-R166 758

UNCLASSIFIED

(U) EXOTECH INC CAMPBI
NO9914-84-C-08766

ELL CR

HEBSU!EHEITS IN A CENTRIFUGOL DIFFUSOR TEST DEVI

T VITTING JUN 85 TR-8301
F/G 13/7




T T

hit e g

ki d

.

RECANG Rl

i Ul Sl

,

[N N

talelale et a

20

=
=

25
22

I
L

8:2

A O

S
- -

K E EEERYITS

2l =

|
i
Hizs e g

16

E——

CHaART

MICROCOR




Al

..............................

exotech inc.

3rd Floor, 1901 S. Bascom Ave., Campbell,
California. U.S.A. 95008

AD-A166 758

FINAL REPORT

FLOW MEASUREMENTS IN A CENTRIFUGAL DIFFUSOR TEST DEVICE

TR 8501

JUNE 19858

DTIC

—LECT
APR2 3 BBG
PREPARED BY

. oredl; A PR

T. VITTING

SUBMITTED TO

NAVAL POSTGRADUATE SCHOOL,
MONTEREY, CALIFORNIA, 93943

I At hatenart L

UNDER CONTRACT ¢ o ey
e o U o

— : RS

N00014-84-C-0766 T
TN

-----




> a® But dat oy . . .
S o AL A P ol ST e Sy W g™ o8 LN AP AN g A Al el Sl G Vo tadh S0 "2 Ahe At g o - . 0 S 0 Vel

N —_UNCLASSIFIED Sy
N SECURITY CLASSIFICATION OF YHIS PAGE (When Date Entersd) ::-?'
h )
_ REPORT DOCUMENTATION PAGE Bzrgi'ggg,:;ﬁggf,}g":om g
» T REPOAT NUMBER 7. GOVY ACCESSION NO.| 3. RECP ENTS sER \.";-
L /z Cj D
[N o) D)
AR 4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED ::.: '
. Flow Measurements in a Centrifugal Diffusor Final S
. §. PERFORMING ORG. REPQORY NUMBER .g‘-
“ TR_8501 Oy
NI 7 AUTHOR(s) % CONTRACT OR GRANT NUMBER(S) A
. WY N
- Thomas Vitting NO0014-84-C-0766 N
A ' ? PEAFORMING ORGANIZATION NAME AND ADORESS T A L N O e+ TASK ‘ .
SR Exotech Inc. o
. 1901 S. Bascom Ave., Ste. 337 o
SN Campbell, California 95008
S 11. CONTROLLING OFFICE NAME AND ADDRESS 2. REPORT DATE -
) Department of Aercnautics June 1985 o
L, Naval Postgraduate School '3. NUMBER OF PAGES |i,
7 Monterey, California 93943-5100 127
. - 4. MONITORING AGENCY NAME & ADDRESS(I! dilferent from Controlling Office) 1S. SECURITY CLASS. (of this report) -
- Office of Naval Research R
oo 800 N. Quincy St. UNCLASSIFIED Ry
o ﬁ Arh’ngton, Virgim‘a 22217 1Sa. ogﬂc&.gss»:c‘\'noaa DOWNGRADING '-_
:. - 6. DISTRIBUTION STATEMENT (of this Report)
AT, AR
AT e
N " Approved for public release; distribution unlimited "

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, !( dliterent from Report)

. . 6. SUPPLEMENTARY NOTES =
ol N &
-T: 19. XKEY WORDS (Continue on reverse side il necessary and (dentify by biock numbder) -:. -

- Centrifugal Diffuser b

Flow Measurement.
Flow Models,

~_‘_‘ 20. APSTRACT (Continue on reverse side If neceseery and identify by block number) . J
Theé measurement program conducted mainly, surveyed the axial and circumferential -

S uniformity of the flow at the inlet of a transonic wedge-type blading mounted ¥
Ay in the device. Evaluation of the results showed the flow uniformity to be }§1
SIS unsatisfactory. Leakage and other small perturbations in the flow field in .
*, the swirl generator are believed to be amp11f1ed by the basic f]ow conf1g- ‘ S
oo uration of the device. N I : ) -3}£

o DD ,"5n"s 1473  £oimion oF 1 wOV 8813 OBSOLETE o
. . i ." |

$'N 0102-LF-0)4-060) SECURITY CLASSIFICATION OF TrIS PAGE (When Dara Bntered)

7
I B

A_JMJJJJJ.AAJ’_..,




exotech inc.

3rd Floor. 1901 S. Bascom Ave., Campbelt,
California, U.S.A. 95008

FINAL REPORT
FLOW MEASUREMENTS IN A CENTRIFUGAL DIFFUSOR TEST DEVICE

TR 8501

JUNE 1985

PREPARED BY

T. VITTING

SUBMITTED TO

NAVAL POSTGRADUATE SCHOOL, Accesion For
MONTEREY, CALIFORNIA, 93943 NTIS CRA&i
DTIC TAB

Urannounced
Justification

UNDER CONTRACT By
Dist.ibution]
e
_-RA=0 = Availabili
N00014-84-C-0766 ilabilly Codes
it | Avail and/ar
Dist Special

B




- 479

N
-“
- Table of Contents Page
]
- 1. Intreduction coeceveeeevreneesonsens ceresaaes Ceeceesennssacnns 1
i f 1.1 Discription of CDTD and Principle of Operation ....veveeveeaes 2
! 1.2 Work Reported .e.eivseceneseescessssssscsnnscnsonssassssccases U
< 2. Objectives and Results of Work Done ..... et reteacaneann ceeee 5
':'.. 2.1 Hardware .c.coeeeceveancnns cesesaecesncans cesessaesans ceseenana 5
; 2.1.1 Work on Device ...iieieiiieeinnscaanas ceteeesaanans ceeeesetnannnn 5
{ 2.1.2 InStrumentation .e.veeeeeeeceerosassscnsrsaccnansannsas eseaee 5
. 2.2 MeasSUremenNtS s.ceeeresesansssoresssassosasssosnsacononansasasass 7
e
ﬂ 2.2.1 Low Dynamic Head, Different Exposed SVC Lengths ........... eee 1
2.2.1.1 Flow Angle ...... Getetesetertsaacnasannaans Ceteeesecenannannnn 7
2.2.1.2 Total Pressure .......... Gettieenneeene et eseesrectactsanaanns 11
. 2.2.2 High Dynamic Head, Different Exposed SVC Lengths .....c0vuvens 11
2.2.2.1 Flow Angle ....cceirecnecnoscncsasssnnssans Cetectrserreaseasans 11
2.2.2.2 Total PreSSuUre ....ceecessas Cretcasenesaean ceeeaan cecenteanans 15
. 2.2.2.3 Static Pressure Distribution Along Outer Casing .............. 15
: 2.2.2.4 Mass Averaged Total Pressure Losses ...e-v.. Cheecessnarecanons 22
“ 2.2.2.5 Spanwise Distribution of Flow Angle and Total Pressure ....... 25
L 2.2.2.6 Circumferential Distribution of Total Pressure ....... cresaens 26
:;Q 2.2.3 Repeatability of Measurements ..........coeeeveeeuenccnonanons 33
N 2.2.4 Conclusions from MeasSUremMeNtS . ...veveeeeeocsocernccnocoonanens 33
-~ 2.3 Accuracy of MeasuUTrementsS ..eeieeessosrnsnconsaroasosenoansanncss 37
2.3.1 Pressure Measurements ...... G sttt ettt 37 3
. 2.3.1.1  Total Pressure ............. e e 38
b 2.3.1.2  Static Pressure ......... e 38
- 2.3.2 Flow Angle Measurements .......iciieieeeneaesnaiennnnennnnnenns 39 -:~
4 o

n T,
wi,




Table of Contents, continued Page

K
S R

~“ o]

3. Concept for Taking Initial Diffusor Measurements ............. 40 -yf
WY

4. Proposed Hardware Changes ....sceveeesas cevinann teesennsceanes b2 Y e

4.1 Requirements on New Device Hardware ..... ceescesacacsnesesens . 42 . ;;

&
4.2 Design of New Hardware ......ceceveeceseacacscesesosncsannanas 43 ;;ﬁi
3 S. Summary, Conclusions and Recomendations ......cceevvuveeecenss 47 : -

6. List Of References .....veceeeeececoeecnecneasacsoesnccncanees 49
7. List of Abbreviations, Symbols and Indexes ...cevecececcraanns 50 .
Appendix A Design Drawings of Wedge Shape Probe .....cceviveceneccnsse A-1
Appendix B Tables O0f All ReSUILS tieevesrncsccarssnssnsonncansnscnones B-1
Appendix C Design Drawings of Proposed SVC ....cviieeresncscansnncsseaaCl

Appendix D Tables of Loss Measurements With Flow Models ............. D-1

&

.
-0
VT
o0
e
g,
-
“ .

R
vy e

L




List of Figures Page
¥
1. Schematic 0f the CDTD ..cceeeereeeereereereeeereeesesnnsenseees 2
!i 2 Total View of Unvaned CDTD ......vicececnsncocnnscasescsscnanss 3
3. Single Jet Flow Model ..uiiiivuneerineescracccsasocesaconnnnaes 0
= 4, 25 Jets Flow Model ...vvierueinnececossesssenssosscosssnsnscess O
. 5. Spanwise Distribution of Flow Angle, Influence
. Of JW — Setting ...vvvvenunneieneeerernnnsnscossnssoncansacasss B
6. Spanwise Distribution of Flow Angle, Influence
Of JWT — Setting ....vovevesocneneonnccosnscssssarssasnansanses 10

7. Spanwise Total Pressure Distribution, Influence
Of JW — Setting ..veiecesecresecacanassesscncsesnoncnsnssasans 12

8. Spanwise Total Pressure Distribution, Influence
Of JWT — Setting sueeeeeeesesnsnocenencesvacnssccasasssnnaanss 13

9. Spanwise Distribution of Flow Angle, Influence
Of JW — Setlting toivieeeneeeeneeenneencanseascocnssesassaenaes 164

10. Spanwise Flow Angle Distribution, Influence
Of JWT SetLing vuvvvveieeeeeeneecnnnsnasnsasesescncsssasoseseeesll

11, Spanwise Total Pressure Distribution, Influence
Of JW = Setting tuivveverirecneeeencacncnonosonasacsoanssnanans 17

12, Spanwise Total Pressure Distribution, Influence )
Of JWT — Setting t.uvvvuvieerneioencenssacsossvscnsssasasecsans 18

13. Static Pressure Distribution Along Outer Casing and
Contraction Ring; Influence of JWT - Setting .....ceveveeveess 19

14, Static Pressure Distribution Along Outer Casing and CR;
Influence of JW - Setting ......ceevevevernneacns tereerenaessna20
15, Schematic of Idealized Streamlines Through CDTD For
Different JW — Settings .sicevivevecenerecnnnnsooaranenns veeens 21
16. Total Pressure Distribution Near the SVC-Surface, Ref.[2] .... 24
17. Circumferential Distribution of Maximum Total Pressure;
Influence of JW - Setting .....cvevveeeean ceerenans creerceenee 27
18. Circumferential Distribution of Max Total Pressure,
Influence of SVC Position .......eveveenecenennces ceereaeaae.. 29
19. Circumferential Distribution of Max Total Pressure,
Run without SVC .......cciiiiirernnnn et eteeasece et 30
X
........... el e e et e W e L L o
deateiatetecstetatessittishnshosteiaticintinivintuiinbintttiofiatintitiodinuitintiotiahesd ol ot i)




v— -
G e budn g o R R . - .

20.

21.

22.

23.

24,

25.

T T S et . Lo, R
TN T NN R SR .

Schematic of Pressure Distributions on Streamlines for
Vaned and Unvaned CDTD, Not Scaled .......

I A

Circumferential Distribution of Max Total Pressure,

Influence of Diffuser ....c.vivennvennenen

Circumferential Distribution of Max Total
Influence of Sealing ......veivveveeneanns

P /2

Pressure,
34

e e es te s s s s s

o v:\.“
@ i
rev,
O,
B ACY
AN
o !.:‘.
l. e
."
ey
1
RSN
ALY
L
LS
RN,
. o
- -..'\.
\-‘_'-

Comparison of Circumferential Static and Total Pressure

DisStribution vuvieeeveeeenseeeeososancanens

Circumferential Distribution of Max Total
Influence of Blocking SVC .....vvvvnnvennn.

A

Pressure,

A )

Flow Field of Flow Model, Visualization with Tufts ........... 43

Flow Field of Flow Model, Visualization with Smoke ........... 44

3D Sketch of Casting Mold ........oveiiieeienrinrannsncannnens

I TR T PO s
Celt et L A Y

45

- N - . - - - - . . - - A
S e (RIS S et et e
hhﬁn AW OV WS TSNS EVEYLIN S L.

e

ae .,
NI

PR SN W




1. Introduction and Objectives of Project

/ ‘

- The purpose of the work discussed was to verify the.concepts used in the

P oes design of a large scale, low speed, radial cascade wind tunnelféThe tunnel. was e
e e
~ - ::.

. IO
diffusors. :

A major contributor to centrifugal compressor efficiency is the perfor-

‘ "] to be used to investigate flow phenomena in and the performance of vaned radial
i

! mance of the vaned diffusor which closely follows the impeller of the compres- jfﬁ
¥ .

t

sor. The purpose of this diffusor is to efficiently convert most of the kine-

tic energy of the transonic flow entering the vane into pressure.

t_ The design of centrifugal diffusors is presently based largely on expe- ;.f“
rimental results of two-dimensional and conical diffusors. Two reasons for

this dependence on empirical 2-D data are:

1. Theoretical analysis of the viscous, three-dimensional, nonuniform

unsteady, transonic flow with strongly adverse static pressure v

gradients is, for the present, far from being a practical tool for

' . design. '.~:
2. Centrifugal diffusors are frequently evaluated along with the rotor

<. as a component of high speed compressors or gas turbine engines. This

technique doces not yield the detailed and accurate information neces-

l. sary to confirm diffusor design systems, or to provide the basis for

improved theoretical analysis of the diffusor alone. )

The need for an experimental facility which could simulate adequately,

at low cost and in a controlled way, the environment of the centrifugal com-

¢ pressor motivated the developement of the Centrifugal Diffusor Test Device
o (CDTD). It was expected that the generation of a three dimensional flow would

provide improved empirical data on annular cascade performance. The following ool

- objectives were defined for the project: .¥f£
B

1. Develop a large scale, low speed model of a vaned/unvaned radial fo:

diffusor for centrifugal compressors. Efk

- 2. Develop the techniques required for investigating the diffusor flow ?ji‘
t field. N
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3., Obtain diffusor flow field data for computational code verification.

