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STAYLAM: A FORTRAN PROGRAM FOR THE SUCTION
TRANSITION ANALYSIS OF A YAWED WING

LAMINAR BOUNDARY LAYER

By James L. Carter

SUMMARY

A computer program called STAIﬁAM is presented for the computation of the
compressible laminar boundary-layer floﬁ over a ya&ed infinite wing includiﬁg
distributed suction. This program is restricted to ﬁhe tranéonic speed.range
or less due to the approximate treatmént of the compressibility effects.. The
prescribea suction distribution iskpermitted to change discontinuously along
the chord measured perpendicular to the wing leading-edge. Estimates of |
transition are made by cohsidgring leading-edge cbntéminétion, cross~flow
instability, and iﬁstability:of the Tollmien—Schlichting type. A program

listing is given in addition to user instructions and a samplé case. -
~ INTRODUCTION

At the present time there is significant'effOrt being;made to implemenf"
bqundar&—layer suction on & wing to mainféin laminar'flbv thereby reéultihg>:
vin:a net drag reduction. Clearly such‘stu&iesfreqﬁire é‘cbmputer frog?am_
i'which analysés the compressible laminar boﬁndary layer ¢ﬁ é swept wing and
includeé tests based‘on’the léﬁést‘technology to deﬁerminé Wheﬁher or not
transition will OCcur_for'a given’suction distribution. 'Based on thé ¢urrent'
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state of the art for boundary-layer computations for finite swept wings and
that for transition estimateé, it is clear that such a program would be most
complex and thus difficult to use. Hence, in the present program a number of
approximations have been made in order to simplify the analysis; nonetheless,

this program should be useful, particularly for preliminary design.

SYMBOLS
a speéd of sound
Cp pressure coefficient
C, skin-friction coefficient
L reference length
M Mach number
m,n indices fof x~ and z-directions, respectiveiy ‘
P static pressure
Q free stream’velocity
Re : free stream Reynolds number
T ~ static temperature
u - veiécity cdmponent in x—direction
uslra kvelocity component in direction of inviscid streamline
ué  , crdss‘flow velocity component
U. transformed velocity at: the boundary—layér'edge in the:x—direction:
v ‘velqcity component at the boundary-layer edge in the y-direction
(V= V' = qf sin §) |
w ‘ velocity éémponent iﬁ the z-direction
‘x codrdinate along’the surféée{measured;perpendicularly,to'the lééding

edge



y coordinate along the surface measured parallel to the leading edge

Z coordinate measured perpendicularly to surface
o weighting factor in finite-difference scheme
Y ratio of specific heats
Ax grid spaciag in x-direction
Az grid spacing in z-direction
o displacement thickness
) momentum thickness
o 2 du¥*
ke pressure gradient parameter = 3_'52%
8! molecular viscosify coefficient
\Y kinematic viscosity coefficient
.p density
T shear stféss at surface
¢ angle between directidnyof~flowbat the bdundary—layer edge and the

x~direction

Y angle of shear of wing
Superscripts:
¥ . dimensional, untransformed guantity

! ‘  dimensional quantity after Stewartson compressibility.trahsformation’

Subscripté:
e ‘ edge of boﬁndary layer

‘4nb ‘~ ndrmal to leading edge of wing
X "k in the x—direction

Yy S in,the yédirectioh

B free stream quantity



GENERAL DESCRIPTION

The present program, STAYLAM, was developed by modifying a program
presented by Beasley (ref. 1) for the calculation of the'incompressible laminar -
boundary layer and prediction of transition on an infinite sheared wing. In
Beasley;s program the second-order accurate Crank-Nicolson finite-difference
scheme is used to compute the boundary layer from the attachment line to some
desired point downstream. These boundary-layer results are then enalyzed to
determine whether or not leading-edge instabilility or cross—-flow instability
occurs. The Owen-Randall critarion is used for the cross-flow instability
test. The Tollmien-Schlichting type of instability is estimated by using a
correlation given by Stuart (ref. 2)'bf the criticai Reynolds number as a
fuhction of the external pressﬁre gradient. The poihtlwhere fransition is
completed is then estimated by using a correlation given by Granvillé.(ref. 3).
“These samé tesﬁs_are_uééd in-fhe present program; the only modification which
has been made is that the input quantities to these tests are the actual
compressible valueé, not the éorfesponding incompfessible values given by the
Stewartson transformation. It should be hoted that the transition tests in
the present program can be replaced or éupplemented ﬁith relative ease.

The Beaéley program haé beeh modified by the inclusion of digtributed
wall suétion, compressibility effecté, and the‘finite—difference écheﬁe has
’beéh géneraliied to bevéf arbitrary;accuracy betﬁéen first and Secoﬁdforder

bin tﬁé Streamwise, mar¢hing variable. Figure 1l gives a typical distribution :
of éhc#ion:VeldCities and explains the nomenclature used in inputting this
’distfiﬁution’tb the progrém. Note that'thé suction is aildwed to change -

discontinuously at a prescribed number of locations along the airfoil. Tt
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was found that the Beasley program, modified to include suction, gave distri-
butions of the local skin-friction coefficient which showed significant
oscillations in a region of discontinuous suction. These oscillations were
eliminated by using a first-order accurate finite-difference scheme in the
streamwise marching variable, instead of the second-order accurate Crank-
Nicolson scheme used by Beasley. The oscillations were expected in using
the Crank-Nicolson scheme due to its known neutral stability in the wall
region. ‘The first-order accurate scheme suppresses the oscillations caused by
the discontinuous suction since it has greater damping. For the same accuracy
the first-order scheme requires more streamwise grid points than the
second-order scheme; however, calcuiations showed that both schemes yield about
the same result if approximately 100 grid points are used from the leading to
trailing edge. Appendix A gives further details of the finite;difference
scheme. .

The Stewartson (ref. L) transformation has been used to account for
- compressibility effects. Details of this transformation along with the
Blaéius trahsformation used by Beasle&'and the coordinéte system are presented
in Appendix B. The Prandtl number is assumed to be unity and the total
( temperature is assumed to be the same as the free stream #alue; A furthér
approximation is made in the treatment of the Streamwise preésure gradieﬁt
term which allows‘the incompressible~infinite swept wing equatiops ﬁo be
obtained after the Stewartsopktrénsformation; This latter approximation
restricts the uée‘of/the presént program to speeds -in the traﬁéonickrange or
lower.’ Since the prééént;interest in IFC (laminar fiow conﬁrol)~is in the
transonic’speéd rangéfit is felt that this simplifying approximation is

Justified.



Several calculations were made to Verify the accuracy of STAYLAM. First,
the incompressible boundary layer on a cirecular cylinder with a constant suc-
tion velocity‘was computed and comparisons were made with the results obtained
by Terrill (ref. 5) for the same case. Excellent agreement was found in the
momentum and displacement thicknesses, and skin friction distributions. The
estimate of the se¢paration point frum the present program differed from that
of Terrill by only 0.1°. A secord test case was a comparison between the
results from the present program ard the analytic solution for the
compressible asymptotic suction prorfile (ref. 3) which is obtained by applying
constant suction on a flat plate. Excellent agreement was obtained in the

streamwise and normal velocity distributions.
PROGRAM USAGE

‘The program was written in the FORTRAN programming language for use on
the Control. Data 6000 Series Computer Systems under the NOS. 1.1 operatiné
system at Langléy Research Center. Included in the output is a plot
of the distributions of thé' x‘kandk v - skin-friction coefficients, Cf and
Cf 5 versps theknqn—dimensional surface distance méasured:perpendiculaﬁ to
ﬁhz leading edge. Some modification to the~program might be.réquired to
obtain plots on a different computer system.

The .input ‘and output;fqr STAYLAM are discussed in therﬁext two sections.
The program listing is given in Appendix D and a sampie‘casevis discuSsed~in

Appendix B.



Read
Order

10

11

12

13

1k

15
16

AT

18
19

20

INPUT

Variables

ITs, J, TOL, DZ, DS, USTEP, ygf

IBLC

MSMAX L (Skip if

WWALL(MS), SDS(MS) IBLC = 0)

 VGRAD, XV(1) (if INC = 1)

MS = 1, MSMAX

INC, AMINF3D, GAMMA

B

INT3, CH

ISY, INTL, RHO .(Skip if INT3 = 0)
XA(N), zA(W)

(INT4 pairs of values)

ISP

IFPT, INT1, WL1ST, DX

OPX(N), N = 2, NL1STP1 (Skip if IFPT # 2)
c | | ‘
PSI, DTRIP

INTRL; IFR

RNL(I), T = 1, INTRL

INTV, L

xv(1), wM(I), I = 2, LPl

MGRAD, XV(i). (if INC = 0)

Format

2I5,5F10.5
I5

I5

2F10.5
15,2F10.2
8410

15, F10.5

215,F10.5

E16.8

>
315,2F10.5
8F10.5
8A10
8F10.5

2I5

'8F10.5

.215

0E16.8
o¥10.5

2F10.5

TInput which has been added to original;Beasley5program'is underlined.



21

22

ALPHA, 81, 83 (skip if MGRAD or VGRAD > 0) 3F10.5

KUE

The definitions of these input variables are as follows:

ITs

TOL
D2

DS

USTEP

IBLC

MSMAX

WWALL

sbs

INC

Maximum number of iterations in subroutine WUV to calculate the u
profile.

Number of steps in z direction.

Iterative tolerance.

Step length in z direction.

Standard step length in x direction, made non-dimensional with

| respect to airfoil chord.

Maximum permissible’increase in velocity at edge of boundary layer
acroés one step;

Accﬁracy control on finite-difference expression for x derivatives.

WF = 0.5 gives second-order accuracy (Crank-Nicolson scheme);

WE

1.0 gives first-order accuracy.
Suction parameter. IBLC = 0, no suction; IBLC = 1, distributed

suction permitted.

Total number of wvalues of suction velocity.

. Q*L*
. . C_ wWE e .
Array of suction velocity values = oEJoF - For suction
; o 0 e i

WWALL(MS) < 0.
Array-of nondimensional locatiohs along‘airfoil,measuredxfrqm
 attachment liﬁe, vhere valué‘of suction Veiocity ghanges S
_discéntinuoﬁsly;‘ SétvSDS(MSMAX) > surface diéténce'frbﬁv
éttachmént liﬁe to>fraiiing,edge.
Compressibility‘paramefef: INC = 1, floﬁkis ipcompressiblé.

INC = 0, flow is compressible and Stewartson transformation



is used. 3

AMINF3D Free stream Mach number.

GAMMA Ratio of specific heats; usually 7y = 1l.h.
B Main title.
INT3 = 0: velocity data will be given &t x co-ordinates, that is,

at distances from the attachment line measured around the
airfoil surface.
= 1: wvelocity data will be given at chord-wise stations.
CH Airfoil chord, measured perpendlcularly tobleading edge..

IsY 0: airfoil is cambered.

il

l: airfoil is symmetrical.
INTh Initially is the number of pairs of co~ordinates to be read,
subsequently becomes the total number of pairs of airfoil

co~ordinates stored, including the lower surface and leading edge.

RHO Nose radius of the airfoil in plane perpendicular to the leading
edge.
XA Coordinates of geometric data, measured perpendicularly to‘the

leading edge and in the plaﬁe through the’leading and‘trailing
edges. |
ZA . VCoordinates of geometric data, measured perpendicularly tp the

plane through the leading and trailing edges.  TFor arsymmetrical

: airfoil XA and ZA are read from the~leading edge:to fhe tfailing
edge énd include #alues at both’points; For a canﬁered airfoil
the geémetrical'data are réad from’the trailing edge‘én tﬁe loﬁerk

‘ éurface to the frailing{édge on the‘upper suffaCe‘ Values éf XA 
for the lower surféce nmust héve negati?e signs; and’#élues,df.’

ORIGINAL-,PAGE-IS; | ! ey e
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Isp

IFPT

INTL

NLIST

DX
OPX

PSI

DIRIP

INTRL

IFR

10

ZA must have signs as appropriate.

Surface parameter indicator. ISP = 2, upper surface calculation;
ISP = 0, lower surface calculation.

= 1: Complete print-out at end of all steps.

= 2: Complete print-out at points given in list.

3: Complete print-out at points at which velocity data is given.

4: Complete print-out al points DX apart, where DX is given as’

data.

In current program set IFPT = 3 and the print-out has been
modified so thet the complete print-out (boundary-layer profiles)
is printed every 10% chord. This modificatién can be eliminated
Ly several program changes in subroutine PRINT.

Velocity profiles ére printed out at values of z corresponding to
n=1,2,3,...(INT1 + 1), 2(INTL1) + 1,;3(INT1) +1,...,0

Number of points in output list.

Interval between‘listed output points (when IFPT = L), made

non-dimensional with respeet to the airfoil chord.

Points at which full output is required.

 Sub-title.

Angle of shear.
Trip—wiré diameter.

Number of values of Reynolds number to be read.
Q¥L* sec U

= 1. Data Reynolds number = F
. : o
, , : Qé;%
=2, Data Reynolds number = R
‘ Q¥L* cos U
= 3. Data Reynolds nmumber = e
. ; . ©



In present program use IFR = 2 as this Reynolds number definition
has been assumed in the suction velocity and in the skin-friction
coefficient calculations.

RNL Reynolds. number.

INTV 1l: Velocity data is given as U.

2: Veloecity data is given as .U sec V.

3: Velocity data is given as Cp.

If flow is compressible set INTV = 1. See UM description for
further explanation of input in compressible case.

L Initially 1s the number of velocity data points read in,
subsequently is the total number of points at which the velocity
distribution is defined, including the attachment line.

XV Coordinates of velocity data. Use the same sign convention as
that for XA to indicate whether fhe upper or lower surface ié
to be computed.

uM . For incompressible flow, UM is initially the velocity data,

subsequently, U. TFor compressible flow UM ié initially Me .

After the Stewartson transformation, it-is U. The velocityn

(or‘Mach number) data, XV and UM, are read from the attachment

line towards the trailihg edge, but attachment-line values

must not bé included and the data need not. extend all the way

to the trailing édge.

MGRAD Mach number gradient (nondimensioual) at the atﬁachment-line in a
0 & an
: . S ERaats =
‘-plane,perpendicular to the leading edge = dxn'

11



YGRAD
PAURY)
ALPHA

81,83

KUE

Velocity gradient {nondimensional) at the atiachment line in a

W'y gy
plane perpendicular to the leading edge = i - & °ec P

Location of attsachment line. Use same sign convention as that
used for XA.

Incidence of airfoil in streamwise plane.

“Quantities used in equations (53-54) in reference 1.

Parameter for more data on step.
= 1l: QRead more data from ITS.
= 2: Read more data from B.

= 3 Reéd»more data from ISY.
= b: Read more data from IFPT.
= 5:  Read more data froﬁ C.

= 6: Read more data from INTV.

]
-3

Stop.

The input is printed and labeled as described above. In addition the

following quantities are also printed along with the input.

STH

TH

‘FSTH

FLTH

12

Non-dimensional surface distance mgasured,from lower surface
trailing edge.

Transformed chordwise station X. Lower éufface, B = cos-l(2[X| -1);
upper surfacé, 9‘= o1 = cos-l(QX - 1).

Seéond dérivative of surface disténée”ﬁithrresPect to 6. Used
in cubic sPline interpolafion:Vil

Second derivation of 7 (meaSUred pe?ﬁeﬁéicﬁiarly ﬁo the plane
thr@ugh thé leading~and traiiiﬂgiedges) ﬁith ?espect to 6.:

Used in cubic spline\interpolation;'



SXV Non-dimensional surface distance measured from attachment line
to point at which the inviscid velocity, Mach number, or pressure
| coefficient data is prescribed.
SXVINC Transformed surface distance corresponding to SXV; same as x'/L¥*

in equation (Bh4).

a¥ u¥ e
U Non-dimensional transformed surface velocity = -—:E —-?; = &
' A ad Q,oo Mm
- THXV Value of © at the points where the velocity data is prescribed,
Xv.
FUTH Second derivative of U with respect to 8. Used in cubic

spline interpolation.
FSVSINC Second derivative of SXV with respect to SXVINC. Used in cubic

spline interpolation.
QUTPUT

The displacement and momentum thicknesses, skin—friétion values, and
results of the transition estimates are printed at each location on the
airfoil whére é boundary-layer caicu;ation is made. These locations are
’determined.by the USTEP criterion, or if this is satisfied, then the
computation is madevat regular DS intervais. Fuithermore, since IFPT.= 3,
computatioﬁé afé also made at the pame locations at which the velocity (or
Mach nﬁmber) dataiséréscri‘bbed° Note that these lafter computations are
bonly temporary; hence resﬁlté ffom theée'stationskdo not form ﬁpstream
coﬁditions for the‘nexf downstreém,statioh. The skiﬁffriction ccefficiénts

are not computed at these intermediate stations.

13



The boundary-layer profiles are printed at approximately every 10 per

cent chord. The information printed at each boundary-layer station and an

explanation of the‘boundary—layer’profiles is given as follows:

X

S

SCOMP

AME3D

DU/D(S/L)
DELTAL

THETAL

(DU/DZ)Z=0 |

(DV/DZ)Z2=0

~ ATRFOIL SLOPE

ER

Non-dimensional chord location.

Transformed incompressible coordinate measured along
airfoil from attachment line; same as x in equation
(12) in Appendix E.

Non~dimensional surface distance measured from attachment
line.

Non~dimensional transformed velocity at the boundary-
a¥ u®* Mg
layer edge = -—}:——E— = ==,
aZ QF M,

Mach number at the boundary-layer edge. See equation (18)
in Appendix B.

Transformed inviscid velocity gradient, %E-.

’ : . o ,§% ‘
Scaled displacement thickness = y - (E¥)~'

UReoo g )

Scaled momentum thickness = [—— (Egﬁr.
Scaled skin-~friction coefficient inh  x dlrecﬁlon =

. v ...:Y"l

Y-
Y=l 2 »
1+ 5 Mo 2u
1+ x‘-P::": 1\42 Bz 7=0

Scaled skln—frlctlon coefflclent in 'y dlrectlonf=

Local alrf01l slope 1n»degrees in plane perpendicular

to the leading edge§



(DIMENSIONAL %)/

CHORD

DELTAL/C
THETAL/C

CFX

CFY

CDFX

CDFXINF

CHI ( OWEN-
RANDALL)

“RTHETA

RTHETCRIT

TAM2

Multiplicative factor to convert scaled displacement
and momentum thicknesses into actual thickness divided
by the chord.

