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SUMMARY

A program called FLEXWAL is presented. The program was
written to predict the wall modifications necessary to remove the
upper and lower wall interference effects in solid, flexible,
adaptive-wall wind tunnels. The procedure used is the iterative
method of NASA TP-2081 and is valid for both subsonic and transonic
test conditions. Instructions on program usage, functional state-
ments of program routines, a program listing, and a sample case are

given.
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INTRODUCTION

The computer program FLEXWAL described in this report is used
to calculate the required upper and lower boundary modifications
necessary for removing wind-tunnel wall interference effects in
solid flexible-wall wind tunnels. The method used is the iterative
technique of reference 1 and requires experimentally obtained
information as input. The program is completely self-contained and
is written in a modular form so that changes to the program for
specific applications or wind-tunnel facilities can be made with
ease,

Both analytical and experimental applications of the program
at subsonic and transonic speeds have been previously presented
along with the convergence properties of the method (See ref. 1.).
This report gives a general description of the method, instructions
for using the program, sample input, functional statements of

routines used, and a listing of the computer code.



GENERAL DESCRIPTION

When testing in a wind tunnel, the flow field about the model
is constrained to something different than that which would be
present in free air. The principal difference is referred to as
the wall interference and is generally taken as a perturbation
about the free-air case. Classical methods for determining the
wind-tunnel wall interference make mathematical approximations of
‘the perturbation from which correction formulae are derived. The
present method is that of reference 1 and uses the Cauchy integral
formula to analytically extend the real flow field in the wind tun-
nel to infinity by solving for an imaginary flow exterior to the
wind tunnel. These two flows are then iteratively coupled at the
boundary with continuity being established when the measured data
match the results of calculated data at the wall. If there is a
mismatch then the method predicts a correction to the wind-tunnel
wall, new data are measured, and the continuity is again checked.

Functional statements of the routines used in the FLEXWAL
program are given in Appendix A and a listing of the program is
contained in Appendix B, The program is completely self-contained
and modular in construction. All input data are read into subrou-
tine INPT and an echo listing of the input is given in the output
listing. Subroutine SCALE uses the Goethert scaling laws to remove
the effects of compressibility‘at the test Mach number prior to
application of the correction technique and then, after completion
of the correction calculations, SCALE is called again so as to

include the compressibility at the desired Mach number MSET. MSET



has been included for consistency during the iterative process

because often the desired Mach number is slightly different than
that recorded during the test due to experimental error. Subrou-
tine SMOOTH is a simple least squares smoothing subroutine which
may or may not be needed depending on the quality of the experi-
mentally obtained data. For each set of five adjacent pressures, a
least squares parabola is determined and the center pressure is
calculated from the least squares solution. When all pressures
have been smoothed, a single pass has been completed and the pro-
cess will be repeated as specified by the IS parameter in the
input. The subroutine WALLDTA determines values of the perturba-
tion velocities and sets up an integration contour as specified in
reference 1. A spline through the wall jack coordinates allows the
wallposition to be determined at intermediate stations and by
taking the derivative of the spline curve, the wall slopes (i.e.
vertical velocities) may also be obtained along the walls. 1In the
present form of the computer code, the vertical velocity components
on the upstream and downstream legs of the contour have been set
equal to the average of those on the upper and lower walls at the e
same station. This can easily be changed if the appropriate data
are measured or bet;er approximated.

The actual application of the method is in subroutine VJACK.
It is here that the contour integration is performed for the

velocities at the wall jack stations. It is important to note that



the most upstream and downstream wall jacks do not actually have to
; lie on the data contour. The program will determine whether the
velocity is being calculated at a field point or a point on the
conﬁour and will adjust the solution accordingly. The difference
is a factor of 2 which can be seen by referring to reference 1.
Subroutine DELYJ calculates the predicted wall change by integrat-
ing slopes determined from the new jack velocities along each
wall. Convergence of the method is declared when these changes
become sufficiently small or when some other criteria such as
negligible variations in the airfoil force coefficients is met.
Subroutine NEWYJ prints the results of the program. All other

subroutines act in support of the previously noted routines.

PROGRAM USAGE

The program is written in the FORTRAN IV computer language and
requires 42000 words of execution field on a CDC CYBER 173 com-
puter. Typical program run times are about 2 seconds. Appendix C
gives a sample case. The output listing gives an echo listing of
the input data required to generate the results. A user's guide
containing the input format, a glossary of all terms used in the
input and output, and program restrictibns are presented in the
computer program and are found at the top of the program listing in

Appendix B.
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APPENDIX A

SUMMARY OF PROGRAM ROUTINES AND THEIR FUNCTIONS



ROUTINE EXTERNAL

NAME REFERENGCES

FLEXWAL AVGDY
DELYJ
INITIAL
INPT
NEWYJ
RMACHNO
SCALE
SMOOTH
UINFIN
VJACK
WALLDTA

CURVD INTRVL
SNHCHS

CURVI INTRVL

\ SNHCHS

CURV2 INTRVL
SNHCHS

IBDRY

INTRVL

ISTRIP

RMACHNO

RMS

SWITCH

FUNCTIONAL STATEMENT

This is the main or executive routine of
a FORTRAN IV computer program for calcu-
lating the jack settings of the upper and
lower walls of a two-dimensional solid
flexible wall wind tunnel,

This function subprogram differentiates
a curve at a given point using a spline

under tension.

The subroutine CURV1

should be called earlier to determine
certain necessary parameters.

This function subprogram integrates a
curve specified by a spline under tension

between two given limits.

HMCURV1

The subroutine
should be called earlier to

determine certain necessary parameters.

This function subprogram interpolates a
curve at a given point using a spline

under tension.

The subroutine HMCURVI

should be called earlier to determine
certain necessary parameters.

This function subprogram determines
whether a point is on the data surface
or a field point.

This function subprogram determines the
index of the interval (determined by a
given increasing sequence) in which a
given value lies.

This function subprogram determines
whether the strip being considered is
a normal or singular strip.

This function subprogram calculates the
test Mach numbers.

This subroutine function determines the
RMS value of array A.

This subroutine reorders the indices of
array x from high to low.



ROUTINE
NAME

EXTERNAL
REFERENCES

UCAL

UINFIN

AVGDYJ

DELYJ

HMCURV1

INITIAL

INPT

LSQSMTH

NEWYJ

SCALE

SING

SMOOTH

SNHCSH

STRIP

CURVI
HMCURV1
RMS

RMS

LSQSMTH

FUNCTIONAL STATEMENT

This function subprogram calculates the
U component of velocity.

This function subprogram calculates the
free-stream velocity.

This subroutine averages the top and
bottom wall values of DYJ.

This subroutine integrates the delta
theta values to obtain new wall
location predictions.

This subroutine fits a cubic or tension
spline through a set of Y vs. X values.

This subroutine presets certain arrays to
zero,

This subroutine handles the input of the
raw data as taken from the wind-tunnel
test.

This subroutine provides a least squares
smoothing for either a straight line or
a parabolic fit of the input data.

This subroutine writes the predicted
results onto TAPE 6.

This subroutine scales the input using
the Goethert scaling rules.

This subroutine evaluates the velocity
component along the singular strip.

This subroutine controls the smoothing
of the wind-tunnel data.

This subroutine returns approximations
to: SINHM(X) SINH(X) - X
COSHM(X) COSH(X) - 1

and
COSHMM(X) = COSH(X) - 1 - X*X/2
with relative error less than 3.24E-14.

This subroutine calculates the jack
velocity component resulting from some
strip excluding that containing the
singularity,



ROUTINE
NAME

EXTERNAL
REFERENCES

VJACK

WALLDTA

10

IBDRY
ISTRIP
STRIP

CURVD
CURV2
HMCURV1
SWITCH
UCAL

FUNCTIONAL STATEMENT

This subroutine integrates the velocity
integral to obtain the jack velocities.

This subroutine takes input data and
calculates velocities and wall locations
then fills appropriate array locations.



APPENDIX B

PROGRAM LISTING
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c
C

C“#%%%#%%#%#*%i}*%*#%%%%%*%%***%%*%**4%*#**%%%%*******%*#****%*********ﬂ'#'ﬂ'******#
C*ﬂ'#*'R‘%#*%*#*%*##*#*%#%******%***%{t—*%**'ﬁ-**%******-&*******i&{!-**%***&%*********&#**

C# &
C# FLEXWAL IS A FORTRAN IV COMPUTER PROGRAM FOR CALCULATING THE JACK *
c# SETTINGS OF THE UPPER AND LOWER WALLS OF A TWO=DIMENSIONAL SOLID *
C# FLEXIBLF=WALL WIND TUMNEL AS PREDICTED BY THE METHOD OF NASA TP=2081. #*
C# THE PROGRAM WAS WRITTEN RY JOEL L« EVERHART OF NASa LANGLEY RESFARCH 3
ce CENTER. #*
C# 3+
C# REQUIRED INPUT IS READ INTO THE PROGRAM FROM TAPES AND OUTPUT IS #*
C# RETURNED ON TAPFe6, #*
C# %
C*******************************************************************************
C# %
C# INPUT: *
C# 3
Cs# READ ORDER DESCRIPTION FORMAT *
C# #
C# 1 HFAD(1I)91=1,48 BAl0 #
C# 2 TESTsRUNSPOINT 315 #
cx . 3 PNy ALPHAs TEMPs PTe PINFe MSET 6F10.0 *
C# 4 NJTe NJUBs NTWs NDSy NBWs NUSe MNRLAXS #
c# (IS(I)eI=1e4)y 1AVGse IPRT 1315 *
C# 5 IOPT(1)eI=1e4 419 #*
C 6 EC(I)eI=194 4F10.0 #*
C# 7 RLAX(I)eI=1sNRLAX 8F10.0 3
c# 8 (XJ(I) 2 YJU(I) oI=1eNJ) 2F10.0 #*
C# 9 (XD(I)sYD(I)oUD(I)eI=1sND) 3F10.,0 *
C% &+
C#%%%#******%****%********&*********%***%#***********%%****%*********%*%*#****4*
C# i
C# DEFINITION OF TERMS: #*
C# %
C# ALPHA <~ MODEL ANGLF OF ATTACK *
C# nuJ - PREDICTYED CHANGE IN AXIAL JACK PERTURBATION VELOCITY *
C# DVJ - PREDICTED CHANGE IN VERTICAL JACK PERTURHATION VELOCITY #
C# DYyJ - PREDICTED CHANGE IN WALL POSITION #*
C# EC = END CONDRITIONS ON THE SPLINE THROUGH THE JACK *
C# LOCATIONS, THE SPLINE IS USED TO DETERMINE WALL POSITION #
C# BETWEEN JACKS AND WALL SLOPES., #*
C# EC(1)y UPSTREAMJUPPER WALL *
c# E£EC(2)y DOWNSTREAM, UPPER WALL #
C# EC(3)y UPSTREAMs LOWER WALL #
C# EC(4)y DOWNSTREAM, LOWER WALL #*
C HEAD -~ DESCRIPTOR CARD OF UP TO 80 CHARACTERS. #*
c# TAVG - WALL JACK AVERAGING PARAMETER, *
C# *

AT A GTVFN XJ STATTON THF UPPFR AND | OWFR Y. POSTTTON ARF
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C%
C*
C*
C#
C
C-ﬁv
C#
C#
C*
Cx
C*
C#
C*
C#
Cc#
C*
Cs
C#
C#
Cx
C#
Cs
C%
C*
c*
C#
C#
C#
C#
C#
C#
C#
C#
Cx
C#
C#
C#
Cc#
C§
C#
C*
C#*
C#
cs
fof -]
C#
Cﬂ-
Cx
C#
C*
C#®

