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Praface

This handbook is a sequel to an Sarlier volume entitled
™A Theory of Supereritical Wing Sections, with Computer Progrcams
and Examples.” Sinca the complation of tha first volume, which we
shall rafer #5 a3 Volume I {(of. [1]), 2oma sffoart has bean made to
improve cur ajirfoil design program. A number of more dezirable air-
foile have begn designed. In 2dditison several of pur wing sactions
have been tested in wind tunnels. We shoauld 1ike o mah& this=
material available hare, gines it 1 mors convenient to uss the
design program in conjunction with dats far a fairly broad rangas of
examnples. Moreover, we have develsped new analysis programs that
supersede cur previoond work.

Chapter [ i= davoted ta ; brief digcuseien of the mathematies
invalved in gur additions and modifications. Thepra iz sply &2 mini=-
mum emphasi=s on thasry, sinos the rapresentation of importanc
phy=ziral phanomena such azs boundary layer shock wave interaction
and separatioh iz partly empirieal. It is sur conteation, however,
that the computayr programs provide a bettar simulation than might
have heap axpactsd. Chaptar II presents numerical resultz found by
our new mathods, as wall as compariscons with experimental data.
Chapter TII containg a discussion of the nsa of the progran

togather with Fortran listings.

Mo, should like to acknowledge the support of this work by NASA
uwnder Grants HGR=-33-016-167 and HGR-33-016-201 and by the AEC under
Contract ATI1l-11 307 i York University., Many of tha
experimental resules presented in Section 3 of Chapter IXT were made
aveilable to us by J. Kacprzynski of the Hational Aeronautical
Establishment in Ottawa. Some of the test data shown are British
Crown Copyright, and are reproduced by permigsicon of the Coantroller,
E & D Eastablishmenty and Research, Hinlstry of Defance [FE}. Tha

final sxample was prepared by John ODahlin from data gbtained by the
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Hebhonnell Douglas Corporation at the Hational Aeronautica) Estab-
lishsent in Cttawa. Figure & in Saction 6 of Chapter IT was.
given to us by Bill Ewvans ::af the Grulmhan heraspaca Corparation and
iz besed on an airfoil designed by Don MACKenZiz uging our method.
We are indebted to Ray Hicks, R. T. Jones, Jerry South and Richard
Whitcomk of NASA for much sncouragement and helpful advice. Dan
Goodman and Steve Korn have assisted wus in the préparation of
technical data, and Connie Engle and Farntella Sraham have typed

the manuscript.
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Work eupportad by NASA under Grants
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AEC Computing and Applied Mathematios
Canker, [ew York University, under
Conkract AT(11l-11-3077. Raproduction
in whale or in part is permitted for
any purpose of the tnitsd States

Govarnmant .
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e THEQEY
i. Intreduction

In ¥Yoluwe I {cf. [L]) we have presented a mathematical theory
for the design and anzlysis of supercritical wing sactionsz, and wa
have included examples and computar programs showing how our
methads work. By now aavaral of the first shockless airfoils we
desigrned hava keen tested with some succmss, and satisfactory agree-
ment of the results of our analysis with experimental data has been
established. Geperal acceptance of supercritical wing technology
by the aircraft industry encourages us to make availabile in thisz
second valume an improved series of tranzsonic airfoils as well as
extensions of our analysis program that include three dimensional
and boundary layer cffects. We hope that the data we have compiled
will be helpful in such projects as the development of a transonic
transport with an chlique supercritical wing, which could operata
aponomically at nearly sonic spesds. .

The purpose of this hook i3 to put our work o transonics in a
mora definitive form. For design we introduce a hetter wmodel of the
trailing edge vwhich should eliminate a loss of Ififtesn or twenty
parcant in lift saxperienced with pravious heavily aft loadsd models.
which we attribute to boundary layer saparation. We also indicate
how Arag cresp can be reduced at off-design oonditions. A rotated
finite differance schems iz presantad that enables us to apply
Murman's method of apalysis (cf. [13]1) in more or less arbitrary
curvilinear coordinate systems (¢of. [5]1). This allows us to handls
supersonic as well as subsonic free stream Mach maobers and $o
captura shock waves as [ar back on an alrfoil &= we please. More-
over, it leads to an effective three dimensional program for the
computation of transzoniec flow past an obligue wing. In the case of

two dimensional flow we extend the method to take into account the




displacement thicknesas computed by a aemijempirical turbulent
bhoundary layer correction. Extensive compariscons are mada with
experimntal data that have becom= available o us in our design
work. Excellent agrsement is obtajined sven in situations whara the
theory i not on an entirely fim footing, fnr-exampla whan the
shock waves are not defined sharply. Our contention is that the
programs furmish a physically adeguate computer simulation of the
conpressible £1ows thiat ariza in practical problems of tranzonic
earcdynanics.

In Chapter I wa dem=gribs new theoretical contributions under
the assumprtion thav the readar has some familiarvity with vVolume I.
In Chapter II we present 2 series of our latest supercritical wing
sections together with a collection of conparisons betessn theorsci-
cal and axperimental analysis data. Chapter IIT is devoted to
listings of naw computer programs as Well as a brief manual for
thalr operation and an update of the design program lisced in
Yolume I. The amphaziz of this handbook i3 more on the numerical
dats wa have complled than on the explanation of the relevant

nathamaticx.

2. MHodale of Shock Structure

For the mathematical analysis of tran=conic flow past bodias in
space of twWo or threk dimensiche it iz intsrmsting to consider
madals of shock structurs based on an ordinary diffarantcial sguation
for a potential Functicn ¢ depending on just ona variable x .

In thiz connection we aek for a solukion of the eguation

2

(42, = 0

suggasted by the transonic small disturbance equation {cf. [13]),

that zatisfias three boundary conditions of the form



#la) = f , 4'4a) =>4, (b} =28

at the ends of soma interval [(a,b]. If we allow for a shock wave
acrogg which ¢ and ¢: ars conZerved, but ¢x degreases, there
axizts A unigus eclution of this problem for values of the prescrib-

ad constantx A, B and C fa the range
I = &l < ¢ib - a}

The answer consists of two straight lines with tha glopes C and -C
which meet at the wniguely determined shock point

_ a+h B-A
% <R

(52e Pigure la.) The problew has an analogy with kransonic aero-

dynamice if we think of the iaterval of positive &, as represent-

*
iny supersonic flow and the interval of negative 4, a8 represent-
ing subsonic [low.

Char prableh in ordinary differential equations can be used to
teat the wvalidity of finite difference gchemes Inr the numerical
analysis of trensonic flow. We shall exploit such a procedure to
discuss the methad of Murman and Cole [13). Let egually spaced
mesh points be laid down on the interval [a,k] and denote by *j
th; valuas of the potential ¢ at these points. We call the jth
point subsoenic when ‘j*l < ¢j-1 and guperscnic when ¢j+1 > ¢j-1'
According to one varsion of the scheme of Murman and Cole our
differantial equation, wvhich can be expressed in the guasilinear
form

*x ¢xx =0 .

iz approximated by the second order accurate centered relation

at subscnic points, but by the first order accurate retacded pela-

tion




(a) Exact solution.

(b} Forward shock solution.

(¢) Smmarsd shock solution.

Flgure 1. Solutions for ona dimensicnal modsl.




(50n™ b1 by 285 % by ) = 0
at gupersonic points. The two relations are sguivalent at the so-
called shock points wharas ‘j+l = ‘j-l .

Ong can attenpt to find a Eolution of our boundary value prok-
lam for ths Murman-Cola difference squations iteracively by march-
ing repsatadly froem laft+ to right galving successively at each mesh
point for the unknown *j . Such an iterative scheme cen be ssen
to converge monctonically from akote when an initial guess of ¢j is
made that iz big endugh and is concave. Howsvar, the answer is not
unique besangs the shock condition has been logt through failure to
nee the congervation form of the cquations. Any two straight lines
satisfying our threae boundary conditions and meeting at a mesh

point define an admissibla solution if the shock inegualities

¢j - ¢j-2 > ﬁj = ¢j+2 >0
hold at that mesh point.  (See Figure 1b.) Moreover, there are
valid solutions containing a segment of shock points on whidch ¢j
remaing conotant. These smeared shock waves terminate with one
higher value and then a downtorn  leading to 2 supersonic point
and a shock point followed by EuhaUFic points. {See Pigure 1c.)
Thay ne=d not fulfill any shock relations whatewver, and they seem
Eo occur in the applications.

ona way to remedy the gitwnation wae have just dascribed would
b to raplace the scheme of Murman and Cole by a finite difference
analogue of the ordinary diffarential eguation

2

(4]

We=ht

X "

which ia in consaxvation form and hay be2an provided with an arti-

fizial vigoesity tarm on the right. The small positive facter h

should be of the zame order of magnitude as the wash size. The




gapaxal soclution of this eguation is

X-%,
¢ = = h log cnih[W] L T

vhara xye Yo and $p are sonstants of integraticn that can be

thosen to aatinfy our three boundary conditiona., As h +~ 0 the

solution approaches the two gtraight lines determined by the

original shock etructure problen. However,
of the artificial viscosity method tends to
the Morman-Cole achems, which i comparable

to a finite diffarance approximation of the

L L

® K X AKX

where £ = 0 if +x <0 bBat e = 1 if ¢x

the truncaticn arror
ke larger than that of
in ths prasant eontext

agjuation

* 0. This is not a

consarvation law because the variable factor € is not differsn-

tiatad.

An advantagecous comproniss would seem 0 bhe {0 develop an

intarmadiata schama suggested by the conservation law

2z 3 ]
(9, =h gz le g d

i

r

in which € is now differantiated. Tha apprarance of £ in the last

equaticn maans that ths solutions should include a shock point x,te

the left of which £ = 1 and to tha right cof

vative L shenld approach zero from the left a2t Xy o«

which ¢ = 0. The deri-

bet nay be

negative to the right. On the other hand, tha consarvation fomm of

the egquaticon implies that t: - hE{*i}k 23 wall as 4 should

remain continuous. Applying our boundary conditions, we conclude

that

2l -¢ exp[x-xu]fh

2 _
*x = o axp{n-uu}fh
and that the location of the shock point x,

ponlinear relation

[xd

l-expin-xnlfh

_— i [%-z exp{xhxn];h}lfz ax

it defined by the

2e-1




In the limit as h + 0 this reduces to our &arlier formula for Xg+
T¢ implement the above idea as a difference Ichame we I5a
cantral differgnce formulas to represent the diffarantial egquoation

on the left-hand side, Lot retarded diffarepces to represent the
artificlial viscosity on the right. Taking h as the mesh width, we
obtain

mjﬂ-mjrz - toy~e_p° = by - Py
where

Pj = max {u'{¢j+l-¢j"1]} {*jd_l'i*j""t'j_l] L]

v

Hara Pj reduces to the left-hand zide at supersonic points for

whigh ¢j+1 » ¢j-1 . 30 thea schans is sEfsctively retardad in the

suparsonic zone. At tha shock point, however, Py = 0 and Py-1 #0

%0 that tha sum of the central and backward diffarance Op&Cators is

chtainad, corresponding to tha shock point operator introduced by

Murparn {=E. [12]}). It can ba varifisd that this differance schema

admits & unigua solution which satisfies the correct shock jump |

candi tion. ' |
Now congiday tha problam of calsulating the transonic flow

pagt a bady in mpase af twe or threa dimensicns. The solotion

satinfiss & variational principls which agserts that the integral

of the preasure p over tha flow region 1s stationary with respect

to parturbations of the wvelocity potential 4. A discrats varsion

of thix principle leads to second ovdar accuraca finite differance

squations in conservation form, and it is aspecially helpful in

traating tha natural boundary condition on ¢ and tha fres aurface

condition at a vortex sheet (cf. [3]). For transonic flow the

pringipal part of the Euler eguation coming from the variational

prinsiple phould be laft aeg it stends. Instead of dirvectly retard-

irng the Aiffarance schama for the differential egquation in the




manner of Murman and Cola, a suitable arcificial viscosity should
ba added in conservation form. By using retarded diffsrencs
axpressions fo rapresant the viscosity we then prriva at an a«ffec-
tivaly ratarded schems in congervation form.

- To handle shock waves according €0 the theory owtlined above
it 8 suggestive to look for appropriate waak solutions of a
partial Aiffergntial aguation for ¢ of the invariant divergancs
form

Tip Pg} = h ?[% vipgd)l .

where g = |[Té¢| 4= the speed, p is the density dafined by

Rernonlli*s law, h i an artificia} viscosity cowEficient, and £
vanishes when the Flow is subsonic but is positive when the flow Le
gupaersonic. The introduction of the one sided term ¢ i3 motivated
by the decizien process of HMurman and Cole, while the highest srdex
Jerivatives appearing in the artificial viscegity are eqgquivalent to
a darivative of tha Laplacian 1:r2¢ in the diresction of the flew.
In the next saction we ghall constroce a cenvergent jterative
scheme to gsolve the resulting difference eguations by introducing
additional tarme that involve an artificial time parvameter.
Experiepce chowg that the term oo the laft can be replaced by

A guasilinsar differsntial operator not in comservation form
without epntirely losing the shook condition, provided that the
operator is representad by a suitably centerad Finlte difference
sxpresgion and a conservation fortm is retained for the aceificial
viscogity. The maan value theorem can be applisd to expressicns

af the form f appearing in the Aifference

y+172 " Ey-172
ejuations for tha consarvation form, whers £ i3 a function
af the vwelority components. It can then be daduced that in subeti-
tuting the quanilinnSr form for the differential opsrator the

shock junp condition would be retajined to second order in the shock




atrangth LiF Pfci ware constant, whepe ¢ is the local speed of
gound. This is the case for a ratic of specific heats v = 2,
as in the shallow water equations. We shall subseguantly rafer
ta gchemzs of this type in which the dAiffarantial equation is
represanted in gquasilinsar form, with artificia) viscosity added
in gopservation form, as guasiconservative, while we shall refey
te schemas retaining conservation form for hoth the diffarential
egquation and the artificial viscosity as fully conservative,

The shook condition that is lost in the original HMurmap-Gole
schems torns out to be the conservation of mags, Since pg is
stationary at Mach number M = 1, the scheame remsips va}id AfyWay
un to errora of the second order in the shock Strength Hz- 1.
Moreover, in considering the differvential sqguaticn for twe dimenp—
sional Elow past an airfocil with a single valwed streanm functclon 3,
global considerations show that the total mass flux { de i= actual-
iy conserved across the shocks even whan they do not satisfy the
axact shock condition. Thus the method of Murman and Cole gprovides
a good approximation te the flow at nearly scnic spaeds.

enoting by o, the critical speed and wslng the subscript =

to indicate frea stream guantitiss, we introduce the integral

[ )
c o= fd —egbdy + pody] .
D ﬂwqi x X

This integral for the wave drag coefficient is indepsndent of path.
The jump of the integrand across 2 shock wave is of the third crder
in the shock strength nz- 1, and the Formala makes Sepke svan
though we have neglasgted changes in the sntropy. It reduces to an
obvions pressure integral over the profile that we wse in practice.
In cur computer programs we have used a version of the scheme
of Murman and Cole that tends to yield shock waves behind which the

zpesd drops barely below the spesd of sound through & junp roughly
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ane half that to ba sxpectad from exasct thesry. This is consistant
with the evistencas of the forward and smeared shock solutions we
mades refarance to at the baginning of the section for a one dimen-—
gional model. Soch kehavior is, however, alse typical of the
iﬁteractinm of weak shoeck wawves with a turbulent boundavy layar.

We have had excellent success with the methed when we

inecluded a boundary layear correction, and it leads to remarkahly
stable results. MHore racently we have modifisd the programs to try
out both guasiconservation apd full sonservation forms of the sgue-
tions of motion like those that have been described zbove. For the
most part the modified programe give preseurse profiles guite
similar to the onas obtained the old way. Soms examples appear
vhere the exact shock condition has resulted in better agrgemant
with axparimantal data. Congarisons with exacst hodograph solutions
show that the additional terms introdeced by repregenting the ared-—
ficial viscoEity in conpervation form lead to larger kruncation
Grrers in supersonic ragions wheres smooth recompressicen of the flow
occurs (cE. Chapter II, Section 2}. Where the flow is expanding in
the supsrscnic region, comparisons of solutions on ccarse and fine
grids sugyest thmat the truncation errer remains gquite small, on the
other heand. Owr conclusisn is that she sriginal procadure is
genarally aatisfactory in practice, hot wa do include in the hand-
bock a Meting of an option for & gquasicenagrvative scheme for
purposes of comparisen. Finally, we pention that cur programs sasm
o give & relisble estimation of drag creep, but predict drag rise
for Mach numbexrs that are about ¢.42 smaller than those observed

in wind tunnels. Tha discrapancy may be due to wall effect.




3. Iterative Schames for Three Dimensisnal Analysis

Since the appearance of Yolume I substantial prograss has
been made in developing mathods for tha computation of transonic
flows, In-this sertion wa shall develop & rotated finite diffar-
gNoe schemd to treat flowd at both subzonic and supar=onic fras
tream speads, and we shall develop an iterative procedurs to solve
the rasulting differanca aquaticons. The rotated schems is invaris
ant undar a transformation of coordinate=, =0 that any curvilinsar
system can be introduced that is appropriate for the geometry of a
gpecific problem. The method has besn applied both in two dimen-
sional calculations of the flow over an airfoil with a correction
tor the boundary layer, and in three dimensional calculations of
the flow past an isolated yawed wing of finite aspect ratiec. 1In
salecting the latter problem to demonstrate the feasibility nf-
three dimensional calcoulations we are motivated by R. T. Jopes'
concept of an asymmetric alrplane with an obligue wing and by our
areess to hie experimental data for comparison with the theory [6].

To be spacific we consider the three dimenslonal casa.
Ignoring changes in the entropy and using rectangular coordinatms

X, ¥, I, we have the partlal differential egquation
mz_uluxx +* {cz-vzj‘yy + lcz-wz}*:x - guv¢w - 2w¢yz- zw.'xz = 0

for the velocity potential ¢, whars ¢ is the speed of aound

definad by Bernoulli's law

2 2
-%— + ?%T = const. , 4° =0 + v+ W,

and u, ¥, w are thes velocity compopents. We look for weak solu-
tiong ¢ that satisfy an entropy inequality asserting that the
spead decrmasss acroas any shock wave, and wa use« the standard
adpproximationa of linearized thecory to specify what happens on ths

wortex sheat behind an ochstacle.
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The nurwrical methed enployed incorperates two basic Eeatures.
First, in common with previons successful schemas [or treating
transonic {lows, it uses retarded differencing in the supersanic
tone to introduce artificial viscosity and to reproduce the proper
upatream region of dependence. Seccnd, it usas an itarative proce-
dure which can be viewed as an embedding of the steady atate equa-
tion in a suitably constructed artificially time depandent sgquation.

The difference schema described in Volume I is basad on the
agsumption that the flow is more or less aligned with one coocdi-
nate diraction. To allow more flexibility thie assuwption has
tean removed from the new schema. Instead tie eguation af motion
is ranrranged as if it were axpressed Locally in a coordinate
aystem alignad with the flow. Lat 2 denoie the stream direction.

Then the eguation ¢ap ke wriitten in the cancnical fomm
elg?ro, + <P iae-p ) = 0,

whare Ap danctas the Laplacian of 4. Since the dirsstion cozines
af tha streanm direction ere ulq, v/q, and wS g, the streamwise

gacond derivative can be expressad in the form

bog = f:— ‘“24’“" v21w+ w2¢“+ 2uv¢xy+ 2w¢ya+ 2u\-.-¢“} .

At zuparsonic points retarded differenca formulay are uzed o
represant all contributions to ¢ss ; Whiles ceantral diffarance
formulaz are uzad to reprusﬁnt all contributiones to d¢-¢ss. At
subfonic points all terme Are represeantsd by central diffarence
farmilas ia the sonventional mapner. Ths result iz a conrdinate
inveriant difference scheme whioh is correctly oriented with the
flow. Tha axtificial viscosity inducad in the supersénic 2one
ansures the proper sntropy ineguality, so that compression shocks

are admittad while axpansion shocks ars excluded. By using the
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rotational invariance of the Laplacian tha nasad to aaleulats
axplicit dirsctional derivatives normal to the streanlines is
gvoided.

The differance squations are highly implicit, containing down-
stream points even in the supérscnic zone. In order to davisa a
convergent lterative scheme to solve them, it iz conmveniant to
regapd the iterations as steps in an artificial time ccﬁf&inqta.
Let At be the time step. and let the suparsoript * dsnote updatad
valunes, Than a eypical cnntr%l differance formula a2t tha mash

point (idx, jhy, kaz) is

+ +
B, g, (WTT ARG g g T (LT SNy 5y Ty 4k

(ax) 2
which may he ragarded as a finite differance approximation of
) - T {‘xt + r ft} )

whara ¥y 15 & parameter detemmined by the overrelaxation factor.
Thug we must consider & time dependent equation which containg
mixed spacea and tiwme derivatives.

If wa divide tha esgquation of motion throwgh by c! and

neglect lewar ordar tarms, its principal pare will have the form

2 . _ _
=1 boo™ b ¥nn” 2ul""&t' 2u‘?"m\t 2“'311’ni: =0 r

vhere M is the lccal Mach rumbar gfc , m and p denote direc-
.tions normal e 5. and the coefficients LTERLP! and oy depand
on the pplit batwasn new and old valuas in the differeance schems.

Introducing a new time cocrdinate

a4.3

1

u%-1

Tm t + 7% B PO

we obtain the time dependent squation




a4

2
2 B _ I e S R .
L 51 T S A {Hz_l ay u3}¢TT .

In order for thig egquation to remain hyperbolic with 5 A8 the time-
like dirscticn, it is necessary to satisfy the compatibilicy

condition

tA) T

* Sl -lllai+ual ;s M1,

1

This indicates the need to dugment the term in ‘st to compansate
for the t&rm=z in *mt and $nt produced by the cantral diffarance
formulas. For that purposs ¢’$ iz evaluated using retarded

diffarence formulas of the form

* +
2 55k T %9k T2 i 50t ik

fAn)

vhich can be intarpreted ag approximating

At
¢xx + 2 ax ‘xt *

The compatibility conditicon (A) may still be viclatad near tha
sonic boundary, whareé the cosfficient of ¢ . vanishes. Therafora

the Earm

FTTRT TR ToIT Mhe? Yoyt "oy

ghould bm added, whara £ is a demping perametmr chosen by the

usar, In this term ¢xt is reprasanted aE

+ +
irdek " Figk TPkt b4k
by At f

vith zimilar formalas for *rt and Byt In =oma calculations ie
proves posolble to set @8 = O

The thraw dimensiconal analysis program, called Frogram J, has
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bean implemsnted in.this form, wsing moixtures of hew and old
valyes €0 represent the spatial derivatives. Altermatively we oan
regard the iterative schems as being derived directly by the addi-

tion of tima depandent terms
E uy ¢xit + rtt

to the steady state aguation. Then all spatial darivatives weuld
b avaluatad using old valuss, and the time dependant terms would
be axplieitly addad to produse an arbificially tims depandent
equation whosza sslution converges o the eteady state salution.
This approac; provas mare frujitful when one wisheas te devisse an
iterative achema for the aguation in conservation ar gquUASicOnEarva-
tion form, since it oan be carpied over unalterad. A conventional
relaxation scheme, on the other hand, would reguire the densities
at the midpoints of gach mash interval to be caloulated twice.
first with ¢ld and then with new valuesz.

To derive a gquasiconservation Form of the rotated scheme wa

start from our invariant partial differential equatien
Tio 79) = n V(S Toq))

for tha velocity potential ¢, in which central differences will
e used on the left and retarded differences will bea used in the
avaluation of the artificlal viscosity on the right. Working with
rectangular goordinates to simplify matters, we substitute A guasis
linmar form on the lefc to obtain

3 2_.2

- )
-1 ¢, ¢ =fh =—¢ =~ M.
%y Hj xixj 1 axi q dx

czgz
Thie differs from the original egquation by a factor ¢ /p , where
¢ iz tha lopal speed of gound, and by the use of anisctropic
viscosity coefficients h; which are different in the different

coanrdinate directions., For these we take




1%
hi = |¢xi| ﬂ.xi R

whera the 4x; represent prospective mesh sizes. HNeglacting
partial derivatives of lower order on the right, we arriva at the

result .

2 2 5 c-g®
T - = L
¢ ¥ E ¢xi¢xj*xixj E ﬁxx 3xi £ g |¢xi|qxi

To derive the rotated scheme from this, all that is necessary
ig to write down a similar eguation in a more general orthogohal
coordinate system and 1o replace the partial derivatives by sult=
able finite differance approximations, with ths diverg;nce terms
oh the right retarded or advanced according as the corrssponding

coafficients ¢ &re positive or pnegative. We do not go into

X
further dstails ;ere becanse the rotated schems has already been
astablished on other grownds. The.main advantage of the preasent
approach is that it applies just as easily to the true consarva-
tion form of the 2guation for ¢ as it does to the simpler guasi-

conservation form,

We summariza cour ideas in the following

PROFOSITION. Transchic f%ﬂw past a body in EtWo or
thrae dimensions can be calculated by means of a finite diffcrence
dpproximation of a partisl differential sguation for the velocity
potential ¢ that consiste of a central finlte difference represen-—
taticn of the usual differantial ocparater on ¢ plus artificial
viscosity and artificlal time tezms that are defined hy a formula

such as

Iitﬁ_a_lhpqq.EB‘ "‘II#I
r
i axi axi q Hxi i xit 3
whers the hi stand for anisctropic’ artifieial viscosity coeffici-

&ntE, the ui‘cnmprisa & vactor govarning the characteristice of
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an iterative scheme that involves tche artificial time £, and ¥ is a
relavation factor.

The propeosition has thea advantage that it breaks up ince
asparatm bklocks of termns the contributions fronm the fupdamental
aguation ¢f motion, from the additien of ertificial viscosity, and
from the insartion of mixed partial derivatives with respest to
artlficial time that specify the iterative acheme we use. The Mo Te
genseral peint of view =hould be helpful in applying the mxthod to
cthar flow problema. It hes been inplemeénted in the quasiconserva-
tiocn option for the two dimensional program with boundary layer

correcticon, Program H (cf. Chapter 11X, Sactions 5 and 7}.

4. Cheice of Coordinates and Conformal Mapping

The rotated finits difference’ gcheie which we have prassnted
in Section 1 makes it posSsible to treat transonic [low problems in
a variety of coordinate s=ystems. Tha cholese of coordinatas can be
quite important in & specific application. Tt is desirable that
the coordinates follow the surface in regions of high curvature
such as the leading wdge. This can be achisved by conformal map-
ping. In thres dimspsicnal calenlations, however, we wish ko avoid
the extra tarme in the equations that would regult from the use of
different wmappings at different gpanwize stations. For calculation
of thae flow over a yawad wing we have therefore used a sguara root
transformation independant of the spanwise directiom z to unfold
the wing about & singular line just ingide the leading adge, which
ig ag=umed to be straight. In the plane of mach wing saction we
thuse abtajin parabalie coordinates X and ¥ which are ralatad to tha

physiral coordinates » and y by the conformal transformation

X+ ly = {x-:-:i.'.nz.
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The wing praofila emarges as a shallow bump above the line ¥ = 0, so
we usa a second shearing transformation to obtain slightly nonortho-
gomnal coordinates which colncide with the wing suriace.

For the calculation of two dimansional flow pest an airfoil a
better distribution of wmesh points is obtained by mapping the
exterior of the airfoil conformally onto the inrtariocr of the unit
circle. In particular, for the inclusicon of a boundary layer
correction based on iterating the map function, it is degirable to
have a fast and accurate method of doing the conformal mapping. Tha
purpose of thix section i= to dascribe szuch a method, hazed on tha
fast Fourier transform, which has been found Co stand up well in
practice.

, The calculacions are performed in the Interior of the unit
clircls using polar coordinates r and w. The madulus n of the map-
ping derivative becomes agymptotic to 1fr2 az r tends to zero.
To avoid introducing large truncdation errors that come from finite
differance sXprassicons for dh/edw and +#h/3r it 15 convenient o
introduce the mapping to the sxtericor of the circle and to use an
axplipit Iinvarsion.

Bacauss wa have in mind the axtension of the boundary layer as
A waks hehind the airfoil, we wish to map the sxterior of a profile
with an opan trajiling adge in the 2-plane onto the exterior of =
cirele in tha o-plane =5 cEhat tha wake is yeduced to a slit. The
wall kticwn method of Thecdorsen and Garrick [158], in which tha
mapping of a star shaped contour in tha 2-plane onto a8 circle in
the ¢-plane is exp'ressed in terms of leg{zSo), doe= not allow for
an opan trailing edge. For this reason it is preferable to exprass
tha papping in termz of its derivative

gé- £io} .
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Since tha point at infinity iz to be preserved, the Laurent series
for I{o) must contain only inverss povers of o. If the coefficient
of 1/0 is &, then apcording to the Cauchy integral theorem, integra-
tion of the map function around any circle exterior to tha unit

cirele in the o-plane results in 2 gap
dz -
L zl = * 30 do = Zwiec .

Thus the mapping reprazonts tha wake as a gap with & constant thick-
ness dstermined by the residue c.
Im order 0o davize a simpls fterative process for caleuwlating

the mapping functien it 18 convenient to write

H =«
dz I
1 — = '&IP — .
de ngﬂ ol ]

I1f o« and » are the tangent angle and arc length of the canteour in

the z-plane, than

H
ds E &

log =2 + ila-w) = taw

o
n={ n

Separating the real and imaginary parts, we obtain

N
log 2 a i fa, cos nw + b sin na}

de Ly N
H -
no-u = F (b, «0& nu - a  2in nw)
n=

where

G, = a, + ihn N

How the tangent angle o is known a8 a function of the are length s
from the definition of the contour. Therefors if Wea hava an
extimate s = z{w) of the arc langth as a function of the angla w

in the circle plana, wa can' calculate the Fourier coefficiants of

the series for a - w. Then by reversing tha sine and cogine




———
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coefficients wa can construct the sonjugate Fourier searies for
log {de/dw). Tha exprezeion for ds/dw can pe integrated in turn to
provide an improvad eatimate of s{uw}, and the process can ka
itarated until the corredtiont to slw} becoms negligible.

The Pourier feriaz ie not suitdble for representing a jump.
Im opdar to apply this sethod to the mapping ¢f an airfeil it iw
therefore desirable to medify the represantation of %% by including
a Schwarz-Chriztoffel term to allow for a commer or cusp at the
tralling edga. Thus we set ‘

L-E/n H
Az 1 n
R § axp | I = | .
ap 1] [ nen o ]

"whare E ix the included angla at the trailing edgs. Tha gap

becomes

s E_
2raio = Zri[; 1 + clI

The =zame iterative procedurs is then u=ad. FProvided that nl is
fixed by the gap condition, it converges rather rapidly for
reasonably smocth alrfoils. It is generally sufficient to use the
flat plate relationship of 3 to w for the starting gwess, and the
maximuw correction to s(w} wIually reduces to the ocrdar of 10-9 in
dbout 10 iterations.

To obtain good accurecy it is important to usa a sufficiently
large numbeyr of terms in tha Fourier saries. If the mapping funo-
tion is to ke c;lculated aF ZK egually spaced mash polnts fa = k¥ /K
around the circle it is best to take N = K termms and to replace the
Fourier saries hy trigonometric interpolation formulas for the
corraspending valoss @ of the angle n. This i3 eguivalent to
avaluating the Fouriar coefficients by the traperzeid  rule., It has
baen shown by Snider [1%5] that for a function with & continuouz

derivatives the maximum error in the trigonometric interpolation
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formulas 15 of the order ILKKJI-I*
The trigonometric interpolaticn formulas hava tha advantage
that they can ba evaluated with the aid of the fast Fourier trans-
form. Thus we can reduce the number af computer operations at =ach
iteration from G[KE} to OIK log K). In fact we can avald the
eXplicit svaluation of the coefficients a and hn altogather
and obtain the conjugate function log (ds/dw) directly from o - w
with tha aid of hack-to-back fast Fourisr transforms as follows:
First lat the angle function a - w  at the mesh points 2k and
Zk+lba ragarded as the raal and imaginary parts of a cocmpleax
Tunction
+ ifa

U = Top 7 Uap 2k+l r'*21:.~,+:L]

defined for 0 2 k < K-1. Let [ be the complex Fourier trans-

Form of LI and let |

_j_uk N

Vy = U e : >0

Then the rea)] apd imaginary parts of the Fouriar transform Yy of

Ve yiald log [defdw) at the shifted mesh points  2k+l and 2Jk+2,

109 3¢ k272 109 Tfaan = e -

Onfortunately the contour 18 usually not defined by an
explicit formala, but only by a table of coordinates. Thus we are
chliged to use an interpolatiecn procedere to estimate tha tangant
angle aia) at the walusa 5k correspanding to aqually spaced
pointa ip the circla plane. Most airfoils have continuous slope

and curvature, but it iz unwise to asszume continuity of derivatives

of order highar than the second. Accordingly, it is appropriate
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to use cubie splinea for intarpalation. Sinee neither x nor vy  iw
monotone arcund the contour it is not possible to use splines to
reprégant one ¢odrdinate ad a function of the other. Instead x and
¥ are represented saparately by splines as funckione =f{u} angd ywip)
of a Monotone paramatear p. Wo can use the astimated arc langth =
itself as the paremater. With this cheoice the derivativas of the
functions we encounter may beceme infinite at the trailing

adga. It is better to remsve this singularity by using as a

parameter the astretched arc length

where £, is the total axc langth. This reduces the sensitivity to

Q
arrorg in the cuurﬂinatas.near tha trailing adge.

The combination of tha darivative rapreassntation of the
mapping with trigonomstyic interpoiation by fast Fouriar transforma
and with splines tg repre=snt the contour has bhaen found in prac-
tice to provide a rapid and robust humerical algorithm which i not
critically dependant on a2 high degree of emgothness in the data.
Thug it ig wall suitedﬁtu the treatment of a boundary laysr corrmc-
tion, whieh can laad to ratﬁ&r irregular shapes, particularly in

the marlisy iterations.

5., Twe Dimensional Analysis with_a Turbulent Boundary Layer

Correction

We turn our attenticon ko the problam of adding a turbulent
boundary layer cﬂrr&;tian to the two dimensional program Eor
analysiz of transonic flew past a supareriticoal wing section.
Our approach is to calculate the displacement thiskness § = A

by wmeang of wvon Karman'sy eguation




a8 2
&= " {H+ 2 -u}
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for tha momentum thiskness &, where M is the loesal Mach number
and the shape facter H and the skin friction 1 are detexminad
from gemi-empirical formulas of Hagh and Hacdanald [L4). He
ignorsa the laminar boundary layer becawss it is so thin, and we
injieialize & at a transition point that can be gat arbitrarily.
First we run a cartain nomber of cycles of the flow computation
using a two dimensional version of the new rotated finite diffar-
ance schamsa described in Section 3. Thep we alter the shapm of the
airfoil by adding om a corrent estimate of the displacemant thick-
nags § . After that we update the wap function in the unit ecirele
by the fast Pourier transferm procedure futlined in Section 4. and
finally we retern to the flow calewlation and repeat the whole
process. Various smonthings of §  are introdoced Eo overcome
instabilities caused by the dependence of the boundary condition on
tha tangential presszure gradisnt dq/d5. Howaver, tha most sarious
diffioulty sncountared, which we shall diacuss in mores datail,
gtamz from the inacouracy and rapid variation of the Hash-Macdonald
formulax for thea shape factor H naar the point where tha boundaxy
layar separates.

Areording to the turbplent boupdary laper methad of Hash and
Macdonald [l4], separation ie predicted when the adwverse pressure

gradient becomes s0 big that

«l&

SEF = - i .ﬁﬂ"- ®

o oo

Bayand this thrashold thair seml-smpirical formulas are less
accurate and we have Falt frea to madify them. Thus ovar wost of
cthe alrfail, and in particular through any shock wave, wWa replace

the parsmeter 5EF by .004 if the calewlation shows it to excoed
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that valug. A reascnahbhle simulation of the affects of turbulent
boundary layer shock wave interaction seems to result for weak
shnoks. Bscauge dhe £low cueside the boundary layer cannot
withatand marhitrarily large adverse presgure gradients, and because
experimntal data indicate thak the pressure cosfficient Cp tends
to become linear or e&van flettan out after separation, we allow for
an option that alters the computed valums of CP for insartion in
the von Karman aguation after the final point of saparation by
extrapolating tham linéarly te a basa valuse, Since the adverss
pras=snre gradient at the trajling adge ooght to ramain finjite, we
itarate to determine the hase valve sf the pressure cosafficient
unti 1' the computed distribution of ':p Jjust cezsas o be menotonic
over some preferibed interval near the frailing edge. Our idea iw
ta thicken theg displacement §  pbeyond fipal separation of the
boundary layer until the prassure coefficient Ep beging to turn
around and flatten out at the trailing eage as we know it does

in wind tunnal testx. It 18 our axperiances that this procadure
yialds 8 quite reliable astimate of the distribmtion of lift at the
raay of & haavily aft loaded airfoil.

Extensive somparizens with test data have been used to adjust
the paramaterg at our dizposal in arviving at a schame of thiz type
£s aE te achieve a good computar simolation of the physical flew.
Tha datails are best studisd by axamination of the full listing of
our computer program in Sestion 5 of Chapter III. We mention that
ceprtaln monotenieity properties which the final displacemsnt thick-
ness & ought to have ars imposed as pare af the emoothing process.
Both € and the bass prassurs cosfficiant are underrelaxed to
obtain convergence; the change in the ladter at sach iteration is
made proportional to the amallest ineremant of CP across any pair

of adjacent mesh podnta in & prescribad intarval ak the rear of




the profile.

It hes bean found best to integrate the won Karman egquation
over 4 mesh of A1 points squally spaced on the circumfarsnca of the
unit circls, even when the flow i’ compurted at a mesh rwice as fine,
kecause this leads to the right thickening of the boundary layar
through a shock. Satizfactory agreement with the experimental data
that iz available to us seams €0 have peen achieved (cf. Section 3
of Chapter II},. EBetter resclution would reguire eilther an fmprove-
ment in the semi-eppirical description of the turbulent boundary
layer we have drawvn from the paper of Hash and Macdonald (14] or a
more pepnetrating theory of the naar wake in trapsonmic flow past a
heavily aft loaded zirfoil. We note that Bavitz [2] has alsa
developed an iterative procedure to include a boundary layer correc-

tion, for which he reports good agreewent with experimental daka.