18

4. Apply the experience of a low speed device development to the design

of a transonic speed test device

o o}

[

1.1 Description of CDTD and Principle of Operation

3

A S AP ST S T
.

o e

Figure 1 shows a schematic of the CDTD and Fig. 2 is a view of the appa-
ratus, which is located in the Cascade Building at the Turbopropulsion Labora-

I tory (TPL) at the Naval Postgraduate School.
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o Figure 1 : Schematic of the CDTD

The CDTD is based on the concept of first generating a nearly tangential,

: swirling flow using many small nozzles arranged peripherally along the length

of the surface of a central generating cylinder (SVC in Fig. 1). The angular -

¢ e

momentum of this flow is then conserved as the flow passes outward through an

'
v %o

Tee .
.
sty

P )

annular contraction ring (CR in Fig. 1) and into the test section containing R

‘e n
y
etete

the particular vaned or unvaned diffusor under test. Conservation of anpular

.
-
v

B AP g

momentum determines the tangential component of velocity at the test vanes in 5

N proportion to the tangential velocity at the SVC. The radial component of

s THEDW T YY" ,T,
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velocity in the test section can be

component by changing
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L

e,
L

1eross the surtace of the SV

Pirectlv Jdetermines the averace flow anele inte the test diftusor. This con-
< - tr 1 i~ inderendent of the maenitude of the velocity or flow rate. In addition,
; S wtrol oo the velocity profile into the test diffusor is obtained by e
Vil ow Po-e coniiars Ul o oroadr o te o he Indected, also nearly tancential . .
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nis can be Jdone by axiallyv translating the annular end walls (JW in

exposed SVC therefore,




1.2 Work Reported

In the present progress report the actual status of the device hardware
is described and the results of a measurement program to analyse the diffusor
inlet flow are discussed. Also a new design for a central part of the device,
the SVC, is presented which may provide improved circumferential and spanwise

flow uniformity.

This redesign followed from the high circumferential nonuniformity mea-
sured at the inlet of the test section. A second major result of the measure-
ment program was the observation that the range of the possible flow profile
control achievable by varying the flow through the JW was not wide enough to

be representative of rotor outflows.

A concept was also evaluated which may provide a way to obtain diffusor
measurements with the present design using only one test section instead of
five. Since only one probe can be used with this procedure, the time involved

in obtaining diffusor data will increase significantly.

B
e e |

wal

&

.2
4

PR
»
Q.
’

e

AR Ay
5 ‘l.' ""‘

P

"

‘e
e

1

R
A
v e "
e
IR U

*
(]




2. Objectives and Results of Work Done

o

A Hardware

2.1.1 Work on Device

After some major changes on the hardware, the testrig was reassembled.

The changes affected were:

- Repairing the brass SVC after a burst in October 1983.

- Enforcing it with surrounding safety wires.

- Soldering on sealing strips to reduce the leakage flow between SVC
and JW.

- Installing the straight, wedge shaped diffusor vanes.

With these changes the reassembled CDTD was ready for initial test runs
described later. During the test runs, which surveyed the circumferential flow
distribution, the bearing for turning one of the diffusor walls and with it

the survey probes jammed and had to be repaired.

Due to unexpectedly high circumferential flow nonuniformities the de-
vice was disassembled and reassembled several times. Screens were installed,
different parts of the SVC were blocked, the SVC was rotated, the diffusor

vanes were dismounted and the JW were blocked.

To demonstrate the potential of a new concept to generate the swirling
flow, two models were built, Figure 3 shows the schematic cross-section of a
one nozzle plain surface model and Fig. 4 the schematic cross-section of a 25
nozzlels curved surface model. These models were evaluated by flow visualiza-

tion techniques and pressure measurements discussed later.

2.1.2 Instrumentation

A complete discription of the survev and control instrumentation is
given in Ref. [l]. During the calibration of the wedge-shaped probes, which
were manufactured in NPS workshops, blockage of pressure ports occured. A

redesipgn was necessary to enlarge the ports while retaining the outer dimen-

~
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sions of the probe. The design drawings are printed in Appendix A. The probe

calibrated well after modification. If measurement experience with the probe

type is satisfactory, more will be fabricated.

Cobra-type probes, also manufactured in NPS workshops, showed a low
accuracy for flow angle measurements in the device due to an hysteresis. The

reason for this behavior could not be determined.

To quicken surveys of circumferential flow uniformity, a rake of pitot
tubes was designed and built which allowed ten total pressures in spanwise
direction to be measured at the same time. The flow angle could no longer be
measured, however.

One of the 32 diffusor passages was painted black and furnished with

tufts in order to obatain a flow visualisation near the diffusor walls.

2.2 Measurements

2.2.1 Low Dynamic Head, Different Exposed SVC Lengths

Initial runs with the rebuilt and reinforced SVC were made at low supply
preasures, (Pp - Pa) below 250 N/m2 (10 inches HZO)' All surveys were made at
the same circumferential position and at a radius of 609.6 mm (24 inches). The
leading edge of the diffusor is located at 635 mm (25 inches) radius and the

vane position and angle were fixed.

2.2.1.1 Flow Angle

Influence of JW-setting.

Figure 5 shows the influence of the JW-setting on the flow angle. In all
cases the JWT were open. By changing the exposed length of the SVC and with it
the mass flow a mean flow angle variation from about 55° to about 62° could be
achieved. At lower JW-spacings less than 228.6 mm (9 inches) a rotating stall
occured due to the high flow angle in the wall and vane corner. The average
flow angle decreases when JW-spacing and mass flow increase. With a first order
approximation the conservation equations of angular momentum and continuity may

be used to establish the flow angle :
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Conservation of angular momentum :

=3

Y1 Vo1 T T2 Ve2
. Continuity :
n :: 1
T1Va 1 T2V b
!! Trigonometry :
: ‘ tan (ai) = Vg / vVoi
- 1
SN 2
S -+ a, = arctan (tan(o,) * — )
2 1 11
) The circumferential surveys discussed in detail later showed that the
. :T spanwise flow profiles depend on the peripheral location. Not only the magni-
o tudes of flow angle and total pressure varied, but also the maximum in flow
= angle and total pressure shifted from closer to the southern diffusor wall to

closer to the northern diffusor wall and back. Since Fig. 5 represents the
. flow conditions at only one peripheral position and no average conditions,
V i this explains the reason for the flow angle being higher near the southern

diffusor wall.

< e The actual layout of the SVC features three sealing strips in axial di-
A rection. These reduce the leakage flow between the SVC and the JW. They are
. l! installed for JW-spacings of 203.2 mm (8 inches), 304.8 mm (12 inches) and
. 457.2 mm (18 inches). The device is supposed to be run at these JW-settings
and the wide open setting of 603.6 mm (24 inches) in order to operate with
3 - small leakage flows.

# The sudden jump of flow angle between the JW-settings of 431.8 mm (18

inches) and 355.6 mm (14 inches) can not be explained by sealing strips as

v none are installed between these spacings.

Figure 6 shows the influence of the JWT opening on the flow angle. The
three overlapping curves represent throttle settings very close to each other,
hence the values are almost the same. Once the throttles are opened it is ob-

vious that the whole profile is influenced and not the region near the wall

t selectively. Opening the JWT has much the same effect as increasing the
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exposed SVC length: the resulting mean flow angle decreases as the mass flow

increases.

?ﬁé‘l

2.2.1.2 Total Pressure

& ¢

o
.

Due to the lower mass flow rate, the total pressure drops when the ex-
posed SVC length decreases as plotted in Fig. 7. Another undesired effect also
occurs: the spanwise profiles turn from a bulky to a peaked shape. This is con-~
sistent with the flow angles of Fig. 5. One of the possible reasons for this
behavior is described later in chapter 2.2.2.4 - mass averaged total pressure

losses.

Figure 8 indicates that the effect of the secondary flow through the JW
(controlled by opening the JWT) is limited to only changing the level of the
total pressure. The same effect was already indicated by Fig. 6. The general
shape of the spanwise total pressure distribution is not influenced by the

secondary flow through the JW.

2.2.2 High Dynamic Head, Different Exposed SVC Lengths

2.2.2.1 Flow Angle

Influence of JW-setting.

In all cases described below the plenum pressure had a value between Pa +
5625 N/m2 (22.5 inches HZO) and Pa + 5125 N/m2 (20.5 inches H20). This range
provides higher resolution in recording the probe pressures. Due to the strength

limits of the brass sheet metal SVC, we did not exeed these supply pressures.

In order to survey the influence of the JW~setting more accurately tests
were carried out where only one JW was set to different positions. The measure-
ment locations were placed arround the sealing tubes installed at 304.8 mm (12
inches) to also survey the influence of these sealing elements. Figure 9 shows
the results of these investigations. As expected, the flow angle did not change
much near the fixed southern JW but changed near the northermm JW. The variation

of flow angle was small and in the expected direction: Decreasing the exposed

length of the SVC results in an increased flow angle.

11 P
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Influence of the JWT-opening

s Some tests were carried out to check on the influence of a single JWT
through flow. Figure 10 shows the results. The magnitude of flow angle vari-
T ation is independent on the magnitude of the supply pressure. By opening one
I throttle only just the flow on that side is affected. The range of angle va-
I » riation remains below one degree, which is not satisfactory for good control
A over the flow profile entering the test section. Near the wall a range of

about 5° would be a more desirable influence on the distribution.

' 2.2.2.2 Total Pressure

Similar to the flow angle variation caused by moving only one JW (des-
1N cribed in Fig. 9) the total pressure in Fig. 11 on the NJW side increased when

the NJW was retracted. The behavior can be explained with the same mechanisms

TV HEEYY ¥ or vy v~
r

changing the distribution of comparable cases as described in paragraph 2.2.1.2,

namely, increasing the exposed length of the SVC increases the mass flow and

with it the total pressure.

. On the side of the test section where the JW was not moved almost no

change is visible. The JW movement also has an effect on more than the half

span.

The effect of increasing the mass flow on one side of the device by ope-

. ning one of the JWT is almost the same as increasing the exposed SVC length.

Fig. 12 shows in addition the flow through the JW is not only influencing the wall

N near flow at the entrance of the test section, but at least half of the span.

The effects of the JW through flow do not depend on the magnitude of the supply

pressure, as indicated by a comparison of Figs. 8 and 12.

R 2.2.2.3 Static Pressure Distribution Along Outer Casing

The following static pressure distributions were measured along the outer

. casing of the device and almost to the inlet of the test section. Circumferen-

tial surveys were not possible since the survey orifices are installed at only

one circumferential position. Selected results are presented as the general
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shape alwayvs remains the same.

Ii Figure 13 indicates that the static wall pressures are strongly dependent
on the flow through the JW. The general shape is the same but in the case of

closed JWT the static pressure along the wall is about 500 to 750 N/m2(2 to 3

r. Py-Pa T

?f ['$/1"2]

-1500

-25001

v n Y Y M v

' . 0 i 100 200 R

ON CURVED CORTITR OF CUNTRACTION RING AXIAL DISTANCE ' CINIPE
( FROM 86.4 mm SURFACE DISTANCE ) [mm]

P
TS

N No SJwW NJW SJWT NJWT Vanes vp,
. s 5
181 24" 24" open open yes 5200 N/m
2
————— 180 24" 24" closed closed ves 5200 N/m
- Figure 13 : Static Pressure Distribution Along Outer Casing and Contraction =
Ring, Influence of JWI-Setting
-; inches H,0) lower. According to Fig. 8 the total pressure at the diffusor inlet :%;
is higher when the throttles are open. Since the mass flow through the device :$;
does not increase much (the area ratio of SVC to JW for a JW-setting at 609.6 _f:f
mm {24 inches) is about 6:1) the static pressure also has to grow when the to- ;-j
Py tal pressure increases. .

AR\

L4

19




- LA Ry . - gy v _— — pi e anr ghese ank any, - —~
« PR SR NN SN LR DAL AP ol gt SN SR R N S N R ST R s CaiNieatC St a ARt ol gt

v
s
- Along the outer casing the static pressure is fairly constant until the

flow enters the contraction area ahead of the diffusor inlet, then drops to a

. minimum. In the cnse of wide open JW, however, it increases again before ente-

X ring the test section. The smaller the exposed length of the SVC, the closer

55 the minimum of static pressure shifts to the inlet of the diffusor. In the

¥ case of narrowlv spaced JW (279.4 mm (1]l inches)), the minimum in static pres-
sure disappears and the profile shows a continual deceleration ahead of the

l; diffusor (see Fig. 14).