10PT

IPRT

MSET
ND

NBW

NDS
NTW

NHS
NJ
NJR
NJT
MRLAX
PINF
POINT
PT
RLAX
RMS
RN
RUN
TEMP
TEST
THETA
THETAN
up

OJ
DJM
vJ
VJUN
XD
XdJ
YN

AVERAGED GIVING SYMMETRICAL RESULTS
TIAVG=0y AVERAGING ON
1e AVERAGING QFF
SPLINE FND CONDITIONMN OPTION PARAMETER
IOPT(1)s UPSTREAMs UPPER WALL
IOPT(2)s DOWNSTREAMy UPPER wALL
IOPT(3)e UPSTREAM, LLOWER WALL
IOPT(4) e DOWNSTREAMe LOWER WALL
IOPT(I)=0s EC UNKNOWN
=1y EC=D(Y)/DX
=2+ EC=D2(Y)/DX2
PRINT CONTROL PARAMETER.
IPRT=0, MAXIMUM OUTPUT
=le NORMA| OUTPUT
LEAST SQUARES SMOOTHING PARAMFTER FOR INPUT DATA ON
FACH WALL OF CONTOUR. TS(I) IS THE NUMBER OF SMOOTHING
PASSES MADE OM FACH WALL STARTING CLOCKWISF ON UPPER WALL.
IS(I)=0 IMPLIES NO SMOOTHING
DESIRED MACH NUMBER TO WHICH RESULTS ARE SCALED.
TOTAL NUMRER OF PRESSURE MEASUREMENTS (CALCULATED
INTERNALLY TO PROGRAM)
NUMBFR OF PRESSURE MEASURFMENTS ON ROTTOV waALL (LOwWER LEG
OF CONTCUR)
NUMBRER OF PRESSURE MEASURFMENTS ON NDOWNSTREAM LEG OF CONTOUR
MUMRER OF PRESSURE MEASUREMENTS ON TOP WALL (UPPER LEG OF
CONTOUR)
NUJMBER OF PRESSIRE MEASUREMENTS ON UPSTREAM LEG OF CONTOQUR
TOTAL MUMBER OF JACKS (CALCULATED INTERNALLY TO PROGRAM)
NUMBER OF JACKS ON B80TTOM wALL
NUMBER OF JACKS ON TOP WALL
NUMBER OF WALL RELAXATION FACTORS
FREESTREAM STATIC PRESSUREs PSI OR PSF
DATA IDENTIFIER
FREESTRFAM TOTAL PRESSUREs PSI OR PSF
VALUE OF WALL CHANGE RELAXATION FACTORS FOR FINAL RESULTS
ROOT-MEAN=-SQUARE ERROR
TEST RFYNOLDS NUMBER
DATA IDFENTIFIER
FREESTPFAM TOTAL TEMPERATUREs DEG, RANKINE
DATA IDENTIFIEP
FLO% ANGLE AT WALL
PRENICTED FLOW ANGLE AT WALL
ON INPUITe MFASURED WALL PRESSURE COEFFICIENTS. ON CUTPUT.
CALCULATED AXIAL VELOCITY.
AXTAL VFLOCITY AT JACK
PREDICTEN AXIAL JACK VELOCITY
VERTICAL VELOCITY AT JACK
PREDICTED VERTICAL VELOCITY AT JACK
AXTIAL STATION OF WALL ORIFICES
AXIAL STATION 0OF wWALL JACKS
NOMINAI VFRTTCAI | OCATTION OF HPPFR AND | DxFR whAl L ORTFTCES.

4‘************#**#*********#**#*****#*#**#*****##*#*
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C
C
C#
C#
Cw
C#

ACTUAL VFRTICAL LOCATION OF UPSTREAM AND DOWNSTREAM ORIFICES. ®

ACTUAL UPPERP AND LOWER WALL ORDIMATES ARE CALCULATED FROM A *

SPLINE THROUGH THF JACK ORDINATES, #

YJ - VERTICAL LOCATION NF WALL JACKS. #*
Y JN - PRFDICTED VERTICAL LOCATIONM OF WALL JACKS. *
#

C********%***i&%%*****&%%**#**********%%ﬁ**%***{-*******':!-*’.:-*****%*&%***%******%**4

C#
Cc#
Cs
C
C#%
C#
C#
C#
C#
C#
(04
Ci
C
C#
C

C*****#****%*i:-%}%%***&*&%%**‘ﬂ'#**%******{}#*%***-ﬁ--}***********-}*******{'*&*****%***#

RESTRICTTINNS:

1o WALL MATA ARF INPUT CLOCK&WISE STARTIMG AT THE ™MOST UPSTREAM UPPER
WALL ORIFICE,

2. THFE JACK ORDIMATES ARF INPUT FROM UPSTREAM TO NOWNSTREEAM UPPER WALL
AND FROM UPSTREAM TO DOWNSTREAM L OWER WALL.

3, USE CONSISTEMT PRESSURE UNITS,

4, SMONTHING OF UPSTRFAM AND DOWNSTREAYM DATA IS NOT INCLUDED
HOWFVFR, NOTE IS MADE IN THF LISTING OF SUBROUTIME SMO0TH #HERE
IT SHOULD RE INCLUDED TF DESIRED.

S. THE FLOW ANGLES (IF. VD/UD) ON THE UPSTREAM AND DOWNSTREAM
PORTIONS (F THE DATA CONTOURS ARE PRESENTLY SET FOUAL TO THE
AVERAGE OF THF SLOPES OF THE UPPER AND LOWER WALLS AT THAT POSITION.

& % @ R & & ok o % % & & & % X

C******%*****%#%**&***ﬁ*#**********#**************ﬁ*************%********%%****i&

eNeNeNeNeNel

,

PRNGRAM FLEXWAL (INPUTsOUTPUTeTAPESsTAPEE)

RFAL MeMSET

INTFGER TESTeRUNMePOINMT
COMMOM/JACK/MNJsNJUToNJReXJ(100) s YI(L100) s 1td(100)sVI(ICD) s
SUJINCL00) «VIN(L00) oYIN(1I00) «DYJ(100)
COMMON/PARAM/HEAD (8) ¢ TESToRUNPCINT oMeRN AL PHAGTEAP ¢RLAX (10) s
RNRLAX o PT oPINFoUIMF 9 TAVG oIS (4) o IOPT(4) 9EC (4) 9 GAMMAGMSET
COMMON/ZCONTOUR/ND 9oNTWoNDS o NBW o NUS 9 XD (100) s YD (100) 40D (100)oVD(100)
DIMENSTON WK1 (1000) eWK2(100)

GAMMA=] ,4

GASR=171%.0

NWK1=1000

NWKP2=100

CALL INTTIAL (NWK2,WK2)

CALL INPT(IPRT)

M=RMACHNO (GAMMA4PT,PINF)

UINF=UINFIN (GAMMA ¢ GASR e TEMP 4 M)

WRITE (AeGH)MeUINF

IF(IPRT.FQ.0IWRITE (6+99)



ST

CALL SCALE(NdoXdeJ!DYJoUJ9VJ9MvNSETvO;17IPQT)
IF(IPRT.EQ0)WRITE(6+98)

CALL SCALE(NDOXDQYDQWKZOUD9VD9M9MSET,0929IPRT)
CALL SMOOTH(SOOQWKI(I)9WK1(501)91591PQT)

CALL WALLDTA(NWK1sWK1sIPRT)

CALL VJACK(IOPT)

CALL DELYJ(NWK29WK29NWK]1 s WK1 sUIMNF)
IF(IPRT.ENCIWRITE (6497)

CALL SCALE(NJ9XJ,YJ!DYJOUJNQVJNoMoMSETo193’IPQT)
IF(IAVG.EQ.0)CALL AVGDYJ (NJeXJeDYJ)

DO 25 I=1+NRLAX

CALL NEWYJ(IoNWK24WK2)

CONTINDF

STOP

FORMAT (///% My INF=2#G12,6% UINF=#G12.6//)
FORMAT (nln//# CALCULATED JACK DATA#)
FORMAT (niny//= INPUT WALL DATA®)

FORMAT (n]n//# INPUT JACK DATA%®)

END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

25
96
97
98
99

c

c

c

C

THIS FUNCTION CALCULATES THE TEST MACH NUMBER

FUf_\lCTION RMACHNO (GAMMA ¢ PT o PINF)
REAL ™2
ﬂQ=(°T/PINF)**((GAMMA-I.O)/GAMMA)
M2= (PR=1,0)#2.,0/ (GAMMA=1,0)

1F (ME.LT.O.O)M2=0.0

ODMACHMO=SORT (M2)

RETURN

END

c
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

c
c
c

THIS FUNCTION CALCULATES THE FREESTREAM VELOCITY

FUMCTION UINFIN(GAMMAGASReTEMP M)
REAL M
TINF=TEMP/ (1+0+ (GAMMA=]1,0) #M#M/2,0)
A2=GAMMA#GASR#TINF

A=SQRT (A2)

UINFIN=A#M

RETURN

END

¢ :
CCCCCCCCCCCCCFCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

c
C
c

THIS SURROUTINE PRESETS CERTAIN ARRAYS TO ZEROQ

SURRNUTTINF TMITTAL (NWK24wK2)



91

10

cccc

OOOOO0O0

COMMON/JACK/NJaNJToNJR o XJ(100) sYJ(100) oUJ(100) oVI(100)
SUIN(100) «VIN(L0G) s YUN(100)sDYJ(100)
COMMON/CONTOUR/ND9NTWoNDS e NEWsNUSeXD(100) s YD (100) sUD(100) 9VD(L100)
DIMENSTOM WK2 (NWK2)

DO 10 I=1,100

XJ(I)=0.0

YJ(I)=0.0

UJ(I)=0.0

VJ(I)=0.90

UIN(I)=0.0

VUN(I)=0.0

YJIN(I)=0,0

DYJ(I)=0,.0

XD(I)=0,0

YD(I)=0,0

UD(I)=0,.0

vD(I)=0.0

WK2(1)=0.0

CONTINUE

RETURN

END

€ccceeeeceecececceeccececceecceececeeceececceceeccecceceecececcecceccececececeecececececec

THIS SUBROUTINE HANDLES THE INPUT OF THE RAW DATA AS TAKEN FROM
THE WIND TUNMEL TEST

SUBROQUTINE INPT(IPRT)

REAL M4MSET

INTEGER TESTsRUNSPOINT
COMMON/JACK/NJoMJIToNJB e XJ(100) oYJ(100) 9 UJO(100)sVJIO(100)
SUJ(100) ¢VJI(100) 4 YUNC(100)
COMMON/PARAM/HEAD (8) s TESTeRUNIPOINT ¢ MgRN o ALPHA G TEMP 4RLAX (10)
SNRLAX9PToPIMNFoUINFoIAVGeIS(4) s IOPT(4) eEC(4) 9GAMMAGMSET
COMMON/CONTOUR/ND oNTWeNDS s NEBW oNUSeXD(100) o YD(100) sUD(100) sVE(100)
REWIND &

READ(5+4290) (HEAD(I)eI=148)

READ(S5+291) TESTeRUNSPOINT

READ (54292) RN AL PHAGTEMP ¢ PT9PINF ¢MSET

READ(5¢291) NUToNJBsNTWINDSoNREWoNUSeMRLAXs (IS(T)eI=1e4) e TAVGs IPRT
NJ=NJT+MJUR

ND=NTW+NDS+NBW+NIJS

READ(54291) (IOPT(1)sI=144)

READ(59292) (EC(T1) sI=144)

READ (54292) (RLAX(I)sI=14NRLAX)

READ(54294) (XJ(I) s YJ(I) o I=19NJ)
RFAD(59299) (XD(I) o YD(I)slID(I)sI=14ND)



LT

Cuus#usECHO CHFECK OF INPUT DATA

c

2nT
288
290
291
292
294
295
296
297
298
299

c

FRITE (64295)

HRITE (64296) (HEAD(T) 9 1=1,8)

WRITE (64297) TESToRUNSPOINT

WRITE (69 P9R) KNo ALPHASTEMPyPToPINF ¢MSET
WRITE (65 29T) NJT o NJBoNTWoNDSoNBUW o NUSaNRLAX (IS(I) 9 1=194) 9 IAVGIPRTY
WRITE(6e297) (IOPT(I)s1=144)

WRITF (64298) (EC(I)eI=194)

WRITE (6+4298) (RLAX(T)9I=19sNRLAX)

WRITE (64288) (XJ(I)aYJ(I)sI=1oNJ)

WRITE (69287) (XD(I)sYD(I)sUD(I)sI=19ND)
RETURN

FORMAT (3X43F10.5)

FORMAT (3X+2F1045)

FORMAT (RA10)

FOPMAT (1615)

FORMAT (RF1040)

FORMAT (2F1040)

FORMAT (1H1,//9% INPUT DATA LISTING #*e/)
FORMAT (3X48A10)

FORMAT (3X41615)

FORMAT (3X+RG1165)

FORMAT (3F1040)

END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

c
c
c

THIS SURROUTINE CONTROLS SMOOTHING OF THE WIND TUNKEL DATA

SUBROUTINE SMOOTH(NWKeWK1eWKZsISsTPRT)
COMMON/COMTOUR/ND9NTN9N059NBWyNU59XD(100)9YD(100)¢UD(100)-VD(100)
DIMENSION IS (4) ¢%K1 (NWK) sWK2 (NWK) 9DUM(10)

N1=IS (1)

N2=15(2)

N3=T1S(3)

NG=TS (4)

CruseaSMOOTH TOP WALL NATA

IF(N1.FEN,0)GO TG 26

DO 6 I=14NTW

WKI(T)=XD(T)

WK2 (1) =1n (1)

CONTINUF

DO 15 I=1,N1

CALL LSOSMTH(5~WK1(1)0NK2(1)oSqDUMqloNKl(l)oWKS,O)
WK2 (1) =wKS

CALL LSOSMTH(SeWK1 (1) sWk2(1)95sDUMy14WK1(2) e WKSe0)
WK2 (2)=aKS

NS=NTwW=?