6. Dagign_in the Hodograph Plane: 5 Wew Model of the Trailing Edge

We turn our attention to the problam of design of shockless
airfoils by the method of complax characteristics describsd in
Volume I {ocf. [1]). This transforms an analytic function dapending
on many arbitrary paraneters into a sgplution of the partial differ—
ential sguations of gas dynamice. The main difficulty lias in the
choias of parameters to obtain desired properties of the flow in
the physical plane. Wew insight hag been gained by axparience and
ag a ragult of wind tunnel tests. In particular, it hacs besn found
agesntial to improve on our old model of the trailing sdge.

Sevaral pf cur airfoils have been tested in wind tunneis
arhi¢wving high enough Rayneolds numbarz sc tha boundary layer
becomes turbulant theoughout the transonic zone (¢f. |7.3,9%)). The
agreemant between theoratical and axparimental pressurse distribu-

ticng turned out to be batter when thars was little aft loading
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and no boundary layer aorrection than it wags in heavily aft loaded
cases with a boundary layer correctiomn, for which the cbserved lift
was fiftesn or twenty percent lass than its pradicted valus., The
logz of lift for the corrected cares seems to be dus to bBoundary
lLayer =aparation over the last thres to five parcant of cherd on
the upper zurface of the profila [of. Chapter II, Sectien S,

Figure €). Sinoe, as wa indicated in the previous section, large
advare: pracsure gradients in the axtarior flow sinnot be sos-
tained by the boundary layer, the design pressure gradient
obtained near the trailing édge by the hodograph methed ought to
remain bounded on the upper surface. Hasavy aft loading can skill
ba achieved by nllnﬁing the favorable praszure gradiant on the
lover surface to become infinite [(af. Section 1 of Chaptexr II). The
purpose of the present section is to describe a refinement of the
Hutta-Joukowski model of the tail in the hodoegraph plane that
enables us to generate such prezsure distributions, vhich are like
thoge chaarved exparimentally (of. [8]) and should, therefors, give

rige to much less lozs of 1ift fin practice.

The methed of conplex charactericstics constructs a flow frem
initial data defired by an analytic function g af the complex
variabla n apecified in & Plane that is analogous to tha hodo-
graph plans, but is simpler because a substitution has beon mads
so the mapping to the physical plane becomes one-to-one. Since we
deal primarily with cusped tails, the Kutta-Joukowski condition
implies that tha image of the tail in the n-plane lizs at a
critical point of the strasm Fuaction ¢ fdentified with some
finite spmed gq {cf. the figures in Section 1 of Chapter II).
Corresponding to the airfodl there i a prefile P = 0 in the
n-plane which must anclose no singularities of the input funection

gin) wother than one at n = 0 asseciated with tha peint at
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infinity in the physical plane. In Volume I we allowaed the strgam
fupction | to have a period about the origin in order to obtain a
thickness at the trailing edge from which a boundary laysr correc-
tion could be subtracoed, Howsver, we now ask that r remain single
valued and introdowee a pericd in the physical coordinate ¥ ingtead.
This has the advantage of paking the values of the pressurs cosfficli-
ent cp match up across the two edges of the trailing streamlines

¥ =  that proceed from the tail out to infinity and in effact delin-
eate the boundary layer wake. The new madel ot_the tralling adga
thus abtained agyress wWith the one we have peen uwsing all along in
our analysis programs.

The requirerment that the advarse pressore gradient remain
finite on the wpper surface of the ajirfoil near the tail means that
in ths n-plana the ocorresponding arc of the profils must becoma
tangent to the level curve of the spead g through the tail. There
ara two differapt ways this cen happep. First, wa can impose 2
=imple critical point of ¥ ac the Eajl. wich g 3tationary on the
profile = 0 &nd with the angle of tha flow monotonically increas-
ing as we pasz from the upper surface to tha lower surface. Both
surfaces Are concave at such a tail, which has an appreciable bhaseg
prazsurs coafficient and does not generzte axcesgive ait loadin;’
(cf. alrfoll 79-03-12 in Section 1 of Chapter I1). Second, thersa can
bx a multiple critical point of ¥ at the tail, with g stationary
only on the gpper surface but exhibiting an uwnbounded favorable
gradisant on tha lewar surface, and with the flow angles above and
below turning dcwnward to form a hook at the tail (cf. Airfoil
72-06=16 in Smcoeion 1 of Chapter II). 'This is the case of a heavily
aft loaded airfoil, and its success depends on the pressure comffi-
cimnt being nesrly zero at the tail. Thus the speed at the

F
tall iz almost the same as that at infinity and the flow angles
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Ara gizeable, resulting in significant aft camber. W®When ocur design
program is used to implement the o configuratios we have describ-
&d, the new input parameter WCR specifving the numbsr of

constraints, which controls the order of the critical point of ¢ at

the tail, mugt be set egual to five and seven, respactivaly.

7. Design in the Hodsgraph Plane: Choice of Parametsors

The purpoEs of this section is to describe improvemsants in our
desgign method that have been introdoced sincs Valume I appeared.
Soma mincy additions and corrsctions to the baxic computar programs
have bhasn made, and they are lixtsd in Secticon B of Chapter 1III.

We balieva that the better model of the trailing wdge which has
besn prasantsd in Sscotion & should bs used in designing any futurs
shockless ajrfoils, We have alzo worksd out a numbear of naw
examples {of. Ssaction 1 of Chapter 11}, both hefore and after tha
discovery of the more dasirable treatment of the trailing adge
problem, and they furnish perhaps the best guide available to thosa
interazted in the desitn mathod, which has turped out to be harder
for the uninitiatad user to iwplament than we had hoped. Hare we
svpplament the sxampla= with a brief aceount of the improved tech-
niﬁu&a that enabled ux 0 arrive at them.

In order to design & transonic airfeil by the mathed of
complex characteristicrs, we plek a dezirable loscation, i.2. desir-
able zpead and slops, for the fail and lay down automation paths
through which the profils cught o pass in the subsonie part of the
complax n-plane, whicrh plays the rola of & hodograph plane. Then
we placs logarithmic singularities of the inpuot fumetion gin),
whass comfficisnts are to ba found automatically, at appropriate
points surrounding the profilsa. We diztrikute more of them near

the tail if a multiple critical point of the stream function
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ig impoged thare and if saparation iE to be avoided by fitting the
profile +a 2 laval curve of the spesd . To ashisve shockless flow
few  ponstraintes should ba set on the suparzonic are of the air-
foil. Howsvay, the prohlem iz overdeternined not only besause of
ite transonic character, but also becanse we tand to imposa too
many interpolation conditions in the subsonic dowain. Thus the
most importent consideration iz to choose the branch point B of
tha transformatisn from tha n-plans te the trua hodegraph plana,

thea looation of the tail, and tha more significant parametars deafin-
ing the analytic function g{n! S0 a¥ €0 arrive at a covpatible
configuration. A good general principle o fallow is that as Eew
constraints as possible should be introduced and a5 few logarithms
85 poggible should ke used. Moreover, the coefficients of those
terms that ars reguirad should ba made as small as posgible. Tha
chiactive then bacomes to ohtain a smooth, closed profile ¢ = 1
with as many dssirabla physical properties as the varioue trade-offs
of the configuration &t hand allow.

Af wWa hava indicated, the Firse shocklass airfoils we developed
that had heavy aft loading failad to come up to their design speci-
figations in wind tunnel tasts bacausa we did not shape the profile
in the n-plane xlosaly ancegh to the lavel curve of g at the tail
to eliminate gignificant boundary layesr separation. Our present
belief is that thie fit zhouid be carried far encugh to ensure . that

the inequality

CEF = =

O |
#&

< .004 ,

which we use az a sriterion sop the momantum thickness € for no
separation to take place, holdsa in the flow calculated by the hodo-
graph method, which coours cutside the boundary layer. Airfeils

conforming to the new criterion have more cambar near the tail than
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worresponding examples dezigned hefora (¢f. Alrfeil=s 79-10-13 and
T0-11+~12), which halps =xplain why the earlier models Exptrienced
a losz of lift. PRuns of the analysis program we descriked in Szc-
tion 5. which seems t0 sifnulate test data wall, do suggest that
five new airfoils we dasigned thecratically to have no separation
cught to meat cur zpacifications in practice lgf. Airfoils 7%03-12,
72-06=15, 7)=08-14, MM-10-13 and 65=L4=08). For a more satisfac-
cory werification of the theory we look forward to seeinmg the
axparimental results from a test of one of these airfoils now being
plannad at the Hational Reronantical Establishment in Ottawa,
Usually & new airfoil cakes hetween 25 and 100 tria) runs of
the computer program o design, with most of the runs uslhy about
five miputes of COC 6600 machlne time at meEsh parameter MRF = 2.
HoweEwer, John Dahlin of tha McDonnell Douglas Corporation was able
to design Airfoil 71-08-14 in only twelve runs starting from a
ccmbinatiem of the input data for Airfeils 72=06=16 and 70-10-13.
Full automation to prescribs the location of the arc of the profila
ingide the sonic locuxs of tha n=plane ix raconmmended. FOor a case
with specifications cleose to thoss of ona that has already been
finished, 25 runs should suffice. On the other hand, when we tried
out the concept of gliminating saparatjon by fitting the profile
# =.0 to th% level curve of o through the tail in the n-plans.
both cur first example, the heavily aft loaded Airfoil J0-10-13
bhazad on & multiple critical point with NCER = 7, and our second
esample, the leow 1ift Rirfoil 79-03-12 bated on a simpla critical
point with HCR = §, required about 100 runs to perfect. The diffi-
culties ancountercd ware to mest a large collsction of interpola-
tion conditions near the tail. The problem of achisving amooth nose
curvaturas, which cauvsed a ilot of trouble in preparing the

axamples for Volume I, iz now made significantly aasier by locating
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only one or twe logarithme in the left half-plane., by cutting off
the sutcmation paths well short of the nose, and by chooszing the
paranetars XU and XV that control the slops and curvatere at the
gtagnatisn point so that thay are mors compatible with the auto-
mation paths. ‘

tne of the most subtle aspects of tha inverss method of
dexigning trangonie airfalls 4y the contral of limiting lines that
result from overlag in the transformation frew the hodograph plene.
It if aE important o contrel the limiting line that tands to
appear at the front of the superonic zone, vhere there is a
pressurs peak, 4 it it to elinminate sharp gradients at the rear,
where shock waves will appear at off-deeign conditions. In our
imethod, problens of interpolation and analytic continuation play a
significant rale in the location of logarithmic singularitiss of
the initial fusstion gin). Experience shows that the liwiting
lipnes are vary Eeneitive to logarithme situated in the transonic
région of the n-plane just below the Bupersonic paths of integra-
tign (Gcf. the figures in Section 1 of Chapter IX). We have found
that a logarithm with a pure imaginary automated coefficient should
be plased near the negative imaginary axis in thia regien., The
position of a second fully automated logarithm near the point
n=-.,1~= .41 then axercigpes strond contrsl over the pressure
paak at the front of the supersenie zone, which is alse favorakly
influenced by a heavily waighted avtomaticon path making the pro-
file cross the sonic locus warly, say for Re In) < - g . A pacon-
dary peak appears in front of the primary one when thiz logarithm
i3 moved toward the sonic locus. Howevay, by carvaful adfjustment
the secondary peak can be merged into the primary one S0 as to
form an unusually well rounded pressure distribution with saper-

gonic speeds attained within five percent of chord from the lasad-
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ing edge {of. Adrfoil TE-06-10). Sych a Qistribution can be
gxpected to reduce the drag cresp that tends to occur just below
the ghockleos dezign condition. Experience has shown that dezign-
ing airfoils near the limit of feasible gpecifications leads to
poor performance at cff-design conditions. It is preferable to
reduce the olza of tha supersenic zone by subtracting, say, .91
from the maxipum pozsible design Mach number. This also tends to

guppress drag creep.
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II. DATA

1. Catalog of Transonic airfofils

In thiz gection we present sowe of the mors promising adr-
folls which we hawve baen able to design. Thesa are label)led with
gix digit nunbers composed of successive pairs indicating the freas
stream Mach nwrher M, the lift coefficient O , and the thickness
cherd ratie T/C. Fer svary axanple there iz 2 plot of the airfoil
gecmetry and the Mach lings together with the design pressure
diztribution. Thears is alse & plot of the n-plans, related to the
bydograph plana, which shows the locakion of the legarithms ans
automation paths {(cf. Yoluma I} plus the remainder of the
integration pathzs From Tape 8. Listings of Tape ¥ and
the autonstion patha from Tape 6 have been includad. This should
znable the reader to run the axamples through Programs B and D and
to use them as starting points for new designs. For our newer and
bettear airfoila we have listed %, y coordinates also, so that it is
not napassary to run the programs to okhtain a dafinltion of their
gecmetey.

The newexr airfoiles are given first. The best ars 73-03-12,
12-06-16, 71-D&-14, MW-10-13 and €5-14-08, wvhich incorporate the naw
mode]l of the tail Aevigned ee eliminate boupdary layer separation.
BizEcil 79-03-12 uses HCR » § (zee pagex 27-28) and has a leow 1lift
coafficient in the ranée suitable for axecutive jets. Alrfoil
TB-0&-10 iz notable for its wery smooth prassufe distributien,
ohtained by contreolling the limiting line at the front of the super-
sonic zone l(see pages 31-32). Adxfoil 72-06-16 is5 the closast wa
have come to simulating the supercritical wing of the T2-C. ARirfoil
T0-10-13 waz depigned especially for R. T. Jones to ba usad in his
plans for a trangeonic transpoert with an obligue wing. It was

designed to maximize the product HECL while having a thickness ratio
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of twelve percent and meating constraints imposed by the nesd o
avpid drag eresp and geparaticen. It iz expected to give an optimal
thirws dimn;imal lift drag ratic at moderate gsupersonic speeds
{ef, Saction 5). Airfoil E5-14-0fF pesulted from applying the same
eritarion. Airfeils 70-11-12 and 65-15-10 are inclonded largely for
purposes of comparizen: they have cusped tralling adges for

which saparation cannot be avoided., Airfoil 60-13-10 is

an axample of a subgritical design.

Aivfeila 75-06-12, 75-07-15 and B2-06-0% are from an clder
series, and are ipsluded, not becavse they represent the best that
van surrently be acshieved, but becavse they have been tested {cf. (7,
B,9%]). The Grumman A&rcEpace Ooiporation used Airfail T0-07-20 as
a gtarting point to davalsp an airfail by our design mathod
for & series of tests in their transonic wind tunnel (ecf. Section 6,
Figure 6). A version of Airfoil 78-06-10 has been tested by Whitcomb
at the HASA Langley Research Center. There are also plans for a two
dimensional test of Airfoil 79-03-12 in the high Reynolds number
wind tunnel of the Wational Aercnautical Establishment in Cttawa,
for a three dimensional test of an oblique wing kased on Aarfoil
T -10-13 at the ¥MASA Ames Research Centar, and for a kwe dimensional
test of a modified wvarsion of Adrfell §5-14-0F at the Grumman Aerc-
space Corporation.

Gur final examgls iz a2 compressor blade'which was dgsigned in
collaboration with E, Hﬂlnt&rﬂ {(cf. (11)). 'Thisx was obtained using
4 new program which permits the design of two dimansional cascades
of aivfoils and will be published elsewhers [10]. Additicnal
transformations of the n-plane allowing for additional branch points

sanable orfe to design highly carbered blades suitable for turbines.



0.0

e

37

k=143



=.7490 Cl= .2382 O¥=.018 T/E=.123




=g=l09

2z

™
2

RUN= =10%

OFF23sIv

CIRCULATORY FLOW 3B0UT A TRANSONEC AIRFOIL

ME L, TH0 ChLx ,292 ar=s

TAPE &« PaAT

g 0
-, 800 &,00

sl ,000 0,00
2 0
«300 OB

r-11,] = 06

TAPE T

+12 1% .0a 1,40 ,THD =
4 & 10 13 1% 1F 18

58 53 %o 57 3p &y A2

-a “55
0.000

a 102
0,000

10
=100

.« 203
119

051
LY}

=, 022
Fa0G0

« 157
070

=065
- 027

1520 15D S TY
anlT0 BT - 16%
21080 -.350 0,000
=2.000 0.000 0,000
=030 =, 310 L0859
0,000 .500 0,500
L4600 L1000 . 04N
G095 032 (O3B

q14

[} 2
1 2

b 2
4 Z

M1

a3 M

=y 320

- Y

0,000
0.000

« 185
0,000

-
- D-’B

T/C= +123

-, 052
L}

N-1.1.
400

.2.000
w2000

« 300
0,000

 Sag
$.009

«120 19D
38 43 a9

« 300
018

0,000
TL.00¢

= 509
=900

+ Q50
1.000




A

AUTOMATEON FATHS

0

=470
+170
+2hl
+ 335
+ 350

3 0
-, 910
-, 830
-, 700

0
-y 10D
=, 600
510

200
-, 410
=,580
-, 590

+ o
+«120
24D
+310D
39D

LI
370
+ 390
« 535

= 130
", 325
- 350
=160
-5 070

=y 330
=t
= 5G0

=y 500
=, 300
=y u Tl

+390
WH1D
254

1295
320
L1
150

« 160

o DRl
-4 D45

' [
by LAY SE P A O D

A -




LL5TING OF COORDINATES FOR

1.00004
LI5S
JPPR1E
LT9578
JTERT
KT}
JI5312
LTS
37005
LPE2LY
75352
LOUAEL
.733p2
L2150
-l
BIE1S
Jadzag
LJAETTR
a5gat
LABGAR
+SH20TH
JH0823
+TATH1
~TToaz
“TE504
113
2 TLT®3
R ITTR
JEBZaB
K1TYL)
R-LTE]
LJE2ADD
LE09T1
L9132
JATEMY
JARuag
10358}
JAl&BE
JHIa1L
JTa3
JHE051
ST
Jreine
LR L
-1 14
JAETAY
. He9pd
53128
L5139
29599
L2TATE

¥

b.0000G

0H0d2

«0ap07

+HO0LE
+00H2%
2000356
+000%5
00030
LT
+000SE
+000%7
+0andl
+0oQ0a
-+Boni0
= o BOpaR
-+ B0 58
=+ D023k
- DH381
=+0053%
- 00F1Y
= 3DSED
= 01157
as01408&
- 01673
- G197
s BR22T
- P2508
- 0278
- 03054
- 13312
- A355T
=y NATHS
- 033%5
- 041HE
weOu3aT
=s 09510
e P 5EH3
-.u“?&&
s Qupie
- DN IY]
=aQBO10
ma NEQET
-2 05104
-s5131
s U145
-+ 05146
1 L R- 1
~s0E113
- D0 TS
- 05432
wsDugTé

L

SE0INS
U053
« 90 AGE0
,00371
L0058y
00897
00411
L0422
JO0%30
LOauiy
O3S
200425
00410
00335
+003%3
«NDZ2EA
LOn20n
L00093
=, 00T
- D024
= D0%N1
-.ﬂﬂ&!t
-, 00970
-.ﬂl!?ﬂ
- lﬂ'ls‘ﬁ‘l
-, 01094
- 02213
-, 12530
= Q2RLT
-,03039
=, Q336D
=, 03509
-, 0383%
-, 04038
= 04224
=, 04938)
«,04323
-, Q4545
= ﬂ'-l'l'ﬁﬂ
-, OUAZS
+a QU2
-, w71
+~,050L5
= N504T
-, 0506E
=, 05270
- 05064
-, 05045
-.D5015
-2 ANSTS
LT R

RARFOIL TS=pd=17

AND

w2048
-2.38
w207
=177
wl MG
=1.1&
.l'*
=52
=17
20
1%
1,06
1,38
2,17
L]
3,62
%46
5.3
6,20
T+
T.70
8,27
B.59
B.9&
.08
9.10
8.97
2., Te
d.3%
T.9%
T et
k.85
&y23
3,62
4439
4. 35
da8l
.27
.77
2.30
1.86
1.u%
1,03
+63
=u15
-u 53
'lgl
=1.,33
=1.E9
2410

KAFFA

=1%, 6@
=T,18
=2a b
=1,92
=lakt]
=1.18

"gg
-.B9
-.-U'l-
=-,81
=4, 811
=Pl
= 87
=a93
=99
=1.04
=106
=1.03
P9
B2
=sET
-.51
=y J%
-2
#.uT
W6
18
28
.7
NE
SE
57
|59
+60
1
55
g
B
"1
L
M0
+ 29
-1
y &7
«37
« 57
37
.1
-1
R0
+%2

CFP

« 3010
L2022
+ 3032
+30940
12T
L3159
L3192
3229
3271
3L
» 335
L3413
LY
« 350
+ 1586
« 5524
481
3385
323
+3013
+2T30
1Y
+2REL
+1&08
<1180
LDERS
+oLE7T
-. 0327
- DAYT
=, 1371
= 1803
- 2374
-.a'ﬁiﬂ
- 3240
-, 2395
_—
-.'H.Eﬂ
-, #3342
-, 4510
- BT
=, 4734
-, $B4E
-, 4917
- HTT2
"|5°15
-, 5052
-y F082
= 5109
-y 3133
= S14E
-y 3199

TRET)

«D02u5
+OR208
+AGEDS
+O0257
+00288
SO 294
«0029]1
LO0E92
+00293
00298
«00297%
00298
MULER T
Q0531
« 00301
00304
+ 2028
«002AG
«OD2TH
2564
«BRENT
0225
A02L0
00192
AFLTE
001 k0
ADLYE
«00L3%
00122
00112
00103
L0005
20008
L00Da2
+000TT
L0073
«00869
+00846%
00052
«00059
+0005%
00054
00351
Logua
« D045
000%g
guﬂﬂﬂe
-00039
« 20037
~0003%
+00033

RNaZ204+0 AILLION

SEF

o, 00437
- D029
wa 0OATE
-z Nfza?
=, 00203
= BOLNT
=a 00123
- BOLLT
=013
o 00LOY
=y 0002
-~ D003
w00
-, ODpE2
=, 000L%
003
« D00
+IBL5%
+OD20%
30250
OOETE
L00285
+00251
L0259
«GD2SH)
072351
0nzlo
«Ja18%
JU016T
00145
«DO12E
LOoLayT
00089
Laopre
00057
OO0
« D00 34
00026
00agE
«O0016
00012
+00009
«O0007
+O000%
« 20004
~o0n0E
wIO00F
20002
«20001
00001
=-s 00009



L2B18%5
L EUBST
22906
21324
19784
Ll8298
J1EBqS
L35452
Llu11p
L1782
11603
layus3
La93p2
OB
Ar2re
Y T
LA5aT6
LHEET
035719
L3233
L0PE11
‘02054
IR
L1138
.un7es
N IT))
Ln0zgg
_uuaae
L00pas
o, ronagd
N LTE
Len120
eozTe
oSy
LLELE
Lri1a0
L0132
L2156
02T
L0310
L0%138
Laug3g
045795
LOET2D
ATT3E
L8812
LG998
11160
LA2u2T
LATEZ
L1513
6568
L 18050
L198801
L211%8

L

+s D408
--0kn29
=+ 04739
s DLEDY
=s D450
- ARyl
- IH2AD
=aPy19a
=+ 0399
-y 03835
A NFERTY
-+ 03086
=s 05262
- AR
«s 02812
-y 0 E25AY
= 02513
waD2ZDNE
-+ 31769
wedinfy
e U1LF1
e FNRTE
- 008%0
=y I0ZE2

00029

B03NE

H0eT1

+P1004

+I1EN1

- eBlalu

+OLNST
02313
LO2R1T
002501
+D3180
ML
03698
« D848
«O%159
sDNy2E
08633
+Ieasl
+050%5
tﬂﬁZgl
+D5387
« 05599
05597
«05B4E
«0590)
|?i113
+OR23S
1063299
«O0tRTl
05575
yOERTE

¥s

- DHESS
—a 04 TTY
-, OETS
e 04597
-a DN NI2
- D ATT
- D4Z83
e D11
=, N39T1
wa 03011
=, 036350
- 03051
=, 03280
-, 03036
a, 02007
—yn2ibe
-, 02312
a 2045
=, 0176
w, 01%EN
=, 011%1
-, 00893
. DDSS0
-, D282
«DO0RS
L DOBNE
O0ET1
» 2100%
MR LY
«OLETH
LOLF9T
L0231z
LO281T
02%07
03180
MUEL LY
~03678
+ 037408
«Ok189
L LS
« %543
«D%BED
~050%1
205217
~05350
«05535
+NSEBZ
05823
~05948
«QenB7
AE20%
W0E325
ML
«05533
fOES2E

ANG

=292
=-2,9%
mlyhp
=5, 82
w27
4,77
PR 1 )
-6, 02
by BD
N L
«B.70
-1
sL1l.0%
-‘.2. !g
-IH.HH
«15.82
'17131
19,27
=2] &
23,87
=Zb. b3
~29,. 4%
=33, 67
=38, 3%
-y 55
=-52,13
=~&1,.04
=-£9,81
=T9.21
-48, 91
=100,6%
=112,14
wl22, %%
~132 .89
=101, 81
=148, TA
=192, 85
-156,27
+19F, 26
-16L &5
=164%. 22
=-1LGE, 40
=168,.40
170,01
=171,1A
=172, 07
=172, 81
=1 13,43
178, 02
-1 T 5N
173,02
=EF5, 47
=175,.08%
176,29
176,68

42

KLFFa

alky
T
T
aDn
263
o Th
B
110
1,3
1,33
1,77
2,03
2437
2.TH
2,19
3,71
w35
S5.18
6e29
T2

10,06

13,35
12.61
26.6%
.43
L1 )
yi e
BT 45T
L1
B4, 50
SE.4A
5p,52
45,10
31.2)
1848
17.80
8,29
Ta21
5,85
5,99
%31
LY ]
-
1.6
1229
1,01
B4
T3
-t
5T
52

« B8
]
ol

e

=, D1%E
-, 5129
= AL20
-, 5143
=, 5175
«-.8201
=, 3200
-.5168
= 3073
- 4931
=4 T50
- 44569
L
- 5Tys
w, I7HT
-, 2608
= 2057
=5 1Eu5
=, 0062

0297

1240

L2279

43T

+AT738

+RE3T

, 7957

»BT12
1.,1083
1,167
1.1273

a1

© L7330

L4350

L1152
-, 1013
-y ¥
.o 3235
e
- 4892
-, BENE
.. 6390
we 714
-. 7793
. 8219
- BEBS
-.b3p0
8387
-, 8385
-.B071
v 7555
-, TO42
-4 7736
o
-, 1535
-, 7479

TRETA SERP
y0003y  «, 04000
00828 -,00000
Ndo2e +00D0Lk
A0D2y LARa0
Jiandz 00001
Q0020 8000
00018 o, dpopl
JI0DLE .. TODOB
0001 &, 20D05
0002 - 00006
L0010 «_DOODOT
00009 .. DODOB
LE00QF -, 00009
L0005 -, RO0G8
L20002 -, 00004

TRANSITION

STRGNATION

TRANSITLON
LO000E L0000
.d000e 70000
+O000a LAoh0e
+O0010 L0003
LO0012 SO0
.10 1" LOHOL
+O00LE LADDOW
+BUhla YL
D00g0 L
00022 +TR0OY
«D002S LODDOY




LE2TTE
-TTEY
+26137
LJETATD
LR85
ol431
=114t
L 35090
1% T |
JHBNGG
JHOTHD
H2651
L)1
JHBURT
JHBunb
50328
D2z
Sy
-ty
Ar9a3
2PATAl
E15099
C63uy?
LES21Y
JETON0
JEBTER
o TOUR9
JTZ1ER
- TREDY
LFS4nn
TTOEE
. TBEL]
BRE2R
LBLTED
LTI
o474
TIRT
JBTHDE
YT
90691
1296
R-ET%
L9852
LIIELY
1LY
IR0
SAT05%
JHTTEY
R-1-1-3%-
1115
3¥25%
+IT584
LATELY
L9993
1.004900

Y

w5 7R]
-0EB%2
«08913
«BEFTI
«0T0 56
+0708%
aftTLEE
+0TL58

+0T183

L9799
«OF207
0207
wOTLIE
«0TLAD
« 0TI
«+07118
«NTOTE
~0Fn1YT
« 055932
«OEATE
«DETEE
+DERAT
+UESTE
« DR4YHS
+ 05293
«ORLEW
«OE93E
+IET20
205493
« 05232
«HEAG2
DB THT
TS
08233
+03953
SOET3A
LO2503
«O03280
03071
«C3ATT
29N
«UIS3E
P 02395
02268
02158
+O206S
01906
LO1021
01869
+O1R2N
01798
«017TH
+CLTEL
01755
#OL?SL

LE

+O5T11
+DGaTRA
+0&05T
+OEFLA
+O6IT D
+0T0LS
+OTDEE
~OTOEL
«OTLD1
+0TL13
+OTLLE
+OTLEE
L0TL0)
+LOTOTS
0O TO%E
OTa0%
+ D632
DR
+ 056829
+BETHE
+055595
+» D554 E
» DESZY
+OR2BZ
+0ELLE
05329
+OITRT
~OSNBE
«NEEED
w0 TR
~DREF2
039D
JONNFT
+03803
L03512
+OF22T
LD2I5L
+J2683
ML L)
+O2213
J02014
«O1BE]1
+016843
« 01558
LORYSD
«01360
LO1ETH
+01198
2011154
01030
LOGFLE
00782
LQ0saY
LJAOS2R
N0&D0E

ANG

*17T.0%
177,380
=177.T0
«176,01
*178.50
-178,580
«lT78.85
178,12
=179.38
«179.63
«179,.88
alpd,1n
=180,3%
«1l80,6E
-1680,%3
-181.21
«181.51
-t81,82
albi, Iy
182,49
=162,80
~183_ 32
=183,05
184,99
-85, 28
alBb, B2
=186, T3
=i87,48
188,08
+186,38
148,56
=i89,25
149,43
2149,52
«149,53
=189.4%
-189,55
169,113
«158,07

‘a158.56

~185, 21
187,82
-187,%0
-186,96
-186,52
-186,07
=185, 53
185,20
-13%, 79
=109 KD
~158%,02
=183,66
-1583.32
+162,.99
-182,68

KaFPA

Y-y
B34
32
30
0
27
»E5
25
24

- 23
+23
23

e 2h
2%
23
26
2T
29
w31

- 34
+39
+E
+BA
7

+ B0
75
+BT
+57
MLy

+ 36

+ 28
+15
+16

P .} ]
=,12
-1 |
=29
- .38
. T
35
.65
-« TE
=80
= 488
=95
=1, 0%
=1.1%
-1,25
=145
-1,12
w2 25
-2.93
at.NBE
=19,8%

CF

-y TN
=, THLY
=, T282
-, F224
=.TiT1
-, 11256
- Tﬂﬂﬁ
-y TOEY
- TOES
=, 7010
-, B5Y
-o 69080
P -] -1
=, 5949
= BFET
-, 5901
=, 08T
=-,6838
-s BTHY
ETL XL
-, 5658
=, B339
-, 30U
= 5003
=, 354y
= 2970
-, 4533
-, 3RSy
-a 3062
=g, ENTY
-, 1879
- 1541
- DBL3
=, 03583
C 0039
O%EY
077
«1093
+1383
J1BNZ
LieTt
2071
y 2244
2391
2514
2B16
26499
+2TET
2821
L2867
1101
BT
29Ty
, 5002
L3010

THETA

wDODRT
«00029
+ D032
+00034
0036
«20038
20041
+300N32
+OODYS
Lo0ka

T B 050

L0527
+ 30034
L0037
G052
« 00061
«P006Y
«PQ0EE
+D00OKE
«00071
+2on7y
+0007TE
LO0gTe
00083
008D
+D0%E
+IOLAE
+RIL1S
LO0E35
20137
« 018G
20163
«201TR
20172
L0208
o023
T HEY
« 0 E0e
«+O02TE
“GU2ET
L0302
+O031&
« 0329
& 038G
«D0E5y
M LEST
M LEL L
L0030
00378
003te
00383
« 00385
00389
00392
T EY

SEP

20004
20004
w000y
D004
20004
00003
«0000%
~One02
M T-T
«O0O0N2
«3F00L
3002
™ 11114
ROn32
» 30003
«F0003
« D000
LR000E
20007
00011
« 30018
L0029
o DODNT
ODOT2
30100
-B0L2E
IR
JROLTS
+OOLI
00212
30228
T LY
«F0256
~I02ET
+ Y0280
L0291
+70%00
+O050a
«OD313
+00515
SODE13
+O0E07
00295
00283
O02eT
00250
L0032 35
+O0223
02
00240
00279
00333
00385
«O0g20
P03




M=.780

CL=

591

D¥=.016

T/C=.102




Sp

M=.780 = CL= .59 0Y=.016 T7C=.102



& =87 L)
23 1 z
a1 43 49
58 = 13
--1"-5 'sE“T
N1l =.0N0
0,000 D,p00
e 130 « 525
+n07? 03T
L211 32
115 LO4%

Ry

=-A7

08r/21,73

CIRCULATORY FiLlw A30UT A THANEDWIC alIRFOlL

Sy

M= L7180 tl= ,591 ar= ,01e
TAPE &« PATH O
1]
-,500 D,0080 2
wl, 000 D000 -
I
L300 L5002
Julh - &0 2
TaPE T
L2 L1585 .08y R0 LTBO J.DpOO
s & 9 ip 13 1y LT 18 22
By 54 ST a3 Ey &
+« 650 L0508 +002 =,134
.550 -.!-DD --DES ltlﬁ?
—1.3(10- .El.'lﬂ -alﬂﬂ -.5’05
w2000 0 000 DL,000 4,000
|E°° '.Ill'.lu |E‘Gﬂ -.'ﬂlﬁ
- 096 -, 200 =.320 200
JUED 100 - 053 L0700
+0T .019 +0%0 =, 012

/6= 110

walle .
i} 3%

vABD
«SHD

=a 10
me D00

=~y180
=070

+ 500
L.09d

2

653 1.0
ar x4

-27T0
=270

» 550
f.000

=870
=~ RA0

L -1
L, 000



L]

s

s

%

%

Iy

AUTOMAFION PATHS

0

- 950 -

- 880
-.800
. 700

b
«, 700
- DE0

)
«: 100
245
L300
L2245

]
. 10D
L245
T
170

L)
-.075
e 180
=270
?.390
-, 530

1]
+u 530
-, &85
-, 190
+, 530

0
. 078
060
L 200
270

0
L8270
LHL0
L350
BT

=290
= %090
=450
=495

- 433
-, 495

--Eﬂﬂ
=, 820
=, 3p0
318

=200
'-Eiﬂ
"’lns'l!'
-+ 310

+ 240
.2?“
+ 520
o 304
» 390

+ 350
+ 340
- 29'.'I
220

+ 240
280
280
+2BD

280
+190
SO40
=, L00

= e T,



4B

-1.2 1
*h“_***
C Ty
F Frey
++*‘
+1‘+
-2l +,*
4.
¥ P LR Y .
& r ) +
* " +
-4 1 ¥ + * T "
+ . R
+ +
+ + 4
-
4 . -
+ ++
0.0 " +
LR 4 1,
-
+*
+ *
-
+ L]
+ 1-
- +,,. *
L .
. 4
+ +
+ Tyt
L
+
=]
vl of +
¥
+
1.2 1
I
ﬂﬂﬂﬂﬂﬂﬂ —

H=.720 CL= .68 DY=.0iB T/C=.160




M= .720 CL= .6049 Dy=.018 T1/C=.160



=guldq

23

Ny 5p

-, 252
L)

TT
D,ndad

- 142
l'l-“9

-, ikl
187

M
2
35

=yl 'HI
177

0.0p0
a.on0

«361
=1l

+0TL
-.008

RUNE =20

Ors3dsTh

CERCULATORY FLOW aBoUl & TRANSQNIC ATAFODIL

nE T30 CLE &0% urs
TAFE- gy PAT
2 @8
- 80D o,0n
3,000 a,on
t 0
+ S0E 0,00
+330 - 3%
TAPE ¥
12 13 05 1,40 « 720
% [ 3 1p 1% 1a 13}
% AT 5S4 &1 63
« 680 «0T0 + 118
B850 A, 2T0 =129
«2a000 O, 00D 4,000
=2,000 0,000 0,000
vE6B =, 291 -. 200
wy150 = 550 =a191
200 L010 . lTH
16T LOTFT +LOTS

L1

Hn

i n

B 2
0 2

wBal
3 1z

., 537
=132

0,40
D, aco

138
1718

P 217
=.012

T/C= L3160
w109 J0&D 1,50
hy 48 4%
-1 +wg0
= O30 630
=2+000 4,000
2,000 d,000
100 =.%28
«400 =880
=4100 +050
1,000 3,000




AUTOMATION PyTHE

5 6
1,000
=910
=, 730
- 710
= B30

& o
=940
=, 720

& 7
-, 128
210
- 410
=, B30
~. 740

3 0

w 098

0,000
102
200
80

5 0
L 280
LY
La80

3 0
Yy
L, 500

LT

x 0

- 100
v17Q
w220
200

L

=,100
« 280
« 3RO
L4000

51

--Eﬂﬂ
a 450
=340
-, 550
‘4559

« 200
« 57

1T
« H1E
Ty
490
L420

370
582
a3PE
L0
il

W40
Y
-, 030

-y 050
=110
. 310

=, 1Tp
=, 370
=, 310
270

= 170
=, 2T
=, 280
‘lﬁaq

[LEL R PR

=1

R o R

]
[ gy

1
FEe




&2

LIETING OF COOROINATES FOR ALRFUOIL T2-pfb=-16&

x

1.000D00
L
JI9En?
LI5el
L3921
LFRTER
LMY
LATEDL
LIETNa
L9579
LI TR0
L 93ea3
KV L
L71e9s
KA1
JUBLEE
LBBSEE
 Buen?
,Ba172
LHL3BE
T
JTTRTE
TETRT
Jriaz)
.T1878
1L YT
LT
65547
G398
LB1997
_600%YT
1T
JIEL1ET
131+ 4
JA2s79
T LT
~HEEAD
LRAEL
eS05%
71T
LB
-1 E)
JATea
36217
11T
LAZTLS
31065
29387
J2TTES
J2EENE
~ENENT

