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1. INTRODUCTION.

The object is to provide a method fow detsrnining the
pressure distribution along the flexible walls of the 13 inch
insert for the 0.3m Cryogenic Pressure Tunnel. The program
IFLEX, the subject of this report, provides a method for general
vall shapes. The program is based on incompressible potential
flow theory, with the addition of an allowance for compressibility
effects through the Prandtl-Glaunert factor.

The program is quite compact, suitable for nini and
micro computers, and is presented in BASIC language.

The essence of the method is tolreate mathematically
an artificial flowfield which contains a streamline springing
from infinity having the same shape as a wall. To one side of
this streamline, corresponding to the imaginary-flow side of a
flexible wall, there are no singularities, and the velocity
Jistribution along the streamline is that which would exist in
a semi-infinite inviscid flowfield over that side of the
flexible wall. The input data is therefore the wall shape.
The flowfield comprises a free stream influenced by a set of
sources and sinks positioned regularly along a line parallel
to the free stream. The source line is a tangent to the wall
at its closest point to the axis of the test section. Often
this tangent will in fact pass through the wall anchor point,
jack zero, simply because the wall is everywhere else further
away.

The input data comprises a set of wall deflections from
"straight”, measured at jacks. In the context of this work,
"straight” must be interpreted as aerodynamically straight as
defined in NASA CR-165936.

The strength of the source/sink set is adjusted until
a streamline passes through the defined wall co-ordinates given




by the movement of jacks. The first source/sink is positioned
3/#” downstream of the anchor point (the upsitream fixed end of
the wall) the remainder being spaced at regular 1%4* intervals
downstream. The velocity/pressure coefficient is determined
at "computing points™ on the wall mid-way (measured stfeamwise)
between sources, that is at regular 14" intervals downstream
from the anchor point.

The nature of the wall shape and jack spacing suggests
the adoption of the following policy. Refer to test section
drawing LD=525722 for relevant wall dimensions. There is a
slope discontinuity built into the walls near to jack 19. The
influence of the discontinuity on the static pressure at this
jack station will cause the wall to be driven to an unrealistic
poeition. The wall will be driven outwards in the subsonic flow
normally expected in this region. It is suggested that in
streamlining the walls (empty, or with a model present) the
real-side pressure at jack 19 be ignored, and the jack be driven
to position the wall at a point given by an extrapolation of the
wall line through jacks 17 and 18. In this way the influence of
the discontinuity on events at jack 18 will be minimised.
Following this, the program to determine the pressures over the
imaginary sides of the walls need only account for the movements
of jacks 1 to 18 (jack O being the anchor point), with a small
straight extrapolation towards the position of jack 19.

This arrangement results in the creation of many more
sources and "computing points" than there are jacks, although
many of the jacks do coincide with computing points particularly
in the region of the model. Appendix 1 clarifies the positions
of devices along a wall. The station measurements coincide with
those on drawing LD-52%722. The station of jack 0 is not
definable exactly. It is taken as 0.5".

The two walls almost always have different shapes: they
are therefore computed separately.




2. NOTES ON THE PROGRAM IFLEX.

The listing, given as Appendix 2, has many built-in
comments aimed at clarifying the details of computation. These
notes supplement that source of information.

The steps in the program comprise:
interpolation between jack displacements to give
wall displacements at each of 34 computing points

ad justment of source/sink strengths until a streamline
passes through the 34 points

computation of pressure coefficients at computing points

linear interpolation to give pressure coefficients at
jacks which lie between computing points.

Built into the program is a demonstration case: each
wall is given a sinusoidal wave displaced upward. The wave is
20" long, 4" peak height. The imaginary flow above the top wall
flows over what could be described as a 4" high "ridge” transverse
to the free stream. As the wall is in some places not moved
from its straight position, and is elsewhere raised above the
straight, the sources 1lie along the "straight® position because
this is also the tangent to the point (in this case in two areas)
nearest to the tunnel axis.

The imaginary flow for the bottom wall traverses a "valley"”.
The sources lie along a line displaced into the test section by
the wave height, 4". These geometries result in the appearance
of a positive-negative-positive Cp sequence in the imaginary
field outside of the top wall, with the strongest negative at
the ridge crest. There is the opposite effect on the bottom wall.
The output for this demonstration case is given in Appendix 3.

The program adopts linear extensions of the walls for
L4i» beyond jack 18. The bend in the wall is k.3 beyond jack 18.