6*/L*

0/L%

Skin-friction coefficient x direction =

# 2
Tx EUJ/Q

= puDZ| __ .
il 2 z=0
3 Pes  VXReg

Skin~friction coefficient in y direction =

T+
..—.—-X.————-: N --—I'l—..-
1 w2 2 sin L xRe DVDZIz=O°
2 Yoo Y0
Skin-friction drag coefficient in direction perpendicular
to leading edge based on chord measured perpendicular
to.leading edge.
Total skin~friction drag coefficient in free stream

direction pased on chord measured parallel tp free

stream.
, , oo % .
Cross~flow Reynolds number = X = Re_ agnd(z*/L*)
: (s=]
_ 0 "uge
. ‘Beynolds number based on momentum.thickneSSJ? *'
° S "min

where V¥, is the minimum of V¥ or v¥.
min S 7t Ve Ve

Critical momentumythickness Reynolds huﬁbéf frpm S£daft

(ref. 2) for prediction of instability in the

Tollmien-Schlichting sense. :
2 duz

R - 8 '
Pressure gradient parameter, A, = Uéinrazgr,

15



INSTAB, RE . NO.

RTC-RTI

LAM2BAR

ZCOMP

STV

CFV

- RHOD

16

‘Static temperature ratio =

3Y—~1

2(y-1) 1/2
1+ XL g2 (1 + 22 cos?y)
= (THETA1)?| ——E—- 2 x4y
1+ I (1 + B2l g2)3/2 Udx
e ©

Momentum thickness Reynolds number at estimated point of
lzwminar instebility as debermined from Stuart cofrelation.

Critical momentum thickness Reynolds number minus momentum
thickness Reynolds number at the point of laminar

instability from Granville correlation.

3y=1
1+L—M \(Y—l)

./f trx ;
—2_.5 dx

Average value of AQ =

*
SN
T T OT¥

Transformed coordinate normal to surface, z.

‘ ) Re
/G g%
Scaled coordinate normal to surface = = had %;

Transformed velocity component normal to surface, w. See

equation (12) in Appendix B.

v *
Velocity tangent to surface in x direction = E;-= %-.

\ | ' v¥ v*
V81001ty tangent to surface in y direction = gy = —

Veloc1ty component in direction of inviscid

R u.&
b R a
streamline = —¢ .
. u ,

S
“e

See Appendix C for furthér-explanation.

Veloclty component perpendlcular to dlrectlon of 1nv1sc1d
u“
streamline (cross-flow component) = .

Q* See Appendix
C for‘further,ekplanation.
‘ , ox

-F_[T'.‘?' ® -
oo s

Density ratio = 9%5.
‘ ; P&



APPENDIX A

FINITE-DIFFERENCE SCHEME

The computational molecule for the finite-difference scheme is shown in
the accompa.hying sketch. The point of evaluation moves from the midpoint
between lines m and m + 1 as o, the weighting factor, varies from 0.5 to
1.0. With derivatives evaluated at the point x = (m + a)bx, z = nAz the

following finite-difference approximations are given.

u . - u 2
W mlR M (g - 1/2)ax 2 s o(adP) (A1)
ox
9 . B +1 Y - u‘ LT R
a_;-_: (l - a)( m,neizy m,n l) + O(,( I"l'f'l,n'i‘;.Az mvi, I l) " O(AZZ) (AZ)
32u B m,n+l 2um,n Yy n-1 um+l,n+l 3 2u’m.+l,n * um+l,n—l
9z ' Az Az
T (A3)
- 0(Az?)

Ffom,the trurication error it is seen thaﬁ if -0 = 0.5 the scheme is secbnd—
" order accurate, which is the Crank—Nicéléon scheme used by Beasléy. First-
order accuracy 1is obtained if o= l‘ aﬁd this scheme is sometimes réferred:
to as a fully 1mp11c1t flnLte—dlfference scheme In the program the’ ’
' ﬁeighting factor o is de51gnatéd as WP, and should be restricted to the
",range 0.5 < WF < 1.0. It should be noted that 1f o = 0.5 the normal,
comporent of veloc1ty whlch is pr1nted is the value. at m + 1/2, nj

‘ otherw1se, for. o > O,5rthe-value 1s-at m + 1,n.

RI(‘1N | | | FERERE &
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e

Figure A-1. Finite-difference molecule.



APPENDIX B

GOVERNING EQUATIONS

The compressible, laminar boundary-layer equations are given as follows

for the flow over an infinite, swept wing:

0 (B1)
ox¥ oz ¥
du*

, ou¥ 5 ou® e d gu*
¥ 1 F e Kigh  c—— = Ky H  —— — ¥ e
PTuT xw TPV 5gE T P TE dz% (u Bz*) (32)

v¥ 3 av#
pruk w4 pRwE oo = e (UF ) (B3)

The coordinate system is explained in figure B-1.

: FigurefB—l. Yawed wing coordinate system.
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The Stewartson transformation, which is given by

x* ag '
x' = f —%—;dx* (B4)
DL &g
o ® ® ,
z*a: %
z! =/ ;;’:%dz* (B5)
o) [o o] [ee]
g ¥
u' =-J;11 (B6)
e
a¥p# R
w' = (v = w¥) (BT)
Hn ¥ * *
azpg 9x P

is applied to equations (Bl) - (B3). In addition it is assumed that the
Prandtl number is unity, the total temperature equals the free stream value,
and the viscosity coefficient varies linearly with the temperature. The

transformed equations are:

ou' !
G ¥ Bt = O (26)
. , 1 ‘I:;-Mz sin2 U] 22 . du!
at Ju - ou’ 14 2 oo 1 ¥ gt =
- == |1 + - ~ - : . -
ox - 0z ‘ 1 - xgl,Mi cosew Qi? Sanw e dx!
2, ,
+ \):, 3 u2 (B9)
oz'
At .@.Yi wh av = \)% abzv ':‘(BJO‘
Yo% 9z © o 12 - !
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The coefficient of the external velocify gradient in equation (B9) gives rise
to a coupling between the x and ¥y momentum eqguations which is not present in
incompressible flow. This coefficient varies from its maximum value at the
surface to unity at the boundary-layer edge as v¥ approaches its edge

value Q¥ sin Y. This maximum value increases as ‘the Mach number and sweep
angle increase; nevertheless, this coefficient remains close to unity for
flows in the transonic speed range, which is the present area of interest.
For example the maximum Valuevof this coefficient is 1.06 or less for ¢ = 35°

and free stream Mach numbers of one or less. In the présent program this

coefficient is 'set équal to unity and the x = momentum equation becomes

du'! 2

u' . ou' e a u!
¢y 9U p 9 oy & #
w ot W e = ul e f Y 32'2 (B1l)

Thusbit is seen that with thé given assumptions the Stewartson transformation
converts the compressible equations into an equivalent incompressible
forﬁulation. This formulation is the starting point for Beasley's analysis
ﬁhichkwill be repeated for convenilence.

Beasley applied the Blasius transformation given by

x! (U'x' )l/g P ‘]

- - 2
*TIF @ v¥ x!
L R A
U= T E )
co
u' - (B12)

Cpend2 : |
e

V¥
©

J‘to'eQuations (B8),,(Bll), and (B10), respectively, and obtained
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Bu x dU z,x AU ou . oW _
et T e T eVt O (313)
2
au uz ,x dU du _ 2, x8U 2™
gt vy = G- az"(l'u)deJ’aze (B14)
2
3 d v _ 9
xua—;’c+[w+gﬁ(§gx‘-’--1)]§§=g—‘§ (B15)
Z

0
(l » Xohy? w*/Re
W = ___.._2_.8_ \/E —_— (B16)
(l + Y-l 2) 3/2 yU QT ) ‘
The edge conditions are

7z + o w1, v+1. (B17)

Hote that in equation (Bl6) the Mach number of t'h"e‘inviscid flow is given as

M = -2 ~ '(}318)

- The scaled, non-dimensional suction veloecity, , is-referred to as

WWALL in STAYLAM and is part of the input.
After the solution is obtained in terms of tré.nsfbrmed, incompressible.

variables the corresponding compressible quantities are obtained as follows:
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= dx
* -
L 1+ xgl Mi
3y-1
y=1 .2 -
= [ 1+ 5=\ 2(y-1) Z-Tidz
* — *
L* “NURe, |\ , x21 12 L TE
I* Y-1 u*\2 | (vEN
el { ) [(Q) (Qm)]}
1/2
(1 %}-MQ\
§¥ 1 % ul
o \1 + L=
2 e
v¥ .
- '= V. S1in
oF i
1
’Y—
. 1B\
2. (—2=) =
P 1+ XE;_MQ T
e

The momentum and displacement thicknesses are giVen by

I

D

_ 2
'F—‘AIRe y=1 2
o \ 1+ 5=

1+ BhR R

f u(i -’ u)dz
) .

o

: . Y-l ,2 Q(Y"'l) A
§3.= (Ei) = / X 1 2 Me J(. e
L¥* - \L¥* e URe°° 1+ I;l M2 /o

udz

(B19)

(B20)

(B21)

(B22)

(B23)

(B2k)

(1325)

(B26)

where the subscript e  denotes the edge of the bdundary'layer; The local

skin-friction coefficients are
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(B27)

(B28)



APPENDIX C

VELOCITY COMPONENTS

The resolution of the velocity components at any point in the boundary
layer into the streamwise and crossflow components, respectively, is given

as follows:

ug = u¥ cos ¢ + v¥ sin o (c1)
ug = v¥* cos ¢ ~ u¥ sin ¢ (c2)

These components are non-dimensionalized by the free stream velocity, Q;,
and the Stewartson transformation is incorporated to give
' 1/2
ug 1+ Xg&.Mz

[ee]

=\ uUcos ¢ +vsinV¥ sin ¢ (Cc3)
9 \1+XE P
2 e
1/2-
u¥ 1+ x%;-Mi : :
L = yl— (v - u) sin ¢ ; (ch)

Note that at the boundary-layer edge

“ - : 1/2
use 5 1+ lgl-Mi o o : , , (
—£ = U |+ si | C
% LIl sin"y | | S o 5)
2 ei .
u¥ =0 (c6)

.25
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Figure C-1. Resolution of velocity components.
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APPENDIX D

PROGRAM LISTING

PROGHRAM STAYLAMCINPUTY,QUTPUT, TAPELRINPUT, TAPE2ROUTEUT)
MASTER LAMIMAR ROUNDARY LAYER

COMMON/BURWUVZY, 1TSS, TOL,TFCON, DS, DEL,DZ, WK, 8H, UMGH, AQ, CONS,CONG,
IEONT G, ANCITO),BD0CIT0)ANCLTOY,BNDCITOY,BNDCLIT70),GNC1T70),0D0(170)
2,NNCITOY ,RDL,DONDCITON,ONDILTOY,UMLLETNY ,UMGCITO) , WHILTO) , WML (1T70),
IANOCLTOY) L) ANQCTT0)
COMMON/SFX/STH(X68) , TR (368) ,FETH(IAS), INTH,FITH(345)
COMMON/ZYSANDU/IM (BAE ) THXV (365) , FUTH(Z65), XV (Z465),CPUM(36S),
{8XV(345),SXVINC({36S),FIVSINC(365),L,8ATT,INTI,CH, 18P
rﬁ“MON/RESHLTS/wM2<170),HM2(1701 VMACITNY,DELTAY, THETA1.N0 punz
{,0V0Z

rnHMnN/GEHM/XACSbS):ZA(BbS)

NIMENSTON XAMLN(365),ZAHLD(36S)

COMMON/TEST/RANL{IN) o INTRL,IFR

COMMON/OPLIST/ZOPX(200),0R8(200)

COMMON/BOMPRES/ TN, AMINFSD, AMEXD, 8INP,LNSP, GAMMA, GAMYL ,GAN2, GAMS,
{GAMU, AMFSTN, RATIN,SCOMP, 2COMP(I70Y,T(1T0),RHONCITO)

REAL MGRAD

DIMENSIDMN S(2),R(8),C(R)

DIMENSTION LIMIH(ITOY,UKR2N(1T70),)VHRH{1T70)

DIMENSION WWALLC1S5),SD8(15)

DIMEMSION VCFX2(200),VCFY2(200),HSCOMP(200),LABEL(8)
1,LAB(8) , INFD(30)

REAL KMAX(10)

PIm3,.1015926%
CTRe, 017453292
CALL PBELUDNO
CALL LERDY

READ BNUNDARY LAYER CALCULATION PARAMETERS

MAXTIMUMONO, NF ITERATIONS, NO, OF STEPS IN 2 DIRECTION, ITERATIVE
TOLERANCE, STEPLFENGTHS IN Z AND X OYRECTIONS, AND MAX VARTATION IN U
ACROSE ONE BTEPy WEIGHTING FACTOR FOR FINYTE NIFFERFNCE SCHEME

CALL JPARAMBLINFO)
ENCODE (AN, LR5,LABRCY)) INFO(l)nINFO(ZS) INFOC22)
UPS FORMAY(AT,3X,2A10,%0X%)
U Rngti,e)ITS,J.TOL,nZ.DS.UsTEP,WF
6 FORMAT(PIS,5F10,5)

KRITE(2,103)
103 FORMAT(IHL /1 X065 (2H%=)//
{49X, *INPUT ¢ SOME COMPUTED OUANTITIss-
2//1X65(2Hww) /) )
WRITE(R,400)1T8,J,T0L,0Z,08,U8TEP,WF :
ao0 FNRMAT (SH ITSH,!s.EX.aHJI,IS eX, UHTOL®,F10, S,&X.!HDZ..F!O.S.zxo
13HDSI.F10 S,2X, 6HUSTEPR,F {0, SoZanHNIIFIO.S)

READ ROUADARY LAYER SBUCTION OR INJELTION PARAMETER,IBLC,

18LCu0y NO SUCTION OR INJECTION PERMITTED,

TELCWl, DISCONTINUOUS SUCTION OR INJECTION PERMITTED,
READ(1,77)1BLE

77 FORMAT(IS)
IF (1BLC.EA, 0160 To 78

RKEAD SUCTION 0OR INJECTION VELOCITV PA!AM!TEG.NWALL(MS)C NIG*SQRT(QL/NU

ORIGH\IAL PAGE IS
OE POOR QUALITY
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C ) WHICK IS ALLOWED TO CHANGE DISCONTINUOUSLY AT SNDS(MS8) LOCATIONS, A 61

¢ TOTAL OF MBMAX LOCATIONB ARE PERMITYED, 62
. 63

KEAD (L, TTIMBMAX 64
READC(L,502) (WWALL(M8),8DS(ME) , M8y, KSMAX) 6%
WRITE(2,79) &6

79 FORMAT (/% IBLCm] DISCOMTINUOUS SUCTION OR INJECTION GIVEN BELOWw) 67
WRITEC(2,R0) MEMAX b8

B0 FORMAT(/{X29HSUCTTION OR IMJECTION VELNCTITY,SX10HS LOACATION, 69
1SXAHMEMAXRTRY 10
WRITE(R2,A1) (WwALL(MS),SDS(HS), HSI!,MSMAX) 74

Ry FORMAT(ANXpOHkWALL (ME),20XTHIDS (M8 /(1OXF10,5,1%%F10,5)) 72

G TO R2 73

T8 FRITEL2,84) 74

AU FRRMAT(/w YBLCRO NGO SUCTION DR YINJECTYION PERMITTED®/) 75
WWALL(1Y®N,08% SNDS{1)Ym10000D, . 76

82 COMTINUE 77

[ 78
£ RFAD COMPRESSIBILITY PARAMETER,INC, AND FREFSTREAM MACH NO,)AMINF3D 79
o )£ Use 31 FLOKW IS INCOMPRESSIRLE 80
(o INCEO FL.Ow 18 COMPRESSIBLE, COMPUYATION MADE IM STEWARTSON A1
. TRANSFORMED VARIAB(LES 82
¢ g3
READ B5,INC,AMINFID,GAMMA : 84

88 FORMAT(IS,2F10,2) BS
IF(INC L, ER, 1) AMINFIDRO, : 86

PRINT B&,INC,AMINFID,GAaMMA , 87

86 FARMAT (/% INCEB*T2,% AMINFINDRRE16,R,» GAMMARRE]S,B) a8
IF(INCLERNGLY BN -TO BA PR - A9

PRIMT 47 ; 90

B7 FORMAT(w COMPRFSSIRLE FLOW(INCRO), BTEWARTSON TRANBFORMATION UBED L2
fw) 92

GO 70 90 93

AR PRINT 89 94

B89 FORMAT (% INCOMPRESS!BLE FLOW (INCI!) ") 95

90 COMTINUE , 96

o 97
C CANSTANTS NEEDED FOR COMPRESSIBLE FLOW CALCULATION Ga
¢ : , 99
GMlBGAMMA=], : 100
GPINGAMMASL, : . 1ol
GAMIm(S AGAMMAwY ) /(2 *GM:) 102
GAM2EGP Y/ (2, #6M1) ' ~ 103
GAMIRGAMMA/GM] 104
GAMUR(2 *GAMHA=YL )/taaﬂna-l y . : : 108
AMFS!D-,SqulwAMIerbwia 106

£ KEAD MAIN.TITLE (COLS 1=»72) : ‘ S 107
74 READ(1,151)8 ‘ o R - 108
151 FORMATLBALO) : : : ) : 109
WRITE(2,420)8 i . 110

420 FORMATtiHo,SHH- »BA10) : S 111

: ) - 112

¢ READ GEOMETRY PARAMETER AND CHORD LENGTH SRR )
e 1F INTIEO0 VELOCITY DATA WILL RE -BIVEN AT INTFRVALS MEASURERN AROUNMD THE 114
C AEROFQOTIL SURFACF AMD NO GEGMETRICAL DATA I8 REQUIRED . . 118
: 116

READ(1, 7E)INT3,CH , ) R : 147

72 FORMAT(I8,F10,%) , ﬁ 118
WRITEC2,401)TNT3,CH: ) : - 119

A9y FGRMAT(!HO SHINT3m,15,2X, SHCHI F!O 5) o CoT ; 120
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Oy

O YYD

MUST DISTANRES ARNUMD SURFACE KRE CALCULATED
IFCINTR EQ,0IGD TO 75

READ GEOMETRIC DATA
SYMMETRY PARAMETER, NO, OF PAIRS OF COeNRDINATES, NOSE RADIUS,
IF 18Y=0 AERQFUIL IS CAMRFRED, IF I8Ymi AFROFNIL 18§ SYMMETRICAL,

76 READ(1,100)I8Y,INTU,RHO

100 FORMAT(2165,2F10,%)
WRITE(2,402)18Y,INT4,RHD '

402 FORMATILHO, UHTSYR,T5,2X ,EHINTUS,15,2X, 4HRHOB,E16,8)
RHORRKO/CH

READ (IMTU) PAIRS UF X  AND 2

NIz (INTU= Y RISYSY
NE:(INTL(-{)*]SV-&-IMTU :
READ (L, S10) (XARLNINY, ZAHLD (NI yNBNT,N2Y
K10 FORMAT(2E16,B)
S02 FORMAT(2F10,8)