¥

D.0QOQ0
00Qi12
00n4T
+On1 DS
o185
JOoeR0
a03e%
+ADK9E
+O0R0E
+FO71E
+00nl1
«00a92
20093
LARORT
(00991
00963
«R0R%R
« DTS
0853
Loy T1
«HOR2GL

T 1

=a00228

-« LOGEL

wa 0972

we0128E

“-pHLTND

- 02158

=y D258%

=+ 05418

= D345

-u 03809

=gO%3lE

aeQUTEY
= OHLES

-+ 092

=y #5351

e DELEE

=a Doy 0e

= s DREIE

=~ 06831

s EDTS

=g DTLEN

s OF22Y

- DTN

-+ OTAST

=a (T3S

=+ 07398

=aOTF3AT

= U357

«s 07509

Lk

0421
«O042E
L0%71
L0541
«00EdE
NOTHD
LT
LA0996
01126
L1252
«O1370
LOLeTT
o0l 366
1535
«01575
«0157%
LO1a%0
D135
LOLELE
.aL229
LON2PG
0T 2
«00270
+00a00
e QOO0
-.ﬂﬂl!ﬁ
-~sQleT1
-.01F51
w DE2200
-.DE&T#
wa D514
= 055617
-, OunTS
-, J451E
-~ U433
-, 05528
s -2-11-19)
-.D6003
-4 D5E91
*005534
. 0ET3D
- -ﬂﬁ‘!ﬂ!
= Q703
=-.0TLE3
-.QTEEE
= DT2%2
= 07327
-.UTSHH
=, 07325
=, 07307
s, 0TRG2

ANG

=17 T3
‘15: !’3
=13,51
=15.57
'13.*5
"‘I.-lrl UE
lg[ﬂ'T
=B,E9
-T.HD
=k,09
w4, TR
-3,.87
wislb
=.BE
D
1.69
2.73
4,13

S.2T,

-1
Tadn
B,2¢
Fa k0
9,84

10,51

11.09

11.39

11.99

12,41

12,52

12,61
12,58
12,%0
12,06

13,55

10.87

10,0¢
%.02
T.o2
6,80
T2 T3
8, T2
Y .80
2.
2:15
1.90

N
--HE
=a71

=l .80
-3.09

KA&FFA

-2&?-&?
«BF.T2
-1 L]
aly. 09
‘5'&*
-4,.35
=3y ld
-2«%0
=207
=R, 35
-E |12
=1 .9
=1.:78
=1 .64
=1 ,8¢
~1..%L

=1.50 -

=1420
LY % 1
-1,00
=B
B0
=71
= b2
~a55
=T
s 3%
'151
-e23
-u14
.03
« 09
23
1.1
"1
« 72
B8
1,01
1.08
1.08
1.08
« 95
50
«82
+ 78
13
73
T2
+TH
a L
w77

cP

2921
«3EnT
« 3855
LAEAZ
+H03
« #5549
LTy
L49L?
+S0TT
L9197
+92T3
Jaday
LS50
1.ITL ]
H322
LI2TD
5172
L S08E
LHIG2
L3791
JaE02
SRS
JHALZ
LIBT3
JE5TT
3283
2857
2507
L2079
L1867
L1088
LO0ME

- 0109

0785
ay 151k
v Z2ET
=y 3037
- 3T7E
- 433
=, BTES
-, 5353
=, 5634
- 5813
-, 592
w 8BOE
= 6050
-, B0BY
=, 6099
-.6110
=, Bl14
-y 8119

AN=20.0 MILLION

THET

+90350
+A05EE
00852
+ADFRS
LO0ES5L
+O05TE
JObniu
+D0%IE
M LL
LO0RTD
yOQueL
SAARET
+OO%EY
+ D% BA
+IONED
il
- DOHLY
L 00828
L00%10
L0570
00368
SO0 NG
90320
LAY
+O02TY
L0235
,002330
O0E1D
L0019)
Wo1TE
s GPLSE
LO01Ne
L0123
+0109
L0049y
200085
yOoaTE
« 10 0b e
+000hY
Q0036
30032
+DO0kY
«DOgUE
«D0043
L00041
+D0D3R
A0
0F0aN
L0052
00030
+O0028

SEP

v 24133
P17 (oY
- 20395
«, 09812
-, 01238
01056
=, 01452
= Q2270
w ODE6
«DPOLNE
- 0027%
-, 00383
- 00053
0097
LO4p93
+O0137
Lap208
»B0255
LON2TR
L0237
+00811
00815
,o0212
D00
10296
00286
LA02TE
« D02EY%
00253
L0041
00230
W00Z1T
00203
LAT18T
+ABLES
wPOLET
+O012T
«00103
JoanTe
00057
00039
ORp23
<5016
ARgLO
+O000E
«0000%
00002
00101
«000d1
«Oa300
+H3R00




S22
JEL¥1B
219939
Y-TT%]
Arav?
JAaT1e
Ty
L1351%)
JAlags
Jioraz
LT
JDBESS
LOTEED
JPETYA
L8878
L5068
LEU3N1
JHIEIN
LTI
LAERRE
01983
L1502
017119
2NATFIY
La052y
L0314
LMol %8
JEDDHE
0,00000
LAboLz
T
L8210
 0u%aT
J0deqt
I TiLF A
L1361
Jolpas
L02379
LT
NEFY ]
Llaus?
. LA5293
LA519%9
LT
Jadz17
09327
L10485
W11733
L3008
JiRATY
L19775
L1Te2e
18729
L2027
LE1AEE

¥

~=DT242
=y 07158
-~ B¥DGE
s QEFET
-+ 2&A0G
wsUGRYE
- 0G4TS
wuDS2HE
~aN50TT
+2G%355
nwaDE512
s 5552
- DEOTY
s 0R7TE
=+ ORGEE
waQU1 37
s BATH2
maD3052
-+03057
maQ2e6T

—~a 02083

wall1B%5
e 0l4l¥
-u 00T
=oOGE2E
00067
L ]L
rOTAN2
01290
«01731
w162
«02nB1
0333
w5362
+DET1E
MY Lh-
»IREEE
1111y,
BHA5SE
98230
WAL
2 0570%
w050 TE
«0E199
+ 05412
+DEE1D
+QE909
(O E9%S
«GTLER
L0133y
07490
.ﬂ?sﬁ?
«OTITE
0TS0
LOR01%

¥s

- Q719%
«,Jrlia
-, 0701
=, 06303
=, 08770
«, QB&1Y
-, 06451
=,06265
- 06061
. O5auE
-+ 05801
P EELE]
= 05863
- 0uT7S
= DU
=, 0%136
-, 03732
-y Q3832
‘1“3&51
=u D2E6T
*1#2!53
=g PL34%3
=, 0Lwly
= 00973
=, 00522
=g ODOET
00389
L]t
L1790
«01731
+02162
«DE5E1
D2Tal
« 03582
L0371
o FHDNS
04566
045667
T
203230
B5H9]
«05TIE
=05973
«FR19S
T T
L FEEOY
« FETON
NEITY
ATINS
07207
LOT459
WOTEDS
«OFT3E
«OTFEE0
+ATETE

ANG

-2.20
3.53
4,30
=0.12
)
'ﬁ-’ﬁ
-
=9.11
-10,38
111.?2
=13,25%
14,89
“1E, T2
-l!.?ﬁ
=20,.97
«25 .43
=25.13
=29,27T
-32,75
36,59
-41.07
U5, B0
~51,.0%
*3E. %0
-61,9%
+6T .6k
'TB- 53-
=80, 54
'-'aT'l 15
=95, 5%
=103,131
=110,.68%
=118,95%
=127 .62
-156,.18
142 27
188, TS
=135 &0
185,83
=15%, 84
-162.36
=164, %9
-15‘- 28
=167.80
-‘-Bgo DT
=1Td,.1%
=171, 09
=1T1,.%1
-1F2, 65
=118 A
=-173,93
~17%, 50
+«175,03
=173, 5%
=-17&,02

KAFFPA

+81
BT

« 94
1.0%
1.18
1.28
1,85
1.6%
1,90
2.18
.51
2270
3,38
3.91
Sy
5235
6.35
Tl
H.1%
10.93
12,583
1% 75
16.37
17.71
19,03
20.98
234"
ZELAT
29,15
30,68
30,89
51.06
32,61
35,20
28,1k
£, 01
ig,.51
10,.7TL
8.0%
6.18
L 1
3T?
2.97
Tadn
1,86
La51
1.25%
1«06
«92
«8L
T2
-1

« 59
w54
+31

kP

-sbl}8
“,B8]11l%
-, 8101
=,608]
-y BOR7
-, RN
- 5831
=.3731
- 352y
. 3Lk9
- FAYS
a8k
=, 3951
PR Y]
- 2650
-, 181%
~.0%032
0131
«129%
239
%031

+ 3559
L1102
+HE50
L3792
1.0732
1,1275%
1,131%
1,07445
9509

, 7604
9065
«15939
-, 15%5
- 45871
- IETEE
- 8177
=, 9180
=, 9945
-1,09%7
-1.0%81
=1.130%
'1;15!5
'1;16‘6
=1.1T15%
‘1-17“2
-1.14688
=-1,1858
=-1,1474%
'1[15?1
=1,126%
=1,1154
=1.,1051
-11u9“4
=1,0839

THETA S{P
w0046 =,00007
«0002% =,0D0001
0002z = GOO01
«P00E] =.G0002
w0013 -,0nd02
00018 &, 0DOON
«OIP0hky L aJ003
0012 -, 04pHE
O0eLD - 00007
LO00D0Y . 00009
00007 =, 00010
L0005 & 0000R
00002 - ~,.0000%

TAANSITION

STAGHATION

TREMESITIGN

0,00000 Q,00000
+08002 » 00440
90006 +00da0l1l
00008 00001
+00010 +D00002
+00412 +00003
+000LY +Io0gs
+DOnle LA0o0s
«boola »O0D0%
+Bn02a +A0D0N
«S0022 LO000%
,0o2s 0303



X

L23095
LSEBLAE
+EeRBED
R-1-L1°1]
+A02E1
JAP1KD
25951
LA5793
JItpug
LASEAS
L 41380
JHEDRD
E150
%702
EY-LEL)
L 50825
JEETLN
34599
JSeanl
LB83EG
LelRIR
62098
3T
LGAR02
HETE3L
JEINNT
JTi283
R E-T1E]
L TENUE
18115
JT9TeD
B13p3
JBZBED
LOu3as
JASTRD
JET1SE
,B847H
LBTT36
L0933z
A2l
L9302
LTNL1E
L35016
LYY
JIBRSY
L AATE ]
LIT96T
TR
L 789a0
LS9
FIEEN
L7985
L LT
1,.90000

05126
«HB322
vE8N08
+DEER)
o O BN
«SANTY
L8538
+TAESE
+DRSET0
+DERED
+D BB
« PRS2
+0ByTE
«DAY1E
LR
00237
LOM119
«QT982
0T826
07681
yOTaE
+ATIE
LaTp8a
TERLB
 Fan88
+0B33S
THL20
+058H5
« P5R5T
+DAR18
«DELBE
+ ONOE3
207Ul
+ONEEE
2 043LE
+ORI0E
%909
+O05T16
03550
03352
10B18]
+03018
vOENEN
L2718
a0 258
+IOLED
.13 k1
222K
02138
T L
«O1977
01916
#0868
+I1R3E
20183%

LES

080 TE
08168
L
+08319
NTEYS
D342 E
Joean?
+OBuTH
ALY
8480
08350
+OARZK
L8373
05308
32217
L8111
+PTIHS
«OTHAS
OTET2
+OTNBT
07285
LOTOTD
N TELE
+06R1D
J0E3IT1
+OR128
« 05884
L 056uD
53T
05187
o Tl
s -1
+H4058
T EE]
L DHOLS
L3802
L 03595
L0EI9Y
L05200
«N3013
L2032
+02E3T
aD24Bh
«02523
202154
«H198N
JOLBbE
JO1E3E
dO14ET
«D1520
L0121 %
« 01150
«01100
+OL0E2
«DLOW]

ANE

"I.Tﬁ W NB
*176,92
«1TT. 3%
177,77
T
=178,39
-17%, 04
=LTT, 41
-17¥, 82
=180, 24%
~180, 68
=181.1%
=181 .43
«182,1%5
-1lad,.Th
=LlB3.27
=183, 85
=LBY 95
=385, 0%
«18%, 58
=186,05
alBh, 85
-186,T77
=187, 04
-187,2%
=187 ,%]1
=147 .54
«187 64
=187,73
=147,80
-l-ﬂ'.".l?
«187,.93
-187,99
«188,_ 05
=188 13
188, 1%
~188 25
=188 355
=188.084
BTN
«1A8, 56
=1848,79
=188,%3
=18%,09
=18%, 29
=1a%,52
-18%9,75%
=187,.958
+190.21
190,42
191,53
=192, 38
-193,. 77
195,538
197,75

LTl

Y
45
.33
S8l
+ %0
239
59
+ 59
+59
A %0
82
T
T3
e
52
50
55
+ 55
52
‘*T
«20
.39
.28
w22
«1B
alk
ell
.02
BB
+07
.0t
07
07
07
L08
09
w12
$12
.14
o1&
.19
.22
+27
+ 45
aRE
+55
-
45

1.08
2,26
N, b3
8,72
1%,56
52,41
155,49

cP

=1,.0738
=1a0632
~1,0528
wl, 0%y
=1.,081%
=1.0209
-140095
- 1T
- IRy 2
- 97
3532
=, 343
=-.711%
=, B8535
=, B55Y
--‘1?“
-e TTERE
e T2%5
- 8802
. 6286
- ETES
- 5273
-y 8812
- #3897
- 8009
g  BEBT
- 3361
-, B3
-, 2837
2613
- 2408
- RE20
. 204G
-, 188%
.y 1?38
., 19%2
- 14Ba
-, 1529
=,1205
=, LOBY
=4 0FES
=, DA
-, 0733
», 0516
-, 0303
., 0388
- 0267
=,0133
4o07
0139
L0250
0332
D3pa
+NE]
L3

THET A

«00802F
0029
+00032
000 3%
» 00036
+I00 3%
«000%1
w00 %
~BD0%E
200049
«00032
LSI003%
LSO005A
+Da0R]
00065
00069
00073
+A00Ta
« D00E.
1 000F0
JO0D9T
L0103
L0110
»0011T
L0l
JU0L3]
LOOLAY
LOO1%3
Ab14e
001 5%
+00180
+00165
200171
200175
Loda18p
L0185
L0a1%0
LA01 e
LJO01%a
+OR2U3
JA820F
90211
+ODELE
«D0220
LD022%
+DOZ2S
« 00234
L00gF9
N LELT
0G5
LI026%
+O026R
0270
LaoeTe
L0272

SER

00005
+1000%
JA000k
00006
LaponrY
«20008
L0009
010
Lono1l
L0001
LO001&
+«0Qn2a
D005
L0032
L EL
«a0%s
«000553
00060
LJasTh
LOQDaT
0ap9%
0808 T
L08p98
L8097
LORDSE
LAEDp93
-H0p90
LE0D8T
L200a%
«000eR
.Dogali
00080
Lonore
000ty
. 0ons0
00081
L0085
JI008T
a9l
LOQg9T
LE0108
JULLN
LA012w
LU0
«COLSE
00189
M ELE]
L0285
T ELE
00%60
, 00269
00361
L0299
O0338
JO035E



*.,
- [
1"2 —— +q.
*y
.
v
C A
F 4+
n
+
L
&
-.B1 +
—r .
+
+ +
¥ *
N
-4] i
+ ++“,H-+-I-l++l-#4.+,_++4* + .
h +
+ + *
+ * +
i e *+
L I * +-r
0.0 * Y %
+ +
" 4
+
+ +
+*
* e
I P ., +
- "'+ +
+ +
*h +*
* LY
+
- S
4
-
*
3
1.24
e L )
- ———
R
- "

- ———
———

M=.710 CL= .793 0v=.020 T/C= 144




\W"’ LN

_b,
,“"l!\\:“ ;f'rﬂ
E.HIﬁHF

M=.T10

CL=- .79%

Dy=.020

T/C=.144



wSall2 &
2% 2
S5 53 3%
- 185 -.08%
LN2% 099
g.,n00 0,000
o.ne0 0,000
-, 118 s 347
N5 L10%
L0808 L0g0
JA17 .. pE0

RN=

=12

0Fr2ss T

CIRCULATORY FLDW A80UT & TRANSONIC AIRFOLL

M= LTLD

=12 .15

5 &
oy

8 B
+E90
«b3A5

npy 00
=2 0040

rdgl
00N

» 330
+11E

CL* 797

« 08
5 1o
1 &2

+O1%
- 20

0,000
0,000

-a 233
w300

+055
D&

ur= ,0240

1 TAPE &+ PATH p

L]
=, 800 o, 000 2
=1,000Q 0.0p0 2
[
300 -, 050 2
055 - 580 ]
TRPE 7
1.%0 7310 .00%
14 33 3w 3p 4
W33 -, 230
I'.I.ﬂl“.'r -§1u4
0,000 D.AGR
T T
0,000 109
=103 0567
w135 +« 259
+788 =, D20

TACE 2249

'!152
k2

«6a
=+ 030

«2.000
-2,400

055
420

1200
2,000

2530 1.%0
»5

e

Ty
-1

@000
0,000

=, 480
-, 323

« HED
t.0p0




o9t *
cIE”
oog”
13
- ﬁm__mt
cr2*

e i Oy B

ogg"
£3-) &
g0
nrat
- dgs*

Lo Lt ol ]

azc*
cEg"
2eg?
nze?
- &g

-y e

oge?
gE2"
Thet
TiE"
cRs"
ceg*
- EEE"

L R R ]

tag*
-1~
ZENt
SOn*
- GEE"

Lo R B

SHLYd nQ1

- oEnt

- ngg*

- SEg*

- Zhe*

- DET*

- :ﬁ.—.—.l
Qg %

- osh*

- ETs*

- 0Eh*
00k*
g2t

n %

g2t
(] -0
Zo1*
voo*e
L=
0 %

ogyge-
DRt
onlt=
CEC R
nTh*-
[ ]
CEA St

a i

- LM
- .m..—h.-_.l.
- ﬂﬂﬂi-
- ﬁﬂmi.l
- LT O
1 &

(LR

85




LIETING

1. 00onn
LTIGER
29218
«+PI5H
el F1
WFATES
. FR2uD
«FTSTL
«¥ETHES
. H500Y
L2801
L3RR
LHZHED0
21158
+LBATTO
+LE2GD
-1.1-3.}
m-1y-1ok ]
OSENE
LEIUSY
JTHE10
s -1t
THALE
TRAYTE
«T1T1%
LRIIEY
LFIR7
+ER2?
+BROES
2120
50186
LEIY
SB3%E
SULLE
SESAD
LEOTNT
LHEARE
L UEIF2
«HIL B
43214
241
«5BLTY
W STHAD
« SE094
SUBZY
+320A1
- SOASY
N2 1E.3.1
+2TUTR
~25R3Z
S2R2F]

OF EQORDIMATES FOR

T

JOgend
LJaonlk
SPO005S
D130
U224
REE]]
LUONEY
+I0ELY
SVo7ed
U0
«Y105]
1180
V1Ee0
01375
ML
U1850
01332
LH1ATY
12T
LOI11 55
« P0Ee0
+UNTuY
00421
L00z04%
w0112
=g DOuSSH
=y COALT
- U119%
waBLGTH
= P19E2
=234
- O2TOA
s PEOST
= UIZ¥0
'inaigﬁ
=, 029N
mg OU2AE
= Obua?
=y INET]
- U RSE
= SS000
- U528
-, 09255
- WEELE
- UEETT
-, UENLS
T TN
- OSULT
wy DDU 34
w054 DG
- OSAGY

Lk

00233
«NO260
00338
LO0us2
«00357
L0493
0085
L1015
+OL17E
+OLEZ
0L5]3
+DLESG
JH1TES
+ 01900
JOLS8L
JOZR2N
JOZp23
01275
01734
«0153%
JO12%%
«DL032
LO0EYE
LTS Y]
- DOO%3
-y DO%HS
- JOB&D
=,01251
= 01TDD
= B2110
=, 0250k
- Q2472
03229
- 203554
-, DA%
'.“‘119
=, D559
=, DNSTD
=, 04753
- 04313
-y 0S0UE
=. 05186
-, 09243
-.ﬂﬁ:n&
09355
- 53R 2
.k
=, 05581
o D5355
=-,05513

ANG

=g01 %
=15,T1
=17 54
'15- 14
—14,27
"'1-!- a9
=L, T3
-‘-‘ n-“‘ﬁ
-1“013
~B,TH
-T..&‘l
+5,589
=441
P L
al, e
=B
1.%0
2,60
=,.83
§.98
B.d&
T.0a
7,98
6.4z
9.5y
10.20
10,59
11.02
1},.18
11.17
10,99
10.66
n,1%
¥.b1
8,25
B.2%
Tulth
b.6R
9,990
IR L]
LI
3.6T7
2,99
Z2.32
1.68
1.06
+U5

Ed

HAPPA

LTS
-!E.EE
=10.69
-?b“ﬁ
LNy
“3.75
=359
-3,09
=277
2,52
2,53
-2,)6
=2, 00
=1 ,.B5
=1.71
=1, 56
=1,k
«1.29
1,17
=1,08
-237
-, 08
-, TR
h.,ﬂ
-6l
- %9
-a D6
B2
- 07
+ 09
23

+ 26
a8
27
164
+59
2
13

$ 73
T2

« 70
+548
e
+E4
+63
262
«61
461
B2
67

BIRFOLL 7l=-n&=3iL

cp

0025
~OBL4
1971
340N
+4187T
2P
45T
L B5h
«H101
525%
J53TY
JSNTD
5326
50907
LHA5N
J59RD
+5%13
L5009
5173
+5021
‘QHEH
LREZT
MaBa
J4d1E
1T
3402
+MIS6
2016
2139
L1631
«1103
+D5ET
L D03E5
=, D%B1
- 0989
w1519
=, 1825
w2178
- PHTE
.. 2726
- 297
=, 10E8
- 3215
-, 3313
-, 530K
=y A4N1
e 34R2
-y 3514
- 3330
w503
-y 3551

THETR

+0aLTE
00l17s
JUnLR:
LHOZEL
2SS
JUnla
Hp3le
UDa29
+ 00258
+Un3Te
ML ]
LUN38T
T L
MLEY
U039
-uui!ﬁ
»Uo3TS
JUORER
3N
JMDERE
LpElz
L0029
LOpETR
PUDESE
LU0
PUnELD
LV0190
WHO1T
L0l83
JUQLET
LUpl23
Vol
Jnlng
My s
LSobBe3
+200TE
LUpoTo
+ IN0ES
-Unﬂﬁl
L0aST
Unos3
Vaeso
SUg0e7
o DO 0S
LUadag
DA D
o037
03D
o033
L2003
0002%

HN=20,0 MILLI1GN

5EP

=, 1000%
-, 09611
- 0BNIn
=, DENTS
- D4O9T
=, 02085
=, 0093E
=, 00610
-, 00 TUA
», 00650
-, 00353
= 0017&
e Bi23
=, D00k
+000%EB
L0013
LO01TS
00211
HREIR
00256
JO02EE
00272
LE2TE
LHERTT
LAD2TE
+OTDR?ES
LON25S
L0245
0027
L0206
L00183
M LEL
JO013E
00116
L0897
Loonts
LOtDEN
Miligih ]
LE00ND
LY
L0023
L0017
+ObB13
L0009
D007
00603
+00083
0002
LOaabl
OG0 01
LOenho




X

+Z2683
21108
+19&05
+1B150
16TRn
«153TAR
I1UDRE
12807
«11&03
o 108 5N
19851
LJORE27
+ITESL
e )
#0537
+OUTTA
MLl k]
03350
fU2TY
LJELRT
D192
01261
o083
00585
+0034T
LO01&%
L0008,
0,.00000
GOBDT
L0074
L0202
N394
«IUGE]
009K5
WL13AT
LCinag
2DETZSE
03000
HAEEE
+OU3E
+05190
« DEO%E
0Fg00
+DRO1R
08104
L0353
+H1%ES
12735
14061
15828
+ 16066
+1BERD
»19862
w2l dk
+2302a

¥

- 05297
n US22D0
- 05127
v USG2D
«,ULEaT
= LTSS
ry DUEDL
w UGLAT
- D422
=, 0H0S1L
~. 03635
=, 0359E
v DB3G G
- 05079
=, 0g79n
P
= 0¥183
= VIBSH
- 01521
= U1175
- GOHBLY
= DOynE
=, D085
U291
JONETHR
+0105E
M LTS
LU1335
+DE2EN
VAENE
SU2TA0
LOE5%)
+YERAR
LORDZ3
2R SLE
+OUERT
+Hun?s
L5237
. DEEES
JOSRRE
+HEDTE
+PEE0]
+OEES
«PETLE
+De%05
TN
JAFEEY
L THED
«OTaR)
L0TTEL
LOTaEN
La8DTE
021k
+ORIEP
+084us5y

Y&

-+ 052D
-.ﬂﬁl&ﬂ
-, 0EOF]
=, D89BT
-+ ONBET
- 0RFI2
- D56
=, 08415
- DHEDY
- 04035
- 03021
-, 03589
=,03341
-, DA0TE
=~ 02793
=, 02496
-.nilﬂi
=, 0DLB5E
- DESEL
-,01175
=.Q0B19
-, D053
- 00085
+DOZ221
+ONETE
01058
fOLENE
«DLB3S
+O2ZEN
02506
+O22ED
~DESNL
JO3EBs
LDa0z23a
HAELD
+OSEET
WORETE
05274
05559
03828
OEBTY
06277
+0&503
LO&ETOD
L0685
L0707 5
LOTESH
LOTH2E
N1
JOTTHE
LOTESE
08055
J00167
»0B288
«084DD

ANG

-2455
=3,20
=3, 838
all 55
~N. 37
=ha2]
aTiu
'5!17
-9,0

10,59
-12,01
13,60
-15,35
=1%,27
-19.35
21,72
29,25
-2T.08
-3p,23
33,79
-37,08
42,95
*“5.BU
afg 29
«51,3%7
59,25
=TTa 75
~B5,60
=92, 50

=108, 37

=113,29

+122 57

~3130,93

-138, 0%

«143,65

s148.20

=151.98

=185, 25

158,27

»l61,13

=lEb 1D

slEBE, TS

-168,27

169,36

L7027

«171,07

=131,%8

«172 0%

-112.0%

al73,63

~1TH. 1T
=174 b8

178, 1B

=17%,65

-376,16

KAPPA

+T1

« 16
+82

+ 90
1,491
l.18
1.3
1.52
1,7y
207
2.1
Z+81
3,36
.77
L
5.13
L L]
Tall
8,57
10,49
12,95
16,21
2O 3T
24,99
2786
3k, 63
58,28
3%,8%
33,90
%,41
3%, 24
3T. 33
30,70
22,26
14,311
12,09
Q‘HE
T.80
&, To
a,51
3,97
3,95
2406
LuB2
1,29
1.10
58
B85
Al
o]
+65

+ 58
»5%
-

+ 58

cp

- 3555
=, 25532
-s 3047
-, 552%
- 3008
= 3%
e %1
~.3329
- 3202
-. 3018
‘12765
- L
=yl F8E
- 1 HUE
~e DAOS
- D0T2

«BT7
«1T28
L2TRY
.3932
«3lb2
%917
»THTT
9239
1,p8%2
1.1147
1,125%3
1,0670
«3230
L7023
sl
L1024
t,lrﬁﬂ
YT
=, 5%59
=, 6T4A
- FOBT
-, 8923
- PN
=1.1D035

-1,2318

=t ,33%6

-1, 3594

=31.3568

-5, 3995

=i,3307

-loal**

=t , 2975

-l.aﬂ#ﬁ

=1 ,3837

'1-2“72

=1.231D

'l|2152

=1,1%98

=1,1847

THETS SEP
L0022 «20000
LUpo2y . poang
«H022  L,00001
UD020  .,D0041
003E =,00002
«002e .. DO0QZ
#UO0IE -, 00003
UEDI2 e n0Qdu
«VO0L0 -,D000%
LHINDOS o BOQdT
V0007 -, 00Q0E
Ww200AS -, 00008
0002 ~,00004%

TRANSITION

STAGHATION

TAANSITION
+LHUaaps 00001
«00doT +20002
00005 LGDn03
00911 2000y
Spall LO0D0S
L0001% «OD00DE
L0117 L 1D0DS
20019 +OGehe
0021 200007
«P00EY +00007
+002s +N0a0a
o020 « 000085



«2HELD
22534 %
L2B04Y
20T
% 1AW 4
« 53331
« 35135
LT L]
. SBYaT
HOR4T
JUPRDY
SHUATR
LHETES
LHBL2S
LS0an3
+SLATT
+EEITHG
+ 95516
LETATT
9333
JELam]
$SINEL
~ERALG
+EBEBET
- SEEY
JT0EHS
T2000
73731
L THL3L
LT
L TATES
#B0ELY
LBLAES
+EIBER
LORBLE
JHEZLS
SATERR
JEBERT
yI006Y
Sig32
LA23E0
-k 13
L ki1
(75218
« TEONS
670G
+LITHER
+LTEDSE
L2857y
29040
99368
LI9EUS
“T9RN2
7R
1,00008

JVBE59
« DBES3
LORTEY
+DEROY
+UBREY
LT
208952
+VBRTI
JURSAD
10B9TE
JUBIED
JOR911
LOEB5E
LO8TEL
JIBRGHR
S92
OGRS
LOE3ED
LJORLGR
07771
LOTTe8
LATE9E
SUTETT
+VTR5L
+DRIED
JUEEEY
+ DENYE
+DE205
+NE9EE
L05T2A
L05u92
1U5260
L5051
Junapa
LUUEER
JIR3TE
JIRLAR
U¥OGE
LIITTS
LOSERD
23411
1L
LTI
D292t
+DETER
JU265L
LUESRE
JERLT
JUEMY
02229
0219
02052
LT
L2200
+T199%

¥5

+OB501
+08353]1
08571
LORFES
AATSY
LOAR33
+JORBER
L
~OBBBT
T e
+OPBYE
,DBakg
LOBTUHZ
»0BEES
LOBSTD
JoBusT
,0B525
LOBLTS
08005
L0TELE
LOTElS
L 07594
LO0TLYL
L 06935
L5853
LJHENLB
L0E200
« D555
LE1G3
+BELET
.D5213%
1Y
« 08T G
LONSDS
LONZTI
LOuO5E
L038a3%
ET YL
SO3NE2
L03257
JO30%E
«G2ZBEE
+DRETL
+ 02519
» D2ENT
L 02172
01992
Loie09
LD1E30
+ 01466
01326
L01218
yO1126
L1062
L1027

ANB

w1 76,25
=17k,0
al7T.H1
=177,83%
=178,29
=lTA BA
«=179,11
179,85
=184,00D
=i80,47
+180.,95%
-181,%2
181,92
—142 a2
=122 9%
183 W
144,05
188 63
-185,18
«-15%,71
=156,318
=196 58
=10&,93
-187 .22
=107 .46
~1B87 &6E
w1BT, 82
-187,%&
=188, 07
=188 18
wlB& .27
188,28
w185 MY
~185 %51
188,62
188 1
=155,07
«188.%1
=189,03
=189,15
=189,28
=L0% 4%
107,60
=12%,79
=lB9, 94
=194,21
=l PG50
19,79
=1%1,11
=191 ,%7
192,19
=195 4]
«198,1y
=197 .40
00,17

KAFFA

P 4B
L)
P
k2
o N2
Mg
o2
L3
43
Ll
45
L)
HE
7
30
5
+ 23
53
-
+847
+91
3 -
+ 80
+ 2%
«21
vdB
12
13
11
14
«10
09
10
10
w11
12
+13
.15
17
+20
+23
W27
+ 3%
N1
iE
58
' T
L
1,09
2,16
.09
11,00
18,95
70,69
R1Z 9%

¥

-1,.1558
=1.1550
=1.1%05%
=},1255
=1.1103
=1. 0%
-110?51
-1 pE04
-l .0%12
-1,0208
=, 85
-.9T55
=, 9514
T 1T
-y BED
- abil
v, BdED
-.T?T?
=, 7502
g 6B07
=, B312
-y 5835
= 5306
-, 4 JE0
-, 4ha8
-, 4242
- .5925
-.;&Hu
-, 350K
=a3l51
..E?ET
LT
=, 2354
-y 2IBE
=, 208
-y 2079
1?38
o184
.lliT&
-a 1551
-l1~an
s 1311
=,1192
- 1078
-, 0754
., 1.1
=s0F20
-, 0500
e 0371
~x D523
--0211
=.b111
=, OUAT
+0Ae9
40029

THETA

MULLE g
200033
uUngi=
U3
«VOA%D
SU0883
+Uddbe
Wadag
“MOeA1
M-
Uo7
HO0ED
LHO0ET
<MOO0EE
LrooTn
LMOOTY
+200TH
«O0bBz
L0089
«LO09%
90101
«0plas
00115
L0121
Lplzs
SU0135
U011
P0laB
Ua15%
L0154
MY 3E-L)
0alTn
+UHOLTE
«0le
0106
MUTIR )
«S0LER
Jupano
SVDEgH
+p208
«90813
LOD217
+OneE2
SUnE2E
«UgR3ID
JUogeds
VR4S
JUgug
luﬂaﬁﬂ
0255
+IG2RE
L0272
«2O2TT
L0280
D281

SEP

LO000&
LD000%
LOnooe
«PlOLd
D001
L0002
L00013
D001
00017
00019
L2002
ML LE L
LO00ES
1R}
+0GOH0
P OOGRE
260058
BG06Y
LOD0TA
~EDoET
00093
il L
el
L0009%
L0Dn%a
+O00%s
SO0
00092
+D00%0
+O0088
2D0GAG
«00a8%
00085
<0085
+ 003585
~0008T
0089
HapaR
+AGD9E
LOGL02
00107
08118
+ 001 30
001K
« D015
L00185
OD22%
113
LDDENZ
DONG2
200850
LO0uas
M UEYES
00534
+ 00540




-1.21

- ‘E_--_

1.21

-
+*
*
+
+
y +
+ ‘
* -
+ +
. ¥
»
- .,
+ -
*
*a
s
. l_+|-4§--l-t--|.1.+**+2 i*’
+ -'i-* [
£
*,
. ¥ .,
+ *s
*a
+ * +
" +
e +
- s
o 4
- Y. j
. il LT
&

M=.700 . CL= .928 D¥=.020 T/C=.127



-

M=.700

CL- .997

DY:IDED

T/ [z.127




=-F-148

25
85

-.115
0. ndp

D.ndq
Q.non

-.“1"
. a0t

168
Jnar

[ ]

2
49

08D
-slX2

«02%
0,000

s QNS
168

wOE7
-.ﬂ!-ﬁn

W

NE =128

ar/2asT4

CIACULATORY FLDW ASQGUT A FRAYSANIC ARRFOIL

E1]

4= L T00 LLe 998 uy= 020
TAPE &+ PRTH §
g 0
=, 800 0.000 s
=1 ,000 by000 2
2 0
200 -, 100 2
|“ED “]“1“’ E
TePFE 7
1€ L300 L0 1.%0 OB 012
5 & 1p 1% 1% 18 &1 22 33
E3 54 67 5B &1 &2
TR =, 04D =127 -,211
«+ UKD -1 028 «+N2%
1a300 -.‘5‘] .095 .!'H.'T
=g.000 0,000 Q4,000 GCG.900
llq"‘u --‘ID -.059 .51&
+0E0 -, B4 «d19 « 157
«%E0 1040 «OE3 « 220
«065 035 2T L013

T/C= 4127
=202 .D%0 1.30
3 3T B w2
«500 «200
620 -.210
=, 750 950
~2,000 0,000
298 ., 225
=-.120 =.,420
« 500 050
%000 1,000



[ ogE’ -
I~ phgt-
4 oog'-

T go2*=
1 anyg*-
1 0&1*
T Duz*
T= Dud2*

10 £ -l
- On2*

T zzt
LS. T-1- L
T« OLE*

] gzt
£ OIg'-
£ BLh*=
1- o005'-

h fEgt-
3 pag*-
T= bOS*=

11D R
uoE -
%"~
pog*-
- E-'il-
oaz*-

w00 DO

015"
g’
0o0g*

o t

neg”
005"
Qah"
g
agz"

D s

0gh* -
faat
0 2

negg*=
0gs* -
dgh*=

0 %

oro*t-
QEE" =
Nggt =
ogg*+

o &

0iG"-
gRdgt-
gggt-

2 ¥

onn
aac
oIg*
el
a1
DL A
o 9

SMI1Vd NOTivWDIDG

59




LISTING OF COORDINATES FOA

K

1,00000
79987
978z
L9994
99263
,98a29
L LTTY
L3763t
L95883
95044
ETTTT
LT
L9298
L9139k
L30043
.ga%1g
LB5552
LT
L A3553
L1018
1awal
L7101

LTE1AL

C7asan
Ta2el
LT0EYS
LBB2B3
L6623
LBN2YT
.62311
60334
58347
612
T
LYY
50622
LHBT1E
NER2T
T
43084
M1236
L3941
37582
L387719
33995
L 32211
. 50930
(28775
.2toa8
28432
L25811

T

20000
+D0017
+0 0063
+DoLM3
D02
0pATR
«00327
L0585
+Doadd
A1p33
oD120E
-f1362
+T1 508
+OladN
+O1r38
«Hala
«01B65
Lhlas
O1aRG
+O1m10
+T1TLY
1851
+ULUEE
LHL22T
+T 0996
+00737T
+TO8356
+00189