DO 10 J=3MS

T.=I=?
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10

15

20

CALL LSOSMTH(SeWK]1 (IJ) 9wWK2(IJ) 9S5eDUMe1oWKY (J) s wWKSs0)
WK2(J)=uKS

CONTINUF

TJ=NTW~-4

NS=NS+]

CALL LSOSMTH(SsWKI(IJ) sWK2(IJU) 95¢DUMe 1K1 INS) sWKSe0)
WK2 (NS) =WKS

NS=MS+]

CALL LSOSMTHE(SewK1(IJ) ewWK2(IJ) ¢SeDUMs1eWK]1 (NS) s WKSeN)
WK2 (NS) =uwKS

CONTINUE

IF(IPRT.FR.1)G0 TO 26

NN 20 T=loNTW

WRITF (6100)XD(T) osUD(T) o WK2(I)

XD(I)=wK1(I)

HD(I)=wK2 (1)

CONTTINUF

CaitaaagMNOTH DOWNSTREAM DATA

26

TF(N2.EN0)GO TO 51

CouusagMOOTH ROTYOM WALL DATA

51

55

65

IF(N3.FD,0)6G0 TN 76

N0 55 I=]eNHYE

TI=sMTHeNDSENRY+ =T

WK1 (I)=xD(II)

WK2 (1) =uD(TII)

CONTINUE

NG 65 I=14N3

CALL LSOSMTH(S5¢WKI(1)eWK2(1)e5eDUMele WK1 (1) sWKSe0)
WK2 (1) =WKS

CALL LSOSMTHE(S5e¥K1(1)eWK2(1)e5¢DUMels WK1 (Z) owKSe 1)

L WK2 (7)) =wKS

NS=MEW=2

DO 50 J=3+MS

TJ=J=2

CALL LSOSMTH(SeWK1(IJ) oWKZ2(IJ)eSeDUMe ek 1 (J) stiKSeD)
WK2 (J)=uwKS

CONTINUF

TJ=NBh=4

NS=NS+1

CALL LSOSMTH(SewWK]1(TJ) eWK2(IJ) 959DUNe 1eWKL (HS) sWKSe0)
WK2 (NS) =wKS

MS=NS+1

CALL LSOSMTH(SeWK]1(IJ) sWK2(IJ)s5eDUMe1eWK1(NS) s WKSs0)
WK2 (NS) =wKS

CONMTIMUE

IF(IPRT.EN,1)GO TO 76

N0 70 I=)1e.NBW

II=NTW+NDS+NRW+1=1

WRTITF(A«IO0IXN(TT) «UND(TTY e WKZ2(T)



6T

-C

XD(IT)=uwkl(I)
UD(II)=wKk2(I)
70 CONTINUFE
CaausragMO0TH UPSTREAM DATA
76 IF(N4,EQ.0)G0 TO 99
99 RETURN
100 FORMAT (# XD=#F10.,5% UD=#F10.5%  UD(SMOOTHED)=#F10,5)
END
¢ .
ccceeececcecceecececceeceecececececeececcecceccececececccecececececcecececececececcceccceceececececcecceccececc
C
SUBROUTINE LSQSMTH(MeXeYsNCaCoMSeXSeYSHIC)

[of. 222222222 222222222 22 2-2- 2 0322222 R R - R - R TR Y

c , :
C# LSQSMTH IS A LEAST SGUARES SMOOTHING ROUTINE FOR EITHER A STRAIGHT

#*
Cs LINE OR A PARABCLIC FIT OF THE INPUT DATA d
C# #
C# Me=ews=NUMBER OF DATA POINTS USED IN THE SMOOTHING #
c# XgYw=w=]-D ARRAYS OF COORDINATES OF DATA TO BE SMNOTHED b
C#  NCoewew MUMBER OF LEAST SQUARES COEFFICIENTS TO BE COMPUTED PLUS 2 *
C# NC=4===STRAIGHT LINE FIT #
C# NC=5-==PARABOLIC FIT *
C# Cew=w===]1~D ARRAY OF LENGTH N+¢2 FOR COEFFICIENTS hd
Cs MS=wwe=- NUMBER OF POINTS TO BE INTERPOLATED AFTER FITTING DATA d
C# XSmeo—e 1-D ARRAY OF LENGTH MS CONTAINING LOCATION OF POINT TO BE #
C# SMOOTHED #
c# YSemnoa 1-D ARRAY OF LENGTH MS CONTAINING SMOOTHED ORDINATE OF XS #
C# ICme===1C=0=-==COMPUTE COEFFICIENTS ®
c# 1C=1-~-=~COEFFICIENTS PREVIOUSLY COMPUTED AND SUPPLIED #
Cc# 3

*

ot et e s S S R S B T S S S S R B B N R B S R SR S R R R S R R S R RN G RN R SN R AR SRR R B RS
¢ .

. DIMENSION X(M) oY (M) 9C(NC) 9 XS(MS) sYS (MS)
N=NC=2
IF (M LT4N)GO TO S0
IF(IC.EN.,1)G0 TO 21
SY=SX=SXY=SX2=SX2Y=SX3=5X4=0,0
DO 3 I=1M
SX=SX+X (1)
SY=SY+Y (])

3 CONTINUE
C(N+1)=SX/M $ C(N+2)=SY/M
DO S I=1sM
X{I)=X(1)=C(N+1)
Y(I)=Y(I)=C(N+2)

S CONTINUFE
DO 10 I=leM
SXY=SXY+X(I)#Y (1)
SX2=SX2+X(I1)#X (1)
IFIN.EQR.?2YGD TO 10
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OOOO00

10

25
30

33

50
s1

cccc

SX2Y=SX2Y+X(T) X (I)#Y(T])
SX3=SXI+X (T #X(T)#X(])
SX4=SX4+X (I)#X(II#X(T)#X(])
CONTINUF

IF(NERL2)G0 TO 15
C(3)=(SXPY#SX2=SXY#S5X3) / (SX2#SX4=SXCHSX2#SX2/M=SX3#SX3)
C(2)=(SXY=C(3)#SXx3)/SXx2
C(l)==C(3)#Sx2/¥ :
60 TO 18

C(2)=SXY/SX2

C(1)=0,.0

DO 20 I=]1eM
X(I)=X(1)+C(N+1)
Y(I)=Y(T)+C(N+2)

CONTINUF

IF(MS.ER.0)Y60 TO 3%

NO 23 I=1eMS
XS{I)=xXS(I)=C(N+])
COMTINUFE

DO 30 I=1eM8

YS(I)=0.0

DO 25 J=1eN
YS{I)=YS(I)#XS(T)+C(N+1=J)
CONTINUFE

CONT INUF

N0 33 I=1eMS
XS(I)=XS(T)+C(HN+1)
YS(I)=YS(I)+C(N+2)
CONTINUE

RFETURN

PRIMT SleMeN .
FROMAT (1M e///// o% Mol ToM IN LSQSMTH, M=#413¢% N=®T13)
sSToP

END

CCCCCECCCeececeeeeeeeeececeeceecececceeceeceeceecceecceeececceececcceececcceeccecce

THIS SURROUTIME TAKES INPUT DATA AND CALCULATES VELOCITIFS AMD
WALL LOCATIONS THEN FILLS APPROPRIATE ARRAY LOCATIONS.

SURROUTINE WALLDTA(NYPPsYPPsIPRT)
REAL MWMSET
IMTEGER TESTeRUNSPOINT
COMMON/JACK/NJoeNJUToNJBeXJ(100) s YJ(100) 91U (100) sVI(100)
SUJN(L100) o VIN(100) s YIN(100Q) «DYU(10D)
COMMON/PARAM/HEAD (8) ¢+ TESToRUNsPOTNTyMaRNeALPHA TEMP oRKLAX (10)
SNRLAY e PToPTIMNF o UINFoTAVGsIS(4) s IOPT (4) 9EC(4) «GAMMAWGMSFET
COMMON/CONTOUR/NN GNTW o NDS e MBL o NS XD (100) 9 YD (100) +UN(100) »vD(10G)
NTMFNSTON YPP (NYPP) « JOPT (2)



17

C
CouasaqPLIMF FTT OF UPPER WALL JACK COQGRDIMATES FOR Y (VE/U0Y e AND (VJ/UD)
~
CALY SRV (XD (1) aYJ (1) s YPPeMITeGa s IDPT (1) «EC(1) o5 0 (2) « TERR)
0N 30% T=lenTw
YOI =CHDYR (XD (T)Y oNJTeXJ (1) e YJI (1) s YPPeDLD)
VR(T)=CHRPYN LN (T) oNJTeXJ (1) e YU(1) s YPPeli,0)
305 COMTIMIE
nn 306 T=lenidT
V(T =CRYD (XJ(T) sNJTeXJ (1) eYJ (1) s YPP D)
306 CONTTIHIF
C
CrassagDTRE ©1T OF | ORER wWALL JACK COOPDINATES Fuod Yi SOV I S AUNVAYND
-~
CALL SACHEY L (XJ (P JUT*1) oYU (MJIT+1) s YPF 2% eDaBaTOPT(4) o C(3) ok C L&)
FIFRE)
N 07 J=lettine
TT=rMTe+n0S+]
YR(TT)ZCURVZ (XD (TT) s NJKReXJ(EJT+1) o YI(RAT+1) 9 YPPeOLD)
VO (TTY=CURVE(XE (TT) oNJIP e XJ(NIT+1) o YU INUT+1) 9 YPP 90 4H)
T CORTInir
MY 36M T=letuid
TT=NUT+T
MU(TT)SOEYE (X I (TT) aNJ= e X INIT+1) o YU (ST +1) e YPLotren)
308 COMTI 0y

C
CousarCAL COLATINS &F (UN/3D) COMPONENT SLOMSG THE O0aNSToopr B
~

YNAVAZ (VN (BTE) +y D (MTH+MNCe]1) ) /2.0
AN 315 T=lenis
[I=nTue Y
YN(TT)=VRave

319 CcOnMTIubr

FasssC AL CHLATTINS OF  (yD/UD) COMPOGRENT AL OnA Ter 1 QTRE A+ N

OO0

GPAVES (VO (T #NT QeMRy )+ (1)) /2. 0
N6 AP0 T=]ens
I T:NT..._!‘,»xr\Q P ._.}4}
YR (TT)=vRAvVE
320 COMTTInNF
C
CoesexCALCULATION OF LI ARG YD VELOCTTIES
c
NO 375 T=l4nD
VDT SUCAL (e INF o LN (T) oV (T) o (2% R)
YOI =vR (DY =uUN(T)
37H CNARTI G



144

CuusCALCULATTON OF U1 AND VI FROM UD DATA

C
JOPT(1)=1
JOPT(2)=1
FC1=0.0
ECN=0.0
ST=0.0
CALL HMCHEVI(XD (Y1) oUDC(1) s YPPoaMTWeSTeJOPTHECLeECNTERDP)
DO 340 T=1NJT
UJ(IY=CURVZ2(XJ(T) o NTHaXD (1) oi!D (1) s YPPWST)
VJ(T)=vJ () #uJ(T)

340 CONTINUFE
IR=NTW+MDS+]
CALL SWITCH(NBW«XD(IR))
CALL SWITCH(MNBWLHD(IR))
CALL SWITCH({NBW.YD(IR))
JOPT (1) =)
JOPT (2) =]
FCl=0.0
FCM=0,0
CALL HMCURVI(XD(TR) sUD(IR) e YPPoNRWeSTsJOPTSECloECNTFRR)
DO 350 I=14NJR
HJ(NJT+I)=CURV2(XJI(NIT+I) oNER e XL (IE) s UD(IR) s YPP4ST)
VI(NJT+T)SVI(NIT+ I #US(NUT+T)
350 CONTINUFE

CALL SHITCH(NRW4XD(IRB))
CALL SUTITCH(NBHLUN(IR))
CALL SWITCH(MBW.YD(IR))

CHuEeuREMOVE FREESTREAN COMPONEMT FROM UD aND UJ TO ORTAETN
Csras#THE PERTURRATION QUANTITIES
o
DO 355 T=1¢NJ
(T =0d (1) =UINF
355 CONTTINUE
NN 360 TI=1l.MD
UN(IY =N (1) ~UINF
360 CONTIMUE
c
Ca#asuCLOSF NATA CONTOUR
C
ND=ND+]
XDIND)Y=XD (1)
YD (ND) =YD (1)
HD(ND)Y =00 (1)
yD(ND)=VD (1)
c .
Caesstzrl NOK AT RESULTS OF THIS SUBROUTINE
(o!