READ 18P, SURFACE PARAMETER
18Pa2  UIPPER SURFACE CALCULATION
18PE0 L NWFR SURFACF CALCULATION

RFAD(1,100) I8P
HRITE(2,101) 18P

104 FORMAT(/% T8Pax1p)
IF(ISP,ER,2) GO TOD 107
DO 105 Nay, INTG
IeINTlUah+y
XA(T)maXAHLD(N)

108 ZA(1Y=eZAMLDIN)

GO YO 110

107 DO §09 N®y,INTY

NN

CXA(MYaXAHLE IN)
109 ZACNYZZAHLD (M)

110 CONTINUE

CALCULATE NISTANCES ARDUND SURFACE CORRESPONOING TO DISTANCES
ALOMNG CHORD. LINE,
CALL GEOMTRY (T8Y,RHO,CH)
KRITEC2, U408 (N, XA(N),ZACN) »BTHINY , THEIN) ,FSTH{N) ,FZTH(N) ,NBN{,N2)
L03 FORMAT(ING, ﬂXiHN SXSHXA(N)ﬁ11X5HZA(N! 11X6MBTH (N), lOXSHTH(NS;
110X7HF8TH(N);EX7HFZTH(N)/
2(1%,15,6E16,8))

READ TWO OUTPUT PARAMETERS, NO, OF POINTS IN QUTPUT LTSBY (IF 1FPTR2)
AND QUTIPLT INTERVAL IN X (IF -IFPTH4),

IFPTRY, FULL PRINT DUY. EVERY STEP, rrrr-a. FULL P/0 AT POINTS IN LIST,
IFPTRY, FULL P/0 AT VELOCITY DATA POINTS, IFPYRL, FULLP/O AT EVERY

NTH %TANnARn 0/P 8TEP,DX, IN 7 DIRECYION EVERY INT1 POINT I8 PRINTED,

75 READ(1,$106)IFPT,INTL,NLIST,DX

sou FORMAY(!HO,SHIFPTI;Iﬁ:ax SHINT1®,IS,2X, &HNLISTI,IS,EX.SHDXIpFlo S)

' NLISTPSGNL!8T¢1

106 FORMAT(315,2F10,5)

WRYTE(2,404)YIFPT,INTL,NLYST,DX

ORIGINAL PAGE IS
OF POOR QUALITY

t21
122
123
124
1%
126
127
128
129
130
134
132

133

134
135
136
137
138
139
140
141
142
143
144
145
146
147 -
148
149
150
151
152
183
154
158
156
157
188
159
160

161

162
163
164
168
166
167
168
169
170
171
172
173
174

418

176
177
178
179
180

29



IF(IFPT NE,2)GO TO 340
READ LIST QF OUTPUT PNINTS
READ (1,501 COPX (MY, N2 ,NLIBTPY)
501 FNRMAT(BF10,5)
WRITE(2,408) (OPX(N) ,Nuw2,NLIBTPY)
4os FORMATLLHO, 6HOPX(NY /(1K ,B(F10,%,2X)))
310 COMTINUE

READ BURRTITLE
73 READC1,151)C
WRITE€2,421)C
421 FORMATCIHO,3HOE ,RA10)

READ ANGLE OF SHEAR (IN DEGREES) NP TRIPWIRE CIAMETER,

READ(L,501)IPSY,DTRIP
WRITE(2,U06)P81,NTRIP
40k FNRMATLIHO, uHPSI= F10,5,2X,6HDTRIPE,F10,8)

PSImDTRPSI

CNSPeCO8(P3I)
SINPBS8IN(PSI)

READ NUMBER OF VALUES OF REYNMNLDS NUMBER AND NEFINITION PARAMETER
IFRli_ FamQL*SEC(PSI) /MU, 1FRug, RNIQL/NU.‘IFRIK.‘RNIQLiCﬂS(PBI3/NU

READCIZ100)INTRL,IFR
READCY;S04)CANLCT), I, INTRL)
WRITE(2,407)INTRL,IFR

407 FORMATLUIHO,6HINTRLE, 1P ,2X,4dM1FRm,12)
WRITE(2,408) (RNLCTY, 181, THTRL)

GOA FORMAT(IHO,&HRNL(YY/Z(IH ,8(F10,1,2X)))

READ VELOCITY DATA PARAMETER AND NO, OF PAIRS OF YALUES TO FOLLOW
INTVey, 1} FOLLOW, INTVe2, UxSEC(PSI) FOLLOW, INTVERY, CPS FOLLOW,

98 READCL,100)INTV, L
LPiel +1
READ (1, 510)(XV(I) HMLT),ImR,LPYY
IFCISP,E@,2) B0 70 142
no 108 Iep,LPy :

103 XV (1)ymaXV(T)

112 1C0U%TRO
WRITEC2,409)INMTV,L

409 FORMAT (LHO,SHINTVYVR,I2,2X,2HL8,I})
IFCINC,ER,0) PRINT 503

503 FQPMAT(/t FLOW I8 COMPRESSYBLE AND THE POLLDN!NG UM(I) IS THE MACH

1 NQo. DISTRIBUTTON NORMAL TD THE LEADING EDGE (MEN)IW)
WRITEC2,410) (T XV(TY,UMT),182,LP1)
CIF CINCLER, L)Y GO TGO 508
AMINFREL /AMINFSD
DD S04 Y1=2,LP1
S04 LIM(T)RUMCIIwAMINER

‘505 COMTINUE

c

410 FORMAT(1HO, QX!HI,BXSHXV(I)'SXSHUM(IJN(1!;!5-2?10.!))

UME1I@0,0
CONVERT VELOCITY DATA TO U,

307

181
182
183
184
18%
186
187
188
189
160
193
192
193
194
195
196
197
198
199
200
201
202
203
204
208%
206
207
eons
209
210
2114
212
213
eld
21s
216
a1\t

218
219

220
eal
ez
22%
2edy
22s
226
227
228
229
230
2314
232
233
234

238

236

237

238

23¢

a4o



OO [2 X'y ]

[a Na N

TFCINTV NE L)CALL VELOCTS (INTV,C0SP)

READ VELOCITY GRADIEWMY AT ATTACHMENY LINE AND, IF VGRAD > 0 AND
INTS NOT 2 0 , DISTAMCE FROM LEADING ENGE 70O ATTACHMENT LINE ,
IF (INC.EQ,1) GN TO 422 :

FLOW 18 COMPRESSIBLE, READ IN MGRADEDMEN/NSCOAMP, THEN COMPUTE VIA THE
STEWARTSON TRANSFORMATION THE TRANSFORMEND INCOMPRESSYHELE VELOCITY
GRADIENT, VGRAD, WHERE

VGRADBD(UPRIME/NNY /DS TINE
BVGRAD/AMINEINDRDSCOMP/DBINCHBEC (PS])

READ(1,501) MBRAD,XV(1)
IF(ISP,EN,2) GO TO 113
XVE1)mmxV (1)

113 wRITE(2,428) MGRAD

U2R FNRMAT(/* MGRADEwE{A R)
RATIO®Y /(1 ,+AMFSINUCOBPAw2)
VGRADBMGRAD/AMINFIDHRATIOR*GAMY/COSP
GO 10 427

422 READ(1,501) VGRAD,XV()])

427 wRITE(2,411) VGRAD,XV(1)

41y FORMAT(1MO,6HVGRADS F10,8,2X,6HXV(1)8,E16,8)
IF(VGRAD,GT,0,) GO Tn t22

IF(1SY ,EG,0,OR,INTI,EQ,0)G0 YO 14

" READ RATA FNR 8/R TO COMPUTE (DU/DXYA,L.,

READ(1,501)ALPHA,81,83
KRITE(R,412)YALPHA,S1,83
412 FORMAT(IHN,6HALPHAR,FA,5,2X,3H818,P8,6,2X,3HSS8,F8,5)
ALPHABALPHA/COSP
G0 10 13

14 WRITEC(2,312)
3te IORMAT(SSHOVELOCITY PRADIENT MUSY BRE SPFCIFIED WITH THIS GEOMETRY)
G0 TO 21

COMPUTE VELPEITY GRADYENT AT ATTACHMENT LINE
% CALL VGRADAT(ALPHA,RHO,81, 81.VGRAO XY(1Y))
XV{{)myV(1)#CH

INTERPOLATE FROM TABLES TO FIMD DIBTANCKES FROM ATTACHMENT LINE TO
POINTS AT WHICH VELOCITY DATA 18 GIVEN,

122 CALL BTHFRMX . (L41,XV,8XV,THXV,D8DT,INTI, CH XV({),8ATT)

U PRINY S11,8ATY

» $11 FORMAT(/% NONeDIMENSIONAL DISTANCE FROM LOWZR SURFACE TRAILING €06

Is 2o K2 Ba Ny

{8 (1F UPPER SURFACE 18 TO BE COMPUTED,I8Pw2), OR FROM UPPER SURFAC
2€4/w  TRATLING EDGE (I LOWER BURKACE I8 TD BE COMPUTED,I8Pm0) TO
IATTACHMENT LINE ® SATT/CH weEi6,8/)

IF (INC,EG,1) GO TO 508

FLOW 18 COMPRESSIRLE, USE THE BTENARTSON TRANSFORMATION IN
8/R  SINCFRS -TO TRANSFORM THE ACTUAL SURFACE DISTANCF:So INTO AN
EQUIVALENT INCOMPRESSIALE D!STANCE; S1nC ‘ :

CALL SINCFRS(LP!.SXV 8XVING, UM, DSCDSIioDSCDSI?)
60 Y0 807

$08 DO 506 Neyi,LP{

,506;8XVINC(N)FSXVfN)

- ORIGH AL PAGE I8
S POOR QUALITY,

?

24y
242
243
24u
24s
aub
247
2us
249
250
251
2%2
253
254
255
256
257
258
259
260
261
es2
263
264
26%
266
267
268
269
270
2N
272
213
274
278
276
217

278

279
280
281
282
283
eau
288
286
287
288
289
290
29}
292
293.

294

295
296

297
298
299

300
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€.

60 TO S09

FROM SXVINC AND SXV(SXVINC) COMPUTE FBVSINC FOR INTERPOLATION
FROM INCOMPRESSTBRLE, TRANSFORMED (STEWARYSON) PLANE 10O
CONPRESS!BLE' PHYSICAL PLANE

597 CALL CSG(SXVINC,SXV,FBVSINC,LP§,DSCDST|, NICDSI2)
§09 CONTINUE

WRITE MAIN AND SUR TITLES
WRTITE(2,83)B.C
B3 FORMAT(1H!,8A10/8H0,8A10)

WRITE(2,414)
Q{4 FORMATCLIHO,3IHREYNOLDS NUMBER DEFINED HY RN®. )
TF(TFR,BEN,IIHRITE(2,415)
IF(IFR,EQ,2)WRITE(R,416)
TFCIFR EQ ZINRITE(2,4417)
41% FORMAY 1M+, 31X, 14HGLXSEC(PST)/NU)
416 FORMAT(1H4,31X, 1 0HOL/NU )
447 FORMAT(SH4, 31X, 1UHQALACOUCPST)/ZNY)
91 WRITE(2,92)VGRAD
9¢ FORNATfSQHOVELOCITY GRADTENT AT ATTACHMFNT LINE® ,F8,2)

Lel+1

LPiel ¢y

FROM THETA AND U(THETA) (COMPUTE FUTH FOR VELUCTITY INTERPOLATIONS,
CALL CSBLTHXV, UM, PUTH, Lo NSDTAVGRADRCOSP, (1ML YmUNMTL =13 )/ (THXV (L)
$THXV{Ley}))

WRITE TARLE OF VELOCITY DATA
CALL XSCPPNT(INTV)

NLISTENLISBT4Y .

COMPILE LIST OF OUTPUT POINTS IF REOUIRED,
TF(IFPT.NE, 1)CALL PLIBTCIFPY NLIBT BXV,8XVING,L, DB.YNYS,CH,XV(lJo
D%, INE)

1§ WING BHEARED
IF(PSI,LT,,00001)G0 TN 26

GUESS AT VELOCITIES AT ATTACHMENT LINE
é6 Ary
DO 9 - Nm2,J
UMY CN)m(Nel) /A
9 CONTINUE

CONSTANT
,AUI-O.SICDZiDZ3,

SET STEP COUNT
MBq
‘M3ey
IFCONIO

BOUNDARY CONDITIONS INCLUDING SUCTIAN UR INJEETION,

3

304
3o0e
303
304
308
308
307
508
309
310
31
312
313
314
ns
316

317

318
319
320
321
322
323
led
32%
326
327
328
329
330
331
332

333
334
33%
336
137
338

339

340
341
342
343
344
345
346
347
3a8
349
350

3814

352
153
384
3155
356
387
358
3%9
360



UM (1) =UMG (1) aUM2 (1) eVM2 (1 )e0, 361

WEONTE(] ,+AMFSINRCOSPaa2jud (e, 5) /(1 ,4AMFEIN) 362

WML1YSWWALL ¢1)/8GRT (VGRADWEOSP) wWEONY , 163

# UM2(Je1)aVMR(J+1)me, 364
369

¢ 60 YD B/P wliY TD COMPUTE W, U AND V AY ATTACHMENT LINE, ‘ 366

367

x CALL WUV(1,8(2)) 368

, 369

ANGLFIMANGLE2®,S#PY : , ' 370

SCOMP=0, 3714

5 ‘ AMEZNBSQRTCCAMINFIDR*2uSINP#2)/ (1, tANFSSDtCOSP!*l)) 312
‘ 373
f € WRITE ATTACHMENT LINE PROFILES ‘ 374
‘ : 3715

¢ LEADING EDGE CONTAMINATION TgSY ’ 376

| s . : L 377
| ' : FWRITE(2,104) S 378
; 108 FORMAT (1HL/ZIXAS(2HR®Y//6UX6HOUTPLIT//IXE8(2HWe)) : 379
CALL CONTAN (VBRAD,DTRIP,CH,CO8P,8TNP, THETAL,RATTOD) 180

CALL PRINTIXV(1),0,,0.,VGRADRCOSP,J,DZ, rnvi,a.o.,o,ANGLzaa 381

, 382

DN 18 Nm1,INTRL , 383

KMAX (N)®O0 0 184

18 CONTINUE 385

8(1)m0, : : 386

SCOMP{=20, - ; 387

UegrmumMely e , 3188

082ens . : 189

o ; 390

NEXT=21 394

SNEXTmel,0 = 392

INTHOLDNO 393

LASTa0 394

187mt ~ ' 3185

CFXimg, : , : : : 396

COFXn0, , 3197
COFXINFal, ‘ 198 -

cFYiaz, ws:NP-cvano-cnSP/RNLtt))*a S#pVnZ 399

' 4oo

€ _ADVANCE 8TEP COUNT 401

: 11 MmMet ; 402

LCwO ' : : 403

: , 404

¢ CALCULATE LENGTH DF MEXT STEP IN X DIRECTION 408

% : e L : 40k
‘ ' 10 CALL STPLNTH  (SNEXT,8,INTHOLD,N8,D81,D8Z,NEXT,NLYST,LAST, : - 407
AR LIFPT,LC,ILP, U.USTEP ouos XaBHpITC.ANGLEEoHF) S 408
, ~ 409

c xs COMPUTATION TO END ‘ 410

1F(LAST, EQ, a)sn To 239 ' : : : 41

: ur2

, € DOES THIS STEP END AT A LYSTED NUTPUT POINT . 413
RN : ©IFCILP,NEL1)GO TO 49 S utu
| : S c,sroaz U(M-a), U(M=1) AND V(Mel) PROFILES WHILE A STEP ENDING AT ‘A 416
. € LISTED OUTPUT POINT I8 COMPUTED gy
e DO 46 Nu2,J ' L 418
| UMIMENYmUMEENY - ' 419

UMZHINYBUMR(N) , Cnag

33



VMZH (N)SVM2 (N)
46 CONTINUE

49 CONTINUE

C VARIABLES INDEPENDENT OF N
VAVGRWEXU(2)4 (1 ,mWFIll(])
GEWFaw2 /U x (SH/(UAVGADSL)w (U(2)=U(1))my,)
coNt=y, /NZuk2
CONZa (1 ,mWF ) /WF
CONZaSH/ (DS RUAVE)
coNUm {1 ,»WF)28H/DBY
CONSE (L) (muF ) /WFYRi2
COMERSHRNT/ (2, nHFwD8 I UAVG)
CONTmSH/DSH

r. VARIABLES DFPENDENT 0N N
no 3 Nx2,J
GLGH (UM N+ )mUMR (NmY))
ANOC(HIRCON2AGw (Nel)alUM2 (M)
WNO (M YBCONGW ({2, #WFws Y wU(2) 42,0 (1 @WF)RUCL))Iw(UMP(NIQUMD(NeL))
{wtUaNab)aty ,oWFYRDT/ (2, a#FARY) aBw (UMZ (N)@l]M2(N=1))
TFCAF oL T oo D01 IANOCINIZ SHUMNOIN)
ANO(NYmwil, tWFﬁAn+F0N2i(N-i)*G*!UMZ(NQ!)-UMZ(N'S3)
TF(WF,GE..7%) GO TO 512
a~n(N)ncoN3*wat3.oa *WF Y aU (2w M IN) +BRNIN)

G912 DNOCNIBCONIRIUC2) ol Y e ({2, wnPol Inll, eWFIali(2)¢2, 4], =WF)un2aU(l)

1)*umacNawuvatN))»CONiwtt.-wFa-turatwﬁx)-? RUHM2(NY4UMNR (N=]))
2eCONSR (Nad INUM2INIREUMB (NS L YoUMR (Na]) yun
RDOCNISCONGHUMRENY$7, sWF W CONY
DROCHYRCONGAYMI (NI #UM2 (N) & (4 @wF)RCONT R (VMR (NS1)m2, #VHRIN) +VMR(Ne
1)) CONSGH (N YHLIMPINY R (VMR (NS IaVMB(Nu1))

[y ]

EXTRAPOLATE 70 ESTIMATE UM PRAFILE
IF(,6T,3)60 T0 2
UMG (NI mUMZ (N)
G0 TO 3

2 UMGLRNYZUM2(NIeDGL/DSTw (UM2(N)=UML(N))
3 CONTI~UE
C- COMPLETE TH! SPECIFICATION OF BURFACE SUCTION OR INJECTYON VELOCITY W,

1F(IBLC,.ED, 0)60 T 20t
wanassﬁRTtl + SH(GAMMA®Y, )tAME!D--Z)/(!.&AMFBSD)*ﬁ1 S
*HCOMPINF*SCOHPO(l.-NF)*SCOMpi
1F(SDS{MBY,GT,SHEOMP) GO T0 200

) MSaM8e)

200 WM(1)pkaLL(HS)t(SH/UAVG)*ﬂ 5-:quwc0Nz+(1.-w!)*wc0M1)
GO YO: 202

201 WM(1)mD,

202 CONTINUE

€ COMPUTE WM, UM AND VM PROFILES
CALL WUV (M, 5(2))

c COMPUTE SKIN FRICTION DRAG,AASED OM REYNOLDS NUMBER DEFIN!TION IFR®2
C AND THE -FIRAT VALUE IN REYNOLDS NUMBER ARRAY,RNL(1),

