 226.00 

INLET OUTLET AVG TElP TV- TS- HZ0 YVEL BEAT AEAT U A  l l A  COEPP ET.SAT DPLTA 
COYP TCOdF 

TOBE 1 60.81 65.14 62.97 4.32 54.47 36.70 1.80 3.78 3872. 377R. 71.09 105.52 1151.79 114.72 32.93 
TElP TENP TEHP R I S E  TAVC TAVC PLOY PT/S LOAD FLUX CALC SAT H20 

TUBE 2 60.72 65.31 63.01 4.59 54.43 36.66 2.30 3.79 5249. 5057. 96.44 143.18 1104.27 161.07 31.40 ----------~----------------------------------------------------------------------------------------- 



TUBt 
TUB% 

Z B t a F  OUTLET AVO TEMP l'V- TS- R20 YVEL HEAT REAT OOEPP BT.S~LT Dsilia 
TElP TEUP TEMP B X S I  TALI0 TAVG moll PT/S LOAD FLUX A20 COlP TCO'JE 

1 65-23 65-27 65.25 0.05 1-90 -65.25 2.97 6.24 69. 67. 36.28 -1.05 1745-89 -1.33 ***** 
2 65-22 65.26 65-24 0100 1-91 -65.24 3-11 6.53 69- 68- 36-36 -le06 1810.82 -1.04 ***** 

---I------ --------------------------------------------------- --- 
lHo4-04-7erx -1P To TlAVG- PIMAS HEAfER ----BARBtR-lrCHOLS------- 

lllP T2AV6 PSI8 VOLTS PRESSURB TOUTLET TIALET 
71-79 0.0 -0-01 0.0 0. 0.0 0.0 0.0 

rfl~rr OWLFT a w  R20 lVEL AEAT RBAT UA nn COEFP RT.SAT DELTA 
T E W  T C l P  T E l P  PLOW FT/S LOAD FLUX ChLC ShT 120 COMP TCOlE 

TUEE 1 70.03 70.08 70.0 2.93 6-15 67, 65. 38b38 -0.95 1781.82 -0.93 ***** 
-70.06 3.00 6.30 50. 490 28-85 -0.71 1817.55 -0.69 *:**** 

TlAV6- PIEAS BEATER -----BA&BBR-NICROLS------- 
l'2AVG PSIG VOLTS PRESSURE TOUTLET TIALET 
0.07 0.0 0. 0.0 0.0 0.0 

1NLET ObTLET AVG T E l P  TV- 2s- E20 WVHL AEAT REAT UA UA COErP A'LSAT DELTA 
TEMP TEMP TZBP R X S t  TAVG TAVG PLOW PT/S  LOAD FLUX CALC SAT 820 COSP TCOlE 

TUEt 1 66.30 66.33 66.31 0.03 9-28 -66.31 2-91 6-24 03- 42. 10-01 -0.65 1758.41) -0.63 ***** 
TUBE 2 66-22 66-25 66-24 0.03 8-36 -66.24 3.00 6-30 49- 48. 11.30 -0.74 1772.14 -0.72 ***+* 

3 



Teble A.2 (oontinwd) 

B A H l E B - . Y  ICWLS------ 
TEUP TEMP T2AVC ?SIC  VOLTS PRESSURE TO'ITLET TIWLET 
70.55 0.0 0.57 0.0 0. 0.0 0.0 0.0 

----- VAPOR SAT. TlAVG- PMEAS BEATBE 

CUSP? HT.SAT DELTA INLET OUTLET AVG TEHP TV- T S- A20 YVEL UBAT FIEAT U A  TJA 
TEHP TENP TEMP R I S E  TAVG TIVG PLOY PT/S LOA3 FLUX CALC SAT H20 COqP T C W T  

TUBX 1 62.67 64.72 63-10 2.05 6.85 -63d70 2-66 6.01 2926. 2855. 426.86 -rC..93 1677.91 -43.48 ***** 
TUBE 2 62.68 63.59 63.13 0.91 7-42 -63.13 2.94 6.19 1336. 1303. 180.01 -21.16 1710.17 -20.36 ***** 
E ~ O P - O Q - ~ ~ P X  - 3 ~  VAPOR SAT. TlAVG- PUBAS HEATER ----- B Ah6 EE- LI XC YOLS----- -- 

71.76 94.84 0.07 52.0 0. 0.0 0.0 3.0 

---__------------------------------------------------------------------------------------------------------- 
T EHP T E l P  T2AVC PSIG VOLTS PRESSURE TOUTL3T TILYLET 

INLET OUTLET AVC TEHP TV- TS- €I20 U V U  HEAT HEAT UA U &  cowr RLSAT DELTA 
T t n P  TEUP T E m  RISE TAVC TAW PLOY FT/S LOAJ PLDX CALC SAT fi20 C03P 4COPt" 

TUBE 1 62.61 63.97 63.29 1.36 8.46 31.55 2.84 5.97 1922. 1875. 227.01 63.90 1603.33 61.96 3U.Zt 
TUBl 2 62.60 63.84 63.22 1-24 8.54 31.62 2.94 6.19 1814. 1770. 212.U5 57.35 1711.21 58.14 30.04 ----_----------------------------------------------------------------_----------_------_----------------- 
L#O4-O4-78UX -3P VAWR SAT. T l A V G -  PHEAS BRATEB -----EABi)6B-IICHOLS------- 

T E l P  TEMP T2AVG PSIG VOLTS PRESSURE TOUTLET TXNLET 
93.31 94.84 -0-07 52.0 0. 0.0 0.0 0.0 

IBLET OUTLET AVG TEUP TV- TS- H2O Y V Z L  HEAT H3AT UA UA COBPP ilT.SAT DELTA 
TElP TEHP TELlP R I S E  TAVG TAVG PLOY PT/S LOAD FLUX CALC SAT 820 C O I ?  TCO?(P 

TUBE 2 62-58 64-62 63-70 2.24 29.61 31.15 2.89 G.08 3228. 3149. 109.00 153.63 1691.60 108.56 29.01 
m e e  1 62-56 64-70 63-63 2.14 29.68 31.22 2.8a 6-06 3074. 2 ~ 9 .  103.57 98.49 1687.06 102.81 s.17 

~~-~ 

1104-04-78WX -5P VAPOR SAT. TlAVG- PHEAS 
TEUP TEUP T2AVC; PSIG 
79-26 0.0 0.01 0-0 

HEATE? --I-- SA AEElt-RfCHOLS------ 
VOLTS PEESSOR6 TOUTLXT TIULET 

0. 0.0 0.0 0.0 

TUBE 
TUBX 

INLET OUTLET AVG TEUP TV- TS- H2O 
T E l P  TEHP TEHP BISE TAVG TAVG PLOY 

1 61.89 62.02 61.95 0.13 17.31 -61.95 2.88 
2 61-68 62.00 61.94 0.12 17.32 -61.90 2.86 

----------------------------------I- ------ 
L I O V - O Y - ~ ~ ~ X  - 6 ~  VAPOR SAT. TlAVG- PITAS 

TEHP TEMP T2AVG P S I G  
107.64 0.0 0.22 0.0 

YVLL FIEAT 
PT/S LOAD 
6.06 195. 
6.02 165. 

HEATEE 
VOLTS 

0. 

------------ 

HEAT 01 UA COEBF HT.SAT DELTA 
FLUX CALC SAT n 20 CONP TCOgE 
180. 10.68 -2.99 1667.71 -2.90 ***** 
161. 9.55 -2.61 1658.7s -2.60 ***** 

-----------------------I------------------------ 

O A E B  BR-NIC HOLS-- ---- 
PEESSURE TNJTLET TINLET 

0.0 0 . 0  0.0 

e---- 

OD 
OD 

INLET OUTLET AVG TEMP TV- TS- HZO 
T E l P  T E l P  TEMP R I S E  TAVG TAVC PLOY 

TUBE 1 61.44 64.36 62.90 2.92 44.74 -62.90 2.97 
TUBE 2 61.38 63.99 62-68 2.61 44.95 -62.68 2.89 

liVEL NEAT BEAT V A  U I  COBP? HT.SAT DELTA 
FT/S LOAD FLUX CALC S&T 820 CON? TCO3E 
6.24 4314. 4209. 96.42 -69.58 1718.15 -64.04 ****e 
6.08 3762. 3670. 83.69 -60.02 1679.86 -56.30 **I** 

E I O P - O ~ - ~ ~ W X  - 8 1  VAPOR SAT. T1AVG- PMSAS AEATER ------EAREeR-NXCHOLS------- 
TEHP TEMP T2AVG PSIG VOLTS PRESSnRE TOIITLET TINLET 
76.86 0.0 -0.07 0.0 0. 0.0 0.0 0.0 

INLET OUTLET AVG T E l P  TV- TS- 820 PVSL HEAT HEAT OB UA COEPP 8'I.SAT DELTA 
TXnP T l l l P  TEMP BISE TAVG TAVG PLOY FT/S LOAD FLUX CALC SAT R20 COUP TCO9C 

TUBE 2 68.50 69.52 69-01 1.02 7.85 -69.01 3.00 6.30 1518. 1481. 193.23 -21.99 1805.10 -21.17 * * *e*  
TUBE 1 68-54 69-34 68-94 0.80 7.92 -68.94 2.84 5-97 1129. llOlr 142.49 -16.37 1727.65 -15.80 I**** 

--I_-----"--------------------I--------___________I________--------------------------------------- 



Tab10 A.2 (eonthud)  

IHLET OUTLET A V 6  T E l P  TV- TS- H20 
TXRP rim m n p  RISE TAVG TAVG nou 

TORE 1 66-71 69.07 67-89 2.36 02.89 -67.89 2-93 
TORI 2 66.56 68.86 67-11 2.30 43.07 -67.71 3.05 

L----- ------------------------ 
tM04-05-78UX -9A VAPOE SAT- TlAVG- PIEAS 

T E l P  TEMP T2AVG PSIG 
114.89 99.67 0.17 57.0 

1HLB!l OUTLET AT8 T E l P  TV- TS- 820 
T 1 l P  TEMP TEMP BISE TAVG TAW ?LOP 

TUBE 1 63.62 66-33 64-97 2-70 49.91 30.70 2-93 
TOBX 2 63.50 66.11 64-80 2.61 50.08 34.87 3.05 

-_-----w--------------------------- 

1104-05-78WX -9A VAPOR SAT. TlAVG- PIEAS 
TBRP T E l P  T2AVG PSIG 

118.02 99.67 0-16 57.0 

U A  COEPP HT.SAT YVEL HEAT HEAT D A  
FI/S LOAD PLOX CbLC SAT A20 CO NP 
6.15 3443. 3359. 80-28 -50.71 1756.65 -47.92 
6.02 3495. 3410. 81.16 -51.62 1915.91 -48.81 

ABATER 
--------------- ------- --- -- -- --- -- - - 

---A- BARB BR- N IC ROLS------ 
VOLTS PRESSURE TODTLBT TIRLET 

0. 61-0 , 161.00 213.00 

PVBL BEAT HEAT U A  UA COBPP HT.SAT 

6.15 3938. 3842. 78.89 113.48 1722.63 119.54 
6.42 3973- 3876. 79.33 113.94 1780.33 119.75 

BEATER -----EA RBER-l TCUOLS------ 

FT/S LObD FLUX CALC SAP H2O co np 

--------------I------------------------- 

VOLTS PRESSURE TOUTLET TTULET 
0. 61.0 159.00 212.00 

DELTA 
TCORf 
* * * * e  ***+* 

DELTA 
TCOUF 
32.14 
32.37 

, --- -- c- 

IHLLT ODrLET AVC TElP TV- TS- H 2 O  ITVZL HEAT HEAT UA on COBP? HT.SI1T DIl tTA 
E20 COIIP TCOBF rim T s n P  m n p  BISE TAVG TAVG PLOY PI/S LOAD FLUX CALC SAT 

fOBE 1 62.43 65-27 63.85 2.83 54-17 35.82 2.93 6.15 4123- 4022. 76.11 115.08 1709.52 121.44 33-12 
TUBE 2 62-33 65-05 63.69 2.71 54.33 35.98 3-05 6.42 4123. 4022- 75.88 114.56 1766.88 120.53 33.37 

I_--- -Iy--------------------__----------------------------- ------- -- ------------- 
tn00-0~-78ux - 9 ~  VAPOR SAT, TlAVG- PlEAS BXATER ----BAUBER-NlCHOLS------ 

T L l P  TERP T2AV6 P S I 6  VOLTS PRESSURE TOUPLET TIWLET 
117-30 99.67 0.20 57.0 0. 61.0 159.00 212.00 

IRLGT OUTLET AVG T E l P  TV- TS- 920 UVBL HEIT HEAT UA UA COEFP I I T S L T  X L T R  
T E l P  TEUP TGRP RISE TAVG TAVG R O W  VT/S LOAD FLUX CALC SAT 820 COWP TCOGF 

TUBE 1 62.01 64-86 63.44 2.85 53-86 36-24 2-93 6.15 4146. 4045. 76.98 119.41 1704.71 120.70 33.51 
TUBE 2 61.87 64-60 63.23 2.72 54.06 36.44 3.05 6.42 4141. 4040. 76-59 113.63 1761.38 119.50 33.80 

---------I -------------------------------~----------------------------------- 
~ n 0 4 - 0 5 - 7 8 ~ ~  - I O A  VAPOR SbT, 2 1 A V G -  PlEAS HEBTPR ----EABBEa-NICBOLS------ 

T E l P  TEHP T2AVG PSIG VOLTS PBESSURE TOOTLET TINLET 
119.18 98.73 0.12 56.0 0. 59.0 159.00 213.00 

INLET OUTLET A l G  TElP TV- TS- U2C) IV3L REAT HEAT U A  !Ja COEFF BT.SAT DElTA 
TBUP TEMP TElP BISE TAVG TAVG PLOY PS/S LOAD FLUX CALC SAT 8 2 0  C04P TCOUF 

TOBE 1 61-94 64.82 63.13 3.38 56-05 35.60 2.37 9.99 3990. 3893- 71-19 112.10 1438.83 119.83 32.69 
TORE 2 61-35 64.67 63-01 3.32 56-17 35-71 2.38 5.00 3931. 3835. 69.99 110.08 1440-19 117.46 32.65 

--------.---------------------------------------.------------------------------------------------- 

m04-os-78111 -IOA VAPOR SIT. T ~ A V G -  p n m s  HEATEP ------ B A RBEB-NIC HOLS------ 
TKlP TEHP T2AYJ PSIG VOLTS PRESSURE TOUTLET TINLET 

55.0 0. 58.0 159.00 213.00 119.49 97.77 0-08 

IHLET OUTLET LVG TEElP TV- TS- a20 UVEL E E B T  ‘RBAT UA IJ A COEPP. tlT.SAT DELTA 
TEMP TEMP 1 E l P  RISE TAVG TAVG PLOY ET/S LOAD FLUX CALC SAT 820 COhP TCOllF 

TULE 2 60.17 63.50 61-83 3.32 57.66 35.90 2.38 5.00 3933- 3 ~ 3 7 -  h a - 2 1  1 ~ 1 . 4 4  1 ~ 2 8 . ~ 3  1 i h . m  32-85 
TOBE 1 60.23 63-61 61.92 3-38 57.58 35-85 2-37 4-99 3995. 3097. 69.38 t l l . 4 1  1426.84 11Q.12 32.72 



90 

i i 

I ! I 

i 
D
D
 I 

w
1
c
 
I I I 



c Q 
Table A.2 (continud) --- -_I-----------_----------------------------_----------------_-------- 

moc.os-78ix - 2 ~  VAPOR SAT. TlAlG- PIISAS BEATER -----BARB LR- I ICHOLS------ 
T E l P  T t l P  T2AVG PSIG VOLTS PRESSORI TOUTLET TIBLET 

1 1 5 9 7  108-66 2.56 67-0 0. 70-0 159.00 221.00 

IRLE OUTLET AVG TEnP TI- TS- 820 HVSL NEAT AEAT U A  UA COEFF HT.SAT DELTA 
T l l P  T E l P  T t l P  BISE TAVG TAVG FLOW FT/S LOA0 FLUX CILC SAT H20 COW TCOqD 

TUBE 1 62oJO 69-68 66.09 1-18 09-88 42.57 1-14 4.98 4076. 39760 81.71 95.74 1683.84 100.27 39.65 
fOEB 2 62.20 64.86 63.53 2.66 92.44 45.13 3.54 7.44 4686. 4571. 89.35 103.84 1986.34 107.61 42.48 

EMO1-05-781'1; -2P IAPOB SAT- T lA lG-  PBBAS BEATER ----- BA RBER-NICBOLS------ 
----------.-L---.----_l----.-----------*---_-------------_--- --- 

TZRP T t l P  T2AVG PSIG TOLTS DRESSUBB TOOTLET TINLET 
112-97 . 108-66 2-50 67.0 0. 70-0  158.00 220.00 

I R L m  OUTLET ATG TEUP TV- TS- R20 WVEL EEAT REAT DA ua COEP? HT.SAT DELTA 
T E l P  T E l P  TERP RISE TAVG TAlG FLOW ?T/S LOAD FLUX CILC SAT 1120 cone TCORE 

1 62.31 69.43 65-87 7.12 47.11 92-79 1 1.14 4.98 4044. 39Q6. 85.85 94.51 1681.33 95-90 3909C 
'1011 2 62-03 69-71 63-57 2.67 49-60 P5.29 3-59 7-04 4712- 4597. 99-99 104.05 1984.13 107.35 02.63 

-----------.-.-----------------.-___-_--- ---------------------------I------------- 

PlO4-05-7812 -2P 1APOR SAT. TlAVG- PREAS BEATER -----BABE LE-lIC HOLS------ 
PRESSURE TOUTLET TINLET 

70.0 160.00 222000 

IRLBT OUTLET AVG TEMP TV- TS- E20 HVEL EEAT HIAT O A  9 A  COEW HT.SAT DELTL 
TZlP TEMP T t R P  RISG TAVG TAVG FLOU FT/S LOAD FLUX CALC SAT 820 cone T C O ~ E  

20111 1 62-61 69.79 66-20 7.18 50-74 42.46 1-14 4.98 4076. 3977. 80.33 96.00 1685-04 100.55 39.55 
2OEB 2 61-39 65.11 63.75 2-72  53-19 41-91 3-54 7-09 4800. 4682. 90.24 106.89 1989.33 110.96 02020 - ---------I ---i----------------.--*--------*---.-------------.----------- 

tnoi-os-~em -2p 1AWE SA% TlA16- PIEAS BEATER ----BA RB ER-R I C  HOLS------ 
T l l P  TERP T2AVG PSIG TOLTS PUESSORL TOflTLET T I  NLET 

159.00 220.00 117.53 108.66 2-51 67- 0 0. 70.0 

SRLGT OUTLET 1110 T E l P  TI -  TS- I120 WVEL HXAT HEAT OA UlL COEF? EXSAT DELTA 
T B l P  T t l P  T E l P  RISE TAW TAIG ?LOW TT/S LOAD FLUX CALC SAT 1120 cole TCORE 

%DEE 1 61-71 69.93 66.32 7.22 51.21 42-38 1.14 4.98 4099. 3999, 80.03 96.81 1686.47 101.96 39.41 

ER04-05-78IZ -2P SAT. TlaVG- PREAS EElTEIl ------BARBIR-I ICI%OLS------ 

TOBB 2 62-47 65-14 63-81 2.67 53-73 44-85 3-54 7d44 4732. 4587- 97.52 134.83 1990.06 108.70 02.2C - - -__---------__------_-----------------_-------------------------- 
T t l F  T2AVG PSIG VOLTS PRESSURE TOUTLIT TIBLET 

109-51 2-48 68-0 0. 7t.O 160.00 221000 

IRLET OUTLIS AVG T E l P  TV- TS- 820 WTEL BEAT HSAT UA gA COEP? HT.SAT DELTA 
T E l P  T E l P  TERP RISE TATG TAlG FLOW PT/S LOAD FLUX CALC S I T  A20 COW TCOJr 

YUBB 1 62.93 70-19 66-56 7-26 56-07 42.95 1-14 4-98 91230 4023. 7.3.5U 96.00 1689.21 100-51 00.C1 
ZUBB 2 61-73 65-4s 64.09 2-72 56-55 85-43 3.54 7.84 47930 4676- 81.87 105.52 1993.86 109.44 02.72 

-..---..-.__-.-----_Ir-----l-----.----------------------------------------------- 

tROO-05-78IZ -3P SAT- TlAV6- PRE&S BEATER ------BABBtB-UICBOLS------ 
TEUP T2AlG PSIG VOLTS PRESSOR1 TOUTLET T I l L t ! l  

113.67 0-16 73-0 0. 73.0 160.00 221.00 

I R L ~  o u n t t  at6 TEHP TT- TS- if20 HTtL HEAT HEAT dlL UA corn HT.SAT m t r  
TBRP F B l P  TtlP BISE SAY6 TATG -OR P V S  LOAD FLUX CLLC SA? H2O COY? TCORE 

72811 1 6L09 69.21, 66-16 6-15 59-26 47-51 1-40 6.09 4271- 4166, 72.06 99.89 1979.55 92.77 94.91 
TUBE 2 63-10 68-91 66.00 5-81 59-42 47.67 1.38 2.90 3992, 39950 67.18 93.75 350.57 90.b6 4 2 - 9 6  



Tablo A.2 (oontinud) 
-------------I_-----___________---------------I_------------------------------------------------------ 

IH04-05-781E -3P VAPOR SAT. TlAV6-  PIEAS EEITEE -----BARRER-MXCROLS------ 
TEHP TEMP T2AVC PSIC VOLTS PRESSURE TOUTLBT TIMLET 

126.25 112.86 0.19 72.0 0. 76.0 164.00 223.00 

I N L S T  OUTLET AVG T E l P  TV- TS- H20 WVEL nEAT UEAT UA 0 A COEFV HT-SAT DELTA 
T E l P  TEHP z m p  RISE TAVG TAVG ?Lou F T / S  LOAD FLUX CALC SAT d20 COW TCOMF 

TUBS 1 63.10 69.31 66.21 6.22 60.05 46.65 1.40 6.09 U318. 4213. 71.91 92.56 19d0.71 95.69 40.03 
TUBS 2 63.13 68.89 66.01 5.76 60.24 46.85 1.41 2.96 4034. 3935. 66-96 86.11 965.97 93.34 42.1C: 

Ed04-05-78VZ -4P 

TUBE 
TUBE 

IllLgT OUTLET AVG TERP TV- TS- HZO 
TEHP TEIP TtllP RISS TAVC TAVG ?LOW 

1 63.30 69.40 66.35 6-09 59.11 47.32 1-40 
2 63-37 69.07 66.22 5.70 54.24 47.45 J.41 

----------------__I___----------------- 

~nou-05-781~ - 4 ~  VAPOR SAT. TlAVG-  PIEAS 
TEHP TEIP T2AVC PSIC 

126.59 115.30 0.23 75.0 

INLET OUTLET AVG T i n e  TV- TS- HZO 
Tt1E TEIP TEMP RISE TAVG TAVG ?LOU 

TUBE 1 63-36 69.68 66.52 6-31 60.02 48.78 1.40 
'LURE 2 63.36 69-23 66-30 5-66 60.25 99-00 1.41 

VAPOR SAT. TIAVG- PUZAS 
TMP TE1P TZAVG PSIG 

125-46 113.67 0-13 73.0 

BEATER 
VOLTS 

0. 

D I E L  UEAT 
PT/S LOAD 

2.96 3993. 

BEATER 
VOLTS 

0. 

6-09 4234. 

,---------- 

UVEL HZAT 
P T / S  LOAD 

2.96 4106. 
6-09 4387. 

-----RARBEY-N XCAOLS------ 
PRESSURE TOUTLBT TINLET 

77.0 162.00 220.00 

HEAT O A  UA COEYF HT.SAT DELTA 
FLUX CALC SAT H20 CO!W TCOllr 
4130. 11.62 89.47, 1982.36 92.30 44-75 
3895. 67.40 8U.14 966.85 99-36 42.82 ---~----------_--_-------- ---------I----- 

-----6AB6LB-NICHOLS------- 
PRESSURE TOUTLD'C TINLET 
80.0 163.00 221.00 

HEAT UA UA COEFF B1.SAT DELTA 
FLUX CILC SAT 820 COUP TCOHf 
4280. 73.09 99-95 1984.61 92.82 46.12 
9006. 68.16 83.80 967.32 90.55 44.20 

~ 

rn04-05-781Z -5e VAPOR SAT. T l A V G -  PIEAS BEATER ------RARBER-WICROLS------- 
TBHP T E l P  TZAVG PSIC VOLTS PRESSURE TOUTLET TINLET 

121.21 116.10 1.59 76.0 0. 80.0 163.00 218.00 

\o 
N 

VAPOR SAT. TlAVG-  PUZAS 
TEHP TEllP T2AVG PSIC 

129.76 115.30 1.68 75.0 

1 U R L  
TUEE 

INLET OUTLET AVC TEHP TV- T3- H20 
TE1D TEIP TEHP RISE SAVG TAVG FLOW 

1 63.58 70.12 66.85 6.54 57.91 48-45 1.31 
2 63-49 66.90 65.17 3-46 59.59 50.13 2.62 

--------------------------------------_------*-- 
rM04-05-78YZ -4P V A P O R  SAT. TlAVG-  PIEAS 

TSHP TEHP T2AVG PSIG 
123.96 115.30 1-63 75.0 

INLET OUTLET AVG TElP TV- TS- ti20 
rsne TE1P TElP BISE TAVC TAVG FLOW 

'IURE 1 63-40 69.89 66-65 6.49 57.31 48.65 1.31 
'LURE 2 63-26 66.77 65.01 3.50 58.99 50.28 2.62 

HEATEB ----RARBER-IICHOLS------- 
VOLTS PRESSURE T03TLJT TINLET 

0. 80.0 161.00 218.00 

UVSL HEAT HEAT U A  UA COEF? A'I.SAT DELTA 
FS/S LOAD FLUX CALC SAT ti20 CORP TCOHK 
5.72 4264. Y l G O .  73.64 88-01 1891.41 90.96 45.70 
5.51 4521, 4411. 75.88 90.19 1579.75 94.31 46.92 

HEATER ------ RAYBEE-NICHOLS------- 
------------------------_--------- ---------- -- -- --- -- -- --- 

VOLTS PRESSURE TOUTLET TIIILET 
0. 80.0 160.00 217.00 

UVEL HEAT BEAT UA VA COEPP tlT.SdT OEL'PA 
FT/S LOAD FLUX CALC SAT 120  COMP TCOUP 
5.72 4232. 4129. 73.85 87.00 1888.99 89-66 U5.95 
5.51 4573. 4U61. 77.58 90.94 1578.07 94-95 47.03 



e 

Ed-09-19-78AA - 2:80P VAPOR SAT. TlAVG- PUEAS HEATER CON0 ----------------3SS--------e------- 
HP- AA - 2:40P TEHP T E l P  T2AVG PSIG VOLTS TEUP PVAP TVRP PWSLI. TliELL 

96.23 95-34 0.32 52.5 61.0 91.0 52.3 l ld .0  51.0 138.0 

INLET OOTLET LVG TEllP TV- , TS- I120 WVEL BEAT HEAT OA 01 COglF IIT.SAT DELTA 
TEYP TEAP T E l P  RISE TAVG TAVG FLOW PT/S LOAD FLUX CALC SAT H2O LWRP 7CONC 

TUBE 1 70.85 73.48 72.16 2.64 24.06 23.18 2.33 4.90 3058. 2983- 127.07 131.94 1505.88 142.74 20.90 
TOBE 2 70.47 73.22 71.84 2.75 24.38 23.50 2-38 5.00 3254. 3175. 133.47 139.51 1527.28 150.43 21.11 

ia-09-19-78a~ - 2:sop ?APOR SAT. TlAVG- PREAS HEATER CON0 --------------DSS-------------- 
RP- AA - 2:SOP TEUP TEUP T2AVG PSIG VOLTS TZUP PVAP TVAP PWELL TYELL 

--------------------------------------------------------------------------------------------------------- 
99-48 95-83 0.25 33.0 60.0 91.0 53.0 120.0 54.0 89.0 

INLGT OUTLET AVG T I l P  TY- 2s- R20 H V E L  AEAT HBAT U A  'JA COBPF KT.SAT DELTA 
TBrlP TE4P T E l P  RISE TAVG TAVS FLOW FT/S L O I D  FLUX CALC SAT H 20 CO!P TCOq? 

TUBE 1 70.77 73.37 72.07 2.60 27.40 23.76 2-12 5.08 3124. 3048. 119.00 131.49 1.548-76 141.77 21.55 
TOBE 2 70.44 73.21 71.82 2.77 27-65 29-01 2.41 5.05 3317- 3236. 119.95 138.17 1540-92 149.86 2l.bO 

LU-09-19-78AA - 3: 05'P VAPOR SAT, T l A V G -  PnEAS BEATER CORD -------------DSS--------------- 
--------------.----------.------------------------------------------------------------------------------------- 

EP- AA - 3:OSP T E l P  TEUP T2kVG PSIG VOLTS TBlP  PVAP TVIP PWELL TYdLL 
104-33 96-32 0.28 53.5 60-0 92.0 53-3  137-0 53.0 89.0 



tr)-O9-19-78AA - 3: 55P VRWR S I T .  TjAvG- PlEAS BIATm CORD ---------------DSS--------------- 
RP- AA - 3:55P T H P  TEMP TZAVG X I G  VOLTS TElP  PVAP TVAP P O l L l  TqELL 

103.91 102.45 -0.06 60.0 0.0 103.0 60.0 155.0 S9.6 93.0 

IR3.E" OUTLET AVG T E l P  TV- TS- 820 WVZL HEAT REAT Uh UA COEFP HTIShF DELTA 
TERP TF%¶P TtRP RISE TAVG TAVG PLOQ FT/S LOAD FLUX CAfC $47' H20 Cod? TCONP 

TUBE 1 69.88 73.33 71.60 3-95 32.30 30.85 2.37 4-99 4077. 3978. 126.21 132.14 1522.31 142.93 27.85 
TUBB 2 69.87 73.46 71-67 3.60 32-24 30.79 2.38 5-00 4259. 4155. 132.10 138.33 1525.53 150.23 27 .56  

El-O9-?9-78AA - 4: 65P VAPOR SAT, T f A V G -  PnEAS AtATER CORD ----------------DSS---------------- 
..................................................................................................................... 

RE- A A  - 4105P TElP  T E l P  42AVG PSIG VOLTS TEMP PVAP TVAP PUSLL TWILL 
116.20 102.91 0.30 60.5 63.0 103.0 6042 193.0 59.0 94.0 

I l L E T  OUTLET AVG T E l P  TV- TS- n20 UVEL HEAT RSAT U A  UA COEFP HT.SK' DELTA 
T E l P  T Z l P  TERP RISE TLVG TAVG FLOY FT/S LOAD FLUX CAW SAT 820 CO'IP TCO1IF 

TUBE 1 69.91 73444 11-67 3.53 44.53 31.24 2.35 4.94 4132. 4031. 92.78 132.27 1512.08 143.08 28.17 
TUBE 2 69.51 73.23 71.37 3.72 44.84 31.54 2.38 5 - 0 0  4402.. 4295. 98.19 139.57 1522.62 151.76 29.33 

IULE!f OUTLIT 
T E l P  T E l P  

TOBl 1 69-53 73.15 
TUBE 2 69.52 73.29 

----------------------.1-- 

EN-09-19-78AA - 43308 
AP- A A  - 4:3OQ 

IULEI' OUTLET 
TElP TEMP 

TUBE 1 70.24 .73.85 
TUBE 2 69.66 73.47 

EPO9-19-78AA - 4:458 
RP-D/B, AA - 4:45P 



Tsble A.3 (continued) 
----------------------------*-------------------------------------------------------------------------------- 

Fl-09-20-78AF -10: 40A VAPOR SAT. TlAVG- PREAS BEATEB CORD -------------DSS---------------- 
np- AP -10:40A TElP TXlP T2AVG PSI0 VOLTS TElP PVAP TVAP PW'ELL TWELL 

121.44 101.07 -0-51 5805 0.0 9 7 - 0  58.0 175.0 57.0 94.0 

OOTLtT AVG TERP TV- TS- H2O YVEL HEAT HEAT OA 11 A COEPP RT.SAT DELTA 
TClP TERP TElP RISE TAVG TAVC FLOW FT/S LOkD FLUX CALC SAT A20 COMP TCOBP 

TOBE 1 68.96 72.47 70.72 3.50 50.73 30.36 2-37 4.99 4138. 4037. 81.58 136.32 1513.59 147.93 27.29 
TUBE 2 68-87 73-58 71-23 4.71 50.22 29.85 3-03 5-00 7099. 6839. 141.37 237.84 1454.13 279.80 24.4U 

EH-09-20-78AF -ll:25A , QAPOR SAT. T l L V G -  PN&AS BEATER COAD ---------------DSS--------------- 
----I-..-------------------------------------------*----.---------------L-------------------------C------------------- 

TElP TERP T2AVG PSI0 VOLTS TXMP PVAP TYAP PYELL TYELL 
119.09 97.29 0.12 54,s 70.0 98.5 54.0 160.0 54.0 90.0 

comr RT.SAT DELTA T AVG TENP TV- TS- E120 YVLL HEAT HE&T O A  !JA 
T t l P  TEMP TEIP R I S E  TAVG TAVG FLOU FT/S LOAD FLUK CALC SAT 820 CONP TCOI" 

TUBE 1 64.82 68-36 66.59 3.54 52.49 30.70 2.37 4.99 4182- 0080. 79.67 136.24 1473.01 148.29 27.51 
TOBE 2 64.06 68-88 66.47 4.82 52-61 30.82 3.03 5.00 7262- 6996. 138.02 235.67 1409-34 278.60 25.11 

EWO9-20-78AF - 1 l : Q l A  V AJ?OR SAT. T l A V G -  PIEAS HEATER CORD ----------------DSS-------------c- 
-c__.--*-u--------------------------------------------------~---------_-_--~---------_------_-----__-__--_-___---__ 

TEHP TBlP T2iiVG PSIG VOLTS TEIP PVAP TVAP PWELL THML 
121.77 97-29 -0.13 54-5 61.0 93.0 54.0 165.0 53.1) 89.5 

INLET OOTLCT AVG TEUP TV- TS- A20 WVEL HEAT BEAT UA W A  COBPP HT.SAI DELTA 
TEYF ?tie  TEHP RISS TAVG TbVG PLOY ?T/S LOLD n U S  CALC SRT tl20 CORP TCORF 

TUBE 1 64-13 61-75 65.9 3-52 55.83 31.35 2-36 4-97 4263- 4159. 76-36 135.99 1462.40 148.11 2A.O. l  
TOBE 2 63.63 68.52 66.0 4.90 55.70 31-22 3.03 5.00 7378- 7108. 132.47 236-34 1405-57 279.78 25*40 

------.--r-----ir-r----- --_-_"----~----_-C---*_---_---_-------~_---_------f----C-___~-----I--__*-_C-I~L---_-_ 

: OOP VAPOR SAT. TlAVG-  PMEAS HEATER CORD ----------------bSS--------------- 
t OOP TIRP TEYP T2AVG PSIG VOLTS T E l P  PVAP TVRP PUELL TUELL 

123.44 97.77 -0.10 55-0 70.2 93.0 54.5 165.6 54.0 90.0 

TS- ff20 WVEL HEAT HEAT O A  I1 A COEPF t lT.Sl i  DELTA 
TEVG PLOY FT/S LOAD FLUX CACC SAT H2O CON? % C O I F  

7 31.90 2-35 4.9P 4291. 1186. 74-53 134.51 1455,37 166.40 20.59 
7 31-80 3.03 5-00 7511. 7236. 130.70 236.22 1404.61 279.64 25.Ad 

------------*----*--------------.------------------ 
EM-09-20-~AF -12: 2031 VlmR ,SAT. T1AVG- PYEAS BEATER CORD - - - ~ - - u I - - - - - - - D S S - - - - - ~ , , ~ , -  
nP-D/H, AP -1 TENP TERP T2AVG OSIO VOLTS TERP PVAP TVAP r w m  TCELL 

120.99 98.73 -0.04 56.0 77.0 93.5 56.0 15J.O 55.0 90.5 

INLET OUTLET AVG TS- H20 YVEL HEAT HEAT IJA U A  COSF? HT-SA? DELTI 
TElP T E l P  T l l 9  TAVG FLOW FT/S &OAD FLUX CALC SAT H2O CONP T C O l t  

TUB1 1 65.22 68.85 67-03 3-63 53.95 31.69 2-37 4.99 9206. 4181. 79.43 135.23 1477.33 147.02 28.49 
TOBt 2 68-58 69.56 67-07 4-98 53.92 31-65 3.03 5.09 7497- 7222. 139.05 236.84 1414.99 280eJ7 25.79 

E?f-09-20-78A? -12: 40P VAPOR SATI T 1 A V G -  PISAS EXATE3 COMB ----------------3$S-*---------"--- 
----sr-r--..r----r--r----r-url-*nr-r-"-----~"~"-,~-,,,,--",~~--"-,-cc-r"r---r-r-.r---r-r-----~-r----r.r--- 

RP-D/R, 1IF -12:BOP TEUP TEIF TZAQG PSfG VOLTS TXMP PVAP T V A ?  PVELL TWELL 
118.93 99.20 0.02 S6,S 80.0 9P.O 26.0 143.0 55.0 90.5 

I R L E T  OUTLET AVG TENP TV- TS- AZO YVZL YEAT HEBT tJa '! R COBPF HT.SAT D%&TS 
TElP TENP T E l P  RISE T A W  TkVG FLOW PT/S LOAD ?LUX CALC SIT e20 COY? TCOJP 

TUBE 1 66.05 69.69 67.87 3-69 51.07 31.33 2.37 9-99 4297. P192- 84.14 137.14 1485.56 149.23 28.0'4 
TWBE 2 65.38 70.32 67.85 4.94 '51.09 31.35 3.03 5-00 7439. 7166. 145.61 237.26 1422.31 280.36 25.56 

-*---i------------..---------------------------------------------------------------*---------------------------"-------~--------- 



Table 6.3 (contfnud) 

~1-09-20-78A? -12: ;s~  VAPOR SAT. T1AVG- p8EAS HEATER COJD ----------------3ss---------------- 
RP-D/H. A? -12:55P TEqP TEHP T2AVC PSIG VOLTS TErlP PVAP TVIIP PRELL TilELL 

118.23 99.95 0.01 57.3 79.0 94.0 57.0 153.0 56.5 92.0 

INLET OUTLET AVG T E l P  TV- T S- A20 PVEL HEAT RXAT UA 'J A CO9FP HT.S iT  OLLTA 
TEOP TEMP TEIP RISE TIVG TAVG FLOW FT/S LOAD FLUX CALC SAT H 20 COW T C O Y '  

TUBE 1 66.99 70.15 68.32 3.65 49.91 31.63 2.33 4-90 4241. 4137. 84.97 134.06 1468.63 145.70 28.43 
TOBE 2 65.89 70.78 68.31 4.94 49.92 31.65 3.03 5.00 7478. 7166. lU8.99 235.04 1426.64 275.95 25.R' --------_------------------------------------------------------------------------------------------------------------------ 
El-09-20-7811' - 1: 1OP VAPOR SAT. T1aVG- p3EAS HEATER COND ----------------osS--------------- 
RP-D/S. AF - 1:loP TEUP TEUP T 2 A V G  PSIG VOLTS TENP PVAP TVAP PWELL TITBLL 

118.90 100.42 -0.03 57.8 77.0 94.5 57.0 163.0 57.0 91.0 

INLET OUTLET AVG TERP TV- TS- 820 WVEL HEAT REAT UA 'J fi COEFF HT.SIT DEXT4 
T E l P  TEBP TEBP RISE TAVG TAVG FLOW FT/S LOAD FLUX CALC SIT R20 cow TCOflf 

TUBE 1 66.38 70.12 68.25 3.74 50.66 32.17 2.34 4.92 4354. 4248. 85.96 135.34 1472.20 147.21 26-96 
TUBE 2 65.76 70.81 68-28 5.05 50.62 32.14 3.03 5-00 7610. 7332. 150.33 236.77 1426.39 279.47 26.23 

?!a-09-20-78AI - 2: 15P V A P O R  SAT. T1AVG- PIEAS HEATER COND ---------------DSS---------------- 
----------------------------------------------------------------------------------------------------------------------- 

BP-D/R, A? - 2: 1SP TEUP T E l P  T2AVG PSIG VOLTS TEMP PVAP TVlP  PWlLL TWELL 
99.18 87.60 0.16 95.0 79.0 83.5 45.0 90 .0  44.0 83.0 

INLET OUTLET AVO TEUP TV- TS- H20 UVEL REAT HEAT UA II L coerr HT.SAT DELTA 
T E l P  TERP TERP RISE TAVG TAVG PLOP FT/S LOAD FLUX CALC SAT A20 CO!P TCONP 

TOBE 2 66.53 69.82 68.18 3.29 31.00 19.43 3.03 5 - 0 0  4960. 4778. 160.00 255.34 1425.42 306.35 15.57 
TUBE 1 67.19 69.48 68.34 2.29 30.84 19.27 2.37 9-99 2707. 2640. 87-75 140.47 1490.17 153.23 17.23 

--------------------______I_____________--------------------------------------------------------------------- 

E+O9-20-78AP - 2:30P VAPOR SaT. Tl AVG- PnaAs REATgR COgD --------------r)SS-------------- 
AP-D/H. A I  - 2:30P TEHP TEOP T2AVG PSIG VOLTS TEHP PVAP TVAP PWBLL TWELL 

96.45 87.60 0-12 ~ 5 . o  79.0 84.0 45.0 87.0 44.0 83.0 

xnim OUTLET AVG TEHP TV- TS- 
TEOP TElP TEUP RISE TAVG TAVG 

TOBE 1 66.93 69.23 68.08 2-30 28.37 19-52 
ZUEE 2 66.35 69.58 67.96 3.23 28-49 19.64 

~ n - 0 9 - 2 0 - ~ A F  - 2 : 9 0 ~  V I  POB SAT. TlAVG- 
BP-D/R. AF - 2:40P TElP TERP T2AVG 

94.97 87.60 0.04 

.................................................. 