1 %4

IF(IPRT.FN,1)GO TO 390
WRITE (Ae398) UINF
Nnn 365 TI=leMd
wPITF(6-399)IoXJ(I)9YJ(I)sUJ(I);Vd(l)
365 CONTINYF
WRITFE (64397)
non 370 T=1e0D
WRTTE (64299) To XD (1) o YR(I) sUD(T) VD (D)
370 CONTINUFE
390 RETURN
397 FORMAT (nln//* WALL DATA (SCALED) #//9X®T*
F1AYEXNFIAXRYNHLEXHDFIRXFVOR/)
308 FORMAT("l"//7X*HINF=*Gl2.6//7X*JACK DATA (SCALED) #//8x#1#
%1RX*XJ*IRK*YJ*IRY*UJ*IHX*VJ*/)
399 FORMAT(3XI3+4(5XF15.9))
lp]
c
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C THIS FUNCTION CALCULATES THE U COMPOMENT OF VELOCITY
C
FUMCTION UCAL (MeU!INF oCP s THFTASGAMMA)
REAL M
T2=1.0+THETA#THETA
IF(M Ea0aD)GN TO 10
P=(GAMMA=],0) /GAMMA
A12140=(1.0+GAMMARMEMECP/2,0) ##P
AP=1.0+2,0%A1/ ( (GAMMA=],0) tMitk)
HCAL=UINFRSORT (A2/T2)
RETUIRN
10 AP=1,0-CP
HCAL=UTNF#SART (A2/T2)
RETURN
EMD
c
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
c THIS FUNCTIOM REORNDERS THE INDICES OF APRAY X FRO™ HIGH TO LOW
c
SURROUTINE SWITCh(NeX)
DIMENSION X (N)
N0 10 I=laN
J=N+1=1
IF(J.LE.T)GC TO 11
S=xX({J)
X{J)y=x{(1)
X(I)=S
10 CONTINUE
11 RETURN
EaD



ve

c

ccceeceecececeeceenceecececeecececceececceeecececeecceececceeececececceaceeeecceccceeeceeececce

C
c
c

c

THIS SUBPROUTIME SCALES THE INPUT USING THE GOETHERT SCALING RULFS

SURRAUTIME SCALE (MeaXeYsDYoUsVeMgMSETeISeITeIORT)
REAL MywSET

NDIMENSTOMN X (M) oY (N) U (N) oV (M) s Y (M)
BETAZ2=]1,0=MiMm

BETA=SORT (RETAZ)

BETAMS=SORT (1.0~-MSET#MSET)

Coeasts]S=0m==COMPRESSIFLE TO INCOMPRESSIGLE
CHesra]S=]1=-==INCOMPRESSIBLE T0O COMPRESSIALE

TE(ISeENe0eAND IPRTEQOIWRITE (£425)

IF(ISeEN 1o AND G IPRTEQeO)WRITE (A92A)

IF(ITeEN Ll ANDLIPRT(EQ.O)WRITE (f423)

TF(ITeER a2 e AMND G IPRT 4EQe DI WRITE (6429)
IF(ITeF0.3.AMDLIPRTFQ.O)WRITE (6430)

IF(IS.EC.0)G0 TO S

BETAMS=1,0/BETAMS

RETA=).n/BFETA

RETAZ=]1.0N/BFTA?

DO 10 I=1.N

X(I)=X(T)

Y{I)=RETA®Y(I)

TF(IS.EQ.1)NY(T)=BETAMSH*DY (I) -
U(T)=RETAZ2®U(])

V(I)=8ETA%Y(])

IF(ITeF0al o ANDCIPRT EQaO)WRITE(6427) ToX(T)sY(I)
IF(TTeENe2e AND G IPPTF OO WRITE(642T)ToX(T) oY (I)oU(T)
IF(ITeEQa3eAMDGTPRT(EQe D) WRITE (6a27) T X (I) oY (I) oY (T)sU(T)sV(I)

COMTIMUF

RETURN

FORMAT (/ /% COMPRESSIRLE TO INCOMPRESSISBLE SCALINGH)
FORMAT (//% INCOMPRESSIBLE TO COMPRESSIBLE SCALINMG#)

FORMAT (2XT1345(2X4G12.6))

FORMAT (//74X#I#12X#XI*]2X*YIH/)

FORMAT (//74X#T#12X#XD#*12X%2YDR]I2X#CPH/)

FORMAT (//74X#T#12X#XJ#I2X#YIRLI2XHDYRI2XFUIH]L2XRVI*/)
END

CCCCCCCeeceecececcececececececececcececeeceeccecececceecceeceecceeeccececececcceeceeccccecececcccecacec

c

5

10

25

26

27

28

29

30
c
c
c
c

THIS SUXROUTINE INTEGRATES THE VELOCITY INTFGRAL TN OBTAIN THE JACK VELOCITY

SURRQUTINF VJACK (IOPT)
DIHFENSION TGPT(4)

> »



T4

COMMOAN/JACK /Mot UT o NJH o XU (1G0) oYJ(L00) o0 J(10G0) sVI(1G0)
FUIN(L100) «VIRN(I00) o YUM(INO) o DYU(I0D)
COMMON/COMTOUR/MN ¢ MTW e MNDS o N W oM IS e XD (100G) o YD (1001) o115 (100) oy (100)
PI=ATANZ (0eDe=1,0)
TvJ=0
NDM] =D -)
NO 40 J=1eMY
IF(JeFNaTVIIMRTITEF (549¢)
VIN(J)=0,0
HJM(J)=0.0
DO 30 I=JeNDul
ISTR=TSTRIP(Js 1)
IF(ISTRFNAI)ICALL STRIP(JeTsT+]1+UUSTRIPLZVSTRIP)
IF(ISTR.FNG2)CALL SING(JsIeUSTRIPWVSTRIP)
VAN (JY=VUIN(J) +VSTRIP
HIN(J) =UIN{J) =USTRIP
TE(JENGIVUIWRITF (999 Je T XU (J) s YI(JI) o XTI (L) aYOH(T)
FYD(TI+1)aYD{I+1) s VSTRIPSVUM(J) s ISTRUSTRIE ¢ IIN(J)
30 COMTINUF
PIDTVY=P]
TF(IRNDRY (J) «EN2)PIDTV=2,0%PT
VJMN ()Y =vUN(J) /PIDT Y
BIR () =1UN(J) /PTIDTY
40 CONTINUF
IF(IOPT (1) ,ENL1YIBO TN 42
VJIN (L) =vd(])
HIN (1) =Uidg (1)
42 TF(IOPT(2)eF041)60 TO 44
VJIM(MJT) =VJ(NJT)
UIM(NIT) =11 (NJT)
44 TF(IOPT(3).ECL1)B0 TO 4A
VUN(MJT+1)=VU(NGT+])
UJM (NJT+1) =0 (NJT+])
46 TF(TOPT(4),EN1)BO TO 4E&
VUM NJT+NIB) =VU (INJT+NJR)
UJNANJIT+ IR ) =UJ (NI T +HUR)
4R WRITF(6+97)
N0 S0 T=1leMJ
DVJI=EVIN(T)=VJI(D)
DUJI=UIN(T) =UJ(T)
WRITE(6GeGR) T XJ(T)aYJ(I)oUJ(T) s UINCI) oVI(I) aVUN(T) oV Ueliy
50 COMTYNUF
RETURN
9h FARMAT (m]1n)
97 FNRMAT (nIn//% MEW JACK PERTURSATION VELOCITY Cal CULATINNGH
g% (SCALFM#//® %
ROEXFYJHIARY JHGXHUYHEXRUINESXHVIROX HYPNFQGX DY JRIXFNIT 2 /)
O8 FOPMAT (TR42(2XFR.4) ¢2(2XFTe2) 04 (2XG10.4))
SS9 FNRMAT (# J=#]2%# T=#]2% XJ=#F T ,3% Y Us#FR,4% x=#F7,.3% Yhs#FR,4
§ XN=aFT7 3% YD=%FR 4% VSTRIP=#G12.6% VJu=#3]2,6% IQTRIP=%12/
FTOX % HST2IP=RG12 At (LIN=RGI12.A)
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OOO0O0O0

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCC

605

610

620

630
640

EMD

THIS SURPNNTINF CALCULATES TRF JACK VELNCITY COMPONENT KESULTTIREG FROM
GAME STRIP FXCLUNING THAT CONTAIMING THE SIMGULARITY

SHBROUTIMNF STRIP(TaKsL sUSTRIPWVYSTRIP)

COMMON/JACK /NI oNITaNJRa XS (100 o YJ(1GO) oI (1D0) 9V I(100)
KUJN(100) «VIN(L00) o YUN(LI0D) oDYJI(100)
COMMowlcﬁNTOUP/NﬁsNTWvNDSoNFw,NUS;XD(100)9YU(100)-U0(100)9VU(100)
XL=XD(L)Y=XD(K) % YL=YD(L)-=YD(K) % SL=SART (AL®XxL+YL¥YL)
RX=XJ(I)=-XD(K) & RY=YJ(I)=-YD(X)

UDIF=0D (1) =UD (K) §  VDIF=VN(L)=VD(Kk)

Al==RX#UD(K) § A2==PX#VD(K) § A3z=RY#Ud(x) % 84==RY#VI(K)
Rl=(=QxstUNTF+XL®UD(K))/SL ¢ Rz (=RX¥VDTF XL #¥VD (X)) /SL
R3=(-RY#IIDIF+YL®UN(K))/SL & R4=(=RY®YDIF+YLEYD () ) /SL
SLZ2=SL#SL

Cl=XL#UDTF/SL2 &  C2=XL®=VDIF/SL?

C3=YL#UDIF/SL2 &  Ca=YL®*VDTF/SLZ

NI=RXHAX+RYHRY & D2==2% (RX#XL+RYRYL)/SL

Fl=XxL/St. & E2=YL/SL

AD=Al1-A4 % RD=R1-R4 <« CD=Cl-Cs

AP=A3+A2 % RP=R3+R2 & CP=C3+(C2

N=6 ,#N1=-N2%D2

IF(Q)63N+610460%

QART=SQRT(A)

T1=2#ATAN(SL#QRT/ (2. 0¥D1+SL#D2)) /0FT
ARG=(N]+D2#SL+SL2) /N1

IF(ARG.LF.0.0)60 TO A50

T2=5#ALOG(APG) = 5%D2%T1

T3=SL=N2#T2-D1%#T1

GO TO 620

T1=2,0#SQL /(D2#(N72/2.,0+SL))

ARG=2,#(N2/2.0+4SL) /D2

IF(ARGLF.0.0)G0 TN 650

T2=ALOG (ARG =5¥D2%T1

T3=SL=D2#T2-(N2/2.)%(N2/2.)%T1
VSTRIP=(F1*(AD*TI*BD*T2+CD*T3)*E?*(AP*Tl»dP*TE*CD*TB))
HSTRIPz(El*(AP*TI+RP*T2+CP*T3)-FZ*(AD*T1+5D*T2+CD*T3))
RETURN

PRINT H40¢0

FORMAT (// s #ERPOR===THE VALUE OF Q IS NEGATIVE, A=%*4F15eRe//)
STOP

PRINT 651eTeKsl 9ARG

FNARPMAT (/% I=Hel29% Js#e]2e# J+l=#eT2e% ARG=Z4F 25,15
§/¢% ERPPOR-==ARGUMEMT OF LOG IN STRIP.LT.G¥)

STNP

FaD

C
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(o
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
¢
c THIS SURROUTINE FVALUATES THE VELOCITY COMPONENT ALNNG THE SINGULAR STRIP
c
SUBROUTINE SING(IsJsUSINGsVSING)
COMMON/JACK/NJoNJToNJB9XJ(100)9YJ(100)9UJ(100);VJ(100)9
SUJIN(100) 9 VUN(100) 9 YIN(100) sDYU(100)
_ COMMON/CONTOUR/ND’NTW9NDS9NBW9NUSoXD(100)oYD(lOO)oUD(lOO)aVD(lOO)
c PC=SORT ((XJ(I)=XD(J))##2+ (YJ(I) =YD (J))#52)
XJIX1=XJ(I)=XD (J)
YJYI=XJX1# (YD (J+1)=YD(J)) /(XD (J+1)=XD (J))
PC=SORT(YJY1#YJY1+XJIX1#XJIX])
SLESQRT ( (XD (J+1)=XD(J) ) ##2+ (YD (J+1) =YD (J) ) ##2)
ARG=SL/PC=1,0 :
IF(ARG.LF,0,)G0 TO 750
T1=UD (J+1)=UD (J)
T2=UD(J) +T1#PC/SL
T3=ALOG (ARG)
T4=VD (J+1)=VD (J)
TS=VD(J) +T4#PC/SL
VSING=T1+T2#T3
USING=T4+TS5#T3
RETURN
750 PRINT 751sT9J9ARG
751 FORMAT (% I=#yeI24% Jm#y]24% ARG=#¢F25,154/9% ERROR===
SARGUMENT OF LOG IN SING LE 0#)
STOP
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

THIS FUNCTION DETERMINES WHETHER THE STRIP BEING CONSIDERED IS A
NORMAL OR SINGULAR STRIP

(s ReNeNe NoNel

FUNCTION ISTRIP(IJsID) :
COMMON/JACK/NJsNJT9NIB9XJ(100) s YJ(100) »UJ(100) sVU(100) s
SUJN(100) 9 VUN(100) s YUN(100) sDYJ(100)
COMMON/CONTOUR/ND sNTWsNDS s NBWsNUS XD (100) sYD(100) sUD(100) sVD (100)
c _
C#euus]STRIP=1~-~-=NONSINGULAR STRIP
Co#uwnar]ISTRIP=2-~=SINGULAR STRIP
C .
ISTRIP=]
SJ=XJ (1)
TJ=YJ(IU)
S1=XD(ID)
T1=YD(ID)
S2=XD(ID+1)
T2=YD(ID+1)
DIF=§2=-])
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PROD=T1#TJ#T2
IF(DIF) 10430420
10 IF((SJ.GT.S?.AND.QJ.LT-SI)-ANQ.(PQOD.LT.OoO))ISTRIP=2
RFTURM
20 IF((SJ.GT.SI.AND.SJ.LT.QZ).AMO.(PROD.GT.0.0))ISTRIP=2
30 CONTINUE
.RETURN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC‘