34

de1
“ge
Y3 )
ugdu
ues
426
47
4z8
uge
430
434
u32
U3y
d34
438
dle
437
4ze
439
440
441
44
443
()
u4s
4ie
447
u4a
4u0
480
45y
ase2
us3
usy
uss
u%6
487
(31
459
660
46l
4o
4h3
déd
Le%
4es
Y%

U468

4s9
470
L71
uye
4713
4r4
418
476
4ary
“78
479
480



IO

(el

o

CFXSTAUX/ (., SARROINFARINFaw2)

CEYBTAUY/ ((S«RHOINFRQINFawn2)

COFYX ® SKIN FRICTION NRAG CNEFFICIENT IN DIRECTINN PERPENDICULAR 70 LE
BASED ON CHORD MEASURED PERPENDICULAR T0 LE

CREXINF ® TOTAL SKIN FRICTION DRAG COEFFICIENMT IN FREESTRFAM DIRECTION
BASED ON CHORND MEASURED PARALLEL TO FREEBTYREAM

TFCILPLEG,1)G0 Tn 203

JCOUNT®ICOUNT#+Y

PSCOMPRSCOMP=SCOMPY

CFYzm2, «UE2)%CUC2) /7 CRNLLEIXS LR ) ) ww, SwhUDY

CFY2m2 , #SINP# (UC2) /CRNLC1IX8(2)Y)Inn,SuDVD2

DCDFXI.S*DSCOMP*(COS(ANGLEI)tCFX1¢CDB(ANGLEE)iCFXZ)

VCFYZC(ICOUNT)®1000,%CFY2

VCFX2(LICOUNT)=1000,wCFX2

HBCOMP (ICOUNT)®SCOMP

COFXRCNFXeNCNFX

CRFXINFRCDFXINF4DCNIYCO8P S, SiOINPtDOCOHPt!CFYZOCFYi’
203 CONTINUE

HAS ITERATION CONVERGED
JF(IFCON,EG,13G0 TO 239

HAS BTEP LENGTH BEEN HALVED TWICE ALREADY
TF(LC,EG,2)G0 TO 234

MALVE STEP LENGTH AND TRY AGAIN
L CelC#+t
G070 10

238 IFCON=3
LABT=2

DETERMINE IF PRINT DUT I8 TO AE COMPLETE, PARYIAL OR BKIPPED
239 CALL IFPRINT(IFRT,ILP,LAST,JACKPOT)

IF(JACKPNT,EQG,0)60 TO 5

COMPUTE CROSSeFLGW VELOCITIES N
TF(PSI,GT,,0001) CALL CRSSFLWCJ,DZ,U(2))

WRITE ROUNDARYsLAYER CALCULATION RESULTS 48 REGUIRED
CALL PRINY(X,8(2y,U(2), DUDS J;QZJINYipJACKPOYQPSIpLC;ANGLEE)

CALCULAYE DIMENSIONALYISING FACYOR!
CALL DMNSION(S(2), U(E) cosP, DELTA! THETAL, ILP CFX2,CFY24COFX,
1CDFX!NF)

R!-LAMINARIBATION TESY ‘
JF(KMAXCINYRL), GT.-O S)CALL R!LAM(U:S.GTNP COSP;KMAX)

1S PRINT=OUT COMPLETE -
1F(JACKPOT,EQ,2)G0 TO &

CROSSwFLOW INSTABILITY TESTY
1F(P8I,6T,,0001)
1 CcaLL INSTAB(COBP:SI!) U(Z) CH, RATIO.AM!!D;A”INF!D)

VISCOUS INSTABILITY TEST

S0 cALL TRANS(B(Z) PUDS, THETAL, ueay, U(i) 187,JACKPOT)

CHIE}BNAJ)'PA&HE‘EB

'OF POOR QUALITYl

481
uae
4873
ueu
4a%
Y
ue7
4Be
489
490
494
492
493
494
495
U996
487
498
499
%00
S04
so2
503
504
505
506
507
1.}
509
810
S1t
512
513
S14
518
516
517
518 -
€19

- 520

se4
S22
523

Seu

525
526
sa7
%28
YA
§30
534
532
533
534

- 538

536
537
538
539
540

35



€ IS STEP JUST ENDED THE LABT OME REQUIRED

IF(LAST,EQ,1) GO TO 27

€ DNFS LAST STEP EMD AT A LISTED OUTPUT POINT

IFCILP,EQ1XG0 TO 47

HesYymU(2)y
sS(1)ag(2)
SCOMPIaSROMP
WCON{ZHWEONR
n8Z=N8t
CFXimCFY2
CFY{aCFY2
ANGLE LaANGLER
GN 7O 14

C REPLACE H(Me2), LU{Hm|) AND V(Mei) PROFILES wITH THOSE STORED AT START
C OF LAST STEP
47 D0 48 Nug,J

£~

4

c
c

UM (NYBUMEIH(NY
UMP (N)EUMAH (N3
VM2 INYaVYMRH (N)

48 CONTINUE

GO "T0 11

27 wWRITE(2,19)
19 FORMAT(AIHOLAMIMAR FLOW CAICULATFD TO END OF DATA OR LAST POINT RE

1AUESTEN)
GO YO 2t

5 WRITE(2,20)

20 FORMAT(L1HOBERARATION)

READ CUE TO READ MORE DATA OR TO FINISH
21 READ(1,100)KUE

WRITE(2,413)YKUE

413 FORMAT(IHY , UHKUES,12)

%

£ PLOT INSTRUCTIONS FOR X AND Y SKIN FRICTION DISTHIBUTIONS

MPTSRICOUNT , I

RGTB,14%  HGTia, 148 HGT22,068  HGTSs,08
NPi1aNPTS$1

NP2ghNPT8¢2 i

YORG=O , % XORG=O,

X8ChLEa, 2

Xpses,

YRGBES, -

XDVeO,§ XTICmmy,

YDVRO,S YTICuni.

'0RG=0.

CALL BSFALE(VCFXEnYFGuNpTﬁ;1,l.sﬂ1 ORG
‘YSC‘LEﬂVCFYacNPEJlVCFX?(NPa)

VEFX2(NPTS#1)AVEFYI(NPTS«1YRYORS
‘VCFX?(NPTS?E)MVCFYE(NPTSQ?)IYSCALE

HECOMP NPT+ L) BXORG

HSCOMF(NPTS+EVWXSCAL€

CALL CALPLTC2.,;%,sw3)

CALL AXES(0, 040 O QO.IYPGlVCFXE(NPl> VCFXE(NP!) YTIC.YDV:1H DHGTI'

541
s4g2
543
sS4
545
544
$47
548
549
550
551
552
553
554
555
556
557
558
$59
$60
561
1T
563
564
8565
S66
S67
1.1.]
569
570
571
572
573
574
578
576
577
578
579
580
%5814 -

582
‘583

584

~58%

a6
587
a8
589
890
191
592
893
594
§95%
596
597

598 -

599
600



423

42e

s Ee Bo e Nl

10

141)

CALL NOTATE(=.5,2.5,H6T/)9H CFX*1000,90,,9)

CALL NATATE(=,75,2,5,HGT,9H CFY¥1000,90,,9)

CALL AXES(D,0,0, o 0s04XPG,HSCOMP (NP1 ), HSCOMP (NP2),XTIf, YDV,
116HSURFACE DISTANCE,HGT&,-ib)

CALL LINE(HSCOMP, VCFX2,NPTS,1,¢143,.06)

“CALL LINECHSCOMP,VOFY2,NPTS,{,41,4,,08)

CALL NOTATF(,5,YPG,HGT,2THSKIN FRICTINN DYSTRIBUTIONS,0,,27)
HGLe, 14

XPLT® ,54,54HGL

YPLTRYPGw, 40+ ,54HGL

CALL NOTATE(XPLT,YPLT,HGL,3,0,pwl)

fALL NOTATECL,0,YPGm,00,HGT,3HCFY,0,,3)
YPLTRBYPGe 704,54 {HGLw,02)

CALL NOTATE(XPLT,YPLT ,HGLw,02,4,0,,=1)

CALL NOUTATE(1,0,YPG=,70,HGT,3HCFY,0,,3)

PSINEPSI*YT?, 29577951

ENCODE (R0, 423, LARELC1YY AMINFID,P8ID,RNL(1)

FORMAT (BHAMINFIDRES ,3,3X,UHPSTENL 1, 3XTHRNL (1)81PES,2,37X)
CALL NOTATEC(O, ,=1,00,HGT,LAREL(1),0,,80)
EMCONE(RO,d26,LAREL (1)) CDFX,CDFXINK

FORMAT (SHEDFXEFT (S 5Xy BHCOFXINERFYT (8, 4AX)

CALL MOTATE(N,,w1,25,HGT,LABELC1),0,,80)

CALL NOTATF(0,,=1,50,HGT,LAR(1),0,,80)

IF(KUE,FG,1)60 TN 24

IF(KUE,ER, 260 TO 74

IF(KUEFR,3IGO T0 74

IF(KUE ,EQ, 4360 TD 7%

IF(KUE L EN,5)G0 TO 713

CIF(KUE (ER,.6)G0 TN 98

CALL cALPLTCOAIOQIQQQ)
8T0P 0101 :
END '

SUBROUTINE SINCFRS(J,8XV,SXVINC,UM, DSCDSI&;DSBDS!Z)

DIMENSTON SAVI1),8XVINCCL),UM(L)
COMMON/ECOMPRES/ING , AMINFIND, AMEIN, SINP,CN8P, GAMHA,BAM!,GA"E;GAMSo
{GAMY, AMFSAD,RATYIO, SCOMP-ZFOHP(170)’7(170) RHOD(170)

USE STEWARTSHN’TRANSFDRMATIDN'TO CONVERY 8XV,THE PHYSICAL DISTANCE
ARDUND THE AIRFOIL AT WHICKH MACH NQO, I8 GIVEN, TO SXVINC, AN
ERUIVALENT 'INCOMPRESSIBLE CONRDINATE

GM{SGAMNMAmY | :

DENOMREY { /(1 +AMFSIDWCO8PRN2)

SYVINC(I)IO. .

CONI(!-#AMFS!D)*&GAMl

FACImY, #AHFBSD

D40 NIZ 2 J
AMEBDNIAMINF}D**EQ(UH(N)!*Z*FAC!¢SIMP*t?)iDENOVR
AMESZDNImMAMINFAD e 2k (UM (No{ YA R2AFACI4FINPR#2) #DENOMR
AMEN®Y .4, S«GMIwAMERDN

AMENT®Y ., SHGMINAMERDNY
SXVINC(N)l.S*CONt(AHENﬂ*t-GAMI)#AMEN!*'(-GAﬁli)*
1(SXVIN)®SYXV (Nel{))+EXVINC (Nm])
AHESNIMAMINEID R w2 w (UM (1) Rn22FACT$SINPaw 2 Y #DENOMR
AMESIDISAMINFINK«2 0 (UMCJInn24FACT+SINPuw2) eDENOHR
CAME{®] ¢+, S«CMI#AMERDY

601
402
403
604
60
606
607
608
609
610
611
612
613
414
615
616
617
618
619
620
621
622
62%
hed
625
626
627
628

629
&30
631
632
633

a3d
635
636
637
638
639
640
641
b4
643
644
64
LYY
647
s48
649
650

651

652

653
650

655

686

657

3T



AMESESL (¢ ,SkGM{*AMEID]
DECPSTIwAME I wRSAML /CON
NDSCNSIZ2mAMEJawGAMYL /CON
RETURMN

END

SUBRNDITINE WLV (M,8)

C COMPLUTES W, U AND V PROFILES,

e }

»

Y

COMMON/SURWUY /I, TTS, TOLSIFCON,DR, N8 ,NZ WP, 8R,IIMGH, A0, CON3,CONG,

1EONT, G, ANCLTAY RDNCIT0) ) RAR(170),BNOCLIT70Y,ANDCITN),CN(170),DD0C1T70)

2yONCIT0Y,ROL,DNOLITOYSDNNELITOY pUME(LTOY,UNMGCLTOY,HMELTO), WML (L1T0),
INNDL170), U(a) AND (170}

Cn“”nN/RESULTb/WM2(170) UM2C170Y,VM2(170),DELTAL,THETAY, NO puUDZ
1,0YyNnZ
COMMON/CNMPRES/INC , AMINFIDAMESND,SINP,CNSR,GAMMA,RAM] ;GAM2,GAM3,
SGAMU, AMFSED  RATID, SCOMP ZCOMP{1T0),T(170),RHONLITNY

DIMENSION URPLLT0),Y(LT0)

NOmO

EVALUATION QF w

11

NO 2 Nu2,Jd
TF M NEL1)GD TN o

WOAT ATTACHMENT LINE

WHEN)BWM (Nl ) w0 SAaDZe (UMLCN) UM (Nel))
GO 102

WOAT X(Mmi/B)

1

50
2

FACTRwMFaCONGW (2, -uta)+c1.-a *WF)/NFiU(1)?*(UMG(N)+UMG(N-1))
fm(UnNubYn, SiDZ/NFiﬁzi(UMG(N)-UMP(Nti))*G

IF(WF LT,,501) GO TN %0

UM ENYmAM(Na{Jm (] adF ) /WFa(WM] (N)alM| (Ne 1 JJ$WNO{N)+FACT

Go TH 2

WHINYRWM (Ne 1) 4WNNIN) ¢ SrFACT

CONTINUE

EVALUATION OF UM,N

3

51

38

DO & Nw3,J
IF(MNE1IGD TO 3

ANCNY®O SuWMINY/DZ42wAD
BNENYmUM] ENY =l wAD
CNINYBwANINY&UwAD
DN(N)m}

5070 4

IF(WF,LT,.501) 60 T0 Sy : ‘
ANCNI R kWFWAOS, 5*wF/nz-(wawH(NJ¢cl.-wr)awnl(N))+EN-1)tG-UMGtN)
1+AND (N)

ADN(“)IDNOCN)+CDN3ﬁU(l)t(i.'WF)t(U.*WF-! )tUME(N!iUMG(N)*.S/DZ'(!.

lkF)*(UMZ(N+1)-UHE(N-li)*(WF-WM(NJO(l.-NF)tWMl(N))
GO TO 52
AN(NYm o A0+ ,25/DZwWM(N) +(Nut ) wGRUMG ENI 4AND(N)

658
639
660
661
b6

663
664
665
666
667
668
669
A0
671
672
673
674
7%
676
6717
678
670
280
681
682
683
684
688
684
687
688
689
690
691
692
693
694
h9%

- 496

697
698
699
700
Y09
702
703
T04

708

706
T07
708
709
710

T4

712
713
Ti4



DNCNIZDNO (MY 4, SWHEONSRU (L) WUMR (NYWUMG (N) w25 /DZa(UMRIN+L ) mUM2 (Nat)) 71%

{RuH N ) 716
S2 BN(NINCOMZR (2, aWFRn2xUC2)4nFa (1 w2 kWP Ial (1)) wUMG(N)Y+RND(N) 717
CNCINYm@ANCNY #U kW FRAD 718
FACTRwCONIANFR (T, @i, kMF Y al) (2)*UM2 (N) #LIMG (N) 719
TFLWF,LY,.75) GN Tn 4 720
DN(NIBDN(NY+FACT 7214

4 CONTINUE ) 122
723y

LR (JY=BN ()Y ) 724

DO § K=3,J 12%
NeJmi+3 726
UP(NelJRAN(Nal imAN (Nt IRCN (MY /UP () 727

5 CONTINUFE 728
729

Y(JYRDN (I mANCI) 730

DO & K3, J 731
NeJeK+d 732
Y(Nwl)aDN(Nwi ) =AN(Nal}RY {N)/UP(N) 733

6 CONTINUE 734
738

UMG(RYsY (2Y/UP(2) 736

N0 7 NeX,J 737
UMGENIB (Y (MImEN(A Y RLIMB (Nl )Y /UPIN) 738

T CONTINUE 739

: . 740

" GOUNT NMUMBER OF ITERATIONS T4
NOmM4 Y ) Tue
TFINDQLLY43) GO T 22 743

Tu4

IF(TOL GT  ABB(UNGHaUMG(2))/DZIGH TN 8 7458
CHECK NUMHBER OF ITERATIONS T4é
IFINO,GE,ITSYGN TO {2 747

748

" STORE U NEAREST BURFACF FNR CONVERGENCE CHECK 749
22 UMBHEUMG(2) 750
IF(M,NE, 116D TO {1 751

. 7%2

D0 37 Nm2,J 753

UM ENYUMG () 754

" 37 CONTINUE _ 7%%
6070 14 : : 756

' . ‘ 187

ITERATION MAS NOT CONVERGED ‘ 758
12 1FCON®2 7%9
RETURN i 760

. 761

TTERATION HAS CONVERGED , ' 762
8 IFCONRY 763
764

EVALUATION. OF VM, N , ; 76%
_ IR ‘ ~ ' 766
DO 16 Nm2,J T , ’ ' 767
S 768

IF(MGT, )60 TO 21 g 769

BNO (NI molnAD ; ‘ Co770
PND (N) =0 : : S 774

GO TO 16 : 7172

773

21 BND(NIRRDOCN) +WF ACONTHUME (NY , 174

39




IF(WF,LT,,501) GO TO S3
FACTI.S/DZ*(l.-WF)*(WF*WV(N)+(1.-”F)*““1(N))
GO YO 34

S3 FACTR,25/DZ*uM(N)

S/ DNDINYRDDO (NI 4CONTRWERXVMB (NI wUMG (NI @ (VM2 (Ne1) oYM (N ) ) R(FACTH (Y, >

LUF Y/ WF % (Nw{ ) #GRUMG(N))
§6 CONTINUE

UJP (I aBND(J)

Do 17 KlSpJ

NaJ=K+3
CUP{Ne I nRAND (Al Yo AN (Mt Y wCN(NY JUR(NY
{7 CONTINUE ‘

Y(I)sDND LI wANC])

NO {8 Km3,J

NeJeKe3

Y{Nol)aDND(Nnf{)aAN(Nel )Y (N)ZUP(N)
18 CONTINUE

Vha(2)aY (23 /7UP(2)

DO 19 Nm3 ;)

VMZ(NJIKY(N)OCN(h)wVMZ(N-t)S/UP(N)
19 CONTINUE

D0 23 NeiJd
¢ STORE W PROFILE FOR PNSSIBLE PRINTING OUT,
WHREN) WM IN)
¢ U PROFILE AT END OF S8TEP RECOMES PROFILE AT STARY ] 4 NFXT STEP,
UME (N UM N)
UM (NYQUMNG (N
WML (N)BWH(N)
23 COMTINUE

COMPUTE TEMPERATURE RATIO, TINYST/TINF AND DENSITY RATIO,
RHOD(NIRRHN/RHOINF, AND THE CONPRES!!BLE (ACTUALY NORMAL
COORDINATE, ZCOHP(N)IZ/C

[aRa e Ne Ry ]

IF(M,GT, 1)60 7o 2%

uca)-o.