P -Py |
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Figure 14 : Static Pressure Distributicn Along Outer Casing and Contraction :: ;iifv
) Ring, Influence of JW-Setting . Q:?
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An explanation for this behavior could be that a flow region with low
kinetic energy in the corner of the JW and the outer casing moves towards
the diffusor inlet when the JW-spacing decreases. This low energy region was
found in measurements not described in this report. Figure 15 shows a schema-

tic of this flow region.
LOW TOTAL PRESSURE REGION
STREAMLINES ‘ TTREAMLIXES-——
;!:' "
— |
\svc I) svc/

Figure 15 : Schematic of Idealized Streamlines Through CDTD for Different

JW-settings

In the case of small JW-spacing, the flow area increases continuously
from the surface of the SVC to the inlet of the diffusor due to the growing
radius since the low energy area fills out a significant part of the flow
path available. This causes a steady decelerating flow with increasing static
wall pressures. When the JW-spacing is enlarged the relative influence of the
low energy area is smaller. Following the streamlines there is a minimum geo-
metric flow area ahead of the diffusor where the minimum static wall pressure
occures, The density of the idealized streamlines indicates the location of

the minimum area where the minimum static pressure is measured.
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2.2.2.4 Mass Averaged Total Pressure Losses

Although the probe readings for the static pressure in the channel flow

are recorded they are not yet reduced as the recording was done manually. If

LY

one studies the raw data it is clear that there is no strong spanwise gradient

in the static pressure distribution at the inlet of the test section. It is a - -i
good approximation to consider the spanwise static pressure as constant. o ::::j
o
With this approximation the spanwise partial mass flows can be calcu- o .:-‘...']\'
lated along with the mass averaged total pressure losses. The following equa- H
tions are used for the calculations : . !—-
P _ . - - o o
T - Pr17Pea  (Peg~Peplymy (Pyy=Pyply iy S
- P - ® < ‘é ‘f‘J
tl Ptl % mi :.:
i=1 "
o
P,.-P . - e, ...+ - o T
- Pe17Peo  (Peg7Pep)ytmy (PeyPep)y My Pl
T B _-p = K . = e
tl a (Ptl—P ) _1ml . ‘E_‘
i= ma
=
5
w AT
ra = T Ptl “ t{:-
5 - 3 P -P Y
tl "a a

with m, = p, v, A, o
i i 7171
-
-k
incompressible - oi = p = const. oo
and where vy is of the value : E:
p, . =1 o
_ 2YRT t21 Y NG

v, = (=) - 1)

i y-1 P .
s21
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Typical pressure losses for different flow conditions are :

E Qj Case/Circumference Z (%) 7 (%] Jw JWT
-
A 180/2 2.98 61.6 24" closed
B 181/2 2.87 58.8 24" open
' . C 206/2 3.53 70.3 18" closed
: D 207/2 3.54 71.8 12" closed
E 217/2 3.33 66.9 12",sealead closed, sealed

Since the definition of the loss coefficient { is based on the difference
between inlet total pressure and ambient pressure and not on the dynamic head,
the only two comparable cases are D and E. In all other cases the pressure re-
covery through the diffusor varies due to different inlet flow angles. Thus

the level of static pressure at the diffuv-or inlet is different.

A comparison of the cases D and E points out that the presence of lea-

e kage flows increases the total pressure losses. The mignitude of the loss co- RS

efficient £ in case E is about 5% lower than in the unsealed case. !Ej

:: However, the main component of the pressure loss is due to the mixing :}:5

just above the SVC surface. Some previous measurements, published in Ref. -:}t

. o [2], investigated the flow profile at the SVC exit (Fig. 16). ‘nA

1S ‘-'
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Figure 16 : Total Pressure Distribution Near the SVC Surface, Ref. [2]

There is no value for the supply pressure given in Ref. [2] but accor-
. 2

ding to the maximum probe pressure which occured, Pp - Pa is > 6325 N/m~ (25.3
inches HZO)' Applying the same mass averaged loss determination as described
above, the losses produced by jet mixing are (assuming Ps = Pa as no magnitudes
are given in Ref. [2]) :

Ea= 35% (axial measurements)

Er= 427 (radial measurements)

To the first order the mixing losses can be described with the losses
produced by a sudden expansion of a pipe flow. The loss coefficient for this

expansion is (Ref.[3]) :
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The areas involved are :

A, =60 A = 0.0223 m°
1 sV

A2 = 0.01669m * 7 « 1.0l6m * sin 10° = 0.0925 m2

(assuming the expansion is complete 25.4 mm (1 inch) above the SVC sur-

face and the flow angle at that radius is 80° referred to the radial

direction)
->
¢ = 0.567

This means that the total pressure loss in the case of a sudden expan-
sion is about 577% of the dynamic head, considering the above used assumptions
are true. Since the case of a sudden expansion represents the case with the
maximum losses, this figure can be related to the measured Ca and Cr of 35%

and 42 %.

2.2.2.5 Spanwise Distribution of Flow Angle and Total Pressure

The spanwise distribution of the flow parameters flow angle and total
pressure depends strongly on the JW-spacing and on the circumferential posi-
tion of the measurement. The Figs. 5 and 7 show typical distributions all re-
corded in one passage. (The circumferential effects will be discribed in the

following chapter.)

Although the mechanical layout of the CDTD and the setting of the flow
control devices JW and JWT was axially and circumferentially symmetric, the
spanwise distributions in this passage were in most cases totally asymmetric
about the midspan. Only the case with the shortest exposed length of the SVC
showed a somewhat symmetric flow angle and total pressure behaviour. Despite
the asymmetrv the main effects on the flow angle and total pressure distri-
butions can be determined. Both curves change from a more bulky, flat shape

to a peaked shape when the JW-spacing is decreased. As discussed above, this
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might partly be consequence of a relatively larger portion of the losses be-
ing produced in the corner region of JW and outer casing. A final explanation
for this behavior can only be found if complete measurements of total and sta-

tic pressure inside of the device along the SVC surface are carried out.

The flow angle and total pressure profile contol devices are not effi-
cient enough to influence the distributions as much as expected in the device

design.

Some efforts to influence the distributions by total pressure loss pro-
ducing screens, which were installed upstream of the SVC did not lead to any
measurable improvements as the velocities at that radius of the device are

very low.

2.2.2.6 Circumferential Distribution of Total Pressure

Since the total pressure and the flow angle always behaved in a similar
way, only the total pressure distributions will be discussed. Contrary to some
remarks in Ref. [4] describing the flow uniformity, the circumferential uni-
formity is not good and in fact keeps us from surveying the diffusor flow it-
self.

The measurements used to evaluate circumferential uniformity reported
in Ref. [4] were taken at only four locations, which were too few. The results

presented here are for the inlet of every passage (a total of 32 passages).

Figure 17 shows the circumferential distribution of the difference bet-
ween total and ambient pressure referred to the difference between supply and
ambient pressure (Pt - Pa)/(Pp - Pa) for three different exposed SVC lengths.
Only the maximum of this ratio is plotted. It is obtained from the measure-

ments of the spanwise distribution at the inlet of each passage.

The magnitude of total pressure variation increases if the exposed SVC

length decreases. In the case of full opened Jw (609.6 mm (24 inches)) the

magnitude for P-P P-P
(=) ) - (D) )
AEE- Pa max ‘max AEP- Pa max min
var = 5o Pa
((P - P ) max ) min is
p a
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_ 0.475 - 0.39 _ o N
var = — o039 = 227

In the case of a JW-setting at 457.2 mm (18 inches)

= 467

And in the case of a JW-setting at 279.4 mm (1l inches)

vap < 0:43 - 0.19
0.19

= 126% B
This distortion of the circumferential flow uniformity may have several

reasons. One is inaccuracies in manufacturing the SVC. The smaller the JW -

spacing the larger the relative portion of perturbations caused by these in- };

accuracies. Another possibility is the introduction of leakage flow at the

interface of SVC and JW. As long as the JW are in fully retracted position o RS
AR
there is no leak, however, as they are moved over the SVC the relative error -~ yﬁ,

increases.

Other surveys were carried out in order to determine the sources of the

nonuniformity. In Fig. 18 the total pressure distribution of two flow cases {j.j

.
.
[

'
(2

is compared. These were both runs with the same flow control settings, but in
one case, the SVC was rotated 60° relative to the original position. To sim-
plify the comparison the plotting scale for this case 1is also displaced 60°

in the same direction.

In both cases the JW were sealed to the SVC and the JWT were also

sealed to make sure that no leakage flow influenced the uniformity. No ex- :
planation could be found for the fact that the overall pressure drop is higher, :1 ﬂfﬂ&

when the SVC was rotated. However, it is apparent that the general shape of 'Li;:

the pressure distribution is generated by the SVC since it rotates with the -
rotation of the SVC.
.

In order to survey the uniformity of the inlet conditions to the SVC, g ,
the device was run without diffusor vanes. The pressure distribution was mea- - \?T%
sured at the inlet of the test section. ;_:tifg

AN

The results of these surveys are plotted in Fig. 19. From the obtained - E:é}
uniformity at the diffusor inlet, it can be concluded that the upstream in- }Q :;E :
let conditions at the radius of the SVC are also fairly uniform. (The JWT Epe

S e
JA.,_.-"..“",.‘A'.' 3




FEEREE T W T ¥ W R G s . v e e v w ————

T VT Y

m.' B

. .
E)
R d

e,

. e T
N RGN A ST

8

No SJw SIWT

NJW

213 12" 12"
214 12" 12"

Figure 18 :

Position

29

e T e e Y e e PR
PR G T G Sl S G AP B 2P0, WU, WP AT .

closed

closed

10

NJWT Vanes

closed no

SVC and plotting
scale turned for 60

closed no

Circumferential Distribution of Max. Total Pressure, Influence of SV(

Oy
L

A
o
RS

-
D
-
-

.




4 0N
~ ". l'. l..

5, 4,
.~
YT
o e a
L e N % W

oe'

- -
3

L

- -
s %4
(AN

Pie ek A0

e T A
Salal e
- PR

WK A e "s ¢ "7 | WEES Y v P B W R w owmmmmi v
- ..dil ‘..--‘- ny
:Jq

L
ROAEARE L)

28

.

"
o\

number or Poragsy
24 N
.l "
26 e
’ g

)

W%

.,
0N

SR
%

14 o

I o

‘ \\ 12 -‘-‘:

= s ‘:l:"_

i 10 -

No SJW NJW  SJWT NJWT Vanes Y

S — 215 24" 24" closed closcd no no SVC inside ‘
- b- A
| ;

Figure 19 Circumferential Distribution of Max Total Pressure, Run Without SVC

30

Y. L e

- .

. . . P . N W e e T e e T e O . . B

N L .- oo e e e e e s e e e e e e e e e e e e el T Tt e e T

CAR TR R T U P T S D A e T T T AT N T T T s e . n
PRI S I I SRS AP R P S ISP P S PP OP A AP RPN AT SRR AP NPT SEAPA A VTN T VSV VI PE PV VL L, v, gL Ty




S A na San ooy ek i Snge Ae e s

- were sealed to prevent any leakage.) The pressure dip ahead of passage 1l is not
| ii caused by an error during the measurements as it was reproducable. This lower
total pressure occured over the whole passage width (not only for the maximum

total pressure) but the sources for this behavior could not be found.

i Further circumferential measurements were undertaken to check on the

influence of the diffusor flow itself and on the influence of the leakage flow

o | AN

N at the interface of SVC and JW. A schematic of the total and static pressure
curves on streamlines through the device for the vaned and unvaned configura-

: ‘ tion (Fig. 20) indicates that the value of Pt at the diffusor inlet increases

i if Pp is kept constant. This is due to the lower pressure recovery through the

-

o unvaned diffusor.

5 P _ TOTAL PRESSURE, VANED
P o —_— TOTAL PRESSURE, UNVANLD
o P STATIC PRESSURE, VANED
s N\ 77T STATIC PRESSURE, UNVAED

PLENUM svC DIFF.-INLET OUTLET
Figure 20 : Schematic of Pressure Distributions On Streamlines for Vaned
and Unvaned CDTD, Not Scaled
Thus the magnitude of ((Pt— Pa)/(Pp- Pa))max in Fig. 21 is higher for

the unvaned diffusor. It is apparent that the general shape of the total pres-

sure distribution is not influenced by the diffusor downstream.
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The influence of leakage, however, is significant. On one hand the over-

all pressure losses increase due to leakage at the SVC - JW interface and through

the JWT and on the other hand the general shape of the circumferential distri-

bution changes completely. Figure 22 demonstrates the point.

A comparison of the circumferential static and total pressure distribu-
tions (Fig. 23) indicates that, distinct from the total pressure, the static
pressure is fairly constant and does not follow the total pressure distribution.
Therefore it can be concluded that the nonuniformity in the total pressure dis-
stribution is equivalent to a nonuniformity in the velocity and Mach number

profile (the diffusor inlet flow is incompressible).

Figure 24 shows the effect of blocking four neighboring rows of nozzles
of the SVC from the inside. Some tracing efforts using smoke to feed single
nozzles of the SVC indicated that the flow leaving the SVC enters the test
section after a rotation of about 90°. This observation corresponds with the
data of Fig. 24 - the largest change in the profile occurs after the flow ro-
tated about 90° (the position of the blockage is shaded). It is apparent that
the blocking of these four rows does not only influence the flow pattern where
the disturbance occurs but that the level of the total pressure increases on

the opposite side. The physical mechanisms are not yet understood.

2.2.3 Repeatability of Measurements

To make sure that the measurements were reproducible and did not record
any unstationary effects in the flow field two runs were repeated. A compari-
son of the runs 147 - 148 and 215 - 216 (see Appendix B) proves that almost
identical numbers were measured. Hence it can be concluded that the flow is
stationary and that the measured nonuniformities were not single events but

repeatable characteristics of the flow-field.

2.2.4 Conclusions from Measurements

The results presented suggest the decelerated, swirling flow leaving the
SVC is very sensitive to pertubations at the inlet of the test section; an am-

plification mechanism seems to be inherent in this flow field. (The measurements
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Figure 24 :
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at the SVC surface are not presented but do not show such large nonuniformities.)

.
NN NS SN

The amplified perturbations are produced by two major factoré. One is

F
palfS

b
vy

leakage flows and the other is an inaccuracy in the manufacturing of the SVC.

o a's
.

¥

The leakage flows appear at the interface between SVC and JW and at the throt- -
RS

-

tles of the JW. Due to a noncircularity of the SVC the leakage is not circum-
[ ] ferentially uniform. In addition the leakage flow increases the overall pressure

losses through the device.

By careful inspection of the SVC, whici is fabricated out of six sections

of soldered brass sheet metal, it is apparent that the joints of the six sec-

- tions are different. Due to a miscalculation the sections were too long and

thus the length of the nozzles at the joints is different from the designed }';

e e e,
L4

length. The flow leaves the SVC with a flow angle different from the design

. flow angle.

L

5 S

In October 1983 some cracked solder spots of the SVC were resoldered. o)

: fj After the repair the SVC was 'out of round' in some places and some rows of 9;&
noz..es were inclined at a different angle from the design angle. ﬁ:ﬂ

. "‘-:‘d

L LRy
. The flow control devices - mainly the flow through the JW ~ are not ef- .

ficient enough to control the spanwise flow profiles and the boundary layers.

o
JOR

- ;Q Instead they influence the flow throughout the whole passage - their action

can not be distinguished from an increase in SVC length by JW movement.