=+ TDL4YT

= TOLES

=, 00778

= H1GHE

=+01308
= D1ETE
= D194%B

402202

we D254

s 0254T

= 02835

s 0BOON

=+ D3196

~sD3EET
=3 D335B

s 03445

L ELTIL

s DARAE

s 039085

-+ N3STY

« 03571

- 03551

= 035%7

¥s

100221
O02L1
D30y
ODEST
00516
0055
009223
010032
01186
L1872
0135
D1T27
«DLEEE
L2025
L2
L2224
«DRETT
L2295
L2275
LO221E
02517
01977
LT1TET
L1580
JO1E2H
L D10ONT
L0783
LDONZL
+D0ODBS
s BO2LT
=, 00583
T LSS
=,01228
- 015321
=,018186
=, 02081
-, 02324
-2 D254
=, DETHZ
-+ 02916
ny 0306
-, 02191
=,0329%
=-,03378
., D344]
-, 02LEE
=, 03314
-, 03526
-, 03DL2
- 03505
a 3475

ANG

=22, Th
=20 .98
N 1)
"".!'--ag
17,25
sk, 00
L L
‘13‘-:“
=11,89
10,46
I’-na
~T.68
-&.EE
-4 ,9%
-1 -
=2.40
al,15
=00
1.16
2,28
3,37
LI -
S.490
&.29
7,08
7.75
4,29
8. &R
8,93
9,08
o, 02
a.m7
8.61
4,2y
T80
Ti28
6,70
&,08
B,43
4.77
.10
3,44
2.80
2,18
1,80
1,08
23
03
NG
w99
sl.%35

a5

HAPFA

=11%,58
-‘5‘1 Tl
=10:16
wb, TE
«35,18
- E
=], 80
CETY- )
-y 96
-
la .iil
~2.09
w87
=-1,.54
=1+33
=i,90
wl,30
.4, 22
Ili .1"
-1,8%
=iy 04
=93
"|Eq
-I‘TS
b
*.53
e B0
= 28
aslB
-y D
+ Db

« 14
2B
=35
o
50
.1
B9
+51
Y
1]
1)
60

+ 38
|=‘E
-
v 31
+51
51
53
-1

RIAFOLIL TOe30=13%

CF

me04BE

«0BdE
wtTE2
+3TTE
034
LFR31
24729
+IPEL
3188
3296
» 39T

1Y

« 3501
« 3515
« 3304
« 3479
-
« 3372
+ 3289
« 3185
«30%%
«HB95
711
90
PLIF -]
JHy Y
--%g
« 5281
2911
2508
717
«13153
917
+ 0335
LOlTh
=, P19
= 0459
- 0722
-y 0384
wall2%
1542
mp 1352
s 1427
e il
w1303
= 1490
=al491
-, 1491
= 189L
alHF2

THETA

00166
«20LGR
01T
+0019%
G216
+O0025T
0023
+0020K
+2A8TE
«DA2AY
2027
002y
«Q02%s
ODE%E
«T02%%
<0290
+20263
02T
L2021
«I0261
0250
Longia
«OpREs
Longia
+TOLYS
00180
D016
L0113
+001 38
SO0 26
+D01 1%
LO0L0y
00095
+H008T
« 00084
+000TY
«000ES
«000E3
«00039
0055
«000M
LO00%E
00043
00043
00040
+O0RSE
00033
00033
00051
LO0B2%
«00026

RHx20.0 AILL JON

SER

= Ak855
=, 18241
-, 11253
» . JE11Y
=, 02021
- O0OE
=, 00993
=, 0LLuY
Q05D
- 017TT
=, 00239
=, 00198
= OODET
00006
+OODE2E
00031
il
LooL08
+O00126
001048
» 0152
LOmLTY
LAY
001 %6
wROLT
+O0DLeT
D019
«00%381
«OOLES
TR L SN
00159
SO0L2N
JO010%
+O00Y
« 20081
+A0064
+0005T
+P00NE
LYy
20028
#0021
+O0gLS
LO0aLE
00006
«20003
00002
+00001
00000
+90006
+0a0dn
=, 00000



JR2E2H
20680
L19Ln4
ATTaw
L6321
Jduag?
L3555
L2339
L11198
L1001
LT
LoTanT
NS-T 3
LBE03S
JA5LTE
LJOUSTH
L0363
02971
JIRIRS
LDla35
JULAST
LO0a58
LO0e31
JonsrL
L0179
LO0DSE
LO0000
Lononn
LO0DAL
JB0asq
LO0u2S
Jobral
JOLDSE
JoLlare
JOLRTY
K1}-1.1.71
03Lee
AT T
LORERD
LTS
LOE32S

Jorama

JpBz7s
LT
1D%ET
L1652
-1
LT T
O 1-1 L
ARG
JdR3ay
1Ay
- ATUEY]
23017
J2%BAT

)

= DERTE
=+ 08K09
= 053535
= DRANT
s DL
=u 0228
=oE2R%Y
= 0270
= DEREY
~aD2410
=a D225
~D8923
=G0
=+ 01581
=y DLAY%Y
= U 398
= DOB4E
- DOSEG
wal03148
- DOO4T
«0pze9
200510
aOpadi
«020%T
« 01400
«GLFDT
+024a19
+02334
208647
“D295T
WOBZ25Y
«0A552
03239
LAB124
L1
+OReT0
WUhphl
05241
+1%5300
WUSTRE
JO0E319
+OEB2ED
064T1
«ORTL2
0EREL
+OTLE0
0T20F
JETubE
iﬂ?ﬁ&ﬁ
+OTB20
+0T972
08116
M-l E13 ]
+ORETE
+0aRY2

¥3

. O3N3Z
- 05975
= 05304
- 05219
=x03519
-, 05005
- DRATT
=, D2THA
., 02877
-.D240%
-, 02217
-, H201%
+4,DLB06
- b1%81
. s ELL
-+ DL09A
=, 00845
-  D0584
-, 00314
- 0DO%T
+D0229
LOOS10
w0200
01097
+OLeQD
JOrYaT
LR
+D2334
+DR2ENT
+H2IST
«D3259
+D3552
L3039
SOW12%
JONeaa
«ORESD
«DNPRA
203241
L05508
«05T6T
+OR0LT
«+0B236
+DE483
+ORTD2
+ 06907
07102
OT2EE
LNTH6E
7630
LOTTad
L0793&
+O0BOTH
208207
08329
ML l)E

ANG

=138

=2,54

-Ha- lu

=380

=55

=3,53

6,18

PP -

-IE| l.

9,24
+10.85
=11,7%
'15-15
=14 .64
'1512&
18,08
=200
22,50
‘25.‘“
=288
~32.E7
+18,19
43,06
25300
=h. B8
=T, 0l
“B3.T5
=27.22
«108,T8
«119.15%
-128,77
«137,49
-iul, 2
=148,2%9
151,90
=154.,8%
-15T.EY
2159.587
=16l 84
=165,32
=16%,592
166,34
187,74
=168,
-1e9,.94
=170,9%
=11, 76
17249
=175,y
«173,73
=178 27
=1TH . T7
=175, 28
=175,.69
C1¥E,18

ar

KAFPA

160

N ¥
Ty
«BY
95
1,08
1,22
1,38
L457
1.7¢
2,01
2,28
T+60
2.99
3447
.10
& .99
B.25
B.22
11.30
1E,38
28,95
31.51
59.95%
5% .54
65,B4
£3,80
&3.30
38,89
1%.10
2,62
51,13
18,69
12.9%
9.8
Tel?
5,.61
4,70
.5
3,31
2.82
Tal2
.08
1.78
1.%D
1.288
1,08
«90
«TE
+ha
+61
-1
31
)
L5

P

-y 1%9]
-, 1%QA
a9l
-, 195K
- 183N
f-l!“?
= 1287
«. 110%
= 0925
.11
- %03
=, 0055
315
+0R21
21353

+ 1950
+2518
+3iLE

» HLES
+50R8
MILT:

+ 7391
L6785
1,0127
1.107y
1.121%
1.0200
+TIB9
LY
1513
-y LY
=, A%03
=y BENL
- 5512
»y 1245
=, T981
=, 051
=,3133
=3 JREL
=],0154%
=1,0603
=],.10G03
-1,135%%
=1l.l66l
=112
-l 2077
-1,31587
=1.22%3
=1,2361
=1,8252
=1,222%
=1,2186
=1,21358
«l, 2084
-1,202%

THETA

100D2N
SAR022
93020
La0plp
Q0036
04K
00pl2
+00010
193008
+00D0E
+30DO3
0,00000

ZEF

=g 0D
=, 00481
-y 000491
=, 00002
—-4 00003
=, 0000%
=g 00005
-y DO D&
- G049
=.000056
- 0OODT
0,00000

TRANSITION

STAEGNRTIDN

TRANSIVION

0.00000Q
«0000Z
«2000%
«0000a
+2000%
«00011
w0013
«O0015
«00017
«0001%9
«O00E1
L0923
w0025
L0027

0.app00
~ AB302
N TTIT
=, 03804
= B0003
T T
= 90001
= 30000
+00001
20001
00002
L0002
00002
00003




~EE29E
L27981
L2559
3yt
33215
8007
L6811 E
L IBELY
R LLTY
L2332
LEN1ET
JHBOLT
RILE
SAFTR
L1627
S3nan
L5822
JAT1%S
1T
JEDTT1
RTllt
LR
Lok T
L6TALA
LE95xE
LTlan?
LT2a358
LTusDC
LTEENE
JTrage
«THEES
LT )
LORMTE
LBa95%
58550
LBEERS
BT986
B92ELl
JEONLA
- T1850
92607
. 935603
«PU936
9530909
L6192
96913
L7561
MB35
R--T1 Y]
L9904y
. PIB94
«TI650
9849
79962
1.00000

¥

I8AYE
+JBE9%
0ATAL
1LY
aDB922
+0eaTe
209019
09051
+0907D
0E0TT
+09n71
02058
+09D01 7
+RBSTS
+TA%10
L08A33
+O08TH]1
8582
18306
+083562
08198
08012
L.
0580
07340
JAT091
NEBdE
+OEETT
+OEALE
+DE0RD
+ 0580
O5EAL
+ 05302
+0305%
«0%B21
«0N58%
+Dh36%
LON14G
+039356
M EEET
+03539
+OAL%4
+0B1T?
+0EaLs
~R2BST
0212
+OPSTE
»ODNST
rEL
»02254
IR
D202
+O204T
«02na%
»(1 995

15

L OB593
+DBG3E
+DBT1lA
. 08790
»DRBS]
1L F
+ TN
+ORSET
+OA9RE
L8985
JOBITS
LOB89E]L
LOBILN
LOB852
0BT
JO08TLE
L0851
08495
08363
08208
JOanNZ
L7832
LOTa1D
L0730
+AT1ILT
. DEBSS
+DESES
+HE31Y
+06030
05723
«055148
05258
« 05001
«DONTS0
+ DN S0y
+ONZHEY
+OND3L
«03808
+DISBE
+D35T5S
+0O3LTY
+D23TS
02786
«D2502
«D2%l9
LH2233
«D2042
+OLASD
+N166Y
Lol
»OLORE
L1219
101121
JOLO8S
G100%

ANE

=176,53
-ITG.HS
=177.52
=177.70
=178,08
=1t8,.85
=1T4.85
-1191121
=17%,89
=1T9,.958
=180.38
~l66,.79
~141,82
=181,87
wlf2,du
=182 ,63
«105,14
~1M35,L7
=104, 25
=188, %5
=18%,62
=186 ,228
=187,09
«187.E8
188,13
+ 188,45
188,71
=188_90
=18%2,05
=189.,17
=199,28
~189, 38
180,57
"1“-55
187,66
-189, 76
-i89,87
~189,.99
=1%0.12
=190,24&
al50,92
~190,.59
=1%0, 78
«191.00
191 ,2%
-19‘1.5*
171,80
=192,0%
1% .92
=1%2.07
wl9%,153
195, 62
#1197 ,5%
-159,90
w202,73

KAFFA

LY
« 0
39
T
Y-X4
-1
+ 26
36
+ 37
+57
+aB
+ 3%
o]
o N3
+¥3
+ 217
« 50
-1
+ 9B
BB
« T2
« TR
+65
91
« 39
29
-+
17
w1l
+12
Wil
11
w1l
11
+13
b
13
«17
R0
23
¥
12
yoB
W49
1.x1
«70
169
.l
1,79
5,15
T.08
1%.02
1,21
TH, 22
220,07

CFP

=1.1%64%
=1,1%00
=1.183%
=1.1764L
=1.16%3
=1,:161%
=f. 1542
=1 ,1441
11374
=1,1281
=-1,1179
=1,14&T
wl, 09%1
-1,0880
=l.064%1
'1.““&3
=l .026%
+1.0033
- FT52
-, ¥2379
-, 0B5Y
=, 0193
-y THUE
-+ B72L
-, B0TE
-5 5519
=, 3056
- 4623
w HEEE
- 3957
=, JE0E
e JNAE
L 14-] 3
- 3025
2Ny
- PETE
-;3511
-.E!Tﬂ
-, E22%
. 20U
., 1965
s 1843
1 T2E
-.1612
" 1996
‘9157‘
- 1293
- 1136
-, 1920
-, 2903
w, A753
- 0671
=.0576
-, 0511
=, 0454

THETA

200029
230082
~O0DAN
«0005s
«00038
«000a1
<0043
« 00045
«D0ONA
+ 00059
«00053
+0005%
+ 00058
«20060
« 00063
«D0dRE
006
+O0atrz
«D00TE
0080
-2 i] g
00072
+00100
«30LDG
@0L1E
LO0127
013N
«O01%E
30130
LOB157
BPL1ES
00169
SO0PLTS
«D3Lu0
200185
10191
«+301%5
00200
«09205
00209
200%1%
00214
«00Z22
«D0224
«00231
«D0Z23E
2002%
« D020y
«0025p
« 0028
«ODZE3
w0027
wd02Ts
« 00260
«On2ey

SEFP

+00003
a00Y
00404
«000b%
«00003
ODO0S
«000D6
+LOBpbE
+0ppoT
.11
+O0009
Cop1l
L0015
RS
001D
L00021
JHBDEE
L0035
J000uB
OAREE
09093
LOT1LT
M LIEL
L L
0014w
200137
00132
«0b124
J00K17
+O0t1l
«P01 06
00102
+00L00
-0pose
+000%T
L0097
aDhO%S
«0bio1
«DO10%
«0B0108
«OOLL3
«35118
0L
L L
«OBLAH
+301B6
+00216
+JOR56
L0512
«JOEN?
wODRAY
00605
+IaTLl
LABTER
200811




+
+
- T
L}
+ ¥
+
+
- +
+
¥ +
+
+ ke by +
. e T e, +
T -, r
+ . .
+ +
. * T
+* *

Mz .70 CL=1.100 " 0Y¥=.000 T/C=.124




0

M=.700

CL=1{.100

D¥=.000

T/C=.124



)

RisEI/TH

AUH® =585

CIRCULATORY FLOW ABOUT A TRANSONIC alAFOIL

ME TR0 CL®:1.3100 UYs LDO0 T/CE .12%

TAPE &+ FaTH g

¢ 0
"aun n.ﬁn“ 2
-1,000 0,000 2

2 0
+ 300 030 F
+320 =, 320 2

TAPE 7

o085 g =,12 .20 .08 .40 700 L0} -,210 0.000 %1,30
23 1 2 ] E 1p 1& 21 22 A3 34 57 3@ 42 ¢S5 4R
49 By 53 e HT S B] B2

*, 115 148 L850 « 030 064 =, pTH 2550 + W50
G.nﬂﬂ e GAT  =uleD .11 b.00g upﬂun «500 O,000
C.obd Y2 =1.100 -.-...'151] 0359 50 =.7D0 « 750
o.n00 0,000 «2.000 Q000 D.00% Q000 «Z.000 D,0Q0Q
=_0e0 « 249 WBED AL 2R0 =, B33 238 «390 ~.,520
a_.pod «114%  0.000 ..320 JA08 A 356 «,290 = kD0

L2587 =306 5D « 100 157 « 149 -500 + 050

098  =,01& LUBE il T 00 Al& 2,000 1,000




iy

AUTOMATEON PatHg

LI

=, 8490 =310 =%
- T0D -, 530 i
=, 550 -, 345 *

C I
.-.Nl-ﬂ -.Slﬂ "‘1
=, I%0 -, 400 3
-, 30 -+320 3
=1.010 ~.260 3

=3 D
100 L53@ -3
=, 300 A20 1
-i!!‘ﬂ '550 i

]
=, 450 310 =1
= 650 290 i
- B30 «220 1

.
+ 200 w260 -1
« 300 -1 1
L340 &0 1
%350 80 1
LH80 . 04D 1
LMBD =, 200 .1

5 1
=,100 -, 300 L
--5“0 '-au'ﬂ' 1
220 = 420k =1
132{' --5?ﬂ 1
0 -y 3&0 i




3

-1.8

-l.e4 "p

+
-+

L] +
+
w
o.0L
L]
*
-+
» PETICEE R X R
lq I_T* ***L**"‘"‘i;, %
- & Yhay -+
L =+
f Yrtou g past
.
4
¢
1
84
*
i
¥
1
1.24
"
-
- .
o
e e e = — e —— e = e T e
H.._h__\‘

M=.630 CL=1.409 0y=.Dib 1/C=.083




M=.630 CL=1.409 Ov=.01E T/C=.083




QTSRS TN

AuNe =41
CIRCULATDRY FLOW ABOUT & TRANSONIE ALAFDLL

ME L BS( CL=1,.40% Ures L01% T/C= 083

TAPEL g1 PATH

2 D
= 200  §,000
=1.000 £,000

LUl L]

2 n
SO0 -,200 2
' .515 -.450 2

TARE T

=8.0%1 B -.q2 .25 L0 1,0 L650 ',0q8 =871 L0233 L,.50 ¥
2% 1 2 % & % 10 13 14 1¥ 18 A% 34 AT A3 N2
W5 46 49 Sp Sax Ey 87 58 gy &

- 07D 230 -1 . 110 w d85 =104 B20 « 300

INT a.BRs « 050 5D ) 'uasl +001 600 -,115
L% OB 800 1.800 t,000 QD p00 2,000 OQ.0p0
g.n0d0 0,000 2,000 0,000 0,000 0,000 +&,000 0O, GOL
-, p9% - LH5T *E8Z  a,18p =070 013 + 380 =350
0.600 137 0,000 .,3%0 LAD2 128 - 150 -,%gb

T I T %50 100 +L1E +N21 500 «05Q

133 =L (BS « D57 045 +0%8 = ,p0% 2,000 1.00¢




FL

LUTOMATLON PATHS

g 0
-y 7O =e&ll0 =1
=GR =y &0 L]

e &
a, T30 =, k10 -1
-y 2RO =, 60 y

0
ay3N0 s 46D w1
=} ,.1400 - 260 3

-y D
-, 550 580 =1
#.ﬂﬁﬂ .EJD 3
-, 570 «510 2
- TO0D V578 2

~f q
«200 1290 -1
0,000 L3535 2
-, 28D L4901

-} 0
200 4290 =%
350 + 220 L
LYl « 0G0 1

=3 0
LB 06D -1
HE0 =y 034 3
,HHU -.IEH 5

5 O
=100 =g 120 1
150 =, 220 =1
230 -.120 i
L0 -,120 2
WASE -.1%0 H




(ri

LISTING OF COORDINATES FOR AIRFOIL 65-14-04

X

1.00000
99458
L7753
L9616
L93pl
. 28ap9
LH837H
BTTel
Itas3
96239
X327
-9%319
L3217
92026
LPOTRE
LE9301
BTasT
LBEas]
JBua7?
LA32y2
L1540
LFI802
.?Sqn?
JTR1ET
LFRER?
T23ga
Ltour9
L B2aun
JEEU3S
NITTE
JOE3gL
L6093
E1-ETT
EIITE!
LT 1)
L1964
LIBATSE
MTTRY
J4ETLL
LHIEUS
JH1591
L ATSRY
,375838
LA55u5
JAEETY
+I1BY1
L 29737
JRTRER
LPRDEA
- 24250
22508

¥

O=GRpo0
00016
+0C06E
L00131
a00z6d
80397}
00533
+ooreT
0012
«11107
«71306
01506
«D1702
+01R%2
ar#nT4
«DEzAB
D29 D%
«0LABSH
«02693
«02201
02806
OFORT
103075
03140
WOEL9D
«053E
«032T2
D2297
«0531%
« 05324
«O33I2E
03335
23318
02307
P02295
«032TE
W03251
«0AR27
+0330)
LD31TH
L
«03116
1 ENBS
03055
0302
0994
O2asEN
+DFT5E
02908
+G2BaZ
rb2abe

143

+001ln
+00135
0G202
L0300
+00%1Y%
00361
+O00T2?
N LElE
«01101
01301
+01306
+OL7L0
21910
02102
D285
+02455
+025611
+D2TF5S
«OR8B2
o« D2F9E
0309%
03178
«03250
+08303
05357
033945
L+O2%23
LY T
L)
LOiRAT
LB3455
AR EA
MELYH
L03415
MEEY]
033758
03347
« 03520
L0329
+D3258
«03225
S0319%2
NILET
WN2123

03068 -

, 03054
L0301
02949
L 02957
L, 02928
L2900

'E‘laﬁ
=20.91
122,. ‘a'
-20. 1
=18,65%
=17.55
alb,34%
=15 30
whb, 04
=12 32
11,76
=10, 56
=%, 60
8,59
=Ta55
=k TE
-
=5.16
=4, 45
w3, 53
'3[25
-B.T2
=da26
=l 04
L
=11k
.85
=l
bt !'E
s, 18
=01
13
W26
57
T
W35
WBX
+&9
ML

« T
A2
-

« 87
B3R
B2
89
29
.87

o Hi
L82

+ 1B

KAPFA

495,27
«61.96
13,81
-17,5%
-ﬁ.ﬁa
I 41
A dR
=3.29
=2, 6T
=2.23
=1,78
-1.76
=las3%
~1.36
«i.31
=1,07
-y By
= 83
=y T3
-+ BN
=g 56
e
L ¥
= A7
32
= .28
-4
-2l
=18
s ¥
-y 15‘
+,12
=ul0
=,09
- 00
=, D&
-, G
=, 05
Ll
=, 03
=03
=, 02
=02
=01
~y 0D
00
1
02
03
00
05

cF

=, 1263
«SUE0
L2028
ATE2
JHATS
L4257
] T
+HART
- %6
JHTEY
+HEL]
+HEEA
Y891
855
PUBEY
A5G
481
2HTES
L7062
LHH3L
ms-1-1 )
LUHuga
L]
318
A 423s
+¥152
«*TL
y 3992
+ 9216
+ 38N
+LOTTS
S7T0F
110
<3584
«3B31
LEug1
« 334
« 3391
-1 H
+351LT
« 3285
1111
.2
3212
+ 2195
« 5181
« 317D
+ 3163
«J160
.3 %))
-3 1T

AN320 .0 MILLION

THETA

+000AT
00987
«00092
+20109
+FOLAT
+ADLNE
+OD1kL
LO01%2
,00152
00137
00135
00158
«00136
«0013%
+00193
+00150
+A0Y%T
ALY
L2930
Laf184
+0013)
ON127T
L0122
00118
00114
LA0109
«00L03
00101
+U0 D97
L 00095
00009
00085
0agdz
LO00Th
+000TS
~onorz
+20068
+00D6S
MLl
L Q0053
LT
»138593
00030
SO00%Y
«+D00%S
0002
00039
+00D37
+000 5

+OOn3Y

O0DZS

e

=, 08107
- 0T 5L
w,. 603G
- 05893
=y Ol81E
wy FOSEL
-, T0H261
- k2
-, 00237
=g 00175
=, 00083
- 00D 36
=, DOD2ZY
00007
+ 00017
00031
LAbpET
OO0
LIDDRE
Oupa?
00047
00045
+000N3
«O0pNl
L]
JODOES
00032
LOn0ED
Lcap2t
«0ap2s
Jgpee
LOan1e
Looo1T
A0S
JO0013
00012
JO0010
0400%
+00008
L0007
+D000k
00465
Dooo%
+I0003
+Q0002
LOoone
+A0001
LOapat
yOG0D00
=, 00000
=, 0001




LZzhEps
L1162
L1188
L16029
14549
19128
L1770
LlouTT
LO52sL
BN
L0Tnoy
L03959%
08057
L1998
LT
LAY
LO208Y
TL54Y
A1088
LanTel
L0yg?
el
LIR1BE
LRa02s

00000
Lodp30
L0121
.o02s2
L00516
Loe1T
L1183
LIlha8
L2095
LIEEN3
L8200
mELSE]
LOEUD
A242k
JHE2ED
LATLTS
05136
LO9LEN
10237
L1372
12541
13802
LA5092
JhEw31
LATRLE
JATEHS
Q712
22220
LPATEN
JENIRS
-0 k]

EL L)
«P2a1E
D279
f TS
+027TH
sD2TET
02765
202767
027TH
+0278R
02807
2023353
.ﬂﬂﬂ‘i
«A2907
A2
«O301%
3085
3166
« 53260
L LY
« 05507
LUSEAD
03887
«Dn1l7
«On361
«ORgll
«Nka8Y
05107
LY.
03524
«033595
w5166
«TERHL
+05T713
«TESAT
+0T293
0F8le
a0TTET
«0DB311
allBzdT
+ORETH
yOBETE
«OBS02
G104

00298

«00NB3
+ DRSS
«OP8ET
« 13985
+ 101 3%
«10272
s 10401
«10518
sA0RES
+1071%

LA2ETY
2ndl
LB2830
LTEBLE
«B2799
L0215
~D2TEY
«02re3d
L2187
LD2TeY
02813
. FIE
+O286T
202907
«029%8
+03015
LH3085
+T13156
L3260
+055T1
03507
. F 120
L059B7
+ORE1T
-0E361
«ONa59
L0317
05362
10562%
+O0589%
d61lhE
N ILL)
+OBTLE
+LORIBT
JOT253
.Y 3R
«0FTEh
+DB0%Y
+OB243
~0B%6T
+OBESZ
OBBAY
a0908?
092T
M- L3-1-
L09551
«DITFI
L1950
+ 10093
10230
» 10354
10868
10370
+ 10661

ANG

T2
b
87
7

« 54
«19
01
a2
Lk
-y B
-1.22
=L, T2
-2, 34
+5,. 14
-%.1&
-5.ﬁn
=¥, 52
-9.9“
«13.n8l
=20 b1
-!'31- 1“
49,62
-63,85
"'TT. L)
-gut!T

wlGd, o3

=116,89
128,56
-13&,03
wl91.37
«145,.55
149,03
-1%2,01
154,65
=137,02
=159,21
a161,21
=1835,02
=16%,6%
«166,09
167,36
=160, 48
~1E%.4T
-l?ﬂ.ii
=171.14
=171.87
=172 55
=Lk73,18
173, 7T
«17%,33
~174,.B8
*1TS %0
=17%,90
r1TH %0
=176,.88

KARFA

05
03
1D
13
«17
s2L
27
N1
+57

« 7%
1.00
1.55
1.99
2.7
4,05
&.27
11,02
18,89
5798
96,61
107,12
Sk.TS
15,20
BE L85
0,5
BN E3
22207
28211
19,21
15,66
10,52
B.2k
E,21
5.7TA
4,91
4,158
B2
2.78
245
2405
1.71
LoNU
Lidh
.08
75
8%
il
.71

+ Bl
B2
-1
-1
53
+51

CF

+3172
+ I LB
3202
+ 3225
3253
y-F1-1)
+ 320
+ 3381
.
23513
300
370N
3830
+ 3953
+H1TS
MLLUTEY
+HTLT
«IlLN
. +9%BA
PEIED
+ THE3
1,01%52
1,1099
1.,0261
, 1EME
W33z

. 1BST

= 4556

- 6125

= THED

- OHST

- 2975
=-1,0433
-1.120%
-1,2313
=1,2890
-1, 8554
=1, 0200
wl 503
*1|$“Tq
"'1 [ 5355
=1, 5545
"'1 L] 55“-
‘1[5122
=1,5782
=-1,5153
“1 * 57“"
-1,5662
«1,%611
=1,5853
=1, 5491
=1, 5426
=1,5389
-1, 5289
-1,5217

THETR

+pagay
00028
0do2p
00913
L0017
J0dgls
Loopls
1950041
JA0D0G
+dople
.10003

SEF

=, 00001
- 00002
-, 00002
-, 00002
=,00003
-, 050035
».GJ003
- 05003
=.000D3
-, 00003
a.0pnDL

TRANSITION

STAONATION

TaangITION

9. 000049
NTTTE
+ 00095
+00007
LLOg8
L0061
L00¢12
(00014
L0008
L00D1B
00020
00022
L0002y
L00026
L0028
«000390

0,.00000
=.00001
= 0pp02
= 00002
- D0G01

‘=, p00GH

00080
J0aacol
L8081
i3] H
LOrnde
LUz
3T ]
LONpos
0004
«DBO0k



JENARE
L302E%
EIETE
LTS
LT
L5T139
LI L
JHETL
JEZuG51
2 HH28T
RYTEL
LHTa1a
LHF599
BL3E0
-1 %%}
NI
JIERTY
K117}
B0179
Lelgan
R-T.1-3]
Y TY 1
LET1E2
LEB38 TN
CJHIGTE
L12252
JTEnh
il
IT1s1
LTETAL
LB0264
JELTST
T F10
LR
LISIRT
LBT22
L0y
89720
L PI85Y
919318
729565
TR
JPYanl
L FEE20
W FEIAD
R TY
JITEA3
L9028
20 e
L9102
+79%28
L9879
L9857
JP9YES
1.99000

T

+10801
10871
10926
W10572
AA00E
slinlﬁ
a11019
illﬂﬂﬁ
«1097T
«10%33
+108T)
«1079%2
«l06%%
«10578
wLOR 3T
12275
«1000835
m1111%
09521
.LEL]
M LLTE
GRYI0
aba% 71
«0aiAyY
«T28D0
+0T8TE
w1261
« 35952
+PERNE
+OEEH3
«DEO4 3
+OI5TLD
1Yk
AO51LTE
LN HHTE
+O4c30
04360
LR,
s 5867
035N
DGl
+05192
«D2waG
+ORT9Y
<0212
,DEH“E
w229
M F11] ]
G202
1911
d181E
01737
18T
+O1E TN
+01519

LES

«1O0T%G
10804
10859
10895
« 10925
10937
«1093%
«10317
«10883
+10835K
+107&T
10683
10573
10453
+1050%
L10128
+DFFEL
«D36B9
20T 32
+03158
M 1-L1E
+O05E]1
1. P31
+OT3Y
+OTBLE
LOTib0
0&F41L
LO6EE3
+06395
«05034
«05T28
05425
+031ET
ONa3s
204550
%271
«ONa0Q
LORFET
+0InB2
+OF25&
»DP27%8
2 TER
235 E
L2328
y02111
L0189k
01567
LO1540
RRELL
01230
02177
+OL1ET
« 01188
+Oliuy
+OL1ED

AND

177,36
=177.83
=i78.3%0
=178, TT
=1 T9.24
1187
-180,19
=180,64
»181,15
-1at Lo
+182,23
«182,.81
wlad.n
=la4,.%1q
«18%,.87
~1B%, 17
=186,.8%
=187, 54
wlBB,. 27
~1BR 5%
189, .27
-)B9 &3
+18%,90
-190,.13
=190, 33
=190,%9
=190,63
=190,.7&
=190, 88
=1%0,99
=191,11
=191,2%
«191,35
191,57
=191,860
191,74
171,89
=132, 08
k32,22
=12F, 4]
wlF2, 62
=132 .80
-~193,04
=195 ,43
=195, 62
w195, %%
=194, 55
=194, 78
495,20
195, 77
196,17
=198,.31
=200, 59
203,04
w206, 2%

13

KaFPh

» 30
« 49
L]
7
+ 47
¥
B
B
+50
+51
.1
« 58
N}
« 70
-1
92
«89
19
53
49
39
31
+25
21
sl
+ 15
wl¥
1%
¥
+15
ol
10
w13
16
17
19
21
aZh
« 28
» 32
« 27
ot
vt
.7
T3
95
1,22
1,38
| -]
3.490
Tl
10,43
2%,.29
ar. 84
2&D,. 5T

tF

-1,5142
=1.308%
-1,4984
-1,%899
-1,4A07
=1 4T

-1,4601.

=1,4i81
=1, 93406
=1,4491
=1.400%
=1, 3749
=1,331%
=1, 31%4
=1,2660
-1,1955
=1.,1091
~1.0153
ﬂ¢’5251
-, 88508
= THO®
-.T216
= GT0L
-, 207
90495
-y SUBE
=y 2165
- HBTH
L |‘ﬁ12
- K374
= N154%
=y 5350
-y ITED
= 5381
-y J¥1D
- 3258
-4 3103
- 2958
=.2018
- 2ENE
=, E35L
L )0
=g 2299
-, 21 T8
= 25T
=, 1933
= AB1T
- 688
=a L30T
- LB12
s lE1%
- 1272
=y LESTY
= 1255
s, 1283

THETA

03
00DSE
00037
00050
»0004]
0008y
,D00%E
+00hug
L0031
L00058
«D0OSE
« B005E
L0061
+L00ES
+ 20069
00Ty
00081
JOCDaY
00p?a
L0010¥
+IG1A5
00124
90131
00139
001%T
0018y
+P0160
LO01ET
+H01TA
LAY T
+401es
09191
PLL RS
LAEe01
04207
L0a28p
yOd21lY
L0231
00225
00231
00235
00240
+DDZNS
LOD25)
wR02BY
R025%9
+OTD2 6k
+0026%
A021T
L0288
1902%0
»0D029%
00293
LA029%
»0023%

SEF

LOAgDDN
JOggon
#0008
008048
0a00E
+00g07T
L0005
wOpold
+00012
« D004
L0018
LODp23
+T00E2
+LOboka
«0DDEY
JOBDYY
00127
001353
L0815
03138
yOO13%
00129
«0012%
+00119
+I0114
L0011
L0106
28103
«B0101
00099
O0DeT
LoonaY
LL0n9T
Loapan
LOopye
00102
200109
L0159
+P0114
0oL2d
002D
L BO0L3T
+ADINE
08163
0153
00213
LO0251
+O031A
yO352
00339
JJ002Ss
«00131
00008
-, 00079
«, 00110




3
+ N
+
8 : )
-0 1 *
*
R 1
+ +
. +
+
_ + +
N +
+
+ -+
)
*

¥
+ -
. P
et .,
+ +
* + L
*
l| " + * .
- + t .
L] f-i- 4
+ *1' 4_"'
-l+ LY
+
.8 1
-
-
__"""‘---------.-——.----—'—"_'-'.—_‘._-'---:-“‘-‘h

M= .650 CL=1.472 0Y=.000 1/C=.104




M= .650

CL=1.472

O¥=.000

TAC=.104

E|




AB/EnsT3

RUN= ~11%
CIRCULATOAY FLOW A3DUT A TRANSONEC BERFOIw

Mz .50 EL=1,.n7T2 QY= .000 T/Ca 105

TAPE &« PRTH §

2 40
-,Euﬂ 'n'al'.'l]ﬁ 2
=1,000 0,000 2

+ 300 050 &
+ 5585 =, 320 2

FAaPE 7

aTelld & =~,12 .25 L0080 1,40 650 008 = 320 0,000 1,50
2z 1 2 LY & @ 10 17 AA 33 Zn BT 3B NZ 4B 4B
#% Sp 8% Jy ST S& 51 5P :

-o‘nz ql]ﬁ‘.l. 155“ 405“ "llgl' -;Dlﬁ JEEu 1-‘513
-II-E'I' -.315 -.Eﬂﬂ ‘Es-n ﬂ.ﬂaﬂ' l.'l.nl:iﬂ «900 0. 000
=202 =,0l0 1,300 «300 0,004 q,000 LZ2,000 U.000
C.pdd 0,00 2,006 O,004 0,000 O.000 22,000 9,000
058 +,p84 A% =,17% =, 345 + 555 405 =283
Genbd 120 0,000 =, E4b f211 =116 -2170 =.600
+353  ~u391 1460 w100 L34 =, 0352 « 500 +050

081 =,095 L LORG +001  =,0%0 24000 1.000



-0

AUTOaTION PATHS

2 0
-.?5“ ‘.ﬁnﬂ =1
-.510 '.590 L)

L
-.Tiﬂ *aﬁuu
-, BA0 L1
=y 454 - 4Tl

L]
LR

3 0
- 950 = R0 .1
=L, 020 =330 3
~1,080 =,2z0 1

=3 0
« 20D «¥30 .l
0,040 Ll 1

w284 HTH 1

~3 0
=, 35D 2300 a1
w, 370 980 b
=, 714 -1 ) '

a8 U
JERD +430 =l
L3TD . 3z0 1
L1 pd 2l 1
L0 030 2

=3 0
100 - 100D 1
L350 =y160 a1

J250 230
L1850 e, 3g0

e




LI=sTING OF CODROINATES ®OR

100000
m-11 1%
TUIRLE
=3IK59
+79aL Y
~IRTag
« IR 55
= FTuI5
+IEETT
»IRFTE
+ S TIG
,-LTE-
«F2u0T
+1%0E
«ARATZ
N1 1T
+AE TS5
+EBELTE
ARSRE
«B1nT3
ANy 5%
= TRAGE
» TRENZ
«TOT?T
« 72923
“TINRE
JERANg
+o¥ALT
JE%aTT
« ARERZY
JE1E53
- SALTE
«5TERG
» SRAST
«3Uk0Z
STEDE
NS
JTHAD
MY
HRLED
1S
«3A5HG
«ATARLE
LY D E
-1 151
- 31 BN
+30al1
m-111 51
+CESLN
~PaThh
M-41118
~2120%
«19T8S

¥

0.000nd
Napyy
00075
SODLES
00283
LQOR2E
JOn38T
LanTi%
LONS3N
LOLED3
01251
olani
«01518
016k
« O1BE&HT
~oLT2e
SOLTER
JOLTR2
LOLT20
N.181-31
01627
01559
0181
15
01501
02032
01103
01008
00303
L0805
107
LONGRZ
J0035A
LO0E0
+0035039
LA0ERA
JAN2TL
L,AnN223
LA0L54
+ONL3L
ALY
00131
N80
JOntal
OOLES

JNALFE

09235
L0037
Q0326
JNHEBY
SR

84

ANG KAPFA
24,51 =114,355
=23, Th =39,9q
=21.08 =1F.50
-'IJ‘..BE -l.!“
=18,.10 «5.07
16,56 =%5,1%
14,91 sl 4%
=13.20 -3.9%
w1y Y5 3,52