RATIOll./Clo+AMFSSD*CDSPtt2)
‘25 LLONRRATIOR¥GAMY

 DELCONSRATIO#*GAM2

RHOCONBRATIOXxw (=GAMY) .

CFCONXRRATIO®R (wGAMY)

CFCONYRMRATIO®A(mGAMY)

UCONBRATIOWNK (o  BYwii(2)

LCOMP(1)IM0,

JPimJed

DO 26 Nwi,JP1

URATIOmUCQON®UMZ (N)

VRATIOBRGINPRVHZ(N)

TINY®Y  +AMFBRDA(Y, -URATIO**?-VRATIOtt?)

RHUD(N)nRHocoN/T(N) ‘

TF INLERL1Y GO TO 26

ZCOMP(N)IZCONt 5*(T(N)#T(N-1))*DZ#ZCOMP(Nvll
26 CONTINUE ‘ :

€ CALCULATE DISPLACEMENT AND MOM:NTUM'TH:cKNt&szs.

4o

775
776
77
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
80%
806
807
ao8

- 809

810
8114
812
813
a4
813
816
817
818

819

820
821
822
823
aau
aes
826
827
828
a9’
830
834
A32
a3y
834



DELTALRY, 0 ' 835

THETAL{®O . 836
Nmy : 837
TT . R38

40 NaNaiy R3S
DELTAISDELTAL4(1aliH2C(N)In(3¢18) _ T840
THETAIRTHETAL+ (LM (HIw (1 =UM2INIIR(3+]8)) 841
ISnel8 Bu2
TF(UM2(NY (BB, GuTOLRDZYIGN YO 41 8u3
IF(N,LT.J#1)G0 1A 40 . , AU

4t PELTAIRPELTAL#D2/%,0 ' ‘ 845
THETAIRTHETA{#DZ2/%,0 BUs
ZEDGESFLOAT (N=))aDZ 847
DELYALRZCOMP(N)=NELCONW(ZFDGE=DELTAY) ALB
THETALRDELCONWTHFTAL Y
850

€ ESTIMATE (DU/DZ) AND (DV/DZ) AT Zmo, B51
DUDZ®L2, AUMR(2) =0, S#UM2(3))/NTNCFCONX 852
DVRZE(2,0WVM2(2)m0, SAVMR(3) ) /DTACRENANY 8%3

: : BS U

RETURN 855

i BSH

END , : 857

‘ as8

FUNCTION “THX(X) 8%9

; , B&O

¢ TRANSFORMS X Y0 THETA ; : LTS
o v Ae2
ARGEZ,¥ABS(X)wl, : Bb3

1F (ARG, LE,1,0) 60 T0 2 : B&0
#RITE(R2,3) X,aARG 865

3 FNRMAT(///% ERROR NI, 2 DETECTEN BY ACOSIN IN FUNCTION THXw/ 866
{x XmkN{6,8,% ARGRA,E16,8//) 867
1F (ARG ,GT oW 1ae AND ARG, LT41,0000001) ARG, 808

2 THXBACOS (ARG) . : : 869
IF(X,LT, 0,360 TO 1 o , 870
TH!:a.assiasz-THx : ‘ o 871

{ RETURN - ‘ R72
END : T : . B73

' : - BTY

FUNCTION XTHCTHETA)Y ~ 878
SR : Coe - 876
£ TRANSFORMS THETA TO X SR 877
, a7a

XTHEO S (1 +COS(THETAY) ' ' . : . 819
IF(THETA 6T.43,181%926)60 10 : : : ; S 880
XTHmwXTH ; ' ' - B8}

1 RETURN T L ; o 882
END ~ , , o , Aas
884

8as%

g




SUBROUTINE CS8G(X,Y,F,NOP,EL1,F1)

¢ GENERATES SECOND DERIVATIVES FOR USF IN €81 (CURIC SPLINE)

DIMENSION X(1),Y(13,F(1),E(36%),6(36%)

N@=ENDOPw
N 4 Nm2yN2
E(NYa2a{X{Ns] X (Nai))

FENYBAR(Y NS S Y(N)Jitx(~+1)-X(N))-6-cch)-YtN-!))/tch)-X(N-l))

CONTINUE

Nim?
N2aNQOPR

ECiYm2a(X(2)=X (1))
FOLIRMAR(Y(2)aY (1)) /7 (X(2YmX{1))mbuEY
ECNOP)a2% (X (NOP )X (NOPe1))

FINORP)Smba (Y{NOPYeY(NOPe1))/{X{NOP)eX(NNPul))ebeF1

DO 8 NmM|§ 'Na
GEMISIXIN)wX(Nai))/E(N2L)
E(NISE(NYeG(N)*G(N)RE(Nm])
FINIRF(N)eG(N)%F (Nel)
CANTINUE

FIN2)RP(N2)/E(N2)

PN 9 NIENL,N2

Wb eNPmNT
F(Nm{)YuF (Nm{) /E(Nel)aG(N)#F (N}
CONTINUE

RETURN

EWD

SUBROUTINE C8TCX,Y,F,NOF,X1,YT,¥X)

C CUBIC SPLINE INTERPOLATION

b2

1e

13

DIMENSION X(§1),Y(1),F (1)

DO {12 NE2,NOP
IF(X(N)mXTYL2,12,483
CONTINUE

NENOP

ALRO,SaF (Ne{ R (X (N)aXT )R (X(N)eXTI/(X(N)oX(Nal))
BLwD ,SaF (NI R {XIaX(Nmy)In(XTaX{Na{))/ (X(N)aX(Na}i))
CLaY(Nal )/ (X{NjuX(Nwi))oF (Nal)a(X(N)mX(Nay)) /b
DIBY(N)/Z(XIN)aX(Nal)YaF (NN (X(N)mX(Nat))/6

YISCAL WX IN)wXT)HB (X ]m X(N~1)))/3+C1i(X(N)!XI)+Dit(X!-X(N'i)5
YXu=A{sBiwC 4D}

" RETURN

END -

asé
887
(Y]]
889
B90
8914
892
893
8G4
89%
896
897
1))
899
900
9014
902
903
904
90%
%06
907

908

909
910
911
12
913
914
918
916
917
948

919
90
921
922
923
924
92s
924
927

928
929

930
931
932

933

934
938
936
937
938
939



SURROUTINE CONTAM(VGRADJNATRIP,CH,CO8P,8TMP,THETAL,RATYO)

C -TEST FOR CNANTAMINATION AT ATTACHMENT LINE

1A

COMMON/TEST/RNLE10) ,INTRL, IFR

WRITE(2,18)
FORMAT(IX,39Hukn [EADING=EDGE CONTAMINATION TEST www)

DO ¢ Nat,IMTRI
WRITE(2,10)RNL (M)

r SCALE REYNOLDS NUMBER TO STANDARD FORM,
€ RTHETASRINFASINPATHETA/NUEDGE

‘o e

16

.

10
11
12

13

14

is

17

IFCIFR,EG, 1 IRNmRNL (N)

IF(IFR,EQ,2)RNRRNL (N)/COSP
IF({YFR,EQ,SIRNSRNL(N)/COSPRW2
RYHETASSINP#SQORT (RN/YGRADIWTHETAS/RATIONNE S
WRITE(2,11)RTHETA

IF(RTHFTA=100,)2,2,3

WRITE(2:12)

GN . T0 1

IF(RTHETA=2U0,)4, 1,5

IF(DTRIPw, 00001)16,h,6
DCRITSCHRUTASORT(RTHETA)/(RNUSINPRCNEPY
WRITE(2,13)DCRIY

CYF(DNCRITeDTRIPYIT, 16416

WRITE(2,15)
60 101

WRITE(2,87)
GO TO 1}

WRITE(2,84)
CONTINUE
RETURN -

FORMAT({&H REYNOLDS NUMBER®S ,F{0,0)

FORMAT (1 H4, 32X, THRTHETA® 8, 1)

FORMAT (1H4, evx,suHNn TURBULENT CONTAMINATION AT A L4)

FORMAT (1H%,S1X,6HDCRITH,F8,4)

-FGRMAT(1H+.67x.31HTuRBULEMT CONTAMINATION AT A L)

FORMAT (1H+,67X)36HTURRULENT CONTAMINATION AT TRIP WIRE)
FORMAT (1 H¢; S7X, 4OHTURBULENT CONTAMINATION POSSIBLE AT Ayl )
END

SUERDHTXNE CRS&SPLW (J,02,U)

C CALCULATES CRO?S-FLOW AND STREAMeF| . OW PROFILES AND TH!CKNES!ES.

COMMON/RESULTSIWMZ(170)oUMZ(l?O) VM2(170),DELTAL, THETAL, NO;DUDZ
1,bVyD2

;OMMONICROSSV/SV(170) CVCi70),8DY,CDT,CVM
COMMON/COMBRES/INC ,AMINFSD, AMESD,SINP,CO8P, GAHMA,GAMI GAM2,GAMY,
1GAMU, AMFSID,RATIN, SCOMP, ZCOMP(170), T(!?O) RHOD(!?O)

940
941
42
943
944
945
946
947

948

949!
950!
951
952
9sv
954!
U111
956
987
958
98¢
960
961
962
963
964
965
966
967
948
969
970
9714
972
973
974
97%
976
eT7
78
979
940
981
982
983
984 -
98% .
986

987

988
089
990
9614

992

993
004
998
996

I3



C VELOCITY AT ENGF OF BOUNDARY |AYER

SVJaBART (Ux%x2/RATID+SINPwwg)

f. CALCULATE SIN(THETA) WHERE THETA I8 ANGLE BETWEEN FLOW AT EDGE OF
o BOUNHARY LAYER AND THE PERPENDICULAR TO THE LEADING EDGE,

SINTHEBINR/BVY
COSTH=SART (1aSINTHRW"A)

80Tw0,0 -
toTe0,0

18=1

CyMm0,
SV(1yeCv({Imn,

DO { Nm2,J

C VELOCITY COMPONENT TN DIRFCTION OF FLOW AY EOGE OF BOUNDARY LAYER

AVINIm (UM (NI RCOSTHRIL/SRRT(RATID)SVHRININSINTHRSINPY/EY]

C NYSRLACEMENT THICKNESS IN DIRECYION OF FLOW AT EDGE OF A,L,

SNTE8NTH,Sx(SVIN)I+BV(Ne$ Y)W (ZCOMP(NYe2CNMP (Niw]))

r CROSSwFLOW VELOCITY COMPONENTY

CVANIRUSSINTHA(VMB (M) mUMR(NY) /BART (RAYIN)

£ CROSS»FLOW DISPLACEMENT THICKNESS

-0

¢ CALCULAYES DIMENSIONA|ISING FACTOR AND DIMENSTONAL B,L,

3 FﬁRHAT(lxnl7HREYNOLDS NUMBERS® ;F!O 0y2X, ZSH(DYMENBIONAL Z)/CHURDI)

Ay

COTRCOT+ SH(CVINI$CV(Nai) )4 (ZCAMPIN)«2COMP(Nml))
I8z=18

IFCARS(CV(NY)=CVMI{, 1,2
CVMaARBICVIN))
CONY INUYE ’

CDTBARS(CDT)
SNTeZCOMP(J)=8DT

RETURN
END

SURROUTINE DMNEION(S,U,COSP,DELTAY, THETAL,ILP,CFX2,0FY2,CNFX,
{COFXINFY

COMMON/TEST/RNL(10), INTRL,IFR

Doy NlingTRL

BN BCALF REYNOLDS NUMBER TO STANDAPD FORM,

TFCIFRL,EQL1IRNBRANL (M)
IFCIFR,EQ.2)RNaRN| (N)/CO8R
IFCIFR,EQ IIRNRRNL (N) /CO8P %2
DHSQRT(S/tU*RN*Cnspﬁi
DiwD*DELTAL

NRMDRTHETAY

IF(ILPER,0)GD TO 4
WRITE(E;B)RNL(NJ 0y D1,02

13FB 6, 2HYZ,2X, L 0HDELTAL /L ,FB, 6'ZX;10HTHET‘1/CI 1FRLH)

THICKNESSES,

997
998
999

1000

1004

1002

1003

1004

1008

1006

1007

1008

1009

1019

1011

1012

1013

1044

1015

1016

1017

1018

- 1019

1020

1021

10ee
1023
1024
1028
1026
1027
1028
1029
1030
1034
jo03e2

1033
1034
{1038
1036
1037
1038
1039
1040
1041

Co10up

1043
1044

1048

1046
1047
1048
1049
§10%0
1054
1082
105%



GO TO ¢
4 WRITE(2,3)RNL(NY,D,NL D2, CFXé-CFY?nCDFX CRFXINF
S FORMAT(1X, !VHPEYNOLDS NUMBFRI (PI0,042%, 23M(DIMENSTIONAL 2)/CHORD®R)
- 1,FR,6,2H)Z,2X,10KDELTAL/Cx ,FB,5, EX,IGHTHFTAl/CI 1FB 8/
25H CFYXmEL0,3,2XUHCFYRELO, 3;2X5HCOFXIE10.3;2X8HCDFXINFIESO.!)
1 COMTINUE

. RETURN
« END

SUBROUTINE GEOMTIRY (I,RH0,CH)

GIVEN AEROFOIL CReNRDINATES X AND I, TRANBKORMS X TO THETA, COMPUTES
DISTAMCFS ARQOUND SURFACE 8(X), NOSE RADIUS AND SECOND DERIVATIVES OF
S(THETA) FOR USE IN CUBIC SPLINE INTERPOLATIONS,

iz Rals ]

COMMON/GEQOM/XA(365),2A(35%)
COMMON/ZSFX/8TH(3AS), TH(BAS) ,FETH(365),INTL,FITH(365)
DIMENSICN SDLLTOY, THED(170)

FIm3,14159265%
INTAMISINTUwY

€ 18 AERDFDIL CAMBERED
TF(T,E0,0) GO 10 102

€ SET UP LOWER SURFACE CO=DRDINATES FOR BYMMETRICAL AEROFOIL
DD 108 Nef,INTUMS
XA(N)RaXAC2#INT GmN)
ZA(NIBER2A(2RINTLeN)
103 CONTINUE .

C TRANSFORM X TD THETYA
102 NLR(INTUai)IR(T41) -
0C {05 Ne2,NL

TH{M)BTHXEXAINY/ZLH)
108 CONTINUE =

TH(L)=O,

IF(1.EQG,D)G0 YO

TH(IMTYIRPY
CINTUR(Y+LInINT4w]
INTUMimINYdemy
{7 THCINTY ) m2wP Y
DO-14% Nmy{,INTE
ZA(NYRZACNY/CH
{45 CONTINUE :

o € COMPUTE INTERPOLAYING FUNCTION FOR Z(THETA)
- ~CALL CBGUITH,ZA FZTH,INTH,0,0,0,0)

1F (RHO,6T,0,) 6O TO 108
£ COMPUTE NOSE RADIUS IF NOT SPECIFIED
CALL €31 (TH)ZA/FZTH) INTL,PT/ROT,RHO)

y;XS
DY%%NBL QU P»‘J‘TY
‘))«_

1054
105%
10%6
10857
{1058
1059
1060
1061
1062

1063
1064
106%
1066
1067
j068
1069
1070
1074
1072
1073
1074
1078
1076
1077
1ove
1079
1080
1084
{082
1083
1084
1088
1086
1087
1088

1089

1690
j10e1
1092
1098
1094

1098

1096
1097
1008
1099
1100

$101 -

1102
1108
1104
1108

S 1106

107
$108
1109

1110

)



£ITYIIIIO

4]

[a) (2] Doy

oy

108

11t

RHUZZ2* (RHDww?2)

CONTINUE

EOMPUTE ARC LENGTH STH(N) TO EACH XA(N),ZA(N)Y AIRFOTL POINT.

STHEN) I8 MEASURED FROM LOWER SURFACE TRAILING EDGE TN UPPER
SURFACE TRAILING EDGE AND 18 APPROXIMATED AS THE CHORDAL
DISTANCE RETWEEM ATRFOIL COQRDINATES,

§TH(1)a0,
DO 111 NeR,INTU
STH(N)BSTH(N=J)¢SART (L IXACNI XA (Naf)) /EHIWRR2S(ZA(N)wZA(Not )} nng)

COMPUTE INTERPOLATING FUNCTIONS FOR B({THETA) AT THETA(X)

CALL CSGLTH,8TH,FSTH, INTU,0,0,0,0)

HETURN
END

SURROUTIHE IFPRINT(IFPT,ILP,LAST,JACKROT)

DETERMINES PRINT OUT REGUIRED
AATH PARTE=JACKPOTEY, FIRBT PARTJACKPOT®%; SFCOND PART=JACKP(OTED
NG PRINT OUTeJAEKPOTRO :

HbS

Ha 8

NONeCONVERGENCE NCCURRED
IFCLAST,EQ,2)GO YO 2 )

LAST POINT REQUESTED REEN COMPUTED
TF(LAST EQ,1)JACKPOTR

18 FPULL QUTPUT HREQUIRED AT EVERY POINT OR AY THIS PARYICULAR POINT

IS FULL OUTPUT REGUIRFD AT LISTED POINTS ANN THTS I8 NOT ONE UFbTHEM

’“AS

TFCTFPT, E01,0R, (IFPY, EQ,2,AND, TLP,EQ, 1)) JACKPOTHY

TFCIFPYEN 2, AND,I{LP,EQ,0)JACKPOTR]
RETURN

SECUND PART OF PRINT OUY SKIPPED AT E“D oF LAST SUCCESSFUL STEP
2 IF(JACKPOY EQ@,3)G0 10 3

JACKFOYmO

RETURHN

JACKPOTEZ
RETURN

. END

BUBROUTINE INBTAB(COSP,8,U,CHRATIO, AMEZD, ANINFSD}

C EVALUATES THE CRO8B=FLOW REYNOLDS NUMBER: CHI,

L6

COMMON/TEST/RNL (10), INTRL, IFR
COMMON/CROSSYV/BV(170),CV(170),80T,C0T,0UM

A S s R b gl g
e s e o B e g
e b m e e
MU N -

-
=

1119
1120
124
1122
1123
11ed
112%
f126
1127
1128

1129
1130

- 1134

1132
1133
1134
1138
1136
1137
1138
1139
1140
1141
1142
1143
1144
1148
1146
1147
1148
1149
1150
1181

‘1152

1153

21154

1185

1156



=N Ne

CALCULATE CHI/SGRT(RFYNOLDS NUMBER)
CROSS FLOW REYNOLDS NN, 18 BASED ON THE MIMYMUM KINEMATIC VvISCOSITY

COFFFICIENTY o FITHER FREF STREAM OR EDGE VALUE
FACTBY ,/RATINRY S

IFCAMERD 6T, AMINFIDY FACTRY,

CARRBEDT*SART (CNSPASHEH/ LI XFALT

WRITE(2/,3)
FORMAT(IX,)30Hwexn SHEER INSTARILITY TEST wwa)