I I L t r  OUTLET AVG TEUP TV- T S- 
TEnP TElP TEUP RISE TAVG TAVG 

TUBE 1 66.74 69.07 67.91 2.33 27.06 19.70 
9U81 2 66.25 69.08 67.87 3.23 27.10 19.74 

E20 
FLOP 
2.37 
3.03 .----I 

P l E A S  
PSIG 
05.0 

R20 
FLO u 
2.35 
3. 03 

ER-09-20-78AF - 2: SOP VA WR SAT. TlAVG-  PUTAS 
BP-D/fi, A1' - 2:50P T E l P  T E l P  T2AVG PSIG 

94.29 87.39 0.03 44.8 

WVEL HEAT HEAT UA tIA COEP? RT-SAT DELTA 

4.99 2713. 2647. 95.63 138.96 1487.67 151.43 17.48 
cow TCONP PT/S ZOAD FLUX CALC S I T  R20 

5.00 4871. 4693. 171.01 248.03 1423.39 296.06 15-85 

ZNLET OU?LET AVG TEHP TV- TS- R20 PVEL BEAT REAT UA UA COEPF AT.SAT DELTA 
TEMP TENP T E l P  RISE TAVG TAVG FLOW FT/S LOAD FLUX CALC SAT li20 COW TCOHP 

TUBE 2 66.03 69.24 67.64 3.21 26.65 19.75 3.03 5.00 4839. 4662, 181.54 244.98 1420.30 291.72 15-98 
TUBE 1 66.49 68.85 67.67 2-35 26.62 19.72 2.35 4.94 2756. 2689. 103.53 139.77 1472.97 152.59 17.62 

---------------_--_------------------------------------------------------------------------------------------------- 

C' 
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Q 

I l (LlB O U T L f i  AVG ZBlP TV- TS- 
TEUP TSllp T t l P  RISE TAVG TAVG 

TUEE 1 66.80 69.05 67.93 2.25 26-31 19.68 
TUB1 2 66.30 69.49 67.90 3.19 26-34 19.71 

--------------------l__________________l--- 

ER-09-20-78AF .. 3: 35P VAPOR SAT. TlAtG- 
AP-D/U. AF - 3:3SP TERP T E l P  T2AVG 

103.40 101.27 0.07 

H20 WVEL HEAT HEAT U A  UA COEFF HT.SAT DELTA 
?LOP PT/S LOAD FLUX CALC SAT H20 C O l P  TCOIP 
2.37 4.99 2654. 2589. 100.86 134.86 1086.14 146.47 17.69 
3-03 5.00 4802. 4627. 182.34 243.71 1422.78 289.74 15.97 --------------_----------------------------------_-------- 

PIEAS HEITSa COID --------------DSS-------------- 
PSI0 VOLTS TERP PVAP TVAP PRELL THELL 
62.0 65.0 98.0 61.0 101.0 60.0 97.0 

IRLET OUTLET AVG T E l P  TV- T S- H20 WVIL BEAT BEAT UA UA COEFF BT.SbT DELTA 
T E l P  TRIP  T E l P  RISE TAVG TAVG FLOW FT/S LOAD FLUX CALC SAT 820 COlP T C O I €  

TUEE 1 66.96 71-86 69-01 6-10 34.40 35-26 2-37 4.99 4843. 4725. 140.82 137.35 1496.77 149.37 31.69 
TUEE 2 66.51 71.36 68.94 No85 34-16 35.33 3.03 5-00 7309. 7041. 212-07 206.66 1432.57 237.21 29.68 
----------------------------------------------------I-------------------------------------__-__-__- 

E8-09-20-78AF - 3: SOP VAPOR SAT. TlAVG- PMEAS HEATER COND --------------DSS------------- 
BP-D/A. AP - 3:50P T E l P  TElP T2AVG P S I 0  VOLTS T M P  PVAP TVlP  PYPLL TWELL 

1 0 2 3 0  104.27 0-09 62-0 64.0 98.5 62.5 100.0 60.0 98.0 

INLET OUTLET AV6 TSRP TV- TS- H2O RVEL HEAT BEAT O A  UA COEF?' HT.SAT DELTA 
T l l P  TERP TERP RISE TIVG TAVG PLOU FT/S . LOAD ?LUX CALC SAT A 2 0  Con? T C O l F  

TUBE 1 67-38 71.23 69.28 3.89 33-02 34.99 2.37 4.99 4600. 4488. 139.33 131.50 1499.50 142.27 31.55 
TUBE 2 66-84 11-56 69.20 4-72 33.10 35.07 3.03 5.00 7106. 68460 214.67 202.63 1435.04 231.30 29.59 

lU-09-20-78AF - 4: OOP VAPOR SAT. T1bvG- ' PIEAS AEATn COND ---------------DSS---------------- 
----.lr*---i-----------.------------*----Cl------.----.----.---------------------.--------------------------------.------ 

BP-D/R. AP - 4:OOP TERP T t l P  T2AVG PSIC VOLTS T E l P  PVAP TVAP PHSLL TUZU 
102.60 103.82 0.05 6t .5  62.0 98.0 61..0, 102.0 69.0 95.0 

TUBE 
TUBE 

IIflXT OUTLET AVG TfRP  TV- TS- 
TElP TE!!IP TERP RISE TAVG TIVG 

1 66.59 70.61 68.60 4.02 34.00 35.21 
2 66.12 70.99 68.55 4.87 34.05 35.26 ------------------------------------ -- 

EU-09-20-78AF - 4:lOP YAPOR SAT. TlAVG- 
EP-D/H. A I  - 4 ~ 1 0 P  TR3P TElP  T2AVG 

102.69 104.27 0.01 

INLET OUTLET AVG TSRP TV- TS- A20 PVEL BEAT REAT UA !Jk COEPF BT.SAE DELTA 
I T t l P  TEflP T E l P  RISE TAVG TAVG FLOP PT/S LOBD FLUX CALC SAT a20 CONP rconr. 

TUBE 1 66.89 70.80 68.84 3.90 33-80 35-43 2.35 4.94 4572. 4460. 135.25 129.05 1484.44 139.49 31.97 
TUBE 2 66-84 71.23 68.84 4.79 33.81 35.43 3.03 5.00 7218. 6953. 213.48 203.69 1431.62 232.92 29.85 

iM-09-20-78AF - 4:ZOP VAPOR SIT. T1 AVG- PIEAS HEATER COHD --------------DSS-------------- 
----------------------------------------________L__---------------------------------------------- 

flF-D/R. A F  - 4:2W TEUP T t l P  T2AVG PSIG VOLTS T I l P  PVAP TVAP PWUL TWeLL 
103.18 104.72 -0.02 62-5 61.0 98.0 62.0 106.0 61.0 97.0 

ImFZ OUTLET AVG T E I P  ?V- TS- E20 WVEL HEAT HEAT 0 1  L I A  COEPF HT.SAF DELTA 
T E l P  TERP TEMP RISt  TAVG TAVG FLOP PT/S LOAD FLUX CAW S 4 T  R20 COUP TCO! l r  

TUEE 1 67-21 71-10 69.16 3.89 34.03 35-56 2.37 4.99 4598. 4486- 135.14 129.32 1498.26 139.68 32.12 
TUBt 2 66-76 71.60 69.18 4-80 34-00 35054 3-00 4.95 7221. 6957. 212.36 203-21 1428.61 232.49 29.92 

! 

------------------------___l___________l____--*--------------------------------------------------_---_- 



TlLET OUTLET AVO TEXP TV- TS- 
T E l P  T t l P  TEMP BISE TAVG TAVG 

TUBE 1 66.83 71.27 69.05 4.4U 38.61 40.46 
TUBE 2 66.37 71.63 69.00 5.26 38.67 40.51 

81-09-20-7861 - O : ~ O P  VAPOR SAT. TlAVG- 
EP-D/H, M - 4:50P TEHP TCUP T2AVG 

107.50 109.34 0.03 

..................................................... 

INLET OUTLtT AVG T t U P  TV- TS- 820 WVEL HEAT HEAT UA 11 A COEF? HT.SAT DELTA 
TEMP TEUP T E l P  RISE ThVG TAVG FLOW FT/S LOAD FLUX CALC SAT H20 COW TCOI!C 

T U E l  2 66.26 71.52 68.89 5.26 38.61 40.46 3.00 4.95 7855. 7567. 203.42 194.15 1421.86 220.36 34-30 
TUBE 1 66.70 71.13 68.91 4.43 38.58 40.43 2.37 4.99 5228. 5101. 135.51 129.33 1495.87 139.71 36.51 

......................................................................................................................... 
CU-09-20-78AF - 5: OOP VAPOR SAT. TI AVG- P,flEAS BEATER CORD ---------------DSS-------------- 
RP-D/R, AF - 5:OOP T r n P  T E l P  T2AVG PSIG VOLTS T E l P  PVAP TPAP P v m i  TYELL 

107.07 109.08 0.06 67.5 64.0 103.5 67.0 110.0 66.0 102.0 

INLET OUTLET AVG T E l P  TV- TS- k20 UVEL AEAT HEAT UA UA COEPF IiT-ShT DRLTA 
T l l P  T E l P  TEMP RISE TAVG TAVG PLOY FT/S LOAD FLUX CALC SAT 820 COHP TCOf4f 

TUBE 1 66.70 71.07 68.89 4.37 38.18 40.20 2.37 4.99 5162. 5036. 135.20 128.43 1495.60 138.64 36 .33  
TUBE 2 66-28 71.40 68.82 5.16 38.25 40.26 3.03 5.00 7776. 7492. 203.32 193.15 1431.49 218.76 34.25 ------_--------------------------------------------------------------------------------------------------------------- 

e) 



f c 
Tab10 A.3 (contiawd) 

-------------------u_I___I_____________----------------------------------------------------------_------------ 

1609-2  1-78AF3- 9:46A VAPOR SAT. T l A V G -  PREAS HEATER COND --------------DSS------------- 
BP- AF3- 9:46A TENP TEMP T2AVG PSIG VOLTS TEHP PVAP TVAP PYELL TUELL 

115.11 93.85 -0.21 51.0 100.0 89.0 51.0 175.0 50.0 86.0 

fi OUTLET AVG TERP TV- T S- H20 WEL URAT BEAT U A  UA (PEP? HT.SRP DYLTA 
T t l P  TEHP TERP RISE TAVS TAVG PLOY PT/S LOAD FLQX CALC SAT 820 COW TCORP 

TUBE 1 64-96 68-08 66-52 3.12 48.60 27-33 2.37 4.99 3687. 3597. 75-88 134.91 1472.24 146.69 24.5L 
TQBB 2 63.92 69-54 66-73 5.62 48.38 27.12 3.03 5-00 8471- 8161. 175-09 312.40 1411.75 398.62 20.47 

10-09-2 1 -78AF3-10: O O b  VAPOR SAT* T l  AVG- PHEAS HEATER COHD ---------------DSS-------------- 
ne- AF3-10: OOA TEnP TElP TZAVG PSfG VOLTS TBlP  PVAP TVAP PWELL TYELL 

113.28 93.65 -0.04 50.8 112.0 89.0 50.6 165.0 49.0 86.0 

-----------------------*----------------.-----------.--------------------------------------.------------------------ 

INLm OQTLET IVG TS- 820 WVEL HEAT HEAT UA UA COEFP BT.SAT DELTA 
TtHP TERP TGBP TAVG FLOW PT/S LOAD 'iiur caw SAT 8 2 0  COR? T C O l E  

TQBS 1 65.67 68-66 67-17 1 26.48 2.37 4.99 3527. 3441. 76.50 133.22 1478-66 144.57 23.80 
TUBE 2 64.48 69.93 67.20 5.46 46-07 26.44 3.03 5.00 8219. 7918. 178-40 310.84 1416-23 395.59 20.02 

El-09-2 1-76AP3-10: 151 VAPOR SAT. TlAVG-  pflo&S HEATER COND -------------JSs------------- 
----------------------------------_-------------------------*---_---------------------------------------- 

RP- AF3- 10: 1 SI TERP TElP TZAVG PSlG VOLTS TEHP P9&P TVAP PYELL TYSLL 
112.04 94.05 -0.03 51.2 111.0 90.0 51.0 160.0 50.0 86-0 

xnsm O U T ~ E T  AVG TERP TV- T S- 820 YV3L REBT HEAT O A  R A  COEFP BT.SAT DELTa 
TEllP TElP TElP RISE T A V G  TAW PLOW PT/S LOAD FLUX CALC SRf A20 COW TCOrlF 

TUBE 1 66.09 69.03 67-56 2.95 04-48 26.49 2.37 4.99 3484. 3399. 78.34 131.54 1482.53 142.51 23.85 
TORE 2 64.90 70-29 67-59 5.39 44.45 26-06 3.00 4-95 8OQ9- 7754. 181-09 304.2Q 1409-75 385.12 20.13 

TUBE 
TQBE 

INLET OUTLET A V G  TEHP TV- TS- HZO WVSL mar HEAT IJA !JA COBPP HT.SAT DELTA 
TCWP TEHP TEIP IUSE TdVG TAVG FLOW FT/S LOAD FLUX CLLC SAT 920 con7 ' I C 0 1 9  

TQBE 1 68.43 71.22 69.53 2.79 32-23 24.82 2.36 4.97 3286. 3205. 101.77 132.39 1500.54 143.33 22.3" 
TOBE 2 66.02 71-23 68.63 5.21 33.08 26.02 3.00 4.95 7776. 7492. 232.25 2w.aa 1 4 i s . u ~  375.48 19-95 



INLET OUTLET AVG TEUP TV- TS- 
TEUP TIUP TEUP RISE TAVG TAVG 

TUBE 1 67.73 70.61 69.17 2.87 34.85 25.67 
TUBE 2 66.11 71.34 68.72 5.24 35.29 26.12 

El-09-21-78A?3-12:4OP VIPOR SAT. TlAVG- 
RP-D/B, AP3- 12: 4OP T E l P  T E l P  T2AVG 

97.22 97.77 0.03 

------------------------------------------------ 

INLET OUTLBT AVG TEUP TV- TS- R2O YVEL HEAT AEAT U A  UA COXPP HT.SAr DPLTA 
TIUP T E l P  TEnP RISE TAVG TAVG PLOH PT/S LOAD FLUX CALC SAT H20 cone T c o n e  

TUBE 1 68.33 71.21 69.77 2.88 27-05 28-00 2.38 5-01 3b15. 3332. 124.39 121.94 1509.56 130.82 25.47 
TUBE 2 67.30 72.19 69.74 4.89 27.48 28.03 3.11 5.13 7562. 7285. 275.20 2651.79 1470.90 323.15 22.30 ----------_------------------------------------------------------------------------------------------------------------- 
Sl-09-21-78AP3-12:5OP VAPOR SAT, TlAVG- P n t A S  BEATER CORD ---------------bSS--------------- 
FfP-D/R, AP3-12:5OP TEMP TEUP T2IVG PSIG VOLTS TEUP PVXP TVAC PWXLL TWLLL 

96.96 97.68 0.03 54.9 101.0 92.4 55.0 100.0 5q.O 90.0 

INLET OUTLET AVO TEnP TV- TS- 820 WVEL HEAT HEAT U A  rJ A COEPF nT.sAr DELTA 
TClP T I l P  TElP RISE TAVG TAVC FLOP PT/S LOID FLUX CALC SAT I120 c o w  T C O F ~ F  

TUBE 1 68.36 71.18 69.77 2.83 27.19 27.91 2.37 4.99 3339. 3258. 122.84 119.67 1504.28 128.18 25-42 
TUBE 2 67.33 72.15 69.74 4.82 27-21 27-93 3.04 5.02 7304. 7037. 268.42 261.49 1446.33 314.97 22-30 

BU-09-21-78AP3- 1:OOP VAPOR SAT. TlAVG- PlEAS AXATER COND ---------------DSS-------------- 
UP-D/R. AF3- 1:OOP TEUP TEUP T2AVG PSIG VOLTS TEWP PVAP TVAP PWSLL TUELL 

97.16 97.29 -0.01 54.5 100.5 92.5 54.2 100.0 54.0 90.0 

INLET OUTLET AVG TEYP TV- TS- 920 WVEL HEAT HEAT UA 11 n COEPP AT-SAT DJZTA 
CORD TCOFiE 

TUBE 1 68.39 71.22 69.80 2.83 27.36 27.49 2.37 4.99 3341. 3260. 122.12 121.55 1504.59 130.40 25.00 
TUBE 2 67.42 72.21 69.81 4.79 27.35 27.48 3.03 5.00 7211. 6947. 263.66 262.43 1440.83 316.69 21.94 

T E l P  TEEP TEUP RISE TAVG TAVG P L O Y  ?T/S LOAD PLUX CALC SAT 920 

.---------------------------------------------------------------------------------------------------------- 
Bfl-O9-21-78A?3- 1:30P v a u n  SAT. TlavG,- PflEAS AFATER CORD ----------------DSS-------------- 
BP- A?3- 1:30P TEBP TEUP T Z I V C  PSIG VOLTS TBlP  PVAP TV4P PUELL TWELL 

106.88 t06.05 -0.15 64.0 96.0 101.0 63.5 175.0 63.5 97.0 

INLET OUTLZT AVG TERP TV- TS- 820 RVEL BEAT HEAT UA UA COEPF HT.SAT DELTA 
T E l P  TENP TEUP RISE TAVG TIVG PLOW PT/S LOAD ?LUX CALC SAT 820 COBP TCOYP 

TUBE 1 69.09 72.90 71.00 3.80 35.88 35.05 2.37 4.99 4491. 4382. 125.17 128.14 1516.33 138.09 31.73 
TUBE 2 68.11 74.18 11-15 6.07 35.73 34.90 3.04 5.02 9188. 8851. 257.12 263.24 1459.59 316.88 27.93 

c1 
0 
0 



c c 
TIM. A.S (oaatimwd) 

ER-O9-21-781?3- 1:SOP VIPOR SAT. T l A V G -  PNEAS REATER COND -------------DSS------------- 
RP- AF3- 1:sop TE!IP TtOP T2AVG PSIG VOLTS TEUP PVAP TVAP PUELL TWELL 

115-17 106.05 -0.10 64.0 102.0 101.0 69.0 160.0 63.5 99.0 

IRLET OUTLtT 8VG TEUP TV- TS- A20 WVEL BEAT HEAT UA UA COEFP flT.SAT DELTA 
TEUP T l l P  TEBP RISE TAVG TAVG FLOU FT/S LOAD FLUX CALC SAT a20 COllP TCOUF 

TUBE 1 69.26 73.07 71.17 3.81 44.00 30.88 2.35 4-90 4457- 4398. 101.29 127.78 1507.14 137.75 31-57 
TUEt 2 68.22 74.31 71.27 6.09 43.90 34.78 3-03 5.00 9170. 8534- 208.87 263.65 1454.52 317.77 27.80 

1R-09-21-78A?3- 2:OOP VAPOR SAT. TlAfG- PlE AS BEATER COID --------------DSS--------------- 
-------------------------------------------------1---c----------------------------_---------------------- 

IIP- nr3- 2:oop T l N P  T2AVG PSIG VOLTS TEOP PVAP TVAP PWELL T8ELL 
105.60 -0.07 63.5 102.0 101.5 63.0 ISR.O 62.5 9a.o 

INLET OUTLET AVG TGNP TV- TS- li20 UVEL HEAT BEAT UA , l l A  CO5FF HT.SAT DELTA 
TEOP TERP TtBP RISE TAVG TAVG ?LOU PTjS LOAD FLUX CbLC SaT E20 COUP TCOUP 

TUBE 1 69-16 73-03 71.09 3.87 36.40 35-51 2.35 4.94 4535. 9024. 124-56 131.39 1506o91 142.08 31.17 
TUBE 2 68.11 14-22 71.17 6-11 36-33 34.44 3.03 5-06 9205. 8868. 253-37 267.30 1453058 323.35 27-93 

~~~ 

lR-09-21-78AP3- 2:lfP v a m .  SAT TlaVG- PIBAS RBAT?X CORD ------------DSS-------------- 
EP- AF3- 2:15p TEMP TEaP T2AVG PSIG VOLTS TEMP PVAP TVAP PUELL THELL 

113.38 115.30 -0.09 75.0 102.0 110.0 7408 142.0 79.0 107.0 

IltLET OUTLET AVG TElP TV- TS- Azo w v a  EEAT HEAT OA RA COEFF BT.SAT DELPA 
TElP  TElP TEOP RISE TAVG TAVG PLOW PT/S LOAD FLUX CAW SAT ~ 2 0  cow TCOVF 

TUBZ 1 66-76 73-94 71.10 4-68 42.29 94-20 2.37 0.99 5529. 5390. 130.76 125.10 1517.35 134.48 40.11 
TUBE 2 67.74 74-63 71.19 6.89 42.20 44.11 3.03 5.00 10373. 9994. 295.82 235-16 1053.75 275.98 36-21 

EU-09-21-78A?3- 2: 25P VAPOR SAT. TlaVG- PflEAS BEATER CORD ---------------DSS--------------- 
---------------------------------------------------------------------------------*------------------- 

EP- A?3- 2:25P TERP TElP T2AVG PSI0 VOLTS TENP PVAP TVAP PHELL TWELL 
119-65 115.70 -0.05 75.5 100.0 111.0 75.0 167.0 74.9 109.0 

TUBE 
TUBE 

INLET OUTLET AVO T l l P  T I -  TS- A20 nVEL HEAT HEAT UA UA COEFF AT.SAT DELTA 
TEUP T'iSOP TElP RISE TAVG TAVG ?LOW FT/S LOAD FLUX CALC SAT E20 cow TCOH: 

1 68-55 73.29 70.92 4.73 48.73 94.78 2-36 4.97 5573. 5937. 119.37 124.96 1511.26 133.78 40.63 
2 67.52 79-43 70.97 6.92 48.68 44.73 3e03 5.00 10436. 10059. 214.40 233.34 1953.82 273.38 36-79 ----------------------------------------------------------------------------------------------------------- 

ER-09-21-78Ar3- 2: 35P VAPOR SAT. TlAVG-  M E A S  BEATER C O l b  --------------DSS-------------- 
BP- nr3- 23358 TEUP TEnP T2AVG PSIG VOLTS T E l P  PVAP TVAP PWELL TUELL 

116.38 115.70 -0.05 75.5 109.0 111.0 75-0 170.0 74.5 108.0 

IlILGT OUTLET AVG TEOP -TV- TS- A20 UVEL EIAT EEAT UA !la COErF U'LSAT DELTII 
TEOP TEHP TEUP RISE TAVG TAVG ?LOU FT/S LOAD FLUX CALC SAT R20 CO'IQ TCOWF 

TUBE 1 68.23 13-09 70.63 4.81 45.75 45.07 2.36 4.97 5661- 5523. 123.75 125.62 1508.44 135.17 40.95 
TUBE 2 67.20 . 74-17 70.68 6.97 45.70 45.01 3-03  5-00 10094. 10110. 229.65 233.13 1949.09 273.27 37.00 



Table A.9 (continued) 

ZU-09-21-78AF3- 3:20P VAPO9 SAT. T l A V G -  PREAS HEATER COND ----------------DSS--------------- 
HP- AP3- 3:20P TEUP TEUP T2AVG PSIC VOLTS TEUP PVAP TVXP ?FELL TYELL 

125.89 126.18 0.08 89.5 105.0 121.0 89.0 177.0 90.5 1ld.O 

INLET OUTLET A V G  TEUP TV- TS- H20 UVEL HEAT HEAT U A  IJ A COEFF UT.SAP DELTA 
TEUP TEUP TERP RISE T A V G  T A V G  FLOW PT/S LOAD FLUX CALC SRT H20 C@3P !?CON? 

TUBE 1 68.23 74.01 71.12 5.78 54.77 55.07 2.37 4.99 6826. 6660. 124.63 123.97 1517.54 133.13 50.02  
TUBE 2 67.18 74.89 71.04 7.72 54-85 55.15 3.03 5.00 11623. 11197. 211.89 210.76 1452.35 241.92 46.25 

INLET OUTLET 
TEUP TEUP 

TUBE 1 68.29 74.19 
TUBE 2 67.19 74.96 

EN-09-21-78AP3- 3:40P 
AP- AF3- 3:40P 

-------------I--------- 

~~~~~ 

V A P O R  SAT. T l A V G -  

127.83 126.87 0.17 
TEUP TEUP T2AVG 

AVG TERP TV- TS- 
TEUP RISE TAVG TAVG 
71.24 5.91 56.59 55.63 
71.07 7.77 56.76 55.80 

VAPOR SAT. T l A V G -  

128.02 127.56 -0.04 

------------------------------ 
TEUP TEUP T2AVG 

PIEAS 
PSIG 
90.5 

H20 
PLOY 
2.37 
3.00 

PIEAS 
PSIG 
91.5 

------- 

INLET OUTLET AVG TEUP TV- TS- H20 
TEUP TEMP TE!W RISE TAVG TAVG PLOW 

TUBE 1 68.14 74.13 71.14 6.00 56.89 56.13 2.36 
TUBE 2 67.24 75.12 71.18 7.88 56.84 56.38 3.03 

HEATEE CORD ----------------DSS--------------- 
VOLTS T E I P  PVAP TVAP PWELL TUELL 
105.0 121.5 89.8 175.0 89.0 118.0 

UVEL HEAT HEhT UA fJA COEPF BT.SA1' DLIL?A 
PT/S LOAD FLUX CALC SAT H20 COUP TCON:: 
4.99 6978. 6808. 123.30 125.43 1518.75 134.95 50.4fl 
4.95 11607. 11182. 204.49 '208.01 1442.33 238.47 46.89 

.-------------------___________________C------------------------- 

HEATTR COND ----------------DSS---------------- 
VOLTS TEMP PVAP TVAP PWELL TUBLL 

97.0 122.0 90.5 176.0 90.5 119.0 

WVEL HEAT HEAT U A  OA COEPF HT.SAT DELTA 
PT/S LOAD FLUX CALC SAT H20 COIIP TCORP 
4.97 7059. 6887. 124.10 125.11 1513.37 134.52 51-21: 
5.00 11870. 11435. 208.81 210.51 1453.68 241.53 47.34 

88-09-21-781P3- 3:SOP 
RP- AP3- ):SOP 

INLET OUTLET 
TEUP TEMP 

TUBE 1 68.17 74.31 
TUBE 2 67.17 75.06 

En-09-21-78AP3- 4:05P 
EP- AF3- U:O5P 

-----_------------------ 

INLET OUTLET 
TEMP TCIP 

TOBE 1 67.87 74.17 
TOBE 2 66.87 74.81 

VAPOR SIT. T l A V G -  PIEAS 
TEUP TPUP T2AVG PSIG 

131.57 128.25 0.12 92.5 

AVG TElP TV- T S- 
TEUP RISE TAVG TAW 
71.24 6.14 60.34 57.01 
71.12 7.89 60.46 57.13 

VAPOR SAT. TlAVG- 

128.44 128.93 0.18 

............................... 
TEUP TEUP T2AVG 

a20 
PLOY 
2.35 
3.00 

PUEAS 
PSIG 
93.5 

.------ 

AVG TEUP TV- TS- H2O 
TEUP RISE T A V G  TAVG FLOW 
71.02 6.30 57.42 57.91 2.35 
70.84 1-94 57.60 58.09 3.00 

HEATER COND ----------------oSs-------------- 
VOLTS TElP PVAP TVAP PWZLL TVELL 

97.0 123.0 91.8 178.0 92.0 120.0 

YVEL HEAT AEAT UA fJ A COEPP UT.SAT DELTA 
H2O COllP TC@!i: FT/S LOAD FLUX CALC SAT 

4.94 7187. 7012. 119.12 126.07 1507.82 135.71 51.67 
4.95 11779. 11348. 194.83 206.18 1442.73 235.97 48.09 -------------------------------------------------------------- 

HEATER COHD --------------osS-------------- 
VOLTS TEMP PVAP TVAP PEZLL TYELL 

98.0 124.0 93.0 1R0.0 95.0 120.0 

UVEL NEAT HEAT UA ! I A  COEPP ET.SAT DELTA 

4.94 7376. 7196. 128.46 127.37 1505.69 137.29 52.42 
4.95 11850. 11416. 205.72 204.00 14U0.12 233.015 48.9tl 

P T / S  LOAD FLUX CALC SAT H 20 cow Tcoqr 

C" 



CI 
0 w 



Tablo A.3 (oontinwd) 

I N L E T  OUTLET AVG TElP TV- TS- 920 
TEUP TENP T E l P  RISE T A V G  TAVC FLOW 

TUBE 1 66.77 69.29 68.03 2.52 30.01 25.82 2.37 
TUBE 2 65.21 70.75 67.98 5-53 30.06 25.87 3.03 

El-09-22-78AL - 9:4SA V A P O R  SAT. TlAVC- P3EAS 
RP- 8L - 9:45a TEMP TEIP T2AVG ?SIG 

103.67 94-84 -0.10 52.0 

INLET OUTLET AVG TMP TV- TS- H20 
T E l P  TENP T E l P  RISE TAVG TAVG PLOW 

TUBE 1 67.68 70.47 69.07 2.79 3U.59 25.77 2.37 
TUBE 2 66.16 72.18 69.17 6.01 34.50 25.68 3.03 

EU-09-22-78AL -1O:OSA V A P O R  SAT. TlAVC- PIEAS 
EP-D/H, AL -1O:OSA TENP TEMP T2AVG PSIG 

96.88 97.96 -0.09 55.2 

------------------------------------------------------- 

........................................................... 

WVEL HEAT HEAT 38 If& COEPP HT.SAT DELTA 
PT/S LOAD FLUX CALC SAT 820 
9.99 2981. 2908. 99.31 115.45 1487.15 123.37 23.57 
6.36 8334. 5541. 277-23 322.20 1805.76 269.25 20.58 

con? Tconr 

I N L E T  OUTLET AVG TEUP TV- TS- H20 UVEL HEAT HEAT UA ‘1 h COEPP AT.SAT DELTIL 
TEMP TElt? TEMP RISE TAVG TAVC ?LOW PT/S LOAD FLUX CALC SAT E30 cow T C O ~ F  

TUBE 1 69.23 72.11 70.67 2.88 26.21 27-30 2.37 4.99 3409. 3321. 129.87 124.71 1513.10 134.05 24.78 
TUBE 2 67.73 73.78 70.75 6-05 26.13 27.21 3.04 6.39 9161. 6091. 350.63 336.65 1846.77 282.91 21-53 

EU-09-22-78hL -10: 2OA V A P O R  SAT. T’AVG- PUEAS HEATER COWD ---------------DSS--------------- 
BP-D/H, AL -1O:ZOA TEUP TEqP T2AVG PSIG VOLTS TENP PVAP TVAP PUELL TYELL 

99.16 98.82 -0.05 56.1 126.0 94.0 56.4 102.0 55.0 91.0 

INLET OUTLET AVG T E l P  TV- TS- HZO P V l L  HEAT HEAT UA W A  COEPF U?.SAT DELTA 
TElP T E l P  T E l P  RISE T A V G  TAVS PLOY PT/S LOAD PLUX CALC SAT 820 CWIP ! rCU4€  

TUBE 1 70.44 73.25 71.85 2.82 27-31 26.98 2-37 4.99 3326. 3245. 121.79 123.31 1524.70 132.30 24.53 
TUBE 2 68.89 74.89 71.89 6.00 27.26 26.93 3-03 6.36 9043. 6012. 331.67 335.80 1852.52 211.77 21.3U 

------------------------------------*------------------------------------------------------------------------------------- 
rn-09-22-7811 -io: ~ O A  V A P O R  SAT. T1AVG- pflE&S HEATER COND ---------------DSS--------------- 
HP-D/A, AL -10:3OA TEUP TEqP T2AVG PSIG VOLTS TEMP PVAP TVAP PUELL TUBLC 

99.10 99.20 -0.03 56.5 126.0 94.0 56.3 1d2.0 55.5 92.0 

I N L R  OWTLET AVG TENP TV- TS- 820 WVEL HEAT BSAT Ilk r lA  COEFP HT.SAT 9ELTA 
TEIP TZNP TEMP RISE TAVO TAVO rtou PT/S LOAD PLUX CALC salp H2O C O W  TCOMf 

TUBE 2 69.48 75.36 72.42 5.88 26.68 26.78 3.03 6.36 8865, 5895. 332.33 331.06 1858.83 276.53 21.32 
TUBE 1 71.02 73.76 72.39 2.74 26.71 26.81 2.37 U.99 3233. 3154. 121.05 120.59 1530-05 129.05 24-44 

---------------_-i--__I_________________-------------------------------------------------*--------------------------- 

11-09-22-78AL -11:30A V A P O R  SAT, T1AVG- PHXAS HEATER COmD ----------------DSS--------------- 
RP-D/A, AL -11:30A TENP TEMP T2AVG PSI0 VOLTS TEMP PVAP TVLP P Y l L L  TUELL 

105.32 104.fP -0.01 62.3 127.0 100.5 62.5 110.9 62.0 98.0 

I N L E T  OUTLET AVG TENP TV- TS- A20 PVEL HEAT HEAT UA UA COEPP HT.SAT DEITD. 
T E l P  T E l P  TEIP R I S E  TAVG T A V G  PLOW FT/S LOAD PLOY CALC SAT 8 2 0  cole 1 C O 1 F  

TUBE 1 71.76 74.82 73.29 3.05 32.03 31.25 2.39 5.03 3639. 3550. 113.61 116.46 1549.89 124.07 28.61 
TUBE 2 70.19 76.40 73.30 6.21 32.02 31.24 3-05 6.42 9435. 6274. 294.63 302.03 1862.60 24f..03 25.50 -------_-------------------------~-----------------------------------------------~---------------------------------------- 



~~. - ~- ".l ____I I . ..... ..I . ~~~ . ,_.. . . .  . . . . ~  - . - .  . - ,~ -- .... - " 

Q 
T*b1* A.3 (oontirud) 

----------.---------------..---.---------------------------------------------------------------------------------------- 

En-09-22-7881 - 1 l : O O A  VAPOR SAT. T l A V G -  PflEAS HEATEB COHD --------------DSS---------------- 
flP-D/H, A 1  -11:40& TERP TERP T2AVG PSIG VOLTS TEMP PVAP TVAP PWKLL TYELL 

105.49 105.16 -0.50 63.0 105.0 101.0 63.0 110.0 63.0 98.2 
1 

IffLlrr OUTLET AVO TERP TV- TS- A20 WVEL HEAT HEAT UA 114 COEPP HT.SAT DELTA 
TERP TERP TE1P RISE TAVG TAIG FLOW PT/S LOAD FLUX CALC SAT H20 COYP T C O 9 I '  

mBE 1 71.36 79-46 72.91 3-10 32.52 32.25 2-38 5.01 3673. 3584- 112.94 113.91 1539.56 121.18 29.57 
'LUBE 2 70-28 76.54 73.41 6-26 32.03 31.75 3.05 6-92 9514, 6326. 297.07 299.65 1883.94 213.62 2 5 - 9 7  

L1-09-22-78AL -1l:SOA VAPOR SAT, T1AVG- PI(EAS HEATER CORD ----------------DSS--------------- 
RP-D/'I* AL -1ltSOA TERP TEMP T2hW PSIG VOLTS TERP PVAP TVAP PWELL TWELL 

105.39 105.52 -0.21 63.4 122.0 101.0 63.8 101.0 62.3 99.0 

INLET OUTLET AVO TEIP TV- TS- EI20 UVEL AEAT BEAT U A  rl4 COEPF HT.SAT DELTII 
TERP TEMP TElP RISE TAVG TAVG PLOW PT/S LOAD FLUX CALC SAT H20 Coni? TCOBE 

TUBE 2 76-95 77-49 74.22 6.54 31.17 31-30 3.03 6-36 98U7. 6547. 315.91 314.63 1880.26 258.80 25 .30  

El-09-22-78AL -12: OOP VAPOR SAT, T l A V G -  PflEAS HEATER COHD ----------------DSS--------------- 

TUBE 1 72.36 75.66 74.01 3.30 31.38 31.51 2.37 4.99 3901. 3806. 124.31 123.82 1545.93 132.71 28.a8 

---------I-------------u------------------------------------------------------------------,-----,,,,,,,,,,,,-,,,,-- 

AP-D/A, IL -12;OOP TBlP TERP T2AVG PSIG VOLTS TERP PVAP TVAP eueLL TWELL 
106.06 105.60 -0.06 63.5 129.0 101.2 64.0 115.0 62.5 99.0 

INLET OUTLET AVG TEHP TV- TS- A20 WVXL HEAT HEAT U\ gn COEPP HT.SAT DELTA 
TEMP TENP TENP RISE TAVG TaVG ?LOU PT/S LOAD FLUX CALC SAT 820 cone T C O ~ F  

TUBE 1 73.12 76.39 74.76 3-26 31.30 30.85 2.37 4.99 3855. 3761. 123.15 124.97 1553025 134.01 28.07 
TOBE 2 71-61 78.03 74.82 6.41 31.24 30.79 3.03 6.36 9661. 6424. 309.25 313.82 1887.38 257.14 22.92 
----e- ------------------------------------------------------------------------------------------------------- --- 

ER-09-22-7dAL -12:30P T1aVG- PHEAS HZ)&Tm COND ---------------DSS-------------- 
AP-D/H, AL -12:30P T2AVG S I C  VOLTS TERP PVAP TVAP PWBLL TYELL 

0.05 74-9 127.0 110.3 74.5 120.0 74.0 108.0 

IULZT OUTLET AVG TtRP TV- TS- HZ0 YVEL BEbT BEAT I I A  rln COEPP BT.SAT DELTA 
TYMP TERP TEIP BISE T A V i  TAVG PLOY PT/S LOAD FLUX CALC SAT 820 C O W  TCOqZ 

TUBE 2 72.00 79.84 76.36 6.96 38.98 38.85 3.01 6.33 10430. 6935. 267.58 268.46 1897.58 213.31 32.56 
TUBE i 74.43 78.39 76.41 3.96 38.93 38.80 2-31 4.99 4684. 4570. 120.32 12L.72 1569.96 123.89 35.46 

CI 
0 u 



El-09-22-78AL - 1: 40P V A P O R  SAT. T1AVG- PUEAS BEATER CORD ---------------DSS--------------- 
HP-D/B, AL - 1:40P TEnP TEMP T2AVG PSI0 VOLTS T E l P  PVAP TVXP PWELL TUELL 