-9, 85 =-5,132

~T.7% wfa 72

ab,.29 -]

by, T3 =197

«3.04 =1,85

=P .23 =1,37

=1.21 -1.13

-..-!-P -193

U a, Ve
1.07 =yE1
1.&0 -, N9
2+02 38
2.37 .29
.1 22
2+082 =y Al
2.5 =, 08
.00 =-.h3
3,0 «01
2.98 -05
2.%1 +«DB
2.80 «11
2.ET +13
2.51 «15
2«30 «17
2.18 «1B
1.95 *137
1.71 + 20
1,44 «2n
1.70 21
1.0 «21

7T +21

-5 ] «21

=29 .21

« 05 «21
= 1R « 21
"qj -2‘.
-, Eu 22
-.87 22

=1,09 + 22

1,32 422

al,5% 23

1,77 L

a8 ,04 + 25

= .28 -

ALIAFDIL &B3-15s108

maCH

330N
+5183
851
LSLan
49as
1Tt
3T
« 307
L]
42N
LY
«H26T
30N
JY3Ea
MLIE]
UTH
457
JHE21
LHESR
4TI
$850
H927
- 5002
+S50Ts
3167
321R
2281
+534%
1111
;-1
« BH0Y
« 5581
5592
. 5628
17171
« JEES
5T12
LT
HTRE
5T87
. DTEN
«5TET
+5Tan
JATES
Y11
J5Tas
£ 2732
L5TR
+ 3697
BETA
-l Y-F
 BE2N
« 50

cr

«F139
«35hg
Y
MLLLE
3150
« 5560
1 3576
+ 3724
«3813
+ SBEQ
-3-1}1
5814
+ ST
1%
171
M-1.%11
13164
ROAT
hab3
WMELE
2N
L4235
LiLe]
« 3259
3ETT
» 3500
M1k}
«31639
+ 3016
L2RTS
W 2TH]
2619
2500
P 2011
1 232%
L2289
2185
2136
20%5
P 206%
2097
+ 2038
s 20N
2059
12069
2097
12133
21TR
2227
« 2280
12309
N2 ¥l
250D



1
eL
LT
"3
A
=9
&0
&1
w2
&3
AN
&%
L6
57
4B
&9
70
1
12
7%
T4
TE
76
7%
TH
79
BG
a1
a2
an
.
A%
RE
AT
1
Ay
90
ot
92
9%
94
a5
9%
57
95
99
an
1l
1T
103
mu
105
Tns
tay
ine

¥

1821
+TREAT
+ 15215
+13797
19037
«19135
+N9ATE
LOnTEN
0TE1E
yNARREY
JOSRLT
«09T2R
NETIL
«0318%
«0»5M0
ALY
0109%
ML
+NOTE2
JOnub
L008L
M LEL
Ol
+Onadh
«D0nS0
B0
WNmEL
NE LY
A NEkO
LO13EN
lﬂl??l
LA8aTH
yOZASD
LLAaAk
oG 3l
« 049&R
+O05AL3
WHETEE
0770y
DATER
+DSRAE
1noés
+19193
« 1 5L%E2
« 1RTEZ
18420
1 TEEY
+JIRel2
s2hauhe
L2799
L1114
LEEYET
P RARTIN
JERRSE
301

Y

+0050&
L]
DOBES
«0TRT
00810
« DOATE
B09RE
L1080
Q1173
1280
01386
01499
n1kl18
AN
+O18TH
“0ROES
0202
W EIT.E
Jh2E32
Lt
+05113
+0337H
+OXBL4E
.11 1]
+ONLAT
ungd
0aTIR
05020
NSNS
LA
05871
JNELRE
+06%12
LORE6S
NERIDT
LaT138
L0756
L7589
LOTRgy
~NANEL
+DEZ30
~DALID
N 1LTs
. heal19
L9000
LBE1TL
L093539
ULy L
AR
L0aT?7
L9901
A00RS
L1N1Lk6
L10206
L1nzag

&5

ANG

=2, 0%
B, TH
-E.ﬂ!
=351
=3.65
3,97
i, 35
mip, B2
=-5.13%
'5‘- gﬂ
by B
Ty Tl
-, 01
-15.37
=12.83
=17.35
=23, 72
=3h.0A
=3h 45
wlpip Y
«55,. 85
BT 2 ]
a7, 35
-9%, 2%
=107.31
115,50
=120,569
=155, &0
=l4t.10
w145, 6%
aly¥F. 68
-153. M
=136, 66
=158 7%
wld, 35
=1&8, 24
=169, BT
=1&E, 8%
=167, 88
-154,7%
=lE6%.62
-170.5%
=171,1n
171,77
172,40
=1lT3. 00
=1T3,38
~LTH .13
=1T% 6T
=175%,19
=115, 7n
-176.19
=176,.68
*1?’-15
«177.6u

KAPFA

«+ 28
%1%

« 34

« 28
«43
30
B2
aTh
8%
Lal4
1,7%
ekt
2. 70
L 1)
9.51
18,436
23.51
2%5,a2
2T.h5
S2.01
B4,25
G 11
BT .21
9%, o8
an.6a
59,41
38,140
25,23
19,02
18, 6%
12.07
10.03
8,61
T.04
S.02
3,34
2.7
1.9
1,563
1,39
1.22
1.04
+ 96
+AT
.1
TR
69

+ &L
161

+ 38

+ 55

+ 53

+ 31

+ 30

+ 39

MALH

5353
23529
-1 1 0]
. L1t
R.L1.1
-1 119
5303
-1
+I1AX
5113
L5035
SN9as
Lu8aT
LTaT
JHELE
40T
397D
-+
L1
« 1459
288
=1159
-1.17%. ]
2 HETE
+B3TT
«TTLE
. [oF]
+9%2s
3921
1 OS]
1.10L15%
11,1554
1,204
1.2538
1.2%01
1.3854
1. 30485
1. 3057
1.5002
1,295
l.2064
1.3%an
1.2717
1,264%
1.,23F7
1,2%11
12487
1,254%
lu2326
12269
1.2715%
1,214&2
1.2110
L, 2060
t.2011

P

«25BE
w2679
«278N0
12890
.« 3808
-1 8- )
+327n

1 2926

» 3588

' BTES

» 3963
%191
1Y
aYEfg
5004

+ Sty
EhTH
+Teh
+9252
1.0811
1.107%
1.05B3
+BRMkE
+LUE7
05T

- 3509
-, E1TH
~.,84TH
- TRET
=1, hu3y
=1,2als
1. 41355
=1, 9397
-1, 6560
=1,T382
-1, 7724
=1,¥T89
-1, TTEY
=1,7a0T
-1, 7455
=1,72%%
-1,TLES
«l.69T%
-1 '-E'Iu"
=1,6651
-1,64%
=1.6300
-1,6205
=laB6068
-1,595%3
=l g S00F
-1,%&7Ta
=1, 35%5
-1,5438
1,331



ng
1a
11
S -
13
try
s
116
17
ita
119
1240
131
123
12%
LAk
125
Laé
1av¥
124
179
1x0
1%1
152
153
15y
15%
136
157
1%8
1%9
164
141
1a2
143
1680
133
136
1T
148
149
140
181
152
153
1%4
1%3
1556
157
15A
159
150
1%1

]

» 21035
Ll
JARRGT
BTILe
3AY0E
NBTHS
JHoR13
JNuxdp
AHELME
755
+HuTRR
ALY L
-]
5uz0%
« SEQES
«SATRL
aRORLY
BRARY
B3RS
+ESFL2
ETULS
Ny
THTSS
TRanl
yTHALA
TeenT
s TTIGA
+YAac9s
SAMINR
+LOhaLY
+AAnay
17111
+AKTTL
+A¥nS5E
«AR393
~HEuTE
“INELE
+SVRAE
AoTgE
L TY-T
+LINEES
S50 2
LIy
+95nTa
-97FR1T
-Jands
+AAGAL
LY
+ 79%60
Ly
+SARIT
N LTY 1
1.0naN0

Y

+ 10345
L10395
LInu3p
1045,
~1046L
L1453
LAn43n
10331
LIA33T
+1N2ET
+1018L
+106TH
09957
yN981%
LOSRGEL
OS2
ne282
Negeh
+NAYLT
i ]-E11
LOR2TE
~DTIBE
+hTEE2
JOTFIRY
NToks
+DETLE
JOEETT
LAEN3E
.NBERY
SONENT
LO%00%
OubEE
04923
+O398T
JO%ESE
D833z
+DE016
+OET09
2Nl
LN2riE
+OLAER
LOL3PE
~O138T
LO1LLT
L0035
LNt
R
NN3IA3
LOn253
~OBLET
LT
+0N0LB8
LO000%

ANE

=1T7H411
=17H,%3
=1T9.1&
-179,532
«1480.01
140,49
=18p.9%
=181.Y%6
«181.%6
=142, .46
»182,98
-18% .53
«18% .10
w154, T2
=188, 39
«186.12
=186.89
=-187.63
=188,.3%
=1484,97
»15%.57
~la90.12
=19D,82
-191.4%
=191 .54
«1491.%&
«192.57
192,75
19317
193 M7
ate3. .02
-1 k%
« LI AR
- |
«195.13
1%, 4%
w195,77
=194, 0%
w196, 587
i, T
197,310
=197 45
+«197.8%
«158,22
198,58
=199.0R
»199 5%
w200 .08
a200 . 6%
»~201.2%
adfZ.11
-¢03.%0
w204 81

KAPP A

Ll
« N7
o547
+47
aME
o7
+47
47
Ll
5
+91
53
+ 57
+62
+B%
« TN
- 75
«72
«+0F
«+52
-1
+ 5N
+ 31
+ MR
+HE
18
+% 3
+ 342
4P
%1
41
Lt
PN
LY
+98
L
+49
+52
-1
B1
«BT
W 75
36
.31
.17
129
el
2432
5,12
%09
a,3a
$z2.03
100,23

MACH

Le1%63
1,191
1.1865
L,1a1%
I.1T64
1.1711
1.16856
1.159%
1.1%38
L1473
L,1lucl
1,131a
L.121%
1,1a97
1.0%a3
1.9783
1L.0533
1.03401
1.00T4
L FAED
TEh1l
L BTy
L9301
«¥137
3955
8437
« HR9A
JHEES
LANRY
4319
8196
8021
T9E9
« THED
T TEL
« TEAG
+ TO4T
« THUS
- T3u%
LT244
«T1H3
+TON1
+BOET
- k32
+BT2Y
+BE1H
1YL
+ 381
5228
LhLil
3327
N-1-3a
8354

P

=].3200
=1.504%
L, w963
=1L.%84]1
wl Tl
-1, 0545
wla W43
wl k306
L1
=1,5%859
=1.5807
=1.3597
=1 300N
=l 30249
+~1l,2629
=1.2128
=1,1%39
=1.051%
=1la029
- IO
- 3139
- BElE
-, 8115
u TRSL
= TZOE
-+ BTG
-, 5303
- 559
= 962y
—.!25&
- 4920
w BB
-, k25T
-+ 383%
=, 5028
-, 5X2%
- 5023
- 2327
=, 2831
- 2141
walibA
1551
12532
el
=.0E%0
-y 0N
«B01%

« 5Py
«OTET
1022
1615
2509
<313y



B7

1T C
-1.21 "P
* + ¥
’+ 1 # ¥+ + + .
+ +
+ ¥
+
*
— B__ : *
+
=
+
N
4
+
-.4
* *
. 4+
N
0.01 *
-+
+ +
. Lot Py +
. * + A
. +
"I'_ i 4 * * *
+ + -
"‘-: +_',_'++
-
%
81 .,
-
+
i
1.24
-'."" - - - - - - = = - -—
'F'- --
-‘-.
<. .. et
- - - - - - —

M= .500 CLz1.281 °~  DY=.016 1/€=.100




|

M= .600 CL=1.29t O¥=.0L8 T/C=. (a0




mfeE2TH
21 1

53 %% ST 58

JuiE
0. nad

L01]
D, 600

ansa
289

583
120

2
F

=y 294
0.000

ay 009
0,000

- 220
+ 288

P11
-y 114

0771857y

RUNE =2TH

CIRCULATORY FLOW ABOUY A TRAMSONIC ALRFOIL.

M= LE00 CL=1.291 OY= .01k Ts0= 100
TARE &+ FATH n
0
= Bon 0,000 2
1,000 0,860 2
T P
- 550 «08G 2
AT -, 328 2
Fapt ¥
w12 30 L0&8 1,40 LG6ED L0D7 =, 3EQ0 023 .50
= 6§ 17 18 E3 33 37 38 w3 4z 45 44 £
®#l Bp
—.iﬂﬂ .HH.’I '12.55 *-za'ﬂ .Eﬂﬂ i”‘su
«900 D,000 h.00e 0,000 «J00 0,000
=1.000 « 300 0,000 D.00¢ =2,000 o,.,000
-2,000 4,000 5,000 0,008 -2,000 D000
590 =,1T0 + 009 119 430 =240
=i 080 =, 480 00 w060 = K50 =4350
450 +100 + 580 =, 130 +300 + 050
015 MLl 00N . q29 2,000 1,000

7



0

AUTOMATIDN PaThHS

4 0

- B0 ¢,000 L
"1-1”“ '125“ =1
=1,080 . 510 2
-I-UUU -'Hlll 2

34
w, 800  D,000 X
1,000 =300 =1
-y P30 = 515 2
‘131‘ -,BEG 2
-,6% =,62% 2
# 0
Y PR T T N |
=, 580 =, 530 2
- 9BD -, 820 2
- o= 30D =, 5600 2
=, 280 -, 575 L
= 200 -, 3640 1
i 0
2D =, 560 =1
100 Y- L) 1
=,039 -, 580 i
t‘“ﬁ '15*0 :
110 =548 1
«3 1
250 +300 =L
=650 + 500 2
= B0 + 430 -3

-2 0
=380 LU0 -1
140 LS 2

LU D3N =l
+HH0 1) T
+230 =, 125 1
LS80 =200 1
|*?5 ‘tzns L

[

v, 100 =, 505 1
30 -, 305 1
495 = 300 -1
LO85 . B0 1
219 =, 540 1
-llﬁ -.515 1




-l

-1.2 -

_..E | F
i *
I*#q.‘,_*_“_
R (O T I T S
¥
s
-4 1
¥ . L
- 4't+"+1"**+""*"‘**‘1‘i4+ r
+ L)
+ 0+ Y *
4 * A
+a * .
N
0.0 r . *
. A
4 +
* . +
- *+
. : +
* . ] [}
iI'I__ + * ol
+
*"++++"‘

+ * 4 g

FY A P

1.21

H-.B20 L= .530 0Y=.0156 T/C=.092




M= .820 - Cl= .590 O¥-.0l6 T/C=.0932




.

oF 1A/ TY

RUN= =258

CIRCULATOAY FLiOw ABOULT A TRanSOnNLC AIRFOIL

+

NE L B2D CLs 590 Orvs 016 T/C= 409
TAPE &+ PATH 0
e 0
~, 800 0,008 2
=k, 000 G000 ]
F |
30D L0850  F
J4TD ~a2bd 4
TarPE 7
alad2S5 y =12 1% L08 1L.40 LB20 LO0n3 =,103% L0035 L34
4] 2 L] & 1n 23 L% 17 15 33 3w a7 LE T 3
4g 5 5% U 4T S8 61 b2
-, 278 =198 + 50 050 024 -,192 +B00 2270
f.n00d s, 337 «allD L5490 AT w186 »5A0 2T
SN = 03% = Bu0 =.E500 Q.udd G000 «2.000 O,0040
§,000 0,080 2,000 ©O,000 p 000 0,800 2, 000 O,000
=154 140 +200 ~.800 JA02 -.n7e 350 =_.540
108 y231 L DHE =280 0.0010 JE2O0 =070 =g25]
162 a1zd s4el +100 oz 208 500 + 058
WL 002 w062 J018 L0 o p2F 1,000 1,048




o

ALTOMATION PATHS

3 a
+, 960
-, 930
= BTG
- .Tg‘
a bTS

3 0
=, &£T3
-, 260
-.“ﬁﬂ

2 0
-, 500
. 875
- B3z
. BB
- 580

§ ¢

. 075
-, 18D
». 270
-390
-, 520

e 0

-t 28
08D
L20D
270

0
278

-"-ﬂ "

Ll
7O

LI
-.300
S243
+520
2268

3 0

=100
Ll
+«268
4215

-, 250
- 550
- 408
bl ] “ﬂn
- 48K

-.*ﬂﬁ
- 07y
., 450

0,200
+295%
N-1-1
« 350
« 365

-1
. 280
330
360
30

« 250
2267
« 300

2 300,

LS0¢
+170
20

-a100

- 200

=, 2E0
-, 335
-.ﬁiﬂ

-, 200
-y @0h
=, 320
= 303

[T gy - (TR B TR T e

b e ke

=1
13

A R




LISTINg OF MEASUIED COORQINATES FOR AIRFOIL 42=0g=0%

x

1. 00000
L
IITED
LHuEe
L L
+PAE02
RaLLYi
ITHIT
« 7619k
+9%200
94096
JI2ugE
LH15Tw
90160
LERcED
LEThUB
LBn355
LBRETR
LA1TE0
L 19785
TTTTY
.T5T05
Ly I5ATD
LT1ATE
yoT1 34
LEEAYE
+ERSLY
L2149
9975
+LOTA3
58301
L52u53
+50goo
LATERT
JHE09T
+H2RED
L BD2RS
-Yi 1)
BanfbE
+ 35955
PE-7i1. 114
JEBR2Z
PERSC

¥

1179
01188
«D1281
L01335%
01457
L015092
01728
LO018E2
01985
L02N9%
JO2188
LO2250
0292
Q2295
JORRET
LO02178
LOEO8L
LN1854
LO1E1T
01329
L0293
L00B14
L 00199
= NO2u5S
=, 00705
- F11ET
01617
a, B2043
-, 02831
-, D2FTD
- O3G55
=. 03286
=, 03472
. 036ET
-, 01376E
. 03BE9
. 03350
- 04013
- O4DET
- %085
-, 04037
=, 04093
a OHOTE

x

224293
22522
+20213
LLR2E0
«lB422
+1MEUS
12982
11340
208840
11374
+DTRLY
LO03504
JORADL
L03R0L
03%2%
02153
SOLSR
00561
L0041
LO002%1
+ 20060
00000
L0060
LO0281
«O09%]
«D09B1
dlu7e
02153
08923
»OA605
+0%301
L0590%
«0741s
~OBYRE
209843
«E1347
+ 18952
2L%B43
1BU22
1R2B0

220315 |

J22222
L 24295

o

Y

=g D404
-, 03997
-, 03836
-. (3861
-, 03772
-a.03663
'¢n555ﬂ
- 403427
-4 DR2FD
- 0%133
=-.02954
-a 02755
'in2535
-.02252
=4 D2GRT
- 01 T%3
= 01432
=, 01153
- PN239
- DASY3
-s00241
+0n19&
L035ie
SOORT
01151
01427
«01E8F
01982
A21H
.02131
L2665
20257
pA304N
203203
L03357
203505
« 03543
+ 03785
203515
#0030
OBL14E
« 0% 249
»ON343

L

25630
+EB52E
+HQ0GE
«33L35
» 23406
ATE5]1
PHOERS
«H2ZBES
H509%
LATIRT
G000
« 52433
L0l
«3TLER
«S9P55
SEZ1IRE
BUALE
EEBEN
E713%
«T1378
« 13570
-1 T
L TTITR
L 72TEBI
HALTRD
33578
83355
LATa4D
LEaR50
« 70160
+FLETYH
« T2EBE
-1) 5
+35200
$ 5194
«LITOTT
+ATALT
+THIGR
LJ9039
n-LLYY
+ 33159
+ 729%Q
1.00000

¥

«OFER3ID
08507
«O43FT
NRin
LON59E
.nurie
fA%TT2
048032
LT R
JMikgia
aOHARN
NEREE
L0535
AR 20
OHTIS
OTES
«O%T3E
SilkLTL
JOERS
L0589
WO¥530
LRy
M:LES-1
LY SR
«On2ds
LOUt50
LOowpde
08840
w0570
M13]
11
L3272
+O08101
+02953
LN2TES
Jues0g
LO2RE0
w12E97
o HELRR
+I20L0
LA
<FLOD%
LO1TTH




i.._...MJI
C "
T ++v.+
+ o . .
LI +
I.m..u +.._
....r
-
+ . *
+ *
+ *
|_.L.l1 * '
i st by ¥
* ' *
+ F #L..v N
-
+* + .?._-. +
P b t
+... L *
+ Y. ++
ﬁ_..._ull [ 3 * * *
v Y. ’ .__+
-+ *. e
— + *
- *
ET) t, '
o * )
...._ ++... +*
- bl e RN T L
4
# v
]
4+
8 *
T *
+
+
+
1.2 L

YAV
I S,

-
—
—— )
-

M= . 750 L= .679 ‘0¥=.000 T/C=.117



M= . 7150 CL= .623 O¥=.000 T/C=.117




Ruy= =131

L= 527 avz D00

TAPZ &+ PATH 0

« 509 0,000
-1,000 D,0G0

L100 +2p0
LB90 =L kkE

T4PE T

+HE 1.0 L¥50 010

1E
100 . EFR L 237
«B00 ©o4,000 D,.Q0D
» 120 =, 080 0,000
=, 500 0.000 yO020
=630 f.U00 0,000
=, 9010 0,000 D000
0,004 w300 200

018 0,000 0,000

[

08,20,

CIREULATORY FLOw A30UT & YRANSOWEC AIRFOLL

r/Cx 117

wel2d O,000 O, 00

= 10D
«300

+ 100
+ 804

«+ 500
=300

1+004



-

L1STING OF GOJROINAYES FOR  AIAFJIL 73+05-312

x

}.00004%
. T9253
LINA10
+O995T2
L9237
+ 78806
+SRAZTH
« 9704
+9ED3L
+FEL1ZD
L968212
OY2lE
.93133
yI198 %
I0ET?
LO2331
LATIN2
95390
+AYa2L
03177
LO1uTY
JTETLTS
y 17309
W TE0ED
TH198
272305
L TOUDS
N1k
LJEERATL
JEuESh
LER2T20
JEOTIR
HRBEY
HESAT
. 55012
« 33091
+51174e
LBT263
37360
P HSYET
42585
dH1TLN
« 39859
EADEA
«3E200
33401
32824
f30BT7S
29109
fETRES
25753
291565
22574

T

o,Q0000
+O300E
L0022
«Op0sT
«000a0
00117
LO0D1E3
«dDEnd
+HOESS
LBu3go
LopIuz
+0G3TH
LOQUDT
SOQ427
DO%3E
Y DL
L0805
M E--T
0026
G206
0g0 38
=, 00057
= 00235
= 0gug2
=,00B6T3
=, 00930
-, 01202
-, 01485
01T
-, Q2065
=, Q2352
U EGIN
=, 02907
--05153
-, 03838
=, 03053
-~ 13873
- B4 FT
a,DL2ES
=, 04436
=, 04589
- A4 T2E
=, DYyBRE
T
-, 19330
- 05037
- 05187
-:0518L
=, 05198
~y05200
. )51BE
= 05158
=, 05112

Ak

=T.31
'ﬁ.TE
«b.35
=5.30
5. 43
-4-95
a4 37
-51-9?
=545
-2492
-2.08
=183
=1.26
.‘lﬁT
=05
-5
1.27
1,58
2.7l
1,33
L] -
5,10
k.01
Ba?T
Tuk2
T.au
8,351
Byl
B.E1
5,56
.42
G.20
T.91
T457T
T.1B
&, 7%
£.33
5,87
5.0
.91
.42
.52
Sa41
2+ 70
#.59
1.88
1,36
2y

W B2
w2
s Tk
-1
=1.3D

HaFFR

226,94
-%,9%
-3, 78
-2,82
-7.12
-1.75
-1.50
-1,32
-1.18
=1, 08
wl,.00

-
-, 09
- B&
=, 04
., B3
i.ﬁa

MaCA

JE1%5
WE122
LEDRY
E01Y
ATy
Ll
w7 E
3697
+ 2362
1L
L3922
+ 3305
- FA
2411
Lol
LT70
LIATTD
ATy
LAT730
5Bl
352
+ 5706
335
WEOFT
+8195
131
Y]]
Labdn
L0310
JEPTE
ST1H%
aTHO?
)
LTall?
T3S
LTINS
B35
+BLED
27T
LA587
M-1]1-]
LB58
+BB5E
B2
82510
L5ty
BT
N-F1%,
JI00%
3035
+ 3033
L30TE
TRIE

P

+31%n
+ 3243
=171
23570
114
3711
2Ty
o 5830
«EBTR
-1 i
« 3354
+ 3989
01
L4029
JHOET
2403
022
+3959¢
<3330
+ 3By
3732
#3355
« 33Ny
«307S
« 276N
13T
s 205y
+1564%1
L2446
B3]
L2
waRae
- PBa
apB32
- 35T
agl28%
-+ 1585
e LBES
~edldb
=237
-« 2593
@79
~a 2978
wae 3100
_!5252
B -2 1'1Y
-=3511
=g 3299
-'55?1
=s 3720
~a3TFhE
-y 3733




106

L=

21022
19512
= 1-511)
lEB22
15247
13920
12644
+1EYE0
10250
« 051 34
L0B0TS
+LOTOTH
LDE1H
05250
LY 11
+OBETSR
LO2FBT
LOEIEE
LO181y
01336
+009232
<0603
00351
+00165
oG4
00000
+0GH03
+000 56
Oa1T1
00565
LD0e4l
.009?3
+OLL15
+01305
M ELTS]
+030B0
-03TE1
OR303
L05504
NElB3
LOTORD
08437
fOS101
110215
+11338
dl2EN2
2 LER4E
L3506
LGaT20
+158163
a12E9k
+21251
220850
+2H48A
25168

Y

-, 05052
- ONFTL
-~ O4AD
EFL LY )
-4 DHESED
LML )-11
...l:l'?l-b’?*l-
= DUEXT
-4 Da0aT
. 05235
k% k]
- 0342]
-~ 035230
=-. 03031
- D2BTY
=, 02B0&
- 02Bey
=, 0gl22
=-.01877T
=, 016256
- 0k570
=,01105
=, 0pazT
=, Un53E
= 00240
000TH
0539
LO0717
«0Lel5
~GLZFB
+OLETE
051&52
2153
+024%15
LDQEPE
02973
+05245
+05310
~03TEHG
ML
SUBEET
LY
204623
04800
~0+F53
au9L1E
L+
+05%08
05543
03T
L0571
03903
LOE0T
«0akOob
D519

100

&G

-]
=313
=-3,580
=430
-5.258
-a' u“
-E,858
Tl
-
29,75
=-10.34
212,01
-1%,2%
alk, 5F
-16.25
a}l9,b3
=20.1D
=22,508
«25.58
«-29,73
=35,37
-52.ub
=62, 496
aT5 .49
=06, 3%
- L
108,40
-11%, M
«130D,.537
=138 ,6%
alB4. LW
iy B2
151,72
=154,5a
157,07
21599, 30
161,32
n163,20
=165.07
=1EL, 78
alE9,05
170,74
alTl,.75
=1T72,55
a173,21
172,79
al74,.51
178,79
175,24
=175,67
=176,07
1T, 45
=1T76,.82
~17T.47

KafPh

+ 70
T
+52

+ 70
+99
1.09
l.20
1.33
1.49
1.66
1.B8
2,14
2,49
2,913
3,53
&, A7
5,61
T.54
14,71
16,17
5.9
JE.B2
Ly BE
62,.5%
¥o,59
449, 28
41 43
B4, G
74,243
31,62
25,91
17.39
12,04
9.11
T.11
5.01
.07
§.13
1,7y
3.04
5,63
3,37
2,15
1.27
1,01
N}
11
+B3

MACA

L3023
L9032
L0085
L1
-3 110
.B336
LBBED
BIT2
+BEER
LT
+Bu0s
L5291
L5032
L TO%g
LTBD
LTaEB
LTRi2
L1
LBE23
LBE232
L5711
S11)
383,
-1
L1078
LY+
,1878
L3352
L5e9t
B4
aT1HL
L TREL
+B115
2532
LB318
9284
B35
.937TS
.03
i,0708
1,11683
1.1565%9
1,2015
l.2122
1a2139
l.2120
1,208g
L.204g
1,1235
1.1352
1,170
1.1850
1,1815
1.1772
1,173n

=

- 379
=~y 3T
=+ 3742
-.E&Tu
~+ 457y
ETELEL ]
-« 326X
e JONG
- 2T
wagd0N
e 217%
=4, 1804
=s1357
LT
-.DHE1
LO07TR
«ORES
1329
12082
2998
%169
=13 F-1
7RO
L9817
1.1177
luldup
1.05%n
PAN0B
t5ﬂ71
2593
.DBSS
--0555
- 1HEY
a, Z2hTE
= 3394
-, 4250
- 50T
P-T-1-1
s BE5Y
s T4y
- BU2RH
- 7301
=1:021ln
=liG¥27
S LI
=l:0%20
=l G557
=1,02%u
~1:.0185
=1.00%2
. 2999
- 9017
= AT A
- JEYNE



109
110
111
118
11}
114
115
11%
117
118
119
1a0
121
182
123
184
129
128
127
128
129
130
1%1
158
133
13
1x55
136
137
128
159
140
iyl
143
143
144
14%

LT
w7
14B
149
130
151
152
1%3
154
155
1%%
157
158
159
1&l
16l

A

~2TRT3
+EAELE
51385
«531P1
111011
+ JEES9
T 140
LHNTED
LHZ8NE
«HEIES
JHR229
JUAL2D
«S0018
+31950
55793
« BEEES
LATEIE
«D%ET1
61198
LoN00E
BTy
BE55TF
JEBID2
«TNO1S
- F1710
«TAXTS
STE00T
«TEE0T
~TB1T9
+TFILY
~BLEZLE
LAZeTh
-
M-1T g
45810
M-r 1k
29334
LT
HLEED
«PETAS
AT
« JHETFD
+95540
»IRID0
+ITLES
+9IT7EY
LI0EED
-1 511
JI92E2
29502
«3921535
L PIFSE
1.0p000

Y

JOEZT]
MLET-1 5
DE4D3
Q3455
UL
085352
+OB5%E
«05371
#OESTS
« 05559
06553
ORDZE
Q5488
6439
+ARETS
Y]
OkZ1L%
«0B1LE
LO5003
OERT3
AET2T
kY
05530
M ET {1
JOFIE
«OkTE0
JDHE2
208515
08059
03816
+D355%8
+OEETE
05032
202769
02506
02252
02003
+D1TER
+01533
01316
LO111N
ORP2d
~OnTS%e
00607
+ODHT2
00333
00256
fORLTE
00109
«G0a50
+O0D26
«ORODE
«00DR00

101

ANG

177,51
=177, &4
~17B.LT
w1TE %5
~17B.44
179,30
=17%. 41
~179.71
~18D0.02
180,33
~180.45
180,37
=181.51
«181.54
=182, 04
1824k
=182,538
-182, 55
-183.8&
~15% &7
21688, %%
185,50
=186.0%
=18%,5(0
-1587,15%
18T . &7
=186,.18
«18E, 6T
=18%,14
~18% 5T
=189 94a
=390, 35
19047
190,95
=191 .k7
«191.53
=-191.5%3%
«19] W 46
191 .43
R 5 B- L)
-191.L%
131,00
«190.TE
=130.50
=190.21
=18%.8%
=189.56
=187 ,3¢
-18E.83
-185,.55
=18B.15
=187 78
~187.21

HaAPPR

w30
-.51

=, 15

= Fh
=1.08
-l 27
'1.55
-1 )
3,51
=11.56
52,82

Macd

1,1639p
1.,1851
1,161
1,15%8
1,1543
1,150%8
1,1473
l1.1439
1,145
1.,1367
1.,1329
1,1298
1.124D
1,3187
1.,1125
1,1053
1.035%
1.p85a
1,073
11,0575
1.084%3
1.p282
1,0115
R-ELE
,a97155
L9585
#3406
LFE 25
L3049y
LBURS
.13 X
LB50]
JBIEZ
L1145
L1972
7803
LTEND
l-L
L7438
L7201
LTATH
6335
ALY
GTHE
JB5IT
B5TE
-]
LE42%
LE305
L2837
JEERH
JE15%
LB14%

[ O N DR N D DO DEEN R D BN R T DN DENN DN NN DENE RENN DAY DN DN DR DN B DN DN BN NN DN DN RN NN R BN B B |

L9598y
P11y
%02
kL1
+92E2
+71%97
v 3120
UL L
+E978
+50%0
8810
+ 8730
«5E3%
+B52y
-k
«B23s
B8NS
LTR1T
1Y)
si2buy
LES0S
«+B58T
«6172
(5179
#3357y
+496)
L1y
12t
« 369X
-¥1-1.1
«ZB3n
y2ubxE
«197n
+1550
+113%
+B72Y
«D33g
+ 037
M-
«0716
«1018
+129n
+ 155y

w1788 7

« 2007
+21%99
+2580
-1 111
2708
1111
+3009
+ 3132
«31%0



-1.2 1
I:-P, +M+*Hi+**
+ l441‘11‘"+++*+4%
. kit
-.81 .
+ -
+
*
T +
dadrraa, .
1 + .
L| 1 +, t
R S + + ‘
¥ t +
- *
: . R

0.01

L e m -

M=.750 CL= .668 D¥=.017 i/C=.15t



M= .50 CL= .6o8 Q¥=.017 1/C=.151

-8 1.

£



L )
1Y i
57 58

=~+150
iﬂ15

0,pbo0
0.n00

-.112
0,100

+ThR
072

Y
-

=13y
=081

0,000
Q.pdyg

- 017
0,000

+«L1B
0%z

104

RUN= =2W%2

08/20,73

CIACYLATORY FLOW ASDUT 4 TRAHSOMIC aIRFCLL

Ws 750

.12 23
5 E

-600
+«650

2,000
=2.000

M50
0,000

B0
095

tLe 568 OY=

08
¥ 1

050
v, 270

1.pp0
J.0p0

=.3n0
. 900

100
L0110

TAFE 6+ FAT

2 0
s BRD 4,00

=1, 000 Q.00
g 0
L300 J.0D
L 550 - 1 1)
fapl 7
1.4%0 T30
iy 3% 3%

-. 048
D.000

C,000
t,0u0

sIug
a,.000

05
&,000

oLy T/Cz 151

H D

G 2
0 1
0 1
0 1

+007 = LI0
37 38 a8y 8

- 178 4550
a BGT el

0,000 «2«000
0,008 2,000

=, 238 =uFRO
0,000 D.0DD

L0523 500
0,000 500

0z 50
I3 3%

+450
« 08B0

d.000
a.000

=~ 200
=300

»030
1.000




105

*RUTOAATION PATHS

v oo
e B03
T
as YRS
- 870

£ 0
T
= BHE
Ty
Ty
P
- B78

4 b
. D93
LAz
2o
553

15 0
*a ﬂg‘a'
-.005

LL102
1252
a2Bl
« 530
RT3
LS50
iy
LY
LY
Al
,582
. 33T
297

T 0
=126
-, 215
a 523
- 418
-, 528
-, 623
- 713

& @
- BOO
«+980
- 955
-y 300
- B30
., T30

0,000
=110
=150
-~ 200

=, 250
w390
- 4yl

480,

=495
=495

=s21b
=400
=350
=, 3583

325
» 313
305
=00
+2T70
183
+1a0
+OR0
=, 050
-, 8%
=4 150
-, 200
-+ 230
-;EEU
-42D08

+5&0
+ 355
.14
2300
2373
+3E0
£ 535

0,000
110
200
250
» 300
+ 330

i
-1
1
1

P B P e e

= =]

e T T

e e

[l Y]




LISTING OF MEASURED COORDIMATES FOR RIRFOIL 75+07.1%

L 1

25, 0017
. TIky
22, 504
& .nlu2
21,5407
2i.00PR
20,4M7
20, n03s
19,5187
13,003,
18,4407
18.90¥9
L7, 5497
17,0089
16, %437
15,0030
15,5157
13,0035
1%, 5022
1%, 002m
1%, 753R
15,5027
13.n023
15,5035
13,9017
15.0%98
15,0529

¥

«1900

+22TE

2519

«2hTE

1131

«1T25

DETL
=y JZA7
-~ 1316
- B3G5
- 309G
= 4186
- 4A2Y
=410
.t
..'5311-1]-
- 3903
115‘355
-~,5519
P LY
-, %ua5
=, 3820
- J4TD
=, ¥056
=,y2531
= LBZ0
wa1331

X

13,0017
130485
13,0948
13,1952
15, 2997
15,3997
15 497
13,5947
13,6947
15,7913
13, A985
153 999g
1%,1995
14,3995
14,5991
16,7981
14,9985
15,1936
153,358
15,%991
15,72a7
15,9991
14.1983
16,5931
16,5588
16,7995
15,9529

106

¥

o,4000
LY
L2003
L2798
LA408
« 3919
355
«HTE3
“SL2T
5460
+« BTEY
+EDY2
+R523
+BRBS
+ 1163
«TROT
«TE1E
«TE11
7981
«5l3g
527
59z
+B303
5570
«5a7s
~ATHT
1110

17.19%
17,3999
17,3949
11,7991
18,0006
18,2000
18,4000
18,5993
15,7994
18, 5999
19,2825
19, 4T05
196595
12, %5%7k
20,5828
20,5000
20, T2Ta
20, 9205
21.2%8¢
21,8697
21,5928
ez, 0012
22,2235
22,4965
22, THd2
2, 0835
2z 0017

2052
29849
291%
8929
9534
Ly
-1 1N
- 1.78
NLLEo4
L0798
«PBTLL
N 1¥1]
N-11%
+«8385
+MaTF
« T304
« T30
« 726k
+ETIL
537
cSO68
-1
MY 1)
4078
rS1HL
+253Y
L1370




-1.6_

-1.21

0.0

L2

M=.700

107

-

*'l-l-ﬁ..,._“__, "

ey
*N'H'i- H‘-"'h
*

+hr*

+14*4I-+4-i-|++* . 1
+ 1 +

L ]
+ +

+
-

4 +

* o+ o

dddddddd

-

-~
T
e -

CL= .733 0Y-.029 T1/C=.204




i

M= .08

CL=

+?33

Ov=.029

1/C=.20M




104

DRS2Y TS

Ridm =73

CIRCULATOAY FL3W AGOUT A TRANSONIC AIAFDIL

Mx , FUD Chs ,732 vr= 029 1765 20%
TAPE e PATH O
2 0
400 p,.pp0 2
=1.,000 0,900 2
2
L3p0  o,080 2
« 980 vy idd 1
TaPE 7
=T =79 4% =,12 .23 _pB 1,80 700 .,005 -,1l15 ,LOBD g0 ¥
18 1 2 % B 7 30 13 14 3 4 4% 5y E3 e 47
68 B1 &2
«+10F L0333  L&50 LQ70 = Dal -,3t6 k08 L 30D
«+107 +.0F2 L850 220 e OTH . 152 +.034 LBBD
0,000 (.00 2.000 0,000 0,000 {0,000 2,000 0.000
J.000 B,p00 L2,040 0, GO0 0,800 4,000 2,000 0,008
156 L1900 = 030 - 400 0,000 4,000 0,000 «,%00
0,400 O.p00 D.OAD = 90D DLU00 0.0Dp0 0,000 =uFQQ
115 + 0%l «204 LOLD «CBG L178 =.1g0 2030
L2 153 200 LG40 SIES  _pEL 1,000 1l.004




110G

AUTOMAFION PATHS

5 0

=y, 000
=210
= THD

2
-, 180
.. b20

“« 4
-, BO0
11
a, P80
we THD

5 0
I.’-Ea
-.320
- #10
- G620
'I.?‘n

3 0

= OB
0,004
120

3
+320
L4660
L4560

5 B

- 025
280
L334
JA30
Y

-, 230
- %70
- 575

-s375
=560

Lagac
150
-1
420

LT
+4Th
a0
a0
0

1S
»30E
« 315

B350
+ 150
-a0Z0

=, 210
=g 42l
-, 3580
"15ﬂﬂ
'-Eﬂﬂ

1
ey

[] .
[T B [

b B b




1.2

1.0 1

0.0L

Ml=.

i

MP= .55]

L] +*
Tlag s aaet

12.03

OEL TH=

B/C=1.45




112

Ml=.800

#M2=.561

DEL TH:z

12.03

8 (.2

B/C=1.45

1.6




11

- 2. Evaluation of Analysis Methods

In this secticn we pregsent a callection of computer generated
plots gonparing results from different calcoulations of identical
flows which demonstrate the correctness and reliability of the
computer -programs which we_havé deéélaped-

First wa cowmpare the design pressure distribution of Airfoil
TE-06-10 with an inviscid analysie of the sama flow at a vary fina
maeh size using the old Murman finite differancs schewms lizsted in
Section 5 of Chapter III. and with an analysis esing tha nev guasi-
conservative option listed in Bection 7 of Chapter III. Then we
cohpare the analysis of '‘the flow past an HACA 0012 pirfoil by these
two schemes, and also by a fully conservative scheme which we have
not ligted. The guasiconservative and ful]ylcanservatiye achemes
-gan be feen b0 give esfentially the game shock junp, buk the fully
songervative scheme requires more cofputer time. Tha noncongerva-
tive schems Aves not give the full shosk jump but agreées bettex
with the design caleulation for a shock Frea £low.