MO 1 Ney , INTRL

€ SCALF REYNOLDS NUMBER YO STANNAR( FNRM,

4

4

IFCIFR,EQ, 1 YRNRRNL (N)
IF(IFR.EQ,QIRNzRNL(N)/CQSP
IFCIFR.EO.B)RNBRNL(NJ/COSPtaE7

CHIRCORRWBQRY (RM)

WRITE(R,AYRNL(NY,CHT

FORMAT (M .17Hnsyuoan NUMBER® ,F1{,0,2X, 19HCHI(0HEN-RANDlLL)I oF7
1,2)

CONTINUE

RETURN

END

SURROUTINE PLIST(IFPTANLIBT.SXV.SXVINC.L:DSoINTS,CH,XATTJDXoXNC’

€ PREPARE L18T OF POINTS WHERE PULL OUTPUT I8 REQUIRED

304
310
10%
306

304

309

308

311

COMMON/OPLIST/0PX(200),008(200)
DIMENBION BXV(1),DUMP(368),X(2),8(2),8XVINCL])

IF(IFPTwX)304,303,304

CALL STHFRMX (NLYST,OPX,0PS, DUMP Dy INTS CHyXATT,H)
DO %10 Nw2,NLIST

OPS(NeL)ROPS(N)

CONTINUE

GO TO 305

NLI8Talet

‘b 306 Nli.NLIBT
OPS(NIRSXVINC (N#Y)
CONTINUE

60 TO 307

NE§

TECING, EQ 0) GO TN 308

X(?)-NtDX

CALL SYHFRMX (2 X28sDUMP,D, INT!.CH.XAYT 8)
OPS(NYES(2)

IFL{OPS(M),GT, SXV(LJ)GO TO 301

NLTIST=N

NaN$y

G0 T0O 309

NA. 311 Nmy,L

CDPSINYRFLOAT(NYRDX

1F.LOPS(N)4GT, !!VINC(L)) 60 TO 307
NLISTsN

1165
1166
1167
1168

S 1169

1170
1171
1172
1173
1174
1179
1176
1177
1174
1179
1180
1181
{182
1183
1184
f18%
1186
1187
{168

1189
1190
1194
1192

1193

1194
1198

1196

1197
1198
1199

{200

1201
1202
1203
1204
1208
1206
1207
1208

1209

1210
1211
1242
1213
laid
12495
1216
1217
1248
1219
1220
1221

it



307 1FPT=2
305 RETURMN
FND

SUBROUTINE PRINT(X,8,U,DU,JyDZ,INTY, JACKPOT,P8T,LC,ANGLER)

COMMON/RESILTS/WMR (176, UMRE170),VM2(170),DELTAL, THETAL,NO,DUDZ
1,0VD2

COMMON/CROBBY/SV(170),CV(170),80T,LDT,CVM
COMMON/COMPRES/TNE, AMINFIN, AMESD,SINP,COBP,GAMMA,GAM] ,GAMZ,GAMS,
LGAMU, AMFS3D,RATIO, SCOMP, ZCOMP (1703 ,T¢{70) ,RHOD (170)

nyngmsrnn XPRINT(1Q) . ’

DATA XPRINT/Z, 82563081450 00inTralr:G,.99/

TF(JACKPOY,EG.2) GO TO 7

WRITE(R,11) X45,8C0MP U, AMESD, DU, NO
14 FORMATCLIHO,3HX2 ,Fo,4,UX,3HSR ,F9,6,4%, THBCOMPa. ,FQ,6,4X,3HUn ,

1FQ, b ) UXTHAMEIDS ,FQ,b,4X11HDU/D(B/LIB ,F12,6,UX12,11H ITERATIONS)

ENGBY{BO,/%,10159265%ANGLES
IF(LC,NE,OIWRITELR2,20)
IF(LC,EQ,2)WRITE(2,20)
20 FORMAT({MO,U0HSTEPeLENGTH HALVED AFTER NNNeCONMYERGENCE)
WRITECR2,12)DELTAYL, THETAL,DUNZ,DVDZ, AN
12 FORMAT(LX,BHDELTALR ,FA, u,uX,BHTHETAll CJFB U UX,12H(DU/DZ) 20 8,
1Fh, U 2X12H(DV/02)ZBO sE{D, S,PX1aHA1RroxL aLOPcuszo.!)
TFCJACKPOTLER,3Y 60 TN 8
o
€ TEMPORARY FIX an PRINT OF VELOCITY PROFILES AT zv:nv 10PC CHORD
t .
. 1FCS, LT 1, E~08) 60 YO 7
¢
IF (XY, a005) Key
IF(Y;6T, XPRINT(K)) G0 TOG 7
GO TN. 8

T IF(RBI,LT,.0.0001) GO TO 13
vR!TE(Z:lS}SDT

15 FORMAT({HO,36HBTREAM FLON DIGPLACEMENT THICKNESS! 1F10,6)
WRITE(2,163CDT

1k FORMAT(IHO,3SHCROSS FLOW DIBPLACEMENT THICKNESSE :F!O.e}

WRITE(2;, {9)CVM

19 FORMAT(IHO,; 26HMAX, CROSS«FLOW VELOCITY® ,F10,6)

13 BPRITE(2: 1)

14 FORMAT (U4X1HZ, 1OXSHZEONP, 8X1HW111X1HU,1121HV,10X3HSTV {1 0XIHCFV,
19XIHT, IXEHRHOND)

{7 NimIMT @}
DO 2 Nei,d
IF(N, EQ 1.0R,N,EQ,2Y 60 TO 3
IFclNTt.GT - AND N JLELINTLIGO TO 3
IF(N,E0,NY ORN En JYGN Tn 3 ,
60 10 2

3 ZsNwnzenZ

48

1222
1223
1224
12e%

1226
1227
1228
1229
1230
123}
1232
1233
1234
1235

1236

1237
1238
1239
1240

1241

1242
1243
{244
1248
1246
{247
{248
1249
1280
1281
12%2
1253
1254
125%
1256
12%7
1258
12%9
1260
1261
1262

1263

{264
126%
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275

1276
1277

1278



NN OO -

IF(PST LY.a0001)60 TO 1§

w“tTE(Z:b)Z;ZCDMPtM) WM (M) UMZIN) ) VM2IN) ,BVIN)CVIN) o TIN) (RHODIN)
GO -T0 §

WRITE(2,9)Z,2COMP(N), hM2(N) yUM2ENY ) VM IN), TINY ,RROD (N)
FORMAY(9CF10,6,2X))

FORMAT(S(FL{0,6,2X),24X,2(F10,6,2X))

IF(N,EQ NLIMIENTHINTY

CONTINUE

IF(S,LY, ., E=0B) GN TD 8

KeK¢d

RETURN
END

SURRQUTINE RELAM(U,8,8INP,CO8P,KNFAX)

C EVALUATES THE RE«LAMINARTIBATION PARAMETER, ¥,

r
c

3
2

(HAS NOT REEM MODIFIED FOR EOMPRFSSIBILYITY)

DIMENSION UCU),8(2),4(2)
COMMON/ZTESY/RNLCL10) ,INTRL,IFR
REAL KMAX(10)

WRITE(2,4) ~
FORMAT(1X ,30HRaw RELAMKINARISATION CHEELK wew)

Do ¢ Nay,2
AMIEBORT (UCNY#*248INPww2)
CONTINUE

D8RS (2)e8 (1)
DUsUC2)+0 (1)
RCOSPKBURCA(RYI=A(1))#DU/(DBR(A(2I+ALL) ) n3)

PO 2 Nmi,INTRL
CAYRRCCOBPK/(RNL(N)&CNSP)
JF(IFR,EQ.2)CAYNCAYXCOAP
IFCIFRLEQ,B)ICAYRCAYRCOSP a2,

IF(CAY, BT KMAX (NI IKMAX(N)MCAY

WRETE (2, S)RNLCNY ,CAY ,KMAX (N)

FORMAT ({H ol?HRFYNnLDS NUMBER® P10, o,SX,SHKl E10,3,35, bHKHAXl JE
110,3)

CONTINUE

¢ IF K LT 1/2 K(MAX) SET PARAMETER TO AVOID COMPUTING K ‘DOWNBTREAM,

IF(KMAX(INTRL) GT,2%CAYIKMAX(INTRLYB® Y 0

RETLURN
END

SUBROUTINE STPLNTH (SNEXTJSa!NTHOLDpD!uDSioDSZ,NQXT.NLIBToLASTo

oF POOR

1279
1280
{2814
1282
1263
1284
1285
1286
1287
{288
1289
1290
1294

1292
1293
1294
1295
1296
1297
1298
1299
1300
1304
1302
1303
1304
1308
{1306
1307
1308
1309

1310

1314
1312
1313
1314
1318
1316
1317
1318
1319
1320
1324
1322
1323
1324
1328
1326

1327

1328
1329
1330

133¢

1332

g



LIFPY,LCHILP U, USTEFR,DUDS, X )SH,ITC,ANGLER,WF) 133%

1334

€ CALCULATES LENGBTH OF MEXT STEP, 1338
1336

COMMON/XSANDU/UMISAS), THXV(3AS) ,FUTR(36%) ,XV(365),CPUM(I6S), 1337
{8XVLE365),8XVINC(I6S) ,FESVSINC(368),L,SATT, INT3,CH,I8P 1338
COMMOMZOPLIBY/OPX(200Y,0P8C200) 1339
COMMOM/COMPRES/ZINC )AMINFIN AMEBD ;BINP,CNEP,GAMME , GAME ,GAND ,GAMS, 1340
{GAMU, AMFB3N, RATIO, SCOMP.ZCHHPt170) TCIT0),RAODCLITOY 1344
NIMENSTON LCUY,5(02) 1342

343

ILPe( 1344
LINEARED 1348

1346

C WAS LAST SYEP SULCEBSFUL 1347
IF(LC,ERL,0)G0 TN 9 ) 1348

1349

[ HALYVE STEP LENRTHM AFTER NON®CONVERGEMCE . 1350
 IF(DEL,,67T,,01i%D83G0 YO 114 13651

¢ STEP LENGTH LESS THAN MINTMUM PERMITTED- END cALCULATYON. 13%2
LASTR? 1353

60 TO B 1354

, . 1368

i1 ‘DSiIDSI/E,ﬁ . 1356
LsSTe0 o , ' 1387

60 TO 7 : ¢ 13158

. . {3%9

9 JF(SNEXT,LY.0.) GO TO 2 ‘ 1360
8(2)1mBMEXT 13614
DELIs8(2)=B{]) 1362
SNEXTE™Y, 0 1363

GO YO 4 ) . ' ) 1364

1368

2 IFCINTHOLDL,ER,Q0)IGD TD 3% 1366

f VALUE OF NEXT PUINT HAS BEEN HELD WHILE A LT8TED OUTPUT Pn;w? WAS 1367
£ COMPUTED, 1368
D8irDEN . 1369

C STFP LENGTH I8 HELD AT D8W FOR INTHDLD STEPS, 1370
INTHOL DRINTHOLD=L 1371

G0 YO 7 i S 13712

. , , ‘ ' 137%

£ STANDARD STEP LENGTH, : ‘ 14
: X3 DEL{aDB 1378
¢ CHECK RATIO (PROPOSED LENGTH OF NEXT STEP)I(L!NGTH OF (LAST STEP) L 1376
4 IF(D8S LTt E*DSZ)GO 10 7 1;7;

137

€ KEEP BTEPLENMGTH CONQTANT OVER A NUMBER OF STEPS D!PENDING ON ABOVE. 1379
INTHOLDRINT{ExNE{ /D8I =S ; £380
IF(INTHDLD GT.SYINTHOLDES : o T E 1;8;

S CLIMIT LENGTH oOF NEXT SYEP TO TWICE LAS' STEP, ' ' ; 1383
TECINYHOLD ,ER,.8)081224D8Y : . . 1384
DEHEDEY ; : ‘ : , 1388
INTHOLD:IMTHOLDFX : ) ‘ ) S 1384
S ' * B 1387
£ PROPOSED VALUE AT END NF Nexr STEP, ' - 1368
. 7 §(2Yu8(1)+D8Y : ‘ . B ‘71359
CCTFLIFPTLEG. Y GO TO §0 ) 1390

€ 18 PROPOSED VALUE OF X LESS THAN THAT oF NEXT LYSTED ﬂUTPHT POINT 1391

IF(8(2) . LT, OPS(NEXT)) 6D TO 10 1392

50



i

(s Ealn e el

[ e

REPLACE PROPOSED VALUE WITH THAT OF NEXT LISTED OUTPUT POINTY

8§(2)80P8(NEXT)

18 THIS THE LAST POINT IN OUTPUY LIST

TF(NEXT4L JEQ ,NLIST)LASTS]Y

ADVANCE QUTPUT LIST COUNY

NEXTRNEXT+!
ILPe}
TFCINTHOLD (NELOIBNEXTRS (1) ¢D8K

185 PROPOSED VALUE OF X LESS THAN THAT OF LAST VELOCITY DAYA POINTY

10

1F (S(2),LT,8XYINC(L)=,0001«08) GO TO 4u

VALUES AT LASY VELOCITY DATA POINT,

a4

4é

ur

nTD

4s

§(2)sSXVINC(L)

XXV (L)

U2YsuUM L)
bHDSI(UN(LJ-U"(L-l))/(SXVINC(L).SXVINC(L-1))
LAST=]

G0 Y0 4%

IF (INC,EG,0) GO TO 4é
SCOMPRS(2)
GO TN 47

INTERPOLATE SBXV(SXVINC) TO FIND LOCATION TN PHYSICAL PLANE, SCOMP,

CORRESPONRING TA LOCATION IN TRANSFNRMED, INCOMPRESSIBLE PLAME,

S(2)
CALL CST(SXVINC,SXV,FSVSINC,L,8(2),8CO0MP,ROT)

FIND VELOCITY AT END 0OF PROPOSED 8TEP
CALL XNNFRMB(SCOMP,UC2)yNUDS,X,ITC,ILP,ANGLER,L INEAR, THETAS)

NNNeCONVERGENEE OFCUR IN BUReROUTINE XNNFRMS

JFCITCLER,20)60 Y0 1%

DSimS(2)=8(L)

CHECK THAT USTEP IS NOT EXCEEDED AND REDUCE OTEPLENGTH 1F NECE8SARY,

17

TFCABBCUC2)mUC1)),LT, USTEP)GO 10 19
IFCILPEQ, 1)NEXT-NE¥T-
1LP=O

ITERATION TO FIND 8 FOR (U(i)#USTEP)

12

INTURO

S(2)'8(2)-081w(IOUSTEP/(U(Q)-U(!!3)
IF(INC,ER,0) GO TO 48

ScOMPES(2)
GO TO 12
48

CALL CSI(SXVINC,8XV, FSVBINC La!(l) SCOMP,ROT)

CALL XNDFRMS(SCOMP,LI(2),DUDS,X, !TC,!LP ANGLE2, LINEAR, THETAS)
1F(ITC,EQ,20)60 1O {8

IP(ABS(U(Z)-UCI)-USTEP) LT..01tUBTEP)GO 10111

INTURINTL ~

CIFCINTY,EQ,25) GO TO 24

SCE)'!(E) (U(E)-Uti)-UBTEPJ/DUDS

1393
1394
1395
1394
1397
1398
1399
1400
1401
1402
1403
140y
1408

1406

1407
1408
1409
1410
14114
1412
1413
1414
1418
fdie
1447
1448

1419

1420
f421
ju22
1423
1424
1428
1426
1427
1428
1429
1430
14314
1432
1433
1434
1438
1436
1437
fays
1439
1440
1444
1442
1443
1444

C144S

14ue
1447
1448
1449

- 1480
1483

1452

f51



IF(INC,ER,0) GO TO 48
ScoMPm3(2)
GO 1O 12

1S WRITE(2,26)
26 FORMAT(1HO,4IHNONSCONVERGENCE IN X AND L. FROM 8 ROUTINE)
GO 7O 120

24 IF(ABB(U(2)=U(1)),6T,USTEP) WRITE(2,3)
3 FORMAT(IHO,» INCREMENT IN U HAS EXCEENED SET LIMIT#)

EITHER NONeCOMVERGENCE HAS QCCURRED IN FINDING THETAS FOR A GIVEN

e Na B B

LINEAR JNTERPOLATION TO FINR 8(2),

{120 LINFARR{
Uc2)sU(1)+UBTEP
DO 40 Nmi, L
TF(U(2),LT UM(N)IGD TO 65
IF(BXVINCINY ,6T,,.5)60 TO &3
60 CONTINUE
6% PRINT &4

A6 FORMAT(/% LEADING®FDGE LINEAR INTERPOLATION OF U(2) VS8, 8(2) 10O

CAFIND S(2) FOR A GIVEN UC2) RESULTS IN 8(2) GREATER THAN ,5w)
STOP hbhb
65 FACTR (U(R)wUM(N=1))/(UM(N)aUM{Ne]))
SE2)88XVINC (N1 Y+ (SXVINC(NIaSXVINC(Na|)jaFACT
CTHETASETHXV (Nel )+ (THXY (M) -THXV(N-!J)*'ACT
NUNSS(U(2Y=U(1))/(8(2)=8 (1))
IFCINC,EQ NGO TO (40
SCoMPes(2)
GD Y0 {12
1106 CALL CST(SXVINC,SXV,FBVBINC,L,8(2),8COMP,RDT)
112 caLl XNDFRHSCBCUMP Ueed, DUDS X,17C, !LP,ANFLEEaL!NEAR THETAS)
111 LAST=0

e LENGTH DF NEXY STEP,
19 DB12S(2)=85(1)
¢ S LOCAYION OF NEXY BTEP
BHBWF RS (2) ¢ (1, »wFIRB8(Y)

8 RETURN
END

SUBROUTINE STHFRMX(J,X.SoTHXV.DSDT.INTSaCH.XATTaSA?T)
f FINDS S(N)Y AT POINTS X(N) FOR NRICEYJ AND DB/DTHETA AT l(!)
 WHERE § 18 MEASURED FROM THE ATTYACHMENY LINF, :
COMMON/SBFX/BTH(365), TH(365),F8TH(36S), INT# FZTH(365)
DIMENSION X (1), BC1),THXV(1)
X(1IBXATY

DOy Nei,J
YHXV(N)ITHX(X(N3/CH)

52

SCOMP IN S/R XMDFRM8 OR NON®COMVERGENCE HAS OCCURRED IN FINDING U(2)
THAT SATISFIES THE USTEP CRITERION,  SET 11(2)8i1(1) ¢ USTEP AND USE

1453
14sd
145%
14%6
1uU8Y
1458
1459
1460
146l
1462
{463
{464
1465
Yy
1467
j468
1469
1470
1471
1478
1473
1474
4TS
1476
1477
{1478
1479
1480
14814
1482
1483
1484