124.37 124.25 0.03 86.8 124.0 119.0 86.0 132.0 86.0 117.0 

IILFI1 OUTLET AVG TEflP TV- TS- H20 WVEL HEAT BEAT UA UL COEPF BT.SAT DELTI 
T E l P  TENP TENP RISE TAVG TAVD FLOW PT/S LOAD FLUX CALC SAT H20 COl? T C O l P  

TUBE 1 76.21 80.81 78.51 4.59 05.86 45.74 2.37 4.99 5426. 5294. 118.31 llR.62 158'4.97 126.28 41.95 
TUBE 2 74.76 82.21 78.48 7.45 45.89 45-77 3.03 6.36 11218. 7459. 244.47 245.09 1930.93 190.68 39.12 

-------------------___I_______------------------_------------------------------------------------------------------- 

tl-09-22-78rbL - 1: SOP V A P O R  SAT. T l A V G -  PITAS HEATER CORD ----------------DSS---------------- 
RP-DIR, aL - I:SOP TElP TEllP T2AVG B I G  VOLTS TE8P PVAP TVAP PWELL TWELL 

126.18 124.98 0.08 87.8 123.0 119.0 87.0 137.0 86.0 117.0 

IRLET OUTLET AVO TElP TV- TS- A20 WVEL REAT I!I(AT rJA U A  COWP I'IT-SAT DELTA 
TEMP TElP TEMP RISE TAVG TAVG PLOW PT/S LOAD FLUX CALC S&T 920 CON? TCOqI: 

TUBE 1 76.64 81.22 78.93 4.59 47.25 46.05 2.37 4.99 5417. 5285. 114.65 117.63 1594.07 125.11 42.24 
TUBE 2 75.10 82.61 78.86 7.50 47.32 46.13 3.01 6.33 11243. 7475. 237.58 243.74 1927.04 189.51 39.45 --------------------------------------------------------------------------------------------------------------------- 
X8-09-22-78AL - 2: OOP VAPOR SAT. T1 AVG- PEEAS BEATER CORD ---------------DSS--------------- 
w-tvn, AL - 2:ooe TWP TElP T2AVG ?SIG VOLTS TElP PVAP TVAP DWELL TWELL 

126.62 125.12 -0.01 88.0 131.0 119.0 87.0 137.0 86.5 117.5 

INLET O U T L E b  AVG TERP TV- TS- E20 WVEL HEAT BEAT UA 01 COEPP tfT.SAT DBLTA 
T E l P  TElP TEUQ BISE TAVG TAVG ?LOW FT/S LOAD FLUX C I L C  SAT H20 COW TCOYP 

TUBE 1 76.57 81.21 78.89 4.64 47.72 46.22 2.37 4.99 5482. 5348. 114.87 llR.59 1593.71 126.23 42.37 
TUBE 2 75.17 82.63 78.90 7.47 47.72 46.22 3.05 6-92 11351. 7547. 237.89 245.60 1949.66 190.R3 39.52 

EU-09-22-78AL - 2: 15P V A P O R  SAT. T l A V G -  PUEIS BEATER COND ----------------DSS--------------- 
BP-DIA, AL - 2: 15P TEUP TEBP T2AVG PSIG VOLTS TEIP PVAP TVAP PWTLL TWELL 

127.69 126.39 0.01 89.8 120.0 121.0 89.7 138.0 89.0 118.5 

IlltCT OUTLET AVG TE8P TV- TS- A20 WVEL BEAT BEAT 0 8  UA COEFF AT.SAT DEL18 
TERP TEUP TElP RISE TAVG TAVG FLOW FT/S LOAD FLUX CALC SIT H Z 0  COW TCOAr 

TUBE 1 77.14 81.91 79.53 4.77 48.16 46.86 2.33 4.90 5535. 5400. 114.94 118.12 1576.93 125.81 42.93 
TUBE 2 75.70 83.33 79.51 7.62 48.17 46.87 3.03 6.36 11434. 7636. 238.40 245.00 1943.12 190.39 40.11 
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Tablo A.4. Tho dillyt two-hbo oondonwr porfoxmrnoo drtr for 
Qroup III-D toat. (dinot-oontrot vrrporator m d o )  

-------------------------------------------------------------------------------------------_____---_------------------------ 
LU-09-27-78AL - 6:44A VAPOR SAT. T1AVc- PYLAS HEATER COND ---------------3SS-------------- 

PVAP TYA'Z PWELL TUELL 
43.9 9.0 42.5 76.0 

DC D/HrC/V,AL - 6:44A TENP TEMP T2AVG PSIG VOLTS TEHP 
72.94 26.AR 0.10 5.8 0.0 69.0 

3 1  COEPP E L S I T  JtLT3 INLET OUTMT AVG TEYP TV- TS- 820 KVSL JEAT HEAT iJA 
TEMP TEUP TEUP RTSE TAVC TAVG FLOU PT/S LOAD FLUX CALC SIT H20 COY? .con i  

TUBE 1 64.60 64.67 64.63 0.07 5.30 -37.76 2.37 4.99 56. 84. 10.38 -2.28 1453.68 -2.22 ***** 
TUBE 2 64-51 64.56 64.54 0.06 '3.40 -37.66 3-03  6.36 93. 55. 9.93 -2.22 1764.53 -1.47 *+*** ---------------------------------------------------_----------------------------------------_------------------------------ 
EU-09-27-78111 - 8:40A VAPOR SAT. T1AVG- PYEAS HXATER COND ----------------DSS--------------- 
DC D/H. A I  - 8:40A TEUP TEO? T2AVG PSIG VOLTS TEUP PVAP TVAP PWELL TWSLL 

106.36 118.89 -0.05 79.5 55.0 112.0 79.0 124.0 79.0 10).0 

IJ A C O W F  HT.SAF DELTA INLET OUTLZT AVG TEUP TV- 1 S- H20 WVEL HEAT HSAT U A  
TEOP TEUP TEUP RISE T A V G  TAVG FLOW PT/S LOAD FLUX CALC SAT H2O CO!lP TCOYP 

TUBE 2 74.61) 76-97 76.81 4.34 29.56 42.03 3.03 6.36 6532. 4343. 220.99 155.39 1911.00 113.93 38.12 
TUBE 1 75-02 78-48 76.75 3-46 29.61 42.09 2.37 4.99 4085- 3986. 137.97 97.07 1572.77 101.74 34.1'4 

INLET OUTLIT AVG TE8P TV- T S- H20 
TERP TEYP TEUP RISE T A V G  TAVG FLOW 

TUBE 1 75.24 78.26 76.75 3.02 16.71 42.47 2.37 
TUBE 2 74.83 78.80 76.82 3-97 16.65 42.41 3.03 

EO-09-27-78AL - 9: l O A  VAPOR SAT. TlAVG-  PlEAS 
DC D/H, A I  - 9:lOA TEMP TEMP T2AVG PSIG 

90.08 119.52 0.04 80.4 

INLET OUTLZT AVG TEUP TV- TS- 820 
TEMP TEUP TEWP RISE T.4VG TAVG PLOU 

TUBE 2 75.48 79.11 77.29 3.63 17.19 42.23 3.03 

EU-09-27-78AL - 9:23A V A P O R  SAT. T l A V G -  PUEAS 
DC D/R, AL - 9:23A TEUP TENP T2AVQ PSIG 

93.78 119.60 -0.08 80.5 

---------------------------------------------------------- 

TUBE 1 75.99 78.68 77-33 2.70 17.15 42.19 2.35 

-----_------------------------------------------------------ 

UVEL HEIT A R A T  U A  U A  COBPF €IT.SAT OELT4 

4.99 3564. 3477. 213.26 93.92 1572.79 87.08 39.91 
6.36 5982. 3977. 359.29 141.06 1911.13 102.95 38.86 

PT/S LOID FLUX CALC S\T H2O COHP iconr 

.------------------------------------)_------------_--_-------- 
HEATER CORD ----------------DSS---------------- 
VOLTS TEOP PVAP TV4P PWELL TRBLL 

64.0 112.5 80.0 123.0 79.5 102.0 

YVEL HEAT HEAT UA UA COEPP IT.SA1 DELTL 
PT/S LOAD FLUX CALC SAT R20 coir TCOW 
4.94 3156. 3079. 183.99 74.79 1567.15 77.09 39.93 
6.36 5468- 3636. 318.09 129.49 1916.80 93.32 38-96 

,-----------------------------------------~---------------------- 
HEATER COND ----------------DsS---------------- 
VOLTS TEYP PVAP TVAP PWELL TUELL 

61.0 112.5 AO.0 120.0 80.0 102.0 

INLET OUTLET AVG TEUP TV- TS- 820 Y V J L  HEAT HEAT UA '1x COdPP HT.SAT DELTA 
T E l P  T E l P  TEUP RlSE TAVG TAVG PLOY PT/S LOLD FLUX CALC SAT A20 COnF icon.. 

TUBE 1 76.14 78.73 77.43 2.59 16.34 42.16 2.37 4.99 3056. 2982. 187.01 72.49 1579.46 79.56 4 O . O i  
TUBE 2 75.69 79.33 77.51 3.64 16.27 42.09 3.03 6.36 5982. 3645. 336.99 130.25 1919.39 93.90 38.82 



c c 
Tabla A.4 (contiaa-d) 

---------__---_--------------------------------------------------------------------------------------------------- 
11-09-27-78AL -10: 10A VAPOR SAT. T1AVG- PUBIS BEATER CORD -------------QSS--------------- 
oc AL -1O: lOA . TEUP TEUP T2AVG PSI0 VOLTS TEVP PVAP TVAP PWELL TWELL 

92.30 121.11 -6.15 82.5 66.0 113.5 82.0 148.0 82.0 103.0 

COEPP HT.SAT DELTA INLtr OUTLET AVG TEUP TV- TS- BZO YVBL HEAT HEAT UA UA 
TlUP TEUP TESP RISE TAVG TAVG PLOW PT/S LOAD FLUX CALC SAT ~ 2 0  con? TCM? 

TUBE 1 76.89 79.68 78.29 2-79 14-02 42-82 2.37 4.99 3297. 3216. 235.23 76.99 1587.77 79.43 40.49 
TUBE 2 76.36 80.50 78.43 4.14 13.87 92.67 3.02 6.35 6222. 4137. 448.64 145.80 1927.55 106.14 38.9e 

tW09-21-78AL -10:25L VAPOR SIT. T1AvG- PSEAS HEATER CORD ----------------QsS------------- 
---------_---------------------------------------------------------------------------------------------------_- 

oc A1 -10:25A TEUP TEUP TZAVG PSIC VOLTS TEUP PVAP TVAP PWELL TYELL 
91.45 121.33 -0.08 82.8 74.0 113.0 82.0 149.0 82.0 102.0 

I N L E T  OUTLET AVG TEUP TV- TS- If20 UVEL HEAT HEAT 111 31 COEPP HT.SAT DELTA 
TEUP TEUP TEUP RISE TAVG TAVG ?LOW PT/S LOAD FLUX CALC SAT 820 CON!? ?CO*P 

TUBE 1 77.16 80.31 76-74 3.15 12.71 42.59 2.37 4.99 3726. 3635. 293.12 H7.47 1592.18 90.94 39.97 
TUBE 2 16-53 81.10 78-82 8-58 12-63 02-52 3-03 6.36 6895. 0585. 545.87 162.18 1934.86 119.28 3A.43 

Ei+09-27-7BAL -111 05A VAPOR SAT. T1aVrJ- PnEAS HEATER COIL) --------------DSS--------------- 
_-------------------------------------------------------------------------------------------------------------- 
M: BL -w:osn TEUP TEUP TZAVG PSIC VOLTS TEUP PVAP TVAP PWELL TYELL 

130.85 126.87 -0.07 90.5 81.0 118.0 90.5 1.56.0 90.0 108.0 

Intm OUTLET AVG TENP TV- TS- HZO wvn. HEAT HEAT UA ?I1 COEPF AT.SI? DELTA 
TERP TEMP TElP RISE TAVG TAVG PLOP PT/S LORD FLUX CALC SAT H2O COUP TCOYB 

TUBE 1 77.77 81.77 79.77 4.00 51-08 47.11 2.37 4.99 4727. 4612. 92.54 100.35 1602.23 105.29 43.8C 
TUBE 2 77.05 82.63 19-84 5.59 51-01 47.04 3.03 6.36 8419. 5598. 165.05 179.00 1996.99 133.02 42.08 ------------------------------------------------------------------------------------------------------ 
Efi-09-27-18AL -1lr15A VAPOR SAT. T'AVG- PUEAS BEATER COND ----------------3Ss--------------- 
EC AL - 1 1 ~ 1 5 1  TEKP' TEfP T2AVG ?SfG VOLTS TElP PVAP TVAP PWELL TMELL 

130.65 126.87 0.01 90.5 94.0 117.8 90.5 152.0 90.0 108.5 

COEPP m . s n  0Er.m INLET OUTLET AVG TEnP TV- TS- Y20 WVZL nLAT HEAT UA 3L 
R20 COW ?C09r 

TUBE 1 78.01 81.93 79.97 46.90 2.37 4.99 4642. 4529. 91.60 98.97 1604.20 133.73 43.66 
TUBE 2 77.20 82.72 79.96 40.92 3.03 6.36 8303. 5521. 163.80 176.99 1948.Y1 131.34 42.03 

TIUP TIMP TERP RISE TAVG TAVG PLOW PT/S LOAD FLUX CALC SAT 

------_------_------------------------------------------------------------------------------------------------ 
EO-09-27-78AL -11: 25A VAPOR SAT. TlAVG-  PREAS HEATER CORD ---------------DSS--------------- 
DC ' AL -11:25A TEZP 'TERP TZAVG PSI0 VOLTS TEIIP PVAP TVAP PWELL TYXLL 

129.82 126.87 -0.13 90.5 83.0 117.5 90.5 1'50.0 90.0 108.5 

I R t E T  OUTLET IVG TERP V- $S- Y20 YVEL HEIT H2AT UA rJ A CO??FP HT.SAF DELTA 
TEUP TEXP TEUP RISE TAVs TAV; PLOW PT/S LOAD FLUX CALC SAT n20 COY? TCO*I: 

TUBE 1 77.68 81.61 79.65 3.93 50.18 47-23 3.37 4.99 4645. 4532. 92.58 SY.3G 1601.05 103.05 43.9d 
TUBE 2 76.97 82.58 79.78 5.61 50-05  47-10 3.03 6.36 8451. 5619. 168.86 179.43 1YUC.23 133.39 42.13 

PR-09-27-78kt -11: 35A VAPOR SAT. TlAVG- PYEAS RSATPR CON3 ----------------DSS--------------- 
----------------------------------------------------------------------------------------------------------------------- 

DC aL -ii:35.1 TE9P TEKP T2AVJ PSXG VOLTS TERP PVAP TVAP ?WPLL TFZLL 
113.33 m . a 7  0 .03  30.5 90.0 117.5 91.0 148.0 90.5 10.9.0 

I N L E T  OUTLET AVG TEUP TV- TS- H90 IiVPL HEAT fiZAT UA 'J A W E P P  RT.SIT D E l T B  
TEUP TENP TEKP BISE TAVG TAVG FLOW FT/S LOAD FLO!: CALC 5.4T H 2 0  C@Y? T C O f l t  

TUBE 1 78.02 81-85 79-93 3 - 8 4  33.40 46-94 2-36 4-91 4516. 4406. 135.23 96-21 1'599.25 100.b5 43.78 
TVEE 2 77.14 82.54 79.84 5 - 0 0  33.49 47-04 3.03 6.36 9133. 5411. 243.01 173.33 194fi.99 128.33 UL.?' 

---------------------~------------------------------------------------------------------------------*------------------------- 
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In-09-27-78AL -12: 30P VAPOR Sk?, TI11961 
DC AI, r12;30F TEIP TEMP T2AVG 

133.86 131.27 -0.06 

IYIET OUTLET AVG TEMP TV- TS- 
'PEIP TEUP TElP RISE TAVG TAVG 

TUBE f 19-19 83.33 81.26 9-14 52.59 50.00 
TUBE 2 78-42 84.22 81.32 5.81 52.54 49.95 

Pa3 AS R IATER CQRD -v----v--~--- .c-D 5S-r --I- T- --- -- - - 
PSI0 VOLTS PEW PVAP TVaP PW%t "WELL 
97.0 88.0 122.3 96.8 153.0 96.9 113.0 

FtOW PT/S LOAD FLUX C l b C  SLT I 2 0  COJ? TCOL(" 

3903 6.36 8748. 5017. 166.52 175.15 1950.00 129.81 44-81 

H 2 O  R V E L  HEAT HEAT UA :I 3 COEPP HT.SIT DELTA 

2,37 4.99 r)eay, 4769, 92.95 97.76 i6ou,88 1 0 2 ~ 3 7  ~ 6 . 5 9  

11-09-27-78AL -12; P5P V A P O R  SAT. T1AVG- PflSAS HEATER COND ---------=------DSS.---*-------*-- 
OC AL -12: 05P TEUP TElP TZAVG P S I G  VOLTS TElP PVAP TVllP PPZLL T$ECZ 

130.61 130,93 -0,08 96.5 88.0 l 2 0 , S  95.8 158.0 95.5 1lL.O 

INLET OfJTLET AVG TEUP TV- TS- Q20 
TEIP TEIP TElP RISE TAVG TAVG ?LOW 

TUBE 1 79.35 83.29 81,32 3.94 49.29 49.61 2.37 
TUBE 2 78.57 84.22 81-40 5.65 49.21 49.53 3.03 

El-09-27-78AL - 1:OOP VAPOR SAT. TIhVG- P14AS 
Pc AL - 1:oop TElP TFUP T2AVG PSJG 

138.78 131.99 -0.01 97.5 

---------'*-.C---------------------------------------------- 

gA CDIIIF HT.SAT DELTA INLET OUTLET' AVG TE1P TY- TS- $20 WVEL HEAT AZAT UA 
TElP TIUP TEIP RISE TAYG TAVG FLOW PT/S LOAD FLU% C4LC SAT 3243 COW T C O Y ?  

TUBE 1 79,530 80,Ol 81.93 4.17 56.45 U9.66 2.37 4.99 4932. 4811, 86.75 99.31 1610.93 104,SB 4h.23 
TUBE 2 78.99 84.88 f41,9U 5.90 56.84 49p65 3903 6.36 8884, 5907- 156-29 178.93 1956.81 132.98 '80.45 
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Tab10 A.4 (ooati88d) 

--------------_---_---------------------------------------------------------------------------------------------------------- 
tl-09-28-78AF3-10:35A V A P O R  SAT. T 1 A V G -  PMsAS HEATER CORD ---------------I)ss--------------- 
Dc- A13-10:351 TElP TEUP T2AV3 PSIG VOLTS TEUP PVA? TVAP PWSLL T W E U  

134.63 131.65 0.02 97.6 73.0 126.0 97.0 164.0 97.0 117.0 

INLET OUTLET ‘ A V G  TEUP TV- TS- H2O YVZL MEAT HBAT UA 1J A COEFF tiT.SAl! DELTA 
TElP TEMP TXlP RISE TAW TAVG PLOW PT/S LOAD FLUX CALC SIT H20 CONP TCOME 

TUBE 1 83.12 87.31 85.22 5-19 49-41 46.43 2.37 4.99 11949. U82A. 100.16 106.59 1640.79 112.15 43.!IK 
TRBE 2 62-54 87.85 85-26 5.31 49.43 46.46 3.03 5.00 8003. 7710. 161.91 172.26 1570.93 188.90 40.02 

Efl-09-28-78AP3-10: 501 V A P O R  SAT. T 1 A V G -  PIEAS BEATER CORD --------------3Ss-------------- 
Dc- AF3-10:50A TSllP TEMP T 2 A V G  PSI0 VOLTS TEMP PVOP TV4P PY?LL TPELL 

133.90 132.24 0.04 98.5 71.0 12G.O 97.8 155.J 98.0 118.0 

INLET OUTLET AVG TE4P TV- TS- 
TEUP TENP TEUP RISE TBVG TAVG 

TUBE 1 82.89 87.17 85.03 4.28 48-67 47.21 
TUBE 2 82.33 87.65 84.99 5.33 U8.91 47.25 

K!I-O9-28-78AF3- 11: OSA V A P O B  SAT. TlaVG- 
DC- A?3-11: 05A TEUP T E l P  T2AVG 

137.43 135.46 0.02 

...................................................... 
I120 YVEL HEAT IBAT UA ’I A COZPP HT.SAT DELTA 

PLOW FT/S LOAD FLUX CALC SAT H20 C O W  TCOR: 
2.37 4.99 5062. U939. 103.59 1W.22 1639.07 112.88 43.75 
3.03 5.00 M025. 7731. 164.09 lb9.84 15b9.15 185.90 41.5Y --------------------------------------------------------------_------- 

PngAS HEATER CORD ----------------DSS---------------- 
PSIG VOLTS T B l P  p v a e  T V A P  PWELL TYBLL 

103.5 68.0 120.5 103.0 166.0 104.0 119.5 

CORPP HT.SAT DELTA INLET OUTLET AVG TEMP TV- TS- A20 WVEL HEAT HEAT IJA ’JA 
Con? T C O q P  

TWBE 1 82.47 96-90 84.68 4-43 52.74 50.78 2.37 4.9g 5238. 5110. 99.30 103.14 1635.95 108.28 47.1’) 
TUBE 2 81.94 87.40 84.67 5.46 52.76 50.80 3.03 5.00 8226. 7925. 155.91 161.93 1566.36 176.17 44.3’? 

T E l P  T t l F  T E l P  BISE TAVG Z A V G  FLOW PT/S LOAD FLUX CALC SAT n20 

-------------------------------------------------------------------------------_---------------------------------------------- 
Ell-09-28-78AF3-11:15R VAPOR SAT. T1AVG- Pn2AS REATE6 COHD ----------------DSS--------------- 
DC- AF3-11: 151 TMP TFNP T2AVB PSIG VOLTS TEUP evAr T V A D  eAm. TYELL 

138.73 136.74 -0.04 105.5 68.0 129.3 105.0 lh6.0 105.3 120.0 

INLET DOTLET AVG TEnP T V -  TS- H2O WVXL HEAT R I A T  I l A  ‘1 & COBFP HT.SAT DELTA 
T E l P  TEUP TEUP RISE T A V G  T A V G  PLOW PT/S LOAD FLUX CALC SaT H20 COR? T r o t i p  

TUBE 1 81.97 86.53 84.25 U.56 5U.48 52.49 2.37 4.99 53d5. 5254. 98.85 102.59 1632.00 107.68 48.86 
TUBE 2 81-45 87.13 84.29 5.68 54.44 52.45 3.03 5.00 8556. 8243. 157.16 lb3.12 1563.06 177.n7 46.39 ------------------------------------------------------------------------------------------------------------------------ 
EU-09-28-78AF3-11:3OA V A P O R  SAT. TIAVO- PgsAS HEATER COND --------------DSS---------------- 
DC- AF3-l1:30A TEMP TEMP TZAVI;  P S I G  VOLTS TEUP PVAP T V A P  ewm. TYELL 

140.55 139.63 0.01 110.0 69.0 131.5 109.5 0.0 110.0 122.0 

INLET OOTLET AVG T E l P  TV- TS- u20 XVEL HEAT HEAT o x  ‘1 A COEFP HT.SAT DELTA 
TRIP TE’iP TEnP RISE T A V G  T A V G  PLOW PT/S L O I D  FLUX CALC S4T H20 MIP ‘ I C O I F  

TUBE 1 81.62 86.62 84.12 5.00 56.43 55.50 2.37 4.99 5906. 5762. 104.66 106.40 1630.85 112.00 51.Uf4 
TUBE 2 61-09 87.13 89-11 6.04 56.U4 55.52 3.03 5.00 9100. 8767. 161.23 161.92 1561.50 178.69 49.07 --------------_--------------_--------------------------------------------_-------------------------------~-------------_-- 

t 

C’ 



I I L ~  OUTLET AVG r t n p  TV- TS- A20 WVEL HEAT BEAT 01 !la COEPC BT.SAT DELTA 
T E l P  T E l P  TRIP RISt  TAVG TAV3 ?LOW PT/S LOAD FLUX CALC SAT H20 cow T C O N F  

TUBE 1 80.05 83.98 82-03 3-93 52.27 42.03 2.37 4.99 4643. 4530- 88.83 110.48 1611.74 116.75 3 8 - 8 0  
TOBE 2 79.96 63-61 81.79 3.65 52.49 42.25 3.03 5.00 5498. 5296. 104.73 130.11 1541.34 138.27 38.30 

G PSIG VOLTS T E m  PVAP TVAP PWELL TUELL 
86i5  0.0 116.5 86.0 165.0 85.5 119.0 

INLW OOTLET AVG T E l P  TV- TS- - 8 2 0  WEL HEAT BEAT UA q A  COEP? HT-SAT DELTA 
ERP BISE TAVG TAVS PLOW FT/S LOAD FLOX CALC S I T  H20 coir T C O R P  
2-27 3.91 52.97 41.78 2.37 4.99 4619. 4506- 87.20 110.56 1614.03 116.83 3A.57 
Z.08 3.68 53-16 41-91 3.03 5.00 5549. 5345. 104.37 132.21 1543.84 140.72 37.99 -------------------------------------------------------------------------------------------- 

V AWR SAT. Tl&VG-  PnE&S HEATER COlD ---------------OSS--------,------- 
M: AP - 1:eoe T E l P  TElP  T2AVG PSIG VOLTS T E l P  PVAP TVAP PUELL THELL 

136.70 123.68 0.19 86.0 0.0 116.0 85.8 166.0 85.5 110.0 

XNLm OOTLET AVO TERP T t -  TS- H20 HVEL BEAT HEAT U A  ‘1 L COSP? HT.SAT DELTA 
T E l P  T m P  T C l P  RISE TLIG TAVG ?LOW FT/S LOAD PLOX CALC SAT H20 COAP TCORF 

TUBE 1 80-12 84-03 82.08 3-91 54.62 41.60 2.37 4.99 4624. P512. 84.66 111.15 1612.31 117.53 38.39 
TOBE 2 80.02 83-75 81.89 3-13 54-81 41.79 3.03 5.00 5615. 5409. 102.43 134.34 t542.20 143.24 37.76 

GR-09-28-78AC - 1 : 5 5 P  VAPOR 
------------------------------ --------_--------------------------_----_-__-*----_---__-____---__-_________--_______ 

----------------DSS--------------- 
nc A? - 1:55P T m P  PVAP TV4P PHELL TYELL 

137.89 123.68 0.14 86.0 167.5 85.5 110.0 

INLET OUTLET AVC TERP TT- TS- 3 2 0  H V R  HEAT HEAT UA VA CnEPP RT.SAT DELTA 
TEAP T t l P  T E l P  RISE TAVG TAVG PLOW FT/S LOaD FLOX CILC Sat R20 CONP TCOlP 

TUBE 1 80.17 86-14 82-16 3-97 55-73 91-52 2.37 4.99 4699. 4580- 84.23 113.06 1613.04 119.71 38.26 
TOBE 2 80-10 83.93 82.02 3.83 55-87 41-66 3.03 5-00 5766. 5555. 103.19 178.39 1543.33 148.02 37-53 

d!f-09-28-78A? - 2: 15P VAPOR SAT. TIAVG- PSEAS HEATER CORD ---------------DSS--------------- 
Dc AF - 2:lSP TESP TEMP T 2 I V G  PSIG VOLTS T E l P  PVAP TVIP PHELL THELL 

140.21 130.33 0.14 95.6 0.0 122.4 95.5 169.0 95.0 115.5 

----------------------------------------------------L---------------------------------_--_-----_-________--__-____--- 



INLET OUTLET AVG TEHP TV- T S- H20 PVEL HEAT HEAT U A  !I1 CORCP IfT-SAI! COIP DELTA ' I C O I I F  

TUBE ? 80.09 84.72 82.40 4.63 60.14 48.53 2.37 4.99 5469. 5335. 90.93 112.69 1615.28 119.27 44.73 
TERP TEUP TCRP RISE TIVG TAVG PLOW PT/S LOAD FLUX CALC SAT u 20 

TUBE 2 80.03 84.50 82.27 4.47 60.28 48.66 3 . 0 3  5.00 6733. 6486. 111.70 138.36 1545.52 147.96 43.'I* 

t i -09-28-78~r - 2: 4 5 ~  VAPOR SAT. T~AVG-  PIEAS AxATEB CORD ----------------DSS---------------- 
_----------------_--------------------------------------------------------------------------------------------------------- 

Dc Ar - 2:45P TERP TEHP T2AVG PSIG VOLTS TEHP P V A P  TVAP pnm.L TUELL 
144.10 131.59 0.10 97.5 0.0 123.5 97.0 174.0 96.5 117.0 

I l L E T  OOTLET AVG TERP TV- T s- H20 
T E l P  T W P  TERP RISE TATG TAVS PLOY 

TOBE 1 80.31 85.03 82.67 4.72 61.42 48.91 2.37 
TUBE 2 80.29 R4.84 82.57 4.55 61.53 49.02 3.03 

EN-09-28-78AF - 3:OOP VAPOR SAT. T l A V G -  P l E 1 S  
oc A I  - 3:OOP TIUP TEUP T2AVG P S I G  

148.37 137.20 0.23 106.2 

INLET OUTLET AVG TERP TV- TS- 820 
TEUP TERP TERP RISE TAVG TAVG PLOW 

TUBS 1 80.24 85.57 82.91 5.33 65.47 54.29 2.37 
TOBE 2 80.18 85.17 82.68 4.98 65.70 54.52 3.03 

Eb09-28-78AF - 3: lOP VAPOR SAT. TlAVG- PUEAS 
Dc Ar - 3:lOP TEUP TERP T2AVC PSIG 

147.75 137.38 0.26 106.5 

.......................................................... 

-------_----------------------------------------------------- 



c 

i 



Table A.S. The ORNL two-tube condenser parformanor data 
for Qronp V t e s t a  ( r u f a o e  rraporatot mode) 

---------------------------------------------------------_-___---_-------------------------- 
El-03-25-79F3F3-1007A 1APOR SAT. T1 AVG- PlEAS BEATLB CORD -------DSS--------------- 
HP-DW1/CY?-~3P3-1007A TOIP T I l P  T2AVG PSIG VOLTS TElP  PVAP TlAP ?HELL TUELL 

96-80 97.29 -0.28 54.5 160.0 97.0 54.0 126.0 53.0 87-0 

INLET OUTLET A l G  TElP Tl -  TS- R20 &VEL BEAT AEAT UA UA COEFF HT.SAT DELTA 
COlP TCOIP 

TUBS 1 61-05 65.75 63.40 4.70 33.41 33.89 3.03 2.21 1092. 6833. 212.30 209.26 591.23 331.5C 20.61 
rUBE 2 61.25 66.10 63.68 4.86 33.13 33.61 3.03 2.21 7314. 7046. 220-79 217.60 591.45 353.71 19.92 

TgnP TSIP T E I P  BISE TAVG TAVG FLOU € l / S  LOAD FLnX CAW SAT RZi ,  

--------u--------------------------------------u_-------------------------------------- 

~r1-03-2s-7~3 ~ 3 - i o 2  OA VAPOR SAT- T1 AVG- PISAS HEATER CORD ---------DSS--------------- 
~P-Dtll/CU2-F3?3-1020A TElP T i m  T2AVG PSIG VOLTS TENP PVAP TVA9 PWELL TDELL 

98.63 97.29 -0.02 54.5 170.0 96.5 54.0 126.0 53.0 91-0 

INLET OUTLET A l G  TECP Tl-  TS- H20 PVEL REAT flEAT UA UA COEFP HI.SAT DZLTA 
COnP TCOnP 

TUBE 1 61.53 66.21 63.87 4.68 34.75 33.42 3.03 2.21 7065. 6806. 203.30 211.42 593.1b 336.46 20.23 
t U B E  2 61.46 66.33 63.89 4.@7 34.73 33-40 3.03 2.21 7340. 7071. 211.32 219.77 592.31 359.39 19.68 

TElP TElP TElP EXSE T A l G  TAV6 PLOW ?T/S LCAD FLUX CALC SAT n 20 

~ n - 0 3 - 2 ~ - 7 9 r 3 r 3 - i 0 3 s ~  VAPOR SAT. T l A V G -  PlEAS BEATE6 CORD ----------DSS-------------- 
aP-Du i / c n 2 - ~ 3 ~ 3 -  103s~ T E l P  T I l P  T2AVG PSIG VOLTS TENP PVAP TVAP PWELL THELL 

100.57 98.25 -0.04 55.5 170.0 9?.0 55.0 130.0 54.5 88.0 

INLET OUTLET AVO T E l P  TV- TS- H Z 0  hVEL BEAT REAT UA UA COW? RT.SAT DELTA 
TElP TElP TEOP BISE TaVG T A V G  FLOW C I / S  LCAD FLUX CALC SAT H20 CCnP T C O I P  

TUBE 1 61.79 66.53 64.16 4.74 36.41 39.09 3.03 2.21 7147. 6886. 196.32 209.67 594.33 331.45 20.77 
TUBE 2 61.76 66.64 64.20 4.L8 36.36 39.05 3.03 2.21 7351. 70f2. 202.15 215.91 593.57 348.27 20.34 

IllLET OUTLET 
T E l P  TElP 

TUBE 1 63.05 68.51 
ZUBE 2 62.93 68.48 

x n r m  OUTLET 
TBlP T l l P  

V U 8 1  1 63.01 68.48 
TUBE 2 62.86 60.45 

- ~ 

VAPOR SAT. TI AVG- PIIAS BEATER CORD ------DSS------------- 
TElP T I l P  T2AVG PSIG VOLTS TEYP PVAP TlAn PWELl TWELL 

105.39 106.05 0.08 64.0 185.0 104.5 63.5 133.0 63.5 97.0 

AVO TERP TV- TS- H2O TVEL E&AZ AEdT UA DA COEFP RT-SAT DELTA 
TElP EISl  TAlG TAVG PLOY I l / S  LOAD FLUX CAW SA?! E20 C O l P  TCOlP 
65.78 5.47 39.61 40.27 3.03 2.21 @251. 7949. 208.29 209.90 600.87 317.13 25.07 
65.70 5 - 5 5  39.69 40.34 3.03 2.21 8356. 8050- 210.53 207.10 599.bJ 323.06 24.92 -----------_--------------------------------------- ------------ ----------------- 

VAPOR SAT. T l A V G -  PIEAS BEATER CORD ---------~SS------------- 
TERP T i n P  T2AVG PSIG VOLTS T E l P  PVAP TVAP ?HILL TWELL 

105.37 105.60 0.09 63.5 182.0 104.5 63.0 132.0 63.0 100.0 

AVG T E I P  TV- TS- H20 LVEL BEAT HEAT UA 01 CCWF HT.SBT DELTA 
COqP TCONP 

65.75 5.47 39.62 39.86 3.03 2.21 8256. 7953, 208.37 207.13 600.7U 322.77 24.64 
65.66 5.58 39.71 3 9 ~ 9 5  3.03 2.21 8810. 8102. 211.77 210.52 599.44 331.84 24.42 

TEHP RISE TAVG TAW FLOU fl/S EOAD FLOX CALC SAT B 20 

El-03-25-7 9?3 13-1 2 1 OP 1APOR SAT. T1 AVG- PlEAS BIATEB COUD -----------~SS------------- 
RP-DWl/CWZ-P3?3-1210P T l l P  T Z I P  T2AVG PSI6 VOLTS TElP  PVAP TVAF ?WELL TWELL 

105-64 107-36 0.11 65.5 180.0 105.0 65.0 132.0 64.5 98.0 

IHLET OUTLET APG T E l P  TV- TS- H20 PVEL BEIT HEAT UA VA COEPP tlT.SAT ccnp DELTA ZCONP 

?UBl 1 63.05 68.50 65.78 5.45 39.87 41.58 3.03 2.21 €230. 7929. 206.01 197.92 600.8~ 300.13 26.42 
TUBE 2 62.88 68.45 65.67 5.56 39.98 41.69 3.03 2.21 8381. 8075. 209.65 201.02 599.4s 308.02 26.21 

TllP T l l P  TZlP RISE TAVG TAVG ?LOW I l / S  LCAD FLUX CALC SAT H 2 0  

-------------------------f------------------------------------------------------------------------- 
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Appendix B 

ORNL 40-TUBE CONDENSER FIELD TEST DATA 

B.l Data Reduction Proaram 

A computer program was developed for the ORNL 40-tube condenser to 
carry out complete data reduction and facilitate performance comparison 
for the test groups outlined in Table 2.2. 
program and a description of symbols ased in the algorithm is presented 
in this section. 

A printout of the FORTRAN 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

f 

L 

E 
k 
C 

C 
C 
C 
C 

TH S PROGRAU Y A S  DESIGNED TO R€DUCE SOBUTAN tR-6001)  O N  ENS1 G DATA 

WHERE *e ’  DENOTES EXPERIMENTAL MEASURED DATA. 

OBIAIRED F R O M  A 4 0  TUBE CONDENSER D E ~ I ~ N E D  ~f ORNL AND FEsOED A? THE EAST c 
UESA GEOTHERMAL TEST FA( t1L lTYo EXPLANATION ?F VARIABLES A R E  AS FOLLOYS. 

KYALL-TUBE WALL THERHAL cow.  
APERT--OUTS~OE AREA PER TUBE 
AT-----OUTS DE BUNDLE SURFACE AREA 

HDIAU--HYDRAULIC DIAUETER 
&fNSD--INSIDE BUNDLE SURFACE AREA 
R I -----I NS I DE TUBE R ADTUS 

+ULPRS--H20 L I N E  PRESSURE 
*OREAD--ORIFICE, H20 READING 
*OINCH--ORIFICE, INCHES OF H 2 0  

H20FLT-TOTAL H2O FLOY GPH 
H20FPC-H20 FLOU PER PISS, GPN 
Y V E L - - 4 2 0  VELOCITY 
KH20---H20 THERUAL CONOUCTIVITY 
SVHl---H20 SPECIFIC VOLURE 
RHOU---HPO DENSITY 
V I S l - - - H 2 0  VISCOSITY 
REHZO--H?O REYNOLDS NUHBER 
PRH20--H20 PRANDTL NUHBER 
NU-----H20 NUSSELT NUHBER 
QOVLL--HEAT LOAD9 H 2 0  
QFLX---HEAT FLUX t12O 
UAOVHl-OVERALL C6NDUCTANCE FROM TMl  
UAOVH2-OVERALL CONDUCTANCE FROH TU2 
UAOVUS-OVERALL CONDUCVANCE FROU TU3 
UAOVCI-OVERALL CONDUCTANCE F R O M  TC 
UAOVC2-OVERALL CONDUCTANCE F R O M  T C i  
UAOVCS-OVERALL CONDUCTANCE FROM TC3 
USOV 1-OVERALL CONDUCTANCE FROM 7 S A  
US I N b  --INVERSE OF USOVLl 
HUNU---H20 HEAT TRANS. COEFF. 
H NVl--HZO HEAT TRANS. RESISTANCE 
H~111--COHPOSITE HEAT TRANS6 COEFF. 
TCOHP--COMPOSITE TEHPo DIFFERENCE 

C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

T C  
C 
C 
C 
C cc 

C 
C 
C 
C 
C 

- 
C cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 



I 

7 
330 

1 0  
1 

3 

73 

74 

122 

FORflATI2OAl 2F 
P I=3.1415923 

AT=48.29 
HOIbU=000750 
A P C R T = A T / 4 O o  
KYALLz99o 
RIz0.45 
AINSO=Oo87*AT 
PS AT =PSHE LL 

7.1 r2F5.1 r6F6.1)  

R = C l  
A=-4 0228678565 
88=30892594094E3 
C=-10414371847f7 
CALL TUCALtA*BB*CrRrT) 
TUl=9*15.*1+32. 

rTC5 

?TVAP~PYELLrTUELLrTC 

A=14.162269080 
RR=3.940039585E3 
C=-10415872490E7 
CALL TflCALIA 66rCrRrT)  
TU4=9./5**1+32. 