FPor Alirfoil 70-10-13 we have aubtracted the caloul ated boundacy
layar Adigplacemant thickneass from the design profile. Then we hava
compaced the desion pressure distribution with the result of an
analysis using Program H o add a boundary layer correction which
should restoare the original shape if there isa no separation. Tha
gond agrasment provides avidance that sur new model of the tail
ehould eliminate the los=s of 11 ft which was axparienced with ths air-
feils from Volums I. The calculated displacemsnt thickness of the
boundary laysy iz aleo Ehowm. .

Hext we compara the rasultx of caleulations on orode and fina’
gride far dirfoil 75-07-15 using Program H. Two shockeE appsar on
the fine grid, bot the flow is almest shock freson the crude grid.

Thi= 1llugtyates that on a erude grid the artifiedial viacosity
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introduced Ly the retarded differspoce =chems can occcasicpally
suppress a weak shock.

There follows a series of inviscid subscenic and supersonic two
dimensional calculations for Airfoil 65=15-14 performed with an
unlisted program which wses parabolic cogrdinates. The shock free
flow at Mach .65 is in good agresment with the dazign caloplation.
Thus it appears that satisfactory accuracy cen ba cbtained with tha
parabclic coordinate system, which we have used in three dimansicnal
calculations.

For tha same airfoil we presant results from ancchear
unlisted program which caleulates the flow over an infinite yawsd
wing. Thea program uses the full three Adimensicnal diffarence schems
although the flow is effectively two dimensional. The purpose of
these calculations is to check the effectivensss of the rotated
difference gcheme in preserving invarfance of the flow &t correspon-
ding Mach numbers and yvaw angles. Firat we comparce crode and fine
grid calculations for an wyawed wing. This i a typical cass whears
the airfoil is operating below its design point and two shocks
ﬁppear- The second shock is sliminated, however, on the cruode grid.
HEXL W& Compara mrrgs‘?nnding yvawad and unyawsd conditions on the
fine grid. In the yawvad conditicn most af the flow is treated
by the sSupersonic Aiffarence schemsa, and the resulting extra artifi-
cial viscosity is sufficient to eliminats the second shock, Az on a
coarge grid in the unyawsed condition. Away from the shock waves,
howaver, the twg caloglation= ramain in remarkable agreement.

] Finally we show a pressure distribution on a wing of low aspect
catio with a 79-03-12 section calculaied by the threa dimenzicnal
analysis Program J lizted in Section 6 of Chapter III. Althouwgh the
gection was designad for #Mach .79, drag rise is only juEt kaginning
at Mach .83, illustrating the Mach relief deue to thres dimensicnal

affacts.
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L/0 = 1%.28 CL = .B962 CO = .0148
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3. Comparison of Experimental Data with the Boundary Layer

Correction

We present =xperimental data from the Hatiopal Asronautical
Establishment in Ottawa on hirfoils 75-07-15 and 75-06-12 {(cf. [7,8.
21) and on an airfoil designad by John Dahlin at the McDonnell
Douglas Corperation. We also present exparimental data on Airfoil
82-0§-0% obtained at Aircraft Reseaxch Assgciates, Ltd., in England
that are British Crown Copyoight, and are reproduced by permission
of the Controller, B & I Establishments and Ressarch, Ministry of
Dafancm [(PE). The srxparimsptal data iz compared with numerical
calculacticns wsing Progrem B {Chapter III, Section 5}, which
includes the wffect of a boundayy layer correction. The results for
fdirfocllas 75-07-15 and 75-06-12, a5 well as for the Douglas airfoil,
wexe found with transition set at FCH = .07, and with LSEP = 161.
Those for Airfoll 82-06-0% wera found with traneition set at
FCH = .07, but with LSEF = 153, The experimental data on pages 147
and 148 are from two different series of tests of Rirfoil 75-06-12
with differant tunnal porositiss; they represent the clogest to
shock free flow that could be ohtajned. In most cases the agresment

between theory end experiment is excellent.
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RIRFOLL 75-07- M=H=160%30 NC¥= 4HQOD R=20 MILLIOM
— THEGRY M=.690 ALP=-2.28 CL=-.059 C(D=.0118
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RIRFALL ?5-077-15 MxH= 16030 MCY= HOO F=20 MILLION
—  THEBRY M=.692 ALP= .87 CL= .5t1  CD=.0104
A EXPERIMENT M=.692 ALP= 2.03 Cl= .511 CD=.0102
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ARFQIL 75-07-15  MsN=1g0wx30 MCY= u0d R-20 MILLION
—  THE@RY M=.687 ALP= 2.61 CL= .80% €D=.0173
A  EXPERIMENT M=.5687 ALP- 4.09 ClL= .809 CD=.0170
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AIRFALL 75-07-15%  MxN=160x30  NCY= 40 R=20 MILLION
— THE@RY M=.688 ALP= 5.01 CL=1.148 CO=z.0486
A EXPERIMENT M=.B88 ALP= 7}.17 CL=1.148 CD=.0502
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MxN=160w80  NCY= 40D R=2C MILLION
=.76%  AP=-1.39 Ciz= .Q45 1£D=.0216
764 Pz=1.07 CL= .045 £0=.0262
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-t.21

0e3d  HCY= 400 R=20 MILLION
ALFz -.68 ©£i= .28 Cb=.0139
ALF=z -.06 CL= .228 C(CD=.0133

AIRFOIL 75-07- 1§
— THEGRY
A EXPERIMENT M=.
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.21

RIRFAIL 75-07-15 160%30  NCY= 400 R=20 MILL[ON
— THEQRY M=.762 ALP= -.09 CL= .362 CD=.d122
A EXPERIMENT M=.762 ~ ALP=  .B2 CL=z .362 CD=.012]
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-1.2 ¢

1.2.1

AIRFOIL 75-07-15  tM=N=160»30 NCY= 400 R=20 MILLION
— THEDORY M=.760 ALP= .58 CL= .499 (CD=.0158
A EXPERIMEWT M=.760 ALP= 1.5% CL= .499 (D=.0122
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-1.2 1

208424808 ApsssssANY

AIRFAIL 75-07-15% HM=H=:60=30 NCY= 400
— THEORY M=.763 ALP- 1.03 CL=z
A EXPERIMENT M= .63 ALP=- 2.01 CL=

R=20 HILLIBN

584 CD=.0190
584 £0=.01%28
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1.2 1
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1.2 1

- AIRFOIL 75-07-15 MwN=180x30 HCY= 400 R=20 MILLION
— THEORY M=.708 ALP= 1.63 LCLz .706  CD=.0247
A EXPERIMENT M=.758 ALP- 2.68 {Lz .706 CD=.0183
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plo8dpban ansdisgas,
-1

CRIRFOIL 75=07-15 60=30  NCY=z 408 R=20 MILLION
— THEORY M=.773 ALP= .85 CL= 494  (D=.01%0
A EXPERIMENT ™M=.778  ALP= 1.4M CL= 494 CO=.0115

]
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AIRFOLL 32-06-09 MaNz160x30 KNCYz 400 R= B MILLION
— THEORY M=.702 ALP=-1.15 CL= .070 C0-.0072
f  EXPERIMENT M=z .02 ALP=-1.00 CL= .070 CD=.0097
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AIRFOIL 62-06-

MexN=160x30 NCY= 400 Rz 6 MILLIGM
ALP==-1.41 CL=--005 Ch=.0112
ALP= -.08 CL=-.0D5 CB=.G172d

A EXPERIMENT
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-1.21

ALRFOIL 82-06-02  MNz=160x30 NCY= OO  R= 6 MILLION
—  THEERY M:=.781 ALP= .18 CL= .377 €0=.0073
4 EXPERIMENT M=.781 ALP= 1.00 CL= -377, CD=.0i04



144

-1.2

1.2 4

=

AIRFOIL B2-06-0% MsN=160=x30  HNCY= 400 R= 3 MILLION
— THEQRY M=.827 ALP=z .92 CL= .315 CD=.(145
A EXPERIMENT M=.827 ALP= 1.51 [CLz .515 CO=.0120
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-1.2 _
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AIRFOIL B2-06-09  MxNz160wx30  NCY= 400 R= 7 MILLION
-- THEORY M= .833 APz .82 CL= .551 CO=.0150
A EXPERIMENT M=z 833 ALP= 1.51 CL= .5%1 CO0=.0123
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AIRFOIL 82-06-09  MsN=160%30 © NCY= 40O Rz B MWILLEON
— THEQORY M=.g40 ALP= 1.0% CL= .530 CD=.018M
A EXPERIMENT Mz.840 ALP= 1.50 CL=z .530 CD=.0138
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AIRFOLL 75-06-12 MzM=160x30 NCYz 400  R=20 MILLION
— THEORY M=.765 ALP= .72 ClL= .57 CDO=.0t27
A EXPERIMEMT M=.785 ALP= .88 Clc .56 CB=.0110
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-1.21

1.2 |

R[RFOLL 75-08-12  MaN=1EQ=30  NCY= 400 ‘R=21 MILLION
— THEDRY M=.769 ALP= .41 CL= .588 C(O=.0147
& EXPERIMENT M=.769 ALF= 1.B5 CLz .588 CO=.0090
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.21

ALRFAIL 75-06-12  MaN=160x30  MCY- 400 R=20 MILLLION
— THEORY M=.727  ALP= £.16  CL= .787 CD=.0193
A EXPERIMENT Mz.727  ALP= 3.49 (L= 787 CD=.0i8%




OOUGLAS RIRFOIL MxN-160%x30  NLY- 400 R=14 MILLIBN
— THEQRY M=.699 ALP- 1.22 (L= .6l1% CO=.0h23
A EXPERIMENT HM=.692 ALP= 1.35 (L= .615 CO0=.0113%
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L ariscn of E rimental Data wi & Bounda Layexr

correcticon Jsing the Quazigongarvation Option

In thiz saction we repaat soma of the runs frem Sacticonm 3 with
the old Murman finite difference schema replaced by the guasiconser-
vation opticn (Chaptar III, Section 7). The guasiconsarvation form
gilvas beatter agreament with expariment when there iz a strong shock
wave wall forward on the wing section where the houndary layver 1%
relativaly thin [(ses pages 137 and 152). It gives worse Agreemént
in some cagses with sizeable puperaohic zones wilesgs a Mach mumber
correction 15 applied {(s2e pages 138, 154 and 155} . A full oonser-
vation forfm of the finite differancs schems, not listad, givas

ropultes virtually idantical to thoss presapted hara (ef. Ssction 2).
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L2

AIRFOLL 75-07-1%  MwN=160w30  NCY= 000 R=20 MLLLION
— THEOQRY M=.587 ALP= 2.80 CL= .§09 CO=.0144
& EXPERIMENT M-.587 ALP=- 4.03 CL= .809 CD=.017%0
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AIRFALL 75-07-15 NCY= 400 R=20 MILLION
— . THEGRY M=.762 ALP= -.0% CL= .362 CD=.011]
& EXPERIMENT M=.752 ALP= .82 CL= .36 (CD=.0121

Ik
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AIRFALL 75-077-1% MeM=1G0=30° WCY= 40D R=20 MILL M
— THE@RY Mz.763 ALP- .86 {CL= .584 (CD=.0132
A EXPERIMENT #=.763 ALPz .01 CLz .584 CD=.0128
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AIRFOIL 75-07-15  M=H=160=30 NCY=z 400 f=z20 HILLION
— THEGRY M=.788 ALP= .48 CL= H9Y  CD=.0119
& EXPERIMENT M=.776  ALP= 1.44 Cl= 494  (O0=.0115
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AIRFOLL 75-06-12 MaN=160x30 NCY= 40D R=20 MILLION
— THEORY M=.727  ALP= 1.97 Cl= .787 CO=.0124
& EXPERIMENT M=.727 APz 3.43 Cl= 787 (D=.0185
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5. Crag Palars

Tha first two figures presented in this section wers obtainad
without any houndary lajger correction, and they involve just the
wave drag. The remaining two dimansional drag polars include
comparisons with the exparimantal Aata describad in Section 3. The
agreement iz good, except that drag tise may be predicted by the
thesry for Marh pombers that are ag much as .02 less than those
indicated by the axperimantal data. Digcrepancigs of this order of
magnitude have haean attributed to wall ef fect.

The final dray polars are for three dimenzional flows past
oblique wings, It appears that our oobputation of the indoced drag
plus the wave drag, which {3 a relatively small pumber, is ascurats
encugh s yizld physically significant valuas of the 1ify drag ratio
L/D. TUsing a semi-smpirical valuae of the profile drag, we have
found that our evaluation of L/D sempares favorably with the tasg
data ochtained By R. T. Jonas [&] in tha transonic wind tunnal at the
HASD Awes Rasearch Center. Moreover, the theorstioal and sxparimen-
tal pradictions of the effants of angle of attacsk and twiszst on the
distribution of lift agyas fairly well. Figura 9_cumparas eXpETri-
wantal curves of maxiwmum L/D ageinst Mach numbar at Fixed yaw
amalaz with the anvelepa chtained from calculations in which the yau
angle was optimized at mach Mach numbar. Figura 10 compares the
pradicted sprimal 1ift Aragy ratios for two diffarent supmsreritical
wing zemtions. The caleulationz ifdicata that near Mech 1 tha
optimal lift drag ratic Aces not changa much with the dezign Mech

numbar of the sactinn if the angle of yaw is adjusted propetly.
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6. Schlieren Photographs

Figures 1, 2 and 3 are from & test at the NASA Langley Research

Center of Adrfall 79-07-10 appearing in Volume I. Pigure 1 shows
the flow at a fairly high Mach number below the design 1ift, with
two shocks on the upper surface and & shock on the lower surface.
Pigure 2 shows the flow slightly below the design peint with two
shocks guite far back, and Pigure 3 shows the nearest approach to
the design flow for this airfeil with one fairly weak shock.
Figuras 4 and 5 are frem the Aireraft Ressarch Associatas tast of
Airfoil 82-06-09; they are British Crown Copyright, and are repro-
duced by permission of the Contreller, R & D Establishments and
Research, Ministry of Dafanca (PE}). Figure 4 shows the flow some-
what balow the design point, as in Figure 2, with two shocks.
Figure 5 shows the flow above the design point with a single shock
far back on the airfoil. Pigure 6 iz from a test parformed at the
Grumman Aerospace Corporaticnof an airfoil designed by Don
MacKenzie and Bill EBwvans, using Airfoil 70-07-20 as a starting
point. The design pressure gradient was too savere near the tail
on the upper surface and the flow was strongly separated in the

test.




Fig.1 AIRFOIL 79-07-10 AT M=.83 AND a=0°

Fig. 2 AIRFOIL 79-07-10 AT M=.82 AND a =2°



17

Fig 4 AIRFOIL 82-06-09 AT M=.83 AND a=1.5°
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Fig. 8 GRUMMAN AIRFOIL AT M=72 AND a=3°
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ELI. [ORTRAN PROGRAMS

1. gpgraticn of the Turbulent Boundary Layar Corrscticn Program H

The program which was written for the analysis of the flow
past an airfcil (Program G} and described fn Volume I has been
rewritten and expapded to incorporate a turbnlent boundary layer
cormxrection. Program F; which was discussed in Volume I and removres
the turbulent boundary layer. has been superseded by our new
program. The new Frogram H can now be used:

L. As F, in order to compute the turbulent boundary layer
and remove it from &n airfoil produced by our dasign programs
eXplained in Voluma I.

Z. As G, to compute the flow arowid an airfoil withour a
boundary layer correction.

3. To add iteratively the boundary layer displacemsnt to an
girfoll in ocrder to evalwate its performance including the effects
of vizcosity.

4. To obtain a redistribution of airfoil coordinates.

Frogram H has bean written to operate in much the sane way as
Frogram G of Yolume I. In fact, anyone familiar with Frogram G
should have littls difficulty in using Frogram H. Again Tape 3 is
usad for coordinate input end the format for it is prescriked by
the FSYM valus. The d8ck structura and data structure correspond-
ing to the FEYM valuas appear in Table 1 of Section 2. In ordsr to
fasilitate cha compariscn of theoratical results with experimental
data or any other data wa have provided the user with the option of
platting the compariscn datsa. If Tape 4 contains test data and
P = 1, tha comparison da:i, if it i= test data, will be designakted
by triangles (4} on the Caleonp plots of the pressure distribution.

If the comparison data iz design data, it iz designatad by plus
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gigns {+}. The format of Tapw 4 is ghown in Table 2. The parameter
EHX melscts the plot symbol for the comparison data. -

all input parameters which can be varied appear ip the input
glosaary and they can be redefiped by data cards preparsd with
standard namelist conventions. Many of the parametears are the same
as those used pravicgusly in Program G. additional paramsters which
will gensrally not nasd Eo ;r:ra changed from case O casa have beesn
initialized by means of data statepents in the varions subrootines.
They can be changad by updating the program.

The cutput con=izts of a printed copy of the numerical results,
Calocomp plots of the results and a printed Mach punber charct.

If the program i3 to run as old F, ao namaljst information ji=s
necmssary: default wvalues will be uvwsed for this sntire program. The
default values set tranidition at the maxinum value of the prassuce
distributicn CF and set tha Raynolds numbar RBH sgual to 20.E06.

If these default values are not those reguirsd for the caae under
consideration then it is sufficient to provide a data card with the
correct values, During execution of the so-called F mode, the coor-
dinates will be redistributed, angles £or the alrfeoil computed, a
mapping onte the ¢ircle performed and the boundary layer removed,
The printout from this program is similar to the printout from Fro-
gran F. Upon tepmination Tape 3 will contain the output data in the
FS5YM = 2, format and it can be gsed ag input to the program when it
L5 usad to perform a flow caloulation with the boundary layer dis-
placenent, The terminatiop of the program préoduces an output listing
af the original airfoil coordinates x, ¥, the corrected coordinates
¥5, the gurface slops and curvature, the pressure distribution CF,
the momentum thickness THETA and the separation parameter SEP.

As explained in Section 5 of Chapter I, when this code 15 used

to add on the boundary layer correction, it is run as G for M5)
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{ses the Glossary] cyclex and then the displacemsnt thickness ix
competed by mgans of the Hash-Macdonald eguations (von Karman agua-
tirm}l and addesd to the original airfoil. The resulting airfoil is
then mapped onto the circle and the fiow iz computed far another
M5l cyrles. This process is repeated every WSl oycles until tha
total numhar of flow cycles is computed. The program runs until
HCY m NS, whare HCY is the nunning tally of flow cycles, or until
the convergence tolerance 2T iz achieved. If W81 > N2 or if RR =0,
no boundary layer corrsction will be made and the program runs

ag old 4.

If PSXM = 2. or PSYM = 4., surface slopes are not provided.

The zlopes ars nasded £o pearform the mapping and are chtained by
passing eplinas through the x and y coordinates. If the parameter
IS is nenm-pegative the x and ¥y coordinatey are radistributed bafore
computing the slopax. If 15 > O theze new X,y ococrdinates are
amanthed IS timax. The smoothing formuls is weightad 30 thet Ehe
most smoothing iS5 appliad at the tail. IS = 1 is the default.
Aftey the surface glopas are obtained the mapping to the circle i3
. parformed af dizcuszed in chapter I, Secticn 4, at HMP = 2wHFC
intervalx, whare HFC 13 tha number of terms in the Fourier series.
The mapped airfeil coordinatez are obtained at N+1 points; M = L&
for the coordinates after the first mepping. Of these M+1 mapped
coardinakes, 108 points (HT) ara saved. The points are ohtained by
thinning out avery othar point of ths upper and lewsr surfaces near
the trailing edge. The flow caloulation i3 generally started on a
cradar grid, M@ = #30x15. Aftar the flew, the ordinary differan-
tial mguation given by Mash and Macdonald iz integratad at MPTES
pointsz in the elrcle plane. HPTE = §1 ie the default value. The
input to thisz agquaticn is the set of local Mach numbers at rhe HPTS

points of the circle plane which are obtained from tha flew calcula-
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tion. ‘The diffarsential aguation is solved Far the momsntum thiok-
nass THETA, from which the displasement Ithickness DELS is compatgd
at the WEFTS poipts.. In solving the differential eqguatisn the
quantity SEP is boundsd by a limit SEFM in ordar &0 permit integqra-
tion through a shock. For 8ll1 x valuas graatar than a prascribad
valuwe XS5FP, SEP i set egual to its computed valuas svan if SEP 1is
greatey than SEPM. XSEP = .93 and SEPM = .004 ars tha default
valueg. An interpolation is parformad to ohtain tha displacamant
thickneee at tha NT pointz of the ariginal airfeil. The corres-
pondanas uwsed for interpelation is through are length. The
original airfoil ix modifiad by adding the displacoment thicknasns
to it along & vartical prejection. In ardar eo improws the conver-
genca procass the compoated displassment thicknazs iz subisctad o
monotonicity conditione on the wpper and lower surfaces. It is
aleo smoothed IS times apnd wnderrelaxed wsing 3 relaxation
parametex ROEL. For HPTS = Bl, we have chosen IS5 = 2 and
ROEL = .125. If the number of points used to solve the differ-
ential aguation is doukled it iz reascnakble to increase I5 by a
factor of 4. The new alrfeil dmfined by the NT coordinates X,y ia
mapped onks the glrsla and then the flow caleulations are resunad.
An additional featurs of this program is the option of modify-
ing the Mach number distribution after separatieon for input to tha
Magh-Hacdonald equation. The praszure distribution on the upper
surface is alterad by a linear axtrapolation of the prﬁsﬂur& £rom
pome point along the uppar surface to a basa prazsure BCP &t the
tail., LSEP iz the indax of the % array at which this sxtrapolation
beging and =zhould be plased after the point at which separation
occurs. LSEP is cbtained empirically. LSEP+] iz tha indax of the
firat point at which the pressure digtribation iz medified. Tha

initial BCP value is an estimake. Thiz valus iz iterztad making
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use of the assumptibn that the pressure distribution is monmotonic
after geparation. The search for monctonicity is made from

X = XMUN to the trailing aﬁge. Tha straight line for the pressure
distribution after separation 18 datermined each tims hy tha valus
at the point LSEF and the lteracsd BCF.

Wa have found that good resolts are generally obiained without
making use of this option and have, therefore, =et the LSEF defanlt
value to M+l. Thiz means that the pressure distribution derived
from the flow will not bhe modified on the wpper surface. In diFffi-
cult caseg it may help to alter the pressuars distribotion in this
manner. .

Thare is ng printnut.during each boundary laysr calculation,
But the bouadary layer compyted at the NPTE points on the upper
surfaca and lower surface iz plottad. In the plot the upper
surface starts at the center and x = l. is at tha bottom of tha
graph paper. The lower surfacé'itartﬂ at the center and x = 1, is
at the top of the page. The guantities printed cut aftar each KF
cycles of flow are dascribed in the nutﬁut glossary. The first
aight variables change during the flﬁw.calculation. Tha last five
quantitiss aprs the resolt of computations in the boundary layer
correction =subroutines and remain constant for tha HE1l flow cycles.
The flow program hag bean modified zo that the flow can be computed
with & fixsd CL or a fixed ALP? the parameter which variss is
printed out afner.each KP aycles.

The cunpufﬂtinn proceeds for HE cycles or until both the
A X miam uélocity potential correction and the maximum circulation
correction are less than the tolerance £T. The ITYF parameter iz
used as in Voluwe I to 3alect the type of cutpur. If ITYE > 3,
tha coefficients of lift, wave drag, form drag, tctal drag and

*
pitching moment are printed. The Mach nurber dizgram iy also
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printed. For ITYP > 2 the printout consiats of the displacsd
airfoil geometry and the flow and boundary layer characteristics at
each of the M+l points- The degcription of =ach colump of output
appeary in the Output Glossary., IL ITYP > 4 a Calcomp plot aé
the pressura distribution from computation, comparison test data
if available, the aixfoil and the scnic line are plotted. & plot
of the final displacement thicknwss for the upper and lower surfaces
eppears on the last page. If ITYF < 4 no Calcomp plots are mads.
If ITHE = 5  the zonic line is not plotted, LF ITYP = 1 there are
no Caleomp plocs, Mach nurbar disagram or final printout.

An sxanpls af & sat of control gards for the CDO G600 Soope
1.2 npérating systen and data cards for the boundary layar program
is given below. In order to ose Progran H control cards ape oesaded
which retrieve the program from the program libraxy, atore the alc-
foll geometry on Tape 3 and the tes=t Qata, if avallabls, on Tape ¢,

For the CIMS CIM; 6600 the control cerda are:

ATTACH (T, AXRFOLL) AIRFOIL contains airfoil geomatry

EEWING (T, TAPE])

COBYBF (T, TAPE 1) Tape 1 ila input to Program H

ATTACH (TAFE 4, TESTUATA] Tape 4 i9 input for H and TESTCATA i a
file which contains axperimental data

ATTACH (B, FROGRAM) File BROGRAM contains compiled FPrograwm H

K. Execution of Program H

See Teble 1 for the format of data for Tape 3. éee Table 2
for the format of data for Tape 4.

We agzumm: that Taps 3 containg the model coordinates for one
of our alrfoile dagigned at Mach numbar EM = 0,75, CL = 0.647 and
T/C = 0.151 (Aicfedil 75-07-15) which was tested at the National

Zeronautical Escablishment, Ottawa, Canada. Sipce only x and y
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were maasured, Tapw 3 ¢ontains the coordinates in FSYM = 4. mode.
Taps 4 iz asgumed Lo cobtain the exprrimental resulis of a tegt
made at Mach number egqual to 0.762, angle of attack equal to-0.82
degrees with coefficient of lift equal to 0.362, and Beynolds
annber equal to 20.0 x 10%,

The first data card which may be used as input to the program

{ §P W&=1, F5YM=4., EM=0.762, <L=(.362, IS=2, PCH={.07,
HSEP=0.%3, BN=20.0EQ0G, BCP=.4, SEFM=.004, XP=1., RECP=0.1,
FDEL=0 , 125, HEFC=B(5 ]

Howavar, for thia case the input data can ke simplified consider-
ably, since moat of the parameters are egual to their defaolt
values smat by the program. Thus, the first input card we use is:

| $B FS¥m=d., EM=D.762, CL=0.362, XP=1.§ ]

L

After r2ading this zard the pragram bhagins the mapping. The air-
fail conrdinates arm redistributed and smoothed 2 (IZ) timez. The
ajirfail is mapped using Z4NFC intervals on the =ircle. The %,y
coordinatas are chtained at 181 (M+1) points &quially spaced in the
eirels. From these coordinates 108 (NT) are waved: every other
point in the firsgt third of the original 161, svery peint in the
gucond third (arocund tha nosze) and avery other point in the last
third, whish includazs tha points near the upper surface trailing
adge, Thiz wag done to maintain the resolutisn at the noses and
to inprove the convargence, 2ipnca points at the trailing edge
spaced too closely oan lead to computational difficulties. The
108 pointy definae the inper airfall to which we add tha boundary
layay correcticn and obtain a new outer alrfnil at each boundary
layer corraction oycle.

The second data card supplied to the program is:

[ $P BS = - 1, ITYP = 15 |
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The machine respohfe to this card is & change in mash size to a
cruder mesh. The meash zize iz then M¥M = BOx15 for +he flow caleu-
laticon. The original airfeil remains unchangsd, defined a+ 108
points .

The third data card is: .
[ $F ME=400, HE1=2, LSEP=25, XMOHwm, 55, IS=2, ITYP=4, FP=4% ]

This ¢ard initiates the computation of the flow around the airfoil.
400 (W5) cycles of the flow on the crude grid size will be compoted
before termination. After &ach 20 (HE1l} oyclas of tha flow a
boundary layer corracticon will e made. The pres=zura distribution
and Mash nuwhers resulting from flow cycle ¥l are computed. Sinecs
LSEF is naot egqual o its defayls (8] for the cruds mesh, 161 for
the Line mn?h} the presgure digtribution iz modified on the vpper
gucfare from LSEP+]1 to the trailing edge, Sinee the pressurse BCP at
the trziling edge way nokt read in on a data card, the defanlt
valpe BCP = 0.4 i pged initially. It all boundary layer oyoles
after the first, BCP is [terated and undezrrelaxed using the mang-
tonieity condition on the prescures distribuotion beyond ceparation.
Tha search for monotonico behavier starts at x = 0.95 (MMOH). The
Hash-Macdonald equation is intagrated a3t Bl points {HETS) equally
spaced in tha circls plane. Aftar tha Sisplacement thickess § has
bean computed from the sguation it is subjacted to the regquircment
that on the upper surfacs it be monotonically inéraasing and that
on the lower surface for x = 0.6 it be monotonically increasing
and for largar % once it starts to decrease it should not increace
ayain. Than & i3 smoothed, and the nuober of smoothings is given
by IS. This is the zame parametar name ngad for the smosthings of
the original airfoil, but that semssthing iz not dona for zach new
outar ajrfeil. The amount cof & to be added to the original airfoil

iz vnderrelaved to achizve converyence. RDEL is the relaxation
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factor. After a zpline Fit at the NPTS pointe at which the equa-
ticn was solvad and an interpolation at the NT points of the inner
aiyfail, & ie added to the ioner airfoil. The resulting airfoil
defined at 108 (BT) points is then mapped onte the cirele. The
sapping 48 done at 181 (2 NPC 4+ 1) points. The new napped codpdi-
nates are cbtained at 81{H+l} points. 'The program then retumns to
the flow cycles. Whean HE = 400 the crude mesh calculation ie
complete. ITYE = 4 gives the Mach nunber chart, & printout of the
ralavant variables, the Calcomp plot of tha praszuore distrihutinnt
airfoil and gsonic line, and the plot of the last uppar and lowar §.
Since soma default valuess ara used, CTarxd 3 can ba shortened to:
[ $P ME=400, LSEP=75, ITYP=4, KP=45 |
The fourth data card is:
[ §B NS=1, IT¥P= -1% |

The mesh is restorad to the fimer gqrid, M¥N = 160%30, The inner air-
foil is still defined at 108 points. However, the mapping is
redafined on the fime grid and the new airfoil is obtained at 161
points on the circle. The walue of LSEPF i3 adjusted to the corres-
ponding index for the fine mesh. All ¢the:irequirea variables are
interpalated.

The f£ifth data card is:

[ &P NS=400, ITYF=1% ]

400 cycles of flow are done on che fins weeh with a boundapy layer
correction computed every HEL cycles. The Naah-Macdonald eguation
ig &£i]]l integrated veing 81 (HPTS) points.

The sixth data card is:

[ 5P ITYE=(S ]

The pfogrnm terminates with printoaost of final results and Calocomp

plots. On the C0¢ 6600 any nammlist error is treated as an exit




tard like the =siyth data card.

The time regquired to compute 400 cycles of the flow and obtain
a new brondary laysr corrsctinn aach 20 cycles i= approximately 110
gacondy on the ocrude grid. Approximately 2.3 saconds are raguired
to ohtain sach pew outer airfeil and map it cnte the cirela. In
total about 65 geconds are apent on the flow and 45 seconds on the
outer airfoil. 307 secondy are required for the 4400 eyelws calou-
lation at a fine mash size. 23l seconds are needed for the f£low

and 76 secdnds for mapping the 19 ocutar airfoils. '
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2. Glossariss and Tablas for Brogram H

ALFP

BETA

CL

FEYM

GhMMA
I8

ITYP

1z

KP

LL

LEEF

Glossary of Input Farameters

Real. HAngle of acttack in degrees relative o
angle 0° at dexign. Default 0*. See CL.

Real. Starting wvalue of the bhase pressuere
which is used when the pressure distribution
is gxtrapolatad linsarly on the uppar surface.
Defanle 0.4,

Real. Danmping coefficient for rotated differ—
ance scheme usad to solve the flow eguations.

Defaule 0. BETA * 0 may help the convergence

for Mach numbers near 1.0.

Real. Cosfficient of lift. The default is
bazed on the ALF defaulf since the program
permits sither ALPF or CL to be prescribed.
CL dmfanlts to the deaszign value for FSYM = 3.

Real. The free stream Mach number. It must
be less than 1. Default 0.7% or design Mach
numbar if F5YM < 3,

Real. Indicates format of original alrfoil
coordinates on Taps 3. See Table 1.
Dafaylt 1.

Feal. Gas copstant y. Default l.4.

Integar., HRumhar of smoothings of origingl
airfoil coordinatas. Also the number of
socthings of the displacement thickness.
Default 2.

Integer. Used along with HE to indicate mode
¢of operation. ITYF = { causes program to
tarminata. Sea Table 3. Defaunlt 1.

Integer. Width of output line control.
Controls the number of characters on a line
of cutput as wall as the file to which out-
put is written. In addition, if IZ = 120 the
Pourier coafficiants of the mapping are
printed. Defaunlt 125.

Inteysr, Print parsametar. The cutput from
each EPth £flow cycle is printad. Defawlt 1.

Integmr. Index of location on airfoil where
the sweap through the upper and lower
surfaces begins for the finite Jdifference
schems. Default M/2+1. Smaller values of
LL are wsad for high angles of attack.

Integer. Index of x which gives the location
at which the linear extrapcolaticn Eor the




HFG

HPTS

HEH

W

HEL

RBCF

RDEL

RFPLOD

a4

preszura distribution iz begun an the uppar
gurfage. Tt should he placed at the point
of separation, if uwsad. The pressure distri-
bution is modified from x at LSEP+1 to the
trailing 2dge. If LEEP * M then tha
pressure distributicon is not altered.
Default M+L.

Integer. The number of mesh intervals in

the apgular direction in the circle plane at
which the flow equatione are solvaed. .
efanlt 180,

Inteager. The number of megh intecvals in
tha radia)l diraction in the circle plane.
Dafaylt 30,

Integer. The number of Fourier coefficients
ugsed far the mapping. Default 20.

Integsar. Tha numbar of points atb which the
Hash-Macdonald boundary layer eguation is
Zolved. DPefault 8).

Integar. Run number. Default 1. If FE¥YM<I.,
HRH has the deszign value, If NREN * 1000, the
Calesmp plats ars dane an Blank paper on the
CIMS CDC &£00.

Integer. If positive and ITYF > 0 it is the
total nuuber of flow eyeles ko be computed
before the next input card. Otherwise it is
an indicater of the mede of operation. See
Table 2. Default 1.

Integer. Munbear of {low oycles computed -
betwaern boundary layary corrections.
Defaylt 20.

Real. cChord location at which the turbulent
boundary laper calculation is begun. Transi-

tion is assumed to occur at this poeint. The
progran uses the x coordinate af the airfodl
closest to PCH for transition. Defaoli 0.07
unlaze in F mode, whare the default ie the
paak preassure.

Real. BRelaxation parametar for iterating
BCP, Dafault 0.1,

Baal. Balaxation parameter far the fircula-
tion or the angle of attack. Qfefault L.

Real. Relazation parameter for the boundary
layer displacement thickness, Defaalt 0.135.

Real. Relaxation parameter for the velocity
potential in the £low calculation.
Default 1.4.



EEFM

5T

KMON

REER

=Y

hRé LEHGTH
ANG

EAPRR

KP

KEFF
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Bsal. Faynolds number, If BN i=s s&t to zarg
no boundary layar corvaction iz made.
Dafault 20.0EG.