4. A POTENTIAL-FLOW TEST CASE.

In order to check quantitatively on the output from the
program, a potential-flow test case has been generated. The
small program in Appendix 4 computes the shape and pressure




distribution along a streamline in the appropriate position
for a wall. The streamline passes by a body created by a
single source. A sketch is given on figure 1, which also

has a plot of the shape of the streamline and its pressure
distribution. The shape was used as input data to IFLEX, in
the form of streamline deflections inline with each jack
station. On the same plot is the exact pressure distribution
compared with the predictions from IFLEX.

The two sets of pressure coefficient data are seen to
be in close agreement. The maximum error in IFLEX is about
+0.002, likely to be compatible with the precision of the
measurements of corresponding real-side pressures in the test
section. One reason for IFLEX predicting a higher Cp near to
the anchor point is the change in boundary slope which is
assumed by IFLEX to occur near to the anchor proint. No
similar slope change occurs in the potential flow model.

The program is easily adapted in the manner indicated
in its inbuilt comments to take as input data, if desired, the
shapes of walls selected in wind tunnel tests. The computing
time in BASIC on an HP 9845 is a total of 3 minutes for two
walls including output as hard copy.




APPENDIX 1

IMAGINARY FLOWFIELD COMPUTATIOHNS
FLEXIBLE WALL IHSERT FOR ©.3m

POSITION TABLE

Station Jack# Source# Computing
inches point
.50 5] %]

1.25 a

2,38 1

2.75 1

2.50 2

4,25 2

4.75 1

S.08 3

S5.75 3

6.568 4

7.25 ) 4

Z.60 S

2.75 ]

2.58 6
18.25 6
18.58 2
11.488 v
11.7S 7
12.50 8
13.258 8
14.688 ' 9
14.75 3
15.58 3 i0
16.25 1@

17.88 11

7.75 11 !

3.50 12
19.25 12 '
12.58 4
20.86 13
208.75 13
21.56 14
22.25 14
22.58 5
23.08 15
23.75 15
24,589 ) 16
25.25 16
26.0806 7 17
26.75 17




27.50
28.2

29.60
29.75
38,50
31.85
22.68
32.75
32.50
34.25

35.60-

35.56
35.75
26.560
37.25
37.58
28.04
28.75
39.58
48,25
41.08
41.75
42,58
432,25
44,04
44,75
45. 508
46.25
4£,.50
47.09
47.75

48,568

49.25
So. 00

38.75

21.58

w0

18

11

12

14

15

15

.

18

18
19
20

21

23

24

25

27

28

29

30

31

32

33

18

19

20

33

34




APPENDIX 2

16 ' RE-SAVEd as “IFLEK"
20 FRIHTER IS ©
8 DOPTIOH BRASE 8

48 PRINT
FRIMT * WALL IMAGINARY-SIDE FRESSURE COEFFICIENTS™
PRINT = —esmeeer——m e mmemm o m o s m e — oo m = "
FRIHT " FOR FLEXIBLE WALLED INSERT IM B8.3m CRYQGENIC WIND TUHHEL."
FRIHT " semmmr e e e e e e "
FREINT ™" IFLEX" '
g PRINT " Rugust &, 19g2"
5 FRINTER IS 16
8 DIM Twdll2y,Buil3) Jack displacements from agrodynamically =ztraight,
5l positive RWAY from test section centerline.

Buffer store for jack displacements.

Dimensions are inches.

Buffer store for interpolated wall displacements.
A for {(source-wall angles)sPI, § for sources.
Pressure coefficients at computing points."

R
A

IIM Butfdl&s

[

DIN Eufid3
LIM AC27,3

-
o

O (N 8 T S e e e e Y A R e e IR

SO O IS oV IR o N B T ' ¢ S R O Y (SR = ok B o B W R A I M )

85 DIM Cpl26)
8 DIM Ho13) Streamwise stations of jacks.
B ODIM Dicigd | Used only in generating a set of prog. test data.
5] DATA ®.5,4.75,18,5,15,5,19.5,22.5,24.5,26,27.5,29,30.5,32,33.5,35.5,37.35
228 OATA 29.5 4L.q 46. 5 51. 5 ! JacP stations.
2306 Mo=0 ) ! Reference Mach nr.

da
o

IF Mo<.9 THEH 280

INFUT "Mach may be too high. Input PLCONT] if to proceed:",P$
IF P£="P" THEHW 280

GOTOD 250

Beta=3nR{1-MaxMo ! Prandt1-Glauert factor.