3 36 2 7 E- 
-5016906  
45+P678 

6 * P * * 5  
E-1 4+P**8 

S V H 1 ~ 1 ~ 6 0 5 8 2 E - 2 - 1 o 9 8 5 9 9 E - 6 r l * 2 . 5 9 9 2 1 € - 8 * ~ + * 2 - 1 0 6 1 3 0 8 E ~ l l * ~ * * ~  
RHOY=loO/SYMl 
V I S 1 ~ 8 . 0 1 4 4 5 9 9 - 1 . 6 7 2 8 3 1 7 E - 1 k 1 + 2 3 5 3 5 E - 3 * ~ + ~ 2 ~ 1 ~ 6 3 2 4 6 6 E E ~ 5 + ~ * * ~ +  

* 8 o 8 5 5 5 7 4 4 E ~ 8 * T ~ + 4 ~ 3 ~ 3 ~ 1 5 9 6 5 E ~ l O ~ T + * 5 + 8 o 4 3 8 2 4 8 3 f ~ 1 3 ~ T ~ * 6 ~ 1 0 4 4 9 3 8 3 0 E  
+ ~ 1 5 ~ T ~ ~ 7 + l o 5 9 6 3 8 E ~ 1 8 ~ T * + 8 ~ 1 . 0 1 7 5 2 1 3 f ~ 2 1 * ~ + * 9 + 2 o E 4 9 6 1 7 4 E ~ 2 5 * ~ * * 1 0  

I F I T - B O * )  20  3Ur30 
30 IF (7 -130  1 4 6  5D150 
20  KH20=00362+70 i O E - 4 + T  

60 T O  6 0  

GO TO 6 0  

60 CONTINUE 
PRti20= V I  S 1  /KH20 

O I N C H ~ 3 o 1 9 6 6 9 E - 6 + 2 o 5 R 5 8 4 * Z - C o 8 2 2 3 6 6 * Z ~ Z + 7 ~ O l 8 6 2 E ~ 2 * ~ * * 3 ~ ~ ~ 5 8 ~ ~ ~ f ~ ~  
~ * Z + ~ 4 + 5 o 0 5 3 1 S E ~ 5 ~ Z ~ ~ 5 ~ ~ o 4 4 7 ~ 4 E ~ 7 * Z * ~ 6 + 3 o 0 6 9 1 0 E ~ 9 + 2 ~ * 7 ~ 7 o O 6 6 5 8 E ~ 1 2 *  
* Z * * 8  

+ * 3  

40  KH20=0o315+4o86E-4+T 

5 0  UH20=003426+2066f-9*T 

Z=ORECO 

IFIZ.EPoO.0) O l N C H = O o O  
H2OFLT~21o4646+1o43268~OlNCH~lol356~~~2+OINCH**2+4o35967E~5~OINCH~ 
I F t O  NCHoEQoO.0) H2OFLf=OoO 
H20F6C=H20FLT/lO. 
QOVLL=497.866+H20FLT~OTTU 
QFLX=QOVLL/AT 
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2 

4 
180 



124 

B.2 Output Format 

The key t o  terms and abbreviations found i n  the program output is  
presented i n  t h i s  section. 

i s  shown t o  i l l u s t r a t e  the data  format. 
i n  identifying and interpret ing the  data l i s t i n g  presented i n  the next 

sect ion f o r  Groups 111-A, 111-C, and IV t e s t s  using the  O W L  40-tube 

A sample of data output from Group 111-C t e s t s  
The key may be used as a guide 

condenser . 

KEY TO DATA OUTPUT 

TITLE DESIGNATIONS 

E 
C 
C 
C 
E 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

E 
C 

En--------EAST HESA HP----SURFACE EVAPORATOR 

XX-XX-XX-- IONTH D A Y .  YEAR 
XXXA------TIRE 8F DAY,  AH 
XXXP------TIIE OF D A Y *  PR 

DC----DIRECT CONTACT EVAPORATOR 

VHO---VENT f 0  OSS HOTYELL OPEN 
CIV---CONTINUOUS VENTING 

f40-------40 TUBE CONDENSER DIM---DESUP RHEA1 ON C 

li 
C 
PI - 
C 
C 

DEFIN IT lON OF TERMS 

C 
6 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

E 

E 
C c 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc~ccc 



\ 

EIl-09-26-78T40- 415P 
DC-D/ B-V UO- 41SP 

GPH INLET 
fl20 TRHP 

2-5  
90.2 32-58 

Sample of data output generated from Group 111-C data: 

PStlELL SAT. TVAP COND PB20 YlJGL- HEAT -------------DS$-------------- 
PSIC mne PIPE PSIG PT/SEC LOAD PVAP TVAP PUELL TRELL 
77-6 117.35 134-5 16!?8 43.0 4-55 119140. 78.0 135.0 77.0 99.0 

OUTLET AVG TEHP W A S  SRELL 

35-23 73.90 2-65 1- 8% 4 
3- 85.14 
1- 88.8 

TEflP TEHP R I S E  LOC- TEHP 

73.0 2- 122.dZ 

3: It%:# 

TSHL- TSAT- 
TAVG 2 VC 
10.13 88-45 
98.12 
11.24 
14.9 
39:l ' 

OV GUALL SAT- REYNOLDS 
UA 

27uT.97 3383$.67 
10600.97 DELTA 

TCOlP 
40.49 
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The location of temperature measuring probes referred to in the 
output format (hundredths for thermistors and tenths for thermocouples) is 
shown in Fig. B.1. 

THERMOCOUPLE 1 

THERMISTOR 3 

THERMOCOUPLE 2 
(OPPOSITE WALL) \ 
THERMISTOR 2- 

VAPOR 9 
INLET 

r q  

WATER a 
OUTLET 

Y + 

ORNL-DWG 81-23638 ETD 

- KPRESSURE 

OCOUPLE 2 

-THERMOCOUPLE 3 
SECTION A-A 

L 

INLET 

NOTE: SCHEMATIC NOT TO SCALE 

WATER 

Fig. B.1.  Schematic of shell temperature measuring locations on 
the OBM. 40-tube condenser. 
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B.3 Pa ta  ListinK 

Tables B.l and B.2 present performance data obtained with the O W  
40-tube condenser during Groups 111-A and 111-C t e s t s ,  respectively. 
Tables B.3-B.5 l is t  performance data  obtained during Group IV t es t s .  Most 

Group IV t e s t  data were taken with the 40-tube condenser operating i n  the 

direct-contact evaporator mode with the Barber-Nichols br ine pref lash u n i t  

(see Sect. 6.2.3). However, because of occasional pref lash un i t  problems, 

some data  were taken during operation with the DSS direct-contact evapora- 

t o r  alone. 

Also during t h i s  group of t e s t s ,  an attempt was made t o  operate the direct-  
contact un i t  using brine from the Mesa 8-1 well without the Barber-Nichols 

brine pref lash unit .  

Table B.5. 

Table B.4 l i s t s  condenser data obtained during t h i s  period. 

Condenser data using t h i s  well are  presented i n  



I Tablo B.1. n o  OIM. 40-t8bs oodsasor podommoo data 
for Wo8p 111-A t o r t s  (sufaos naporator a d o )  

--------- - D s+-- u-------- ER49-08-78T40- 20OP PSRELL SAT. TTAP CORD PH20 IllCL. R I l T  
ne- 2OOP PSIG T E l P  P IPE  T E l P  PSIG tT /S IC '  LOAD PIAP TlAP PY8LL TWtLL 

49.0 91.82 0.0 81.0 44.0 4.55. 6065s. 50.0 153.0 50.0 85.0 

AT.SlT. GPR INLET OOTLFll AT6 TEHP JIaS SRELL TSRL- 1SAT- CTIRALL SLT. RETUOLDS 
R2O ZXRP T t R P  T E l P  RISII t0C. T E l P  TAlG ¶ r T G  UA I l l  A20 h 20 COR POSITG 
90.2 74.45 75.81 75.13 1.35 1- 81.21 5.66 16.69 10719.92 3635.13 34510.09 966.44 82.68 

IiT. COGPI. 

74.5 74.5 2- 109.37 34.24 1771.51 
3- R1.21 6.08 9981.86 HEAT DCLTL 
1- 88.0 12.9 4173.0 ?LUX tmne c, 
2- 122.0 46.9 1294.1 1256. 15.19 N 
3- 84.0 8.9 6838.5 00 

GPR INLET OIJTLG+ A l G  TCRP R I M  S R M L  ZSHL- ¶SAT- OVERALL SAT. RBTROLDS HT. COKr?. EToSAT. 
1120 X I R P  T G l P  TlRP RISE LOCO TERP T A W  ¶ A T 0  UA UA 1120 H20 conmsxzi 
90.2 74-53 75.77 75-15 1.24 1- 79.99 7.60 16.77 7318.91 3316.52 34523.80 9 66.57 74. 79 

75.0 75.0 2- 105-58 30.43 1827.34 
3- 79-04 4.29 12969.07 FIEAT D CLTA 
1-  84.0 8.8 6284.7 ?LUX TCOlP 

3- 86.0 10.8 5 126.0 
2- 109.0 33.8 1642.8 1151. 15.40 

--_------------------------__I_________________----------------_-----_------------- 

----------DS+-- --------- E8-09-08-7IR40- 22SP e S A L L L  S8T. TlAP CORD PA20 UlEL.  REAT 
RP-D/B- 2 2 s ~  PSIG XERP PIPE r x m  PSIG r ~ z / s c c  LOAD P I A P  TIAP PYELL TlELL 

4903 92.12 0.0 82.0 44.0 0.55 57045, 5?.0 113.0 51.0 86.0 

6PR INLET OUTLET ATG TERP HEAS S A E U  TSRL- ¶SAT- OVtBALL SAT. RETROLDS HT. COEP?. RT-SAT. 
E20 TGBP T E l P  T l l P  RISE LOC. TERP TATG I A T G  t l A  OIL R20 U 2 0  CORPOSITE 
90-2 76-64 75-91 75.27 1.27 1- 79.60 8.60 16-85 6635.10 3385.19 34577.38 9 67.30 76.47 

1976.42 74.5 74.5 2- 104.14 28.86 
3- 79.60 4.33 13182.59 HEAT D XLTA 
1- 89.0 8.7 C 536.6 ?LUX TCORP 
2- l06:O 30.7 
3- 86.0 10.7 

1856.5 
5317.9 

1181. 15.45 



BIbO?-OIb78T40- 330P PSIIBLL S A L  TlAP COlD Pa20 l l E L .  ABAT ---------r)s*- --------- 
EP-D/R- 330P PSIG TSRP PIPE TERP PSIS l'T//sJ!C LOAD P1AP TlAP PYELL TWELL 

58.3 100.89 0.0 93.0 44.0 4.55 140167. 59.0 157.0 59.0 96.0 

RT.SAT. 6PR IllLET OUTLET AT0 TERP RBAS SHELL TSAL- TSAT- OVERALL SAT. RtYllOLDS HT. COE?F. 
E20 ZEUP TERP TEAP R I S E  LOC. TGRP TA16 111'0 OA ~ Oh 1120 tl20 CORWSITE 
90.2 70.64 n . 7 6  76.20 3.12 1- 89.65 5.08 24.69 27584.40 5677.23 34989.92 Y72.93 136.53 

7e.5 75.0 2- 116.72 40.52 3459.12 
3- 89.65 13.45 10421.43 HEAT DELTA 

n o x  TCOIP 14301.1 

3- 96.0 19.8 7078.7 

1- 86.0 9.8 
2- 125.0 48.8 2 ~ 7 2 . 2  2903. 21.26 

--e-- ---..-..--.-L-----------------------C-----------------.-------.----------- 

t~d9-00-78T00- 300P PSIELL 912. TlAP E0110 PR2O W'CL. AEAT -------D s+-- I------ 
EP-DD- 340P PSIG TttP PIPE TCRP PSI6 ?T/SEC LOID FIAP T l k P  PYkLL T l E L L  

58.6 101.17 0.0 94.0 44.0 8-55 145494. 59.0 153.0 59.0 96.0 

0?11 IltFT OUTLET ATG TtRP REAS S I t L L  TSBL- 'ISAT- C l t R l L L  SAT. R t l l l O L D S  tlT. COE??. RT.SAT. 
E20 TEUP TE!I!? TERP RISS LOC. TERP TAlG 1116 on WA R20 I20 CORPOSITE 
90.2 -4.51 77.75 16-13 3.24 1- 91.21 5.37 25.01 27071.04 5810.77 34958.06 972-50 140.28 

70.5 75.0 2- 116.19 40.06 3631. I S  
3- 91.21 15.08 9646.26 BEAT D n T A  
1- 86.0 9.9 14737.5 ?LOX !?COUP 
2- 129.0 52.9 2751.8 3013. 21.48 
3- 96.0 19.9 7321.4 

------I-------- -------I------------ -------- ------ --* __--_I____ 

8R494*78T4+ 405P PSAELL SAT. TIAP COND PR2O 11111. A t A T  ------DS+-------- 
005P PSIG TERP PIPE rzne PSIG w s r c  LOAD pinp r i w  PYELL TWELL liP-D/E- 

63.0 105.16 0.0 98.0 47.0 4.55 217944. 65.0 163.0 64.0 102.0 

BPI IllUT OUTLFI ATG TIRP RZAS SRCLL 2511- 'ISAT- OltRALL SIT. RBYROLDS HT. COlW?. BT.SAT. 
120 TtBP TERP T t l P  RISl LOCO TERP T A l G  1 I l G  UA UA 1120 iim CORWSITE 
90.2 70.30 19-15 76-73 4-06 1- 33-30 39.94 28-83 5457.28 7665.04 35225.85 976.13 195.22 

78.0 76.0 2- 112.32 35.59 6123.7 1 
3- 93-36 16.57 13153.45 BEAT DELTA 
1- 86.0 9.3 23502.7 n o x  TCORP 
2- 131.0 j54.3 4015.7 4513. 23.12 
3- 102.0 25.3 a623.5 

---1__11 --- .-------------------------------------I-- 

EE-09-08-78TbO- 01JP WRELL SA20 TT&P C O l D  PB20 llltl. BEAT ---------OS+-------- 
EP-Dl11 415P P S I G  ZERP PIPE TERP PSI6 r r / s J ! C  LOAD PILP TlAP PllELL TWBLL 

62.4 104.63 0.0 96.0 48.0 6-55 222087. 65.0 161.0 63.0 102.0 

BPI  IRLET OWTLET ATG TSRP 
E20 TtllP TERP TtRP RISE 
90.2 14-26 79.20 76.73 4.95 

70.0 76.0 

REAS 
LbC. 

1- 
2- 
3- 
1- 
2- 
3- 

S R n L  
TtRP 

93.69 
112.00 
93.69 
92.0 

131.0 
102.0 

TS RL- 
TA1G 
40.05 
35.27 
16.96 
15.3 
54.3 
25.3 

¶SAT- 
T I l G  
27.90 

OlERALL 
UA 

5505.08 
6297.17 

13091.30 
14503.9 
4092.2 
8788.5 

SAT. 
UA 

7961.42 

REYROLDS 
R20 

35127.15 

HT. COE??. 
um 
976.15 

RtbT 

4599. 
n o r  

AT.SAT. 
COnPOSITG 

204.58 

DELTA 
TCORP 
2 2 4 8  



G P I  I I L l n  OIITLIT AVG T R l P  IBIS SlELL TSRL- 
E20 TEMP TSllP TERP RISE tCC. TElP TAlG 
90.2 70.50 75.20 72.85 8-70 1- ioa.7r 86.20 

3- ion.14 35.90 
1- 110.6 37.2 

69.0 71.0 2- 104.94 32.10 

2- 121.0 48.2 
3- 100.0 27.2 

End9-12-7OT46- 340P PSllEU SAT. TVAP CORD PR20 WEL. HEAT ------DsJ----------- 
UP- 340P PSIG TllEP PIPE TERP PSI0 ?T/S1C LOAD PTAP TTaP  PPILLL TUELL 

60.3 102.73 0.0 93.0 4n.o 4.55 212796. 65.0 145.0 0.0 99.0 

ap n 
1120 
90.2 

I I L B T  
TRlP 
70.47 
69.0 

OUTLRT 
T E l P  
75.21 
71.0 

ATG 
T t l P  

72.84 

TERP 
PISB 
I). 74 

REA S 
LOC. 

1- 
2- 
3- 
1- 
2- 
3- 

SRELL 
TERP 
107.79 
101.27 
107.79 
115.0 
120.0 
98-0 

TSRL- 
T l l G  
i4.72 
28-44 
34. 96 
42-2 
47.2 
25. 2 

1SAf-  
'IAVG 
29.89 

CIIRALL 
UA 

11758.88 

6087.57 
5u47.1 
4512.0 

7qn3.31 

13457. o 

SAT. 
UA 

71 19.05 

REYNOLDS 
R20 

33501.32 

HT. comr. 
820 
952.48 

REAT 
FLUX 
4407. 

ATSAT. 
CORPOSITt 

179.33 

D BLTA 
TCOlP 
20.57 

TSBL- 
TA16 
41.13 
32.86 
33.23 

42.4 
24.4 

313.4 

.------- 

sa-09-12-78140- e o ~ ~  p s n z u  SAT. TIAP CORD P A ~ O  
Re-o/a- 405P PSI6 TJSlP P I P E  TERP PSIG 

56.8 99.48 0.0 92.6 48.0 

GPI 
RZO 
90.2 

I NLM 

70.06 
rEne 
69.0 

OUTLET 
TEMP 
74.71 
71.0 

A 1 6  

72.38 
tine 

T I l P  
R I S B  
4.65 

BEAS 
LOC. 

1- 
2- 
3- 
1- 
2- 

SAELL 
T E l P  
107.01 
104.99 
107.01 
113.0 
118.0 

TSRL- 
T A l G  
43.06 
32.56 
34.62 
40.6 
4% 6 

TSAT- CIIRALL SAT. RZYNOLDS HT. comr. RT.SAT. 
Y A l G  UA WA n20 nzo COlPOSITE 
20.72 5121.38 7333.25 33408.83 951.20 185.99 

6409.85 
6338.23 RtAT DELTa 
5189.5 ?LUX TCOJP 
4971. 3 4362. 2 3.45 
a 642.7 -------------------- -------I---- - 

PVIL. REAT ----------DS5-------------- 
?T/Si!C LOID PlAP TlLF PSSLL TWELL 

9.55 208812. 57.0 142.0 0.0 97.0 

¶SAT- 
¶hlG 
27.10 

OVERALL 
n i  

0aii .94 
6412.71 
6030.75 
5140.8 
4577.3 

S&T. 
WA 

7704.50 

REYNOLDS 
1120 

33300.91 

UT. COEPP. 
HZ0 
Y 49.70 

REAT 

4329. 
rLwx 

HT.SAT. 

197.73 

D BLTA 
TCOlP 

con POSITE 

2 1.87 
3- 96.0 23.6 ae4i.o 



t11-09-12-78~40- 4 2 0 ~  
JIP-Dfl- 420P 

GPI  I l L E T  OUTLET 
820 T E l P  T E I P  

69.0 71.0 
90.2 69.79 74.66 

PSal!LL S A Y .  TVAP COllD PA20 '@VEL, HEAT ---------DS*- ---------- 
PSIG T I B P  PIPE TEUP PSIG II/SEC LOAD PVAP TVA? PYELL r a E u  
57-8 100.42 0.0 93.0 48.0 4.55 218635. 58.0 146.0 3.0 96.0 

AVG T t R P  R I A S  SRELL TSHL- 1 S A T -  OVERALL SAT. RernoLDs ni. COEFP. 1fT.SAT. 

72.23 9.87 1- 107.41 43.76 28.19 4995.83 7754.60 33233.19 9 48.76 199.31 
T t l P  R I S E  LOC. T E l P  TAVG I A V G  UA 0a 820 B 20 ~ O ~ ~ S I T E  

2-  105.79 33.56 t514. 45 
3- 107.41 35.19 6214.36 REAT DELTA 
1- 113.0 40.8 5362.4 FLU I TCOUP 
2- 119.0 46.0 4674.5 4520. 22.71 
3- 98.0 25.8 0483.4 ------------------------~---------------------------------------------- 

EU-09-13-78~40- 850A P s n t u .  s n .  TVAP CORD ~ ~ 2 0  UVEL. R E A T  ------------DSS------------ 
HP- 850A PSIG TEaP P I P E  TElP PSIG IT/SIC LOAD PIAP TVAP PYELL TUELL 

64.5 106.49 0.0 98.0 60.0 1.14 143673. 67.0 225.0 0.0 101.0 

G P I  IIILET OUTLET AVG TERP UBLS SRELL TSBL- ?SAT- GOEBALL SaT. RRYROLDS nr. COEFF. HT-SAT. 
820 ? E I P  TEUP TEUP RISE LOC. TEHP TLVG ¶AVG UA UA 820 klzo COR W S I T E  

3 23.20 1 54.31 22.7 70.26 82.99 76.62 12.73 1- 107.94 68.87 29.86 2C86.18 4811.31 8842.88 
68.0 74.0 2- 126.44 49.87 2881.02 

3- 107.94 31.31 4598. i o  REAT DELTA 
1- 147.0 70.4 2041.5 FLUX TCDHP 
2- 160.0 83.4 
3- 103.0 26.4 5447.1 

c, 
(u 
CI 

1723.2 2975. 19.28 
---------u----~--1-----_1--------------------------------c--------_-__--_---_____ 

tR-09-13-78T40- 920A PSBZLL S4I.  TVAP COWD PR20 PVBL. HEAT ----------DSS-------- 
HP- 9201 PSIG TEIP P I P E  T E I P  PSIG FT/SEC LOAD PTAP TVAP P Y ~ ~ U  T a n L  

61.5 103.e2 0.0 99.0 63.0 1.19 141834. 64.0 220.0 0.0 102.0 

SAT. REYNOLDS Hi. COEFP. HT-SAT. 

429.05 179.57 

6Pll INLET OUTLET AVG T l l l P  REAS SHELL TSRL- TSAT- CVERALL 
1120 T E I P  TEUP T E l P  BZSE tOC. TEMP TAVG lAWG 01 IJA 820 clM COl POSITE 
22-7 70.76 83.33 77.04 12.57 1- 106.25 67-96 26.77 2086.88 5291.39 3890.25 

4855.66 REAT D ELTA 3- 106.25 29.21 
1- 147.0 70.0 2027.5 PLUX TCOUP 
2- 160.0 83.0 1709. A 2937. 16.36 
3- 103.0 26.0 5 464.6 

70.0 80.0 2- 126.09 49.05 9891.67 

-----------_u_--__------------------------__---------------------- ----------I------- 

E ~ - ~ ~ - ~ ~ - ~ E T ~ o - ~ o s o ) L  PSBEU SAT.  TVAP CQWD ea20 YVEL. iiraT --------*-!) s.+-- --------- 
HP- 1050A PSIG TIEP P I P E  - TEnP PSIG ?T/SEC LOAD PVAP TVtP  PYtLL TUELL 

53.9 96.11 0.0' 91.0 51.0 4-55 262721. 58.0  190.0 J.0 90.0 

HT.SAT. a@I INLET OUTLET AVG T E l P  UEAS SHELL TSHL- 1SAT- OVBRALL 

90.2 71.14 76-99 74-07 5-95 1- 93.59 54.28 12.6* 4800.12 11602.93 34042.64 Y 5Y.96 3 31.32 

SAT. RRYROLDS UT. COCPP. 
con POSITE H2b TERP TElP  TERP BISE LOC. TEN? TAVG 111VG KIA nA RZQ 820 

71.0 74.0 2- 107.80 33.73 7198.92 
3- 93.59 19.52 13456.42 H'DAT DELTA 

2- 139.0 64.9 U346.0 5440. 16.13 
3- 95.0 20.9 12550.2 

1- 130.0 55.9 U697.0 FLUX T C O l P  



Table B.1 (oontiawd) 

CN-09-13-78T40-lllOA PSEtLL S A L  TVAP COUD PHZC YVEL. REAT -------------DSS------------ 
RP- tiioa PSIG TEIP Prm r F m  OSIG F v s r c  LOAD PVAP ? V I ?  PUXLL TWELL 

0.0 91.0 54.0 96.81 0.0 91.0 51.0 4.55 223507. 56.0 170.0 

GPN IULET OOTLET AVG T t A P  AEAS SHELL TSEL- TSAT- OVERILL SAT. BPI UOLDS HT. O E P P .  HT-SAT. 
E20 T I l P  TRnP TERP RISI LOC. TGlP  TAVG 211’10 UA UA E20 ti 20 
90.2 70.97 75.95 13-46 4-98 1- 93.60 48.59 23.34 4600.50 9516.25 33774.35 956.29 260.37 

CO1 POS ITE 

71.0 74.0 2- 106.37 32.91 6793.2 1 
3- 93.64 20.18 11078.16 ALAT n ELTA 
1- 124.0 50.5 (I 423.4 FLUX TCOYP 
2- 132-0 58.5 3RlR.Q 4629. 17.78 
3- 94.0 20.5 10885.1 -_--------------------------------------------------------------------------------------------- 

~n-09-io-78~40- ~ S O I L  ~ S H E L L  S A ~ .  TVIP ~ D U D  P R ~ O  UVEL. HEAT ------------DS +-- ----------- 
EP- 8 5 O A  P S I 0  TBRP PIPE  TERP PSIG PT/SEC LOAD PVAP T V l P  PHELL TWBLL 

69.0 110.36 0.0 104.0 63.0 0.0 0. 69.0 151.0 76.0 103.0 

6 P I  INLET OOTLtT AVO T&n? 18AS SEELL TSEL- 1SAT- CVESALL SAT. RSTUOLDS HT. COEPF. HT-SAT. 
I20 TINP TIAP TBHP RISB LOC. TG!lP TAVG ZAVG UA nr E2 0 LIZ0 

0.0 76.54 78.19 77.36 1-66 1- 109.90 37.46 32.99 0.0 0.0 0.0 0.0 260.37 
CO3POSITIZ 

76.0 76.0 2- 110.87 33.51 0.0 
3- 109.94 32.58 0.0 HEAT DELTA 
1- 115.0 37.6 0.0 FLU x TCOYP 
2- 122.0 44.6 0.0 0. 17.78 
3- 113.0 35.6 0.0 

----------------I_uI___------------_---------------------------------------------------------- 

E1-09-14-78T40- 94OA PSRELL SAT. TVAP COUD PR20 UVEL. HEAT ----------Ds~----------- 
RP- 940A P S I 6  T t t P  P I P E  TERP P S I 6  ?T/SIC LOAD PVAP Tva? PULL TUELL 

61-3 108.91 0.0 103.0 48.0 U.55 311462. 70.0 165.0 65.0 104.0 

CI w 
N 

GPll 
a20 
90.2 

INLET OOTLET AVG T E I P  A X A S  SBELL TSEL- ¶SAT- OVERALL SRT. RSYllDLDS €IT. COEPF. RT-SAT. 
z inp  m n p  TEAP RISE LCC. TERP TILIG TAIG UA UA 820 H 20 
65.60 72.53 69.06 6.94 1- 111.72 58.57 39.85 5317.94 7815.89 31859.59 929.96 202.36 
65.0 68.0 2- 109.49 40.43 7703.7 0 

CORPOSITB 

3- 111.72 42.66 7301.79 HEAT DELTI 
1- 126.0 56.9 5470.5 FLfl x TCOltP 
2- 131.0 61.9 5028. R 6450. 3 1.87 
3- 106.0 36.9 8432.6 

~~-09-14-7m40- 955a P s n m  SAT. TVAP COUD P A ~ O  WVBL. HEAT ----------Ds~----------- 
BP- 95% PSI0 T C t P  P I P &  T I I P  PSIG PT/SIC %OLD PVAF TVI?  WELL TUEIL 

69.9 111.11 0.0 106.0 48.0 4.55 31U677. 73.0 167.0 86.0 106.0 

GPU IllLliT OUTLET &?G T t I P  SEAS SEELL TSRL- ¶SAT- OVERALL SAT. RSYNOLnS IIZ. CoC?F. RTeSAT. 
E20 TRIP  T lHP TERP RISE LOCI TBNP TAVG T I V G  UA OA n2 0 tl20 CORPOSITE 
90.2 65-80 72.81 69-30 7-01 1- 112.87 61-95 41.81 5120.91 7526.43 31961.97 930.91 193.00 

65.0 69.0 2- 113.48 44.18 
3- 112.87 43.56 
1- 129.0 59.7. 

3- 109.0 39.7 
2- 130.0 64.7, 

7 122 86 
7223.38 
5271.2 
11863.8 
7926.8 

BEAT 0 BLT A 
?LO x TCOW 
6516. 3 3. 76 

6 )  c- ’ 



c d 

GPII IULET OUTLt!C AVO TEUP UEAS SAtLL TSAL- %SAT- 
R2O TBRP TBUP TElP  BISE LOCO TEnP TAlG 1116 
90.2 65.79 72.82 69.30 7.03 1- 112.92 61.6s 42.48 

65.0 69.0 2- 113.73 49.42 
3- 112.92 43.62 
1- 129.0 59.7 
2- 134.0 68.7 
3- 110.0 40.7 ---------- ----1-----1__----- 

CVERALL SAT. RITUOLDS BT. COEF?. fl 2. SAT. 

5117.29 7426.72 31962.67 9 30.92 189.89 
7101.10 
7232.82 HEAT DELTA 
s2n4.a ?LUX TCOlP 
4876. i 6533. 34.41 
1751.8 

WA WA R2Q ii 20 con POSITE 

----------u--------.l-- ---------------- 
11-09-14-78T4b1145A PSRELL SA% TlAP CORD PA20 UVEL. AEAT --------DSS------------- 
RP- i iim PSIG TELE PIPE r E n e  PSIG ~T/SEC LOAD PVAP T l A P  PWYLL W E L L  

70.8 111.87 165.0 108.0 48.0 4.55 321186- 73.0 166.0 661.0 108.0 

GPf! IULBT OUTLET AVG TERP RIAS SHZLL TSRL- 1SAT- OleRALL SAT. PlllYROLDS ET. COEFF. RT.SAT. 

90.2 66.08 79.23 69.65 7.16 1- 113.25 61.30 62-21 5239.80 7608.95 32113.82 ~ 333.06 195.52 
CO7POSITE AZO TERP TERP TERP RISE LOC. m n e  T A W  1116 UA nr A20 nzo 

65.0 70.0 2- 112.08 92.42 7570.99 
3- 113.25 93-59 7368.09 HIAT DELTA 
1- 130.0 60.3 5 322.4 FLUX TMRP 
2- 134.0 69.3 4991.5 6651. 3 0.02 
3- 110,O 40.3 7960.9 ----------- ------------------------------------------ ------------- 

Ell-09-18-78T~O-12OOP PSRlLL SA% TVAP COUD PA20 SVBL.. AtAT ---------b S S--- ------ 
EP- 1 2 0 0 ~  PSXG TEBP P x P t  TERP PSIG rr/sic LOAD PIA? TV4P PWELL TIIELL 

72.4 113.19 166.0 107.0 48.0 4.55 313927. 74.0 167.0 69.0 109.0 

GPR IWLET OUTLET A l G  T E l P  IEAS S R t U  TSRL- 'ISAT- OVEBALL SAT. EETROLPS BT. COErF. AT.SLT. 
ti20 ~ E R P  TERP rim RISE LOC. rtne TAVG TAlG UA UI A20 ti 20 COq W S I T E  
90-2 66-28 73.23 69.73 6.99 1- 112.68 6 1 . 5 ~  43.45 5098.06 7 2 2 4 . ~  32ioe.60 9 33.55 183.39 

65.0 70.0 2- 113.56 43.83 7162.59 
3- 112.68 42.94 1310-36 HEAT D ELT A 
1- 130.0 60.3 5209.1 FLUX T M q P  
2- 135.0 65.3 4810- 0 6501. 35.45 
3- 109.8 39.3 7995.0 

----------u__ - ------__--------------- e----- -------------- 
dl-09-14-78T40-1250P P S l i L U  SAL TVAP M!fD PB20 UVEL. AEAT --- ---DSC+----------- 
EP- 1250P PSXG TERP P I P E  TEnP * P S I G  FT/SIC LOAD PIA? TV4? P P E U  TUELL 

67.7 109.26 184.0 103.0 48.0 4.55 301638. 71.0 i n 4 . 0  65.0  106.0 

GPCl IULBT OUTLET AVG TERE IEAS S R B L  TSRL- TSAT- OVERALL' SAT. RCYROLDS HT. ME??. HT-SAT. 
R2O f E l P  TERP TERP RISE LCC. rtnp T A l G  T1V6 UA UA R2O ti 20 COR POSITE 
90.2 67-18 73.90 70.54 6-72 1- 111.90 66.27 38.72 4551.36 7790.63 32496.66 9 3R. 45 201.06 

66.0 70.0 2- 117.91 47.38 6367.00 
3- 111.90 41.37 7291.75 HEAT DELTA 

2- 191.0 70.5 4 2 ~ 0 . 9  628 6. 3 1.07 
3- 106.0 35.5 €505.9 

1- 135.0 69-15 1619.3 rlnx rcow 

).r w 
w 



Table B.1 (oontiawd) 

I------ -- -D S s--- -- ----- - ---- EI-09-14-78TPO- 110P P S R E U  SA?. TVAP CORD PA20 YVEL. BOAT 
HP- l l O P  PSIG TECP F I P E  T E l P  PSIG FT/SFC LOAD PVAT TVAP PLZLL TWELT. 

65.0 106.93 186.0 100.0 48.0 4.55 286391. 67.0 186.0 6 i . O  104.0 

HT.SAT. GPH IALET OUTLET ATG TEnP NEAS SHELL TSHL- ISAT- OVERALL 
820 T E I P  T E l P  TEMP R I S E  LOC. TEMP TAVG TAVG 11 A UA R2O tl20 COIPOSITE 
90.2 67.41 73.79 70.60 6.38 1- 109.34 65.76 36.33 4354.89 7883.76 32523.31 Y 38.83 204.04 

SAT. REYNOLDS HT. COEPP. 

6 126.91 67.0 71.0 2- 117.3U 46.74 
3- 109.34 38.74 7392.77 HEAT DELTA 
1- 136.0 65.4 4 379.0 FLU x TCOMP 
2- 143.0 72.4 3955.6 593 1. 29.07 
3- 104.0 33.4 e574.3 ---------------__----------------------------------------------------------------------------------- 

EII-09-14-78T40- l2OE PSRELL SA%. TVAP COAD PH20 YVEL. IIEAT ---------DSS------------- 
RP- 120P P S I 0  TELP P I P E  TCNP PSXG €T/SEC LOAD pvn? T V A P  PYPLL TUEIL 

62.2 104.45 186.0 97.0 48.0 4.55 267849. 63.0 189.0 60.0 101.0 

GPI IULET OUTLET ATG TEOP 3EAS SHELL TSRL- ?SAT- OVERALL SAT. FCYROLDS HT. COEFP. RT.SAT. 
820 TIUP T E I P  TEnP RISE LOC. T E l P  TAVG ¶ A V G  I I A  OA A20 I4 20 COUPOSITE 
90.2 67.71 73.68 70.70 5.97 1- 115.45 65.26 33.75 4104.13 7936.27 32566.34 939.43 2 05.71 

67.0 70.0 2 -  116.90 46.20 5797.77 
5985.26 HEAT DELTA 3- 115.45 44.75 

1- 135.0 64.3 4 165.5 FLUX TCOUP 
2- 142.0 71.3 3756.5 5547. 26.Y6 
3- 101.0 30.3 8839.3 -----------------~-------------------------------------------__--------------------------- 

El-09-14-78r40- 140P PSREU SA?. TVAP COlD PH2O ITEL. HEAT ----------DS~------------- 
np- l40P PSIG T E l P  P I ? I  TENP PSIG PT/SEC LOAD PVA? TVA? PYELL TPELL 

58.1 100-70 181.0 94.0 48.0 4.55 244021. 59.0 182.0 56.0 107.0 

CI w 
P 

GPI IULET OUTLBT AVG T E l P  IBAS SHELL 
H2O TENP TElP TENP RISE LOC. TEMP 
90.2 67.91 73.35 70.63 5.44 1- 116.20 

67.5 70.0 2- 113.34 
3- 116.20 
1- 132.0 
2- 139.0 
3- 98.0 

TS AL- 
TAVG 
61.49 
42.71 
45.57 
61.4 
68.4 
27.4 

ISAT- CVERALL SAT. RSYROLDS UT. COEPP. HT.SAT. 
TAVG UA UA AZO n20 CON POSITB 
30.07 3968.19 8114.52 32536.91 939.02 211.55 

5712.93 
5355.09 HEAT DELTA 
3976.2 PLQ X TCONP 
3569.1 5053. 2 3.89 
e m .  7 

EI-09-14-78T40- 155P PSRLLL SAT. TVAP CORD PH2C YVEL. BEAT ---------DS+-- -------- 
HP- 155P PSIG TE?P P I P E  TRRP PSIG ET/SFC LOAD PIA" TVAP PYELL. TYILL 

54.5 97.29 179.0 91.0 48.0 4-55 220686. 58.0 178.0 52.0 93.0 

GPH INLET OUTLET ATC T R I P  NEAS 
A20 TEN0 T E l P  T B l P  R I S E  IOC. 
90.2 67.91 72.83 70.37 4.92 1- 

68.0 70.0 2- 
3- 
1- 
2- 
3- 

SHELL 
T E l P  
113.79 
110.36 
113.79 
129.0 
137.0 

95.0 

TSEL- 
TAVG 
58.36 
39.99 
43.42 
58.6 
66.6 
24.6 

ISAT- CVERALL 
11% UA 
26.92 3781.76 

5519.04 
5082.26 
3764.1 
3312.1 
8960.2 

SAT. BYYUOLDS 

8 197.80 32424.09 
UA 820 

U f .  COEPP. HT-SAT. 
n 20 COMPOSITE 
937.43 2 14.39 

HEAT DXLTA 
FLU x TCORP 
4570. 2 1.32 



Table B.l (oontinned) 

HT-SAT. GPH IMLET OUTLET A I G  TERP REAS SHELL TSHL- TSRT- OVERALL SRT. RCYBOLDS 
COR ?OSITE 

90.2 62.73 69.02 65.87 6-29 1- 99.56 71.26 35.48 3961.64 7955.41 30496.46 909.99 20R. 03 

82. COEPI. 
H20 ? t n P  TEnP ' T E l P  RISE LOC. T E l P  TAVG %AVO OA I I A  820 Em 

62.0 65.0 2- 112.48 46.60 6056.23 

- 

Eld9-15-78T40- 93eA PSBBLL SR3.  TVAP CORD PA20 RVEL. HEAT -----------DSS------------ 
Be- 930A PSXG TERP a PIPE TERP PSI6 PT/SIC LOAD PVAP TVhP P Y A U  TPELL 

60.0 102.45 192.0 97.0 49.0 P.55 282387, 62.0 193.0 58.0 99.0 

GPR ZMLET OUTLET AVG TERP UEAS SRELL TSHL- ISAT- CVBRALL ' SAT. REYROLDS 81. COEFP. HT .S AT. 
COB POSITE 820 T t l P  T E l P  TElP RISI LOCO TEBP TAVG I A V G  01 l l A  1120 i1m 

96.2 63-88 69.77 66.63 6.29 1- 100.20 70.78 35.83 3989.89 7881.85 30816.28 9 14.55 20s. 39 
63.0 67.0 2- 114.28 47.66 5925.52 

3- 100.20 33.58 8010-38 BEAT 9BLTA 
1- 138.0 71.4 3956.5 FLUX ?cone 
2- 145.0 78.4 3603.1 5948. 29,118 
3- 100,o 33.4 8461.6 

-----c_------------______________I___-------_------- 

40- 950A PSRl9I.L SAT. TVAP ORD PB20 YVEL. REAT ----------~SS------------ 
950A PSXG T E l P  PIPE TEnP PSIG ?T/SEC LOhD PVAP TVSP PYBLL TMELL 

61.8 104.09 190.0 98.0 49.0 4-55 286104. 64.0 190.0 59.0 100.0 

6 P R  IlLFX OOTLFX Afe 'IIEBP SAT. REYROLDS HI!. COBPF. HT.SAT. 

203.39 90.2 64-36 70.73 67-54 6.38 
COMPOSITE 120 T E l P  TBHP TEBP RISB 01 820 B 2 0  920.16 

4 7831.86 31207.25 
64.0 68-6 2- 115.39 97-80 5982.20 

3- 101.39 33.85 8454. 98 HEAT DELTA 
1- 137.0 69.5 4 120.5 PLOX TCOMP 
2- 195.0 77.5 3694.9 5927. 29.10 
3- 101.0 33.5 e m .  4 

G P R  IULET OUTLl3T ATG TERP IEAS SHlLL TSAL- TSRT- CVSRALL SAT. rwnoins HT. COEPI. HT.SAT. 
COB PO5 ITC 1120 TBRP TEMP TERP RISE LOC. mm TAVG ¶ a V G  WA DA n20 H 2 0  

90-2 64.90 71.29 68.09 6.38 1- 102.00 68.22 36-35 4199.59 7881.29 31442.52 Y 23.53 200.81 
65.0 69.0 2- 113.98 45-88 6244.39 

3- 102.00 33.91 8449.83 HEkT DELTA 
1- 136.0 67-9 U219.2 PLOX T M q P  

3825.0 5933. 28.97 2- 143.0 74.9 
3- 102.0 33.9 8450.3 



cpn INLET OUTLET avo Tine nxAs 
A20 T E l P  T E I P  T E I P  B I S E  LOC. 
90.2 66.01 72.38 69.19 6.37 1- 

66.0 69.0 2- 
3- 
1- 
2- 
3- 

SHELL 
TE3P 
102.81 
115.24 
102.81 
135.0 
141.0 
103.0 

TSRL- 
TAVG 
66.06 
46.05 
33.62 
65.8 
71.8 
33.8 

HT-SAT. ISAT- CVERALL SAT. BEYNOLDS 
1 A V G  ' IIn UA 1320 n 20 COl POSITE 
36.68 ~ 3 2 8 . 4 7  7795.86 w") .43  9 30.24 201.67 

IiT. COE?P. 