THIS FUNCTION DFTERMINES WHETHER A POINT IS A POINT ON THE DATA SURFACE
OR A FIELD POINT

OOOOO0OO

FUNCTIOM IBDRY(IJ)
COMMON/JACK/NJoNJToNJBoXd(100)9YJ(100)9UJ(100)9VJ(100)9
$UJN(100)0VJN(100)’YJN(IOO)vDYJ(IOO)
COMMON/CONTOUR/ND,NTWsNDS9NBWoNUSQXD(100)9YD(100)9UD(100)9VD(100)

c

CosasaRDRY=1-==(XJsYJ) ON DATA SURFACE

Conusu]RDRY=2=-==(XJsYJ) IS FIELD POINT

c
I8DRY=1
SJ=XJ (1J)
IF ((SJeLTeXD(1)) +ORe (SJeBToXD(NTW))) IBDRY=2
RETURN
END
c

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

THIS SURROUTINE INTEGRATES THE DELTA THETA VALUES TO OBTAIN NEW
WALL LOCATION PREDICTIONS

OO0

SUBROUTINE DELYJ(NTHETA9THETA,NYPP9YPP9UINF)
DIMENSTION THETA (NTHETA) s YPP (NYPP) s JOPT (2)
COMMON/JACK/NJqNJTvNJBqXJ(100)9YJ(100)vUJ(100)9VJ(100)9
$UJN(100)9VJN(100)9YJN(100)9DYJ(100)
JOPT (1) =1
JoPT (2) =1
EC1=0.0
ECN=0.0
DO 10 I=1sNJ
UIN (1) =UIN(T) +UINF
UJ(I)=0J (1) +UINF
THETA(I)=VJIN(I) ZUIN(T)
YIN(I)=vJ (D) /UJ (1)
10 CONTINUF
CALL HMCURVI(XJ.THETAoYPPyNJTs0-09J0PTQEC1yECN.IERR)
DO 15 T=1NJT
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c

DYJS(TI=CURVYTI (XJI(]) o XJ{I) e MUTaXJeTHETASYPR N ()
15 COMTIHHIF
CALL HMCDRVL(XJsYUNIYPPoaNUT90e0eJOPTIECL o€ CNTERK)
DO 20 I=14NJT
DYJ(I)=0YJ(I)=CURVTI (XJC(L) o XJI(T) oMJToXJaYUNsYPP 0L Q)
20 CONTIMUF
N1=hJT+1
NZ2=MJT+HJR
CALL HMCUHRYI(XU(NT) o THETA(NL) ¢ YPPoNJRe 0o Do JORPTSECLeFCreIFRR)
nn 25 I=nleMN2 )
DYJ(I)=CURVI (XJI(NY) o XJ(T) s NUHeXJ(N1) o THETA(M]) o YPP0.0)
25 CONTItMIF
CALL HMCURVI(XJ(M1) s YUMINI) o YPPoNJR e (0o NeJOPTeECIosECH e IEFR)
PO 30 I=M1eN2
DYJ(I)=NYI(T)=CHRVI(XJ(ND) o XU (D) o NUR e XJ(NL) a YUN(NL) « YPPoli e 0)
30 CONTINLUF
WRITE (6+498)
NO 40 T=1NJ
WRITE (5G9 ToXJ(IY o YJ(I) sUJ(T) o UIN(TI) ¢ VI(I) s VUN(T) o YIUN(T) s THETA(])
FeDYJIU(I)
40 CONTINMYUE -
RMSDYT=RmS(NIT DY)
QUMSNYR=RMS (NJRsDYJ(NUT+1))
WRITF (AeST) RMSDYT4RMSDYR

RETURN

97 FORMAT (//7% RMS(DYJ(TOPR))= #G17.6% IMS(DYJ(ROT) )=  #Gl2e46)

98 FORMAT (n]Qn//% PREDICTED wWALL CORRECTION (SCALED)®//
FRXETHOXFXJHBXRY J# QX #IIHTXHPINFSX#YJ#OXBYINFGYXRTHE TARAKX
SRTHETANRSXEDY J#/)

99 FORMAT(TI3e2(2XFE44)92(2XFTe2)95(2X51044))
END

cCcceececcececcceceeaceecceceecececececeecececceececeececcecececenceccceeecececccecececeecceeccceecccceccecceccecec

c
C
c

C

THIS FUMCTION STATFMENTS DETERMINES THE RMS VALUE 0OF ARRAY A

FUNCTION RMS (NgA)

NIMENSTIONM A(N)

RMS=0,0

DO 10 I=YeM

RMG=RUS+A(I)#A(])
10 CONTINUF

EMS=QART (RMS/N)

RETURN

END

CCCCCCCCCCCCeCeceeeececeecececeeececececceececececececeececeeecececececcececccececeeceececceeecceecceecccecce

C

c
C

SURRQUTINME HMCURY1 (XeYsYPPeNsSTsOPTHECL+ECNsIERR)

THTS <HBROUTIMF FITS & CURTC OR TENSTON SP) TNF THROUGH A SFT
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Cc#
c#
C*
C#
C#
C#
C#
C#
C#*
Cc#
C#
C#
C»
C#
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cC*
c#
C®
C®
C#
(084
C#
Cc#
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C#
Cc#
C#
C#
C#

NF Y VS X VALUES.

AUTHOR == HARRY MORGAN MNASA/LANGLEY LSAR/STAD

(MODIFIED RBY JOEL EVERHART NASA/LANGLEY)

DESCRIPTIAN OF IMPUT ANMD QUTPUT FOR SURROUTINE SPLINE

PARAMETFR
Y -

Y -

YypPo -

N -

ST -
OPYT -
FCN o -
IFRR =

PESCRIPTICN

INPYT AGEAY OF INDEPFNLENT VARTARBLE.
INPUT ARPRAY OF DEPENDENT VARTABLE.
NUMMY YORK ARRAY OF DIMENMSTON 10%N ON INPUT,.
ON GUTPUTe ARRAY OF SECOND DERIVATIVES.
MUMEER OF INPUT VALUFES OF X AND Y.
SPLINE TENSIOM (ST=0.,0 SAME AS CU3IC SPLTNE) .
FND CONNDITION ORPTION ARRAY OF LENGTH 2. 0oPT (L)
COREESPONDS TO COMDITION AT X (1) OPT(2) CORKESPONDS
TO CONDITION AT X{(N).
1] = FC1 GR ECN LNKNOWN
2 = FCl=vyP (1) OR ECN=YP (N)
2 = FCl=YPP(]1) OR FECN=YPP ()
FND CONDITION AT END OF Y VS X CURVE,
FRROR CONFE
0 - NO FRROR
1 - N IS LESS THAN 3
2 = X IS NOT MONNTONICALLY INCRFASING

RESTRICTIONS
X MUST RF MONOTONTCALLY TINCREASING
N MIIST BE GREATER THANM OR EQUAL TO 3.
X AND Y MUST RE DIMENMSTONED RY AT LEAST » Th CalLING

PROGRAM,

ST SHNULD RBE MO GREATER THAN 50.

oW % X

%%

ok % & o % X% o & & ok % e Ak o%

%

E- I 2

C*%*%%**%**%*%**&*%*%*%*%%*&Q%%%**%%*%%*%%%%*********ﬁ**%*%ﬁ%%****%*%*%*

c

c

OO0

NIMENSION X (N)s Y(N)s YPP(1l)s OPT(2)

INTEGER nPT

STNH(X) =0 5% (EXF (X)=EXP (=X))
COSH(X) =0 5% (FXP(X)+EXP (~X))

CHECK ON MONCTONICBLLY INCREASING X

IFRR=0

TF (M 1. T.3) G0N TN 32
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OO0

OO0

OO0

OO0

2

N0 1 I=2N

TF (X(T).LE«X(I=1)) GO TO 33
CONTINF

COMPUTE TENSION PARAMETFER T
TSTHFLOAT (M=1) /(X (M) =X(1))
COMPYITE NEEDFN PROGRAM IMNTEGFR VALYES

e ]

Nl=sMed

M2 0
MI=N2+N
ME=NI+N
NS =NG+)
MEZNG + A
MT=NA+N
NR=NT+N
MO=NR+N

LOAD MATRIX ROWS 2 THRUY M-l

N0 2 I=leM

H2=X(I+1)=X (1)

IF (STelFefaN) YRD(I)=H2/6,

TF (STaGToNe0) YPP(I)=(1o/H2=T/SINH(TH*H2))/(T*T)
K=2%#N+]

YPP (K)=YPP(I)

IF (I.E0.1)Y GO TO 2

K=K +N

TF (STelFeNaf) YPP(K)=(HZ+H1) /3.
IF(ST.GT.O.Q)YPP(K)=(T*COSH(T*Fl)/SINH(T*HI)-1./H1+T*COSH(T*h2)/SI
FNH(TH#H2)=14/H2) /(T*T)

K=K+

YRP(K)=(Y(T+1)=Y(I))/H2=(Y(I)=Y(I=]1))/H]

H1=H?

LOAD mATRIX ROWS 1 AND N (END CONDITIONS)

YPP (N3)=YPP (N4=1)=1.0
YPP (N2)=YPP (M)=0.,0

ROW 1

GO TN (3¢446)0PT (1)

Al=X(2)=¥(3)

A2=X(3)=-x(1)

A3=X(1)=X(2)

YPP (N4) =2 # (Y (1) FAL+Y (2) #A2+Y (3)#A3) /(AL#X (1) #¥24A2%X (2) ¥*2+43%
KX (3)#%2)
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9

10

11

12

13

GO TO 7

Hl=X(2)=-x(1)

YPP (N4)=ECl=(Y(2)=Y (1)) /H]

IF (ST.GT.0.0) GO TO 5

YPP (N3)==H1/3.

YPP (N2)==H1/6,

GO 70 7
YPP(N3)=(14/(H1#T)=COSH(TH#H]1)/SINH(T#*H1)) /T
YPP(N2)=(1e/SINH(T#H1) =14/ (H1I#T)) /T
50 TO 7

YPP (N4)=FCl

ROW N

G0 TO (A+9+11)0PT(2)

Al=X(N=1)=X(N)

A2=X (N) =X (N=2)

A3=X (N=2) =X (N=1)

YPP (NG=]1) =2, (Y (N=2) #AL+Y (N=1)#A2+Y (N) #A3)/ (Al #X(N=2) ¥#2+A2%X (N~1)
FHRE24LAZHX (N) #32)

GO T0 12

H1I=X(N) =X (M)

YPP (NS5=1)=ECN=(Y (N) =Y (M))/H]

IF (ST«.GT.0.0) GO TO 10

YPP (M)=H1/6,

YPP (N4=1)=H1/3.

G0 TO 12

YPP(M)=(1e/(H1#T)=1o/SINH(T*H1) /T

YPP (N4=~1)=(COSH(H1#T) /SINH(T#H1) =14/ (R1#7)) /T
GO 70 12

YPP (N5=1)=ECN

SOLVFE TRIDIAGONAL MATRIX

YPP(N7)=YPP (N3)

YPP (N8)=YPP (N4) /YPP (N3)

YPP (N9)=YPP (N2) /YPP (N3)

DO 13 TI=2.N

Il=1~1

12=1-2
YPP(NT+J1)=YPP(N3+I1)=YPP(I1)#YPP(NO+]I2)
IF (I.EQ.N) GO TO 13
YPP(NO+I1)=YPP(N2+11)/YPP(N7+I1)

YPP (N8+T1)=(YPP(N4+I1)=YPP(I1)#YPP(NB8+1I2))/YPP(NT+I1)
YPP (N6-1)=YPP(NG~1)

N0 14 I=1eM

I1=N6=-1~1

I12=N~-1

T3=77-1
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c

14 YPP(I1)=YPP (NB+T3) =YPP (N9+13) #YPP (1141)

K=0

DO 15 I=1,N

Il=1=-1

YPP (N6+K)=YPP (NS+TI1)
15 K=K+1

YPP (M) =YPP (N3=2)
REARRANGE SOLUTION IN YPP ARRAY

DO 16 I=14N
T1=N6+I=-1
16 YPP(I)=YPP(I1)

RETURN
32 IERR=]
RETURN
33 I1FERR=? :
WRITE(6435) (ToX(I)eY(I)sI=1eN)
RETURN
35 FORMAT(1H195Xe33HX IS NOT MONOTONICALLY INCREASING//9X9s1HIs 13X s 1H
SX’19X91”Y/(5X91505X9E15¢695X9E15.6))
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

c

c

000000000000000000000

FUNCTION CURV2 (ToeNsXsYsYPsSIGMA)

INTEGER N
REAL ToeX(N)sY(N)sYP(N)+SIGMA

FROM THE SPLINE UNDER TENSION PACKAGE
CODED BY A, Ko CLINE AND R, J. RENKA
DEPARTMENT OF COMPUTER SCIEMCES
UNIVERSITY OF TEXAS AT AUSTIN

THIS FUNCTION INTERPOLATES A CURVE AT A GIVEN POINT

USING A SPLINE UNDER TENSION. THE SUBROUTINE CURV1 SHOULD
BE CALLED EARLIER TO DETERMINE CERTAIN NECESSARY
PARAMETERS,

ON INPUT=-

T CONTAINS A REAL VALUE TO BE MAPPED ONTO THE INTERPO~
LATING CURVE.,

N CONTAINS THE NUMBER OF POINTS WHICH WERE SPECIFIED TO
DETERMINE THE CURVE,

X AND Y ARE ARRAYS CONTAINING THE ABSCISSAF AND
ORDTIMATFS. RESPECTIVFI Ye OF THF SPECTFIED POINTS.
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e NeNe]

[eNeNe]

YP IS AN ARRAY OF SECOND DERIVATIVE VALUES OF THE CURVE
AT THE NODES.