Reai. Bound set on tha sepiratinn pATAmMEREaY
EEP. Default 004,

Fxal., Convargenca tolerance on tha maximam
velocity potantial corraction and the maximum
ciroulation correction.

Real. x location whers owarch for monotoni-
city of the pressurs distribution is begun
whan modifying BCP for the prassure extrapala-
tion. Dafanlt 0.95.

Rzal. Indicator for test data. If XP » Q
theh test dats appezar on Tape 4 and tha
points will appear on the CAlcomp pressore
@istribution plots. If the program ix used
g% F and ¥F <« 0 then a plot of the girfoil is
prodused before and after the displacement
thickness is subtracted. This plat is also
ocbtained if the noeber of points defining tha
alrfoil is greater than 140. If XF ¢ 0 and
tha program is in tha F mode the redistribu-
ted cooxdinates ere Wwritten on Tape 3 in

FSYM = 1. format; if XKP = 0 the displaced
coordinates ara written on Tape 3 ip FSYM = 2.
format .

" Real. |[|XSEP| is the x location bayomd which

SEP amsumes [ts calculated value sven if
SEF » BEPM. For all x ¢ |X5EP| the bound
SEPM ix impozed on the upper surface. If
MEEP < 0 the upper and lowar surfaces of tha
airfell ara both treated ac vpper furfaces.
Dafault 0.93.

Glossary of Cutput Farameters

Printout of Original hirfoil Data

Original airfoil coordinates smoothed IS
times and redistributed if IS * 0 and
FEYM = 2_ or 4,

Arec length of airfoil definad by X.¥.
Surface angles of airfoil.
Curvature of airfoil.

Secongd derivative of ANG with rerpect to arc
length.

Third derivative of NG with respsct to are
length-




ERE

DA.DE

AIHFZy, BIWEC)

EFSIL

[ 4

DFEI

LLEL

DECE

IEK, JK

HEP

L

ANGO

CEY

8L

Frintout from Mapping of Origqinal aAfrfeil
Maximum correction in arc length for sach
iteration of Ehu mapping. Convergencos 1f
ERR < {.4x1077. '

Correction nesdad at sach iteration to
4TS Ur& Sloxzurs.

HFC Fouriar cocafficients. Printad out
if 1z = 120.

Trailing edges angla dividad by w.

" Frintout after Each Cycle of Flow

The running tally of flow oycles computed for
a given grid size and Mach numbar.

The maximum changs in the valocity potential
aArray at two consecucive flow eyoles.

Change in 1ift nacessary to satisfy the Kutta
condition.

Haximom incrameant in displaceamant thicknass
during #ach boundary lay=r calculation.

Maximom residual in the bass prassurs BCF
iteration.

Tha loacation of the maximum velooity
potential correction. 1 < IE < M-l,
12 JK £H .

Tha number of suparsondc points in the flow
calculaticn.

Angle of attack, which is printed if CL is
held fixad.

Coafficient of 1ift, which ia printed if AP
i3 held fixed.

Angle of zera LiFt. Ooeputed after sach
mappineg .

CP at LSEP. Thiz is tha first value used for
the linear extrapalation if the pressure dis-
tribucion is wodified an the uppar sorface
after separaticnm. The preassure distribution
is modified Erom LEEF+]l to the trailing edge.

Base pressure. The value te which the pres-
Sure is extrapolated at the trailing edge,

Slope of the line through CFI and BCP.
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¥s

EAPPA
MACH

EER

oo

C5

inr
Ls
CDW
COF

co
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Final Frintout

¥ poordinate of the last mapped ocuter airfoil
at M+l points,

y coordinate af the last mapped outer airfoil
at M+l points.

Surface angles of the last mapped outer
airfoil. .

Local curvature of the last mapped airfoil.

Local Mach number resulting from the last
Flow ovcle.

Fressure distribution corresponding to the
Mzch numbar.

Presgure dlstribution wsed in the last
boundary layer corfracticn.

The meRrentun thickness obtained by =olving
the Nath-Macdenald equation in the last
koundary layer gorrection cycle.

Displacement thickness cbtelned from the last
boupdary layer correstion.

Quantity uvead ax oriterion for detarmining
geparation. If SEP » 5EPM the boupdary Llayer
separates.

Shape factor.

Tha last displaceamant thickhneass increamant
addad toc the inner airfoil.

Tha location computed by the program at which
EEP > SEPH.

The point at which the program starts looking
for mnotonielity in the presszuara distributlon.

Gives the locatian of XSEF.
Indicates the location of LSEF.
Wave drag coeefficient.

Form drag coefficiznt.

Total drag CD = CDW + CDF.

Momant coafficient.
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Parameters for Table 1

EPSIL Beal. Trailing adgs angle divied by «.

FHIT RPeal. Hwber of points on wppar surface
defining airfoil.

FRL Real, Rumber of polnt= on lowey surface
definirmg airfoil.



COLS.
1l = 1d 11 = 20 21 = 30 31 - 40
CARDS
1 Title in Hollerith
(Coluns 2-17 will be printed on plot)
2 FHUI FNIL EPSIL
3 Blank
4q Coordinates at nose
E Foints onh uppar surface
FHU + 3 | Coordinates at trailing edge
FHU + 4 Blank
il + 5 Coordinates at nose
. Foints on lower surface
FNIHFNL+d | Coordinates at trailing adge
Deck Structurs
[alv TN
1 =10 11 - 20 21 - 30 31 - 44
FSYH
3.0 a v X ¥
4.0 X ¥
5.0 ¥ ¥ 8
fata Structure
Table 1. Tape 3 Card Input for Frogram H.




HF

EMX

ALEX

L

ChX

SHX

XL

CPX
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CARDE COLS.1 3 - 10 [11-13
1 NP
mmc&m, 1-6&|7 - 12|23 -18§19 - 25] 26 - 34
2 EMY | ALPX | cCL¥ | oDX ENX
o CoLs.| | _ 1o U - 20
3 XL Chx
NP 2 XL CEY

Table #. Dseck and Data Structu:-m for Tape 4.

Integar. Humber of somparison pointa,

Rzal. Free gtrean Macsh number of ocomparieson
airfoil.

F=al. Angle of attack of comparison airfoil.
Real. Coefficient of 1ift for the comparison
data.

Real. Coafficient of drag far the sobparieson
data.

F=al. Selects plotting =ymbol for compariscn

data.

for test data.

If positive, trianglas (A) are ysed ax
I1f negativa, plus signs (+)

are used as for deaiogn data.

Real.
acolad

Real.

¥ coordinates of comparicon data
from 9. 0 1,

Coefficient of pressure at corres-

poading XL waloms.



-

1%
ITYF < (0 * ITYP=0 ITYF » @
NS < 0 FETORN TO - TERMINATE| CRUDER
CONTROL MOLDE FROGRAM GRID i
Ng = o || STORE TERMINATE | RETRIEVE FROM
O TAPE PROGRAM TLPE
HE > 0 FINER TEFMLNATE | FLOW
11 sRrIb FROGRAM COMPUTATION

Table 1. Control of Program H. -
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3. Operation Of the Thres Dimensicnal Analysis Frogram J

The thres dimenaional program Was written specifically to
tzaat the flow past a vawed wing as proposed by R. T. Jones. It
will calculate the prassura distribution and. force coefficients
throughout the anticipated range of Flight conditions up to Mach
ounbkers of about 1.3 and yaw apgiles around 60°. At large Mach
numeers and yaw angles, howaver, the artificial viscosity in the
differenca scheme causes the shock waves to begome smeared.

The configquration is illuwstrated in Figure 1. To simplify
the poordinate trapsformations the leading edge is assumed to be
gtraight. The sheared parabolic coordinates describad in
Chapter 1, Saction 4, are thean introduced in planss normal to the
l#ading edge. The irput paramsters X5ING and YSING determime
tha location of the singular line nbuu't which the sgquare root
transformaticon iz made {(cee the CGlossary, Section 4). It is
important to chooswe thase =g that the unfolded profile does not
have any sharp hamps. The mapped cogrdinates are printed so that
thie can be checksd. The section can be varied in an arbitrary
manner, and the planform c<an be tapered as desired by varying
the location of the trailing adge. The trailing edge dafined hy
the input is actually rapléuced by a piecewise straight line through
the nearest mesh points in the computational lattice.

The geometry is defined by giving the Cross section at succes-
=jve gpan stations from the leaading to the trailing tip of the
yawsd wing. Each section is defined by scaling and rotsting a
prascribed profile. The profile is given by a table of x.y coardi-
nates, If the wing sections are all similar only the prafile for
the first span etation iz neaded a5 input. The ooordinatez for the

other stations are shtainad by =caling the original proafile to the
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ftlow dirsction
at infinity

e

" Iz vortex sheet

Figura 1. Cenfiguration showing coordinate system relative to the
body, with yaw angls introduced by rotating the flow at
infinity.
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praper chord, and rotating it to okhtain the appropriate twist. IE,
on the sther hand, tha sesctions are not similaz, the programn parmits
profiles to be read in at sach span station. The wing saction
katwaen stationg iy generated by intarpolation.

Another version of the program exists which allows for a
curved leeding edge. The paraholic coordinatas are then introduced
in planas parallel to the fras straam. which laads to a skawed
coordinata systam. The rasulting axtra téerms in the eguationsg
caues the computer time to be inercaged by abant 0%, Thie wersion
of the program haz the advaptage that it eould be adapted t¢ kreat
a swapt back wing on a wall by the inclusion of & symmetry plane
at the center line.

The differente scheme and iterative procsdurs conform closely
to the dascription in Chapter I, Saction 3. They are implamantad
aa a line relaxation prooadurs in tha @,y coprdinate planas. Thase
are updated in succession starting from the up:#raaﬂ side when the
wing iz yawad. In crder to sweep in the ganeral dirvection of the
flow esch x,y plana is dividad ints threw strips. Then horizontal
lines are rmlaxed in tha middle strip, marching towards tha body,
end vertical lineas are relayed in sach outer strip, marching out-
warda. The width of tha center strip is detarmined by the para-
meker STRIP [sae the GClossary, Section 4. Fastest convargencs is
vaually cbhtained by using horizontal relaxation eover the antire
plane.

Hormally calculations are ficrst performed on a coarss mash,
and then gn afine mesh with twice as many ilntervals in each coordi-
nate direction. The gsoarss mesh result im intarpolatad toc provide
the starting guess for tha fine mesh. This procedurs greatly

reducas the computar time requirved for a fine maszh solution. Using
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the COC ¢4699 it takes one second to sweep through aboot 4500 mesh
points. The time for one iteration cycle oo & mash with 72%12=16
polnts iy threx seccnds. A run usually copsists of 200 cycles on
such a coarse mash, followed by 100 oycles on a fine mesh with
144%24=32 points. The total rwuwiing time is about one hour,

The main input to the program is on Tape 5 and cutput i on
Tapeg 6. Tapesd l; 2 and 3 are disc files used for intaraal storage
in order to reduce the reguirementa for high speed memory. Tape 4
is a permanent storage device such as a magnetic tape on which
intermediate resulte can ha stored. The computation can ba
restartad and continued for more iterations using the data on
Tapas 1 as the new starting values. The dioc instructions ore
specialized to the CDE 6500 uzing the FTIW compiler. A version of
the code which does not wse disc gtorage is alsc available. This
verzsion should be r=adily adaptable to other computsrs, hut
requires a large amount of high speed memory.

The input data deck for a run is arranged to include title
gards listing the regquired data items. The complets s«c of titla
cards provides & list of all the data which must be supplied. and
can 4 used as 2 guide in sctting up the data deck. Each title
car® is followed by one or more cards supplying the numerical
values for the paramaters listad. The input parameters are given
in the Glossary, Section 4, in the order of their appwarance on the
data cards. All data items are read in as floating point numbars
in fields of 9 columns, and valuss representing intsger parameters
are converted inzide the program. The data deck for airfoil
T9-03-12 iz shown in Table 1.

The cutput consists of printout and Caloomp plots. For conven-
ience the mection profila is printed at the Eirst span station so

that the ipput profile can be checked. If all the sections are
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similay only the chord and twiost angle are printed at the ramaining
stations, If the secticnz are differsnt the corresponding input
prefiles will be printsd. The program next prints the wapped
coordinates of the segtion at the wing tenter line, generated at the
mesh points of the computational lattice. Parametess such ag mesh
size, Mach number, angls of yaw and angie of attack are also prine-
ed so that tha case can sasily be identified., Then for each itera-
ticn éha program prints the iteraticn nwber, the maximum correcticn
to the velocity potential and the maximwn residwal in satisfying
tha flow equation together with the coordinates of the points whera
thaze pocur in the computational lattice, the circulation at the
center section, the rselaxaticn factcrrs- Rel Fot 1, Rel Foi 2 and
kel Fot J (sae Glossary, Saction 4), and the oumber of Supsrcsonic
points.

After a maximum nupber of cyoles has heen gompleted or a
convergapos oriterion has besn satisfied the section lift, drag and
moment coefficients arm printed for each span staticon, aterting
with the leading tip; if desired, the zection pressure distributicns
&re alsd plotted. Tinally the characteristics of the complete
wing are printed. These include the coefficients of lift, fomm
drag, Eriction drag and total drag, the ratios of lift to form drag
and lifr to total drag, =2nd the pitching, rolling and yawing
momeEnts. In addition, charts are printad showing the Mach numbers
At polnts in plansas contéining the upper and lower surfaces pf the
wing. A Calcomp plot is generated o show a view of the conplets
wing and the pressure distributions over the ppper and lowsr. sur-
faces separately, with the leading tip at the bottem of the picture,
If tha mech i= to ba refined the program then repeats the sane

sequence of calculations and cutput on the new mesh.
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4. Gloszgary and Table for Program J

Glos=ary of Tnput Farametsrs

The paramzters arve listed in the crder of their oocurrence on
the data title cardz {see Table 1).

TITLE CARD 1

HX

HY

FPLOT

PCONT

TITLE CARD 2

HEELAX

RELAX TOL

REL FCT 1

Tha pumber of mesh c2lle in the Sirection of
the chord used at the start of the caloola-
tion., HNYX = @ causes termipation of the
PrUGIAM,

The numker of mesh o2lls in the dirsction
normal to the chord and span.

The number of mash ozllz in the span
direction.

Controls the genersation af Cazlcomp plots.

FPLOT = 0. for no ploks,

FPLOT = 1. for a thiee dimensional plot of
tha surface progaure distribuotion.

FPLOT = 2. for & thres dimensicnal plot and
individual ploez at sach span station.

Indicator which tells the manner of starting
the program.

FCONT = .. indicates the calculation begins
at iteration zero-

FCONT = 1., ipndircates the computation is to be
conktinued from a pravicous ealoulation. In
this case the values of the valocity poten-
tial and the ¢irculation are read from a
magnetic tape where they wers pravieusly
stored (Tape 4). It is s5till necessary o
provide the complete daca deck to redefine
the geometry. The ctount of the iteration
cycles is continued from the final count of
the previcus calevlation se that the nunbar
of cycles NRELAX consiscs of the count of the
previouns calcolation plus the numbar of
iterations to e continued.

The maximum nunbar of iteration cycles which
will be compucad.

The dezirad accurasy. If the madimum Ccorrac-
ticn i less than RELAX TOL the calculation
teminates of prodesds to a4 finer mash,
otherwvise the pnusber of cycles sat by HRELAX
are completed.

The gubcsonic relaxation facter for the valooi-
ty potential. It is betwean l. and 2. and
should be increased towards 2. a3 the mesh




REL FCT 2

REL FCT 3

RETH

STRIP

FHALF

TITLE CTARL 3
EFMACH
AW

ALFHA

o

TITLE CARD 4

Hc

108

is refined.

The supersgnic ralaxat:un factor for the
velocity potential, It is nﬂt greater than 1.
and is pormally sat to L.

The relaxation factor for the circulation.
It is uwswally set to 1., but can be increased.

The damping parameter controlling the amovnt
wof added 4 st lsee Chaptar I, S&ction 3}.

It iz normally set betwasn 0. and 0.25.

Determines the split batwesn horizental and
vertical line relaxation and is the propor-
tiocn of the total mash in which horizental
ling relaxation is uzed. FasStest CONVErganom
is usually cbtained by setting STRID = 1.,
where horizontal lina raelaxation iz used for
the entire mash., If convergencs difficultimc
are encountgrad STRIF may be reduaced to sSOms
fraction betwean 0. and 1.

Deternings whether the mesh will be refined.

FAALF = 0.: The computation terminates after
completing tha prescribed nunber of iteration
cycles or aftar convergance for the input mash
Zize.

FHALF ¥ 0.; Tha mesh spacing will be halved
after HIELAX o~ycleax have baan run on the srode
mesh size. &n additlonal data card muat be
provided for tha rafined mesh giving the
numerical valuas requasted by Title Card 2.

If PHALF < 0 the interpalated potantial will
be smoothed |FHALF| times.

fAercdynemlic Faraneters)
The freec gstraam Mach numbar.
The yaw angle of the wing in degress,

The angle of attack in degress. When the wing
iz yawed, ALPAA i5 maasared in the plane
normal to the le=ading edye, not in the fres
gtraam direction.

The aztimated parasite drag dus to skin frie-
tion and zeparation. Lt is added to the
prassure dray (sum of vortex drag plus wave
dragl caloulated by the program o give the
total drag.

The number of span etatione at which the wing
section is defined on subsequent data cards
from leading tip (swmallast walue of 2] o
trailing tip. If HC <« 2 it is assumed that
tha wing geomatry iz the same as for the last



TITLE CARD 5
£

CHDRD
THICKE

ALPEA

WEWSEC

TITLE CARD &

ISTH

HO
NL

TLTLE CARD 7

TE -ANGLE

TE SLOPE

19

cage calrulated and the computation for naw
valwes of FMACH, YANW, ALPHR and CDO begins
without any furthar data items baing read.

{The Gaometry at the First Span Station)
Span loration ¢f the section.

The local ¢hord value by which the profile
cocrdinates are scaled.

Modifiss the section thickness. The ¥
eoordinatas are multiplisad by THICE.

The angle through whith the section is rotated
to introduce twist. This.angle is measured
normal to ktha leading sadge, not in the dirae-
ticon of the free Itream.

Indicatas whether or net the gecmetry for a
navw profile iz zupplied,

HEWSEGC = 0.: The =maction iz obtained by scal-
ing the profile u=ed at the previous span
section according to the parameters CRORD,
THICK, RLPHA. No further cards are rtead for
this span &tation, and the next card should be
the title ¢ard for the next span station,

if any.

HEWSEC = 1.: The coordinates for a naw prafile
are read from the data cards which £follow.

(Profile Geometyy Supplied 4f HEWSED = 1.}

Indicatas the fype of profile.

ISTH = 0. denotes a cavbered proiile.
Conrdinates are sppplisd for upper and lowar
sucfaces, =ach ordered fimm nose 4 Lail with
the leading edge included in both surfaces.
ISYM = 1. depctes a syspeiric profile. &
takle of coprdinates is reaad for the upper

-&urfacs anly.

Tha nunber of wpper surface cogrdinates,

The nunber of lowsr surface coordinaces.
For IS¥YM = }., NL = NU even thoogh no lower
surface cogrdinates are given,

{Additionat Profile Geonetry Supplied
1f HEWSEC = 1.}

The included angle at the trailing edge in
degrees. The profils may ke open, in which
case it L5 the difference in angle batween
the upper and lower surfaces.

The zlope of the mean vamber line at the
trailing e&dge. This is wsed to continue the
coordinate surface, assumed to contaih the




XEING, YSING

TITLE CARD B

XY

TITLE CARD 9

x,¥Y

TITLE CARGE 10.11,...

200

vortan sheat, smoothly off the trailing edgs.
For heavily aft loaded ajrfolls, the 1lift is
sansitive to the valua of this parametar,
which should be adjusted by comparing two
dimensional caleulations using parabolic
oordinates with twoe dimensicnal calculations
in tha cirele plane.

The coordinates of the singular point in=ids
the nosa about which the sgquare root transfor-
mation ix applied to ganerate paraiolic coordi-
natss. Thi= point should be located as
symmatrically as possible betwsan the wpper
and lower surfaces at a distance from the nose
roughly preportional ta the leading adge
radius. It can be seen whether the location
hag basn correctly chosen by inspecting the
coordinates of the mapped profile printed in
the output. If the mapped profile has & bump
at the center, the singular point should be
moved closér to the leading edge. If the
napped profile is not symmetric nzar the
tenter, with a step increase in ¥, say, as X
increasss through 0, the singular point
shonld be moved closer 0 the wpper surface.
The courdinates of the singular point are
chogen ralative to the profile coordinates
sypplisd on the cards which follow.

{(Ipper Surface Cogrdinates)

The coordinates of the upper surface. These
are read on the date cards which follow, one
pair of coordinates per card in the first two
fields of 10, from leading to trailing adge
inclusive,

{Lower Surface Coordinates, Head if ISTH = 0.

The coordipates of the lower surface, read
from leading edge te trailing edge. The lead-
ing edge point is the same azs the upper
surface leading edge point. The trailing edge
point may ba diffarent if the profile hae an
opan tail.

{Geometry at the Other Span Stational

These title cards aré the same as Title Card &
{gacmetry for tha first Zpan staticn]. The
nunber of such cards fepands on the number of
inpnt span stations NC. If the profiles are
similar at each station except for scaling,
thicknass chord ratioc and rotation to intro-
duca twist, HEWSEC = 0. and no naw profile
coordinates are neseded.




2m

“el8e) 300 | 11-20 | 21-% | 23-40 | 4150 | s1-60 | 5170 | 71-20
Title Ca
79-03-12 Sectiom AR = &.0 Twisc 2 Deg
fColumng 148 Copl Eluks
i k4 Y HZ FPLOT | FCOOWT
72 12, 16. 1. .
RELAX | FEL REL [ TEL
‘2 WRELAX TOL e 1 | FoT 2 | BT 3 BETA STRIF FHALF
09, 1.E-6 1.4 1. 1. L 1. 1.
] 104, 1.E-6 1.7% 1. 1. 0% 1. .
i FHACH TAW ALFHA C
830 15, 1.2 010
& B
&,
3 z CHIRD | THICK | ALPHA |REWSEC
=2T0. 60, 1. 1.0 k.
& ISTH H1T KL
a. B8Z. B0,
TE TE
¥ anele | siope ASTHG | YSING
Q. =, 047 OES 016d
B X ¥ (Uppexr Surface Coordinates Heee £o Tall)
1.
Ty
] X Y {Lowar Surfack Coordinat#s Nose to Taill)
1.
L,
17 ) CHORE | THICK [ ALPHA |NEWSEC
-135.0 100. L. 0. i3 0.
11 z CAOED THLCK ALFHA |3EHSEC
135.0 | 100, L. =0.33 ad.
12 2 CHORD | THIEK [ ALPHA [ NEWZEC
270.0 &, 1. =1, a.
Table 1. Data Deck far Three Dimenglonal Frogram.
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LISTENG OF THE BOUNDARY LAYEA AMALTSES PROGIAM H e DEFTY

10

20

PROGRAM H{LNPUT 5 EGoDUTPUT = dOJ.TAPES = S00.TAPE® = %004 FAPEZ =
LOUTRUT+TAPES = INPUT}

COMMOY PHECLG2 3LIaFPILEZ+ TR+ ACEL | b8 30 0a 0310005 I+E(2L)

L «RP(I1FWRPPIIL)WRIELIASITR)REGB1 Y 2 AL152) +BB1162) COL162)
2 (ST(IREZNyPHIR(IGE2N e NCILEZ I qYCILE2) oFMLLG2) +ARELALEZ) +OSUMILER)
F JANGDLUTEE2 » XOLOCAE2) , TULDEL62) +ARCOLOCL 62 b 4 UELOLOL162])
COMMEN /87 PIsTPoRAD+EA ALP s RNsPCH XP, TC o SHD »GPHI 4 CL+REL + TR
L aXAYAaTL 0T +ORLOELTHyDELRiRA+UICN OS5+ RAN‘EPSILL.QCRIT (142
B Ay ESs R CTvEETyBETRFETM  KSEP y SEPM, TTLECH | «MyHaMMy NN NSP
S JIK M2 1TYR MADE IS NFL MCY yNRN N, IDEM, N2 (W3 N ,NT , TEX

¥ v HPTE+LLtI+LSEP MR

DIMENSION COMCOCR} yCLA(2) +NAMERR (&)

EOUIVALEYCE 1CONCT LY s P oA e e at 11 b CALPX1CLANZRE

LETERR IS THE SUBROWTINE TD PROCESS A NAWNELIST ERROR
EXTERNAL LSTERR

R v HONsANS I n g .
MAMELIST 777 ALPLBETArACP QL EMy FETHgAMMA IS+ 3T TP+ R 2« WP L+ LEBEP«
1 MeHaMFS NPT s NRY A NE s NSl PCHYRACP (KL o ROEL s RELD« RN SEPM 5T,
2 XMOBAXP.XSCP

oafA GAMMESL 47 , ST/0.F « XMDNS, 95/ 4 RBCP/, 10/ v RFLOSJL.WS
1 ROEL/A 31257 « BCP/48F 5 HELFEDS ¢+ NSALY o, HAZLS
OLTE NIFES v HAMEAZAGa0S v D1ad@ 5L/ 3,07 + LPLIALNS JXFF/LLS
THESE TWD CARDS TAANSMIT TO THE SYSTEw THE RECOVERY ABRQRESS
HLVYERRTD) & LOCECLSTEARAI

CALL BTaTCHC(EEsNAMERR)

My £ N4

REJIND My

NMAITE AM2,180)

AERDE NB P}

IF (EL«NE.10D.) MOQE = 0

IF t1z.6C,80) Ny = N2

IF [NS.Ea,01 G TO 30

SET UP CONSTANTS AND DO COMFORMLL MAPRING

CALL RESTRY

CLX = Ty N

ALPX= RADwALP

g To 1ap

WAITE M2, 1801

ALP = 1G(0,

L = jam,

A ekNOH=ANS I awe e

AEAD (NI,

SELECT OUTFUT TAPE

N = Wiy

IF {XIZWBE.80) Ny o HZ

C2 = . DEiRAAMA=]1,}

E7 = BAMMASIGAMNA=L, |

IF LALP<FQ.100,} GO TO 20

ALP Ha% acEN INPUTTED: KEEP. IT FIXED

HCY =D

MOGE = 1 1

ALPY = AaLp

ALF = ALPX/RAD
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11%

25

0

F L

100

ai

203

IF (CL+EQy100.) B0 TO 2B

CL HAS BEEN INPUTTED. £EE® 1T FIXED

NEYT = 0
HMDOE = q

Y4 ® S*CL/CHO=QPHI
O0 13% L = .M

Q0 11% v = LsHN
AHIALJY & PHHIL JI+TARPHERIL]
OPHI = «BeCL s CHD
LLX = CL
L & QLi
CHANGE PARAMETERS WHICHW OERPEND DM THE MADH NUMEER
EM = AMAMI(EMy 1E*%0}

IF (EM.NE,EMXY MNCY £ O
€l = C2¢L.71EM wEN )
C& = L2EEN mEM

Ca = 1.+L6

CS = §{,.7(CEBRCT)

ACRIT = (CI+CLI/{GAMAATL,)

BET = SdaTil,=ER wEM )=1,

CHECK FOR TERMLHATE RETRILYE, DR STORE INSTRAULTIONS
IK WILL BE =1 OMLY IF THEWE IE & NAME. IST ERAOR
IF L0ITYP.EQuDb QR (EREQr~L)} &0 TO 179

CALL COS]

IF iNS.NELD) &0 TOQ 40

REWMING N3

IF TITYP.GT«0) GO TO 340

WRITE(H3t COMC.PMI 08838+ ARCOLO s ANGOLA»XOLD: YOLOyDELOLD«ARS4RE
1 LOBUMGRMMA XNOY ABCP AFLD ROELyBCF+ySL+KP ST
BD TO i4Q

HEAD (W3} COMC+PHI+RAxSO+ARCOLY ¢ ANGOL Oy XOLU YORO4DELQLD «A+RE4RT
1 LO05SUMyEAMME , ¥AON . ABCF«AFLOyADEL ¢ BCP s+ S s KP 5T
CaLl MiP

GD To Lan

COMTIHUR

IF (HS:.BT,.O0F GO TD 7D

N = p
6D To CRUDE GRID IF ITYP.EBT.D

IF (ITYP . STall CALL REYEZH{-1}
GD TO Lkg

IF (ITYP,aYa0r 60 TO 100
b0 BAfK TD FINER GRID
CaLk REMESH{L:
60 To 140
XPHII = p, .

IF | RCL.NE.Q.} XPHEL = Z.wCHOSRCL
Mg = 1s-2.7RFLD
ANGE = -RADeRALL |
TEl = 4H CL

IF [MOUELEDuO} FXT & BHALP
HO BOUNUARY LATER CORRECTIONS ARE AAOF FOR HM,LE.D.
IF [RH:LE,0«) NS1 X 202000

IXK = Adz

IXX 5 IXxnl

EF {ECladx=Llp.ET,XMONF 6D TO A0
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1o

-

125
120
180

150

1&0

170

140
190

LL =D

Of AT MDET NS CYCLES

00 120 K = 1.N$

IF (MOOCLEs56)NELO] 50 TO 1NS

WRITE (H2.Ek0) TXT

LE = LC#Y

CaALL SWEER

KEEP TRACK OF TOTAL NUMBER OF CYCLES

NCY % NCT+) !
ALPX = MAOWALP

GLE= 24avDPHIwCHD

¥4 = VYARKPMI1]

WREITE RESIOUALS GMN M2 CYERY HKP CYCLES

IF (MAQtK, APy . HE O] &0 TO 110

L & iy P

MRITE INZ.19071 AEYe TR YAOL D2+ N JNanyIP+CLA(2=MDDE} , ANEBDsLFYL
1 HEP 45k

00 & gOUNDRY LAYEM CORRECTION EVERY Mgl CYCLES
IF SMOOCHH3L) LNELO) F& TO 125

If (K.EQ.NSF GO ¥D 140

WRITE im2.19D) .

LE = LC#+1

FSYM z &,

CALL ¢TURBIOL024CPLvBCP+SLyADEL ABLCPy

ANGD = ~RaUw8B{1}

IE {MQDE.EQ.01 OFHE = ,S*lLXsCHO

CHECK FD SEC IF WE HAYE SATISFICD CONyYEAGENCE cRITERLA
IF CAMANYLIABSC YR« OBSIFaY FaTo 3T B0 FO 14D
CONT INUE

ITYF = YARSILTYPI

CL = CLX

LN &t RA®) E=f+,5

EPF & APFRaNINO4LyNABE(HYy—HE))

EP 3 XPEXARF

Chblh SECONDITIMEY

HNTPE = My

TAl = IHALFP

I¢ (wpIE EQ,p) THT = 3H LCL

MRITE {MTPE, 2001 EMeTET CLAIMODESL Y gLl vy H S TIAE W AFLO WACL +RREL S
L RACP .BETA«STyPCHsSEPA, XSEP NPT I8 sLLe L2

IF (NTPR E@HE2) GO FO L6Q

HTPE = N2

&0 TCO 130

1€ (ITYP.GE.2) CALL GTURBAODL,D24CPL+BePrSL+ROEL+ABCPR)
ENX = EM -

ITYPxy

0 T¢ 10 1

Itep = &

1F (IfkeEQ,.=1} WRITE (Hw 220}

CaLi gTURALOD] ,02,CPL+8CP 6L .ROEL ,RECAY
TERMINATE PLOT

CALL PLOT(O, 0,999}

Chut EX1T

FoamatT 174 HEAD PFE

FORMAT 45Xa 1oy WE124 5 T4 0 T3 e Ine2FllaRyaFLi 5}
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200 FORMAT [NHOEMEFY,3) 3KA3vINSFS, 24 3XZHANSIZ + ZHEG SXANARNE s I 30 1Mk e T2y
1 MASHNSSEe + 3XBHTIME=F T, B/8r RFLOSFR .2, 30, UHRCL=F4 . 2 IXEHADELeFY . 5
2 4 INSHABCPEF 2, 3NSHBETARFY, 2y IXINGTE_E7,1/ OH PCHCFR.2,
3 ANSHEEPASEEL Yy IKSHKSEPEFT, 2, SXSHNPT =] 3, 3NIHLSS] 2+ ENIHLLET 3,
% BAINIZ=IS/7]

10 FORMATELIHLSKBHNCY XSG HOPHIAXIHOCK s X+ ¥ HODEL 3 BX 4 ¥ HDOCP 3 By ZH1K 4+
1 2742HURy 2ABHNSF y SEAN y SEKNNANGD + 8X3HCP Ty BXSHBCP 4 BXZHELS )

240 FOAMAT {21HOawelAMEILTST ERADREau, 10X+ 40HPROERAN TO TCAMINATE

END

SUBROUTINE LSTEAR
COMTON FR7 MINTIIK

ik = «}
KETURY
End

SUHAOUTINE RESTRT .
COMMON PHI{1&2431 b FPILEZ43L A3 B 15L)4CE30)01323~E031
1 aRPEILEGHPPIAT) 4RII1 I +RECSL W RIABL A aRT 162y BBL1EE) »CO1 162
2 (SI{162),PHIRIIGZI s KCLLER) « TELAE2 ) o FUILGE] +ARCLILG2) «DSUMIL6E)
3 JANGOLO(LG2 P s XOLOILEZ e VLD (162 +ARCALO (162 s HELOLLLIEZ)
COMMON Fo/ PLIJTP RAEYN+ ALP RN +PCH AP, TCvLEHDOFHT s Clh s MEL S TH
L aXBa VR TEsWT 4R DELTH+OEL Ay RA*UCHs FENy HAN N EPSELOCRIT yCL LR
2 LGy CS+CErCTSBET v AETALFET Ny XSEF (SEPM, TTLECH) + My H1A Y NN HEP
I LA I 2 1YY P MODE s IS+ MFC HCT a AN NG  IDTH HE v NI NG 4 NT I X2
L 1 HP'S"‘LL‘I"‘S‘EPI‘“

SET upr CONSTANTS

TP = PL+p]

RAD = L18D./F1

ALP = ALP/RAD

FF {iN*v1 . HELNH QR IM¥12aREMAI NCT = 0

HM = W)

IF dLbLsbEf.0) LL = /241

NN = bl

LR = =LssFLUATING

OT = TRAFLOAT (M)

QN = CUs0T)

QSN = S1y44aT)

DELR 2 ,5/0H

CELTH § L&/0T7

R4 = af/04

Adw = J1.0T

00 10 K = 14N

RiM) B 1, +0RXFLOATIK=1}

ASI(M] = (RASRIM) F*(RA*TLK])

AItN) X =, 29x0T (K2

10 CONTEINUE
RidNY = B,
BET » SQRT(L,=EMwEY} =1,




o0 HARFRING
ChLL AIRFDL
IF IMQOE.E841) CL 2 B uPI*CHOREIIL1) /1 1.+BETI
UPHL = LAwCL/ALRD
SELEET MY UF THE MN MAPPED CODMDINATES
MA = HM/E .
M3 = WAa2wi{AR+] ) F2)
EF it eBr At s DR (NPe . Tulu k) JK 3 =)
JE1
O w L = oMM
DELOLDIL) X 0,
GsuA{Jl = &,
ARCOLOYL I=ARCL{J}
EFI1J,GEsMq) 50 Yo FD
TF{IJuhT .M YL 0R I J.BE.MBY] J=del
DEJM{J) = D«
J=del
wO CONTINUE
TO NT = L
WAITE {HGL10Q01 NT
140 FORAAT d1W0s Ik 05SH FOLINTS WILL BE USEQ TO SEFINE ANNEX ALRFOIL
CALL SPLIFIMM ARCL o XCPHIAL v My e PHICLambaPHIIL P ) =500 +340,)
CALL INTPLAINT«ARCOLD: XOLDyARCL yXC+PLICLla3)sPAIILeS)+PHIIL1T))
CALL SPLIFIMMARCL s Ty PHI Ly 3 e PHI S 4 PHIIL s TheZuT e dglg}
CALL IWTPLANT ARCOLD, TOLUyARLL o YCaPQEL+ 3 oFNLIEaD ) vPHIILT) )
ChlL SPLIFIMM AACLyFMPHTI AL R)vPHTC -0 o PHEIL 7 eBo0u+3,0,)
CALL INTRPLAINT « ARRCOLD« ANEDLD s ARCL s FMaPLI (L3 yFATAL s S +PHILT}}
Of 60 L = LM
- Uff 50 J ® LyNN
S50 PHI L ¢od) = HJIeLO(L) +0PHI#PHIA L}
&0 CONTINJE
Fars = FEYM~12,
I5 = %
RETURN
END

SUSRODUTINE COS1

SET THE SIMES.LOSIMES: ANL THE TERM AT INFINITY

COARON Pritla2 31 +FRILG2 3 b+ AL EaBe 3 tuCi31 4Dt 31 4E4 LS
L oyAP (3] GRPPIIL) (RESLY + ASCILFam I 31D yaRd 162 4BHILIEZ) 4 E0 162 )
2 WSINIE2) PHIR(IE2 o HCILE2) 3 YE0162 ) FAILE2 ) tARCLILEZ ) 1 DSUMILER)
& yANBOLO[LRE! +XOLO(EGZF» TULO(LEOZ) s ARCALOLLGE b UELOLO (2GR )
COMMON sAr PLsTP+RALDEA v ALPsRN+PLH+ XL TEr CAD s OPHI Cu e HEL + TR
L o MR YArTEADT + PR 4 DELTH+DELA 4 RAY DL USHIRAR EPSIL s QEHI T C1yC2

PR ey CE R ETVAETHHETA L FSY M uSEP SEPM, TTLE (%) M NAA NN, HER

B I R eI F e ITYPaMOOE e IS+ FC oY a NN NE+ IOTAANZ NS+ HI v AT I XK
%, MPTSsihe I LSEPA% .