6209.63 
E505.6 3 BERT . DELTA 
h 345.3 FLUX TCOUP 
3902.2 57.2 2. 29.36 
13458.2 

8l-09-15-78T40-1050A PSBlLL S a l .  TVAP ZOND PH20 YVEL. n9AT ------------DSC------------- 
RP-D/H- lO5OI PSIG TEEP PIPE  TEHP PSIG iT/SEC LOAD P I I F  TVIP  PLiCLL TYELL 

64.6 106.57 179.0 102.0 49.0 4.55 285405. 66.0 179.0 h . 0  102.0 

cpn INLET OUTLET AVG TEnP ~ E A S  SHELL TSIIL- TSAT- C V ~ R A L L  SAT. RYTNCLDS HT. COEFF. HT.SAT. 
820 TEIP TEHP T E l P  RISE fC€. TERP TRIG ¶ A V O  W n  VA 1120 d20 , COR W S I T E  
90.2 66.93 73-20 70 . l t  6.36 1- 103.53 63.81 36.47 4472.44 7826.20 32309.10 L 35.81 202.35 

67.0 71.0 2- 115.73 45.62 6255.55 
3- 163.53 33.42 e539.03 HSAT 0 ELTA 
1- 134.0 63.9 4466.8 PLUX TCOUP 
2- 140-0 69.9 4c93.3 5910. 29.21 
3- 104.0 33.9 8420.1 ----__---------_---------------------------------------------------~-----------------_--------------- 

----------D s +-- ------- --- EI-09-15-78T40-1105A PSHPLL SAT. TVAP C O I D  PB2C YVEL. NWT 
HP-D/H- 1105A PSIG TEEP PIPE T E l P  P S I 6  FT/SEC LOAD PVAP TVaP PYLLL TUELL 

65.5 107.36 172.0 102.0 49.0 4.55 283432. 67.0 172.0 ba.0 103.0 

G P I  INLET OUTLET AVG TtHP REAS SHELL TSBL- ISAT- OVPRALL SAT. REYUOLDS UT. COXIF. HT. S AT. 
H20 T E I P  TE8P TEHP R I S E  LOCO TERP TAVG 1 A V G  UA UA B2C Alzo COR POSITE 
90.2 68.01 74.32 71.17 6-31 1- 104.30 60.07 36.19 4718.64 7830.91 32769.55 \942.28 202.15 

68.0 72.0 2- 110.51 43.34 t539.47 
3- 104.30 33.13 ec54.20 HEAT DGLTA 
1- 131-0 59.8 4736.9 ?LUX TCORP 
2- 136.0 64.8 4371.6 5869. 29.03 
3- 105.0 33.8 8376.9 

------------------I_--------__------------------------------_------------------------------------ 

ERd9-15-78T40-1130A P S B l l L  SAl. TVAP CORD PA20 YVEL. ASAf --------I)S+-- ----------- 
HP-D/H- 11301 PSIG TELP PIPE TBRP PSIG TT/SPC LOID w n e  TVAP PYELL TYILL 

66.1 107.88 167.0 101.0 49.0 4.55 282091. 67.0 168.0 L3.O 104.0 

G P I  INLET OUTLET A V G  TERP IlSAS 
H20 TEIP  T E I P  TIRP RISE LOCO 
90.2 68.53 74.82 71.68 6-28 1- 

63.0 72.0 2- 
3- 
1- 
2- 
3- 

SHELL 
TERP 
104.45 
114.37 
104. 45 
120.0 
133, 0 
105.0 

TSRL- 
TAVG 
58.05 
42.69 
32.78 
36-3 
61.3 
33.3 

'ISAT- CVPRALL SAT. RRYNCLDS HT. COEPF. HT. S AT. 
T I V G  WA I l A  1320 eiM 
36.20 4859.28 7792.14 32992.43 945.40 2 00.71) 

CO'IPOSITE 

6607.82 
12605.95 HEAT D ELTA 
5008.4 FLUX TCONP 
(1600.0 59n2. 29.10 
8 465.2 

e, C' 



G P I  IRLET OUTLET ATG TEHP n l A S  SHELL TSRL- ISAT- OVERALL SA?. REYNOLDS HT. COEPI. RT.SIT. 
CORWSITC 820 T E l P  TXRP TER LOC, TENP TAVG ¶ A I G  UA UA 820 id20 

90.2 68.72 74.97 71.8 1- 104.59 56.27 36.20 2987.37 7751.86 33067.29 946.45 139.40 
68.0 72-0 2- 113.95 42.10 €665.95 

3- 104.59 32.74 €571.75 B%AT DELTA 
1- 127.0 55.2 5088.6 r L o x  TCOIP 
2- 132.0 60.2 4665.7 sn 12. 29.15 
3- 105.0 33.2 8465.4 

-----------------_I-------------__------------_------------------------------- 

ER-09-15-78T40-1220P PSEELL SA¶. ?TAP CORD PA20 RIEL. REAT ---------3Ss------------ 
EP-D/H- 1220P PSIG T E l P  PIPE TEHP PSIG ?T/SEC t O A D  PTAP TThP &?YELL TYELL 

67.5 $09-08 156.0 102.0 49.0 0.55 282347. 68.0 156.0 65.0 105.0 

6 P B  I l lLEP  OUTLET ATG TER L TSlL- ¶SAT- OVFRlLL SAT. REIIIQLDS BT.COEII. , nT.s%r. 

90.2 69-97 75.76 72-62 6-29 1- 105.95 53.12 36.47 5315.34 1742.29 33403052 Y 51.12 198.86 
CO!lPOSITE H 2 0  ZEBP T E l P  Z E l P  81s TATG ' 1AVG UA lfA 820 d20 

2- 113.95 41.33 6830.78 
3- 105.95 33.34 8469.06 HEAT DELTA 
1- 124.0 51.4 9094.7 FLUX, !?COUP 
2- 128.0 55.4 5091.9 584 7. 29.40 
3- 105-0 32.4 E718.5 

69-0 72.0 

-----1-----------__I_____uI________~---- ------1---------w_---- ----- --_- ----------- 
G U - O ~ - ~ S - ~ R T ~ O - ~ ~ ~ S P  P s n m  SAX. TVAP CORD ~ 8 2 0  PVEL. IIELT -----------DsS------------- 
RP-D/R- 12350 PSIG TEFP PIPE TEBP PSIG FT/Sl!C LOAD PVAP T T l P  PYPLL TUELL 

68.1 109.60 146.0 103.0 99.0 4.55 280395. 70.0 149.0 6b.O 105.0 

G P I  INLET OUTLET AVG TEHP 1EAS SHELL TSAL- ?SAT- CVERALL SAT. PEYROLDS YT. COEPP. AT.SAT. 

90.2 69.97 76.22 73.09 6.25 1- 106.33 49.59 36.50 5653.82 7681.05 33613.67 354.09 196.77 
H2O f E l P  TENP TERP RISB IdC- TESP TATG T I V G  UA l fA n20 tin, . COnPOSITE 

70.0 72.0 2- 112.21 39.12 7168.05 
3- 106.33 33.23 8437.57 BEAT D BLTA 
1- 120.0 46.9 5977.7 FLUX TCOSP 
2- 124.0 50.9 
3- 106.0 32.9 e520.9 

5806. 29.51 5509, 0 ---------------------------------------------------------------------------_---------------- 
EI-09-15-7ET40-~50P PSAELL 311. FIAP COWJ PH20 YVEL. REAT ------------DS +-- ------ --- 
HP-D/H- 1250P PSIG T E l P  PIPE TENP PSIG €T/SEC LOAD PVAP TVAP PIILLL TOELL 

68.1 109.60 135.0 103.0 49.0 4.55 276902. 70.0 192.0 bb.0 105.0 

HT.SAT. 
CORPOSITE 

MT. COSP?. GPB INLET OUTLET AVO TERP MAS SBELL ZSRL- ¶SAT- OVERALL SIT. REYNOLDS 
820 flRP T E l P  TEHP RISE LOC. TEnP TAVG 1 A V G  UA I I A  AZO li 20 
90.2 70.26 76.44 73035 6-17 1- 106.65 49-69 36.25 6198.43 7641.33 33726.78 9 55.60 195.44 

70.0 73.0 2- 109.42 36.07 7679.12 
3- 106.65 33.30 8317.22 &EAT DXLTA 
1- 115.0 41.6 6650.3 FLUX TCOlP 

6067.5 5736. 29.35 2- 119.0 45.6 
3- 1'57.0 33.6 8231.3 



. I. il...~... "..I... .I . . . -  . .. , ... . . . . .  ~~~~ .. . " . . . . - . .. - . . - . ~ . .  

Table B.1 (oontinwd) 

ELI-09-15-78T40- lo5P PSRBLL SA1. TVAP CORD PH20 UVEL. AlAT -----------DSS--- -------- 
BP-DRI- 105P PSIG TBIP  PIPE TEMP PSIG ?T/StC LOAD PVA? T V A D  PWELL TWEIL 

68.9 110.27 125.0 104.0 49.0 4.55 276489. 70.0 139.0 b6.5 106.0 

Gen 
87 0 
90.2 

XlLET 

70.51 
70.0 

rzne 
OUTLET AVO T E l P  IKAS SHELL TSRL- 
TKRP TXlP  R I S X  LOC. T I I P  TAVG 
76-67 73.59 6.16 1- 107.43 41.66 
73.0 2- 108.28 34.70 

3- 107.43 33-85 
1- 112.0 38.4 
2- 115.0 41.4 
3- 108.0 34.4 

'ISRT- CVlZIALL SIT. REYNOLDS HT. COEPP. HT.SAT. 
'I AVG ua UA H2C d 20 CON POSITE 
36.69 6637.23 7536.59 33131.01 957.00 192.07 

7969.03 
8168.42 HEAT DELTA 
7197.8 r L n x  TCO3P 
6676.4 5726. 29.51 
8034. 4 

EI-09-15-78100- 14OP PSIiZLL Sal. TVAP COND PA20 UVEL. HEAT -----------D s *-- --------- 
RP-D/H 14OP P S I 0  T11P PIPE  TEMP P S I 6  IT/SEC LOAD PVAP TVAP PYGLL TPKLL 

68.8 110.19 125.0 105.0 49.0 4.55 276587. 70.0 139.0 67.0 106.0 

G P l  INLET OOTLKT A I G  T B l P  l B R 3  SHELL TSRL- 'ISAT- OVERILL SAT. REYNOLDS dT. COEP?. HT-SAT. 
820 rim m n p  TEMP RISE L O G  TE!¶P TAVG I A V G  OA rill 1320 il20 CQM!?OSITE 
90.2 70.54 76.70 73.62 6.16 1- 107.58 40.80 36.57 6778.27 7562.96 33845.63 9 57.25 192.19 

71.0 74.0 2-  108.48 34.86 7934.71 
3- 107.58 33.96 8 ias. 22 HRLT DKLTR 
1- 113.0 39.4 7023.6 PLUX TCORP 
2- 115.0 41.9 6694.1 5728. 2 9.69 
3- 108.0 34.4 00O5.0 --------------------------------------------------------------------------------------- 

11-09-15-7m40- 150P PSRELL ShT. TVAP COND PE20 UVEL. REAT ----------DS+-- I----- 

w - w n  150P PSIG TECP PIPE  TERP PSIG FT/SEC LOAD P v n e  TVAP PWELL TWKLL 
69.4 110.70 113.0 105.0 49.0 4.55 274674. 71.0 133.0 66.5 106.0 

H T. SIT.  GPR INLET OUTLET A V 6  TXnP MEA5 SHELL TSRL- 'ISAT- OVERALL SAT. RXINOLDS HT. COEPF. 
R20 TKRP T E I P  T B l P  RISB LOC. TBIP  TAV6 'IAVG WA UA 820 H 20 COIPOSXTB 
90.2 70.59 76-71 73.65 6.12 1- 106.96 37.22 37.04 7379.81 7414.87 33860.29 Y 51.45 180.25 

71.0 75.0 2- 108.26 34-60 7937.63 
8247.22 HEAT DELTA 3- 106.96 33.31 

1- 108.0 34.3 7997.1 FLOX TCOIP 
2- 110.0 36.3 7557. I 56 8 8. 3 0.22 
3- 109.0 35.3 7770.9 

--------------------I___-----------------------__----------------------------------_u----u---- 

~n-og-i5-~8~10- 2 1 0 ~  
BP-D/H 210P 

GPI  INLET OOTLXT 
820 T E l P  T l R P  
90.2 70.56 76.67 

71.0 74.0 

PSflKLL SAT. TVAP COllD PR20 WVEL. HEAT ---------D S *-- --------- 
P S I 0  ZECP PIPE T B l P  PSIG ?T/SBC LOAD ?TAP TVAP PUS11 TWELL 
69.3 110.62 106-0 105-0 0.0 4.55 274004. 71.0 130.0 67.0 107.0 

AVG TEIIP REAS SHELL TSHL- !ISAT- OVERALL SAT. REYBOLDS HT. COBCF. HT.SAT. 
TEHP RISI IOC. T E l P  TAVG 'IAVG OA IJA H20 d M  COMPOS ITE 
73.61 6.10 I- 106.86 34.91 37.00 7807.79 7405.29 33843.17 Y 57.21 187.96 

2- 108.45 34.84 7864.91 
3- 106.86 33.25 8240.79 NEAT DELTA 
1- 106.0 32.4 6460.7 PLOX TCOIP 
2- 108.0 34.4 7961.6 5670. 30.19 
3- 108.0 34.4 7968.6 

w w 
00 

C' I c, 



h b l o  1.1 (oontiamd) 

UT-SAT. 
C O N P B S L f t  

lRT,S6 



GPLl IMLET OUTLET AVG T E l P  IEAS SAZLL 
AZO TElP T E I P  TElP RISE LOC. T E l P  
90.2 57.83 62.83 60.33 5.01 1- 93.73 

56.0 59.0 2- 94.66 
3- 93.73 
1- 109.0 

3- 84-0 
2- 1ia.o 

TSAL- 
TAVG 
50.62 
34-33 
33.40 

53.7 
23.7 

48.7 

1SAT- CVERAU SAT. 3tYROLDS UT. COEF?. HT.SAT. 
TIVG UA urn a2 3 ti 20 COR POSITE 
16.51 U441.00 8478.73 28188.77 d 75.97 228.14 

t m . 5 0  
6730.8 1 AEAT D t l T A  
4619.0 r L u 1  TCOIP 
1188.7 4655. 20.41 
9497.4 

Gl-89-18-78T40- 2000 PSRlLL SA1. TVAP CORD pH20 YVEL. HEAT -----------DS +-----e---- 

HP- 200s P S I C  TECP P I P E  T E I P  PSIG PT/SLC GOAD PIX!'' CV4P 2bPLL TOELL 
46.5 99.21 100.0 85.0 50.0 4.55 244790. 45.0 163.0 43.0 88.0 

G P I  I l L E T  OUTLET AVG T E l P  NEAS 

90.2 58.33 63.78 61.05 5.45 1- 
57.0 62.0 2- 

3- 
1- 
2- 
3- 

n20 TEBP ztnp TZIP BISX Lac. 
SHELL 
TERP 
100.90 
99.94 

100.90 
123.0 
132.0 
88. o 

TSHL- 
TAW 
59.67 

39.84 
61.9 
70.9 
26.9 

38.139 

ISAT- CVERALL SAT. PEXIPGDS Hl!. COEPP. HT.SAT. 
I I V G  WA am H20 d 20 COY POSITE 

235.37 &80.40 18.16 4102.68 8694.25 28485.27 
6294.79 
6143.58 HZAT D ELT A 
3351.6 FLU x TCOl9P 
3450.3 5069. 2 1.54 
SC84.0 

EN-09-19-78T40- 9OOA PSALLL SAT. TVAP CCUO PH2O YVEL. HEAT ---------DSS---------- 
HP- 9001 PSIG TEGP P I P E  T E l P  PSIG ?T/SrC LOmD PvaP TVAP WELL T R E L L  

58.2 100.79 187.0 94.0 48.5 U.55 272011. 60.0 187.0 57.0 97.0 

GPI rnim OUTLET A V C  T E ~ P  rms SHELL TSHL- ismr- GVBBALL SAT. PEYBOLDS ifl.COEPP. HT.SAT. 
A20 T E l P  TENP T E l P  R I S K  LOCO T E l P  TAVG 'TJVG UA UA H2O H 20 CON POSITE 
90.2 67.20 73.30 70.27 6.06 1- 114.91 64.21 30.53 U236.28 8909.74 32378.U6 936.79 2 38.50 

t559.58 66.0 70.0 2- 111.73 41.47 
3- 114.91 44.64 6 092.82 HEAT DllLTm 
1- 133.0 62.7 U335.9 FLU x TCOIP 
2- 141.0 70.7 3845.5 5633. 23.62 
3- 98.0 27.7 f COT. 6 -----------------------------------------------------------------------__---------------------------- 

El-09-19-78T00- 915A PSAELL SAT. TVAP CORD PH20 YVEL. HEAT ----------D S +-- ---------- 
HP- 915A PSIG TCCF P I P E  T E l P  PSIG PT/SLC LOAD PVA" TVkD PYPLL TYELL 

56.4 99.11 183.0 93.0 48.5 U.55 266627. 5A.0 104.0 50.0 96.0 

G P I  IRLET OUTLET LVG T E l P  REAS 
820 msm T E ~ P  T E l P  fiISX 1OC. 
90.2 66.78 72.72 69.75 5.94 1- 

66.0 70.0 2- 
3- 
1- 
2- 
3- 

SHELL TSRL- I S I T -  OVBRALL SLT. 
T E l P  TAW T1VG UA I I A  
113.11 63.07 29.35 4227.29 9083.37 
111.23 41.48 6427.60 
113 .11  43.36 6199.61 
131.0 61.2 4353.3 
139.0 69.2 3850.4 

97.0 27.2 4785.6 

RRYRCLDS nr. COEPP. 
H2O n 20 

33 156.7 1 933.67 

HEAT 

5521. 
nux 

Rt.SAT. 
con POSITE 

244.78 

DELTA 
TCOlP 
2 2.56 

c1 e 
0 



C 

GPLI INLET OUTLET AVG' a T'SIP YEAS SHELL TSHL- 1SAT- CVEFILL SAT- !!EYBOLDS dT. COEP*. HT.SAT. 
870 TElP TERP T E l P  AISB LOC. TEMP TAVG i I V G  UA 01 HZ 0 nzo COU WSITE 
90.2 66.27 72.38 69.30 \ 6-06 li 113.25 62.86 30.18 1329-05 9016.98 31962.77 Y30.92 z 42. 6e 

66.0 70.0 2- ion.18 38.88 6999-09 



GPl  
020 
90.2 

AT.SAT. INLET OUTLET AVQ TBWP I I A S  S R n L  TSAL- 'ISAT- CVERALL SAT. QXTIOLDS 
TEIP TEWP TElP R I S E  LOC. TEIP TILVG 2110 01 VA A20 ii 20 COXPOSITE 
72-95 75.28 74.11 2-33 1- 90.88 61.76 46-02 1690.19 2268.26 34063.13 Y 60.24 49.77 

HT. coztr. 

73.0 14.0 2- 136.0 61.9 1666.7 
3- 90.88 16.77 6224.07 ARAT D ELT A 
1- 129.0 49.9 2092.4 PLnX TCOaP 
2- 146.5 72.4 1942.0 2162. 43.43 
3- 103.0 28.9 3613.6 

EI-09-25-78T40-12ZOP PSAELL SAT. TVAP CORD PE20 IIVEL. BZlT ------------D S.+-------------- 
DC- -VtiO- 1220P PSIG T S t P  P I P E  PERF PSIG PT/SIC LOAD rvn? T V ~ P  PWBLL TYELL 

91.0 127.22 159.5 110.0 42.0 4.55 146657. 92.0 160.0 96.0 98.0 

G P I  IRLET OUTLET d?G TEI? IBAS SHELL TSAL- TSAT- OVERALL SAT. RSYJOLDS "I. COEF?. AT-SIT. 
E20 TEBP TElP T E l P  RISE ZOC. TEIIP TAlG TAVO WA UA A20 120 CORPOJITE 
90.2 73.26 76.53 74.89 3.27 1- 98.57 10.32 52.32 10243.45 2802.~2 30409.13 965.00 62.35 

73.0 74.5 2- 139.0 69.1 2287.7 
3- 98.57 23.68 6193.37 AEAT DELTA 
1- 103.0 28.1 5219.0 FLUX TCONP 

3- 138.5 63.6 2305.7 
2- 143.0 68.1 2 153.4 3037. 48.71 

-_------------------------------------------------_--------------------------------------------------- 
Zl-09-25-78TO0-1235P PSHELL SA?. TIAP COlD PA20 PVEL. BEAT ------------D SS--- ------------ 
DC- -vno- 1 2 3 5 ~  PSIG TECP P I P E  TERP PSIG PT/SBC LOAD pvnp TVMP PUELL TWELL 

93.0 128.59 160.0 110.0 42.0 4.55 146676. 93.0 161.0 Y4.0 98.5 

G P l  INLET OUTLET AVG T E l P  IBAS SHELL TSRL- TSAT- OVZRALL SAT. R Z Y B O t n S  HT. COEPF. "?.SAT. 
R2O rEIP  TEIP TERP RISE LOC. TElP TAVG TAVG rJa W A  AZO 820 CO3 =SITE 
90.2 73.59 76.81 75-17 3.27 1- 94.73 13.23 53.41 11087.98 2746.05 34532.70 Y 66.69 60.99 

73.0 75.0 2- 140.0 64.8 2262.6 
3- 94.73 19.56 7498.27 AEAT DELTA 
1- 98.0 22.8 6 425.4 FLUX TCOUP 
2- 145.0 69.8 2 100.5 3037. 49.80 
3- 140.0 64.8 2262.6 ------------------------------------------------------------------------------------------------- 

E1-09-25-78T40-1255P PSELLL S A L  TVAP COlD PA20 UVEL. NPAT -----------DsS-------------- 
DC- -VRO- 1255P PSI6 TERP PXPE T E l P  PSIG TT/SIC LOAD PVAP TV9P PYCILL TWELL 

94.0 129.25 158.0 113.0 92.5 4.55 144113. 9U.0 158.0 93.0 99.0 

w 
P 
N 

GP El 
HZO 
90.2 

HT.SAT. 
COtlPOSITE 

SAT. RXYkOLDS HT. COEF?. INLET OUTLET AVG T E l P  dEAS SXELL TSHL- TSAT- CVtRLLL 
TERP TElP TElP B I S E  LOC. TElP TAVG TAVG W A  WA R20 azo 
73.98 77.19 75.59 3.21 1- 91.33 13.33 53.67 10814.07 2695.30 34717.09 969.21 59.53 
73.5 75.0 2- 140.0 64.9 2237.3 

3- 91.33 15.74 9 156.4 1 u m  DELTA 
1- 95.0 19.4 7 923.0 FLUX TCONP 

3- 118.0 42.4 3397.8 
2- 193.5 67.9 I 122.0 2984. sa. 13 



R b l o  B.2 (coatinod) 
c 

------------.-------------------------------TI---------------------------------.------------------- 

BR-09-25-78T46- 1200 PSHZU SAY. TVAP COND PA2C IIVEL. HEAT -----------DSS------------- 
DC- -tRO- l20P PSIG TEKP PIPE TElP PSIG FT/SEC l O I D  PVAP TVAP PWLLL TYELL 

95.3 130.13 154.5 113.0 42.8 4.55 141193. 95.0 155.0 94.0 100.0 

GPH INLET OUTLET AVC T E l P  YEAS SILUL TSXL- TSAT- CVEBALL SAT. R V N O L D S  HT. COEP?. HT-SAT. 
820 TEHP T E l P  T€BP R I S E  LOC. T R l P  TAVG T l V G  on lUl B20 li 20 C ~ ~ ~ S I T E  
90.2 74.35 77.30 75.73 3.15 1- 88-99 11.70 54-40 12069.14 2595.30 30778.77 970.05 57.40 

74.0 74.5 2- 139.0 63.3 2231.4 
3- 88.99 13.22 io(ini.98 HPAT D BLTA 
1 -  91.5 1S.8 e950.7 FLOK TCOlP 
2- 142.0 66.3 2 130.4 2924. 50.94 
3- 113.0 37-3 3787.9 _--_-_--_---------------------------------------------------------------------------------------- 

E1-09-25-781(,0- 2OOP PSABU SAL TTAP COID PX20 YVEL. BEAT ------------DSS------------- 
DC- 2 0 0 ~  PSIG T t r P  e x p E  r m e  PSIG E T / / S C C  man PVIP TVAP P Y & U  TWELL 

92.0 127.61 161.0 109.0 93-0 4.55 144527. 92.0 161.0 91.0 99.0 

HT-SAT. 
CONWSITE 

60.90 

Nr'. COEPP. GPI INLET OUTLZT If6 T E l P  ?l!!AS S R E t L  TSPII- 1ShT- OVERaLL SST. PAlNOLDS 
A20 rElP TEHP T E l P  RISE LOC. TEUP T A V G  T l V C  WA VA 820 d 2 0  
90-2 73.60 76.82 75.21 3.22 1- 94.89 11.00 52.70 13141.20 2742.51 34549.36 Y66.90 

73.0 74.5 2- 140.0 64.8 2230.6 
3- 94.89 19.69 7341.27 HEAT DELTA 

2- 145.0 69.8 2070.9 2993. 49.14 
3- 111-0 35.8 4037.9 

1- 91.0 15.8 9151.7 FLUX TCOnP 

------u----u------I_----------------uI----------------------------- -----------y-- 

!38-09-25-7BT40- 220P PSAELL SAL TVAP COND PH2O WVEL, RtAT -----------DSS------------- 
DC 220P PSIG TIKP PIPE T E ~ P  PSIC LTISIEC Lonu m e  TVAP PULL TMBLL 

92.4 128.18 159.0 111.0 43.0 4.55 142436. 92.0 160.0 96.0 98.5 

6PI INLET OUTLET ATG T E l P  BEIS SHELL TSBL- I S l T -  CVEOALL sm. REYNOLDS HT. COEFF. ?!T.SAT. 
820 YElP T E l P  T E l P  RISE ICC- TElP TAVG 1 l V G  UA U A  A20 ti 20 COO W S I T E  
90.2 73.51 76-60 75.09 3.17 1- 92.70 12.29 53.09 11591.71 2683.02 34496.82 Y b6.20 59.49 

73.2 73.5 2- 140.2 65.1 2187.7 
3- 92.70 17.61 8090.39 HEAT DELTA 
1- 91-0 15.9 e953.5 FLU x Tmm 
2- lP3.0 67.9 2097.5 2950. U9.58 
3- 110.0 34.9 U080.3 

---------------------------------------------------------------------------------------̂ ----____- 

EU49-25-78T40- 250P PSBZLL SAX. TVAF ZOND PA20 MVEL. R ? A t  ------------DSS------------- 
PPk? TVAP PYaLL TYELL 

109.6 139.38 169.0 118.0 96.0 4-55 167132. 109.0 172.0 103.0 114.0 
DC- 250P PSIC TE?P P I P E  T E l P  PSIG FT/SLC LOAD 

GPI INLET OUTLET AVG TERP 111s SAELL TSKL- I S I T -  CVERALL SXT. R?3Y'lOtDS iir. COEPP. HT-SAT. 
BZO TBHP TBIP T E l F  PISE LOC. TERP TAVG 1 l V G  UA m H20 tim COIFOSITE 
90.2 73-39 77-11 75.25 3.72 I- 90.03 14.23 ~ 4 . 1 3  i i 7 ~ ~ . i n  2666.11 34564.38 9 67.15 .57.67 

73.0 73.8 2- 150.0 70.8 2235.8 
HEAT DELTA 3- 90.03 14.78 

1- 89.0 13.8 t i  153.4 FLUX TCOlP 
2- 154.0 78.0 2 122.3 3U6 1 .  60.02 
3- 123.0 47.R 3500.3 

11396.70 



. ." , . - _.. I. . . . .  . .. . ..., ~~~- .- . . . . .. . ,~ ...... ~. ... . . 

--_--I- ---3s*-- ------------ 
110.0 169.0 10y.O 116.0 

El-09-25-78T46- 3 0 5 P  PSRELL SAT. TVlP  COHD P82C WBL. REAT 
DC- 3058 PSIG TERP PIPE TPllP FSIG ?T/SEC b O A D  V A P  TVhP PUELL TBELL 

110.0 139.63 168.0 l lR.5 47.5 4.55 163029. 

SRf. REYlOtDS H5. COEPF. RT.SA?. GPll ISLLT OOTLET AVG T R I P  JEAS SRELL TSRL- ISAT- CVERALL con POSITE 

90.2 73.51 77.14 75.33 3.63 
H20 T E l P  TERP TlIP RISE LOC. T E l P  TAVG 1100 nr UA ~ 2 0  11 20 

1- 89.43 14.56 64.30 11194.22 2535.60 30602.27 967.64 56. on 
2- 150.0 74.7 i 183.3 
3- 88.43 13.10 12440.~1  HEAT D ELTR 
1- 89-0 13.7 11925.1 PLnX TCOlP 
2- 150.0 78.7 2072.3 3376. 6'2.29 
3- 123.0 47.7 3919.9 

73.5 74.0 

_____________-__________________________-_______-_____---__-__----_____--------_--_--_-------------- 
----------D S+-- ---------I ~-09-25-7Bf40-  3 2 0 P  PSBtLL Sl2. TVIP COHD P820 UVEL. AEAT 

DC- 320P PSIG TECP PIPE  TERP PSIG €T/SEC LOAD FVAZ TVI?  ru6x.L TWSLL 
114.0 192.17 166.0 118.0 03.5 4.55 161096. 110.0 167.0 113.0 116.0 

SIT. RRTWOLDS HT. COCPP. IlT . S LT. 6PH ISLET OUTLET AVG T l l P  dllS SEELL TSAL- TSAT- OVERALL 
A20 T l I P  T E I P  T l l P  RISE  LOC. T E l P  90.2 73.31 76.90 75.10 3.59 1- 87.03 14-60 67.07 11036.15 2401.99 34502.50 4 66.28 52.87 

T A W  ¶AVO UA RA 1120 ii 20 CO3POSITE 

2- 109.0 73.9 2180.0 
0 ELTA 3- 87.03 11.92 13509.31 

1249 2.3 FLUX TCO3P 1- 88.0 12.9 
2- 151.0 75.9 2 122.6 3336. 63.10 
3- 124.0 48.9 3294.7 

72.8 73-5 
REAT 

___-_____-_______-_________-________--_--___-_-___--------_---------------------------------- 
-----------3ss.------------- c n - o 9 - ~ 6 - 7 8 ~ ~ 0 -  90011 PsnELL SAT. TVAP COHD ~ ~ 2 0  WVIL. REAT 

DC- 480- 900A P S I 6  TEEP P I P E  T M P  PSIG ?T/SEC LOAD pvnn TVAP PYELL TUELL 
69.2 110.53 161.0 92.0 42-5 4-55 92452. 69.5 168.0 66.5 R6.O 

HT.SAT. 
COR ?fWITE 

90.2 66.78 68.84 67.81 2.06 1-  81.08 52.47 05.72 1762.10 2163.92 31319.07 9 21.76 47.46 

G P I  ISLET ODTLET AVG TElP REAS SEELL TSEL- I S l T -  OTERRLL sm. RGTMOLDS HT. COEFP. 
H20 1ERP T I l P  TEMP RISE LOC. T E I P  TAVG XAVG OA VA Ii20 a20 

65.0 66.0 2- 129.50 56.69 163% 75 
6966.09 HEAT DELTIL 3- 81.08 13.27 

1- 124.0 56.2 1645.2 FLUX TCOlP 
1345. R 19 15. 40.34 2- 136.5 68.7 

3- 86.0 10.2 5081.9 ___-______-___-____________-______-_-_---------------~---~----------------------------------------- 
---------DSS------------- BH-09-26-78T46- 915a PSAlLL S A L  TVAP CORD PHZO UVEL. HEAT DC- 9151 PSIG TECP PIPE r m P  PSIG PTISEC LOAD PVAF T V A P  PYLLL T n E u  

72.8 113.52 168.5 96.0 42.5 4.55 91584; 73.0 174.0 74.0 88.0 

G P I  ISLET OUTLET AVG T E I P  NBAS 
RZO TlRP T E l P  TEHP RISE LOC. 
90.2 67.66 69.70 68-68 2.04 1- 

66.5 66.8 2- 
3- 
1- 
2- 
3- 

SHELL 
TEHP 

82.08 
131.68 

82.00 
126.0 
t42. 0 
88.5 

TSRL- 
TAVG 
50.96 
63.00 
13.40 
57.3 
73.3 
19.8 

TSAT- CVERALL SAT. RSTUOLDS HT. COEF?. RTeSlT. 
XATC OA on AZO I1 2n COa WSITE 
44.133 1797.33 2 0 ~ 2 .  84 31 695.64 927.13 44.65 

1453, 82 
6836.07 HEAT DEXTIL 
1537. ?LOX TCOnP 
1299.2 1897. 42 .18  
4621-7 



Table B.2 (continud) 
c 

B8-09-26-18T40- 930A 
Dc- 9361 

6PH IRLBT OUTL&T 
~ 2 0  T i n P  
90.2 68.59 70.56 

68.0 68.5 

PSRILL S L L  TVAP CORD PH2C WVGL. RCAT ----------DS+-- -------- 
P S I 6  TEBP PIPE T E l P  P S I 0  ET/SEC ILIAD PYI? TI\? PUELL TPSIL  
72.3 113.10 168.0 96.0 42-5 4.55 89709. 73.0 172.0 72.0 R8.5 

ntc TERP nars sncu  TsnL- TSLT- cvxmntf, SI?. RIYVOLDS BI. MEP?. R?.SAT. 

69.57 1.98 1- 84.19 50.35 93.53 1761.82 2C37.82 32079.39 9 32.57 44.51 
CO!4POSITI? TERP RISI LOCI T t B P  TLVG TAOG UA na 1120 bl20 

' 2- 130.67 61.10 1951.77 
3- 84.19 14.61 6063.70 HEAT DSLTA 
1- 127-0 57.4 1544.7 r i u x  TCOnP 
2- 141.2 71.6 1238.4 1837. 4 1.26 
3- 88.0 18.4 4814.1 

--------I_u--------_-----------------------------_ -----------I-- 

tl-09-26-78T40- 3451  P S E E U  SRI,  TYAP CORD PA20 RVEL. R I I T  ---------D S+-- ----------- 
Dc- 945A PSIG T E t P  P I P E  T'BIP PSIG W / S X  LOAD PYb" TYAP PUELL Tll tLL 

75-6 175.78 171.5 97.5 42.5 9.55 89631. 75.0 175.0 7U.8 90.5 

6 P I  SRLET OUTLET AVG T P RIMS SRBLL TS'RL- 'ISAT- 0vmtm.L sar. WVROLDS UT. COS??. RT.SAT. 
820 TEBP TERP r m P  RISE ZOC. mnp TAVG TAOG UA UL u2a a20 conposIrE 
90.2 69.71 71.70 70.71 2-00 1- 85.31 52.32 95.07 1713.21 1988.64 32569.85 939.48 93.37 

69.0 69.5 2- 133 .0~  63.18 1418.76 
3- 85.31 14.6'1 6136.31 BEAT DGLTA 
1- 127.0 56.3 1592.2 rLox TCOYP 

3- 90.0 19.3 Pt45.6 
2- 19P.O 73.3 1222.9 1656. 42.80 

-------------------------------------------------------- ------------- 
~ a - 0 9 - 2 6 - 7 8 ~ ~ 0 - i o 3 0 ~  P s n B u  srz. TVAP CORD PHZO RVEL. REAT -------3s*-- -e--- 

DC-D/H- rwoa  PSIG T E t p  PIPE rEnp PSIG rr/stc LOID Pya? TV\P PPOLL TPBLL 
72.0 2.86 132.5 96.0 42.5 u.55 8 6 ~ ~ .  72.5 122.0 71.5 91.0 

RT.SAT. GPR IFLET OUTLET aTG TENP llbS SHZLI TSIIL- % S A P  CVZRALL SAT. PZYU0Lf)S BT, COEF?. 
AZO m n p  TERP TLBP RISE LOC. TtnP TAVG I I V G  na UA r B2O H20 conmsrn 
90.2 69.77 71-69 70.13 1.93 1- 83.47 18.15 41-12 U762.48 2051.95 32SP1.05 939.6'4 44.82 

69.0 69.2 2- 118.86 09.13 1795.98 
3- 83.47 12.74 6733. R4 HEAT DELTI 
1- 109.8 39.1 2212.5 FLUX TCOSP 

3- 102.0 31.3 2764.9 
2- 120.5 09.8 1736.0 1790, 39.93 ------ -----------------------------------__------------------------ 

G P I  IULET OUTLET 
R2O r B l P  T E I P  
90.2 69-85 71-90 

69.0 69.2 

PSEELL S A L  TVAP CORD PE20 RVEL. REAT ---------DSS----------- 
PSIG PBEP P I P E  ?ERP PSIG FL/SLC LOAD PIA? TVIP  PUELL TWBLL 
71.0 112.03 118.0 96.0 42.5 4-55 7 i m .  72.0 115.0 7U-O 91.0 

ATG rxna m s  SRELL TSEL- T S ~ T -  CVEBALL SAT. RZYROLDS aT. COE?F. HT.SAT. 
TEBP RISX LOCO TEIP  TaVG TAVG na na 1120 ti 20 CO3POSITI 

70.64 1.59 1- 81.91 17.62 41.39 4057.22 1727.05 32542.25 939.09 37.40 
2- 111021 40.57 1762.17 
3- 81.91 11.27 6344.97 HZAT DELTA 
1- 93.5 22.9 3 127.4 FLO x FCO!sP 
2- 114.0 43.8 1648.7 1U80. 39.58 
3- 101.5 30.9 2316.6 



6PI llllt? OUTLET A l G  T E l P  l lAS SBELL TSHL- ZSAT- C I E M L L  S1T. REYNOLDS ur. COEPP- RT.SAT. 
R2O TElP TElP TGlP RISE LOC. TEUP T I I G  1AIG UA m 820 Ii 20 C O N  POS I T E  
90.2 69.93 71.28 70.60 1-35 1- 81.50 15.69 41.84 384'3.42 1493.63 32525.34 9 38.86 31.03 

69.5 70.0 2- 92.75 22.15 2726.65 
3- 81.54 10.94 5521.21 HEAT DELTA 
I- 89.5 in.9 3 196.3 PLOX TCONP 
2- 95.5 24.9 2426.0 1251. 40.31 
3- 99.5 28.9 2090.2 ---------------------------------------------_-------_-------------------------------- 

cn-o9-26-7m4o-i220~ PSRELL SAL ZVAP CORD P B ~ Q  HVEL. REAT -----------DSS------------ 
VC-D/H- l220P PSIG TERF PIPE TEMP PSIG €T/SEC LOAD FVAP TUP PWLLL ? n x z  

105.8 136.94 168.0 121.0 43.0 4.55 197924. 104.5 166.0 104.8 115.0 

cpn INLET OUTLET AVG T c n P  MAS SHELL TSHL- TSAT- CVEUALL SLT. EWROLDS Ht. COEPP. HToSAT. 
fl20 T E l P  TSRP TElP RISE LOC. T E l P  TAVG I A V G  nn W A  A20 d 2 0  con POSITE 
90.2 70.53 74.94 72.74 4.41 I- 92.17 11.50 t4.20 17216.61 3oa2.85 33056.30 951.96 69.17 

71.0 73.0 2- 146.66 73.92 2677.51 
3- 92.17 19.44 10182.60 HZAT DELTA 
1- 92.0 19.3 10274.3 ?LOX TCO3P 
2- 151.5 78.8 2512.9 4099. 59.25 
3- 123.0 50.3 3937.7 

----------------------------*--------------------------------------__--------__--------- 

El-09-26-78TPO-1230P PSHELL SILl. TVAP CORD PH2O WVEL. BEAT -------~s+-- ----I----- 

DC-D/H- 1230P PSI0 TEBP PIPE TERP PSIG ET/SBC LOAD PVAP TlAP PYLLL TYELL 
106-0 137.07 165.0 121.0 43.0 4.55 196464. 105.5 l6U.J 105.0 115.0 

P 
h 

HT.SAT. G P I  INLET OUTLET AVG TEMP IEAS SBELL TSBL- %SAT- CVEEALL SAT. REYIOLDS 
820 mne TENP TBUP R I S E  LOC. TENF TAVG TAVG UA WA 1120 ti20 COR POSIT!! 
90.2 70.59 74.96 72.77 4.38 1- 89.7'7 12.76 69.30 15393.17 3055.60 33473.36 Y 52.09 68.51 

HT. COBP?. 