AND
SIGMA CONTAINS THE TENSION FACTOR (ITS SIGN IS IGNORED).

THE PARAMFTERS Ns Xeo Ys YPs AND SIGMA SHOULD BE INPUT
UNALTERED FROM THE OUTPUT OF CURV1.

ON OUTPUT =~
CURVZ CONTAINS THE INTERPOLATED VALUE.
NONE OF THE INPUT PARAMETERS ARE ALTERED.

THIS FUNCTION REFEREMCES PACKAGE MODULES INTRVL AND
SNHCSH,

DETERMINE INTERVAL

IM1 = INTRVL(TeXeN)
I = IM1+1

DENORMALTIZE TENSION FACTOR
SIGMAP = ARS(SIGMA)#FLOAT(N=1)/(X(N)=X(1))

SET UP AND PERFORM INTERPOLATION

DEL1 = T-X(IM])
NELZ2 = X(I)=T
DELS = X(1)=~X(IM])

SUM = (Y(I)#DEL1+Y(IM]1)#DELZ) /DELS
IF (SIGMAP ,NE. 0s) GO TO 1
CURVZ2 = SUM=DEL1#DEL2#(YP(I)# (DEL1+DELS)+YP(IM])#
# (DEL2+DELS) )/ (6.#DELS)
RETURN
1 DFLP1 = SIGMAP#(DEL1+DELS)/2,
DELP2 = SIGMAP®*(DEL2+DELS) /2.
CALL SNHCSH (SIMHM1,DUMMYsSIGMAP#DEL1s=1)
CALL SNHCSH (SINHM24DUMMYsSIGMAP#DELZ24s~1)
CALL SNHCSH (SINHMSsDUMMYsSIGMAP#DELSe=1)
CALL SNHCSH (SINHP14DUMMYsSIGMAP®#DEL1/2.9-1)
CALL SMHCSH (SINHP2¢DUMMYsSIGMAP#DEL2/2.9~1)
CALL SMHCSH (DUMMY,COSHP14DELP1+1)
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CALL SNHCSH (DUMMYsCOSHP2sDELP2s1)
CURV? = SUM#(YP(I)#(SINHML2DEL2=DEL1#%(2.%# (COSHP1+1.)%

* SINHP2+STIGMAP#COSHPLI#DELZ2) ) +YP (IM1) # (SINHMZ2+#
# DELI-DELZ2# (2% (COSHP2+1,)#*SINHP1+SIGMAP#*
# COSHP2#DEL1)) )/ (SIGMAP®STIGMAP#DEL S# (STNHMS+
# SIGMAP#DELS))

RETURN

END

c
(of of of of of of of o of of o of o of of o of o of o o o of o of o o o o € of of o of o o o o o o o ol o o o o o o o of o o o of o o o o of o{ o oY o o o o o o o7 o o oY 6 o oF o] o oY o 0%
c

FUNCTION CURVD (ToeNeXsYsYPeSIGMA)

INTEGER N
REAL ToeX(M)sY(N)sYP(N) «SIGMA

FROM THE SPLINE UNDER TENSION PACKAGE
CODED BY A, ke CLINE AND R. J. RENKA
DEPARTMENT OF COMPUTER SCIENCES
UNIVERSITY OF TEXAS AT A{STIN
THIS FUNCTIOM DIFFERFNTIATES A CURVE AT A GIVEN POINT
USING A SPLINE UNDER TENSION. THE SUBROUTINE CURV1 SHOULD .
BE CALLED EARLIER TO DETERMINE CERTAIN NECESSARY
PARAMETFRS,
ON INPUT=-

T CONTAINS A RFAL VALUE AT WHICH THE DERIVATIVE IS TO RE
DETERMINED.

N CONTAINS THE NUMBER OF POINTS WHICH WERE SPECIFIED TO
DETERMINE THE CURVE,

X AND Y ARE ARRAYS CONTAINING THE ABSCISSAE AND
DRDINATESs RESPECTIVELYs OF THE SPECIFIED POINTS.

YP IS AN ARRAY OF SECOND DERIVATIVE VALUES OF THE CURVE
AT THE NODES.

AND
SIGMA CONTAINS THE TENSION FACTOR (ITS SIGN IS IGNORED).

THE PARAMFTERS Ny Xs Ys YPs AND SIGMA SHOULD BE INPUT
UNALTERED FROM THE OUTPUT OF CURV1,

ON OUTPUT ==

CURVD CONTAINS THE DERIVATIVE VALUE,

OO0 O0ODOOOO00
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c
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OOOOOOOO

NONE OF THE INPUT PARAMETERS ARE ALTERED,

THIS FUNCTION REFERENCES PACKAGE MODULES INTRVL AND
SNHCSH,

DETERMINE INTERVAL

IM1 = INTRVL(TeXeN)
T = IM]l+1
DENORMALIZE TENSION FACTOR
SIGMAP = ABS(SIGMA)#FLOAT (N=1)/(X(N)=X(1))
SET UP AND PFRFORM DIFFERENTIATION
DEL1 T=X(IM1)}
DEL?2 X(I)=T
DELS X(I)=X(IMm])
SUM = (Y(I)=Y(IM)))/DELS
IF (SIGMAP NE, 0,) GO TO 1
CURVD = SUM+ (YP(I)#(2.#DEL1#DEL1-DELZ2*(DELL1+DELS))~
# YP(IM1)#(2.,#DEL2#DEL2-DEL1#(DEL2+DELS)))
#* /(6 #DELS)
RETURN
1 CALL SNHCSH (DUMMY,COSHM] +SIGMAP®#DEL1s1)
CALL SNHCSH (DUMMYoCOSHMZsSIGMAP®DELZs1)
CALL SNHCSH (SINHMSsDUMMY sSTGMAP#DELSs~1)
CURVD = SUM+(YP(I)#(DELS*SIGMAP#COSHM1~SINHMS) =
# YP(IM1)®(DELS*SIGMAP#COSHMZ2~SINKMS) )/
#* (STGMAP#SIGMAP#DEL S# (SINHMS+SIGMAPH#DELS) )
RETURN
END

i nn

103 o of of of of of of of o of o of of of o of o of of o o of o of of of o o o o o o o o o f o o o o o o o o o o o o ] 3 o f o o o o o o o o{ o o 6 o o o3 ol o S o o o o{ o o o4

FUNCTIOM CURVI (XLosXUsNosXoeYsYPySIGMA)

INTEGER N
RPEAL XL eXUeX(N)sY(N)sYP(N)+sSIGMA

FROM THE SPLINE UNDER TENSION PACKAGE
CODED BY A, Ko CLINE AND Re Jo RENKA
DEPARTMENT OF COMPUTER SCIENCES
UNIVERSITY OF TEXAS AT AUSTIN

THIS FUNCTTOM TNTEGRATES A CURVE SPECTFTED RY A SPLTIME
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UNDER TENSION BETWEEN TWO GIVEN LIMITSe THE SUSROUTINE
CURV1 SHOULD BE CALLED EARLIER T0O DETERMINE NECESSARY
PARAMETERS. k
ON INPUT=-
XL AND XU CONTAIN THE UPPER AND LOWER LIMITS OF INTE-
GRATIONs RESPECTIVELY. (SL NEED NOT BE LESS THAN OR
EQUAL TO XU’ CURVI (XL,XU’.'.) .EQ. "CURVI (X'J.XL’OCO) )'

N CONTAINS THE NUMBRER OF POINTS WHICH WERE SPECIFIED TO
DETERMINE THE CURVE,

X AND Y ARFE ARRAYS CONTAINING THE ABSCISSAE AND
ORDINATESs RESPECTIVELYs OF THE SPECIFIED POINTS.

YP IS AN ARRAY FROM SUBROUTINE CURV]1 CONTAINING
AT THE NORES,

AND
SIGMA CONTAINS THF TENSION FACTOR (ITS SIGN IS IGNORED).

THE PARAMETERS Ns Xs Ys YPs AND SIGMA SHOULD BE INPUT
UMALTERED FROM THE OUTPUT OF CURV1.

ON OUTPUT =~
CURVI CONTAINS THE INTEGRAL VALUE.
NONE OF THE INPUT PARAMETERS ARE ALTERED,

THIS FUNCTION REFERENCES PACKAGE MODULES INTRVL AND
SNHCSH. '

STATEMENT FUMCTION FOR COEFFICIENT ASSOCIATED WITH
DERIVATIVE TERMS

TERM (CMM]14CMM24T) = (CMM1=CMMZ=SIGMAP#T#SS)/(SIGMAP#
i SIGMAP#SIGMAP# (SS+SIGMAP#DELS))

DENORMA| IZE TENSION FACTOR
SIGMAP = ABS(SIGMA) #FLOAT(N=1)/(X(N)=X(1))
DETERMINE ACTUAL UPPER AND LOWER BOUNDS

XXL = XL
XXty = xu
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SSIGN = 1.

IF (XL +LTe XU) GO 7O 1
XXL = XU

XXy = Xl

SSIGN = -1,

IF (XL «GT. XY} GO TO 1

RETURN ZERO IF XL +EQe XU

OO0

CURVI = 0.
RETURN

SEARCH FOR PROPER INTERVALS

e NeNe]

1 ILM1 = INTRVL (XXLsXoN)
IL = ILM1+1
IUM]1 = INTRVL (XXUesXsN)
IU = Tuml+l
IF (IL .EQG, TU) GO TO 8

INTEGRATE FROM XXL TO X(IL)

[p e Ne]

Sum = 0,
TF (XXL «EQe X(IL)) GO TO 3
DELY = XXL=-X(ILM1)
DEL2 X (IL)=XXL
DELS X(IL)=X(ILM])
Tl = (DELI+DELS)#DEL2/(2.#DELS)
T2 = DEL2%#DEL2/ (2.%#DELS)
SUM = TI#Y(IL)+T2#Y(ILM]1)
IF (SIGMA LEG. 0.) GO TO 2
CALL SNHCSH (DUMMY4ClsSIGMAP#DEL1s2)
CALL SNHCSH (DUMMYeC2+sSIGMAP#DEL2+2)
CALL SNHCSH (SSsCSeSIGMAP#DELSe3)
SUM = SUM+TERM(CSsClsT1)®*YP(IL)
& +TERM(C29049T2)#YP(ILMI])
GO T0 3
2 SUM = SUM=T1#T1#DELS®*YP(IL) /6.
# =T2# (DEL1# (DEL2+DELS) +DELS#DELS) #YP (ILM]1) /12,

C
C INTEGRATE OVER INTERIOR INTERVALS
c
3 IF (IU=-IL +EQ. 1) GO TO 6
ILP1 = TL+1
DO 5 1 = ILPlseIUM]
DELS = X(I)=X(I=1)
SUM = SUM+(Y(I)+Y(I-1))*DE|LLS/2.
IF (SIGMA .EQ. 0,) GO TO 4
CAll SHHCSH (SSeCSeSTGMAP#DFI Se3)
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SUM = SUM+(YP(T)+YP(I-1))#(CS=SS#*#SIGMAP*DELS/2.)/
A (SIGMAP#SIGMAP#SIGMAPH# (SS+SIGMAP*DELS))
G0 70O 5 .
4 SUM = SUM=(YP(I)+YP(I=1))#DELS*DELS®*DELS/24.
5 CONTINUE

c
C IMTEGRATE F&OM X (IU-1) TO XXU
C
6 IF (XX!) «E0e X(IUIM1)) GO TO 10
NDEL]1 = XXU=X{IUM]1)
DELLZ = X (I =XXU
DELS = X (I =X(TUM]1)
Tl = DELI#DEL1/(2.#DELS)
T2 = (DFL2+DELS)#DFL1/(2.#DELS)
SUM = SUM+TI#Y (TU)+T2#Y (TUM1)
IF (SIGMA FQ. 0,) GO TO 7
CALL SMHCSH (DUMMYsCleSIGMAP*DEL142)
CALL SNHCSH (DUMMY4C2¢SIGMAPHDELZ242)
CALL SNHCSH (SSsCSeSIGMAPH#DELSe3)
SUM = SUM+TERM(Cl904sT1)#YP(IU)
# +TERM(CS+C2T2) #YP (1UM])
GO TO 10
7 SUM = SUM-TI*(DFLZ*(DEL1+DELS)+DELS*DELS)*YP(IU)/12.
#* «T2#T2#DELS#YP (IUM]) /6,
GO TO 10
C
C INTEFGRATE FROM xXL TO XXU
Cc
8 DELUL = XXu=Xx(Iuml)
DELUZ2 = X(IU)=XXU
NDELLY = XXL-X{IuM})
DELL2 = ¥ (IU)=XXL
NELS = X (IUY)=X{IUM1)
DELTI = xXU=XxXL