- 2.3 Accuracy of Measurements

e The surveys did not measure unsteady effects in the flow, such as high

frequency fluctuations of the supply pressure. The observation techniques r,'
were limited to pressure and flow angle measurements and flow visualisation

with tufts and smoke. ST

2.3.1 Pressure Measurements

All pressures were displayed on a multitube manometer which could be

- read with an accuracy of 2.5 mm (0.1 inches). One end of the manometer was .

e v v a7

-
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open to the atmosphere. Assuming an average ambient pressure of Pa = 1.018 bar

(407 inches HZO) the maximum error in reading the board was in the order of

0.1 o
APmaX = %07 - 0.025 7

2.3.1.1 Total Pressure

The total pressures were recorded either with a cobra type probe or with
a rake of pitot tubes. Since the readings of the cobra probe were not corrected
by the calibration coefficient for the total pressure, a maximum error of about
17 of the dynamic head occured. This error varied with the pitch angle. The

pitch angle was almost constant so that the error is almost constant.

According to Ref. [5] the error of the used pitot probes is less than
1% of the dynamic head as long as the incidence angle is less than 11°. The

rake probe was used within this range.

Assuming a maximum dynamic head of 5000 N/m2 (20 inches HZO) the possi-
ble error which might occur for the total pressure measurements is of the

order of :

AP = AP + AP =0.025 % + 22 = 0.06 %
t man probe 9

(@11 8

2.3.1.2 Static Pressure

The static pressures in the flow had to be reduced from the cobra probe
output of 4 pressures which were also displayed on the manometer board. A mis-
reading of the board (0.1 inches) might add up to an error in the two reduc-
tion coefficients and with those in the static pressure reduction of about 0.1
%. Due to the approximation of the calibration curves by polinomials, an ad-
ditional error of less than ! 7% might occur in the determination of the Mach
number and with that an error of less than 0.6 % in static pressure. Thus the

total maximum error in the static pressure measured with the cobra probe is

The other static pressures were taken as wall pressures or in fact as
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the pressure in tappings perpendicular to the wall. With a correct layout of
the orifices (see Ref. [5]) the pressure in the orifices is higher than the
wall pressure. The pressure taps all have a diameter to length of the drill
greater than 6. According to Ref. [5] the error is proportional to the wall

friction
AP NV 2.5 71 with T = p/2 » v2 s c
s : w w ®

Assuming reasonable numbers for ¢ APS remains below 1 N/m2 (0.004

f)
inches HZO) and is negligible. The error in reading the display is again

about 0.025 Z%.

APS wall = 0.025 %

2.3.2 Flow Angle Measurements

To measure the flow angle (jaw angle) the cobra probe was always balan-
ced and the value was indicated on the actuator. The accuracy in reading the
scale is about 0.2°. The balancing was a problem since the probe showed a
hysteresis, depending on the side from which one approached the equilibrium.
This hysteresis decreased the accuracy of the angle measurements. The maximum

error is about

ba = = 1°
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3. Concept for Taking Initial Diffusor Measurements

Due to the high total pressure gradients in the peripheral direction the
original instrumentation layout is not useable. It requires 5 neighboring pas-
sages with approximately the same inlet conditions. Regarding the results it

is clear that 5 such passages are not available.

For many passages there is a strong gradient in inlet condition over
its circumference so that the pressure is different for the pressure and the
suction side of the blades bounding that passage. As the flow pattern is
mostly generated by the SVC and rotates with it, one can find a single pas-
sage with fairly uniform inlet conditions by rotating the SVC as long as such
a flow enters an instrumented passage. This is a trial an error method and might
take a couple of days for each desired flow condition, since the whole apa-
ratus has to be disassembled for rotation of the SVC. In addition all leakage
flows have to be sealed manually to exclude other sources of nonuniformities.

This procedure also has to be repeated for each desired flow condition.

Based on these suppositions the following measurement concept for dif-

fusor surveys could be implemented :
1. Static pressures
1.1 instrument the passage with two instrumented blades (no Probe:!)
1.2 set the desired plenum pressure
1.3 read static wall pressures and Pp
1.4 read static wall pressures on outer casing
1.5 read static blade pressures on suction side and PP
1.6 read static blade pressures on pressure side and Pp
1.7 shut off the pressure supply

1.8 instrument the passage with the other two instrumented blades

(a total of 4 are available)
1.9 set Pp as in 1.2

1,10 read static blade pressures on suction side and P
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. 1.11 read static blade pressures on pressure side and Pp

1.12 shut off the pressure supply

et

Some of the installed diffusor wall taps can not be read as they are

»
.

located in another passage. The procedure for the total pressures and the

flow angles would be :
2. Total pressures and flow angles

2.1 instrument the passage with one probe at the desired location

AL S

2.2 set the desired circumferential position
2.3 set the desired spanwise position

- 2.4 read these data into aqusition program

g 2.5 set Pp as in 1.2

A 2.6 pre-adjust probe to flow angle

- 2.7 read potentiometer of actuator
2.8 read probe pressures

2.9 read circumferential control pressures

"o a

2.10 go back to 2.3 as often as required

l.l F )

2.11 go back to 2.2 as often as required
2.12 shut off pressure supply
2.13 go back to 2.1 until all possible probe positions are choosen

Note : The test passage is instrumented with only one probe. the expe-
rience with the amplifying of nonuniformities in diffusing flows forces this
reduction. An estimate of the time involved in a complete measurement of the

diffusor flow field for one flow condition yields to the following times
- find the right SVC position 32 hrs

- measure static and total pressures 20 hrs

- each desired flow condition 52 hrs
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4. Proposed Hardware Changes

4.1 Requirements on New Device Hardware

The parts of the device which need an urgent improvement are : the flow
profile / boundary layer control and the generation of the swirling flow. The
means to control the flow profile / boundary layer are not effective, see

Figures 6, 8 and 10.

Several improvements are concievable such as : supplying the JW with a
seperate controllable pressure, concentrating the flow through the JW on the
wall near region, sucking off the low energy flow near the wall just before

the diffusor inlet.

A blower, which could supply the JW with separate air and which could
provide the suction for a boundary layer control is available and installed

next to the CDID and could be hooked up.

Up to now calculations or design studies have not been carried out
which support the gains of such improvements if the blower is used to supply
the required mass flow. These calculations can be accomplished with further

work.

The need to improve the production of the swirling flow is obvious

after studying section 2.2.2.6. The requirements for new hardware are to

provide scaling at the interface of SVC and JW
- provide sealing at the JWT

- keep mass flow and flow angle at the same order of magnitude as the

design condition
- keep pressure losses at the same order of magnitude

- introduce the swirling flow uniform in axial and circumferential

direction

- provide better application of flow tracing methods on single jets

of the SVC
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In order to fulfill the first point of these requirements the surface
of the SVC has to be even. The minimized clearance gap between SVC and JW can

then be sealed with an O-ring or a tube which can be pressurized.

4.2 Design of New Hardware

Based on the requirements a new design for a SVC was prepared. The de-
sign drawings are printed in Appendix C. To make sure that the prinziple of
the new concept works some initial tests with the flow models described in
Chapter 2.1.1 (Figs. 3 and 4) were carried out. These tests included flow
visualisation with smoke and tufts and pressure loss measurements. The Figs. 25
and 26 show contour tracings of some typical photographs of the smoke and tuft
tests (the quality of the original photographs was not good enough for repro-

duction).

TUFT-HOLDER

TUFTS

PLEXIGLASS-WALL

SURFACE OF MODEL

Figure 25 : Flow Field of Flow Model, Visualisation with Tufts

Figures 25 and 26 are side views of the 25 nozzle (5x5 in axial and cir-

cumferential direction) model. There are side walls mounted to allow a radial
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BOUNDARY OF SMOKL

PLEXIGLASS-WALL

SURFACE OF MODEL

Figure 26 : Flow Field of Flow Model, Visualisation with Smoke

static pressure gradient as it will appear in a closed apparatus. Tne supply

pressures are adjusted to a typical flow case in the apparatus.

Figure 25 proves that the flow angles do not change in radial direction
and that the flow angle is very low (3°-4° referred to tangential direction).
Some pressure loss measurements were undertaken but they carry some uncer-
tainties. As the flow model is only 5 nozzles long the loss measurements were
taken above the last row of nozzles downstream. Careful interpretation is
required. Since there was no plateau in the pressure losses visible it can be
assumed that the jets did not mix out before the mixing with the surrounding

air began.

Based on a flow angle of 4° referred to tangential the boundary between
jet and surrounding air from the first jet (furthest upstream) would be only
0.9 inches above the surface at the location of the measurement. Thus at 1
inch there is probably mixing with the surrounding air included in the mea-
surements. Depending on the circumferential and axial position the losses
always reached a level of 50% - 60% for (Pt- Pa)/(Pp- Pa) at 1 inch above
the surface. At 0.5 inches above the the surface the losses were in a range
of 39% - 50%. A complete table of all loss measurements is given in Appen-

dix D.

Using these results a design of a new SVC using exactely the same
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and 6 a concept was chosen, which builds up the SVC out of one basic molded

nozzle cross section was carried out. To fulfill the requirements No. 4, 5
part. The mold will be a machined part to provide close tolerances. Figure

27 shows a 3-D sketch of a section of the mold.

O cLs.caTe 8 7 SN ¢ 0 L S AR Lo s R L et o et Y ) - IR o
-~ e a . . ! la s e 0t . IR RNV SR ) Y SRR S PN DR SN -

3-D Sketch of Casting Mold

Figure 27
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ae
Epoxy rings of 0.6 inches thickness can be cast in this mold and 40 of ]
' such rings will build up to make the whole cylinder. As all these rings have
) the same mold reasonable axial uniformity can be achieved.
(9
- The cylinder has an even surface on the inside and the outside and each
nozzle has a seperate inlet so that it can be supplied with other gases or
L smoke. In order to reduce the mixing losses and the number of parts, the width
- of one nozzle was increased to 0.5 inches instead of 0.25 inches in the flow
- models tested. This decreases the surface with no through flow and with it the
-2 pressure losses due to mixing.
r-
(.
‘.
-
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5. Summary, Conclusions and Recommendations

The work reported is discussed in two main sections. One describes the
hardware status of the CDTD and the other discusses the results of flow mea-
surements. After the final assembly the device was run and the instrumenta-
tion - in the initial phase only pneumatic measurement techniques were used -
was completed. Some auxiliary flow models were built and tested to obtain in-

formation about a new concept to generate a swirling flow.

The measurements carried out surveyed mainly the axial and and circum-
ferential uniformity at the inlet of the diffusor. Evaluation of the results
made it clear that the flow uniformity is unsatifactory for obtaining com-
parable diffusor flow field measurements. The spanwise total pressure and
flow angle distributions are unpredictably nonuniform as well as the cir-
cumferential distributions. Several reasons for this flow behavior could be

established.

Leakage flow which occured at the interface of SVC and JW and at the
JWT disturbed the regular flow pattern compared with manually sealed flow
cases. Although the introduced mass flows caused by an imperfect sealing
are very low an amplification behavior inherent in this kind of flow field
makes pertubations into large differences in total pressure and and flow

angle.

Some other surveys proved that the generator for the swirling flow -
the SVC - itself produced a nonuniform output from a uniform inlet flow.
This behavior is attributed to a lack of geometric accuracy in manufactu-

ring and subsequent modification.

Not only did the generated flow field not fulfill the expectations but
also the effect of the flow profile control devices was less than expected.
Except for the levels of total pressure and flow angle there is almost no

control over the flow profile.

It can be concluded that the actual layout of the device hardware needs
an improvement, which handles the uniformity problem as well as the flow pro-
file control problem. Some possible solutions are proposed in the last part

of the report, affecting main parts of the CDTD, particulary the SVC.
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7. List of Abbreviations, Svmbols and Indizes
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& CDTD

The dimensions of the symbols are listed below unless other stated in

the text.

Symbol

Diff.

JW
JWT

’] NIW
NJWT
NPS

- eXaty

y i,

p,» P
PC

LA i TR I

YR

(
(
{
(
(
{
(
[
[
[
[
(
{
{
l
[
(
[
(
{
{
[
[
[
[
[
(
(
(
[
!

Dimension

2
N/m“ ]
-

’

N/m® ]
kJ/kg K ]

Meaning

area
Centrifugal Diffusor Test Device
Contrction Ring

diffusor

Jet Wall(s)

Jet Wall Throttle(s)

length, exposed length of the SVC
mass flow rate

Northern Jet Wall

Northern Jet Wall Throttle

Naval Postgraduate School
pressure

Perforated Cylinder

dynamic head; q = pv2/2

general gasconstant

radius

Southern Jet Wall

Southern Jet Wall Throttle

Swirl Vane Cylinder

temperature

Turbopropulsion Laboratory
velocity

pressure variation coefficient
spanwise coordinate
two-dimensional

three-dimensional

flow angle, referred to radial direction
isentropic exponent

difference

coefficient for total pressure loss

coefficient for tota) prossure loss
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‘ List of Abbreviations, Symbols and Indizes; cont.