148%

148es
1487
1488
1489
1490
1491
j492
1493
1494
14908
1496

1649y
1498
1499
1800
1501
1502
1503
1504
1508
1506
1507
1508
1809



TFCINTIEQ,0)G0 TO 2
CALL CSYCTH,STH,F8TH, INTU, THXVIN),B(N),DBDTH)

TP(N,GT,1)60 YO 3
PENTRDSDTH
GO TO 1

2 S(N)YmX(N)/CH
GO T0

3 S(N)mS(NYaS(1)

1 CONTIMUE
SaTT8SC1L)
§{1)m0,

RETURN
EMD

SURROUTINE TRANS(BC,)E8M, THETAL,UTHO,LUONE, IS8T, JACKPOT)

rESTIMATES THE POSITIONS OF VISCOUS TNSTABTLITY AND BUBSEQUENT
C TRANSITION,

COMMON/TEST/RNLI10), INTRL,IFR

COMMON/SURTRAN /ROSCLT))AM(LIT), GRANCIYY,AMT (1)
COMMON/COMPRES/ING, AMINFID, AMEIN, SINP,CNSP ,GAMMA ,GAMY ,GAM2,64M3,
IGAMU, AMFSXD,RATTIC,SCOMP,ZCOMPCLTO0Y, T(170),RHONCE1T70)
COMMON/XSANDLIJUM(368) , THXV(365) ,FUTH(365), XV (365),CPUM(36S),
18XV (365 ,8XVINC(R365),F8VSINC{368),L,8ATT,INTS,CH, 18P

DIMENBION SCTRE1INY,SCTICLIO0Y,8UMMCI0),RTCLCIOY,RDL(10Y,RTLCLINY,
{RTICLI0),8CICOMPLLD)

Be(1,/RATIN)#%xGAMI«8RRT(Y, #AHFSSD*COGPﬁtE)/(l.#AHFSSDtUTWOttZ)tQI.
15
TFCIST NELLY GO TO 2

C SFT CERTAIN BTORES TO ZERO WHEN 8/R IS8 ENTERED FOR FIRST TIME,
§CLe0,0
SCOMPL®0,0
RATIOLmY, /() ,4+AMFSIDNCOBPwW?)
DO 4 Nmi,INTRL :
SCTR(N)®=0,0
SCI(N)mw0,0
SCICOMP(N)e=0,0
SUMM(N)I®O,0
4 CONTINUE

13780

- EVALUATE (LAMBDA)? = BASED OM MINIMUM KINEMATTC VIBCOSTITY COEFFICIENT,
c EITHER FREE STREAM OR EDGE VALUE
o FACTEY ,/RATIOW®Y .S
IF(AM!SD 6T, AMINF\D) FACTll.
2 EMIB*QC'USSMRTHETAl**é/UYNOﬁFACT
WRITE(24+10)

% GE}XS
Gﬂlﬁéﬂ} Ef&
%%} POOR. QUALITY

1540
1541
16512
1513
1514
1515
1516
15317
i518
1519
1520
19521
1522
1523
1524
1525
1526
1527
1528

1529
1530
1531
1532
{533
1534
1538
1836
1537
1638
1539
1540
1541
1842
1543
1844
18548
1548
1547

1548

1549
15980
1991
15%2
1553
1554
1558
1556
1587
18%8
1559
1860

15613

1562
1963
{Se6l
196%
1566

53



10

11

3

be I 28 a |

2¢e

HAS

3

FORMAT(§X,3SHwwn TRAMSITION TEBY (GRANVILLEY wwwn)
DO % Nmi, INTRI

WRITE(2,11)RNL(N)

FORMAT (11X 3 THREYNNLDS NUMBER® ,F{0,0)
IF(SCTR(N),B67,0,) GO TO 14

SCALE REYNNLDS NUMBER TO BTANDARD FQRM,

IF(IFR,ER, 1 IRNIRNL (N)
IFCIFRLEQ.2IRNSRNL (N) /CO8P
IFCIFR.EG,3IRN®RNL (N)/COSPAw2

EVALUATE Re
REYNCOLDS NUMBER I8 RASED ON MINIMUM KINEMATIC VISCOSITY COEFFICIENT,

FITHER FRFE STREAM QR ENGE VALLUF
RORSQRT (RNwSCRUTHOWRCOSP/RATIOI R THETALRFACT

WRITE(2,22) RD

FORMAT (1H4, 30X, THRYHETABFA,1)

IF(SCTR(NY,GT,0,) GO TO 34

INSTARILITY AKEN PRENDTCTED UPSTREAM OF THIS POINTY
TF(BCY(N),GY,0,) 6O TO 140

C FIMD CRYITICAL VALUE NF R2 FROM 8TUARTS [URVE,

b

140

DO 6 Jm2,17
IFCAM(JYGTLEM)GO TO T
CONTINUE

Jei?

AR(RNB(I=1 )+ (ROB(I)ROS(Jul ) IN(EMuAM (11 )Y/ (AM(I)mAM(J01)))
RTCELD, wiA
IF(RD,GT,RTCIGO TO. @

RTICL(N)ERTC

RDL(N)ERD

IF(JACKPOT,EQ,.3)GO TN 3

WRITEQE;liO)RTC,EM

FORMATCIH4, 44%,11H RTHETCRITOFA,1,2X,AH LAM2EFS,3,2X, 14NNO INSTABI

1LITY)

G0 TO %

r JNTERPOLATE FOR VALUES AT POINY OF INSTABILITY,

9

20
r3

140

SrI(N)EBCL+(BC-8CL)*(RTCL(N)-RDL(N))ItRD-RTc-RDL(N)¢RTCL(N))
IFCINC,EQ,0) GO TO 20

SCICOMPIMIBSLCTI(N)

G0 YO 21

CALL CBYUSHVINC,8%XV, FBVBINC,L BCI(N) SCICOMP(N)4ROTY
RTI(NB*RTC'(N)+<RTc-RTCL(NJ)i(scI(Ni-sCL)/(sc-sCLB

EMIMEMNL & (EMeEML )2 (SCI(N)=8CL)Y/(8Ca8EL)

SUUMMINIEO, 5*(E”+EM!)i(SC-3CI(N))

GO TO 8

DIMsoO, 5*(EMﬁRATIOw*GAﬂi+EML*RATXDLt*G!M1)t(BC-SCL’
SUMM(N)ISUMM(N)#DIM ~

€ EVALUATE (R2)T=(RR2)I
8 RTMRTIERD=RTI(N)

€ EVALUATE (LAMBDA)2 BAR

5k

AMBRBUMM(N) / (SCOMP=BCICOMP(N))

1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595

1596

1597
1598
1599
1600
1601
{602
1603
1604
1608
1606
1607
1608
1609
1610
1611 -
1612
1613
1614
1615
1616
1617
1618
1649
1620
1624
1622
1623
164

11628

1626



TBXV(365),8XVINC(365),FSVSINC(368),L,8ATT,INTS,CH, 18P

ORIGIAR BAGE 18
% ROOR QUALITY

€ FIND CRITICAL VALUE OF (R2)Te(R2)! FROM GRANVYLLES CURVE, 1627
DO 15 Km2,13 1628
IFCAMT(K),GT AMRY GO TO 16 1629

15 CONTINUE §1630°
Kai3 1631
1632

16 RTCHRTINGRAN(K®! )¢ (AMRmAMT (K@) ) (GRAN(K)wGRAN(K=1))/ 1637
{CAMT(K)mAMT (Km1)) 1634
1635

14 HRITE(2,13)8CICOMP(N) } 1636
13 FORMAT(IH®,4UX,20HINSTARILITY AT 8/Cw ,F6,4) 1637
IF(SCTR(NY,6T,.0,360 TO § 1638
IF(RTMRTI GT,RTCMRTIY 60 TO 17 1639
WRITE(2,19) 1640

19 FORMAT(YH#,T72%,13HND TRANSITION) 1641
RTLI(N)SRTCHRTTI=RTMRT] 1642

GO Y0 100 1643
1644

17 SCTYR(NISSCOMPLIRTL(NIX(SCOMPuSCOMPLY/(RTMRTI=RTCMRTI#RTL (N)) 1645
, 1646

5 WRITE(2,18)8CTR(N) 1647
1R FORMAT({H®, 72X, QHTRANSITION AT B/CH ,Fb,U) 1648
100 WRITF(2,101) ﬂTxtN).ﬁrcMaTI.AMB 1649
+O4--EORMAT(ITH INBTAR, RE, NOLRF6,1,2X,8HRTCRTINFb,1,2X,8HLAM2BARRF6, 1650
13) *“-~-——~_.—~_“___" 1651

3 GONTINUE _ e 1652
T LAS

SCLu8C 1654
SCOMPLERLCOMP 1688
EMLEEM 1656
RATIOL®WRATIO 1657
RETURN 1658

END 1659
1660

aLocK nATA 1661
1662

- ¢ STORE TARLES nanxvzn FROM STUARTB AND GRANVILLES CURVES FOR UBE IN 166%
o SUB-ROUTINE TRANS, 1664
1668

COMMON/SURTRAN /Rns(17).AM(17).GRA~(1;).AM1(13) 1666
DATA ROS/1,392,1,460,1,573,1,7,1,84,2,016,2,224,2,458,2,713,2, 956" 1667
13,1%%,3, 310.5 usa 3. 57 3 eve,s 73a 3, 768/.AM/-.OG,-.OS.-.OU.-.O!n 1668
2w, 02,%,01,0, n..nt..oa..03..00..05,.06..07..00 009, ,10/,6RAN/4S0, 1669
3060.,0a0..500..sua..61o..?ﬁs..b:e..;ooo,.1:95..1aao..1720..aoab /v 1670
uAMT/'.USSc'.@}O,..0?5;'.02'-.°1q'-.01--.005-.opa0050|010000150.oal 1“71
5,025/ 1672
END 1673

, _ 1674

SURROUTINE VELOCTS CINTV,CO08P) :675

: 676

€ COMPUTES U FROM DATA 1677
. , 1678
COMMON/XBANDUZUME36%), THXV (368),FUTH(368),XV(38%),CPUM(365), - t:?:

8

NI
,

Asasai i



w-—-%

LPinLet
00 { Nmz,LPY
IFCINTV,ER,3)G0 TO 3

¢ INPUT VELOEITIES WERE NONeDIMENATONALISED W.R.T. FWREE STREAM VELOCITY
r PERPENDICULAR TO LEADING EDGE.

UMIN}BUM(N)®COSP
GO 10}

€ COMPUTE () FROM PRESSURE COEFFICIENTS
Y CRPUMINIRUM(EN)

1

UMIN)SSERT(COBPwr2eCPUMIND)
CONTINUE

CPUM(1)RCO8PAw2

RETURN
END

SURROUTINE YGRANDAT(ALPHA,RHO, 84,83, VGRAN,XV)

C ESTIMATEE DU/DS AT ATTACHMENT LINE AND POSITION OF ATTACHMENT LINE,

INCmY ‘
e JELALPHA (LT, 0,0) INCRa
ALPHABINCWATFRR™ ~— i i
AS, 01 TUSTHALPHA T

S

XATTR(TANCAY R (1 +83)Iww2/ ((1481) a2+ (TANCAIR(1483) ) wn2)
VGRADECOS (AW (14SI IR CI4XATT)/{RHOG2#XATT)
XVRuXATTRINC

RETURN
END

SUBROUTINE XNDFRMS(S,U:DUD&,K:ZTC.ILPcANGL!cLINEARoTH!TAB)

€ FINDS X(8) FROM 8 BY ITERATIVE METHOD, HENCE U(8) AND DU/DS,

COMMON/SFX/BTH(365), TH{365) ,FSTH(365) ,INTU,FITH(36S)
COMMON/XSANDU/UMC368) , THXV (368) ,FUTH{36S), XV (385),CPUM(36S),

‘1SXV(3653}SXVINC(BQSJ"SVSINC(SQS)DL"ATT;!NT!OCH'ISP

56

COMMON/GEOM/XA(365)olAtS&Bi

COMMON/COMPRES/INC yAMINFID, AMESD,8INP,COBP,GAMMA, GAN1:GAH2;GAH30
LGAMY, AMFEID, RATIH;SCDMP;ZEDMP(ITO) T(170),RHOND(1Y0)

ITCWO

!FCLYN!AR EG,1)G0 TO 1%

IF(IMT331 1,2
THETASRTHX(8)

DEDTHASD EISIN(THETAS)
80 10 %

1684
1682
1683
1684
1685
1686
1687
1688

1689

1690
1694
1692
1693
1694

1695

1696
1697
1698

1699
1700
17014
1702
1703
1704
1708
1706
1707
_...1708

BEREEY XLl

1710
1711
1712
1713

1714

$745
1716
1747
1718
1749
1720
1721
1722
1723
1724

1728

1726
1727
1728
1729
1730
1731
1732

1733

§734

e



| € THETA(S) FOR ESTIMATED 8 1738

2 TESTSS+XV(1)/CH 1736
IFCTESY ,GY,1,) GD-TO 7 1737
- THETASSTHX(TEST) © 1738
G0 YO 4 1739
7 THETASEs, 1740
. 1741
- r FIND 8 AND DS/D(THETA) AT 8 1742
4 CALL CSY(TH,STH, FSTH, INTU,THETAS,8X1,N8NTH) 1743
TEST {wS+8ATTSX Y 1744
IFCABS(TESYL) LT ,0,00001) GO TO % 1745%
. 1746
C IMPROAVE ESTIMATE FOR § AND FVALUATE THETA(S), 1747
THETASEYHETAS+TFSTL/DNEDTH 1748
ITCuITCH+S 1749
IFCITC,LT, 20360 T0 4 1750
‘ : 17851
WRITE(2,5%) 1752
E FORMAT(U0MONON=CONVERGENCE IN 8 T0O THETA PROCEDURE) i 17%%
RETURN ; 1754
: ‘ : 1755
C FIND U AND DUZDCTHETAY AT THETA(S) 1756
3 OCALL CSICTHXV,UMFUTH,L, THETAS, U NUDTH) 1757
1S AMERDEAMINFIN®U 1758
AMEZDEB (AMEADWW2A (L ,+AMFEIN) G (AMINESNABINPIaw2) /(1 ,¢AMPSIDCO8Pan?2) (759
AMEXNESORT CAMEXD) 1760
RATIOR(S (¢, Sx(GANMAwY I WAMESDWR2) /(1 ,+ANFSID) , 17614
DSCHBIMRATIORRGAMY 1762
TF(LINEAR,EQ,1)60 Y0 20 1763
NUNSENUDBTH/DSNTHADSCDST 1764
. 20 XMXTH(THETAS ) #CH ‘ ' 1765
: T e e S, 1766
IFCILP,EQ, 1 YRETURN e e ATOY
CALL CBY(TH,ZA,FZTH,INTU,THETAB,ROT,DZDTH) 1768 T e
DXOTHRABRS(,S*BIN(YHETAS)) 1769
IF(DXDYH, BT, ,0E=05)60 TO & 1770
ANGLEZ3 , 1d1562654/2, 1717
RETURN | . 1772
6 ASLOPERMDZIDTH/DXDTH : . 17713
AMGLEBATAN(ASLOPE) ‘ , ; : , 1774
RETURN 1778
END 1776
: : R ; 1711
BUBROUTINE XSECPPNT -~ (INTV) 1778
. , . 1779
C PRINTS OUT TABLE OF VELOCITY DATA, ‘ 1780
, : ~ 1784
- COMMON/XBANDU/ZUM(365) , THXV (368),FUTH(36%),XV(365),CPUM(365), 1782
1BXVL36%5);8XVINC(365) FEVESINC(368),L,SATT,INTS,CH,18P ' 1;23‘
. ‘ DIMENSION 8(365) : : . . 1785 ¢
' : : : : ' 1786
IF(INTI,EQ,0)G0 TD 6 : L 1787
DO 8 Nmy,L ' , 1784 -
BINIBSXY (NYWCH - 1789
S CONTINUE . ‘ , , 1790
6 CONTINUE , ’ 1791

5T
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TFCINTILER, 0 AND  INTV LE,2IWRITEC2,1) (XV(N),UMIN),Noi,L)
1 FORMAT({MO, 4%, 2HXV,BX,1HU/(IH ,2(FB,4,2X)))

IFCINT3,EQ,0,AND, INTV, EQ 3IWRITE(2,2) (XVIN),CPUM(N),UM(NI,NB1,L)
2 FORMATCIMO ) AX ,2HXV, 7Y, 2HCP, 0%, SHUZ(IH (P8, 4,2X)))

TFCINTY,EN, 1, AND  INTV,LE 2)WRITE(2,3) (XV(N),SXVIN),SXVINCINY,
TUMCNY , THXVINY ,FUTHEN) ,FSVBINCI{N)Y ,Nut, L)

T FORMAT(IMO, TX2HYY, {4XTHSXV, { IXEHAXVING, t3XTHU 1 IXUHTHXV , 12X4HFUTH,
111X THFRVEINC /(N ,7E16,8))

IFCINTR EQ, L AND  TNTV,ER IIWRITE(2,4) CXVINY,8XV{NY,8XVINCINY,
LCPUMENY pHM(NY ,NBY, L) ‘

4 FORMATCLIHO, BX2HXY, {4XTHSXY, 1 3XGHEXVING , 1 I1X2HCP , 1UX {HU/
10I1H ,5FE16,8)) ‘

RETURN
END

i792
1793
1794
1758
1796
1797
1798
1769
1800
1801
1802
1803
1804
1808
1806
1807
1808
1809
1810



APPENDIX E

SAMPLE CASE

The sample case consists of the computation of the boundary léyer on
the upper surface of a wing swept at 350 with the airfoil section shown in
figure 2 subject to the suction distribution given in figure 1. This airfoil
which is nominally 13% thick was designed specifically for LFC use by Pfenninger,
Allison, and Bobbitt using the inverse method in reference 6 to design the
aitfoil and the analysis method in reference 7.to modify the lower surface.
The sample case free streém Reynolds number is 11 x 106, based on the chord
measured perpendicularly to the leading edge. The free stream Mach number
is 0.885 which gives a Mach number normal to the wing leading edge of 0.725,
the same as the design value. The suction distribution shown in figure 1
maintains laminar flow over the entire wing surface according to the criterions
which were previously discussed. It should be noted however that no attempt
was made to optimize this suction distribution; hence, it is expected that
these suction levels can be reduced thereby reducing the skin-friction drag.