FOR kK=& TO 18 ’

READ XKD

DicKy=a

HESXT K

FOR J=4 TO 14 STEP 1 I Jack nr, .
Di€Jy=,25+,25+#5INC(®(II-24.8)%FP1-18) ! Sinusoid test case. MHawve .5" high

T

—
[N}

B LU I < T (i o LY o R T 0 SR oy I O
[\ Do

Y2=Buf(H+1)
Y3=Buf (H+2)
Y4=Buf (H+3>

2

3

3

=

48

s HERT T | and 28" wavelength centered on jack § at station 19",
e FOR I=8 TO 12 STEP 1 ! Change of =zign in lines 338 or 398 will exchahge
370 ! ridge for wvallew.

2248 TelIa=Di{I> | For top wall this wave is a ridge: negatiuve Cp on crest.
I9E BEucly=-Didl> P bottom " " " " wallewl pos. " in hollow
498 HEXT I ! Test case formed.

41@ ! The programme proper starts here.Tw() & By() must already be loaded.
428 Co=4 | Zero when computing top wall, & set to 1 for bottom wall.
4@ GOTO 498

448 FOR Ii=8 TO 18

45a Bufclid>=By(lil I Load buffer store with bottom v-coordinates.

4&a HES®T Ti

478 Yy=8

459 GOTO 528

498 FOrR B=8 TO 18

Sou Buf<«B>=Tyu(B) ! " " " " top "

510 HEXT B

Sza wW=.9 I ¥ is to be raiszed from thiz wvalue in 1.5" increment=.

520 H1=08 .

S48 Eufic@r=8 ! Zero displacement at sta. 8.5 inch.

oS V=0

Sea H3=3 | First jack # which coincides with the chosen X-spacing.
o7y Ar=H{N9) -
Ssa FOFE H=8 TO 15 STEP 1

S98 Al=H (N2

€84 Ha=K(H+1)

&l@ HASHON+2)

528 Ad=HCH+3)

63a “1 Buf (M

648

658

&6a




DU

D DD DD

B A B B R B2 (s S0

L S ) I | S OO 0 O (R T\ Y B G R Rt |
ar

Dot I B I VR v R o R A

OO0

O va s o v a e ol e s B0 s A e (N B N N RN RN RN
o

gl UL s B e R I W) I N % B (WS

0
J
D I n

.

1854
1868
1679
1820
1659
1166
111a
1129
1138
1148
1158
11ea
1178
1189
1198
1208
121a
1228
12324
12408
1250
1220
1278
12808
1299
12084

1310

1326

GOSUR 2090

A=X+l. S I Hext station at which interpolation to be made.
Hi=H1+1 ' Counter for nr. of stations interpolated.

IF H<15 THEH 729 ' Go if not interpolating between jacks 16-18.
GOTO 736

IF X»¥3 THEM 889 ' Mozt times interp. only in center patch.
VEYGHAZECH-NA ) A SHB2 CH-Hd 024025 (H-KHY D I Interpolated displacement.

IF ¥W>31.5 THEM 1850 ! Ho interest beyond jack 18.
EuficHL»=Y Interpolated wall displacement.

!
IF %<%w THEH 9584 ! Search for the mininum Y.
IF & =3e]s) ' Sta. ¥ coincides with a jack.
IF & 278 I Bypassed a jack. Go to make Xc the next jack’s sta,
GUTO & :
Hi=H1-1
n=E-1.95
HEXT H
HO=H3+1

IF H9>128 THEM 928
He=wm(HI)
GaTO 796
HS=HI+1 ! Jack counter.
Ho=RIiHS)
GOToO ?9a
n.( ‘}! = ‘1}
GOTOD 770
Bufi¢232=2#Pufi(342-Bufi(33) ! One interval (1.5") extension ih st. line.
Bufii36r=2+Bufi(39)-Bufi{34)> | "
Bufi(27)=2%Bufi(36>-Bufi(35) ! "
FOR K1=8 TO 37
BufiE1»=BufidK1d=Yy | Dizplacements are nou all relative to a source
' line passing through the point on the wall
! closest to the centerline of the test szection.
HEXT K1
! Start of asrodvnamics.
! Linearized.
FOR Al=8 TO 38

SCALX=BuficAL+1)-Bufi (AL !' 24 approximate source half-strengths.
SCAL=SCALI* {1+ 752BufitALl+1))

HE®T Al

FRIHT

IF Co=1 THEW 1890

FEINT " Computing & correcting sourcessink strengths for top wall:"
GOTO 1118

FREINTER IS 16

PRINT " Computing sourcessink strengths for bottom wall:"

PREINT * - 2 iterations ="

PRIHT " Fass 1 (zlou- 35 secs)"

FOR P¥=1 TO ! Pazs number, correcting sources.
FE=="u

FOR H=1 TO 37 STEP I Interval number.