[
P

Symbol Dimension  Meaning

[ kg/m3 ] demsity

: P
o z (-1 sum
)
»
:: Indizes
¢
#
! ’ a - ambient
. man - manometer
L max - maximum
S
. ‘0_ : . . el P
min - minimum o
. v P - plenum
- r - radial .
s - static
o t - total
1 - station 1
. 2 - station 2
C) - tangential
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- Appendix B Tables of all results :ﬁ{
X o
In addition to the abbreviations listed above some more are used N
s in the tables : -
> Tables run no. 123 - 204
> circumfer - circumferential position of survey
n Py [inches HZO]- total pressure cobra-probe
3 o P, [inches HZO]— jaw angle pressure, balanced with Py
: Ps [inches HZO]- jaw angle pressure, balanced with Py
Py [inches H20]- pitch angle pressure
m Tables run no. 205 - 220
'- all pressures have to be corrected by level
o circ - circumferential position of survey, number of passage
i; level[inches H20]- water level of manometer board
. l1..10[inches H20}- total pressures of rake, pitot tubes spanwise
5 equally spaced over 1.95 inches
ii common
all pressures in [inches HZO]
CN1l...CN4 - static pressure outer casing north
CR1...CRS - static pressure contraction ring
1 ] CS11...CS43 -~ static pressure outer casing south
. NC1...NC2 - static pressure end wall north
NJ1...NJ2 -~ static pressure end wall north
'ZE radius [inches] =~ radial position of survey o
SCl...SC2 - static pressure end wall south L2
?' SJ1...8J32 - static pressure end wall south :??;
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386 | 3331 223 | 2 |2.2]|324 | 322 | 222328 ez | oI

383| 27| 328| 20 | A3 | /e | 3 | 322 3Re| 392] I

383 2AS| %30 | 22 | A3 | AT 1320 | 333 | B2 | WL n K
3B3| Ao | 23| 224 | 3249 | 326 | 334 | A48 | %9 | 405 SRR

333 36| W2?| 326 328 B | el | 366 | 399 A

25| 230 324 | 323 | 33 | 334 | 23> | 449 | 36p | 33 N

Bo | BS| 4| 324 | 328 | 331 | 2321 e | as | 29 R

391 | 350 | 33.3| 323 | 223 | 326 | 324 | 323 | 2. | 384 vy

396! 254 | 328 | 3 | 320 | 326 | 322 | 329 | 333 | 380 IR

388 243 | 2232 | 229 | 329 | 324 | 322 [ 323 | 33F | Z3 |

2?8 323) 22| 324 | 2.2 | %232 | 328 | 322! 3¢ [ 292 -

%3 3272 | M8 | 2/ |25 | 36 | 3272 | 322 | 328 | 3eq | ]

63| 329 | 3 | 316 | 220 | 322 ) 3249 | 329 | 340 | 33S | “ g

334 | 332 | X8 | s | 33 | 323|229 | 338 352 | 882 | TZ

NC1 | NC2 | sJ1 ) s32 | Nal | Nj2 | CR} | CR2 | CR3 | CP1 e

Cs12 |CS13 |€s21 |CS22 jce23 |Csat [¢s42 J¢si3 |cs31 il - \x

N
CcHd ——1
- Eiizi_‘.i
B-40 ;j:_i:'_

LN
RSO R R S R S IS e e e e e




OISR Dat s A at tan S Sap ot o> g ge gas ae et s Bod o T
i run no.: 206G date: li-2/1-84 radius: 24 Pa: 9032 NJW: /8" sSJw: /8"
o NJWT: Closedd SIWT:Closed level : 415
b comment: omwe &ine ’f wo228 s lutle SVE -/Ofe.d
% circ.] Pp 1 2 3 4 5 6 7 8 9 10
0 205 |2384 | 249 | 229 1223 | 224 |2322 ]| 220 | 3¢ | 22| 29n
? 1 205 1384 | 9| 22 A | e | 82) | 322 | 291 | 26¢ | 400
i 2 205 | 404 | 2631 328 |22 | 217 | 2223 R8 | 8832]| 2ol 4.2
3 205 | 84 | TSR 24) | 234 | 2| 222 228 | e | 262! 298¢
4 2051 383 2xspl Mol o | 22| 241 | 240] 228 24721 285
5 205 | 390] 352] Mo | 236 | 3q2| M 3| Mo | 334 )| 22
6 205 | 403 | 32| 2481 238 22¢| 3! 333 3321 3¢ 282
o 7 2oS | 4.3 | sl awr]| 3| R3S| 2o | 3281 301 20l 90
8 s | 403 | 8| R | 2336 32 | 22) | RS | S| 38| 4.1
o 9 205 | 393 ] S HS| BS| R4 | R8| 299 | 2| B2l 269
(¥ 10 los | 399 39| B38| Mo | 329 Mol 24| x| =251| 2805
11 5 | 406 34| IS5| A4 | o | 38| 328 | M| X!l 290
12 s | 410 280| %2z | 350 | 242 | 23331 391 | 32! 234 | 4o.9
13 205 | 4o. Dol T | MR | Mo | ol 356 | 8| B®S | 414
_ 14 2S | 36| 33| A | 50 | 63| 3537| 364 | 38| 28| 406
i 15 20S | 280 | 21| w3 | #y H? | 35 | Bz | 32 | zea| 4.2
16 Zos | 384 | 35p| S| 336 | AI | IS | 28| o | wS | 408
, 17 205 | 909 | 2| 352 | o | RI | Ho | M3 22| 22| 339
a 18 < | 4o | 331 353 HMS | A R 233F] R2 | 3T | w2
N 19 205 | 95| 362 393 | 243 | 338 | 26| 335 | 30 | 3ISS| 28E | T
. 20 2S5 | 400 | 28| 30| HRo | RS | 3| 2| 384 | | AL Al
- 21 205 |doe | 32| Sz | ) | 332 | 3R [ ¢4 | 359 | 332 | 40.2 -
22 20S | 405 | 3P4 | 34| ¥2 | 337 RBe | M1 | 22| FRo ! 4o
23 208 | 338 | 330 | 352 | 44 A4t .1 247 ({258 | 226 ] 406
24 2o | 401 | 306 | 258 | M. o | M0 | 42| 50| 226 400
25 20514903 | %4 | AS | Mo | 338 | 332 | 335 | 338 | 32| 2@o |
i 26 205 | 401 262 K-k 222 | s | 832 R | 224 23S0 | 2KS
27 206 | 396 | 359 | 3149 2R | 229 | 2O 2231 92 | 20! 29¢,
28 Zog | 386 | %1 8 | 229 323 | &9 | 3349 | 2, | 357 ] 389
29 2o S| 396 | ¥4 | 242 | Wo | WS | 1S 228 | 236 ez | 286
= 30 205 | 39, 3532 | Mo 332 29 2.9 32.1 22l 32 ®rz
31 2§ | 86| 3406| 320 | 227 | %328 | o | 2 RI| 3.1 88
SC1 SC2 NC1 NC2 SJ1 S§J2 NJ1 NJ2 CR1 CR2 CR3 Cp4 4
23 1213 | 203 | 212 1445 ]| 485 1458 |45.9 | s0.? | So8 | &8 |5 8 ]
CR> |Cs11 |cs12 |Cs13 |cs21 je¢s22 |cs23 |csal fesa2 fesas |eear [ oy SR
¥ 505 | S0.0 |46 | S00 |49, | 497 | 49.3 | 484 | 486 | 492 |48 | 498 | L.ri
CN2 | ¢M3 | CNd m
496 | 466 | 494 T




i’ l.
Y

-

[P

. L
run no.: 203 date: [-22-84 radius: 24 pa: 403 NJw: 12 sJaw: 12" .'_t,.
NawT:closed  SIWT: Closed  level : 4.5 :.’»_ ’;2.-
comment: owe Lime of moedles iu Hle EVC w‘ﬂft—a/ h ;E:
rA

u E
RO
3
WL

IR )

circ.| Pp 1 2 3 4 5 6 7 8 9 10 )
0 Zo4q |43 | 388 | 364 1352 | 35S |24 | 269 269 | 381 | 922 | = E
1 ZoA_ |42 | B85 | 3¢ | 362 | 256 | 35S | 85¢c| 253| ARG | 321 L oui
2 204 | 285 | 263| %co | 246 | 245 | 244 | 242 | 24.9| 35.3| 3374 e
3 Zo4 | Ao | 22.8] 25| 241 | 224 | 23S 3| 2o 28 0] =02
4 04 440 | 413 | BS| %o | S| 48| 35| 288| 43 | ddo0]| s
5 Zoq {444 | 422 | 299 | 333 | 365 36| 399 294! 48| 449 B
6 dod |a42 | 2 | 403} 388! 338 32| 33 | 339 | 2Wo | 42.2 i
7 204 |43.8 | 414 | 299 | 281 | 33| SRo | 26| 366| 226l 909 v 1]
8 204 (423 | 399! 3939 | 366 | 2358| 3IT6! 3¢L | 253 202 43 :

9 204 |a1s | 290 238 204 | 352 246| 46| 25| 23] Mo | oL
10 29 | 413 | 284 33| 354 | 2A4S | A2 | 243>]| 2S8] S5 | 40| "k
11 204 | 4.5 | 32| 8| 2| 2% 32| B3| 285| 40.51 439 | Y
12 17203 | 412 | 38| 359 ] 250! 2351 | 264 | 380 | 396 | 415 | 4. NN
13 | 203 | 424 | 294 23S | 62| 22| 230 | 28] | 289 | 4z | 44.] T

14 | 203 ] 432 409]| 29! | 332 | R0 | 39| 322 | 338 | 287 | 434 ] .. 3
15 120231 426 | 415 | 285 | 2381 2/ | 264 | o] 2. 233 | 40| W E
16 203 430 | 40| 280 | 2325 | 25| 355! 243 46| 225 28.8 :
17 204 422! 23| 324 | 22| 25| 2498 | 2| S| 38L| Ho
18 204 4.7 | 383%| %S| T4 Jo| &3 24| 280! 400 | 422 L

19 204_| 423 | 89| o] 3s2| | 21| wo| 323| 29) | 422 o
20 209 | 430 | 294 | 3o | .3 48! 25| 22| 280 | 4o | 452
21 204 420| Q.1 | %8| I59 | IS | S| 2ws| 282 4ol 442
22 204 413 | 28] 9] 3m3 | 25| 358| We| 2Wo| 400 | 432
23 205 | 420 | 389| 231 | S8 | W2]| %Co| 352| 261 | 232| 4o R
24 2.5 q.! B4 | B3| IS0 e | 2 | Q. 289 | 228 | <12 R
25 20.5 43.2| doo| 36 | /| | M| 33| X2 | 2P| 32 | 4.8 .
26 2o.S 430 2949 | 23.2 Y| 46| 28 1| M8 28| S| 429
27 20.6 4.4 2Bo| e | o | S| ZsSo 262| 2WBo | do.1 | 43.2
28 206 | 43| 2821 230 | 6 | 248 242| 31| 35e| 23| 900
29 206 | 41.2| 28.3] %2es | 23| 5| 238| 32.2[ 339 | 35| 283
30 zZo4 d40.3] 33| 46 | 34 33.0 333 US| 363 290 | a3z
31 204 doo| w2} MMpo0| 2233 | 245 | 69| 293 | 412 430 | 4549
SC1 SC2 NC 1 NC?2 SJ1 S§J2 NIl NJ2 CR1 CRr2 CPR3 Cpd
2ol zio | ziolao | 524|529 | 432|434 | 511 | 595 | §i.8 | 520
CRS5 Cs11 Ccs12 CS13 Cs21 CS22 |CSs23 ORED! CS42 CS43 821 il
Si.B | S328 |S26 | &2 s3.8[S22 [s2.6 | S26 |S22 (S22 |S41 | Sz o
CN2 ch3 cHid
48 5 | 493 | 5.3

.
Y 4

Ty
PN e - .
AR ST e e T

B PR SN

.........................




W
v

E run no.: Zo® date: 1-23-84ragius: 24 pa: 4o? Naw: (0" saw: Ni°
- NIWT: closeo] sawT:closed 1evel : 4.5
o comment: one rro .—f wozvles ;. the LSVC 1‘70¢0/
~ circ.] Po 1 2 3 4 5 6 7 8 3 10
| 0 2049 |4 | 282 | 259 | 25! 2061 ol 285 | 402 | q28 | 458
. 1 2oq |420 | 268 | 280 | 265 | 0| 269 | 269 | 265 | 27> | 400
2 204 | 380 | Rs2! MY | | s a5 | 322 | 351 | B61 | 2BS
3 2oq94 | 365 | 3ol Z2s| 229 | B3| 23S| Pl Ho| 282 4.
4 204 | 420 | 408 | 282 | 3P0 352} M2 2| 3PS | 399 430
5 Zoq | 446 | 425 | 402 | 289 | 223 22| %4 | 23328 296 | 42.¢ |
6 Zod | M6 | @2 | 4909 | 293 | 280| IR0 | 30| 282 401 | 42.¢]
; 7 Zo4 | 4298 | 413 | 291 | 229 | 223 %G| R0 | N8| 85| 424
8 2049 | 44.2 | 4. B2 2F| 260| 38| 258! 262! 232 4.0
- 9 Zoq9 | 423403 | BB| w2 | 23St | 244 | 24.) | 2| 2S2| 3832
i - 10 29 |96 | 8e | 281 | 26| 521 Mol 335 41| 255| 328
. 11 9 | 4.3 | p| 354 | 40 | 323 | RB | 2S5 84| 402 | 43./
12 204 1429 | 285 | 232 | 233 | A9 | e | 2wt | 2P| 39.3| 2.0
13 24 | 423 1 412 | 380| Ro | 2sa | 359 | 3| R0 | dop | 429
14 DA | 44.3 | @21 | 402 | 285 | 3%0 | 2223 | 284 28S| #HS | 442
| . 15 Zoq 440 | 413 | 96 | 282 | 3331 333 R=A| 2RI QK| 429
. 16 29 | 42.9| 412 | 3873) 323 | %62 | %5 | 269 | 3P0 | 85 | Fio |
17 204 431 | 299 | 320 | 356 | 32| A2 | 2SS ¥%s | 382 | 940
18 204 dos| 28| 25 | 823 | ) | e | TE| S| V.3 48
: 19 2o4 4.8 2383>| el as) | x| 35| Bes| B2 900 | 42.S
-I - 20 204 | 425 | 4oz | 28.) | 2649 | 352 | 242 | 350 | Ber | 3.8 42
e 21 Z2q | 433 | 398 | 224 | 36| Mo | 24, | 3T 20| doq | 92.2
) 22 o5 | 426! 2821 ol 5| BTo| 356l el Bl 4o | 44.3
- 23 203 | @25 386 32| 3.4 35) | AR | 22| %2 | RIS | 41
- 24 206 | 42.1 285 | %3 | 354 Hq | 8| Ho| 30| 28| 401
' 25 205 | 434 | 29.5] 230 | P | 334| 235| o] 333 | 388 | 420
S 26 20.4 .9 283 371 3s2| US| M8 | %q L3 Q1 99.T
27 2049 | 424 | 295! 334 | 35 | AS | ¥ | 6! | 381 | doz | 43/
28 204 | 435| 4.3 | 282 | 331 | 3m6 | 351 | 20| 325|283 | 9z
29 209 | 420!l 382 233S| 32 | 32 | He | S| 331 | Res| 39S
i " 30 204 409 | 28.) 9| M. 330 | 25 323 | Ho| 33| 8¢
: 31 24 4.8]| 28S| 39| 229 | R4 | 246 | Rlo | @S| H6 | M1
L SC1 SC2 NC1 NC2 sJ1 532 NJ1 NJ2 CR1 CR2 CR3 CPh4
i 4.9 | 199 1.9 /9.8 | 82.2 &2 | d3o0 | 4?0| &8 | 812 S12 | S1e
C Cr5 Jcs11 lcs12 |cs13 |cs21 Jes22 [cs23 |csd41 {csq2 {cs43 [es3t [ cnt
.Y S| 23| s26 |25 (|S2S|s2e ls2a3 1825 |s23 |sez [s2s | <20,
. CH2 CN3 cN Y
L 4823 | 484 | s1.2
B-43
RS
R I S T O T O P T T e S T O R T Iy St
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run no.: 209 date: 1-2#-84 radius: 29 pa: 90? nNow: 12° saw:. 2"
> NJWT: opern  SJWT: closed level : 4GS :
. comment: | twros &4 +tle 'U]c.,:»?'— uoeges -/OP«—O/ 40 corcec fale 0
'l +#le ﬂou o te crall teas regi