T1 = (DFLU1+DELL])®#DELI/ (2+%*DELS)

T2 = (DFLU2+DELL2)#DELT/ (24%#DELS)

SUM = T1#Y(TU)+T2#Y (TUM1)

IF (SIGMA LEG. 0,) GO TO 9

CALL SNHCSH (DUMMYsCUlsSIGMAP#DELUL2)
CALL SNHCSH (DUMMY,CU2sSIGMAP*DELUZ2+2)
CALL SNHCSH (DUMMYoCL19SIGMAP#DELL1+2)
CALL SNHCSH (DUMMYCL2sSIGMAP*DELL22)
CALL SMHCSH (SSeDUMMYsSIGMAP#DELSe=1)

SUM = SUM+TERM(CULsCLLsT1)®*YP(IU)

d +TERM(CL29CU24T2) #YP (IUM])
GO TO 10
9 SUM = SIM=T1# (DFLU2#(DELS+DELUL) +DELL2%* (DELS+DELLL) ) *
® YP(IU)/12.
# ~T2# (DELL1#(DELS+DELL2) +DELUI* (DELS+DELU2) ) *#
ol YP(IUM1) /12,
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[ Ne]

c
c
c

c

OO0 NOODOOOOOOOOOOO0OOOOOO

CORRECT SIGN AND RETURN
10 CURVI = SSIGN®SUM
RETURN
END

ccceeeeccecceecececcceeeceeeceececcececcceccecceceecceecececeeececececceeccceccecceecccececce

FUNCTION INTRVL (TeXseN)

INTEGER N
REAL TeX(N)

FROM THE SPLINE UNDER TENSION PACKAGE
CODED BY A. Ko CLINE ‘AND R, Jo RENKA
DEPARTMENT OF COMPUTER SCIENCES
UNIVERSITY OF TEXAS AT AUSTIN
THIS FUNCTION DETERMINES THE INDEX OF THE INTERVAL
(DETERMINED BY A GIVEN INCREASING SEQUENCE) IN wWHICH
A GIVEN VALUF LTES.
ON INPUT ==
T IS THE GIVEN VALUE.,
X IS A VECTOR OF STRICTLY INCREASING VALUES.
AND
N IS THE LENGTH OF X (N «GEs 2)e
ON OUTPUT--

INTRVL RETURNS AN INTEGER I SUCH THAT

I =1 IF T oLEe X(2) o
I = N=-1 IF X(N=1) +LEs T ’
OTHERWISE X(I) oLEe T oLEe X(I*+1)»

NONE OF THE INPUT PARAMETERS ARE ALTERED.

- . . D AR B W e G D S S G R D D A WD G S G TR G D G W S NP e e e TR W W e

TT =7

IF (TT LLE. X(2)) GO TO 4
IF (TT «GE. X(N=1)) GO TO S
IL =

TH = N=1
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o000 [pEeNe] OO0 g EeNe!

OO0

c

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
c

c

OOOOOOOOOOOOOOO

LINEAR INTERPOLATIOM
11-= IL*IFIX(FLOAT(IH-IL)*(TT-X(IL))/(X(IH)-X(IL)))
IF (TT J.LT. X(I)) 60 TO 2
IF (TT JLEe X(I+1)) GO T0 3
TOO HIGH

IL = 1+1
GO 70 1

TOO Low
2 1H = 1
60 T0 1
3 INTRVL = 1
RETURN
LEFT END

4 INTRvL
RETURN

"
—

RIGHT END

5 INTRVL
RETURN
END

n
4
]
el

SUBROUTINE SNHCSH (SINHMsCOSHM4 X4 ISW)

INTEGER ISw
REAL STINHMeCOSHM,X

FROM THE SPLINE UNDER TENSION PACKAGE
CODED BY A, K, CLINE AND Re Je RENKA
DEPARTMENT OF COMPUTER SCIENCFS
UNIVERSITY OF TEXAS AT AUSTIN

THIS SUBROUTINE RETURNS APPROXIMATIONS T0
SINHM(X) = SINH(X)=~X
COSHM(X) = COSH(X)=1

AND
COSHMM (X) = COSH(X)=1=x#Xx/2

WITH RELATIVE ERROR LESS THAN 3.42E-14

ON INPUYT=--

c¢cceececccececccecccece
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X CONTAINS THF VALUE OF THE INDEPENDENT VARIABLE.

Isw IMDICATES THE FUNCTION DESIRED
-1 IF ONLY SINHM IS DESIREDs

0 IF ROTH SINHM AND COSHM ARE DESIRED
1 TF ONLY COSHM IS DESIRED,

2 IF OMLY COSHMM IS DESIRED,

3 IF BOTH SINHM AND COSHMM ARE DESIRED.

WwHuwnu

ON DUTPUYT=-
SINHM CONTAINS THE VALUE OF SINHM(X) IF ISW «LEe. 0 OR
ISW o+FEQe 3 (SINHM IS UNALTERED IF ISw «EQe.l OR ISW +E0.
2).
COSHM CONTAINS THF VALUE OF COSHM(X) IF ISW «EQ. 0 OR
ISW «FQe. 1 AND CONTAINS THE VALUE OF COSHMM(X) IF ISW
«GE, 2 (COSHM IS UNALTERED IF ISW .EQe =1).

AND
X AND ISW ARE UNALTERED.

OO OOOOOO

DATA SP4/4,50217693381333E«08/y
SP3/8.9527854421€390E-06/
SP2/8,72048976791502E~04/,
SP1/4.36314556981690E-02/
SN1/-6.36854430175110E~03/

DATA CP&4/1,78419567490190E-07/»
CP3/2,87277229799044E-05/
CP2/2.15151519902028E~03/
CP1/7.58181822756256E~-02/
CA1/-7.51515105679867€~03/

DATA 7ZP3/5.59297116264720E~0T7/»

72P2/1.77943488030894E~04/

ZP1/1.69800461894792E-02/

704/1433412535492375E~09/

703/=5,80858944138663E~07/
202/1.27814964403863E=04/
7Q1/-1.63532871439181E~02/

X

ABS (XX)

XS XX#XX
IF ((AX .GE. 2.70) <ORs (AX oGE. 1415 +AND.
# ISW <NE. 2)) EXPX = EXP(AX)

ok & X x % % X

o X % k%

XX
AX

~ 1 nu

c
C SINHM APPROXTMATION

14



1% 4

OO0

OO0

c

CCCccceececeecceecceceeececceecececececececeececeeececeeececceececeeeccecececcececececcececcececcececceccecccecc

C

c
C

1

IF (ISW +EQ. 1 +0R. ISW JEQ, 2) GO TO 2

IF (AX +GEe. 1415) GO TO 1 -

SIMHM = (((((SP&4#XS+SP3)#XS+SP2)#XS+SPL1)#XS+14) #XS#XX)
/7 {(SO1#XS+1.)%6,)

G0 T0 2
SIMHM = = (((le/EXPX+AX) +AX)~EXPX) /24
IF (XX oLTe 0e) SINHM = =SINHM

COSHM APPROXIMATION

2

3

IF (ISW .NEe« O «ANDe ISW «NE. 1) GO TO 4

IF (AX «6E. 1e15) GO TO 3

COSHM = (((((CP4#XS+CP3)#XS+CPZ2)#XS+CPL1)#XS+].)#XS)
/7 ((CQlEXS+1.)#2,)

GO TO 4

COSHM = ((1e/EXPX=24)+EXPX) /2.

COSHMM APPROXIMATION

4

5

10

15

20

IF (ISW «.LE. 1) RPETURN

IF (AX «GEes 2470) GO TO 5

COSHM = ((((ZP3%#XS+ZP2)#XS+ZP1)#XS+1a)#XSH*XS)/ (((((ZQ4
#XS+ZQ3) #XS+ZQ2) #XS+ZQL) #XS+1,) #24,)

RETURN

COSHM = (((le/EXPX=24)=XS)+EXPX)/2,

RETURN

END

THE SURROUTINE AVERAGES THE TOP AND BOTTOM WALL VALUFS OF DYJ

SUBROUTINE AVGDYJ(NJsXJeDYJ)

DIMENSION XJ(NJ) oDYJU (NJ)

N=NJ/2

IF ((2%#N) (NE.NJ)GO TO 20

DO 10 I=1.N

SIGN=1.0 .
IF(DYJ(I) oL Ta0e0)SIGN==1,0
DYA=(ABRS(DYJ(I)) +ABS(DYJ(I+N))) /2.0
DYJ(I)=DYA#SIGN

DYJ(I+NY==NYJ(I)

CONTINUE

WRITE (6+99)

DO 15 I=1aN
WRITE(6+498)1eXJ(I)eDYJ(TI) e XJLT+N) oDYJ(I+N)
CONTINUE

RETURN

WRITE (64+97)

RFTURN
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c

ccceeecececeeeeececeeeececcecccceececeeecceccccceccee

C
c
c

97 FORMAT("1%///% REQUEST FOR AVERAGING DENIED#/
b NJ IS AN ODD NUMBER COF JACKS#/)
98 FORMAT(2X1244(2XG126))
99 FORMAT("1"//% RESULTS OF AVERAGING DYJ OF TOP AND#*
&% BOTTOM WALLS#//3X#I#7X#XJ(TOP)#6X#DYJ(TOP) #TX#XJI(BOT) *
$6X#DYJ(ROT) #/)
END

THIS SURROUTINE WRITES THE PREDICTED RESULTS ON TO TAPES6

SURROUTINE NEWYJ(IRLAXsNRDYsRDY)
REAL MsMSET
INTEGER TESTsRUNsPOINT
COMMON/JACK/NJqNJTsNJHQXJ(100)de(lOO)9UJ(100)¢VJ(100Y9
SUJIN(100) 9 VUN(100) s YIN(100)5DYJI(100)
COMMON/PARAM/HEAD(B)9TESToRUN9POINTyM9RNyALPHAoTEMP,RLAX(10)9
$NQLAX9PToPINF9UINF9IAVG-IS(4)9IOPT(4)9EC(4)9GAMMA»MSET
DIMENSTION RDY (NRDY)
DO 10 I=1.NJ
ROY (1) =RAX(IRLAX)#DYJ(I)
TYJIN(I)=YJ(I)+RDY(T)
10 CONTINUF
RMSDYTC=RMS (NJTsRDY (1))
RMSDYBC=RMS (NJBsRDY (NJT+1))
WRITE (6+4983)RLAX(IRLAX)
WRITE (6+984) (HEAD(T) 9I=1+8)
WRITE (699R5) TEST+RUNSPOINT
WRITE (6+986) MSETsRN9ALPHA9TEMPoPToPINF s UINF
WRITE (64987)
WRITE (T79991) TESTsPUNsPOINTsRLAX (IRLAX) oMSET
. DO 915 I=1leNJ
WRITE(65988) ToXJ(I)sYJ(TI) s YUN(I)4RDY(T)
WRITE(7+990)XJ(I) s YJ(I)sRDY (I)sYINI(I)
915 CONTINUE :
WRITE (6+989)RMSDYTCyRMSDYBC
RETURN
983 FORMAT (niny/ /% UNSCALED WALL CORRECTIONS FOR A RELAXATION®
$# FACTOR=#F10.5)
984 FORMAT(//3X8A10)
985 FORMAT (3Xs#*USING RESULTS FROM TEST #sI4y% RUN #elae®t POINT #,14)
986 FORMAT(//93Xs#TUNNEL PARAMETERS ARE#¢ /910X o #M=%gFBodgtXe#RN=#9G964
RebX o #ALPHA=#FB 393X #TEMP (DEG R)=#eFBe30/910Xo#PT=%#4GF4493Xs
$#PINF=#4G0+b49 1Xo*UINF=#4F11,5)
QBT FORMAT(//&4X#TI#6X#XJ*11XHYI#ILIXHYIN*]LIXHDYI*/)
988 FORMAT(2XI3+4(2X612.6))
989 FORMAT (//33X#RMS(DYJ(TOP))=#G12.6/
% 33XHERMS(DYJ(BOT) ) =%612.6)

cceeeeececeeeececeeccececcceceecceecccecc
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990 FORMAT (4F10.5) 0 |

991 FORMAT (s TEST=#13% RUN=#I3% POINT=#13% RLAXSHFH.4%
$F10.5)
END

MSET=1#
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APPENDIX C

SAMPLE CASE




Ly

INPUT DATA LISTING

39 31
3.0728

12 12

2 1

0.