FZ=Bufi{H)> ! Free strsam contribution to SF.
FOR F=8 TO 38 ! Sources in turn.

IF P=H-1 THEH 1259 ' Hiss out the source just upstrean.
IF P7>*1 THEH 1230

T=Bufi¢HI-(1,5%(H-P-.5))

fa

IF ABS(T»<.B85 THEH 14306 !' Assume Tand(small angle) = angle,

HOH, PY=ATH.T»~PI ! to speed up computation,
Fo=S{Pi*AH, P> ! SF contribution from this source.
F&=FZ+FS ' Sum all source flow contributions to stream function SF.
HEXT P

IF P7>1 THEH 13890

T=4*EBufitH>»3 | Tangent of angls betuseh point on wall & source just UsS

IF ABS{(T»<.85 THEHW 1450
RCHy H=12=ATHITI~PI
ECH=-12=(F2-F5r~C1-ACH,N=1>> ! Adjust source to equalise SF’s.

FE=FE+S(H=-"12 ! SF for next H.
HEXT H




1324
1340
1350
1360
1279
1320
1398
1408
1418
1420
1438
1440
1450
1460
1470
1430
1498
1508
1516
1520
1530
1548
1556
1568
157¢
1558
1598
1608
1610
1620
1630
1648
1656
1668

-

-
o
-
o]

o
=3 M T

KA TV (R IR ]

R B I R R
0~ Yo
ADODODCOODD oo

0000 000 = )
LOCN O R IR a B

ot e ek et et e b b e ek b b
DO W oD

[ax}
EX
@

1881
1850
1984
1918
1928
1936
1348
19549
1950
1978

193206

IF P?=3% THEH 13€8

FRINT " - Pass";P7+i;" (11 secs>"

NEXT FP?

GOTD 1478 ! Unless you would like the sources.
PRIHNT

PRIHT "Station Source strength Source#"

FOR Hh=2 TO 36
PRINT USING 2060;Nh#1.5+1.25,2#SCHh), Nh
HEXT Hh
GOTO 1478

ACH,PY=T/PI

GOTO 123@
ACH,H-12=T/P1

GOTO 1366

FRINT

FRINT * Have sourcesz."

FRINT * Computing Cp“s..."

GOTO 1599 ! But there iz the option of printing Cp at
, ' 1.3" intervals by not going to 1594,
FRIMT

IF Co=1 THEH 1568

FREINT " TOP WALL™"™

GOTD 1576

PRINT » BOTTOM MWALL"

FRINT "Station","Cp"

PRINT :

FOR 0=8 TO 34 ! Computing point. Station is .5+1,5%0
C7=0 ! See separate notes. ’

ca=a

FOR R=8 TO 35 ! Sources in turn.

T1=C(@-R-.53%1,5 ! Streamwise distance from source to point.

T2=S(RY#T1
T3=BUfi COY#Bufi CRX+T1#T1
T4=T2,T3

C7=C7+T4

TS=SC(RI*Bufi (@)

TE=T5/T3

C5=CB8+T6

MEXT R

CE=C3~PI
Co=(-2%C7-C7*C7-C23%C8)-Beta

CpiRr=C9 ! Cp.

GOTO 1736 !' But not if wou want Cp at 1.5",
PRINT USIHG 2870;0#1.5+.5,(C9

HEXT @

FRINT

FRINTER IS @

IF Co=1 THEH 1844

FRINT * Top wall"

GOTO 18So

FREIMT " Bottom wall"

FRINT '

FRINT * Jack Cp"

FOR E=1 TO 12 !' €p at jacks by linear intzrpolation.

M=HCE D
FOR G=0 TO 34

M1=.5+G%1.5

IF X1»=X THEH 1938

HEXT G

Cpa=CpiG-1)

Cpb=Cp(G)