AR

nat
AL

circ.{ Po 1 2 3 4 5 6 7 8 9 10
20.7 d4o0.1 | 26.8 | A5 | 22.2 | 2¢4 2021 280 ) 38.6) 419 |43.2

C N e e,
(o]

el

Zoq | 4.2 | R84 | Re4 | 35.2 | 25/ 35S |] 388 | 38| T/ 2Bz

204 420 | 402 | 282 | 2722 | 268 | 266 | 331 | 38) [doz | 425

.
[eo} EN R Noal ULY VSN NUVY I N o

O

p B
o
i

—
[

—
2%

.70
[

P—
(9]

[
=y

-
—
w

—
[op]
t

—
~J

—
[o o]

—
Vel

-
V]
(]

n

N
—

3]

N
(VY]

N
4>

E %

L J
N
u

NN
~

J
NeoX &¢

t

-
w
3

(98]
—

SC1 SC2 N C1 NC 2 SJ1 SJ2 MNJ1 N.J2 Crl Cpr2 3
o B | 208 208 | 208 |S2.8 | 528 | A8 209 Y YA SR INY
Cr5 |Csll Cel2 JCST3 (CS21 (€822 [(0°s23 (Csal CR42 {osty o qoel
SC2 | AT S22 |628 [S246 18530 (S22 |828 (822 lcepw| =
ch2 N3 N4

A9 362 |43

[~ kD

T Py

..........................................

. B T T TR
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AR AN N A St A A A Aa A il Sad et A St i i e e N
- . - . - - . PR ST, e Mat. A A e . P MU STLAR S el " 0 S ol JAE A A Sl e g e g S ateg &

run no.:2i0 date: [1-23-84 radius: 24 pa:do? NJw: 12°
_ NIWT: Closed  sIWT:closed  level : 415
comment: one line of nozzles ita+lue SVC ﬂ"'sfc-d ; o vores
H’ Tte Gliffiso~
circ.| Pp 1 2 3 4 5 6 7
- 0 Zos | B |80 | =2 4 | 3o 231 | 2z
1 205 1399 | %o . g9 | 333 | %45 ]| 2¢R
' 2 205 1299 | %3 ! 2449 | 224 | 22 | 22t | o
3 Jos | 386 | 248 | 232 | 24 229 | =22 230
3 0S5 |doo | BF | 245 | 328 | R4 VR | 224
5 s | 45| 298] 33S | 2% W4 | =29 =40
- 6 204 | R | 94 | 4 | 264 | T2 | IS | 2.1
7 Zod | 408 B3I o | w2 W2 L9 | 26
8 2od 3388 PRI 2 AS| 2| 43| o
o 9 204 399 | 34| 356 | M2 | 36| 229 V1S
| - 10 Zog 4os Bo | 21 s | 22| 2| 228
11 209 | 402 | B3| %sa | 2| Wwz| 29| 228
12 X4 | 4o | 20| 252 | 328| 234 | Ho | 359
. 13 | 24 | 400 | 222) 356 | =43 240 | 32| 261
o 14 |24 | a4y | 293 231 | 3s8| 22| 256 | Zee
| . 15 0.s | 4i.4 285| 380! 272! 2Ta| 22| =8
16 .5 |+H.5 293 | 338 26. I8 2| 248
_ 17 Z2os | do.é& 2B.0| 269 iy Hel| H 32
i 18 20.¢6 | 40. N0} 32| A | 326] 233! 2SS
.4 19 20.b 389 | 2! M) 232 | 29 | RR| A2
e 20 206 | 94| eS| HB| S| 29 | 2| 2O
- 21 20.6
22 |2os | 385|233 (22 (3239 | 235 {341 | 352
23 120G | 284 | 330 | 32| %2 | 338|460 | 42
29 {206 394 | 66| TS0 | A4 236 | 39 | 3386 : ;
25 (206 2921 20| 243 | 32.3| 328! 326 | 22.9 . .
! 26 | 206 295! %8 | 25) | 32¢ | r2q | 2.3 | 22g -
27 206 do.3 | 27?S| 25| 239 | 228 22| 22
28 e 2821 359 | 242 | 229 | g | X8| 240
29 206 392! 2o | 2246 | 325 | 226 230 | 2249
T 30 206 394 | %L | 248 | 2.6 | 3229 224 | Rz./
- 31 | 206 | 33) 1353 1338) 26| 28] s e =
SC1 SC2 N NC2 SJ1 SJ2 NJ1 NJ2 CR1 CR2 CRr3 Cpd
210 | zia 211 210 1985 | 485 | 44.3 | 949 | 485 | 488 | 49.0 |49/ ::-'.'.:t"
- Cr5 jCs1l Jcsi2 fcsti3 |cs21 [cs22 |cs23 [csi1l |cs42 |cs43 [cs3l | o ol
vy 488 s03| 49.5( 492|495 | 489 | 48> | 486 | 484 | 488 | 25/ |450 j
cu2 | oen3 | ocng .
460 | 466 | 490 ]
O
B-45 B
I ol
e
.




run no.: 2012 date: R-Qg-84 radius: 24 pa:40F NIW: (2" Suu: 2"

NJIWT: closeol SJIWT: closeof level : 41.S

comment: (ortheros d:#u.jo\/ vomes DD?‘,QZQ,OI ba e but Sve ou

12" -lo.roo(
circ.| po 1 2 3 4" 5 6 7 8 9 10

0 20. k¥ 223 138 | 2, | 32 32.8 32.8! 350 | e | 29,

1 o4 | 2p. A4 22.) 213 222 3231 229 | %% 1] 28
2 Zod | 3680 | a5y | 334 | 22.) 2.8 | 2. 324 | 2334 | 350 | 328
3 D4 | 393 26.0 24.2 3o | 225 | 223 | 32| 3549 | 234 s 2 Y>)
4 204 | 39 2SR | 342 | 239 | 333 | 338 | 249 | 2S5 | 282 | 408
5 20.5 | 286 | 2& 242 | 2381 338 | MMs | 2ca) 3| ass | a0
6 20S | 268 | 28| 3.1 2| A3 249 | 252| e | 329 | 4o
7 205 | 329¢% 28| =% 24. 338 | 240 | 3¥4 | 352 | 3632 | 385
8 o5 | 400 | 232! 355 | 242 338 ! 238 | s ]| 353 | 2332 2384
9 o8 | Vs | %4 297 | 238 | 236 | 320 | 243 | 259 | 24 400
10 oS | 285 | 248 | 234 | 239 | 23 322 | e | 23 | 231 XA
11 ©S| 290! 22 | 28 | 222 | 234 | He | 336|222 | 284 | 402
12 | 204 | 290 | 3¢ 338 223 | 24 | o] 832|382 doo | 41.9
13 o4 | 2031 2 254 | a8 iso | 3s8 | 269 | 283 | 3¢S | 4.
14 Zo4 | 4o. 234 | 3581 350 | 249 | 353 | 2% | 333 | 388 | 41.3
15 204 298| 2S5 | 30 4 243 | 2> | 394 266 282 40.9
16 204 293 | 252 2A.) 236 33.2 24.1 2498 | 20 336 | 40.3
17 204 289 | 25 2272 | 332 | 233 | 339 | 246 | 353 | 20 | 294
18 20.4 2903 | 355 | 33.9 | 332 333 )] 338 298] 259 232 33.3
19 204 295 | %o | 244 | 236 | 3234 | 338 | HI | B0 | 33S | o2
20 204 | 366 | 264 A0 22.2 | 234 335 241 2g2 | Re9 | 40
21 204
22 20.S | 38.1 | 44 330 322.6 22.8 33.3 24.0 35 26.6 | 38.¢
23 20.4 2.3 | 246 | 3232 | 25| 324 | B225| 329 | 33.3 | 3ss | 2e§
24 204 389 | 358 | 243 | 33 324 | 21.8 219 | 223 | 226 | 334
25 2o.4 do3 | 330 | Ho 336 226 | 221 22 28| =2 235
26 204 | 4o | 269 | 249 | 335 | 3232 | 2223 | 3246 | 225 | 35 8.2
27 204 404 368 | 248 | 33.2] 226 225 | 23.1 2¥2| 28| Bps
28 204 d0.0 | 2.6 | 246 232 | 3251 39| 352 | 266 | 239 | 406
29 Zo4 39s | 366 | 3 221 | 25 | 324 28| R3 | 3s2 | 282
30 204 29.2 T 1 338 | R4 RWe | s | 28 Rel W2 22
31 204 Bo | 328 | 224 | 2.1 23 | %272 | 333 M2 | 3532 | B9




F'- ARAMEASMVENCAEASAN

run no.: 213 date: 12-13-8% radius: 24 Pa:<40? NJW: 2" saw: 12°

NIWT: closedl  SJWT: closed level : 41§

comment: (oithout 0‘/'6‘\4-\0" vawes Sve oA Hae inside. seaded o f 12° arth

hard Q)am and gvlncon Qir _caf/% /,.f(?(.,)raﬁo Sealeq/, IO necved
o /2
circ. Pp 1 2 3 4 5 6 7 8 9 10

0 206 | doo] 28| 22.3] 226 223 | 224 | 22/ | 2449 | 24 | doop
1 0L} 290 | HAo | 222 | 8 | 220 | 225 | 22> | 342 | 26/ 298
2 Zo.b | 233 32.3| 2.0 22 | 219 | 326 | 234 | 244 | ReS| dos
3 200 | 28| 28l 33 | 22 | s | 319 | 224 | 22 2| 2 | 29,
3 206 | 285 | 3BS| R | 221 38| 221 31 | #H#AI| 264 | ¢
5 200 |08 22| A1 | 2331 | 326 | 323| 34.2| 2E8 (233 | 40.8
6 206 |do | 254 | 235 | 2291 321 | 232 | %4 | 25| 322 | 408
7 20.6 | 402 )| 3221 328 330 | 236 240 | 24P | B4 | Ao
8 Zob 1409 | Zo| 339 | 229 | 222 | 228 | 230 | B34 | 259 | 3949
9 2006 | 4.2 US> 245 | 2331 225 | 2223 | 224 | 328 42 | 2328
10 2o6 | 920 | 329| S| R8| 228 | 2o | B | W2 | 22 | 381
11 200 | 4> | 2461 23) | 226 | 2.9 | 228 250| 26| 283|409
12 206 | 413 20221 222 | 324 V) | 20| HAY | 263 | 3792 | 4.5
13 206 | 398 | 249 | 22 28 | 232 | 233 | 43 | B | 268 | do.<
14 206 |40.8 | 265 | 350 | Ao | 335 | 332| 332|336 | 250 | 390
15 o | 4.8 | B2 %64 | 35} 4.2 | 334 | 329 | 23 | A2 | 380
16 Zo6 | 42.) 222 | As | 335 | 2332|222 | 334 | 24.1 34 | 2382
17 206 | 33| 2325 | 2.8 | 322|220 Ao | 351 | 4 | 22¢ | 388
18 2o6 | 2873] 339222 | 327 | 33.2 | 350 | 362 | 825 (389 |43
19 2o | 389 | 246|336 | 33.3 | 23323 | 335 | 4.1 | 350 | 363 (413
20 206 | 40.9 | .2 | 355 [ 4.2 | 334 3Ro0| 322 | 243 | 22 | 402
21 2o (421 | 377 | 355 | 24) | 33.3{ 320 (224 | 246 | 262 | 294
22 206 | 405 | 361 | 243 | 234 | 2332 | 335 | 244 | 358 33 6| 4o
23 204 288 | 35" | 24/ 33 k.9 | 33/ 2328 | 353 | 3272 | 402
23 2ol | 299 | 3358 | 240 | 331 28 | 23.2) 241 | 356 | 2333 | 40q
25 206 | 4o | o | 339 | 328 326 | 331 | 240 | 255 | 332 | daz
26 206 | A48 | 359 | 236 | 226 | 24 | 328 | 336 | 23S0 | 28 | 40
27 20.0 s | Is.e| 334 | 224 322 | B2S | 333 | S| B4 | 299
28 2o | 4at | 33| 222 | 322 | 320 | 22.3 ] 30| A2 | 350 | 3813
29 20 294 43 | 28] 38 | 2P 39 | 225 | 2322 | 3s4 | 382
30 2046 8.2 354 | B | 32.3 | *R 2.6 S2.1 231 24.8 284
31 Zo6 | 400 | 362 | 3A4 | 320 | 32 320 | 328 | 2338 | 356 | 389
sC1 sc2 | NCl NC2 sJl sJ2 1 N3 NJ2 | CRI CR2 cr3 | cry
20.8| 20.8 | 20.8 | 20.8 | S20 | s2.0| S1.0 | gi.s | 46.¢ 485 | 498 | So.2
CR5 |CsS11 [c¢st12 |cs13 [cs21 Jes22 [es23 |cs41 {csa2 [csi3d fesn !
00| Sto| spt| S0t | 3| svz| S0.8| Soo [sOz |S072 | 495 | S0
cn2 | ocus | oond
Sv3| sos| S




.......

.....

run no.: 24 date: 12-1%3-84 radius: @4 pa:do?* NIW:[2" sJw: 2"

NJIWT: closed  sgwT: closed level : 415

comment: Sawe aowoliFong s 215 buf SVC +Fred G0° iu Olirectrion.