«25000
-29,00000
~-24,00000
-20.,00000
~16,00000
~12.00000
-8,00000
~4,00000
0.,00000
4,00000
8,00000
12.00000
16,00000
~-29.,00000
-24,00000
=20.,00000
-16,00000
-12.00000
-8,00000
-4,00000
0.00000
4,00000
8400000
12.,00000
16,00000
~26.00000
-18.,00000
-14,00000
~10,00000
«-7.00000
~64.00000
~5.00000
-3.00000
-2.00000
1.00000
2.00000

35
0.
19 1
2 1
0.

1.0000
5.,50000
9.49765
9.49739
9,50130
9.50918
9,51911
9,55012
9,57337
9,54136
9.50557
9449375
9.49179

-9,50000

~9,49765

=9.49739

-9,50130

-9,50918

-9,51911

-9,55012

-9,57337

-9,54136

=9,50557

~-9,49375

-9,49179
9.,50000
9.50000
9.50000
9.50000
9.50000
9,50000
9.50000
9.50000
9.,50000
9.50000
9.50000
9.50000

508.47
19 1

0

-«00900
~«00340
-.00300
e 00830
-.00440

«00110

«00020
-+,03590
- 06440
~.09820
- 08770
- 05520

20.616
2 0
0.

6X19 INCH TRANSONIC TUNNEL FLEXIBLE WALL TEST

0

13,914
0

« 76700
1
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My INF=

3.00000
5.00000
6,00000
7.00000
10.00000
14,00000
18,00000
18,00000
18,00000
14,00000
10,00000
7.00000
6.00000
5.,00000
3.00000
2.,00000
1.00000
-1.00000
~2+00000
=-3.00000
«-5.,00000
~6.00000
-7.00000
-14,00000
-18,00000

~76.,00000

-26400000

« 770943

9.50000
9.50000
9.50000
9.50000
9.50000
9,50000
9.50000
0.00000
-9.50000
-9,50000
~9.,50000
=-9.,50000
=9,50000
-9.,50000
-9.5000n0
-9.50000
~9.,50000
-9050000
-9,50000
-9.50000
-9.50000
-G.,50000
~-9.,50000
=-9,50000
-3.50000
-9,50000
0.00000

UINF= 805,542

-+ 02040
«00300
-.00480
~+.00780
« 00090
«00610
«00470
«00470
« 00470
«00610
«00090
-.00780
-.00480
«00300
~+02040
~«05520
- 08770
~.09820
~e 06440
-+03590.
«00020
«00110
~«00440
~-.00830
-+00340
-.00900
-+00900
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VDN HWN -~

6F

NEW JACK PERTURRATION

XJ

-29,0000
-24.0000
-20.0000
’16.0000
~12.0000
-8,0000
-400000
0.0000
4,0000
8.0000
12,0000
16,0000
~29.,0000
'24.0000
-20.0000
~16,0000
'12.0000
«8,0000
-4,0000
0.0000
4.0000
8.0000
12,0000
16,0000

YJ

6.0506
6.0491
6.0489
6.0514
6.0564
6.0628
6,0825
6,0973
6.0769
6.0541
6.0466
6,0454
-6.0506
~6.0491
-6,0489
-600514
-6.0564

=6.0628

~-6.0825
-6.0973
-6.0769
-6,0541
~6,0466
~-6,0454%

VELOCITY
uJ

2603
1,18
o 74
4l
«90
1.31
2.17
17.21
«02
1,03
-+83
~-.98
2,03
1.18
o T4
41
«90
1.31
2617
17,21
02
1.03
-¢83
-.98

CALCULATIONS (SCALED)
UJN VJ VJIN
203 =,2802E~-14 ~=,2802E~-14
~1,99 ~,2428 ~+9313E~01
-2415 «1943 e 7926E-01
-2.21 «8707 « 71597
~-1.96 «8623 l.722
=2462 24542 2.012
l1.04 44754 8,084
597 =-.6386 -1.734
e49 =5,611 «-T.729
-3.12 .-3.022 -3.818
“2.57 =,6345 -2.634
-1,93 02564 -1.455
2.03 +2802E~14 «2802E~14
~1.99 «2428 " «9313E~01
=215 =,1943 ~e1926E~-01
-2.21 ~e8707 °o7597
=1.96 =.8623 -1.722
‘2-62 -2.542 -20012
1.04 -4.754 -8o084
597 «6386 1.734
«49 5.611 T«729
-3.12 3.022 3.818
=257 «6345 2,634
-1.93 =-.2564 1,455

bvJ

«1497
-.1151
-+1111

«8594
-e5299

3.329

-=1.095

~-2.118
=« 7957
‘2.000
-1.711

-e1497
#1151
ellll
-«8594
«5299
1,095
2.118
« 7957
2,000
le711

DuJ

Oe
=3.,171
-20893
-2.620
-2.856
'3.925
~-1,132
-1l.24
04667
~4.150
-1.734
-+952%

‘3.171
‘20893
-20620
-20856
-3,925
‘1.132
-11.24

04667
-40150
-1.734
-+9525%
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—t

DN WN -

18
19
20
21
22
23
24

RMS(DYJ(TOP) )=

PREDICTED WALL CORRECTION (SCALED)

xXJ

-29,0000
-24,0000
-20.,0000
=16.0000
-12,0000
-8.,0000
"4.0000
0.0000
4,0000
8.0000
12,0000
16,0000
-29,0000
~24.0000
~20.0000
-16,0000
-12.0000
"8-0000
-4,0000
0.0000
4,0000
8,0000
12,0000
16,0000

YJ

6.0506
6.0491
6.04K9
6.0514
6.0564
6.0628
6.0825
6.0973
6.,0769
6.0541
6.0466
6.0454
'6.0506
"’6.0491
-6. 0489
~-6.0514
-6-0:)64
—6.0628
-6.0825
-6,0973
-6.0769
~6.0541
-6.0466
'6.0454

udJ

807457
806,72
806.28
805,96
806,44
806485
807,72
822475
805,57
806457
804.71
804457
807,57
806,28
805.96
806,44
806,85
807,72
822.75
805,57
806,57
804,71
804,57

«802531E~02

UJN

807457
803,55
803.39
803,34
803.58
802.93
806,58
811.51
806.03
802.42
802.98
803.61
B07.57
803.55
803.39
803.34
803,58
802.93
806458
8l11.51
806.03
802.42
80Z2.98
803.61

RMS (DYJ(BOT)) =

vJ

-e2802E~14
--?428
«1943
«8707
« 8623
2e542
4,754
-+6386
—50611
-3.022
-.6345
e 2564
«2802E=14
02428
-+1943
-e8707
~q+8623
’2.542
=4.754
«6386
S.611
3.022
«6345
-.2564

VJN

-.28B02E-14
~-+9313E~01

«7926E-01
« 7597
1,722
2.012
8,084
-1.734
-7.729
-3.818
~2.634
~1.455

«2802E-14

«9313€E-01

=e7926E-01

-07597
-10722
'2.012
-80084
1.734
T.729
3.818
2.634
14455

«B802531E~02

THETA

-¢3469E~-17
-+3010E-03

«2410E-03
«1080E-02
«1069E~-02
«3150E=02
+«5886E-02

~s7T762E-03
~e6966E-02
~«3747E-02
-+7885£~03

¢3186E-03
«3469E~17
«3010E-03

~+2410E-03
~+1080E-02
-+1069E~02
~e3150E-02
~«5886E~02

«TT62E~03
«6966FE~02
«374TE~02
«7885E~03

~«3186E-03

THETAN

-e3469E=17
-.1159E-03

«9865E-04
«9457E-03
e2142E~02
«2506E=-02
»1002E-01

~-e2136E~02
~+9589FE-02
-e4T58E~02
~e¢3280E~02
-«1811E~-02

«3469E~17
«1159€-03

-+ 9865E-04
~+9457E~03
~e2142E~-02
-e2506E-02
~«1002E-01

021365’02
«9589F =02
«4T58E-02
«3280E~-02
«1811E-02

DyJd

0.

«7324E-03
+»9689E-03

-e2384E=-03

«2564E~02
«2098E=~02
«9B79E~02
«1734E-01
«6981E~02
«2614E-03

-+6330E-02
~e1653E=-01
0.

~e7324E-03
-¢9689E-03

«2384E-03

~+2564E~-02
-.2098E=-02
-¢9879E=-02
-+ 1734E~01
-.6981€E~02
~e2614E-03

«6330E~02
«1653E-01



TS

UMSCALED WALL COPRFCTIOMS FOR A RELAXATION FACTOR=

259006

6X19 INCH TRANSOMTC TUNNEL FLEXIBLE wALL TEST
LUISTNG RESHLTS Fupwm TEST

TUNNEL PARAMFTFRS ARE

O N DU D )N\ e bt

P prd pd et ot ot
1 L )

L
~

bt s
o

20
21
272
23
24

M=
PT=20

XJ

=2G.0000
«244,0000
-20.0000
-16.0000
=12.0000
=-8.,00000
=44,00000
0.
4.,00000
8.00000
12.0000
16,0000
=24.0000
~20.0000
~16.0000
-12-0000
-8,00000
~4,00000
0.
4,00000
8.00000
12.0000
16,0000

e 7670
o2

AN=3,073
PINF=13,91

YJ

9.50000
9.49765
9.4973¢
9.50130
9.5C0918
9.51911
9.,55012
9,57337
9.54136
9.50557
9.49375
9.49179

~9.50000

-9,49765

~9,49739

~9.50130

-9,5091¢

-9.51911

-9,55012

-9.57337

-9.54136

~9.50557

-9,45375

~9.49179

39

RUN

31

ALP
UIN

YJN

F.50000
9.49794
9.,49777
9.50121
9.51018
9.51493
9455397
9.58013
9.54408
9.,50567
G.4912¢&
F.48535
~-9.50000
-9,49794
“9.49777
-9,501721
=-9,5101¢&
-9,51993
-9,.,55397
-9,58013
-9.54408
=G.,50567
-9.491282
-3,48535

POINT

HA=
F=

RMS(DYJ(TOP) ) =
RMS(DYJ(BOT)) =

35

0.000
B805.54225

TEMP(DEG R)=

DydJ

0.
« 285355F~03
«377491E~03
~e92B8BY2FE~04
«999132FE=-03
«817311€£~-03
«384903€E-02
«BT5586F=-02
«271998F«02
«101828£~-03
~e246630E~02
~e544039E~-02
O
=« 2RB5355F~03
~e377491E-03
«928892E~04
=e9GG132E~03
-«817311€E-03
~e3R4903F~02
=ehT15586E~02
~e271998E=-02
~«101828E-03
«246630€=02
«6544039F =02

«312684E=-02
«312684E-02

508.472



(&)1
N

6x19 INCH TRANSOMTIC TUNNEL

USTNG RESULTS FROM TEST

39

TUMNEL PARAMETFRS ARE

M=
PT=20.62

XJ

-29,0000
‘24.0000
'2000000
‘16.0000
=-12.0000
-8,00000
-4,00000
0.
4,00000
8.00000
12.0000
16.0000
~29.0000
-24.0000
-20.0000
‘16.0000
-12.0000
~-8,00000

T =4,006000

Oe
4,00000
8,00000
12.0000
16,0000

o 71670

RN=3.,073

PINF=13.

YJ

9,50000
9,49765
9.,49739
9.50130
9.,5091¢8
9,51911
9,55012
9.57337
9.54136
9,50557
9,49375
9.,4917¢
-9,50000
~G,4G765
~9,49739
-9,50130
-9.,5091%
-9,51911
-9,55012
-9,57337
"9.54136
=-9,50557
~9.,49375%
-9,49176

UNSCALED WALL CORRECTIONS FOR A RELAXATION FACTOR=

FLEXTRBLE WALL TEST

1.00000

TEMP (DEG

RUMN 31 POINT 35
ALPHA= 0.000
91 UINF= 805,54225
YJIN DyJ
9.,50000 0,
9,49879 e114142E-02
9,49860 «150996E-02
9,50093 -e371557E~03
9,51318 «399653E~02
9.52238 «326924E~-02
9.,60039 «270234E-01
9.55224 «108799E~-01
9.50598 e407T313FE~03
9.4R388 -2 986519E-02
9,46603 -.257616E-01
-9,50000 Ce
-G,49879 ~.114142E-02
-9,498G0 =e150996E~07
-9,50093 «371557E£~-03
-9,51318 ~¢399653E=-02
-9,52238 =-,326924E~02
-9.56552 -.153961E-01
-9,6003¢ »e2T70234E~-01
~9.,55274 -e108799E~01
-G5.,483868 «IEHD51GE~07
-9,46603 «257616F=-01
RMS(DYJ(TOP) )= «125074E-01
RMS (BYJ(ROT) )= «125074E-01
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