Cp=Cpa+(Cpb-Cpa’*(X-¥1+1.51,1.5

PRINT USIHG 208B8;E,Cp

HEXT E

PRIMT 9




1938 FREINT

2804 IF Ceo=1 THEM 2030

26810 Co=

se2a GOTO 4418

2820 PRINT

2048 FRINT

28058 EHD

2880 IMRGE DD.DD,13X,D. npoDh, 13X, DD
2878 IMAGE DD.D,134 D DODD

230 IMAGE 18X, DD, 68, MDD.DDDD

26948 MNO=X3-K4

2188 ME=NE2-N4g

2118 AT=XK1-¥4g

2120 To=Y3-Y4

2128 Ye=Y2-Y4

2140 Y7=Y1-%4g

2158 Bl=kS4RS-NO¥H54X5KE

21840 BE=NTaRT-KTERTEX?/XE

2174 Cl=X5-H0%KE%55-(KEENE Y

2136 CI3sRT-RTENT#HETACHEXKE)

2138 21=¥5 -YE*(’-¥\R*\J‘.(hr*ﬂb*xb'
2200 S3=YT=VE® (K r*m?*‘ FPIUREENBERED

C2=Z1%B3-F1-

cas= Cé'lLl*Ba -C3>
Ea=(21-C2*C1)+ Bl
H2=CYO-B2#XS+NO-CZ£NG )~ (K5%
RETURM
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APPENDIX 3

HALL IMARGIHARY-SIDE PRESSURE COEFFICIEHTS

IFLEX
August 6, 1982
Top wall
Jack Cp
1 . 0860
2 .8108
2 »B1ES
4 . 8747
S .B383
3 ~-. 68483
7 -, 1245
8 -. 1823
9 -.20838
18 -.1823
11 -. 1245
12 -, 84865
13 . 8395
i4 . 8896
15 . B555
1e 8220
17 .0126
15 .8672
Bottom wall
Jack Cp
1 -.H8855
2 -.80897
3 -.8118
4 -.8782
5 -.8254
5 . 8656
7 1243
8 . 1685
E .1725
18 . 1685
11 1244
12 . 9659
13 -.8261
14 -.0841
15 -.8543
15 -.818¢
17 -.8114

12 -. 0064




APPENDIX 4

12

16
24
39
40
54

I Potential flow streasline ! source in uniforn flow. Source strength
' chogen such that body thickness is T" far downstream. The streamline
! deflectionz which the programme gives apply to a line which passes
' through a point 6.5" above the centerline (on which the source is
' located,inline with jack 9) at station B.T", that is at the anchor
' point jack 8. Program POT. X-Y axis origin is at source.

DIN wC18d

INFUT "Thickness of body far downstream,inches",T

DATH 4.75,18.5,15.5,19.5,22.5,24.% 25,27.5,29,30.5,32,33.5,35.5,37.5
DRTA 39.5,42.5,46.5,51.5

FRINT * "$ T3 "INCH BODY."

FRINT "“JACK STATION DEFLECTION Cp"

FOR J=1 TO 18

READ »{J>

Yo=6,5

X=R{J»=-29

F=6.5+ATH(6.5-/-28.5)*T/(2%PI>

IF %=8 THEH 369

IF ¥<B8 THEH 210

F=£,S5+ATNC(E.5/-2B. 50T/ (2*PI)>+Tr2

FOR ¥=Yo TO 16 STEP .04

Fi1=Y+T#ATH(Y K>/ (PI*2)

IF F1>F THEH 250

HERT ¥

Yi=¥

FOR ¥=Y¥1 TO 8 STEP -.001

F1=Y+T#ATHIY /KI/(PI%2)

IF F1<F THEN 300

HEXT &

Y=Y

FOR %=%1 TO 18 STEP .06001

F1=Y+T*ATH(Y K>~ (PI*2)

IF F1>F THEN 378

HEXT ¥ '

GOTO 378

'=F+T/4 ' ¥ in closed form above origin.
=SHEK+Y &Y I R~2!

C=—(T*RD/(PI*RI-(T*R (2%PI*RI I 2-(T*Y~(2%PI*R) I ~2
PRINT USIHG 448;J,%X+29,Y-Y0,C

MEXT J

PRINT

FRINT

END

IMAGE DD, 7%, DD.DD, 7%,DD.DDDD, 7¥,DD.DDLDD

2 INCH EODY.

JRCE STRTION DEFLECTIOHN Cp

1 4.75 .8122 . 02433
2 18.58 .B368 . 83033
3 15.59 8729 83767
4 13.59 1225 . 04434
S 22.509 - .1831 .B4€44
£ 24.58 .2413 .042087
7 26.90 . 2964 .83277
E) 27.58 . 3682 01731
S 29,88 4286 -.00211
10 6. 50 4959 ~.82863
11 32.80 9066 -. 083421
2 33.58 . 6083 -.84131
13 35.50 .6632 -.04531
14 37.56 . 7849 -. 84440
15 39.58 7366 -.84173
1 42.59 .7714 -.83698
v 4e.50 . 8028 -.8312¢

13 51.59 . 8284 -. 82576
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