2717. 18 71.0 72.5 2- 145.08 72.30 
3- 89.79 17.02 1 lS45.1 R AEIT D BLTA 
1- 92.0 19.2 1021R.7 PLO x TCOlP 
2- 149.5 76.7 2560.6 4068. 59.38 
3- 122.5 49.7 3930.9 ---_-------------_----_---------------_----------------_--------------------------------------------- 

t i - o ~ - z ~ - ~ ~ T u o - ~ ~ I ~ o P  PSBILL sal. ZVAP corn en20 UVEL. BYAT ------------D S+-- ----------- 
DC-D/H- 1240P PSIG TEUP P I P E  TBIP PSIG €T/SBC LOAD PVAP TlAP PUELL TUELL 

104-5 136.10 164-5 121.0 43.0 4.55 192538. 105.0 166.0 1OU.O 115.0 

GP I 
HZO 
90.2 

INLET OUTLET AVG T E l P  !!IlUS 
TEHP TBHP TElP RISE LOCO 
70.62 74.91 72.76 0.29 1- 
71.0 72.8 2- 

3- 
1- 
2- 
3- 

SHELL 
TEUP 
88.00 

144. tis 
88. ou 
92.0 

150.0 
120.5 

TSHL- 1SAT- CVERALL SAT. RBTIOLDS HT. COEPI. HT.SAT. 
FAVG TAVG WA na fl20 ti 20 CO!l POSITE 
13.11 63.34 14688.35 3039.78 33968.02 952.02 b8.13 
11.89 
15.27 12665.75 REAT DELTA 
19.2 10008.3 ?LUX TCOflP 
77.2 2492.8 3987. 58.53 
47.7 4033.2 

2678.26 



c c 

GPR INLET OULTLET ATG TEIlP qE1S SHELL TSBL- 'ISIT- OVERALL SAT. RITROLDS nT. CDEPP. HT-SAT. 
E20 TERP TERP TERP R X S l  IOC. TEMP TAVG 1 A V G  fJA 91 t120 n2o COMPOSITE 
90.2 71.12 75.42 73.27 4.31 1- 86.94 12-65 t4-04 15282.56 3017.45 33690.79 955.11 67.57 

70.0 72.5 2743.58 

EI-09-26-78T40- 135P P S B E U  Sal .  TVAP COND PEZO UVEL. HEAT -----------bSS------------- 
DC- 135P PSIG TBEP PIPE TEIIP PSIG ZT/SEC LOAD PIA? TVAP PYSLL TYEIL 

107.0 137.70 159.5 121.0 43.2 9-55 193998. 106.0 160.0 100.0 115.5 

GPll INLET OU T ATG TEKP JEAS SHELL TSAL- ISRT- OVERALL SAT. REYROLDS UT. COEFP. HT-SAT. 
820 r E l P  TEMP TEllP R I S X  LOC. TENP TAVG 1AVG UA U A  820 d20 COMPOSITE 
90-2 71-40 75.73 73.56 9 - 3 2  1- 86.10 12049 CCi.13 15526.35 3024.87 33821.32 956.91 67-71 

70.8 72.5 2- 142.52 68.96 1813.34 
3- 86.10 12.54 1547?.39 BEAT D ELTA 
1- 91.0 17.4 11126.9 PLOX TCOUP 
2- 147.5 73.9 2623.9 40 17. 59.31 
3- 123.0 49.U 3924.3 

-----u--------------.--.---------------------.-.---------------u-l--------------------------I.------- 

EI-09-26-78T40- 20OP PSRELL SAl. TVLP COXD PH20 UVEL. 1!EAT ----------DSs------------ 
Dc- 200F PSIG TEEP P I P E  TESP PSIG FT/SEC LOAD PVAP TVAP PYdLL ?%ELL 

95.8 130.45 172.0 112.0 43.2 4.55 145494, 96.0 172.0 Y4.5 102.5 

t1T.SAT. GPI  ET I V G  ? Z I P  3EAS S E L L  TSBL- TSAT- CVPEALLL 
A20 r E I P  TEMP TEBP RISE LOC. TEJP TAVG TLVG UA VA ~ 2 n  h20 COnPOSITE 
90.2 71.62 74.86 73.24 3.24 1- 85.80 10.75 57-21 13529-99 2543.09 33678.95 554.94 56.23 

iiT. COBPP. SAT. REYNOLDS 

71.0 71.5 2- 145.19 71.94 2022-3 1 ~ _ _ _  
3- 85.80 12.56 11585.49 
1- 89.0 15.8 5 232.9 
2- 151.0 77.8 1871.1 
3- 112.0 3R.R 3753.9 

HZAT D ELT.4 

3013. 5 3.58 
FLUX m o m  



C P l  IWLET OUTLBT AVO T t l P  NEIS 
820 T B l P  TERP TElP RISE LOC. 
90.2 71.80 75.04 73.92 3-24 1- 

71.4 72.0 2- 
3- 
1- 
2- 
3- 

SAELL 
TERP 

86.95 
145. OR 

89.0 
149.0 
111.5 

86.95 

TSBL- 
TAVG 
11.42 
71.66 
13.54 
15.6 
75.6 
38.1 

AT.SLT. TSIT- CVI?ALL SAT. !???WOLDS 
TAVG on on H2F nm COllPOSITE 
56.64 12703.60 2568.80 33757.26 956.03 56. R3 

:IT. COFPF, 

2039.37 
10799.3 1 REAT DELTA 
9339.3 PLrIX TCOlP 
1925.0 3013. 5 3.02 
3820.7 

~1-09-26-7m40- 2 3 0 ~  P s n t u  SIT. TVAP rcm e1120 YVBL. HEAT ---------DSs------------- 
DC- 230P PSI6 TECP P I P E  T E l P  PSIG fT/SEC LOAD ?VI? TlN? PUE'GL TYELL 

95.5 130.26 167.e 112.5 44.2 4.55 145074. 96.0 168.6 94.5 103.0 

6Pl INLET OUTLET I V G  T E I P  lEIL3 SHELL TSRL- TSAT- CVERALL SAT. F.'XROLDS FIT. COEtr. BT.SAT. 
820 T m P  TERP TEEP RISE LOC. TElP TAVG .LA16 on V A  A 2  0 I1 20 COIPOSITE 
90.2 71.86 75-10 73.48 3.24 1- 86.47 11.35 56.79 12~21.08  2 5 6 1 . ~ 1  337n2.m Y56.37 56.66 

71.8 72.0 2- 143.60 70.13 2974.09 
3- 86.47 12.99 1 1  197.00 HEAT D RLT A 
1- 99.5 26.0 5590.0 FLUX TCO'lP 
2- 148.5 75.0 1939.0 30 13. 53.16 
3- 111.0 37.5 3876.8 -----------_------_------------------------------------------------------------------------- 

118-09-26-78240- 245P P S A l U  SIX. TVIP C O l r )  PH2O YVEL. REAT ----------DS+-- ------------ 
DC- C/V- 245P PSIG TEFP P I P E  TEH? PSIG FT/S€C LOAD ?I&? TVI? PYCLL TPELL 

83.8 122.08 161.0 104.5 43.5 4.55 106874. n3.0 i6u.o 83.0 101.0 

BT-SAT. SIT. IIEIFOLDS HT. COEP?. GPI 11LET OUTLET ITG T E l P  NEIS SRELL TSRL- TSAT- ClE3ILL 
R20 T l l P  TEEP TElP B I S E  &OC. TESP TIVG IAVG UA un . 1120 H 20 CO3POSITE 
90.2 72.07 75.33 73.70 3.26 1- 90.67 44.46 43.18 3295.25 3392.60 339R0.61 957.73 76.72 

73.0 71.2 2- 130.64 56.94 2573.07 
3- 90.67 16.97 8631.01 HEAT DILTA 
1- 121.0 07.3. 3097.2 PLDX TCOHP 
2- 136.0 62.3 2351.5 3034. 39.54 

' 3- 102.0 28-3 5176.6 

C' c-' 



c 
R b h  B.2 (coatimud) 

--------.--- ----_-------------------------_------------------ 
EIF-09-26-7ET40- 305P PSRElL SA1. TTAP COND PR20 WTEL. BEAT ----------DSS--- ----- ---- 
bc- C/T- 305P PSIG TEEP P I P E  T E I P  PSI6 ?T/SLC LOAD ?TAP TTAP PYELL TlELL 

7405 114.89 150.0 101.8 43.2 8.55 144566. 7s .o  149.0 73.5 100.0 

6PI IULET OUTLET 11T6 TCnP 8lAS SHELL TSAL- ?SAT- OVCRALL SAT. RETIOLD5 HT. COEP?. RT.SAT. 
820 TEMP PIMP TE8P RXSX LOCO T'EIP TAW %BVG UA UA A20 h20 COIWSITE 
90.2 72.01 75.23 73-62 3.22 1- 96.33 08.53 41.27 2978.70 3502.56 33R95.70 9 57.25 79.45 

72.0 7&5 2- 127.15 53.53 2700.57 
3- 36-33 22-11 6365.30 BTAT DELTA 

2519.5 2994. 37.68 
1- 119.0 45.4 3 185.7 riux TCOYP 
2- 131.0 57.4 
3- 100.5 26.9 5378.3 ------- -----------------------------------------_------------------- 

IIffd9-26-78T40- 330P P S A E L L  SA1.  TTAP CORD PA20 WEL. HEAT -----------DS+-- ----------- 
DC- 330P PSI0 TERP P I P E  T E I P  PSI0 FT/SEC LOAD PTAO TVA? PYILL TWELL 

79.3 114.73 138.5 99.5 43.1 9.55 122592. 74.0 144.0 74 .0  99.0 

BT.SAT. 6 P I  INLET OUTLET LVG TEnP 8EAS SHELL TSAL- TSAT- OVERALL SAT. 93T1OLDS 
820 ZJMP T E m  m n p  RISE LOG mnp TATG T I V G  VA nn 820 it20 COlPOSITE 
90-2 72.01 79.74 73.38 2-73 1- 92.54 15.26 91-35 8035.07 2964.45 33737.85 955.76 66.28 

HT. COG?F. 

72.0 72.3 2- 121.76 48.3R 2533.85 
3- 92.54 19.17 6395.44 

2- 125.5 52.1 2351.Q 
3- 98.7 25.3 4840.9 

1- 102.0 28.6 11282.8 
AEAT 
FLUX 
2539. 

DELTA 
TCOqF 
38.30 

GPI IULET OUTLET 
A20 TEEP T E I P  
90.2 72.59 75.16 

72.8 73.0 

PSRPLL snr, TVAP COND psi20 
esxG TEW PXPE TERP PSIG 
76.0 116.10 137.0 102.0 43.0 

AT6 T E l P  mAS SHELL TSBL- 
m n p  E x s t  LW. z m p  TATG 

73.82 2.68 1- 87.33 11.66 

3- 87.33 13.50 
1- 94.0 20.2 
2- 125.0 '51.2 
3- 161.0 27.2 

2- 122.45 48163 

---------I)SS--- --------- PVEL. RENT 
?T/SEC LOAC PVAP TVAP PYBLL TRELL 
4.55 120206. 76.0 136.0 75.5 98.0 

RT-SAT. I S I T -  OVYRALL SAT. 35I10LDS 
TavG UA na A2 0 a20 con POSITE 
92.27 i o m . 4 ~  2843.67 33935.83 9 58. u9 63.36 

"I. COEFF. 

2471.99 
8902.37 ARAT D XLT A 
5958.0 n u x  TCOIP 
2348.9 2489. 39.29 
ti 423.3 



GPM INLET 
820 TEME 
90.2 72.45 

72.0 

-------------- 

OUTLET AVG TEMP YEAS SHELL TSHL- 'ISAT- CVRRALL 
TEMP TEMP R I S E  LOC. TEMP TAVG 1AYC OA 
75.12 73.79 2.67 1- 86.23 11.58 43.10 1C335.US 
72.8 2- 121.50 47.71 1509.36 

3- 86.23 12.05 5613.06 
1-  91.0 17.2 6951.9 
2- 122.6 48.8 2451.6 

4 124.6 3- 102.8 29.0 
,---------------------I______________---_------*------ 

SAT. PSY!?OLDS 1iT. COEFF. RT-SAT. 

2776.90 13918.62 0 5 8 - 2 5  61.77 
11 A H20 LI 20 COSPOSITE 

31-09-26-78140- 415P PSBLLL S n T .  TVAP COWD PH20 YVEL. UEAT -------------DSS-------------- 
DC-D/H-VHO- 415P PSIG TEPP P I P E  TEMP PSIG ET/SEC LOAD PVIP  TVIP  PLgLL TYELL 

77.6 117.35 134.5 103.0 43.0 U.55 119140. 78.0 135.0 77 .0  99.0 

opn INLET OUTLET AVG TEMP HEAS SHELL TSRL- ISAT- C V ~ R ~ L L  SAT. REYNOLDS Ilr. COEYF. HT-SAT. 
H2O TEllP TEMP TEMP RISE LCC. TE1P TAVG T A W  nn W A  620 II 20 COM ?OSITE 
90.2 72.58 15.23 73.90 2.65 1-  85.14 10.13 43.45 11757.20 2741.97 33970.67 458.97 60.93 

72.5 73.0 2- 122.02 48.12 2476.02 
3- 85.14 11.24 10600.97 HEAT DELTA 
1- 88.8 14.9 7997.9 PLOX TCOMP 
2- 124.0 50.1 2378.2 2467. 40.49 
3- 105.0 31.1 3831.3 -------------------------------------------------------------------------_---------------------------------- 



GPI X N L M  OUTLET A 1 6  TEMP REAS 
020 fBlP T E l P  TEUP BISE UC. 
78.7 61.71 68.32 65.02 6.61 1- 

63.5 72.0 2- 
3- 
1- 
2- 
3- 

SSELL 
TEUP 
131.55 
125.24 
131.55 

154.5 
115.5 

197.0 

TSUL- 
TAVG 
19-35 
60.22 
66.53 
82.0 
89.5 
50.5 

TSAT- OVERALL SAT. REYNOtDS HT. COEPF. HT.SAT. 
TAVG UA U A  r120 H2O 
51.24 3262.81 5053.34 26300.89 811.37 122.86 

C 01 FOSI TE 

4299.70 
389 1 e49 HEAT D ELI' A 
3158.2 FL ux TCDYP 
2893.5 5362. 93.51 
5129.0 



Table B.3 (ooat iawd)  

El-11-03-78240- 8OOP PSHELL SAT. TVAP COND PH20 YVEL- HEAT ---------------DSS--------------- 
DC- -VHO- 800P P S I 6  TEHP P I P E  TEPlP PSIG FT/SEC LOAD PVAP TVAP PFELL TUELL 

70.0 111.19 196.0 101.5 69.0 4.55 270374. 71.5 194.0 68.0 97.3 

i? T -SAT. CPH INLET OUTLET AVG T E l P  NEAS SHELL TSHL- TSAT- OVEBALL SAT. REfNOLDS UT. COEFF. 
HZ0 TENP T E l P  TENP BISE LOC. TENP TAVC TAVG I I A  UA li20 H 20 COY YOSITE 
90-2 61.02 67.04 64.03 6.02 1- 122.25 76.15 47.16 3550.79 5733.14 29721.13 898.66 i39,ga 

63.0 66.0 2- 110.77 46.74 5765.13 
3- 122.25 58.22 4644.02 11 E AT DEL'IA 
1- 143.5 79.5 3432.3 FLUX TCOfl? 
2- 151.5 87.5 3091.1 5599. 4 0.00 
3- 106.5 42.5 6366.5 

--------------------________I___________---------------------------------------------------------------------------------- 

E0-11-03-78T40- 835P PSHELL SAT- TVAP COND PH20 UVEL. IfEAr ---------------DSS--------------- 
DC- -VEO- 835P PSIG TEHP P I P E  TENP PSIG FT/SEC LOAD PVAP TVAP PUELL TMBLL 

70.5 111.62 191.0 104.0 69.0 4.55 20:782. 72.5 189.0 69.0 97.0 

C P l  INLET OUTLET AVC TElP l E A S  SHELL TSHL- TSAT- OVERALL SAT. BEYNOLUS HT. COEFP. HT S A T .  
820 T E l P  TENP TEHP BISE LOC. TEHP TAVG TAVG U A  U A  H20 H20 C Ofl POSl TE 
90.2 65.05 71.06 68.06 6.01 1- 127.63 72.22 43.56 3735.70 6193.66 31427.30 923.31 152.63 

66.0 69.0 2- 117.28 49.22 5480.62 
3- 127.63 59.57 4 528.70 HEAT DELTA 
1- 142.5 74.4 
2- lU9.5 81.4 3312.6 5587. 36-60 
3- 109.5 41.4 6509.9 

3624.1 FLUX 'rco.rP 

----------_-----------------------______I______------------------------------------------------------------------ 

Il-11-03-78T4O- 9OOP PSHELL SAT. TVAP COND PA20 WVEL. HEAT ---------------DSS----------------- . 
DC- -VHO- 9009 PSIG TENP P I P E  TEHP PSIG FT/SEC LOAD PVkP TVAP PUELL TWELL 

71.0 112.03 190.5 103.0 62.5 4.78 264805. 72.0 194.0 70.0 98.0 

6PR INLET OUTLET A V G  TEHP lEAS SHELL TSHL- TSAT- OVERALL SAT. REYNOLDS HT.COEFF. HT.SAT. 
820 TENP TEHP TBIJP EX;; , LOC. TEIlP TAVG TAVG UA UA n20 H20 COHEOSITS 
94.7 67.61 73.22 70.41 1- 128.88 69.81 41.62 3793.01 6362.36 34081.80 975.41 155.97 

69.0 71.0 2- 112.32 41.90 6319.34 
3- 128.88 58.46 4529.48 HEAT DELTA 
1- 142.0 71.6 3699.1 FLUX TCOHP 
2- 151.0 80.6 32811.0 5484. 35.16 
3- 108.5 38.1 6952.7 --------------__-------------------------------------------------------------------------------------------- 

1N-11-03-78T40- 9258 PSHELL SAT. TVAP COND PA20 WVEL. HEAT ---------------DSS--------------- 
DC- -VRO- 9 2 5 P  PSIG TEHP P l P E  T E l P  PSIG PT/SEC LOAD PVAP TVAP PQELL TUELL 

70.2 111.37 195.0 101.0 59.5 5.12 264761. 71.5 196.0 68.5 97.0 

HT.SAT. 

101-5 70.08 75.32 72.70 5-24 1- 125.84 67.72 38.67 3949.61 6847.34 37634-18 1045.97 167.97 

6PI INLET OUTLET AVC TENP NEAS SHELL TSHL- TSAT- OVEBALL SAT. REYNOLDS HT. COEPP. 
820 T E l P  TERP TEIJP RISE LOC. TEHP TAVG TAVG UA U A  nz o H20 COHPOSI TE 

71.5 73.0 2- 113.76 41.06 6448.78 
3- 125.84 53.14 49dZ. 5 I HEAT I) BLT A 
1- 141.0 68.3 3876.5 FLUX TCOJP 
2- 151.0 78.3 3381.4 5483. 31.64 
3- 107.0 34.3 7719.0 



tR-11-03-78240-1000P PSHELL SA?. TVAP CORD PI120 YVEL. HEAT --------------DSS--------------- 
DC- +EO- ~ O O O P  PSIG TERP PIPE Tme PSIG PVAP TVAP PWlLL TWELL 

12.03 189.0 102.5 59.5 71.5 187.0 69.0 97.5 

GPH INLET OUTLET AVG TEHP IEAS SHELL TSAL- TSAT- OVERALL SAT. RBYVOLDS HT.COEFF. 
R20 TEHP T E l P  TBRP BIS LOCO TEMP TAVG TAVG B20 820 
101.5 71.97 '77.09 74. 5.1 1- 113.60 64.36 37-51 4016 1050.21 

73.5 , 75.5 2- 114.03 39.50 6583.15 
3- 113.60 39.07 6615.41 UEAT 
1- 140.0 65.5 3948.0 PL ux 
2- 142.5 68.0 3802.8 5353. 
3- 109.0 30.5 7498.4 

--------------------------------------_----------------------------------------------L--- 

HT.SAT. 
COHHOSI TE 

168.90 

EH-11-03-78TU0-1020P PSHELL SAT. TVAP COND PH20 YVEL. HEAT --------------DSS--------------- 
PSIG TEHP PIPE m w  PSIC FTISEC, LOAD , PVAP \YAP PYELL TBELL 

191.0 104.5 60.0 5.12 260927. 75.5 191.0 72.5 1JO.J 

HT.SAT. 

3 76.05 5.17 1- 117.89 63.94 37.80 4080.75 6902.65 39300.67 1068.35 168.92 

SAT. BEY MOLDS HT. COEPI. LET OUTLET AVG AS SHELL I TSHL- TSAT- OVEEALL 
R20 TBUP T E l P  TEMP BISE - LOC. TEMP TAVG TAVC U A  U A  H20 R 20 CO5 POSI  TE 

2- 116.05 40.03 6522 75 
3- 117.89 41.84 b236.11 HEAT DELTA 
1- 142.0 66.0 3956.1 FLUX T COX P 
2- 150.0 74.0 3528. 2 5403. 3 1.99 
3- 111.0 35.0 7264.6 --- ------------------------------------------------------------------------------------------------ 

Eb11-03-78T40-1050P PSHELL SAT. TVAP COID Pa20 UVEL. HEAT ---------------3ss------------- 
DC- -*BO- lO5OP PSIG TElP P I P E  T E l P  PSIG FT/SEC LOAD PVAP '2V 

75.0 115.30 190.0 105.5 60-0 5.12 258929- 75.3 19 

GPH IHLET OUTLET AVG TERP 
820 XEMP TERP ZEIIP BISE 
101-5 71-20 79.36 76.80 5-13 

76.5 78.0 

REAS 
LOC. 

1- 
2- 
3- 
1- 
2- 
3- 

SHELL 
TEMP 
118.37 
117.99 
118.37 
141.0 
150.0 
112.0 

TS HL- 
TAVG 
63.52 

41.57 
64.2 
73.2 
35.2 

41 . 14 
TSIT- OVERALL SAT. REYNCLDS 
TAVC UA UA ti20 
38.50 407ti.14 b726.1~ 39681.2 

6 293. 66 

4033.3 
3537.4 
7356.3 

6228 -79 

_ _ ~  
P PUELL TXPLL 
.o 74.0 100.0 

HT . COEFP . ET. S.4T. 
COY ?OSL TP 

1073.40 103.70 

USAT DELTA 
FLUX T C O l P  
5362. 32.75 

11 20 



XR-ll-03-78f40-1120P PSBELL SAT. TVAP COUD PA20 WVEL. HEAT ---------------DSS--------------- 
DC- -VB+ 1 1 2 0 ~  PSIG T E l P  P IPE  TElP PSIG FT/SEC LOAD PVAP TVAP P U X L  TYELL 

78.0 117.67 .196.0 106.5 64.5 4.55 263095. 79.0 196.0 76.0 103.0 

G P I  IIILET OOTLET AVG TEMP NEAS SHELL TSHL- TSAT- OVERALL SAT. BEYN3LDS HT. COSFP. HT.SXT. 
820 TEMP TERP T E l P  RISE LOC. TEHP TAVG TAVG U A  U A  H20 H20 COY 2OSITS 
90.2 75.59 81.45 78.52 5.86 1- 134.30 65.33 39.15 4027.23 6719.89 36010.90 987.00 lrjti.07 

77.5 80.0 2- 120.24 41.72 6306.29 
3- 134.30 55.79 4716.16 HEAT D E L t A  
1- 145.5 67.0 3927.9 FLUX TCOIP 
2- 154.0 75.5 3485.6 5448. 32.91 
3- 114.0 35.5 7415.0 

__------------------________1__1___1____--------------------------------------------------------------_---------- 

lb11-03-78T40-1150P PSBELL SAT. TVAP COUD PHZO IVEL. HEhT -------------- DSS-------------- 
DC- -980- 1150P PSIG T E l P  P I P E  T E l P  PSIG FT/SEC LOAD PVAP TVAP PWELL TWBLL 

78.5 118.06 197.0 108.0 64.5 4.55 267751. 79.0 197.5 77.0 103.0 

GPI INLET OOZLET A V G  TEHP n m s  SHELL TSHL- TSAT- OVERALL SAT. 8tYNOLDS HT. COEPP. HT.SRT. 
820 TEMP TEEP TEHP BISE LOC. TElP TAVG TAVG UA UA H2O t120 CO#POSITE 
90.2 76.18 82.15 79.16 5.97 1- 133.37 65.69 38.89 4076.22 6833.97 36322.31 990.91 170.30 

78.0 80.5 2- 124.53 45.37 590 1.60 
3- 133.37 54.21 4939.53 HEAT DELTIL 
1- 146.5 67.3 3976.3 FLUX TCOYP 
2- 155.0 75.8 3530.6 55U5. 35. U6 
3- 114.5 35.3 7577.2 

-_I_--------------------------------------------------------------------------------------------------~--- 

m 
P 

lbll-04-78T40-1220A PSRELL SAT. TVAP COND PH20 WVEL. BEAT ---------- DSS--------------- 
DC- -vno- 1 2 2 0 ~  PSIG TEMP P I P E  TEEP PSIG FT/SEC LOAD PVAP TVAP PUELL TWELL 

76.4 116.41 182.0 105.5 64.5 4.55 254278. 77.0 178.0 75.0 103.0 

6Pll INLBT OUTLET AVG TElP l E A S  SHELL TSHL- TSAT- OVERALL SAT. REYNOL3S HT.COKFP. HT.SAT. 
820 TEIP TERP TEIP RISE LOC. TEMP TAVG TAVG 01 UA H20 H20 CO V PO S I TE 
90.2 76.22 81.88 79-05 5.66 1- 121.95 59.60 37.36 4266.15 6805.92 36270.70 990.22 lh8.5 1 

6387.32 78.0 79.5 2- 118.86 39.81 
3- 121.95 42.90 5926.68 HEAT DELTA 
1- 140.0 61.0 4171.9 FLUX TCOnP 
2- 146.0 67.0 3798.0 5266. 31-25 
3- 112.0 33.0 7717.0 ------_------------------------------------------------------------------------------------------------------------_----- 

111-1 l-OP-78T40-1245A PSBELL SAT. TVAP COND PH20 RVEL. HEAT ---------------DSS-------------- 
DC- -VBO- 1295A PSIG T E I P  P I P E  TEMP PSIG PT/SEC LOAD PVAP TVAP PWELL TWELL 

78.0 117.67 182.0 105.5 64.5 4.55 248381. 79.0 178.0 77.0 102.0 

GPI  IIILET OOTLET AVG T E l P  
E20 T E I P  T E l P  T E l P  RISE 
90.2 76.75 82.28 79.51 5.53 

77.5 79.5 

HEAS SAELL 
LOC. TENP 

1- 128.88 
2- 119.48 
3- 128.88 
1- 139.0 
2- 146.0 
3- 112.0 

TS BL- 
TAVG 
59.00 
39.97 
49.36 
59.5 
66.5 
32.5 

TSAT- OVERALL SiiT. REYNOLDS UT.COEPP. 
TAVG UA U A  H20 h20 
38.16 4209.80 6509.2s 36480.07 993.02 

6214.38 
5031.68 HEAT 
4 175.3 FLUX 
3735.7 5 144. 
7645.4 

HT .SAT. 
CO!l €OS1 TE 

159.7 1 

DELTA 
TCO!4@ 
32.20 



-- .- .~ . .  - ~. - . -  ... - .~ I.. ._. .. ~~ ~ . ~ . ” ,  I ̂_.._...----..-..--I--..------- --.-. ” . _ -  .. . - ~. . . . . , 

6PLI IILZT OOTLET AVC TERP 8EAS SHELL TSEL- 
820 T t I P  TEIP TBlP WS LW. TEnP TIVG 

1- 124.32 61.92 

1- 142.5 62.7 
2- 150.0 70.2 
3- 113.0 33.2 

TSAT- OVERALL SIT. BETlOLDS HT. COEPF. 

37.41 4162.87 6889.85 36602.30 994.65 
T &VG rJA UA 820 A 20 

6659.20 
5787.44 HEAT 
4110.0 
3671.0 
7760.0 

FLUX 
5338. 

---------------DSS-------------- 
PVAP TVAP PWBLL TWELL 
78.0 191.0 76.0 109.0 

SAT. REYNOLDS HT.COEFF. IIT.SAT. 

6882.09 36006.12 992.0.3 170.70 
C O N F O S I T Z  R2O TRIP TEIP UA H2O H20 

2- 119.36 40.01 6 OS6 -40 
HEAT D ELT D 3- 125.09 45.74 5646.88 

1- 112.5 63.2 4090.2 FLUX TCOYP 
2- t50.5 71.2 3630.3 5349. 31.33 
3- 113.0 33.7 7675.9 

---u_-----------------_------I--------I___________________------------------------------------_-- 

BELL SAT. TVAP COND W20 VVEL. HEAT --------------DSS-------------- 
SI0 TEIP P I P E  PVAP TV&P PWELL TUSLL T S I P  PSIG FT/SEC LOAD 

193.0 107.0 64.0 4.55 259111. 77.5 192.0 76.0 104.0 

RT.SAT. 
COY eOSI TE 

HT. COEPP. NEAS SHELL TSRL- TSAT- OVERALL SAT. BEYROLDS 
820 T I l P  TE8P T E I P  0 1  320 n20 
9 82.25 79.37 6936.83 36a13.96 992.14 171. 44  

HEAT DELTA 
1- 143.5 64.1 , 4040.2 FLUX ’FCOIIP 
2- 152.0 72.6 3567.4 5366. 31.35 
3- 114.0 34-6 7291.5 

ZOSA PSEELL SAT. TVAP COBD PRZO UVEL. HEAT --------------DSS--------------- 
205I PSIG TEUP PIPE TEnP PSIG FT/SEC LOAD PVAP TPIP PWELL TUELL 

78.0 191.0 77.0 103.3 76-8 116.73 191.0 107.3 64.5 4.55 255541. 

OUTLET AVG m n p  REAS snm,  TSRL- TSAT- OVERALL SAT. REYN9LDS AT. COEFF. HT .SIT. 
I20 T t I P  TCRP TIlP BISE LOC. T E I P  TAPG TAVG UA ?JA H20 H2O 
90-2 76.60 82.29 79,eS 5-69 1- 122.48 62.11 37.28 4114.45 6854.53 36449.95 992.62 169.87 

COqFOSITE 

6443.00 79.5 84.5 2- 119.11 39.66 
3- 122.48 43.04 5937.43 HEAT 0 P t T  9 
1- 103.5 64.1 3989.4 PLYX TCOYP 
2- 151.0 71.6 3571.3 5.292. 31.15 
3- 114.0 34.6 7395.3 



6PM INLET OUTLBT AVG TRlP lEAS 
R2O TEBP TEHP TEHP RISE ZOC. 
90.2 76.66 82.44 79.55 5.78 1- 

79.2 83.5 2- 
3- 
1- 
2- 
3- 

SHELL 
TERP 
123.94 
119.58 
123.94 
145.0 
153.0 
114.0 

TSHL- 
T A V G  
63.21 
40.02 
44.39 
65.4 
73.4 
34.4 

"I-SAT. TSAT- OVERALL SAT. ~INYOLDS 
TAVG U A  UA 4 2 0  H20 C O H i O S I  TR 
37.49 41J1.82 6915.91 36497.61 993.25 171.67 

ilT.COePF. 

6 478.26 
5841.10 LIBAT DELTA 
3961.7 FLUX TLOY P 
3530.2 5369. 31.28 
7526.8 

EN-11-04-78260- 245A PSHELL SAT. TVAP CO#D PH20 WVEL. HEAT ---------------DSS-------------- 
DC- -vno- 2 4 5 ~  PSIG TENP PIPS T E l P  PSIG PT/SEC LOAD PVAP TVAP PJELL FMELL 

77.5 117.28 194.0 107.0 64.0 4-55 256230. 78.3 193.0 76.5 1J4.c) 

Gen INLET OUTLET A V G  Twie HEAS s i i i u  TSHL- TSAT- OVEXALL SAT. : V.YNJLUS !IT-COEFP. t i T . S I T .  
R2O T I l P  T E l P  T B l P  RISE LOC. T E l P  TAVG T A V G  U A  U A  d20 H 1 0  COCIWSI'IB 
90.2 76.72 82.43 79.57 5.71 1- 120.65 63.09 37.71 4061.37 6795.39 36507.00 393.38 158.09 

79.0 85.5 2- 119.11 39.54 6U81.04 
3- 120.65 41.08 6237.14 BEAT 0 ELT A 
1- 144.2 64.6 3964.7 FLUX T CO!l P 
2- 1S3.0 73.4 3489.5 5306. 31.57 
3- 114.0 34-4 7412.5 ------------------------------------------------------------------------------------------------------------------------ 

~n- i i -04-7mm- 3 0 s ~  e s m u  SAT. TVAP COND ~ ~ 2 0  YVEL. HEAT --------------DSS-------------- 
DC- -vm-  3051 PSIG T E l P  PIPE TEBP PSIG pT/SEc LOAD PVAP TVAP PYELL TWELL 

77.4 117.20 190.0 106.5 64.0 4.55 261656. . 77.5 195.0 76.0 104.0 

HI.SAT. 6PN INLET OUTLET AVG T E l P  NBAS SHELL TSHL- TSAT- OVERALL SAT. REYNOLDS 
C 0 'l d J S 1  TE 820 Tzne  rene TEMP BISE LOC. TEMP TAVG TAVC U A  UA t120 H20 

90.2 76.34 82.17 79.26 5-63 1- 119.61 64-17 37.94 4077.31 6897.19 36365.15 991.48 171.17 

HT-COLPF. 

78.0 84.5 2- 121.99 42.73 6123.59 
3- 119.61 40.35 b484.73 HEAT 3ELl 'A 
1- 145.5 66.2 3950.0 FLUX TCONP 
2- 153.0 73.7 3548.3 5418. 31.65 
3- 113.2 33.9 7709.0 -------_--------------------------------------------------------------------------------------------------------- 

an-r 
DC- 

1-04-78240- 325A 
-'?BO- 32% 

GPI INLET OUTLET 
A20 TElP TXRP 
90.2 76-22 82.08 

78.0 84.0 

PSBELL SAT. TVAP COND PH20 YVEL. HEAT ---------------DSS-------------- 
PSIG T E l P  PIPE TELIP PSIG PT/SEC LOAD PVAP TVLP PIELL TYELL 
78-0 1'17.67 199.0 107.0 64.5 4.55 263155. 78.0 200.0 76.0 i o ~ o  

A V G  T E l P  lEAS 
TBNP RISE LOC. 

79.15 1 8 6  1- 
2- 
3- 
1- 
2- 
3- 

SHELL 
TENP 
113.99 
121.99 
113.99 
146.0 
155.0 
113.5 

HT. CO EFT. TSHL- TSAT- OVE3ALL SAT. REYNOLDS 
TAVG TAVC U A  U A  R20 H2O 
65.97 38.52 3989.14 6831.33 36315.47 990.82 
42.84 6142.88 
34.84 7553.70 iiEAT 
66.9 3936.4 PLOX 
75.9 3469.3 5449. 
34.4 7660.7 

HT.SAT. 
C O l E O S I  TE 

169.24 

DELTA 
T C O l P  
32.20 



AT.SAT. 
COrlOOSITE 1- 124.11 62.62 37.11 4079.32 UA 6883.27 IJA 36420.49 820 HZO 992.22 170.73 

2- 122.15 42.77 5972.55 
DELTA 3- 124.11 44-73 5710.75 
TCOUP 1- 143.0 63.6 4015.5 

2- 151.5 72.1 3542.2 5290. 30.99 

G P l  INLET OUTLET AQG TEMP MEAS SHELL TSRL- TSAT- OVEnALL SAT. REYNOLDS ET. COEPP. 
820 T B l P  T t l P  TEMP a f S E  LOCO TEMP TAVG TAVG 
90.2 76.54 82.23 79.38 a 6 9  

78.5 84.0 
HEAT 
FLUX 

I--I-----uI-------_------___________________I------------------------------------------~_______ 3- 112.5 33.1 7713.4 

ELL SAT. 'TVAP CORD PHZO UVEL. HEAT -------------- DSS-------------- 
I G  TEMP P I P E  T E l P  PSIG IT/SEC LOAD PVAP TVAP PYELL TilELL 

2 194.0 107.0 64.5 4.55 259545. 76.0 194.0 75.0 103.0 

HT .SAT. 
COrlFOSITE 

90.2 76-42 82-20, 79-31 1 4096.75 TA 7147.70 DA 36387.53 H20 H20 991.78 ' 
820 T E l P  TEHP TEHP 

178.66 

DELTA 
1- 144.0 64 .7 .  4012.0 
2- 153.0 73.7 3522.0 5375. 30.08 

MEAS SUELL TSHL- TSAT- OVERALL SAT. REIWOLDS HT.COEPP. 

, 78.0 83.2 6728.36 HEAT 
FLUX 

3- 126.60 47.29 5408. 4 1 
TcoriP 

------CI_Ir---.------_.--.-----------------__--------_------_--_----_----------------------_-_------------___ 3- 112.0 32.7 7C39-1 

trt-11-04-78X40- 425A 
Dc- -VRO- 42511 

GPM InLiz  OUTLET 
B20 TEMP T E l P  
90.2 76.18 82.56 

78. 