The input for the sample case is listed below. The program‘prints
this input as well as some computed quantities and that information is also
‘liSted pelow. A sample of the output is then shqwn with both the print out
at a tyﬁical boundary-layer station aﬁd the boundary-layer profilesggiven.
Figﬁres 3 glves the distributions for thié sample case of the‘i‘and y'
skih-ffiction coefficients along the ‘su,r_fa,ce froi the leading' to ttailing ,edgev.'
This sample case fequired a toﬁal of 18 séconds and 768 K storage for

execution on the CDC CYBER 175 computer.
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INPUT FOR SAMPLE CASE

50 100,00001 «0% 01 NS 1.
{
7
=3, WU
3,5 5
-l ]
.“.5 '7
=8, o 8
-5.5 Iq
=5, 10,

0 ,885062 1,4
SUCTION, TRANBITION ANAY|. 8T8 OF YAWED WING LAMINAR BOUNDARY LAYER

t1, ;
0 16t ,0003

=,10000000E401 0, ,
» 990UORKIELNN 31847586E=04
«,99801{039€+00 s 2U12008E=0Y
®,9986856UE400 2260963 UTEROY
®,99213Q40E+00 JUbL62USUES)Y
» G8TTERBUE+OO 269008430EwQS
-, 982U2076€400 «940%1567E=03
* , 9T6137S59E+00 2121112698502
=, G6BBRIL2E400 W1UT225%1EmwN2
w,5606B93TE4D0 «1TNTDRNLIESNR
-, 9515U467IEHO0 Z18927070E=02
»,RU1UT283€400 J200U135%Ewn2
w,930UAZN2ES0O «20136525EmN 2
»,31ASGB03E+G0 +1RG151G4Fw02
-, 00SRUT2UE+OO 160TU39UE=02
-, A922UBU0ESOD s 11289977E=02
w,87T785050E4+00Q #423136305w03
w ,B626R9({SE4D0 =, SIBTISUXESQY
w BUKTYIZRESND w, 179106438w0D2
e BI019049E4+00 &, 3UNGLELIGUE=QR
= BL2ORISIE40D =, 54978R246E=02
* . 795342U9E+00 e, BIUBTBTTIERDD
w  TTTSOTIIE400. =, 11330604En01
®, T596T546E400 «,109%2555En0]
=, TUISTRTTESOD =, 1B770622E%01
=, T2UU2BB6E+00 = ,22651897E«0}
»,70699860E+00 =,26U38140FEw01
o, bBILKBDRLEHOD -,3005877HE-01
e, 6T22978TE4+00 . «,33448083Ee(t
=, 65497395E400 w 34620239E=01
w,b3T762323E400  =,390B84150EwD)
» b2021563E400 . =,42084396E01
e, 60273996 ¢00 » LUBRTOSYELQ]
«,58519312E¢00 =, 4h31671TEmD]
«,56756606E%00 -,0799?7065-0!
v, BU0AUIRKESOD w UOJBASUAER(]
»,53200957E400 "=, 505{1498Em01
=, S51U08335E+00 #,51409030E=01
w U961 0193E400 = ,52100125Ew(
= UTBIOVLILE+0D  »,52619291E=01
o U6013100E4+00 =, 52837208E=01
», 421{9988E4+00 »,53063103Em01
=, U2U4339S4E+00 =, 5299B773Emyy -
« U0LSTEQAEGO0 e, 52T4AG10EDY
w ,JRRGINABEGO0  »,52F(145T7Ew0]
o, 3714U9031F+00 =, 5169840KEm0]
on SN,
" Pp Gg
Cu?(QUA_ IS



©,35415496E400
*,33709961E+00
«,32032395E400
*,J03AS4F6E+00
., PBTTINLULESDD
=, 271R4TITE+0D
* . 25621317E400
«,24D71830E+0N
“,22529209E400
©,20987996E+00
* 194U5S12E400
“. 1790SS34EH0D
*,1637B959E400
«, 1487903RE4OO
=, 1341798GE+00
*,12006B6RE400
=, 10655276E+0N
=, 93700365Em01
v, B155B093Ew0
-, 701B80912E=0¢
», 5961 7866EwDY
*,U9B9L0FUEmDY
*, 41009%89E= 0
", 32976U23F=0}
©,25799979Eu01
*»,194769093Ee01
w, {40123 T76Ew0
@, 93981 660E=02
~, 56US2T0hE=02
-, 28150782E=02
=,9U9682U2E=03
v, 30UBEQ6UEOU
0,
W 65030247E=03
s 17T762539E=02
W3U231107Ew02
25682982 7Em(2
«B5635736E02
«12074072Em0y
W16211803Fe01
+20988300Em01
«26408806E=01
«320712U2E=0)
 W39194110Ew0}
W UBBBUSRSEROY
SULLUYUGOERQYL
«53390380FEwn}
<72B00014E=Dt
A2R6USBOE=O1
+93564769F0]
W 10488595E400
21168019QE400
+12929459E400
JLUR3UL26E400
«15592027E400
«17000928E+00
L IBURASERES0D
«19962635E400

(21510730E400

231003538400

=.50912247E=01
“, 4904U234E=01
=, UB8766969Em0]
e, UT342658E=01
- U8A21036Fmny
- U354276UE=01
= 41076078E=01
=, 3B241165E=01
=, 3509R114E=01
©.31739388E=01
=,28205190E=01
=, 2U492179%Ful
= 217U4095E=0Y
v, IAA28569E=01
., 1618RLTHE=O
©,13830033E=01
=, 1172409BE=01
- 9829G26GE=02
“, 811B85{3Ee0?
=, 65672286E=02
=,51298876Ew=02
*,375935248=02
“ 20200189EmN2
»,10881966E=02
+2%606339F=07
2 1633(177€=02
2 305120U13Ee02
S UB168636E=02
46012BT31E=02
«T5456025E=02
719673628202
L 11088340EmQY
«13243320Ew0d
215820109E=01
2 186UTT23E=01
+21U90TUTE=QY
2 2U332UG96E=01
»273169R98Emn

.29979690E=01

2327438 T74E=0
«35UUGBORER]Y
«380738728=01
L40603093Ew0Y
A43025607E=01
JUBT36BE58ERGY
247539130E=01
JU96U0U9BERDY
sS165146UEwOL
+5358005RE=01
L55431923E=01
«5720961UE=0Y

L5891 2US Em0y

LH0540846Ewn]
$b62092606E601
«S356K01UESDY
«HUIBRTIOEm(Y
26626R100E=01
«57U92208Em01
«6BAR29410Ew0Y
+696TT728SEw0

ORIGINAL PAGE i
OF POOR QUALITY
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3%,
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«24729015E400
« 26394 UBE$00
«2R0931UBE40D
«29823373E400
L3I5R21 1 1E*00
L3336662UE400
JIB1TUL69E400
W37001929E+00
,3BRUTOSNE+00
LUNTORBLUBE+D
JU25TTBRIE400
LUULUSTTR2E400
JUIUIUTIEF0O
LUB232163E400
\50120R59E+00
520066T6E400
LS3RBABRIE400
L55758506E400
(ST618947E400
WSOUEBUITEROO
«612953B6E+00
W6310426TESOO
L BUBIBAUOEHND
hbbR1201E400
L6BUOOR2TE$00
JT0112508E+00
LTLTOU2B2E+00
LT3ULURTREF00
LTSORORITES0D
V766423 TUES00D
L7B1BT3IR9E400
.796GUB00E+0D
,B1163818E400
WB2SOUISSEF00
«RI9BLUBLESND
BSIUI1ITES00
LBE65BUSTESOD
«BT93TSTHE+00
+891785958E400
L90369481E400
JI1S131IBESOD
.92601800E400
L93630612E400
\GUEGS0TGES0D
«95U91055E400
,963147L0K400
(9T06269TE+00
OTTILTTIES00
JOBIIGIUZESON
L9BR22T26E400
«9923910BE400
L99S6TULAESOD
,99805372E400
+999807ISE400
+99999989E4+00
2

3 2

o
12

00,40
UPPER SURFACE CALCULATION USING LFC

.70633622E%01
»71096477Ee01
L72263700E=01
«72933771E=01
L T350U814Ee0Y
.73075007E=01
cTU3UPG00EmNY
LTUGOTIZTE=01
s TUTHAGEUE=DY
LTUBR0395E=01
LTU76607TE=0Y
JTUE02366Ew01
»TUI2B132E=0Y
+73942521E=01
LT3UUUYIRUEOY
A T283094UE=0
272101315E=01
.71254024E=01
«T02R7556Fwn
+69199941EmD]
L6T9R93B0E=NY
2 6668LIB0E=0Y
.65193370Ew0]
+O3604TN0E=DY
L618B7390F N1
L600UITUTE=0Y
.5B0KROYNE=0Y
.559700u8E=QY
+53746B0BE=DY
L51401998E=01
LURITRH02EmNY
LU6359398Ee01
LU366T96UE=DY
JUORTO923E=0]
+37981892E=01
+35025549E=01
.320U0020Eeny
L29074U6UEwQY
s261R1554Em01

L2300B00BELNY

20TBTIBRE=0Y
»1B3U3B01E=0Y
s 160B7736Ew0}
»14028140E=014
p12167975Ee0(
«10507218E=0}
+S0435438Ee02
sT7T77268T76E=02
W6LAARBR3GE=(D
«STRS4AIIE=DD
2S0E5G9A6Emn
JULUUK1I3ESGR
JU09575108e02
» 3B5862407€=02
+3775RBRUEwD2
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11000000,

0,

{ a3

+H5030247Em0T
o 17762%39E=02
+3UR2X{10T7E=0Q2
:56R29827E=02
1AS63STI6E=DP
12071072E=01
16211R03E=0Y
+20988300E=01
«26U405806E=0Y
W 32471242E=01
+3919U110E=QY
JU65RUSZSE=0Y
WSULUGUGOESDY
+63390359E=01
27280001 UE=0OY
+R2REUSBOESDY
«9356676%9ER01
1 0UBRBOEELND
J116B0IG9ESQ0
»12929459E+00
JURTUIREESND
«15592027E+00
W 1TONNIZAEHND

W 1BUSBRSSRE+NO

c19942635E400
+21510730E400
«23100353E400
.24729015E+00
(263501 4BE$00
128093 {LBE+00
W 29823373E400
315821 11E400
«33366624E400
L3817U169E+00
$37001929E400
«3B84TOS0E400
JHOTOKBLBEHND

«U257T7R34E400

JUUGUSTT22E400
UBBUTATLESOO
W4B232163E+00
«S012088%E+400
520066768400

«53886823E400

+55758806E+00
+ST61804TE400
2 SOUESUITESDO
612985386E+(0

+63106267E+00

s BURYNEUNESDD
b6661201E400
+HBU00B2TES00
«T0112508E400
WT1794282E400
W TILUL42TIESCD

+ 150608178400

«THLU2IBUESQO

0874

«23873709E400
«38790TARE+00
+52032364E+00
«62RNB3IUESDO
sT2061R3UE+0O
JTIBG5459E 400
+BHBGTE27E+00
«925URISTE40D
«FTT100RBE¢00
«10228194E401
2 10897190E40 ¢
2108R227UE40Y
a1 1065TTUENY
c111T71721E404
s 11213306E401
+11220808E+01
J11198619E+01
JIL1T2711E+0Y
«11129790E 401
S11NBBUUBESDY
2 11042433E40
« 1089669 TESD
L 1095S68UE401
2 10915300E401
«10871666E401
S10BTUNGLELNY
2 10T9UGO9ELD Y
10760806E401
S 10T72L985E+0
106936308404
«10A604T9ESOY
«INHEI1SSSESO
s 105999U1ESOY
10570151E404
e 1083T729%E401

W INB0ASSARESOY

L100746P2E401
S 104472038401
+10419195E%01
210393716E+01
L10367261E+01
L10343536E+0 1

C wi03{K3I52E401

»10282740E+01
»10243370E+01

a10202960E4H1

#10156384E+01
$10104312E401
210040108E40)
L9977 19E+00
<990031BUE+00
(ORIZILURE+DN
S9TLUG016E+00
«9600114TE+00
L9U9196UUE+00

+93645976E400
L922516BTEH00
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«TRIATIAGESGOD «0TLULESSEFQD
o T9AOURNOES0QD «B9QT1TS2E+00
«BII63RIARE40D «BT20836RE40D
»R2BQ0URSKESDD «B85100503E+00
«A3ORKUBKESNO «B2766929E+00
oBS2U1131E400 «BN2546T2E+00
2REARAUSTESON «7TTT0436TE40D
2BTIGAISTAESOD « 752981 7T1E+00
2 RO1T759SAE+Q0 «T3INSIUGUESOD
JO0369481E+00 «T1139979E400
«91513138E400 H9503U62E+00
«92601800E+00 «bBORTORSESON
293630612E400 2bLRUBUSIESOD
s FUSOENTIESNO «OSTUNIBUESDD
«985491055E+00 647591 66E+0N
F6TLUTUUESRD «6385SUT2ECN0
s GT06268TE+0D 263021027€400
$9TTXLTTIESOO 26223199 6E400
W 983198 42E4+00 $HIUAUILBESQO
«9BRR2I2HE+OD «6N6TBTI2E#00
+99239108E400 «S9RIG26REHOD
2 99SATUULRE QD »SBRTAN2IE+00
GFB053T2ESN0 «STHERIQ0RESOD
2996850 7T3I5E+00 «55R8U79G2E400
W999G99RGE+00 «S8536TOBESOD
96,1 -, 00001549
7
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Q.Q-D-'-Q.*-.-'-.;;-Q-t...p-‘-n.ﬁ-t-\y-ﬁuint-ﬁ-ﬁ-r-iuﬁ-g-t-t-t-Q-ﬁ’-ﬁovh-t-i-t-n-A-t-Q-t.n-'-t-'ot-'-t-t-t-t-t-!-t-t.i-t-t-.-i-t..-t’
INPUT - ¢ SOQME CRMPUTED GUAMSTITIES

*-t-t-t-tot-t-t-t-t-ﬁ-t-t-t-g-t-t-tucut-t-t-t-i-i-i-p-m-i-t---t-t.t-t-i-t-t-r-'-ﬁ-ﬁ-t-q..-t-t-t-q-a.t-t-a-t-n.p-a-t.t-t-a-t-.-t-t.

=, 03762323E400

IT8s SO0 Juw j00 TOLe L00001 NZx «A5000  DSE L1000 USTEPE L0000 4F®  1,00000
IBLC={ DISCOGHTIMUDUS SUCTION OR IMJECTION GIVEM BELOw
SUCTION QR IMJECTION VELQCITY S LNCATION MS8).AX3 7
WHALL (M8) SN (MS)
«3,00000 40000
«3,50000 250000
-d 00000 « 50000
=i 50000 $70000 .
=5,.00000 .B0000
=5,50000 90000
»8,00000 10,00000
INCe D AMINF3DE +BBS06200E+00 GAMMASR WYUBDODONOE+DY
COMPRESSIALE FLOW(INC®O), STEWARTSON TRANSFORYATION USED
Be SUCTION, TRANSITION ANAYLSIS 0OF YAWED WING LAMINAR ROINDARY LAYFR
INTYS { Cus 1,080000
I8Ys . 0 INT4m 161 RHO= +30000000Em0S
18Ps 2
N XACN) L TAN) STH(N) THINY FSTHIN) FZIH(NY
‘1 ®,10000000€401 O, 0, . 2S011ITT9E«00 «32173472E=n]
2 e,999u98%1E4+00 «318UTSB6E=OU «50250024E=03 R ACLLLCI S «S00SIUBBESOD »3089601RE=01
3 »,99803039F400 «12412008F=0% s19934782E002 28923969RE«0 2UQARSETTESOD «27769252€E=01
b =, ,9985586UF+00 «269963UTE«OY JUUS28R4EQE(D 213343103E400 «USHITTEGESCD 22375308 T7E=(Y
8 =,99213940F400 2U6162UBUES0Y 2TR741690E=02 177883 1AE+0N 2 892822u2E+00 «19015895¢k=01
6 =, 9BTTASBUESOD 260008430Ee03 . -, 1225%689Em01 2216BR0O3ES00 yUBTAISTRES0D « 1338091 6E=01
7 =,98242976FK400 SUUS156TESOS 2 1759543U€=0Y J26588R10E400 JUBP2RARQUESON «62548S02E=02
8 «,976137%9E4+00 W12111269E=02 2 2380934650E«01 »31019138€400 2U7STILBSES00 «,29233377E=02
¢ =,96888912E400 «1UT722551E=02 +311UbBR2E=0 »3%5462078E400 WU6B26032E400 o, 1353U0U1E=0Y
10 «,06068937E+00 +17070801E=02 2 3C3UQ9QJUEwDY ,!9915!26!900 WU599Q1LUES00 »,2UB866529Ee(]
11 »,05185G6T3E400 . ,14927079E=02 LURUILOKAFLO Y LUU3BTTO9ER00 WUS09S1USECGO o ,37038037€w0
12 »,QUiu7283E00 +20001258E=07? «SAS56B9TUEwO LURBBO6IIESND sUGL19UN9ESD0 o, SNUTIOS3EO]
13 «,93048302E400 W20 {3652%E=02 +O9558T88E=CY W533630852E400 2430RN923E400 w,650551%ACe0
14« ,91859R03E400 «18915196E=02 JBIULLUOLE=DY STB66N038E400 JUIOAS I HOE®D0D =»,79336503Ee0Y
15 =,90584324E¢00 «14607u304E=02 JOU202%5QEmNy L 52376263E400 2U0BUOLILESOD =,95008882E=01
16 =, 89224840F+00 W 112R9977%=02 2 107B0862E400 +b6891206F+00 e 390661132E400 =,11195686E400
17 e, BTTRSON0E400 JU2313630Ewn3 . 12222081E400 71407250E400 +3843U3G0E00 w»,1259148UE+C0
18 e, RH26R915E400 =,53AT9SUIE=DY 13741 264E+0N «759212%52E+00 « 371600332400 «,13918486E+00
19 », BU6T9IISE400 =,179106U3E=02 L15335769€400 _ROUNUOIAESCD +36033020€¢00 =,17340004ESDO
20 =, 83019369F+00 =,34N6619UE=02 217003878k 400 +AU9U61B1E400 «3SIUQAGEES00 =,23825012E+00
21 «,B129R151Z400 =,5497BR2hEw02 JIBTITUSUESON . BOLUNOSSESOO +34G99TR0ECON «,2991011BE+00
22 =,79534249E400 " «,B1USTRTTERQ2 «20521120E400 »918RBBBEEL00 «3U32USEBE+00  =,31754039E+0D
23 =, 7TTSOTINES00 e, 11330604E=D 2 223328U9E 400 IR241STUESOO +32699260E400 =,28678255E¢00
24 =, 7S967SUAES00 =, 149325550} «24152051E400 2 10247051E+0¢ +29BURP2IES00 «,21251%90E+00
25 =, T4{ST2TTE+00 =, ,18770622E=01 +25963U4BF400 - ,10656385E401 +25772689€400 «,9R651162E=01
26 =, T244PBBLE400 =,22651897E=01 W 27760259E¢00 211053097E+01 +21B817852E+C0 W42156STTE=QR
27 =, T049QRANESN0 =, 26U438144F0} +29SUIQILESOD ,1163955ﬂl¢0! «1R922205E«00 «62915790E=01
28 «,68943084E400 «=,3005B774Ew01 .313180086Ee00 ~118179B1E+01 +16470331E+00 +10557758E400
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Figure 3. Upper surface skin-friction distributions for sample case.