57 seoirl
circ.l Pp 1 2 3 4 5 6 7 8 9 10

0 ot | 40S 1S | 249 | 33| | =281 2221 242 | 35| R22 |1 &9
1 20.6 2120 240 | 330 | 228 1 3331 242 | RSe | B2 | 332
2 Zo6 | 38s | 252 | 225 | 2272 | 224 | 30| 232 | 242 | ez | 34
3 2o 1295 | 2s<| 222 | 226 | 2223| 24| 22| 232 | 248 | 2872
4 206 | 4o, 22| AS ]| 221 25 |1 24 | R| 338 ]| IT2| 282
> 206 | 402 | 353 | R3 | 237 | 1o | 228 | 23 d8 | %S| 389
6 206 | 293 | 2a5| 25| 206 | 322 | 226 | &3 xS | 3s8 | 225
7 206 2861 228 .8 | y7 | 222 228 | 334 | 42| 368 | 8%
8 20¢ | 363 | 240 | 28 | o | 221 | 226 Rz | M| 89 | Rg
9 206 | 403> | 264 | 242 | 20 | 2% | 232 | M2 | 356 | BPo | 9sS
10 206 | 4.0 | 267 244 226 2S5 | Mo 48 | 2 2318 | 409
11 20. 421 | o | 41 |35 | 226 | A | 242 | x| 3| 408
12 206 1 420 | 259 | 238 | 233 | 235 | 240 | 249 2<.| %65 | 40.2
13 206 | 420 | 3L | 243 | 22 222 |1 3234 | 336 | 4o | 250 | 38F
14 2o¢ | 424 | 280 | 3S6 | Ao | 333 | 29 | 220 | 25| #Me | 328
15 206 | @24 | 32 | e | ) | R2| 1 | 33 241 | 24| 2827
16 206 | 4.8 | b | 241 231 | 221 | 2239| 249 | 2n) | 232 | z8C
17 (206 {402 | 250 | 332 | 220 238 | 23S0 | %62 | 229 | Re| 4o
18 206 | 409 | 259 | 242 28| M M8 | XS0l %9 | 280 | 40
19 20(f | 418 | B0 | 2.2 | 35) | AS | 2 | 242 | 24| 259 | 294
20 |20 | 422 | 3B8p 263 | 3353|248 | A2 | 25| 244 | AL | 382
21 20{ 1425 | 262 | 225|225 |1 229 ]| 23S | 228 | B8 | 244 | 23|
22 Zos | 280 | 2332 %25 | 2 | %3 RI| A | T | 20 | 2B
23 205 | 338 | A2 | 323 | 333 | 240 | 35t | 262 | 324 | 384 | doq
24 205 | 289 | 23| 32 | 44 A2 | 2o | 54| 26, | 82 |40
25 205 | 445 | ZR9 | % KBe | A2 | 239 | *di | 241 | ze2 | 2384
26 205 1 4% | 339 | %0 | 248 | A2 | 23| 329 | Mo | 359 | 28p
27 205 | 4y 269 | 250 | 24| 2133 | 238 | M| T3 | 248 | 298
28 20s 404 | 259 | 24. 333 | 232! RS | Ao | =< %6 | 292
29 205 | do.0 259 | Hpo | 32 22.8 | 330 | 232.5| 2449 | zs8 | 280
30 200 |03 | 262 | A2 33.0 26 | 2.2 ] 321 41 2A8S | BB.6
31 20.6 | 40.5 %S | A2 23. R3>] 330 338 | 35 72 BS
SC1 SC2 NC1 NC2 SJ1 SJ2 NJ1 NJ2 CR1 CR2 CR3 CP4
22.21 222 1216 | 21t | Sl.Oo | Sip | 508 | S8 | 476 | 483 | 485 | 48&
CR5 [Cst1 Csl12 |CS13 |cCs21 Cs22 {C823 |CSs41 cs42 jcsd3 (s Cwl1
486 | 491 | 492 | 493 | 492|495 | 50 [ 488 | 489 | Do |492 | <492
cnN2 | ex3 | cna
S5az| so.r | s0.2

-----
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........ EAME Sl Al bl gl Ml iy § Al b nall callinf g (o8 dnd ';'.!."t"v-'s o

o
ﬁ run no.: 21 date:i2-13-84 radius: 24 pa: 407 Ngw: " saw: ©°
NJWT: closed  gguT: closed  1evel : 4LS
comment: without vaunes wﬂwwf’ SVC CJ/UJ“ radliol Med'f‘*"«’) )
0 woved +o 12° a,«.d aA)T' cealed

circ.! PD 1 2 3 4 5 6 7 8 9 10
0 291 1233 |21 | 29 | 2237 | 327 | %28 330 | 3.2 33.3| 334
1 291 [223 22 | %226 | 328 | 223 | 228 | 330 | 332 | 334|335 | B,
2 201 {223 012331 [ 226323223 | 208 [ 223) [ 23, ] 282] 334 | -3
3 29] | 232 | 3Ro | 328 | 2.3 | 2323 | 32.8] 3o | 332 | 333 | 34 |
4 29) | 232 | 330 | 28 | 223 | 227 | 328 330 | 332 | 332 | 324 R,
5 291 | 3%2 | 32p | 328 | 223 | 2232 | 28| ko | 222 | 33.3| 324 RO
6 291 | 232 | 3vo| 229 | 322 | 222 | 220 | 234 | 332 | 222 | 334 | W& |
7 281 | 235 | 23] 29| 2e| 22| W9 | A1 232 | 334 | 33S
8 28] | 233 | 33.1 o| el 2281 228 | 22) | 33.¢, | 324 338
9 29 | 333 | 321 Bo| 2g | 2221|3229 | 2, | 332 | 234 | 35S
10 291 | 2| 33 229 | 322 223 | 228 | 2o | 332 | 333 | 334
11 29| 34 | 23| Bo | 29| 229 | 320 32 | 3%.2| 232 338
12 291 )| 325 W8 | 6| 326 228 | 29| zs! | 333 | 333
13 291 | 233 ]| o | BB | 2| 26| 223 | B9 | 32 233 | 334
14 291 | 323§ 33) SN0 | 28| 222 | 28] 320| 332 | 3885 | 329
15 291 | 2232 2272 | 30| RB| 227 | 328 | 220 | 332 | 233 | 324

16 291 | 323 | 334 | 3o | 2o | 223 | 28 | 329 | 32 333 | 334

17 29) | 333 | | 320 223 | 22| 222 | 228 | 231 | 332 | 33.3

18 29) | 3331 32331 330 | 28| 22| 2232 | 8| 331 | 33z | 33%

19 290 | 2221 231 | o | 22| 22, | L | 328 | 332 | 333

20 29) | 429 | 1| 28 | 3.3 | 2204 | %6 28 | 23 31.2 | 333

21 29) | 334 22 | 229 | 2221 2¢ | 22¢ 28 | 221 332 | 213

22 280 | 233! 21 230 28| 26| e | 329 | 321 332 | 333

23 291 | 333 23, | 220 28| 26| W | 329 | 331 | 333 | 324

24 29.1 3323| 23+ | 230 28| 22 | 22 | %29 | 332 | 333 | 324

25 281 223 | 23 250 | 228 | 22061 32¢ 229 33.1 2311 334

26 29/ 332 20 | 2291 3| ¢ | 22 228 | 33l | 323 | 334

27 29 332 Zpo| 229 | I W | 226 229 | 3 | 332 | 233

28 29)_ | 233 | 33, 29| 22| 226 | 326 | 228 | 23) | 332 | 33.3%

29 291 | %32 | ol 29| e | ¢ 22¢ | 320 231 333 | %34

30 26/ | 322 | 220, 3291 23 |32¢ | 2o | 330 | 332 233.3 | 234

31 294 | 332 | zp0| 228| 22.>| 2260 | 326 | 2330 | 322 | 1| 25TV

SC1 SC2 NC1 NC2 §J1l SJ2 NJ1 NJ2 CR1 CR2 CR3 CR4

Nol 220 | 222 [ 222 | 935 | 22.5 | 336 [12.6 | 49.5 | 45.6 | 4249 | 28,

CR5 |CS11 |cs12 |cs13 fc¢s2)1 |cs22 {cs23 |csal [cs42 [csa3 [cs31 | coni

UL |1 3BS [ 2335 12325 | 236 385 | 226 (225 | 226 | 326 | 326 328

CN?2 CN3 CN4

333 23231 238

..............................

..............................................
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------------- DO R e A I AR R S Y S S e e e AN B ad Sk 2

4K

run no.: Zlé date: 12-13-84 radius: 24 Pa: 403 NJIW: 12" sgw: 12°
NJWT: closed SJWT: dosed level : 41§ .. ::
comment: Sowe comditeous Like IS h

#
W
circ.| Pp 1 2 3 4 5 6 7 8 9 10
: R
2 " "
3
4
5
6 29.1 | 232|320 | 329 | 2232 | 222 {329 | 33! | 332 | 23.%]| 33.C 0
7 291 33.2 | 331 228 | 228 | 322 | 229 | 33.1 22z [ 234 | 33¢ o
8 29.) | 23.3 | 231 %30 | 328 | 228 | 229 330 | 333 | 334 | 339 )
9 291 | 283 | 234 | 228 | 228 | 223 | 2298 | 230 | 222 224 | 335} -
10 29.1 | %23 | 33 328 | 3237 | 327 | %28 | 330 | 33.¢ | 232 | 334
11 29.1 | 234 | 33, 3o | 329 | 229 | 330 | 324 | 322 | 333 | 32¢
12 291 | 6 | 329 | & | 3232 | 22| 228 | %9 | a3 | 333 | 329
13 24.1 234 | 230 | 329 | 3223 | 322 26 | 3o | 322 | 333 | 234
14 280 { 3338 | 32.! o | 28| 222 | 2/ | 3Bo | 322 | 22t | 3237 Rt
15 | 290 | 333 | 232 | 330 | 328| 32| 28| 3o | 332 | 333 | 35| H
16 :
17
18
19
20 -
21 -
22
23
24 .
25 _
26
27
28
29 o
30 =
31

SC1 SC2 NC1 NC2 sJl §J2 NJ1 NJ2 CR1 CR2 CR3 CRY

CR5 {cs11 |cs12 |cs13 les21 les22 |es23 lcsa1l fcsa2 lesaz [es3 cnl o
]
CN2 | cN3 | coN4 -

..............................................

...............




E run no.: &% date: 12-18-BAradius: 28 pa:40% Now: 12" sgw: 12°
NJWT: Closed SJIWT:closed 1level : 4§
| N comment: wrihowt diffeser vanes ; SV inside sealed wp 4o 2 ; Jw weoved
i doiz* | Juor geaked Sealing fbes at 8’ pluged
=2 circ.] Pp 1 2 3 4 5 6 7 8 g 10
0 Zo.2 | 389 244 | 3> B2F | 325 | 20 | 241 | TS | X0 | 396
i 1 Zo.2 1386 | 352| A2 | e | s | Ro | 339 | 252 | 270 | d4o2
" 2 202 | 182 | 42| 220 322 | 32.2 . 222 | 244 26z | 2832
3 203 | 88 | ®#2 | 8| 2o | I3 29 | 224 | ;s | 252 | 292
4 20.3 K4 | 35 234 | 222 | 2.8 .9 222 | 240 | %52 | 391
5 2.3 | 402 26.1 M2 | 320 | 321 330 &0 2 | 32
6 202 | 402 | 263 242 | 23 | o | 332 | A5/ | 262 | 38F
L 7 203 | 00| 6| 245 | 2334 | 223 | 239 | 350 | 265 | 284
) 8 202 | 40.8| 26| 244 | 2333 | 221 | 333 | 326 | 250 | 208
- 9 Z03 | 404 | o | 233 | 826 | 2.5 | 22 230 | 3238 353
o 10 o3 | 402 | 2 239 | o6 | 320 | 222 | 228 | 232 | 249
11 20.3 4.3 202 | 239 | 32.3 | 32.32 | 3.1 249 | 3.3 | 327%
12 203 | 4.8 | 2wy | 42| 332|332 ]| 24, | 3ss | 2ol 38.3
13 203 |41z | 39| 352 | A 23321 338! S | 56| 323
14 203 | 4.4 B | L |45 | Mo | 86 | 23] 2338 | <o
. 15 3 | 4.3 3o | #8329 | 326 | R2T| 22 | 228 | 323
16 23 | dop | 2| 3381 328 1225 | 224 | 325 | 228 | 32.¢
17 De | 402 | 2B | 2S5 |1 322 | 49 22 |26 | RL | B
18 703 4oy | M4 | 2S |20 1225|1249 | 60| 28 | %8
19 2% | 95| 35y | 242 |1#H2 |20 | 362 | 224 | 385 | AS
a 20 202 | dog | 28 | SL | HAG | A0 | =23 | 2o 323 | 290
21 2 | 414 | 23 39 1 HYG | AF | HS | HFI | 2L | 2720
) 22 Zo4 | 40.3 23.) 254 | 242 | 2281227 | 242 | 32 | 29
23 23 |44 | Mo |33 1382 1324 | 322 1226 | 242 | Zeg |
24 20% | 403 | 269 | 352 | 40 | 221 229 | 33/ 0l 2?
25 202 | 408 | 1 | 351 | 322 1330 | 3246 )1 330 Ho | 354
- 26 0% 141.) | 3301 34.2 | 232 |1 3251324 | 2201 34/ | 353
, 27 203 4o | 202 | Mo | 222 | 322 | 322 |1329 | 342 | 358
28 23 | 402 | 361 | 241 | 228 | 325 | 329 | 338 | 32 | 360
' 29 D3 | 290 | 350 | 334 | 2L | Xe | 332 | M2 | 359 | 28
. 30 203 | 280 | Mo | 2281 227 | 2.8 {3 | 2326 | 33.5| 2350
31
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.....................................................
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run no.:
NJIWT: ¢losed

21® date:
SIWT: closed

level

12-25-84 radius: &4
: AU s
Svc insiole tealeof wp fo (2 “ (7\)

comment: (oot dnﬁk\w voeuves

woved 4o 2"

@cdaf e ft-S'dg (easf - s:de)

pa: 407 NJw: 2"