PSRELL SAT. TVAP COND PH20 

76-0 116.10 193.0 107.2 64.5 
PSIG TEMP P I P E  TEMP PSIG 

HEAS SHELL TSEL- 
TEMP RISE LOC. T E l P  TAVG 

1- 122.35 62.43 
2- 121.99 42.32 
3-. 122.35 42.68 
1- 144.0 64.3 
2- 152.0 72-3 

PT/SEC LOAD PVAP TVAP PUELL TUELL 
4.55 259308. 76.5 192.5 75.0 103.0 

TSAT- OVERALL SAT. REYaOLDS HT. COEPP. I'I .SAT. TAVG U A  
36.42 4is3.35 . 7 i i 9 . 0 1  365s i .at  393.98 177.72 

UA R20 H2O COY FOSI TE 

6127.80 
6075.62 
4331.0 
3585.1 
0458.4 

U EAT DELTA 
FLUX T C W P  
5370. 30.22 

i lT.SAT. 
6PM INLET OUTLET AVG TEMP HEAS SHELL TSRL- TSAT- OYEIALL SAT. REYNOLDS HT. COZPP . C O ~ P O S I T S  
90-2 76.82 82-68 79.75 5-86 1- 125.87 64-62 37.45 4073.96 UA 7025.62 UA 36587.75 320 994.46 H20 17U.90 
820 TEHP TXMP T E l P  RISE LOC. TEOP TAVG TAVG 

78.5 85.2 2- 124.36 44.61 5897.30 DELTA 3- 125.87 46.12 37 33.63 
TLO*P 1- 147.0 67.3 3911.9 

2- 156.2 76.5 2 4 U l . l  5448. 31.15 

HEAT 
FLUX 

3- 113.5 33.8 7794.8 



GPl I l L E T  OUTLET A V 6  TERP IEAS 
E20 TERP T E l P  TERP RISE LOC. 
90.2 77.36 83-21 80.29 5.84 1- 

79.0 85.5 2- 
3- 
1- 
2- 
3- 

SRBLL 
T E l P  
132.87 
125.41 
132.87 
147.0 
156.0 
109.0 

TS HL- 
TAVG 
64.62 
45.13 
52.58 
66.7 
75.7 
28.7 

TSAT- OVERALL SAT. SEYNOLDS BT-COEPP. rlT .SIT. 
TAVG 'JA U A  920 1120 c n7 PC31 T19 
37.38 4058-46 7014.88 26831.12 990.70 1 l'r.7 1 

5811.29 
4 987. 47 I1 E AT DPLlL 
3930.9 PL ox TCO% 2 
3463.7 5431. 3 1 . 3 8  
9 133.1 

El-11-04-78140- 5251 PSBELL SAT. TVAP COND PH20 RVEL. HEAT ---------------DSS--------------- 
Dc- -VR& 525A PSIG T E l P  P I P E  TEHP PSIG PT/SEC LOAD PVAZ TVbP PWELL TWELL 

77.2 117.04 200.0 108.5 64.5 4.55 264653. 77.C 200.0 76.0 100.0 

6 P I  INLET OUTLET AVG T E l P  ZIEAS SAELL TSRL- TSAT- OVERALL SAT. BBYNOLDS RT. COEPP. HT.3AT.  
820 TERP TEMP TERP BISE LOC. T E l P  T A W  TAVG i JA  u n  a20 H 20 C O r l i O S I  TE 
90-2 77.04 82-94 79.99 !L90 1- 124.39 65.02 37.05 4070.29 7142.32 3659S.93 995.90 178.35 

79.0 85-0 2- 123.50 43.51 6092.58 
3- 124-39 44.40 5960.32 UEAT '3ELTX 
1- 146.5 66.5 3919.1 FLUX TCOAP 

3- 114.0 34.0 7781.3 
2- 156.5 76.5 3859.0 5431. w. 73 

--------------------------------------------------------_------_--------------------------------------------------- 
lbl1-04-78T40- 595A PSHELL SAT. TVAP COUD PB20 UVEL. AEAT ---------------DSS-------------- 
DC- -VUO- 54% PSIG T E l P  P I P E  TEUP PSIG PT/SEC LOAD PVAP TQAP PUELL TPELL 

77-0 116.88 199.0 108.0 64-5 4-55 265U82, 77.0 199.0 75.0 104.0 

Gel INLET OUTLET AVG mnp nEAs SHELL TSHI- TSAT- OVERALL SAT. REYNOLDS 8T.COEPP. H'I .SXT . 
90.2 76.87 82.79 79.83 5.91 1- 123.56 65-07 37.05 4079681 1165.42 36624.53 994.95 179.08 
820 TERP T E l P  TEllP BISE LOC. T E l P  TAVG TAVG OA U A  u2 0 HZO C O ~ P O S I T ! ?  

78 -2  79.5 2- 122.45 42.62 6228, R4 
3- 123.56 43.73 6070.54 HEAT DELTA 
1- 147.0 67.2 3952.5 FLUX TCOYP 
2- 156.0 76.2 3485.4 5498. 30 .70  
3- 113.0 33-2 8004.0 --__------------------------------------------------------------------------------------------------------------ 

Er)-l1-01-78T40- 605A 
DC- -VIfO- 60511 

QPM IRLET OUTLET 
E20 TERP T E I P  

77.5 83.5 
9002 76.76 82.72 

PSRELL SAT. TVAP COND Pti20 UVEL. BEAT ---------------DSS----------------- 
PSIG TERP P I P E  T E l P  PSIG PT/SEC LOAD PVAP TVAP PUELL TWELL 
76.6 116.57 188.5 107.0 64.5 4.55 267395- 77-0 199.0 77.0 104.0 

AVG TEIP I E A S  SHELL TSHL- 
TERP BISE L O G  TEMP TA V 6  

79.74 '5.96 1- 122.32 65.43 
2- 123.16 43.42 

1- 147.0 67.3 
2- 155.5 75.8 

3- 122.32 42.58 

3- 112-0 32.3 

T S A F  OVERALL SAT. REYNOLDS HT. COZPF. AT.SAT. 
TAVG UA UA 820 HZ0 CON POSX TE 
36.83 4086.89 7260.27 3650U.46 994.41 191.97 

6158.94 
6290-55 HEAT 9 ELT A 
3975.7 FLUX TCOYP 
3529.6 5537. 30.43 
8289.4 



Table 8.1 (oontinwd) 

llbl1-04-78T40- 71 OA 
DC- -V'BO- 7100. 

G P ~  xnim OUTLET 
ll20 TElP TEIP 
90.2 71.52 77.53 

0 77.0 

esnuL SAT. TVAP COIO ~ ~ 2 0  YVEL.  EAT ---------------DSS-------------- 
PSIG TEMP PIPE  TEOP PSIG PT/SEC LOAD PVAP TVAP WELL TUELL 
74.0 114-49 196.0 100.0 64.5 4-55 270157. 74.0 199.0 72.5 103.0 

AVG TEHP 
TEOP RISE 

74.53 6.02 

REAS 
LOC. 

1- 
2- 
3- 
1- 
2- 
3- 

SHELL 
TEUP 
121.59 
114.39 
121.59 
142.0 

108.0 
151.0 

TSHL- 
TAVG 
67.53 
39.87 
47.07 
67-5 
76- 5 
33.5 

?SAT- OVEItALL 
TAVG O A  
39.96 4000.61 

6776.06 
5739.82 
4003.8 
3532.6 
8070-5 

SAT. REYNOLDS HT.COEPF. A'I.SAT. 

6760.25 34245.73 9b2.76 168.09 
CONl'OSITE UA H2 0 n 20 

BEAT DELTA 
PLOY TCOHP 
5594. 33.28 

Il!-11-04-78T40- 740A PSHELL SAT. TVAP COtlD PH2O YVEL. AEAT ---------------DSS--------------- 
DC- -no-  7401 PSI0 TEMP PIPE TEZIP PSIG FT/SEC LOAD PVAP TVAP PWELL TWXLL 

65.0 106.93 201.0 97.0 64.8 4.55 28116U. bd.5 232.5 65.0 97.0 

6Pl INLET OUTLET AVG TEnP REAS SBELL TSHL- TSAT- OVE3ALL SAT. BEYSOLDS UT. COEFP. tiI.SAT+ 

90.2 66.39 72.65 69-52 6.26 1- 121.04 71.74 37.41 3919.33 7516.14 32055.01 932.23 192.6 1 
n20 TenP TEHP TERP RISE LOC. TENP TAVG TAVG 'JA UA a20 H LO COnCOSI'PE 

65.5 72.0 2- 108.01 38.50 7303.61 
3- 121.09 51.52 5457.21 a m  DFLTA 
1- 144.0 74.5 3774.9 FLIIX TCOXP 
2- 152.0 82.5 3108.8 58.22. 30.23 
3- 103.0 33.5 8 397.4 -- -----------------------_______________I____------------------------------------------~--------------------- 

EIl-11-09-78T40- 800A PSRELL SAT. TVAP C O l D  PW20 YVEL- AEAT ---------------DSS----------*--- 
PVAP TVA? PU%LL TWELL 

6d.0 203.0 60 .0  97.0 
DC- -VI(O- 8001 PSIG TEUP PIPE TE3P PSIG FT/Si?C LOAD 

108.14 231.0 97.0 65.0 4.55 290809. 

GPU ENLET OUTLET AVG TElP  UEAS SHELL TSHL- TSAT- OVBRALL SIT. REYNOL3S iiT.COEPk'. HT.SAT. 

90.2 64.57 11-04 67.80 6.48 1- 113.06 73.60 40.33 3951.22 7210.15 31?18.47 921.76 143.U7 
820 T E I P  T M P  TEIP RISE LOC. TEHP T A W  TAVG UA UA 820 i120 cowcosrTF: 

64.0 70.0 2- 107.41 39.61 731t2.32 
3- 113.06 45.25 G 4 26.62 If EAT 9kL?4 
1- IU4.0 76.2 3816.6 FLrJX T C O l P  
2- 151.5 83.7 3474.6 6022.  3 d . 8 2  
3- 102.5 34.7 t13ai.a 



Table B.3 (oontinued) 

El9-11-04-78290- 930A PSEELL SAT. TVAP COND PH20 YVEL. IlEAT ---------------DSS--------------- 
DC- - V 8 0 -  9303 PSIG TENP PIPE  T E l P  PSIG PT/SEC LOAD PVAP TVAB PWELL TYELL 

65.5 107.36 ,201.0 97.5 66.0 4.55 282386. 67.3 209.0 64.0 36.3 

GPII I n L m  OUTLET AVG mnp m a s  SHELL TSBL- TSAT- OVEEALL SAT. REYWOLDS HT.COEPP. BT.SAT. 

90.2 63.98 70.27 67-13 6.29 1- 113.79 72.86 40.23 3875.88 7019.19 31029.75 9 17.b2 177.71 
8 2 0  TElP T I l P  TEMP BISE LOC. T E l P  TAVG TAVC UA UA a20 H 20 c of4 POS I TE 

63.0 69.0 2- 106.23 39-10 7221.77 
3- 113.79 46.66 605 1.39 HEAT DELTA 
1- 143.0 75.9 3721.9 FLUX TCOqY 
2- 151.2 84.1 3358.9 5848. 32.9 1 
3- 102.0 34.9 8097.9 

--1---__I----------------------------------------------------------------------------------------------- 

tH-11-04-78T40- 95OA PSBELL SAT. TVAP COUD PE20 UVEL. REAT ---------------DSS-------------- 
DC- - V R D -  950A PSIG T E l P  P I P E  T E l P  PSIG PT/SX LOAD PVAP TVAP PPELL TllELL 

65.6 i07,as 200.0 97.0 66.0 4.55 283748. 68.0 200.0 64.0 96.3 

6PR I N U T  OOlLET kVG TERP OEAS SHELL TSBL- TSAT- OVERALL SAT. 11 ZYXOLDS RT.COEPP. HT .SAT. 
820 TllRP TEMP T E l P  RISE LOC. T E l P  TAVG TAVG i JA  UA H2O H20 COClPOSI TR 
90.2 63.92 70.24 67.08 6.32 1- 112.04 72.76 40-36 3899.94 7029.67 31010.71 917.35 178.05 

63.0 70.0 2- 105.88 38.80 7313.51 
3- 112.04 94-95 6312.13 UEAT DELTA 
1- 142.5 75.4 3762.4 FLUX T C 0 3 P  
2- 151.0 83.9 3381.3 5876. 33.00 
3- 102.0 34.9 8126.6 

---------------_------------_______I____________--------------------------------------------------------- 

1n-ii-04-7~~40-ioio~ esaeti SAT. TVAP COUD P H ~ O  YVEL. HEAT ---------------DSS--------------- 
DC- -VRO- 1010A PSIG T E l P  P IPE  TENP PSIG PT/SEc LOAD evae TVAP PWELL T ~ E L Z  

65.4 107.27 201.0 96.5 66.0 4.55 284872. 68.0 202.0 63.0 96.0 

HT.SAT. 6Pl IBLET OUTLET AV6 T E l P  IEAS SHELL TSEL- TSAT- OVERALL SAT. B3TAOLD3 
820 T l l P  TEMP TEMP BISE LOC. TEPIP TAVG TAVG UA UA 1120 H20 COVPOSITE 
90.2 64.12 70.46 67.29 6.35 1- 108.35 72.36 39.98 3936.88 7125.08 31098.34 9 18-60 180.96 

HT.COEPP. 

64.0 70.0 2- 104.97 37.68 7560.92 
3- 108.35 41.06 6937 -6 1 HEAT D ELT 1 
1- 143.0 75.7 3762.6 el. ux TCOaP 
2- 152.0 84.7 3362.9 5899. 32.60 
3- 101-5 34.2 8327.0 ----_------------------------------____________________------------------------------------------------ 

~fl-11-04-78140-1050A PSRBLL SAT. TVAP COND PE20 YVEL. REAT -------------DSS-------------- 
DC- -VR0- lO4OA PSIG TEMP P I P E  T E l P  PSIG PT/SEC WAD PVAP TVAP PYELL TUELL 

64.0 106.05 197.0 95.2 66.2 4-55 280769- 65.0 198.0 62.0 95.0 

6 P l  INLET OUTLET AVO T E l P  lEAS SHELL TSBL- TSAT- OVERALL SAT. REYNOLDS UT. COBPP. HT.SAT. 

90.2 64.32 70.57 67.44 6.26 1- 113.88 70.23 38.60 3997.63 7273.09 31164.37 919.55 185.5P 
820 TElP TBRP T E l P  BISE LOC. T E l P  TAVG TAVG UA U k  H20 H 20 con POSI TE 

63.5 70.0 2- 102.33 30.88 
3- 113.88 46.43 
1- 141.0 73.6 
2- 169.0 81.6 

8048.70 
6046.87 
3817.1 
3442.7 

HEAT DELTA 
PLOX TCO'IP 
58 14. 3 1.34 

3- 101.0 33.6 8367.2 



Tsblq B.3 (continaud) 
---------------.-------~------------------------------------------------------------------- 

BWll-04-78240-1055A PSRELL SAT- TVAP COND P a 2 0  UVEL. BEAT ---------------DSS--------*----- 
DC- -VHO- 1055A PSIG TEMP P I P E  TEMP P S I 0  FT/SEC LOAD PVAP TVAP POELL TYELL 

69.2 106.22 195.0 96.5 66.5 9-55 276252. 66.0 196.0 62.0 96.0 

GPI INLET O(RLI5" AVS TEIP RXAS SBELL TSBL- TSAT- OVERALL SAT. RtYlOLDS HT. COEPF. HT .SAT. 
820 TERP T t l P  T B I P  RISE LOC. T L l P  TAVG TIVG UA UA 820 H 20 COBPOSITE 
90.2 64-54 70.69 67-61 6.15 1- 114-07 69.88 38-61 3953.25 7155.38 31237.29 920.59 lP1.81 

65.0 70.0 2- 103.04 35.42 7798.71 
3- 114.07 46.45 5 946 . 69 HEAT DELTA 
1- 141.0 73.4 3764.4 ?LUX TCOllP 

3- 100.5 32.9 8400.5 
2- 148.5 80.9 3415.4 5721. 31.46 

----------u-----------___l_____l__________--------------------------------------------- 

kI~ll-04-78T80-1200P PSRELL SAT. TVLP COSD PR20 UVEL. HEAT -------------DSS------------ 
DC- -TRO- 1200A PSI6 TERP PIPE ' TElP PSIG ?T/SEC LOAD PVAP TVllP PUELL TVELL 

64.2 106.22 195.0 95.5 67.0 4.55 276232. 66.0 194.0 63.5 97.0 

ET AVO =Re IEAS SHELL 'BEL- TSAT- O V t R A L L  SAT. RETNDLDS HT.COEFF. HT.SAT. 

90-2 65-50 71.65 ,68058 6.15 1- 111.69 69.10 37-65 3997.50 7337.65 31649.52 926.48 187.25 
820 TEIP TEMP T G I P  RISE 'LOC. TElP TAVG TAVG UA UA 820 820 COI(r0SITP. 

64.5 71.0 2- 102-33 33.75 8 194.34 
3- 111.69 93.12 6P06.59 BEAT D FIT A 

' 1- 140.0 71.4 3867-5 FLUX TconP 
2- 150.0 81.4 3392.5 5720. 30.55 
3- 101.0 32.4 8519.5 -------------------_---------------------------------------------------------------------- 

. 1  I 

Ibl  l-Q8-78T40-1200P PSBtLL SAT. TVAP COND PIl20 HVEL. BEAT ----- -------- DSS------------- 
PSIG TEtIP PIPS TEMP PSI6 ?T/SEC LOAD PVAP TVAP PHELL TUELL 
6q.5 106.49 186.0 95.0 63.5 4.55 165811. 64.0 187.0 63.0 90.0 

6PI I R f N !  OUTLET A t 6  TEIP RE= SBELL TSBL- TSAT- OYEBALL SAT. REYNOLDS BT. COEPP. BT .SAT. 

90.2 64.81 66-50 66-66 3.69 1- 86.00 56-30 39.83 2945-08 4162.92 30828.24 914.73 96.68 
R20 TERP TElP T l I P  BISE LOCO TEUP TAVG TATG UII UA . li20 R20 cod eosI TB 

65.0 67.0 2- 136.15 69.49 2386.10 
3- 86.00 19.35 8570.19 REAT DBLTB 
1- 139.0 72.3 2292.0 FLU% TCOII? 

3- 98.0 31-3 5259.9 
2- 147.5 80.8 2051.0 3434. 35.52 

--I_----- ---.-----.---.-------------------------------------------,------------------ --- 
Bbl1-08-78TO0-123OP PSHELL SAT. TTAP COlD PB2O HVEL. HEAT --------------DSS------------- 
DC -1RO- -1230P P S I 0  TElP PIPE TElP P S I G  PT/SEC LOAD PVAP TYAP PUELL TWELL 

78.2 117.82 190.0 109-0 63.5 4-55 246210. 80.0 189.0 77.5 105.0 

o m ~ m  AVG mnp 
TtnP TtnP B ~ S E  
70.31 67.57 5-49 
69.0 

UEAS SHELL TSHL- TSAT- OVERALL SAT. RET'IOLDS HT.COEPF. RT.SAT. 
LOCI TEIP TAVG TAVG UA UA E20 ti 20 CO'I NOSITE 

1- 98-38 62.31 50.25 3951.20 4899.59 31218.57 9 20.33 115.19 
2- 135.08 68.31 3606.40 
3- 98.38 30.81 7991.80 HEAT DELTA 
1- 143.0 75-4 3264.1 FLUX T C O l P  
2- 153.0 85.0 2882.0 5099. 43.58 
3- 112.0 44.4 5541.7 



Tabla B.l (oontinwd) 

fH-11-08-78T40- 100P PSRELL SAT. TVAP COND PU20 WVEL. HEAT ---------------DS9-------------- 
DC -VH+ - lOOP PSI0 TENP PIPE  TEHP PSIG PT/SZC LOAD PVAP TVA1' PYBLL TliBLL 

77.2 lt's04 196.0 107.0 63.5 4-55 25514b. 78.0 194.0 76.0 105.0 

6PH ISLET O O R B T  hVG TEOP NEAS SRELL TSAL- TSAT- OVEdALL SAT. BZYNOLDS AT. COEFF. HT.SAT. 
820 TBIP TEHP TENP BfSE LOC. TEMP TAVG TAVG UA rJ A 1120 I120 
90.2 6 1 - e ~  70.51 67.67 5.68 1- 98.81 76.97 49.37 3315.03 5167.82 31261.15 920.94 123.51 

CONEOSI'IE 

65.0 70.0 2- 138.99 71.32 3577.40 
3- 98.81 31.14 8 194.14 HEAT DELTA 

2- 155.5 87.8 2905.0 5284. 02.78 
3- 111.5 43.8 5821.3 

1- 148.5 80.8 3156.6 FLUX Tcow 

---------------------------------------------------------------------------------------------~-*---------------- 

E H - I I - o ~ - ~ ~ T ~ o -  1 2 0 ~  PSHELL SAT. TVAP COND ~1120 PVEL. HEAT ---------------DSS--------------- 
DC -VRO- - 120P PSIG TEHP P I P E  TEflP PSIG FT/SEC LOAD PVAP TVAP PWELL TYELL 

75.8 115.93 198.0 105.5 63-5 4-55 261537. 17.5 197.0 74.5 105.3 

GPN I N L E T  OUTLET AVG TEHP NEAS SHELL TSHL- TSAT- OVERALL SAT. BSYlJOLDS HT. COEPF. H I  .SAT. 
R20 TBNP TEHP TENP RISE LOC. TENP T I V G  TIVG U A  U A  H20 H20 COW POSITE 
90-2 64.67 70.@9 67.58 5.83 1- 106.14 77.75 48-35 3363.74 5408.72 31222.09 920.38 130.22 

64.5 69.0 2- 136.50 68.92 3794.52 
3- 106.10 38.56 6782.67 il EAT D'ELTA 
1- 149.0 81.4 3212.2 FLUX TCOflP 
2- 155.5 87.9 2974.7 54 16. 3 1.59 
3- 110.0 42.4 G165.3 -------------------------------------------------------------------------~--------------------------------~------------ 

HH-11-08-78140- 200P PSHELL SAT. TVAP COND PH20 YVEL. HEAT ---------------DSS-------------- 
DC -VAO- - 200P PSIG TENP PIPE TEUP PSIG PT/SEC LOAD PVAP TVAP PYELL TllELL 

73-5 119.08 184-0 102.5 63.5 6-55 250274. 75.0 183.0 72.0 103.0 

GPH INLET OUTLET AVG TEHP N E I S  
H20 TENP TENP TEHP RISE LOC. 
90.2 64.94 70.51 67.72 5.58 1- 

64-5 68.0 2- 
3- 
1- 
2- 
3- 

SHELL TSHL- TSAT- OVEdALL SAT- Rl?YNOLUS AT. COEFF. hT.SAT. 
TEHP T A V G  TAVG U A  U A  n2o H 20 CO ti EOS f TE 

94.27 69-00 Q6.36 3627.30 5398.07 31284.39 921.27 129.91 
131.23 63.51 3900.71 

94.27 26.55 9427.29 HEAT DFLTA 
142.5 74.8 3307.0 FLUX TCOflP 
147.0 79.3 3157.0 5183. 39.89 
108.5 40.8 6137.9 

31-11-08-78190- 230P 
DC -VRO- - 230P 

GPB INLET OUTLET 
820 TENP TEMP 

64.5 69.5 
90-2 64.88 70.4Q 

PSRELL SAT. TVAP COND PA20 PVEL. HEAT ---------------DSS-------------- 
PSIG TEHP PIPE TEnP PSIG FT/SEC LOAD PVAP TVAP PYELL TWELL 
71-4 112.36 182.0 103.5 63.5 4.55 24956U. 73.0 180.0 71.0 103.0 

A V G  TENP NEAS SHELL TSHL- TSAT- o v m a i f  SAT. REYNOLDS HT.COEFF. HT.SAT. 
TEUP BISE LOC. TEHP TAVG TAVG UA U A  H20 820 COHFOSITE 

67.66 5.56 1- 96.55 60.43 04.70 3606.91 5583.29 31257.86 920.89 135.12 
2- 125.95 58.29 4281.62 
3- \ 96.55 28.89 8637.88 HEAT DELTA 
1- 141.0 73.3 3403.0 FLUX TCOYP 
2- 145.5 77.8 3206.2 5168. 38.25 
3- 107-0 39-3 6344.2 

C' 



Table B.3 (aontinud) 
_--u--------------________c_______I___-------------------------------------------------------3--_---- 

El+11-08-78T40- 300P PSRELL SAT. TVAP COND PH20 UQIL HEAT ---------------DSS-------------- 
DC -VRO- - 300P PSIG TEIP P I P E  TENP PSIG PT/SEC LOAQ PVAP TVAP PUELL TYELL 

66.5 108.23 184.0 98.5 59.5 5.05 254305. 67.5 182.0 65.0 100.0 

6PI  IULET OUTLET A Q 6  TERP UEAS SRELL ¶'SAL- TSAT- OVERALL SAT. BEPIOLDS HT. C0-F. AT S A T .  
RZO TSIP TEAP TEAP MS1 LOC. TEUP TAVG TAVC 'JA UA H20 H 20 CON POSITE 

100.1 61.77 69.87 67.32 ! L l O  1- 89.82 66.86 40.91 3803.75 6216.40 34544.45 999.95 151.11 
5421.32 65.0 67.5 2- 114.23 46.91 

3- 89.82 22-50 11300.58 n EAT 0 ELT A 
1- 139.0 71.7 3547.7 FLUX TCOlP 
2- 144.0 76.7 3316.4 5266. 34.85 
3- 103.0 35.7 7127.2 

---II----I_---__----1----------I---U---L---------------_---_--------_-------_-----------------I----- 

18-11-08-78240- 330P PSRELL SAT. TVAP COlD PHZO WQEL. BEAT ---------------DSS-------------- 
OC -VRO- - 330P PSXG TlrUP PIPE T E l P  PSIG PT/SEC LOAD PVAP TVAP PWELL TUELL 

66.2 107.97 173-0 99.0 59.5 5.05 253562. 67.5 179.0 60.0 99.0 

GPI INLET OUTLET AVO T E l P  UEAS SBELL TSHL- TSAT- OVEEAU SAT. REYlOLDS HT. CO WP. AT .SAT. 
1120 TEMP Tt lP  TEMP BISE LOC. TENP TAVG TAVG UL UL H20 820 conmszm 

100.1 65.38 70.46 67.92 5.09 1- 87.90 62.08 40.09 4084.26 6331.53 34829.09 1003.0U 154.30 
65.0 68.0 2- 109.82 41.90 6 051. 04 

3- 87.90 19.98 12690.52 ABAT 0 ELTA 
1- 138.0 66.1 3837.1 FLUX TcoIlP 
2- 141.0 73.1 3469.6 5251. 34.03 
3- 102.0 34.1 7439.9 

------------------------------___________I________------------------------------~---------------------_-- 

zn-i i -0~-78~110-  ~ O O P  P s m m  SAT. TVAP COND en20 WVEL. ~ E A Z  ---------------DSS----------------- 
DC -vno- - ~ O O P  PSIG T S I P  P I P E  T E l P  P S I 0  FT/SEC LOAD PVAP TVAP PWELL TVELL 

66.2 107.97 182.0 98.5 59.5 5.05 261079. 67.3 181.0 64.5 99.0 

GPU INLET OUTLET AVG TELlP UEAS SHELL TSHL- TSAT- OVEBIU SAT. RCYNOLDS HT.COS?P. tiT.SIT. 
CORPOSITE 820 TBAP T E l P  TEAP RISE LOC. TEnP TAVG TAVG UA UA H2O HZ0 

100-1 65-49 70.68 68.06 5.29 1- 91.94 66.03 39.90 3954.02 6542.63 34897.54 1003.99 1CQ.36 
66.0 68.0 2- 111.10 43.04 6065.59 

3- 91-94 23.88 10934.60 HEAT DBLTA 

GPU 
820 

100.1 

INLET OUTLET AVG T E l P  
TEUP T E l P  TEUP RISE 
65.22 70.43 67.83 5.22 
65.0 67.5 

l E A S  SHELL 
LOC. T E l P  

1- 91.72 
2- 112.21 
3- 91.72 
1- 135.0 
2- 144.0 
3- 101.0 

TSHL- TSALT- OVERALL SAT. IIETYOLDS HT. COEFP. IiT .SAT 4 

coar0strE TAVG TAVG 01. UA 320 H20 
67-26 38.75 3864.82 6708.31) 3478U.55 1002.u1 lh i .24  
44.39 5856.27 
23.90 10877.08 HEAT DELTA 
67.2 3869.5 FLUX TCOllP 
76. 2 3412.3 5383. 32.59 
33.2 7835.3 



B P I  IULBT OUTLET AVG TERP lEAS 
R20 T E l P  T E l P  TERP BISE LOC. 

100.1 65.05 70.36 67.71 5.31 1- 
65.0 68.0 2- 

3- 
1- 
2- 
3- 

SHELL 
TENP 

93-60 
106.79 

137.0 
146.0 
101.0 

93.80 

TS HL- 
TAVG 
68.88 
39.09 
26.09 
69.3 
78.3 
33.3 

HI.SAT. TSAT- OVERALL SAT. REYNOLDS 
TAVG 111 . UA n20 H20 CON POSI  TB 
38.86 3842.49 6809.89 34729.00 1001.63 lb8.25 

HT. COEFP . 
6771.46 
IO 144.20 HEAT D E L T A  
3819.6 PLWX Tcow 
3380.5 5481. 3 2.58 
7949.9 

Bfi-11-08-18240- 530P PSBtLL SAT. TVAP COND PH2O UVEL. MEAT ---------------DSS--------------- 
DC -VBO- - 530P PSIG TERP P I P E  T E l P  PSIG PT/SEC LOAD PVAP TVAP PWELL TUELL 

63.8 105.87 191.0 97.5 59.0 5-05 266834. 65.5 lY4.5 62.5 97.0 



c 

6 P B  INLET O d L F E  AVG TEMP lSAS SHELL TSHL- TSAT- OVERALL SAT. RGrY3LDS HT. COSPP. LT.SAT. 
820 TEIP T t l P  TGRP RISE LOC. TElP TAVG TAVG UA OA Y20 f!20 C O Y H I S I T E  
90.2 65.42 69.85 67.64 4.43 1- 103077 63.80 53-47 3114.79 3716.43 312'46.77 920.73 t15.1u 

65.0 69.0 2- 138.52 70.88 2803.32 

6Pl I l L E T  OUTLET AVG TE!lP l E A S  SEELL TSEL- 
R20 TElP TElP TElP RISE LOC. TElP T A V G  
90.2 65.88 70-29 68.09 4-41 1- 97.84 60.75 

66.0 70.0 2- 137.23 69.14 
3- 97.84 29.75 
1- 143.0 74.9 
2- 148.5 80.4 
3- 111.0 42.9 

u_I---------------- ---------------------- 
t n - i t - 0 6 - 7 8 ~ ~ -  l i s p  P s n n L  sar. TIAP COND P H ~ O  WVEL. HIAT --------------OSS-------------- 
IX -1110- - i i s p  PSIG TEHP PIPS TElP PSIG PT/SEC LOAD PVAP TVAP P Y U L  TYELL 

83-0 121.48 170.0 105.5 61.5 4.55 196898. 02.5 169.0 81.5 95.0 

GPll 

90.2 
n20 

IBLST OUTLEY 
TElP TElP 
66.08 70.46 
66.5 70.5 

LV6 TEHP 
T t l P  RISE 

68.27 4.39 

IGAS 
LOCO 

1- 
2- 
3- 
1- 
2- 

. 3- 

snm 
TEHP 

93.42 

93.42 
134.35 

134.0 
144.0 
111.0 

TSEL- TSAT- 
TAVG TAVG 
62.92 53.22 
66 08 
25.15 
65 .7 
75.7 
42, 7 

OVERALL SAT. REYNOLDS HT.COETF. 
UA UA RZO ti20 

3129.25 3700.04 31517.60 924.60 
2979.58 
7829.79 HEAT 
2995.5 FLUX 
2600.0 4077. 
4607.9 

i it .SAT. 
C O d M S I T E  

8'4.69 

DELTA 
TCOqP 
4fl.15 

tn-ii-06-78wo- ~ S O P  PSE~LL SAT. TVAP COMD en20 WVEL. BEAT --------------DSS-------------- 
BC +no- - ISOP PSIG TGITP PIPE T E l P  PSIG ?T/SEC LOAD PVAP TVAP PWELL TWELL 

88.0 125.12 197.0 109.0 62.5 4.61 218685- 88.0 199.0 87.0 99.0 

GPI INLET OUTGET AVG T E l P  WEAS SHELL TSBL- TSAT- OVERALL SAT. BwIoLos HT.COEPP. HT.SAT. 
R2O T E l P  TElP  TElP RISB LOC. T I l P  TAVG TAVG UA OA 820 HZO C O I P O S I T L  
91-3 66.23 71.03 68.63 4.80 1- 113.77 78.51 56.49 2785.56 3871.29 32129.98 937.49 88.9 1 

66.5 71.5 2- 146.55 77.91 2806-77 
3- 113.77 45.13 4845.26 BEAT DELTA 
1- .153.5 89.9 2576.8 FLUX T C O l P  
2- 161.0 92.4 2367.5 4529. 59.94 
3- 113.0 44.4 4928.9 



Table B.4 (continued) 

EI-ll-07-78T40-1015A PSRELL SAT. TVAP COND PH2O UVEL. BEAT ----------- ---DSS--------------- 
DC -VEO- -101% PSIG TEHP P I P E  TEMP PSIG PT/SEC LOAD PVAP TVAP PUBLL TdELL 

86.0 123.68 175.0 108.0 64.0 4.55 180742. 86.0 174.0 85.0 95.5 

RT .SAT. GPI I l L l ?  OUTLET A V G  TEMP UEAS SHELL TSRL- TSAT- OVERALL SAT. REPNOLDS 
COR 00s I TL H20 TlUD T l H P  T E I P  RISE LOC. TERP TAVG TAVG UA U A  H2O H2O 

9&2 64.00 68.02 66.01 4.03 1- 91.77 57.76 57.67 3129.04 3134.07 30554.17 910.77 70.69 

HT.COBPF. 

64.0 68.0 2- 139.28 73.27 2466.91 
3- 91.77 25.76 7015.53 HEIT DELTA 
1- 139.0 73.0 2476.2 PLOY TCOMP 
2- 150.0 84.0 2151.9 3743. 52.95 
3- 1 1 1 . 0  85.0 4017.3 --------------------------------------------------------------------------------~--------------------_-------_ 

E1)-11-07-78T40-1030A PSRELL SAT. TVAP COND PB20 UVBL. BEAT ---------------DSS--------------- 
DC -VEO- -1030A PSIG TBMP P I P E  TEMP PSIG PT/SEC LOAD PVAP TVAP PUELL TUELL 

86.8 124.25 174.0 107.5 63.5 4.55 190151. 88.0 179.0 86.0 98.5 

GPI INLET OOTLET AVO TEIP IEAS SHELL TSHL- TSAT- OVERALL SAT. R2YNOLDS HI.COEP?. HT.SAT. 
R20 T d l P  T E l P  TEMP BISE LOC. TEUP TAVG TAVG UA O A  HSO H20 UOIPOSLTE 
90-2 63.65 67.88 65.76 4-20 1- 92.97 69.19 58.49 2748.39 3251.04 30450.50 Y09.27 73.59 

63.5 67.0 2- 138.66 72.90 2608-47 
HEAT DELTA 3- 92.97 27.21 

1- 141.0 75.2 2 527.4 FLUX TCOVP 
2- 151.5 85.7 2217.9 39 38. 53.51 
3- 109.5 43.7 4347.8 

6989.52 

-------------------------------------------------------------------------------~---------------------------------------- 
111-1 1-07-78240-1lOOA PSRELL SAT. TVAP COUD PH20 YVEL. HEAT ---------------DSS--------------- 
DC -VtIO- -11001 P S I C  TEMP P I P E  TEUP PSIG PT/SEC LOAD PVAP TVAP PUELL TIELL 

92.2 128.04 191.0 110.5 63.5 4.55 199402. 92.0 190.0 90.0 131.0 

tlT .SAT - GPU INLBT OOTLET A V 6  T E l P  HEAS SHELL TSHL- TSAT- OVERALL SAT. REYHJLDS HT. COEPP. 
E20 T E I P  T E I P  TEUP RISE LOC. T E l P  TAVG TAVG fJA UA H20 HZC C O ” I 0 S r T E  
90.2 63.40 67.85 65.62 4.44 1- 93.96 74.46 62.42 2678.08 3194.61 30391.35 908.42 72.20 

63.5 67.0 2- 145.78 80.16 2487.71 
7 038 0 1 HEAT DSLTA 3- 93.96 28.33 

1- 148.5 82.9 2406.0 ?LUX TCOYP 

3- 111.5 45.9 4 346.6 
2- 158.0 92.4 2158.6 4129. 57.19 

----------------------------------------------------------------------------------------------------------------------- 
LI-11-07-78T40-1130A PSlfELL SAT. TVAP COND PB20 UVEL. HEAT ---------------DSS------------*-- 
DC -vno- - 1 1 3 0 ~  PSIG T E l P  P IPE  TEUP PSIG PT/SEC LOAD PVAP TVAP PUBLL TUELL 

91.6 127.63 188-5 109.0 63.5 4.55 202283. 90.5 187.0 89.0 100.0 

GPI INLBT OOTLET A V O  TEIP UEAS SHELL TSHL- TSAT- OVERALL SAT. EEYN3LI)S Hi‘. COSF Y . H’P .SAT. 
1120 T E l P  TBUP TEUP BISE LOC. TEUP TAVG TAVC UA UA I120 H2O CON ?OS I TE 
90-2 63.42 67.93 65.68 4.51 1- 94.57 72.23 61.96 2800.43 3264-89 30U12+98 908.73 73.93 

63.0 66.5 2- 142.57 76.90 2630.58 
3- 94.57 28.90 7000.04 RBAT ’ D E t T A  
1- 144.0 78.3 2582.6 FLUX TCOIP 
2- 156.0 90.3 2239.5 4189. 56.66 
3- 112.0 46.3 4366.7 



c c 

*SAT- OVEBALL SAT. 

49.09 2740.95 3258422 
ZAVG Uk U A  

2589.44 
7373.QS 
2S68.1 
2239.5 
b378-6 

BEY dQLDS 
H2 0 

305b2.05 

HT. COlnP.  
H20 
910.89 

HEAT 

3987. 
n u x  

HTeSAT. 

73.75 
COlPOSITE 

DELTA 
TCOHP 
54.06 

CB a 
R2b 
90-2 

bOfLE'k AVG 
TElP  TBlP 
69.27 67.04 
68. o 

TtRP 
RISE 
4.45 

REAS 
LOC. 