SIW: (2

ouor ;w&e,d 4 reeos oj wozples 0(7‘/‘4: Lve

circ.| Pp 1 2 3 4 5 6 7 8 9 10
0 204 | 290 | 31 | 242 | 240 | 227 | 2332 | 40| H32| 360|38s
1 Zo4d | s | 350 | 2.5 | 320 | A29 | 1) 224 240 | 3521138
2 2o. 328 | 329 | 222 | 2. 23| 326] 329 | 3346 350 | 328
3 ZoAa | 331 | 225 | 3l | 32| 320)1 322 | 324 | 32| 49| 384
4 Zog 22/ | 323 | 3.6 23 | 2.8 | 39 32.1 28 | 45| 382
5 Zo4 2751 334 | 224 | 219 | 38| 2o | 325 | 333 | 2AS| 33S
6 o4 288l 249 324 22.6 24 32.8 228 35 25| 3289
7 204 284 | 355 | 22.% | 223 | 325| 228 | 22L | o | 321 | 4.2
8 204 | 4p.6| 20| 233} 22721 324 | 224 | 32% | 33.5| 354 | 396
9 2cd | 409 | 20| 33| 2231 220 | 220 | 321 1 %s | 338 322
10 29 | 41.) 2.0 | 323| 320| AR 3P| 220 26| 2281 2720
11 204 | 419 | 242 | B3| B2 [ 216 ] 322 321 | H4s| 26| 389
12 Zo4 | A | 222 | 31.2 | 2L 38 | e | 334 | AP 29| 4.2
13 209 | 404 | HAl | 32) | AS | B | 249 | 329 | 33.2| 356 | 40.2
14 204 | 4.3 2.1 #o 2232 | 322 | 320 | 320 322 | 325 | 380
15 Zod | 42 | 3322 | 2SS | 29 | B2z | 324 | B8 | e | 225 | 370
16 sod | 430 | 2 Wk | 4 Wwq | 23 | L2 225 | 173 %8
17 Zo4 B2 1 38| Ao | 2A 221 R 1 BT | TR | e 3B2
18 Zo4 2492 | 335 2285 | &8 B30 | 52 | 22| 2841 384 | 49
19 fod | 4oz | B | AL | 329 Ho | A6 | 354 | Z6q | 380 | 41
20 2o4 41.2 332 | IS | A2 322 | 234 286 | A3 35B | 29z
21 Zo4 4.9 | 33 355 | 295 1 239 | 332 ] Ao | HAS | 22| 386
22 Zo4 | 45| 29| 356 | 251 | A9 | 233 | 261 | 233 | 385 rs
23 204 | 409 | 3?4 | 204 %) 362 6| Vo | Bl PS | 42
24 Zo4 doc | 38| 262 | 362! 306.2| 262! 32| 380|333 | 46
25 Z2os | 368 | Is? | 350 [ o [ 351 | 385 | 2o | 2] 3291 4o
26 2os | 384 | 35| A9 | Mo | 2d0 | T | 352 | 6.1 | 223 | 395
27 2o | 394 | 2 | 33 [ 3o [ 352 | 23¢8 | S| 223 | 381 | 2959
28 20 8| 23 23 | 262 265 | 232 280 | 283 294 | Jo2
29 205 | 298| 228 330 | 264 | 26. 2.1 | 265 | 323 | 384 | do¢
30 20S | 400 | 2729|1269 | 262 | TS | 33| 22| 3®6 | 6| 288
31 2o.4 288 | 27 S99 | 2| | XA>| A5 | HAb | 25 262 | 386
SC1 sc2 | nci1 NC2 | sJ1 $J2 | NJ1 | NJ2 | CRI CR2 | cr3 | CRY
03| 20?2 | 2?2 |22 1514 | 514 | 0.8 | S0.8| 4720 | 425 | 4722 | 48z
CRS |Ccs11 |csl2 |cs13 (cs21 [cs22 |cs23 [cs4l {cs42 [cs43 [cs3l cul
484)| 495 | 49.2 | 49.) | 480 | 485 | 48¢ | So0.0 | o8| 209 | 492 | 494
CN2 | cN3 | cNg

Yo | .9 | o2




Rl R e ot

el N A 'l Ch 00 A0 Gt OB 08 RAR A Ar i 0~ & & s~ o o ‘r?j
Y

Lo 50
2
A t

run no.: 2!9 date:04-1S-85 radius: 24 pa: 907 NIW: 8 sJu: 8"
NJIWT: doscd SIWT: clo.scd level : 0.0
comment: without dtﬁk«)w vones . SVC insiole Sealed up o 8" 26u

s
"L{L .,

E uoved 4o 8" (over e Casémcl":ﬁ -/uéfa)/ 20T gealed
e
2 circ.] Pp 1 2 3 4 5 3 7 8 ) 10
" 0 9t | 4d0.8] 3321 43| 21.8 ]| 202} 2072 ]| 21?2 | 229 | 32.%| 29
! 181 | 299 | 2sp0]| 232 LI 2o | 2| | 334 | S | 3So | S
3 (9) | 38| Bo| o5 | 2| 209 | 22) | 23S | 248 2s8| 322
’ 1891 | 28| 222]| 204 | 296 | 282 | 202 | 321 | R2el 254 | 283
’ (9.1 3V6| 248| 329 | o | Be | A9 | 3273 | 223 A9 380

191 do6| 23| 320 | 229 | 2RO| 40| 3S! | 3>+ | 261 | 381
9.0 29| K | 324 | 22 3271 28| 23S0 | %6} 269 | 388
190 2G| 2as5| 228 | 22| 222 | 82.2]| 242 | 3S¢ | 2.9 292
90 | 29, | 250 | 33) | 323 | 322 | 2272 | 240 | 254 | 26.8| 293

i s |[wlro]-




4
-
-
-

..........................

v
5

i
;: ALY
run no.: 220 date:-16-85radius: 24 Pa:40? NIw: 8  sJw: &° < !3
X NIWT: closed SIWT: clescol level : 4o.0 < E‘:
) comment: couditions like 219 but SUC Go° frme iw S‘\-’""(‘d"’e'—f’b"’ o ."",::'
O
circ.] Pp 1 2 3 4 5 6 7 8 9 10 SN
o | 19l s02] 2es {236 23] 29| 306 301 | 323] 336 3e0] _ &F
1 (83| 404 | 29| 25| 329| 29| 31.5| 2319 | 328| 336 Ze | " AN
2 198 | 40.6| 32.5| 351 23 | 319l 22| 25| 332 | Ho6| %4 Y
3 83 | do.o | 366]| 335 205 | 30S| 304 | 3.3 | 228| 2&| 322 o
5 4 /98| 406 | 32| 3S0| 333) 32/ | 208 205| 4 | 221 ] Zes| o
E) 19.8 | 411 80| 35| B3/ | /S| 28] 313 | 324 | 333 35S ) i
. 6 198 | 401 | 258 322 23106 | 31 22| 229 | 24 | 248 262 RS
: 7 /83| 386]| 35| 23| 3o | 31z | 323|325 23| 36s| 323 | ol
: 8 /83 | 281 | 24| 312 | 302 | 305 | 3l6 | 33 | HS| 356| 322 i
9 /192 | 392] 32| 26 2S5 )| 210 | 26| 322 341 ) 354 | 38/ 7o
10 198 | 40| 22| 3239| 322 | 2328 | 236]| 2472 | Ry | 3o | 382 -
, 11 193 | 4.1 | 35s| 322 325| 322 | 326| 2| 359| ;3| 289
X 12 /183 | 409 | 38| 223%| 228 | 328 32.5| A4 | 39| 36| 390 -
13 98 | 403 | 260 | 341 | 331 | 330 | 332 | 348 | 20| 270 | 294 S
14 193 | doa | 222 | 3S8 | ZHoe | 2251 223 | 328 | 42| 266 | 285 e
15 /9.3 409 | 383| 33| 26.1 245 | 3232. 227 | 32.2 220 | 273 "4 B
" 16 /9.8 4o | 289 | 339 | 352 | 333 | 20| 36 | 38 | 326 | zs0 =
: 17 93 | 4o | 38| 26.L | 24 | 329 | 3249 | 228 | 334 | 336 | A L
3 18 193 | 408 | 322 | 3s2| 336 | 333 | s40]| 3#5 | 2594 | 3523 | 20 Lol
19 | 193 | dod | 261 | 344 | 232]| 340 | 348! 352 | 363 36q | 399 T i
20 /93 | do2 | 364 | 344 | 336 | 332 33c | 43| 359 | 65| 2831 o g
21 192 | o3| 330 | 35 | M | B8 | B30 | 322 | 332 | 249 | 38/ A
22 198 | 405 | 382 | 3722 | 2352 | 243 | 33/ | 325 | 323 | 328 | 3S¢
¢ 23 193 | doc | 3849 | 368 | 248 | 33.1 | 3.8 | 3* | 322 | 32.2 | 344 S
‘ 24 183 | 905 | 379 | 366 | 323 | M8 | 311 | 319 | 322 ] 320 | s | i
25 193 do.¢ 22.6] 3% 23./ 3.9 314 31.& 32.6 33.3 | 3o ;1
26 192 | a0.9| 382 363| 34 | 32012319 | 318 | 329 | 3223 | 32| T 7%
27 183 | 411 6| 2¢ | 43 | 22.) | 318 | 3s | 322 | 330 249 -
28 193 | 408 | 334| M8 [ 322 |22 | 316 | 322 1328 | 334 | 34.8 e
29 /93 | 401 | 36.3]| 340 | 32> | 324 | 329 | 338 | AL | 4B | 2CR|
30 98 | 399 | 6.2 329 | 325|320 | 324 | 334 | 45| 253 | 369 | * oy
31 198 do./ | 26.3| 23.5| 3.9 | 32 | 314 328 | 3349 | 49 | 3729 R
scl | sc2 | nc1 | nc2 | sJ1 | sg2 | ng1 | ng2 [ cr1l | cr2 | crR3 | CRr4 A
7207| 202 | 2oo | 7o.0 | So.2 | So.z | 493 | 492 | 46.5| 420 | 424 | 432. 8 \.;
CR5 [CS11 |CS12 |CS13 [CS21 {CS22 [CS23 |CS41 |Cs42 [Cs43 [CS31 | Cnl RN
485 | 486 | 486 | 488 [ 48.6 | 493 [ 493 | 488 | 494 (493 |d8.0 (485 | B e
CN2 | cnN3 | cna RGN
490 | 48.9 | 48.8 R
B-54 ot
‘, N 8
h I NOnCy
]
g e S e L e i

LY
\l\;hp;u‘!_n\.' .\‘p. P YA S
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Appendix D

Tables of loss measurements with flow models

The sketch shown below marks the locations ¢ of the loss measure-

ments in a view on the 25 slots model.
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w
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r | 9 |Pe17Py Pro~Pa 2P/ (P f-P,) r | ¢ |Pe17Py Pea™Pa [0Py/(Pyp-P, ':-_;‘;
[ ")(- 11"B,0] I"H,01 [ % ) [ ")(- J0"m,0] [i"H,01 |( %1 o
18.9| 3 | 5.5 | 4.8 13 191 4| 4.7 | 2.4 49 ':EC
19.0 3 | 3.7 | 3.6 3 19.20 4| 5.4 | 3.0 45 =
19.1} 3 | 3.5 | 2.0 43 19.3 4 | 3.7 | 1.9 49 R
19.2| 3 3.3 2.3 30 19.4] 4 3.4 1.6 53 NS
19.3] 3 3.3 2.2 33 19.5( 4 2.9 1.2 58 3 5
19.4] 3 3.2 2.0 38 19.6| 4 3.2 1.4 56 SR
19.5 3 [ 3.1 | 1.9 39 19.70 4 | 3.1 | 1.4 55 PR
19.6/ 3 | 3.1 | 1.7 45 19.8 4 | 3.2 | 1.4 56 e
19.70 3 | 4.4 | 2.3 48 19.9) 4| 2.9 | 1.3 55 .
19.8) 3 | 3.0 | 1.5 50 20,0l 4| 4.0 | 1.6 60
19.9] 3 | 2.9 | 1.4 52 20,1| 4| 4.0 | 1.6 60 RS
200 3 | 2.8 | 1.2 57 20.2l 4| 4.0 | 1.5 63 R
20.1] 3 2.8 1.0 64 20.3| 4 4.0 1.4 65 "
20.2] 3 2.7 0.8 70 20.4] 4 4.2 1.3 69 g R
20.3] 3 2.6 0.8 69 '20.5 4 4.2 1.2 71 -t

@&

r | ¢ |Pe17Psy Pr2~Pa [APy/ Py} -P,) r | ¢ |Pe17Py Peo Py (8P /(P -P,) S
[ ")|t- 1["H,0] [["H,0] [[ % ] U "J0-10"H,0] JI"H0] |[ %] |
9.1 5| 5.0 | 2.8 44 19.1] 6 | 7.1 4.1 42 5
19.2] 5 5.1 2.7 47 19.2] b 7.1 4.1 42 N+
19.3] 5 | 6.9 | 3.4 51 19.3) 6 | 7.0 | 4.3 39 BRI
19.40 5 | 6.9 | 3.3 52 19.41 6 | 7.0 | 4.3 39 o
19.5| 5 | 6.9 | 3.4 51 19.5/ 6 | 7.0 | 4.3 39 S
19.6{ 5 | 6.7 | 3.2 52 19.6| 6 7.0 | 4.3 | 39 i
19.70 5 | 7.0 | 3.2 54 19.701 6 | 7.0 | 4.1 41
19.8/ 5 | 7.0 | 3.1 56 19.8/ 6 | 7.0 | 3.9 | 44 |
19.9) 5 | 7.0 | 3.1 56 19.9] 6 | 7.1 | 3.8 46 |
20.00 5 | 7.0 | 3.0 57 20.0[ 6 | 7.1 3.4 |52 =
20,1 5] 7.0 | 2.9 59 20.1} 6 | 7.1 | 3.0 | 58
20.2 5 | 7.0 | 2.7 61 20.2| 6 | 7.0 | 2.6 | 63
20.3] 5 7.0 2.4 66 20.3] 6 7.1 2.3 68 o
204/ 5 | 7.0 | 2.2 69 20.4/ 6 | 7.0 | 2.0 72 o N
20.5! 5 | 6.4 | 1.9 70 20506 | 7.0 | 1.7 | 76 R
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