1- 
2- 
3- 
1- 
2- 
3- 

SHELL 
TEHP 

94i48 
14% 29 
94.48 

143.5 
155.0 
111.0 

TSHL- 
T A V G  
69.18 

27.40 
76.5 
88 .O 
04.0 

78.25 

TSAT- OVEBALL SAT. PKYNOLDS HTa COEF?. HT .SAT. 
TAVG ttA tYA it20 H2D CO'4?OSITE 
58.91 2804.48 3387.40 30993.31 917.10 76 .9  1 

25S0.34 
7272.59 iiEAT DELTA 
2610.2 FLUX TLOflP 
2268.9 4133. 53.73 
4540.0 



HT.SAT. G P I  1 1 L B T  OUTLBT A 1 6  TEMP NEAS SflBLL TSHL- TSAT- OIBRALL SAT. EEYNOLOS HT-COEFP. 
820 TBlP TBRP TBIP RISB LOC. TERP TAVC ?AVG U A  UA "20 820 C O I F O S I T E  
90.2 64.86 69.11) 67.00 4.28 1- 93.96 71.37 56.54 2692.19 3398.55 30975.88 916.85 77.19 

2628.87 65.0 67.5 2- 140.09 73.09 
3- 93.96 26.95 7 128.42 flEAT DELTA 
1- 130.0 63.0 3050.0 FLUX TCO8P 
2- 150.5 83.5 2301.2 3979. 51.55 
3- 110.5 43.5 4U17.3 

~I-11-07-78T40- 230P PSBtLL SAT. TlAP COUD PH20 VVGL. HBAT ---------------ass--------------- 
DC -1HO- - 230P PSIG TBIP PIPt T E I P  PSIG FT/SEC LOAD PVAP TVAP PWELL TYELL 

8418 122.81 176.5 107.5 63.5 4.55. 192775. 85.0 177.0 84.0 57.0 

GPn IIILEZ OOTLEZ A 1 0  ?SRP REAS SHELL TSHL- TSAT- OVERALL SAT. EETNOLDS HT.COEPP. A T  .SLT. 
COS POSITE RM PERP TERP ?IMP RISE LOC. TERP TAVG TAVG UA UA H2O HZO 

90.2 65.06 69.35 67.21 4.29 1- 92.44 69.47 55.60 2774.91) 3467.07 31063.17 918.10 78.89 
65.0 68.0 2- 137.27 70.07 2751.32 

3- 92.44 25.24 7638.93 HEAT DELTA 
1- 137.0 69.8 2762.1 FLUX TCONP 
2- 149.5 82.3 2342.5 3992. 50.60 
3- 110.0 92.8 4504.8 -------_------------------------------------------------------------------------------------------------- 

El-ll-07-78T40- 300P PSlBLL SAT. ?VAP CORD PR2O RlEL. HBA? --------------DSS--------------- 
Bc -veo- - MOP PSI6 TtRP PIP8 TEHP PSIG FT/SEC LOAD PVAP TVAP PWBLL TWELL 

84.2 122.37 178.0 107.0 63.5 4.55 193544. 85.0 177.0 83.0 99.0 

tan tuim O B Z L ~  AVG rtm atAs 
820 TBHP TBRP TElP MSB LOCO 
9 L 2  64-69 49-00 66.84 k 3 1  1- 

65.6 67.0 2- 
3- 
1- 
2- 
3- 

snni 
TBlP  

93.56 
137.73 
9 3.56 

133.5 
150.0 
111.5 

HT .S1T. TSHL- TSAT- OVERALL SAT. EETWOLDS 
TATG TAVG UA UA H2O H20 COdPOSITE 
68.99 55.53 2807.35 3485.69 30907.69 915.87 79.3 7 
70.89 2730020 
26-71 7245.29 HEAT D LLTA 
66.7 2903.5 FLUX TLSMP 
83.2 2327.4 4008. 50.50 
44.7 4333.9 

HT. comr. 



c 
Tabla B.S. The m' 40-trbO eodarrrr parformama data for Btollp IV tart8 (direct-oontact 

evaporator .ode ui .8  b o a  8-1 nll without BarbarNichola brine proflaah u i t )  
d 

6PR I N t E T  OUTLET ATG TERP REAS SHELL TSRL- TSAT- OVERALL SAT. REYYOLDS RT.COEPP. AT.SRT. 
R2O TERP TBRP TEW RISE LOC. TElP TAVG TAVG UA UA R20 A20 
90.2 68.50 71.60 70.05 3.11 1- 85.92 54-34 38.95 2564.73 3578.41 32284.79 935.97 81.53 

COIEOSITE 

68.0 71.0 2- 136.95 66.91 2083.22 
3- 85.92 15.87 8784.73 HEAT D ELTA 
1- 102.5 32.5 4295.1 FLUX TCOllP 
2- 144.0 74.0 1884.8 2886. 35.40 
3- 100.0 30-0 4653.6 

--------------.-----------------------__I_________________----------------------~---~----__--_--___ 

tR-11-09-78T40-1020A PSRELL SAT. TVAP COND PR20 WVEL. HEAT ---------------DSS--------------- 
DC - V A b  -102OA P S I 0  TERP P I P E  TElP PSIG lT'/SEC LOAD PVAP TVAP PYELL TWELL 

70.4 111.54 183.0 98.0 63.0 4.55 142515. 70.0 186.0 69.0 87.0 

6pn x n m r  OOTLET AVG TENP BEAS SEELL TSHL- TSAT- OVERALL SAT. REYNOLDS ET.COEP?. HT.S!iT. 
a20 TERP T B l P  T E l P  RISE LOCO TERP TA16 TAVG UA UA 92 0 H20 CON POS I TE 
90.2 69.32 72.49 70.90 3.18 1- 86.82 58.63 40.63 2430.81 3507.57 32656.26 940.70 79.7 1 

69.0 71.5 2- 139.85 68.95 2067.06 
3- 86.82 15-92 8953.76 HEAT DELTA 
1- 117.0 46.1 3091.8 FLUX TCORP 
2- 148.5 77.6 1836.7 2951. 37.02 
3- 102.0 31.1 4583.2 ----------------------------------------------------------------------------------------------------- 

tll-ll-09-78T40-1040A PStnLL SAT. TVhP COND PE20 RVEL. ' REAT -------------DSS-------------- 
DC -VRO- -101OA PSIG TEOP P I P E  TEMP PSIG ?'J!/SEC LOAD PVLP TVAP PRELL TYELL 

83.0 121.48 193.5 111.0 63.0 4.55 199915- 83.0 195.0 81.0 97.0 

HT.SAT. 6PR IRLET OUTLET A V 6  TEIIP YEAS SHELL TSHL- TSAT- OVERALL SAT. REYNOLDS 
HM- T l l P  TERP T B l P  ILTSE LOC. TERP TAVG TAW UA na A20 820 CORPOSITE 
90.2 69.92 7Q.38 72.15 11-45 1- 93.97 68.91 49.33 2901.20 4052.29 33199.83 948.29 93.42 

HT.COEFP. 

69.5 72.0 2- 145.13 72.98 2739.26 
3- 93.97 21.82 9160.57 BEAT OELTA 
1- 138.0 65.8 3035.9 FLUX TCOllP 
2- 158.0 85.8 2328.7 4 140. 94.32 
3- 113.0 40.8 4893.9 --------------------------------------------------------------------------------~--------------------- 

tR-ll-09-78T40-11OOA 
DC -Trio- -1100~ 

6PI IllLET OUTLET 
A20 TERP T E l P  
90.2 70.27 74.88 

69.5 74.0 

PSRCLL SAT. TVAP COND M20 IIVEL. REAT ---------------DSS-------------- 
PSIG TEllP P I P E  TEIIP P S I G  ?'T/SEC LOAD PVAP TVAP PYELL TWELL 
85.2 123.11 199.0 111.5 63.0 4.55 207017. 85.0 102.0 82.5 98.5 

AVG 
TERP 
72.58 

TEIIP OEAS 
BISE LOC. 
4.61 1- 

2- 
3- 
1- 
2- 
3- 

SEELL 
TIl lP  
95.67 
117.49 
95.67 
128.0 
162.0 
119.5 

TSHL- TS&T- OVEBALL 
TAVG TAVG OA 
70.96 50.53 2917.51 
74.91 2763.38 
23.09 8964.80 
55.4 3735.3 

2315.1 89.4 
41.9 4938.2 

S1T. REYNOLDS HT.COEPF. AT.SIT. 

4097.18 333117.63 950.90 94.54 
UA R20 H2O COH POSITE 

HEAT DELTA 
FLUX f con P 
4287- 05.34 



Table B.5 (continwd) 

ElF-Tl-09-78T40-1120A PSRCLL SAT. TVAP COUD PRZO RVEL. BEAT ---------------bSS--------------- 
kK -VRO- -112OA PSIG TERP P I P E  TERP PSIG PT/SEC LOAD PVAP TVAP PVELL TWELL 

87.0 124.01 196.0 111.5 63.0 4.55 214118, 87.0 197.0 86.0 99.0 

GPR tlLH OOTLET A V G  T E l P  REAS SHELL TSHL- TSAT- OVERALL SAT. R'ETYOLDS HT COEPF. HTbSAT. 
120 TEMP T E l P  TEBP RISE LOCO T E l P  TAVG TAVG 5 1  O A  R20 H26 con pos 1 TE 
90.2 70.78 75-55 73.16 4-77 1- 96.93 71.26 51.25 3004.53 4178.23 33643.12 954.45 96.59 

70.0 73.5 2- 149.38 76.22 2809.05 
3- 96.93 23.77 9008 47 HEAT DELTA 
1- 123.5 50.3 4253.4 FLUX TCOqP 
2- 160.5 87.3 2451.5 4434. 45.91 
3- 116.5 43.3 9940.4 

--------..----------------------------------------------------------------------------------------------------------------- 

El-1 1-09-78TO0-1140A PSRELL SAT. TVAP COND P 8 2 0  WVEL. HEAT --------------- DSS--------------- 
DC -vno- -1140~ PSIG TERP P I P E  TERP PSIG FT/SEC LOAD PVhB TVAP PRBLL TUELL 

86.5 124.04 190.0 112.5 63.0 4.55 208436. 86.0 190.0 8200 9 R . O  

fie6 1 l ) L H  OOTLET A V G  TERP lCAS 
m o  TCnP TXRP TERP RISE LOC. 
90-2 71-44 76.08 73.76 4.64 1- 

71.5 75.0 2- 
3- 
1- 
2- 
3- 

SHELL 
TERP 
97.59 
144.71 
97.59 
f15.0 
1 f7.0 
115.5 

TSAL- 
TAVG 
69.88 
70.95 
23.83 
41.2 
83.2 
41.7 

TSAT- OVERhLL SAT. RETNOLDS AT.COEPP. HT .SlT. 
TAVG UA un H2O H 20 CO3POSI'LE 
50.29 2992.69 0145*0b 33906.22 958.08 95.6 9 

29 37.89 
8745.67 A EAT D PLT A 
5053.9 FLUX TCOaP 
2504.0 4316. 45.11 
4993.u 

Xtil1-09-78T1)0-1200P PSRXLL SAT. TVAP COND PR20 WVEL. HEAT ---------------DSS--------------- 
nc -vno-c/v-izooP PSIC T E l P  P I P e  T E l P  PSIG FT/SEC LOAD P v a e  TVAP W E L L  P.XZLL 

88.0 125.12 193.5 112.0 63.0 4.55 211218. 89.0 195.0 83.0 98.0 

RT .SAT. SAT. R B Y  YOLDS HT'COEPF. GP? IdLBT OUTLET A V G  TERP REAS SRELL TSflL- TSAT- OVERALL 
1120 TERP TtRP TBHP RISE LOC. T E l P  TAVG TAVG IIA U A  H20 HZ0 COY FOSITR 
90.2 71.56 76.26 73.91 4.71 1- 96.93 69.11 51-21 3056.25 '4124.43 33973.46 959.01 95.15 

73.0 75.5 2- 144.86 70.95 2976.79 
3- 96.93 23.02 9 175.80 HEAT DELTA 
1- 133.5 59.6 35611.5 P LUX TC08 P 
2- 158.0 84.1 2511.8 4374. 45.97 
3- 116.5 42.6 4959.3 --------------_-----_-_--------------------------------------------------------------------------------------------------- 

---------------DSS--------------- ER-1 1-09~78T40-1215P PSflEtt SAT. TVAP COND Pa20 RVEL. HEAT 
DC -VRO-C/V-l215P PSIG T E l P  P f P E  T E l P  P S I G  PT/SkC LOAD e v i e  TVAP POELL T ~ C E L L  

87.0 195.0 8'1.0 9 R . O  87.8 124.98 195.0 113.0 63.0 4.55 212777. 

GPI XNL!3T OUTLET AVO T B l P  NEIL5 SBELL TSHL- ?SAP- OVRRALL ShT. R3?'4fiLnq HT. COEPP. HT.SAT. 
cofirosx IE A20 TCRP T E l P  T E l P  RISE Lot.  TEYP TILVG TAVG !JA U A  820 A 20 

90-2 71-80 76.54 74.17 0.74 1- 96.76 68.65 50.82 3099.63 4187.27 38088.09 960.59 96.75 
72.5 76.5 2- 1U5.94 71.77 2964.54 

3- 96.76 22.59 941 8.75 HE 4T DELTA 
1- 125.5 51.3 4 145.2 FLUX T cox P 
2- 161.0 86.8 2450.f 4406. 75.54 
3- 117.0 42.8 4967.9 
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Appendix C 

LABORATORY TEST DATA 

Laboratory t e s t  r e s u l t s  from experiments performed with condensation 

on the  outside of single  ve r t i ca l  tubes A, F, and F-3 are  presented i n  
Tables c . 1 4 . 3 8  respectively. Data f o r  those tab les  were taken from 

Ref. 1. The Wilson-plot method' was used i n  determining composite con- 
densing heat  t ransfer  coef f ic ien ts  and canposite condensing temperature 

dff  f erence s. 

References 

1. S. K. Combs, 6. S. Mailen, and 2. W. Murphy. Conden8atCon of Refriger- 
ant8 on VertCccrZ Ftuted Tubee, ORNL/TE5848 (August 1978).  

2. E. E. Wilson, "Basis f o r  Rational Design of Heat Transfer Apparaf.us," 
TPm8. ASYE 37, 47 (1915).  



Tab16 C,1. Laboratotp pstforrhanoe fo r  R-660a condensing 6n 
the  Unitlid6 of vet t i ea l  smooth tab6 A 

bnd6nser  f iddt  1065 Cundenr i ng Condensing heat "p6* rr*P6ra turnper a td? (r 
diffaredC6 [W/nP*K 

ttraacrf 6 s  aor t f  i o  i ent range 
fE ( W l  

Run EW (Btn/h)l Differ e m s  

[E CWl (Btt~/h*ft t*OF)]  

R-60Oa-001A t o  -004A 481 (1674) 315 (1758) -5 .o 302-308 (84-941 4.5 (6.1) 1125,7 (198.5) 

R-600tt-005A t o  -008A 828 (Pg28) 864 (2949) -4*3 

NO. C I )  
QC 4, 

5 306-308 (92-95) 8.5 (15.4) 996.7 (175.81 PI 

R-600a-009A 6 0  -012k 1159 (3954) 1194 (46771 -3.1 510-313 (99-104) 12,4 (22.4) 957.8 (168.9J 

R-600g-013A t o  -0l6A 1353 (4625) 1372 (4682) -2.1 313-315 (103408I 14*8 C2de61 940,l (165.8) 

R-600a-017A t o  -020A 1765 (SS19l 1725 (5889I -1.2 31&-322 (112d1191 18,8 (36.9) 95%*9 (163.8) 
R-600a-621A t o  -024A 21g7 (7464) 2211 (7545) -1.1 323-328 (121-136) 24.4 (43 ' 9 )  920.7 (162.4) 

I 



Table C.2. Laboratory performance for  R-6008 condensing on 
the outside of ver t ica l  f luted tube F 

Condenser heat loa8 Condensing Condensing boat 

IS I W I  4Btdh.f t 8 qbF) 1 

Vapor tsmperatars 
range 
IK ('PI1 

temperature t raasfar  oaeff i t f a s t  
difference [*/ma 

Run 
No. (k) 

CW (Bto/h) 1 D i f f e r enc e 

QC Qir 

RdOOa-00lF t o  -004F 634 (2164) 604 (2060) 4.8 311-313 4100-103) 1.1 42.0) 6049.8 t 1967 -0) 
R-600a-00SF t o  -008F 1031 (3520) 1003 (3425) 2.7 310-313 (99-104) 2.5 (4.5) 4319.3 1761d) ).r 

4 
R-600a-013F t o  -016F 1362 (46 1358 (4636) 0.3 310-313 (98-103) 4,7 (8.4) 3610.4 4530.9) &n 

6.1 (11.0) 2643.4 (466.2) o -020F 1565 (5346) 1549 (5287) 1 .o 308-312 (95-101) 

R-600sO2lF t o  -024F 1966 (6710) 1961 (6694) 0.2 310-315 (9!H08) 9.2 (16.6) 2209.0 (389.6) 
R-600~025F t o  -028F 2358 C804T) 2353 (8030) 0.2 309-313 (96-363) 12.5 (223 )  1956.7 (345.1) 



Table C.3. Laboratory performance for R600a oondensing on 
the outside of vertioal fluted tube F-3 

Run 
No., 

Condenses heat load Condensing 

difference 1Wma.K 

Condo ns i ng h ea t 
Vapor temperatare temperature transfer coefficient range 

IK (Wl 
IW (Bta/h)l Diif erenoe 

9, [K (Wl (Bt~/h*ft**~P)l 
(%I 

Qo 
-- 

R-600a-001F3 to -004F3 
R-600a-005F3 to -008F3 
R-600a-009F3 to -012P3 

RdOOa-013P3 to -0lbp3 
8-6 00 a-017F3 t 0 -0 20F3 

R-600a-021P3 to -024F3 
R-600a-025F3 to -02813 
R-600a-029F3 to -032F3 

616 (2103) 
910 (3115) 
1217 (4154) 

1531 (5225) 
1826 (6232) 

2182 (7448) 
2458 (8390) 

2830 (9660) 

616 (2103) 
910 (3107) 
1218 (4156) 

1535 (5238) 
1819 (6208) 

2172 (7412) 
2422 (8266) 

2819 (962f) 

0.0 

0.2 
-0.0 
-0.3 

0.4 

0.5 

1.5 
0.4 

311-312 (100-103) 
311-313 (100-104) 
310-311 (99-104) 

309-313 (96-104) 
309-314 (97-106) 

308-315 (97-107) 
308-316 (95-109) 

306-315 (91-107) 

O e 8  (1.5) 
1.5 (2.8) 
2.3 (4.2) 
3.2 (5.7) 

4.0 (7.2) 
5.4 (9.6) 

6.5 (11.6) 
8.3 (14.9) 

7788.5 (1373+6) 
6179.3 (1089.8) 

5445.7 (960.4) 
4993.5 (880.7) 

4752.6 (838.2) 
4221.6 (744.6) 

3940.0 (694.9) 

3536.2 (623.7) 

C' 
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Appendix D 

LABOBATOBY CEE(X0UT OF FIELD DATA MEINOD 
W I T B  REFRIGERANT-11 

As  noted i n  Sect. 5, because the Wilson-plot method employed f o r  pre- 
vious laboratory data acquis i t ion was not applicable t o  the East Mesa t e s t  

s i tuat ion.  an a l t e rna te  method was selected. In establ ishing the standard 
experimental s i t ua t ion  f o r  the ORNL two-tube Condenser. several interact-  

ing water-side operational preferences were taken i n t o  account: 

1. Water temperature r i s e  amenable t o  measurement f o r  reasonable heat 
load accuracy - favors r e l a t ive ly  low water flow rates .  

Ful ly  developed turbulent water flow f o r  accurate appl icat ion of the 
relevant cor re la t ion  - favors high Reynolds numbers and l eng th - t e  

hydraulic diameter ra t ios .  ' 

Lon water-side f i lm heat t ransfer  res i s tances  t o  minimize uncertainty 

when subtracting estimates (computed from correlat ion)  from measured 

overal l  res is tances  - favors high Reynolds numbers and small hydraulic 

2. 

3 .  

diameters. 

4. Low water-side fouling resistance t o  minimize maintenance requirements 

and/or the importance of an uncontrolled performance fac tor  - favors 

moderately high ve loc i t i e  based on others '  experience). 

The compromise choice codigura t ion  f o r  the w a t e t s i d e  i n  the OBNL 
two-tube condenser during ffroups I and I11 t e s t s  was a water flow of about 
1.9 x 10-4 mtls  (3 gpm) with a 19.0-m-diam (0.75-in.) full-length so l id  

rod i n s e r t  centered inside the tube i n  each channel. Experience during 

the Groups I and I11 t e s t s  showed t h a t  even the r e l a t i v e l y  high water ve- 

l o c i t y  t1.5 m / s  (5 f t / s ) J  promoted by t h i s  arrangement was not e f fec t ive  

i n  preventing the formation of v i s ib le  foul ing on the  inside of the almni- 
nnm tube surfaces. Because of t h i s  observation. we decided t o  determine 

whether confidence l eve l s  would be affected by rever t ing t o  the 1 2 . 7 - n ~ ~  

diam (0.5-in.) rod used successfully i n  the e a r l  i e r  laboratory Wilson-plot- 

based t e s t s .  



To t e s t  the hypothesis under oontrolled conditions, a simple compari- 

8on elrperiment was conducted with the laboratory condenser t e s t  loop t h a t  
had previously produced the zelevant baseline f lu t ed  and smooth tube data. 

bff igefdnt-11 was subst i tuted f o r  isobatane (R-6008) 8s the working-fluid 
'becatrrs it  propidbd comparable condensing performancez without attendant 

f i r 6  hatarb, 

two d i f f e rea t  experimental data sequencer - 6IIc with the 12071mn (0.50-in.) 
rad aad uflt with t h e  19.0-mm (0.75-in.) cod. 

requlance data, taken i n  the standard laboratory Wilson-plot illanner.z were 

reduced first by the Wilson-plot technique and then by the f i e l d  pro- 

cedore outlined in  Sect. 5,  where the common water flow was taken t o  be 

1,9 x 10-4 ms/s ( 3  gpm), 

t ian  methods (Fig. D o l )  shows excellent agrement. 

Tube type F-3 was chosen as the standar 

Three d i f fe ren t  s e t s  of po in ts  a t 6  presented iti Fig, D.1 representing 

The 12.7-m~ (0*50--in.) rod 

Comparison of the r e s u l t s  of the two data reduc- 

The 19.0-mm (0.75-in.) 

OANL-DWG 79-16265A 

T u f  - TINS. WALL, TEMPERATURE DIFFERENCE (K) 
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E 2  - i!i 

4 104 

1 - 8  a 
I 6  
d 

d 

4 

2 

1 o3 

6 8 10' 2 4 6 8 10' 2 4 
105 I ' I  I I I I I 1 1 1 1  I I 1  

REFRIGERANT: R-11 
a TUBE F-3 (WILSON PLOT WITH 0.5-in. ROD) 
A TUBE F-3 (VARIABLE 0, 3.043 gprn, 

5.0 ft/s, 0.75-in. ROD) 

o TUBE F-3 (VARIABLE Q, 3.043 gprn, 
2.2 ft/s, 0.5-in. ROD1 

I I I I I I I l l  I I I I I I I  

2 

1 o4 
8 

6 z 
4 2  

13 
a 

2 ?  
d 

1 o3 

k 

8 

6 

4 

1 60 2 4 6 8 101 2 4 6 8102 

TSAT - TINS. TEMPERATURE DIFFERENCE (OF) 

Fig, D o l .  
s tan t  11, tube F-3. 

Laboratory data for f i e l d  method checkout - Befrig- 
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rod sequence data taken a t  the same flow r a t e  and reduced in the f i e l d  

manner indicated s l igh t ly  lower apparent composite performance in t h i s  

si tuation. 
duced composite condensing temperature difference f o r  the Wilson-plot 
method, 12.7-mm (0.50-in.) rod case, was 4.89 K (8.8*F), while tha t  f o r  
the f i e l d  method, 19.0-mm (0.75-in.) rod case, was 5.56 K (10.O0F). 

using a 19.0-mm (0.75-in.) rod gave good agreement with the laboratory 

method, the f i e l d  method using a 12.7-mm (0.50-in.) rod was superior. Be- 

cause use of the 19.0-mm (0.75-in.) rod had not prevented water-side foul- 

ing in the Group I o r  111 t e s t s ,  we decided t o  standardize on the 12.7-mm 
(0.50-in.) rod f o r  the Group V t es t s .  

In part icular ,  a t  a heat load of 2080 W (7100 Btu/h), the de- 

The conclusion from these r e s u l t s  was t h a t  although the f i e l d  method 

Reference 

1. S. K. Combs, 6. S. Mailen, and R. W. MurphY, Condensatbn of Refriger- 
ants on VerticaZ PZuted Tubes, OBNL/TM-5848 (August 1978). 
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Appendix E 

VAPOR-FEED SUPERHEAT EErE;EfXS 

During the Group 111-A t e s t s  with the ORNL 40-tube condenser, experi- 

ments on Sept. 15, 1978, were conducted t o  evaluate vapor-feed superheat 

e f f e c t s  on condenser performance. Operation was l imited t o  the surface 
evaporator mode t o  minimize uncontrolled operational variables. 

The system was brought t o  an i n i t i a l  steady-state condition with the 

ORNL 40-tube condenser operating a t  a moderate heat f l u x  and receiving 
vapor a t  f u l l  superheat 1-50 K (900F)I frons the DSS surface evaporator. 

Then the valve t o  the desuperheater nozzle in the vapor-feed l i n e  was 

opened very s l i g h t l y  t o  allow a small amount of l i qu id  isobutane t o  mix 
with and reduce the superheat in the vapor feed. Condenser performance 
data were recorded when steady-state conditions were again achieved. The 
desuperheater nozzle valve opening was then increased very s l i g h t l y  and 
another data s e t  taken a t  the new steady-state conditions. 

was careful ly  repeated throughout the day t o  vary vapor superheat i n  an 

orderly fashion without incurring system i n s t a b i l i t i e s .  

This process 

The r e s u l t s  l i s t e d  in Appendix B show tha t ,  as  vapor-feed superheat 

decreased from 50 t o  5.6 K (90 t o  100F), the heat  f l u x  decreased by 

about 5%, and the composite temperature difference increased by about 3%. 

Each r e s u l t  indicates a s l i g h t  deter iorat ion in apparent heat t ransfer  

performance which, when combined in composite conductance o r  coeff ic ient  
form, gives roughly un 8% reduction i n  apparent condenser capability. 

Such a deter iorat ion i s  predicted by standard treatments of conven- 

t ional  single-component condensers because, as vapor superheat decreases, 

the f r a c t i o n  of t o t a l  enthalpy change associated with phase change in- 
creases. This means t h a t  f o r  a given condenser heat load, more condensate 

is formed and a greater  resistance t o  heat flow is encountered between the 
assigned saturat ion and wall temperatures. For the operating parameter 

range relevant t o  the t e s t s  reported here, vapor-feed superheat e f f ec t s  on 

condenser performance were judged t o  be small r e l a t i v e  t o  other observed 

var ia t ions and did not a l t e r  any of the major conclusions developed in 
t h i s  report. 

u 
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Appendix F 

VIEW PORT AND LIQUIJJ-LEVEL OBSEBVATIONS 
u 

The only provisions f o r  on-line v i s  of working-fluid- 
view por t s  in- 

nd one in the 40- 

tube condenser) condenser) . 
dica tors  provided remote visual observation 

ss of a l i qu id  l eg  of w 
jdgment  of the degree of s h e l l  flooding present 
and V t e s t s ,  For a l l  such steady-state data  points,  the observed conden- 

sa t e  l eve l  was a t  o r  very aear  

the she l l  space, Only during E ssociated with opera- 

t iona l  i n s t a b i l i t i e s  did e i t h e r  co r show evidence of s igni f icant  
shell-side flooding. 

(apparently isobutane-water) interface was observed in the  indicators.  

It was generally impossible t o  make observations through the view 

uid  t o  allow 

ronps 111, IV, 

imeters) the bottan of 

During direct-contact operation a l iquid-liquid 

po r t s  on e i t h e r  condenser during operation i n  the direct-contact evapora- 
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ORNL-PHOTO 7549-79 

Fig. F.1. The OBNL two-tube condenser - v i e r  port during direct- 
contact evaporator mode t e s t s .  

ORNL-PHOTO 75!50-79 

Fig.  F.2. The ORM; 40-tube condenser -view port during direct- 
contact evaporator mode t e s t s .  



. 
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ORNL-PHOTO 7564-79 

Fig.  F.3. The OBNL two-tube condenser - view port during surface 
?aporator mode t e s t s ,  tube F-3 showing shirt  condensate drainage. 
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ORNL-PHOTO 7565-79 

Fig F.4. The OBNL two-tube condenser -v iew port during surface 
evaporator mode tes ts ,  tube F showing stationary liquid drops. 
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Appendix G 

GAS SAMPLE ANALYSIS *+ * ki 

A concern throughout t h i s  t e s t  program was t h a t  varying amounts of 
contaminants (e.g., carbon dioxide, nitrogen, oxygen or  water) i n  the 
working f l u i d  (isobntane) were contributing, a t  l e a s t  i n  par t ,  t o  the 

in fe r io r  performance obtained with the OBNL 2- and 40-tube conbenrers, 
Noncondensible" gases (e.g., carbon dioxide, nitrogen, or oxygen) a re  

tamn t o  impede the hea t  t ransfer  performance of surface condensers by 
se t t i ng  up a resis tance on each tube surface through which the candenstng 
vapor m a r t  diffuse.  

11 

In an attempt t o  ident i fy  and quantify such impurftisr;, a ntrmbei of 
isobutane gas samples were collected from both OBNL condensers during 

selected t e s t  runs (Sect, 3.4). 

s t a t i o n s  by JSS perso 
tion. 

2. 

dther samples were colXecteb a t  variotlr 

e l  t o  provide more complete system characterfga- 

Results from these additional samples a re  repotted in Refs. 1 and 

Gas chromatographic analyses of samples taken from tJxe ORNL 40- and 

2-tube condensers a re  presented i n  Tables 6.1 and 6.2. respectively, 
samples given i n  Table 6.1 for the OaML 40-tube condenser were obtained 

during operation with the DSS direct-contact evaporator, wheeeac ramplter 
col lected from the OZNL 2-tube condenser (Table 6-21 were taken. during 
operation i n  the sruf ace 'evaporation mode. 
p l i ca t e  samples col lected from the OBNL tw 
supply l ine ,  
s i s  employed by Westlcc personnel and t o  provfbe: confidence i n  earXies re- 
salts given i n  Table 6.1. Except for sampfes 1, 2, and 3 (Table 6,2t ,  a l l  
samples col lected during f f e l d  tes t ing  were analyzed a t  East lese ,  
ples  1, 2, and 3 we 

t i c a l  Chemistry Division. 

Samples co l l ec t  

A l l  

e condengcr vent andl vapm 
These were taken t o  cross-check the method of ckamfca€ analy- 

Sam- 
analyzed v ia  gas chromatograph by the OBFSL Analp- 

om both OBNL 2- and 40- e condenser vents shm 
the presence uf carbon dioxide (CO,) fn s ign i f i can t  rmdlsntr {'1E"rrbtts 
and 6.2). 
40-tube condenser vent (samples 1163, 1177, and 1186 i n  Table a,%) were 

higher than those obtained from the two-tube condenser vent (sampler 1446 

One point of in te res t  is h a t  (ro, eoncenttatfonr from tlra 

W 
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Table 0.2. Analyses of gas rarplos froca ORNL two-tube condenser' 

S g l e  Coaposition (5 volole) 
Carbon 

Lht. No. De scr ipt  ion Methene Ethane Propene Iaohtane  Isopentane Nitrogra 0qg.n A i r  Water 

0.022 0.001 0.027 94.67 rub N A ~  N A ~  s.06 0.00s~ 

99+ 0.01 <0.01' <0.01' hub <0.01' 

3/24/79 1446 Ro-tube oondenrer vent 0.22 

3/24/79 1' ho-tube oondenwr ren t  0.28 <O.Ole  <0.01' <0.01' 
3/2S/79 2' Linde irobutene supply 0.024 <O.Ol' <0.01' <O.Ol' 

99+ 0.01 <0.01' <0.01' Mb <O.Ol' 

cylinder 
I.r 
00 w NAb 0.19' 0.006' Mb NAb 3/26/79 1441 feobutene raper t o  t w o -  0.14 0.001 0.0004 0.003 99.67 

3/26/19 3' IlObUt8UO repor t o  t& 0.034 <O.Ol' <0.0le 0.01 

tube coadsnrr 

tube oondonmr 
<0.01' <0.01. NAb <0.01' 99+ 0.01 

8mplOI taken dErin8 CkOUp f' tor ts .  

bNA meenm not analyzed. 
* 

%lu obtained by tho Karl Fircher t i t r a t i o n  method. 

'Sample analyzed by the bllw. Analytical Chemistry Diririon. 
'Concsntrstiour <0.015 could not be measured on 6.8 chroatograph. 
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and 1 la Table 0.2). This difference was anticipated since, unlike the 
2-tube condenser samples, those from the 40-tube condenser vent were ob- 
tained during operation w i t h  f i e  direct-contact evaporator (Groups IX-B 
and XV t es t s ) .  
t o r  from the geothermal brine was transported with vaporized isobutane 
into the condenser. When a brine pref lash degassing s t e p  was introduced 

ahead 6-f the disect-csntact  evaporator (Croup IV tests), €XIz contents i n  
the  40-tda condenser (samples 1177 and 1186. in Table G.1) were somewhat 

redaoed, 

During t h i s  mode of operation, CO, released i n  the evapora- 

These samples a l s o  indicate t h a t  changes in fseZ'iash c o d i t i o n s  can 
affecg the amoxtat of CO, present in the condenser. -%la e.1 indhxites 

t h a t  pre€lashing appears t o  have reduced CO, l e r e l s  in tke 40-tube COP- 

denser by as mtrch as 68%. 

were detected iyr very m ~ 1 1  ammxntt. Howevers conctatrations of methane 

and propane were found in oomparativeXy large quantit ies.  Why such high 

concentrations were present i n  samples 1177 and 1186, during operation 

w i t h  the brine preflash unit ,  is not clear.  One possible explanation 3s 

t ha t  one of several isobutane supply cylinders, used during periodic ad- 

d i t i o n  t o  the system, may have been coaatnminated with these hydrocarbons. 
An a l te rna te  sonrce may have 'been tbe brine, because wellhead flashed 

vapor samples col lected and annlyted by Westec during Groups 11-B and IV 
t e s t s  were found t o  have M g h  methane concentrations. Also unclear is  the 

diffsrance in a i r  content detected between samples 1177 and 1186; t h a t  is, 

As also indicated i n  Table 6.1, measured concentrations of ethane 

the amoarit of a i r  apgears to be higher when the coacentration of CO, it 

lower (sample 1186). One possible explanation fo r  th3s circamstance is  
t h a t  a3r may have beon accidentally introduced during the gas chromato- 

graphic analysis  of the sample. 

In principle,  operating in the surface evaporator mode has the advan- 

tage of maintaining .iso%utane purity,  assuming t h a t  t'he overall  system had 

been s t t h g e n t l y  cleaned, evacuated, and charged with high-grade isobutane 

prior t o  Ehs s t a r t  of testing. Bowever, i nTab le  6.2, the presence of 00, 

i n  condenser samples 1446 and 1 suggests t h a t  some of these requirements 

were not suf f ic ien t ly  met pr ior  t o  i n i t i a t i n g  Group Y t es t s .  

r e s u l t s  frcm sample 2 (taken from a supply cylinder), it i s  clear,  how- 

ever, tha t  high-grade isobutane was used t o  charge the system. Note t h a t  

Based on 
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Oz contents i n  the OBNL two-tube condenser (samples 1446 and 1) were 
higher than those found i n  the vapor supply l i ne  t o  the condenser (samples 

1447 and 3). 
ul t imately accumulate i n  the condenser. 

This supports the notion t h a t  noncondensibles ( l i ke  (33,) 

One disturbfng r e s u l t  shown ZnTable 0.2 is the difference i n  a i r  

concentration found between Westec and OBM. analyses of the duplfcate sam- 
p les  col lected from the condenser vent (1446 and 1) and the vapor supply 

l i n e  (1447 and 3 ) .  Samples analyzed a t  East Mesa showad high concentra- 
t ions  of a i r ,  whereas those analyzed a t  ORNL contained l i t t l e  or  no a i r .  
Such a discrepancy between findings obtained by Wertec and OBMt suggests 
t h a t  an e r ro r  may have existed i n  the method of analysis. 

e a r l i e r  with other bamplesD a i r  may have been introduced i n t o  the gas 
chromatograph accidentally. Consequently, the f a i l u r e  by separate inves- 

t i ga to r s  t o  generate s imilar  r e s u l t s  from similar  samples seems t o  p r r  

clode a high degree of confidence i n  the accuracy of the rerrults shown i n  

Table 6.2 and probably Table 0.1. 

As indicated 

In contrast  t o  OBNL 40-tube condenser r e s u l t s  (Table Qol), ORNL 2-tube 

condenser r e s u l t s  indicate  tha t  concentrations of the l i g h t e r  hydroc;arbons 

(methane. ethane, and propane) were found t o  be negligible.  

The primary conclusion t h a t  can be drawn from Tables 6.1 and 61.2 is 

t h a t  more dependable sampling analyses a r e  needed t o  develop a b a t t e r  

understanding of the e f f ec t s  of contaminants on condenser performance. 

Jte f e r m c  e s 

1. M. W. Urbanek, Devetoprment of Direct Contact Beat Exchangers f o r  
Geothermat B&nes, Final Report, October 4, ~~~~~~e 30, 1978, fo r  
Lawrence Berhe 1 ey Laboratory , LBL-85 5 8. 

2. Me W. Urbanek, EqerhentaZ Testtng of a Direct Contact Heut Exchcmgsr 
fo r  GeothermaZ Brine, ORNL/SUB-79/13564/1 and ORNL/STJB-79/45736/1 
(December 1979) . 
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Appendix H 

TUBE MATERIAL EFFEcrS 

As deta i led  i n  Sect. 2.2.3, smooth tubes of f ive  d i f f e ren t  mater ia ls  

were tes ted  i n  the ORNL two-tube condenser. 
(A - 6061-T6 and Y - 2024-T3) , one of copper (W - lPpe DIP, ASTM B-75) , 
one of brass (X - Alloy 330, ASTM B251-67) , and one of nickel (Z - ASTM 
B-161). 
tubes were l imited t o  Group I t e s t s  O n l y .  

' h o  were made of aluminum 

Tube A was involved i n  Groups I, 111, and V t e s t s ,  but the other 

One finding was t h a t  a light-colored powdery deposit  b u i l t  up on the  

However, the deposit  was e a s i l y  removed with a 

coolingloater side ( inside)  of the aluminum tubes (A and Y) i n  a rela- 
t i ve ly  short  time (-1 d). 

wire brush tube cleaner. 

side of the aluminnm tubes used i n  the two-tube condenser. However, with 
the 40-tube condenser, brownish deposit-s were found on the  outside of the 

aluminum tube bundle a f t e r  direct-contact ovaporator mode operation. 

deposits on the  condensing side of the 40-tube bundle a re  shown in 

No deposits were v i s i b l e  on the  working-fluid 

Such 

Fig. H a l a  

A r e l a t i v e l y  smooth black deposit was found on the  working-fluid side 

of the copper, brass, and nickel tubes a f t e r  t e s t ing  i n  the direct-contact 

evaporator mode. In  each case the coating was tenacious, and removal re- 
quired considerable e f for t .  No water-side deposi ts  were found i n  the ion- 

aluminum tubes, even a f t e r  extended exposure t o  cooling tower water. 

or working-f l u i  

easurable e f f ec t  of e i the r  cooling water-side 

s on tubq composite condensing performance. 
analytical  estimates of the r e l a t i v e  s i ze  

of the respective tube-wall conductances, no s ign i f  icant e f f ec t  of tube- 
wall material on tube composite condensing performance was observed during 

these tes t s .  
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ORNL-PHOTO 7876-79 CJ 

Fig.  8.1. 
of Qroag IV t e s t s .  

The O W L  40-tube condenser - tube bundle after completion 
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Ib, Appendix I 

POSTWOBTEM EVALUATION OF ORNL 40-llEE CONDENSER 
1- 2, . . *  

After completion of the f ie ld- tes t  s e r i e s  reported here, the 40-tube 
condenser was returned t o  ORNL, disassembled, and examined. Since s ig-  

n i f i can t  shell-side fouling of the tube bundle was v i s i b l e  (Fig. H . l ) ,  

the decision was made t o  remove a sample s t r a igh t  tube sect ion fo r  fur ther  

evaluation in the  single-tube laboratory condenser t e s t  apparatus. A sec- 

t i o n  judged t o  have maximum v i s i b l e  fouling was removed from the bundle. 

Since such removal could not be accomplished without damage t o  the drain- 
age sheets, the or ig ina l  sheet remnants were removed from the sect ion and 

replaced by s k i r t s  (previously employed i n  single-tube t e s t s )  i n s t a l l ed  

with Pliobond adhesive a t  the corresponding ax ia l  locations. 

I n i t i a l  t e s t s  were conducted in the  "as received" condition (fouling 
in t ac t )  using Refrigerant-11 as the standard t e s t  f l u i d  t o  provide base- 

l i ne  data. The outside surface of the sect ion was then cleaned with a 

wire brush unt i l  a l l  v i s ib l e  fouling was removed and a smooth, br ight  SFV- 

face remained. Retesting of the cleaned sect ion gave no distinguishable 

change i n  performance from tha t  measured f o r  the fouled version. The 
conclusion was reached t h a t  t h i s  r e s u l t  supported e a r l i e r  evidence tha t  
surface deposits had no s igni f icant  e f f ec t  on the  f ie ld- tes t  performance 

re salt s . 
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Appendix J 

SI CONVERSION FACTORS 

An attempt has been made to present all key tables and figures in 
dual units (ACII and SI). 
convert from AUJ to SI units: 

The following conversion factors may be used to 

To convert from - To HultiDlJr by 

Btu/h W 0.2929 
Btu/h-f tL W/m* 3 .I52 
Btu/h-ft.OF W/m.K 1.730 
Btu/h.ftt*OF W/ma.K 5.674 
Btu/lbm.OF J/kg-K 4.184 x 10' 
ft m 0,3048 
ftt mz 0 .O9290 
ft/s m/ s 0.3048 
gPm m'/s 6.309 x lo-' 
in. m 0.02540 
lbm/h kg/s 2.260 x 10-4 

psia Pa 6.895 x 101 
A(OF) A(K) or A(0C) 0.5556 

1bJh.f t Pa.s 4.134 X lo-' 

Temperature conversion: T(K) = 519 x [T(OF) - 321 + 273.15 
T(OC) .= 5/9 x [T(OF) - 321 



I 

I 
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