TPl = 1,.77P

ANG = AL&sBEBEe1l

SN £ SENTFaNg)

CN & SSRT [(L1,~SHeSH)

02 10 L = Lu«M



o7

CaiL1 = EN
FIlL) = 58
FHIRCLE =(ANGH#ATAN((BEFWSHECH) 4]  #BETSSHESNII I #TRI
Ch & CHEQCH=SMe[SH
EN & CO{LiwSN+SHRDCN
AME = ANg+OF
10 COATENVE
CDiMM) = ch
COIMMel ) = COVZD
SI4MM) = SN
ET18M«1) = SI42}
RETURNY
E NG

SUDRBUTINE SwEEP
c EWEER THROUGSH FHME GRID DNE TIME
COWMGY PHIM1GE 310 +FPILA2 313+ AIZE 4B 300 C1 510 .0 (S1-E( 21
1 sRPIIL T WRPPAIE) RIS 4RECIL pa RIS - aRILGEF BB 162 +CO0162D
2 JEE(162) PHIRCLEZ I vRETLER) 4 ¥ECLG2) o Fui ka2l »ARCLI2G2) +DEUNI 1E2)
2 LOANBOLO{16ZF o« XOLOILE2)+ YOLO (162 o AHC LU (162) 4 DELOLLUA LG )
Cosmid Fas PLoTPRAUAEY s ALP+RNrPEH KPR TEACHO OPHI yLksHEL Y TR
1 o X0 YA+ TEaDT 08 s DELFHyOELA s Ko PCN p SN KAR s EPSIL cQURI T4 L1 L2
g Ry SR LY BET 1 BETALFEY N XSSP SEAM, TTLECY I » M N+ MM NN, NEF
I IRy SR I IT TP MO IE s ISe NFCaNCY RNy N s TIOTMa 2o N3 tinuNT [ XX
4 5 HPAFS Lo LSER M4
ThH & 0.
M3F = 0
00 10 J = EaHN
PHIIMM 1 = PHT (LI +OPH]
PHIIMY+Iul = PHIC2+J b #0PH]
E{J1 = 0,
10 RPPIJl = Q.
c SWEEP THROUGW THE GRIO FRUM NOSE FO TiIL ON UPPEM SURFALE
TE & =24
0o 236 [ = LL.MN
CALL MURMaM
00 50 J = 1:H
30 PHILI=3+d) = PultI-LlaJ)~AP{J}
[ UROATE PHI AT THE TALL FRUOM UPPER SURFACE
00O 30 4 = 1sN
PHI(MM,J) & PHL{MALJ)=E|d)
Eq{Jl = 0,
APPIJ) = D
B0 PHILLlyW) = PHIHMyJI=0PHL
- SWEER THROUGH THWE GRID FAON NOSE TO TplL ON LOWER SORFACE
TE = 24
I =L
a0 I = [«1
CALL NURMAN
00 &9 J = 1sh
EO PHICI+IvJ) = PHIJI#LadieRP(J}
IF (I.6T.2) &0 TO &0




.

208

00 786 J = L.k

Th FHIIZ24Jd) = FHII24JI=E1J]

¢ ADJUST CIRCULATION T SATISFY THE KUTTA CONDITEDN

TF IRCL +Edels) GG TO 0
¥A = RCLw(fPFHILM 1 k=IPHLIZ2 L}40PHI I tenELYR+S1(1]])
iF {MpUEER,L) GO TO S0
ﬂLp’ = ALP'{ EwyH
CaLL Cual
Go To 93

all YR = TPYYASIL.+BET)
dPH] = UPHI+YA

95 00 3T L = 1.M

9f PHI[L,9N) = OPAlePHIR|L}
IFIMDQE«EQ+0) RETURN

00 109 J = J.H
OO0 00 L = 1.0
100 PHLIL.J) = PHII Ly JI#YARPHER (L}
AETURN
END
SUBROUTINE MURAAN o
[ SET up COEFFICIENT ARRAYS FOA THE TRIGIAGONAL SYSTEA UEEﬂ FOR LINE
[ HELbXATION AND COMPUTE THE UPDATED PHY OW THIS LIHE
COMMOH PHILLEZ«+31)wFPIYEa+30)4RL3)+0 30 F.C031,00310E43Y)

1 «APIAL)4RPPIBL) yAL3LFqASI 3L o RI(2)ieaR1162) BU(ASE) + L0 162)
2 WETI162)+PHIR (1621« MC (1B o YCALED | «FMC162} yARCLCLBZ I 4DSUMCLEE)
F LANGDLU 162 s KOLO(IGR) s YOLD 12 ) v AHC LD LG ) + PELDLD 162
CoOMARY FAF PL.TP+ROLsEN ALP sRN«PCHy KP  FC+CHO s DPHI v CL L+ TR
1 WX TAYTE+@T y Oy DELTHy DELA4RATUCMa NS AAN+EFSILBCHIT, C14C2
2 M e LT BET  JETAFSY N XSEP S SEPM_ TTLE L8] + Mo Ny M, AN, HER
3 WIKaJAs Tt ITYP I MODE e LS HFC N T« MRA NG s IDI M N2 + N E o M% e NT o I XX
Y » HPTS'LL+RLEER N
c CD THE BOylLAAT

CinNy = @,

FaC = =.5aTE

IM = [=1

IF iFARsLTaD,) IM = l*l

KL = 0

PHIG = PHIAI2)1=2v=0DRNCO{1)

PulyPs PHIAIL . 2)~PHI{II L]

PHLYT = PHIYP+PHID=PHL{I,1}

PHEKY = PHICE+14+1)3#PHEL =12 ) =PHEL T+ 1ywPHICL 1}
PHIEKM = PHICI+1+1)=PRI(I=1+1]

PHIXP = PHILL141.23=PHI(1=1+2)

c CHECK FOR THE Talv PQENT

IF {I.NE.®MF 6D TO 18
Cri) ¥ (CL+CRImpsgl}
Arl) = =~CyLlrsMAnC)=CY
O[k) = CLe{PMIXX+RS{LIaPHITY+RAGRCOII1=E{1})
&0 To o0

10 U = PHIXMeDELTHa5L41)
Bd = YFPiL.1)



Qs = p=8Q
B3 = CI=CIwRs
B x gEeOEu(FPiInleli=FPILel 1))

X & RANH{CS+QS el QI I}

Cil) = LCS+CEYuRE({1)

Jil) = CSsRE[1)«PHITYT+RI{1IeER+X

CHMBsS = LSad5

PHEXT =2 BETA»ADS (W) +ABS(CNES)

IF {AS.LE.HCRIT| 50 TO 34

FLOW 15 SUPERSONIC, BACKWARD DIFFERENCES
MK = 1

PHIXT = pHINT=CPaS

PHIXX® = APPIL)

A{lr = =[(C{1pePHIXNTY

Dily = D) +CMESuPHIXEY=FHINTREIL}

g0 To 40

FLOW SUBCRITICOL, CENTRAL DIFFERENCES
i1} = AA4CMQS =C{LlP=PHIXT

DE1F = LI 4CNQS*PHIXE=PHIXTRELL)

PO HON=SQUNDART POINTS

RPPI1) = pHl¥E

Q0 6D W = EaM

FHIXYX & PHECI+Y1 o JE4PHI{I=14Jr=PRI{fady=PHILI+J)
Ou = PHIXP

PHIEZP 8 PHL(TI+1:J %11 aPHI{Iwl,J*L}
PHIXY = PHIXPrPHLXA+[ECJeli-E{J~L)InFpL
PH1XH = Dy

iy = DU=DELTH

PHIYYM ® PHLYY

PHIYH = PHLYF

PHITF = PHILYIaJ+22=PHEL Iy}

PHEYY & PYIYP=PHIYM™

U = AdJieDU=5XtT) .

OF = RUMImIPHI Ty o) =PRI d=1] wDELR
¥ & DYeR{JI=CO{T}

Ay 3 RIJIwApey

Bd & 1./FPII4d)

8l = ddey

Us & gEu=sd

Uy = (dQuUBEU|my
VS = 2A%iey

a5 v US+ys

CE ¥ C1={2ERS

CRVE = C5=YS

CMUS = L5aUS

FHINT = BETARABS (L)

PHLIYT = BETA&AAS(RANY)

COMPUYE CONTRIAUTIQN DF AIGAT=HAND SIpE FROM LOW OROEH TEAME
Oid) =RAWE] ICHYSFUS=WS)I00¥=eOU ¢RI S e0SEEREIUBRLFF{ln] s} »
1 FPAI+LsJ) HRAYS(FPII+Jrd b~FPLiL 444100

Y = L oWEQUSRAY

IF 1aS.LE,9CR1T) 53 YO 50

BUPERSONIC FLOW, US55 BACMWARD WIFFERE4CLINE

KK o R4l

CHES = CS=04




e

&E

BD

10

Fa & 1./9%
AU & USeFQ
Buy = R5iJlwany
avy = YisFQ
AWy = RE( Iwgyy
BuY = J¥eFW

AUV = 3G leaASS(AAVI*FARTE

PHINN = AyvepsiRX=AuUvsPHIET ¢EUNBPHTTY
E{J) = ECS#BYL

PHIXT = PRINKT=CHASw{AUM-AVU=~ALYY +L3aqvy
PHITT 2 PRHITT =CHAQSk{AVV+AKK=AUV}]

CiJk = Bigr+pPHITT

PHIXXM &= qPPLM)

IF I1v,.LT 0) 60 TO »3

PHIYYA & OHIIT 42 0=PHIT ! s J+1 )=PHIYFP
PHIET® & PHIYP+PHI (LMo JF=-FPHI[IMaJ+L)

GO TQ ue

PHIKTYH = PHEIG My JE=PHILIAJ=1L)=PHITH

B8 = giJ}

arJd) = CiJdh

C{J) = Hp

PHISE = AyuspPRIZEMsAUVaPHIXYM+ANYSPHI v TH
AdJd) = »igdJdp*C{JI#PHIXT]

D) & G gb+EMaASsPHISS+CESFHINN=C{J15pHIXT
Bk TD &D

SYgsoHlc FLOW. USE CEMTRAL DIFFERECMCEXx
Cid?) = RASA1JINCAYE

B{Jd) = CLUI+RHITT

PHIXT = PHIXT+CHUS

Gtdk = XaeCHUS-31J)-CiJI~PHIKT

Dedl = D[JY+CRUERPHLXX =Y PHIXY ¢ [JIwpHlYY=PHIRTRE(J}
IF iy, bk TyDe) 50 TO GO

BiJl = Cyar

Lo o m QU2 4PHIYY

REF{J} = PHIXX

NSF & NEPsHK

SOLVE THE TRIDIAGOWAL STSTEM

faLl TRID

RETURN

END

SUBRDUTINE TRID

SOLVE W DIMENSIONAL TRIDTAGOMAL SYSTEw OF ERUATIDNS

COAMDN PHIVL62 31 ) «FP LR 1AL A0 B8030) yC(S1 DM 3LEvELDL)
L RP{3LF.RPFI311RIS1FvASIILIHI[ 511 s8A0162) BHILEBRZY .EOd1EY)
2 G SI{IE2 )W PHIR{IGZ X CILER2 ) YCILE2 o FMIROE yARCLLYGRE rDSUMLLER)
S g ANGOLVILGZ » XOLO(LA2} v YULD (162 ) yARCHLO 15621 ,0ELDLOI LGS ¥
CoAdQu #ns PLiTP+RADEY v ALPsAMIPLH P4 TE1 CHO DFHE « e HEL + TR
L iR ¥ArTEsOT ¢ URLOELTH VELH4RACDCN DS+ AAY+EPSLIL+BEAIT L1102
B O SRy C T BE T AE TA FSETY e USRI, StPn. TTLELR) s MMM NN, NER
F I M eI ITYR MOOE s IS5 sWFC o BOY ¢ NEN y N EOTH A2+ MIx N NT  IXK
* 5 NPTSaLLe I LSEP+" %



ndar

70
™

XY = L./4(1}

RPLL) = Eql}

E4L) = XAxeOi1)

00 ELIAINATION

DO 10 J = 24H

Eid=1) = Cid=lin)X

KX = 1. 7080 dbaBidI el a1}
RPLJ) = Eqvl}

Eq 00 = 10¢Jb=Brdinf(Jd=1)oXX
DO BACK SUBSTITLTION

EMX = ABS(EINI}

DO 0 J 5 2+M

L = WN=dJ

EfLF T E4LY=CAL}nEiL*1)

EMX = AMANLIEME,ABSAEfLI])
FIND THE LOCATION OF THE MAAIMUA RESIDUAL
IF 1ENX LE,ARS{YRY) HETUNN
W = [

0o o 4 = Lol

IF {ABSVE(JI)LEGLE#X) GO TO T4
CONTIHUE

N1 O |

YR = £IJN}

RE FUfty

ENC

SUAROUTINE AEMESHILESIGN)

@0 T CRUDER GRIG IF LIIGN 1S -1

G0 TO FINER BRID IF LEIEN [E 41

COMMON PHILARZ+ LI +FPLLER+ S ) A TL) 4B OO0+ D030 +EC2L)
1 RPISL] SRR 31E RI3L)aRE{3L)GRIISL)RAA(IG2) +BE{LER) +LOCLIR2)
€ ySILLGR L ePRIRILISE) +MCCI62 I+ YCILER YA FMILEE s ARCLIIG2}+D5UNYL1E2)
3 LANGILO{162) v XOLOCLE2 ) YOLDILE2) s ARCALDLLEZ S JVELOLO(162)
COMMON F87F PI, TP.R&L‘!;EMALPfﬁmrPcH.IF.TE:.I:HIJ.(}PHI.CL;HI;L.'I'H
1 + X YO TEsGT y DR OEL TH4 DELH+RAwCH+ DEN+ AW EPSILGCHI 1 4CLaC2
2 ..I:II-n:ﬂql;ﬁ.l:'hEET,EF—'TH.FS\"H,!SLNSLPH,TTLEqIH.H;H-HH.HH.NSP
3 g IMa JR o T2 ITYPyMOCE o IS e NP CuNCY s NAN AN R« IGIM N2 s M3 Mo NT  IXX
% 4 NPTS+LLyIeL3EF+™ME

K = Z2.¥ML5TGN

HG = FLOAT{NG) /4,0

M = FLOAT(MPeX +,.2

M s FLIATIN] nidl+ 2

LL = FLOATILL=L1)=N#+1,2

IF (L3IGN G, D) af & Me)

IF [LS1BN,GT,.D) NN = H#l

LSEP = FLOAT LSEP-1humkel,2

PF = 1.7%

WELR & ReQELR

DELTH = ¥wlELTH

DR &= PFeQR

DY = PFeOT

OfH = LOSI0T)




c

-1
M

el

1¢

212

D5 = SIN(DT)
Rid = PFupPFaRal

WEY = O
1 = L5E6A
AP 3 AMFY

CALL PERNLT [RsNN.11

CALl PERMLT qRS HH:1)

GO S J = LN 1

RI{WE = =, 25aDTrRIJ)

FALL PERAUT (DSUM,YP,1)

G0 20 L 5 LsNH

CALL PEHAUT dPHTI(LLE®P.1}

oo 30 L x LuMP

CALL PERMUT JPHICL.IbaNNLIDIM

M R Vel

N = N+l

IF 1d4E0,,8) GO TO &0

OO W0 L = laMed

CEUMYLYL) = 9={D5UR{L)*DEUNIL*EN)

00 %3 J = 1+HN2

FHIML#1 )] 5 o5wIPHLIALaJI*YPHIILY24d) )
DD B J = 1ula2

00 50 L = 1+MMm

PHIIL b1 = Sk PHIILsJY*PHI (Lo J42))
ChLl MWAP

RETURN .
END

SUBRIBUTINE PERMUT [AX . HNsJX)

REQRGEAS pOINTS wWITHIN AN ARRRY

COMMOAN PHECAE 511 +FPILe2 s 5 )1 +ACBL B 31 ,C02DI3EpE|3]1)
1 sAPTEL) +RPRISL) v ACATIASTIL I REC3L) + 40 (1620 BB{LEZILCD(1E2)
2 LSIH162) PHIAY1IEZ2)IHCL1R2} YCA1E2) (FHLIE2 b+ ARCL (1622 DSyM (162
3 SANBDLG (162) e XOLD{162 ) YOLB (162 ) ARCALD Y162 ) DELEH. O (LR}
COMMON A4/ PEaTP o RAD+EM  ALP v RN+ PCHAEP . TEACHO+DPHI s LL o ROL+ TR
1 uXKBeTar TE+OT DRy PELTHy DECR v RARQCNyOSN o RAY+EPSILARCRIT L1 2{2
2 BNy Ty AET W BETALFSTH XSERSEPM, TTLETR) « Mol o MM Ny HEPR
oI I ETYP o MDOE s IS NFC o NCT o NANe NG v IDTMaNZ r BB o nit¥ o T X2
4 5 MPTSsLL+L.LSEP,"n

CEMENSEON uX(1)

L=1

oY B PR IY

Ny = Nd{|{jX=1) 2)+)

NI = ZuinNK/E)

IFtI.GF.01 GO TQ 30

NY & JXn{nT=l]l+l

NZ T SR {HZ#Y)

00 10 J = LalYedY

ALY = AX{J}

b = L&l

00 20 J v JXNTJY

BILY ¥ AX{J¥*1)



20
30

a0

&b
&0

To

10

213

L= L#l

60 To a0

00 B0 J = I4NTs2
AlJl = R¥(L)

L = L*dK

DO S0 J = 2.N2.2
At} = AX L)

L = Ladk

L &1

00 70 4 = 1.NX
AX{LEF = R}

L = L&JX

' RETWRN

END '

SUBRUJTINE BETCP{COF |

COMALTE [PouCDe AND CH AY INVEGHATIDN AMC DUTRLYT MECH UIAGRAM
COMMEN PHI 1233 o FPIRRR2 331 +A{ELY 4B 3L L1 5L + 0L 3L IELELY
1 (RALBLERPFAILERI{BL1I MBIt ATEBL) R (162F,RBL162)4COI16D)
2 (S5T(152) W PRIRILGZ I A NCIEEZ) + YCILER e FR I LE2) ARCL{1IG2 ) vOSUM| LER)
5 (ANGOLO|162) & DLO{IE22 o ¥OLO (162 ARCALO ¢AK2) . DELOLL{AE2)
LoMMaN Fus PLeTP o RADCEMaALP + RN PCHXF TC s CHD+ DN CLyRCL ¥R
1 sXA YO TEWOT yOR OFL THROELR RAvDCH 3 DS+ RAR yEPSILRCAIT, CLi (2
2 ‘.I:lh::!-cﬁql:?tEE'l'fBE'I'.I.qFE'I'lhuSEF-.EEFH.TTLEI_"H LM ILEME L TR
a tlﬂtdﬁtIZiITTpiﬂﬂUEII$1HFC1NCTINﬁHlMﬁ1IDIH-H!-NEINﬂiﬂfillx
4 HPT#:LL.I.Lﬁtﬁtﬂﬁ

MEAL MACHN MACH

COMPLEX [LCD,THP

DIMENSION MACHNLL)I 4 CPXA1}+MNI1 P+ IARCHrZ21}

EQULYRLEVCE rMACHNAL bo ML} o ACPXE o PERTLE Y IFNIAY AP (1300
DAYA IMACHALIHA yiMR+ ISy AHT s THUP IR Loty g AHX « LAY+ IHZ s LMD JH] o 1HY 1 HY
1, 1HS g JHS  APE 4 LHY ( JHE 4 AHG L LH+

DATO TX syHCDF=/

MACHID) = SEAT{G/(Ci=CoErl)])

IMCID) & MIADA2Y.IFIMCLIO.®Qkel}

Lo =9,

CHN = 0,

1F {{xPuETalle) 40 (D2 EuBO0] ) BO TO ia

OF 2 YOLDINTI=YOLO(1)

REWIND. Mg

CWAITE (Mg, 13001 EMyCLLOY4TCy HANLHM

Go 20 L = 3oMM

LR = CRX{L)

GCOMPUTE CcpeQZ

THP 2 CPxSCRTIFPILeL}FECHPLN (COSLFMIL] b SENIFRILD I

EUH up EL.I:G- &HD cM

CLCD = CLED4TMP

CM = B4 exCAL Y=, 22w AEAL I FMP YO IL A TMAGLTHR

WRITE AUNCH QUTRUT ON M4 IF XPS0 AND II.GT.80

IF GNP uBTeDud oA t12.LE,800) GO TO 2q

9 = AACHNILISSORTICE N1, +C2oMACHNI L wmACHNTLY ) |

¥ = ariln(FMIL))




n

U s QeCds(FAIL))
IF (XPs+EQ.OI BO TO 35
WRITE Mg, 330) UeVeXC 1) ¥OLA[L) +LP
G0 Ta 20
15 WRITE Mg, 130F UoVaXCinba¥OOLCP
20 CONTEINUE
COAREECF [L-Ch FOR anbLE OF ATTACK
CLLU = =0 TaCHDYxCLLDWCMPLX{SINIALP Y, COSCALP)D
CA = OT*CpbeCM
WAITE CO.CL+CH ONTD My
COvw = ACKRLICLLD)
CO = CcOwsiUF
CLY & AIMAGICLED)
IF {My.LQ.%3] GO TO a5
IF (COF«Eg.U.) GO TR 7O
WAITE qHa,90% EM.CL2+CWCOWMTXsCOFx Cn
&0 D BY
70 MAITE NG| EMsCLsCMCUn
CONSTRJCT MACH HUMBER DIABRAN
NRITE 1M, 1401)
80 I = ImMCiEM)
i = IsACH| )
USE PRINT WEDTH OF LT FOR 94CH NUABER PIaGRAN
ME = "M
MEC = 4OXp|1l+MB/LZ)
MA =& MEFMAXO{L:MEB=IZnAL )
WRITE QUT MACH NMUMBERS AY INFINITY
WRITE (NG,L00) dI. + = NAMB.RE)
00 MAEH HUMHBERS OME LINE AaF & FIME OByN T THE BOOY
J = NN=M[
Wl HEJ = ACJrwRidb
0o 80 L = Ma,MEMC

U= (PHIIL*Aqd)=PHI[L~1sd P aR(JIRDELT=5I (L]
¥ = (Al Ly J+limPHI(LaJ=12 ) 4DELR*ASS =COIL}
A = AUy RN SRR (L W)

[ 3 EMCIMACHI{GHD

MHiLy & IMACH(E)

50 CONTINUE
WRITE CNuy, LlO0F (MN{L] L = Ko AdMC)
W= J=mE
IF dJ GV, 1} B0 TD 40
03 THE LINE WHICHM I35 FTdE BOOY
Op &0 L = Ma,M84MC
I & IACIALCHHILLY)

60 MmiLE = IMACHIL}
WAITE (NU,100) CMNTL)«L = MAMdaNC)
1F {ITYP.GEent CALL GRAFICC(CO)
RETURN

A5 RHE = ¢lwalHTIRN®L«E=5}
WRITE MR y150F EMeCh« TCoCMeRNX s COF
RETURN

a0 FORMAT 11M1ZXSHEMRF S . 34 XBHCLEFT e X HCARFE W a HEFHCDN=F T S # X AN
1 (F7PuB8x4y BHCOEFT.5/771}

100 FOAMAT {3x.l3041)

120 FOAMAT {5H A=y Fi 3+ 3K JHCLEwFE Do SN e IHOY o P o Sn GX s #HTSC2y




15

1 FH 3 14X 2I5)
1350 FORMAT {5020
1% FORMAT d140/7)
150 FORMAT dLH0/ 7 TXTHEAS qF %o 34 WX BHC Ly Py s WXHHT /LS4 F ¥ 3y "N 2AHC M,
IEFg|‘|“KEHHH=1F‘.I-QH‘HEUF=1FE|5fl
|

BUSAOUTINE GRAFICICOL
COMPLEX ZTF+Z15FRALSIF
HEAL MALHN
COMMON Pel(LlE2e 3L bo FRILO2 v 31 oA 3L boaB 031} CeALhaDIALIEi3Y)
1 s RPL31FAPPIIL) sRIZL) 4 RE(IL 4RI AL v 2A1162) BECLGZNCO4d162)
2 HSI{163 W PHIRIIGZ v XCILE2) e YCILORF4FMILE2 s ARCLILE2 ) vD3UMLLER])
3 ANGOLDCLGZ ) XOLD{1E2} + YOLD|162 ) ARCNLD | 1562 ) 40ELDLA(LEZ )
COMon #0/ PI+TR+RADVEN o BPp RN PEH NP  TC EHDyDFHEI CL - HEL o YR
1 v XAYASTENOT v IR OELTH4 ELARR OCHe DSNoRAG yEPSILWUCRINClaC2
2 Sl Oy v HETABETA  FETM XL SEPM TTLE( N »Mu N« AR AN HEP
S I KA 2 ITYFaMOOE « IS FCo MO Ty NAN NSy IOIM H2 s NI+ HE 2 HT o I XX
R o HPTSaL Lyl LSEP.4
DIMENSTION CFX11D MACHNI{L}+FIB)
EQUIVALENCE fCPXd1Y+PAIRILEY < iMACHNA o 81L1))
DATA TOLFLaEmbhd 4 PFFo %S o SCF/S5 .0/ vDA/ S0/ STZEY 197 S5COF 200, 7
MOYE THE QRIGIN TwD INCHES OVER AND Tult INCHES UP
CAkh PROT{&s0124%0=8)
¥Yax = ﬁﬂlilt!vﬁu!ﬁ*ltﬂﬂiﬂq-:ﬂ'?.ﬁl'.I
PLOT CP CURYE 25 & FURCTION OF X
:P’F H llfPF
GCP = CPEwCPY(1)
CALL PLOTISCFeXCILY « YOR+COP X}
B3 10 L & 2¢MM
CCF = AMINLIA,S=FOR(CRAFOCHELL))
10 CAkL PuBPTISCFwXCTIL)«TORYCCFy 2D
ORAW AND LASEL THE CP=4X1S
il CPRANES{auSe¥OR s lunl o FPF e ToT=YDRyDF)
CONPUTE anl PLOT CR1TICAL SPEEU
CALL SYMBOL {=oSaTDIR+CPFolPX(MAYLI v 2awBIZE+1Belur=2)
PLOT ga0y
Chlh, PLOTISCEFAXCIL}+SCFOTLIL) ¢ 3}
wd 20 L = 24HM
20 Chlh PLUTCSCF=XCAL v SCFEYCLL) 2}
LAHEL THE FLOT
ALFY = AADWALFP
TET=ARANALYSIE
IF{FSYMeBE+B,] TETSAEHTHEORYT
KL:'-’
AR ON=ANSI = SEC VYOLUYME T FAGE 209&adn
IFIFSYM.GE,6,] GO FO 3D .
EMCODECED A9 aTh TFLE« 1 MehCY
6% To D
A0 LRNAANELsFabk+, D
ENCODELRD 390 T) TTLE« W4NoNET LN
BU CALL STMADL{=Ll,Ll%¢=1,;0,SIZE+T+0, 556}




50

1Al
130

&0

TR

-1

HE

WA AONeANET « SEE VOLUYNE XI. PABE S00waan
ENCOOE 1600170+ F) TATLEMALPX+CLCO

CALL SYABOLAXL+=t . 3B 4512ZEsT ol 460}

CALL SYMBOLIXL*o 10 +=2aS5s e Feg T2 s laSngilENLSs0rrl}
CH=CD{1)

SH=51c1)

READ ANP PLOY EXPERIMENTAL DATA IF X# IS5 NDT ZERD
IF {NPeEQ404) GO TO 330

REWIND A4

NEAD {HM%:1%0) NP

IF {EOF{M4) . HE.Q) 60 TO 154

MEAD {%%+1B0) Emx¥s ML PRs+ELACDNSHX

REAQ (MU.180F (COILF«SI{LI«L = L14NFI

TXT = JOHEXFERIMENT

NE=59

IFISKX.BE, D160 TO S0

TXTEGHDES LGN

NC=3 t
wuwakON=ANSY = SEE VOLUNE I, FAGE ZO0%xnnn
ENCODE (6D vh70,T) THTCEMNALPA+CLECOY
COLL STMAOLIXLw=1,7+STZE+Ty0, 60

Gl STHROLAXL =y LD =1 7o 2SI ZE+SEEE vt aler=1)
U0 LAD L = 1.HF

CCP w YOR+LPFPSI LY

IF (CCP.ET.A_N) 50 TO 1B0

CaLl STHRGLISEF®CO(L o ECPy S EidEsNC =1}
COMTINUE

IF (ITYP . EQ.,S5) 6D TO 132

PLOT YHE SONIC LINE

EX = L.=EPSJL

SET SIWES AWD COSINES FOR VSE 1IN FOURTER SERIES
MY = W/2

codLlr = 1,

S5TiLr = Da

DO 60 L = LeMK

COodLEL) = COLLpwDBCH=STiL)*DEN

CDi{AM=L) = CODIL#+1)

SITL+1l) = COUILImDENSSTILImOCH

SI{MR=L] T =SI[L+1}

On L2p L = 2.M

LODK FDR SONIC POINTS 9N THE BORY

EF iMaCH{LI LT+1.) G& TO 110

IF IMACHNIL=1).0E.1.)0 &0 TD 2g

IPEY = 3

COMPUTE 7 AT SONIC LLINME O BOOY

Al = (MACHNCLE=1, ) F{MACHNEL ) =MACHN L=}

ZP = CHAPLACNCILI»AINIXCIL )G LY Fa¥edLi#ALnEVEIL=R)=YC(L)])
CALL PLOT(SUFPSREALIZFP) +ECFeATIMAGEZIrFy TPEN)
IF (IPCN E@,2) GD TO 120

FIND THE SONIC LINE ALOHS A RaTY

2 = MACHN L] .

Ex = It peLH+SEnnCO{iL)

EX & QUL peCH=SNaEITL])

FAC = ,%a0R

T = CMPLMEXNEILYYCAL))



217

02 90 J = LN

ZF x SFAL

RJ x RiJ)

5 = 3

IF Q. E9,1) && Ta B2

U 3 (PAL{L4LlaJ)=PRliLe)sJ] 1 aRJUDELTH=2 X
V x (PHLiL s+ liwPHI(Lod=L} ) xDELRRJER = CX
B = (UrU+yeV IR Lad)

G 8 SHRT (G ICL=Chul))
g2 SI5 * {APLKIRWCO[L) yRJUSEIL )
COMPUTE ((1-SRGMAsnn{1=ERSILEISIGMA
SFAC = CEXFIEXaCLOG({l . 4Da)=SIBF)FEIG
SyN up FRUAIER SEAIES TO DBTAIN COMJUGATE OF W
5 B =3B11)
00 &3 4 = 1.NF(
LT = MDD (L=1}wK,M)
8 = SeAde (AACK+LY#STILTLE =GB KeRbnCO LT+1L}E
RJ 5 AJYR W]
IF IRJuLT,FOLF GO TO &5
g% CONTINUE
COMPUTE ThE ARGUMEANT OF OZ/DR
Ak SFAL x ~SFALYCHMPLELCOSC(S«SIM(SYIFCAGSLSFACD
MULTIPLY THE AAGUMENT 3vy TAE RAGNITUOE- TO 0QTAIN DZ/DR
SF4C g SFACWICAQwSARTIFP{ey ) ) bFiACdEuRIJN]
PERFORA THE INTEGAATION
Zd 5 ZE+FACEsFALC
FAL = (=
IF fQ.LE.1led GO TO 190
50 CONTINUE
100 Z6 = Ze= . S3%0RwSFAC
Ze = Z3=~, 8&x0Re{SFAL+ZP)
H1 = [@»1, FFC(@=358)
ZP = TAtA1*(2P=20)
CALL PLGT [SCFeHEALIZPIqAMAXLI*ZDvSCFEATMAGIZFI 1422
GO Th L2y
110 IPEN = &
IF (MACHN{L=1b,5E.1.3 GO TO Fp
120 CONTINUE
PBSITION PEN AT BEGLMNNING OF NEXT PARE
122 CALL PLOT d1lDa0swiyRand)
IF LiFSYN NE+¥,1.0R.(ITYP.EQ E}) RETURM
PFLOT THE BOUNDGRT LAYEX OL13PLACEMENT
ME = IJOEXR {D, s EC+M)
CALL PLOTEZ2asls5e=3]
CALL STYMBOLAL,56,=,65,5IZE419HLOWER SYRFALE QELSE #0315}
CALL CPANLS 100a0. 00 st dafE3CH0
PLOT LOWEA SURFACE
CALL PLOT CSCFaXCdlpoSCOmdSUMLL) 3L
00 132 L = 2.MX
132 CALL PLOT SSEFeXCiL) oSCORDSUNIR) w2}
CALL PLOT(Uend Ba=3}
CaAkL SYMAOLILl.36 w05y SIZEA9HUPPER S RFACE DELS «0u3x19)
CALL CEPAYES 0. s0.eDaaasl. /5000
PLD1 WPFER SURFACE
CALL PLOT (SCReACiWX2 o 3C0nDSUAIMNY 3}




o N

13%

14d
150
164
LTy
190
191

10

1]

40

218

OF 13% L = Mx.M

ChAkL PLOT [SCFaKCiL+1hySCP=05UAIL*LYv%]

ChlLl PLOF{LlDsn=k, -3}

RETURN

FORMAT (10%~I3)

FORMAT (S5FGs8aFT S5+EF.L)

FORMAT L2FiD,N)

FORMAT (AL12sH M=FN . Ny SNHALPSF S e v dHCLE e FO s S ININCDS v FSaM)
FORMAT I RAT  AXSHA eI EHw] 3¢ 3EMHNCY =10, 3X2AAZ128H MILLION)
FORMAT IR &G g AXSAMuNS I3 eI 2o FXWHNEY =10 v XA ZHNT VISCASITT)
EnND

SUSROUTINE CPAXKISIXOR TR« aaT «TOPsSLCFy

DRANS AND LABELS THE CP AXIS

KEQRyTOA IS ThL LOCATION r THWE ORIGIN OF THE AXIS
BaT I% IHE LENGTH OF THE ARIS BELOW THE ORIGIW
SCF I3 A SCALE FICTHR JSEQ FOR wAdEw]ye

SCF MEGATIVE FOR CP adls AWD PAOSITIVE FOR OELS AXIS
SIEE & L12=S5IGN(,0ZvS5CF)

ORAw THE VERATLICAL WXis

CALL PLOT 1EQRYUR+TOP .5}

CALL BLAOT {XOR.YOR-EOT.2)

DRaN AATCH MARMKE: ANL WABELS ONE INCH AFART

M o= L+ INT{BOTE4+INT(TOP}

5 = agINT(ROTHESLF +1.E6=12

XH K XOR-(B.uBSI2E)/,T

¥ = YOA-2ENT{GOF)

oD 10 I = LuN

CALL 5YMHQL cMORsTH+SEZE+L1340uw=l}
wrkelN=ANEY = SEE WOLUME I. PAGE 20%&eaw

IF {SCFaGTe0,) ENCOODE (LO+25.A 5

IF {5CF.LE+D,} ERCOODE (1D+20,A) &

3 £ Se3CF

tl-L'- ETHBEL Ilﬂ-fH.ﬁIZE.A-U”HI

YH = YH+1l,

IF (5CF«GT40.) GB TO 30

CALL SYMBDLEXOR+, 1+ TOR#ZTnaIN*lHC 0,412

CALL STYMBOLINOR+, 25 : YOA+24 5P s 218+ 1HP+ D2 v}
RETUAN

ORpAW THE ¥=paNIS

CALL PLET {XCA,T9A=EAT43)

CALL PLOT [XDR+5,0,TOR=A0T .2}

CALL STHBOL cXOR+5S,SyVOR=e DTy odldsIHA(Gand)}

YA = YOUR=BOF-BIZE=SIZE

o v [ = 15

E =  a+FLOATEL]

ENCODE {1d+30+4F 2

W = YOR+PLOATII}=SIZE=SIZE

CALL STMBOL C[(XH+YH«SIZEwh+Da sk}

CALL SYRBOL cXORAFLOAT (L1 +YOR=-BOF SIXE+ 150, =1)}
CALL STMBOL [(XOR+ 2SeYOR+34Dn oL %aRHDELS a0 %)
RETURM




afafnn

O N

2%
20

10
20

19

FORMAT [ Fu4,3)
FORMAT TF4+d)
END

SUGROUTEINE GOPLOT C(HAN)

IHITIATE PLOT

A NI e ol o o A ol el ol o e e e ol e e e i
THIS SUBROUTINE SHOULD BE REPLACED BY ANY ROUTINE WHITH IHNSTRULTS
THE S5¥STEM To INETIATE & PLOT

3 ol ool i e e ol ol ool o ol e i I e ol o MR e il e ol ol ol e e o ook o ok e ol ool e o o ol ok O e o e Rl

CGIMENSION L[Q(EYs LTABIS). HAMESLED

BATA M5y yUs7YT7TPFTFOODOOGE,16/

OATA NAMEsLDHGARABEDIAY,TH LO09=93AOHDAVID HORH: H L0T=03,10H F, B
1AUER ,7H 109.02,1UA0, GCDDAAN, TH 109-06y30H, DAHLIN +PH 10%=07410
PHOAVID KON FH LeLl+0Lly9AFs HAUER o 7H 1%3=D07, 100k, JAMESON.TH 109=0
LT3

QATA L FAR S%IAZYYEFI G4 5T 360 I FINSIE o FUITHNSLE, SHIIARSZH 54 2T
15NE + SNETACN 2B, BUBRLATAY

ISHIFTLAXKE+YYY) = SHIFTIAXKsTYT)

Ho= MODCINBE (NRNE, 100G}

CakL READCP (]0921Ar1)

I0IL) B ISHNIETCIDI2)ANOaMS¢=18)

00 10 &« % lakin2

J = LA2¢}

IF tLTRE(JI~50C2)F LO«2Ds1D

CONTINUE

L = My*l

ENCODE [G0«30+ED1 MAMEALDaNAMELL*10aN

IF INRN,&T.1000) 50 TO %D

CALL PLOTS {&D0,I0)

KETUAN

CALL PLOTSBL ([(aN0.L[D)

AETURY

FORMAT(ALOVEH == AT 11X+IE)
END

EUBROUTINE AIRFOL

READS [ OATA FOU AIAFOfL ANOD GETERMINES TUE MARPING
FUNCTION §Y COMPUTING FOURIER CDEFFICIENTS

IF ONLY ¥+Y COOROINATES ARE PRESCANBEn SLOPES ARE CORPYTED
COMMON FHTIILE2a S o FRILEZe 31 14A03L ke Bi3 LSO 1041 REIFL)
1 yAPLALY (RPP (1) ,R(5134REII1 RIS AALAB2)4BB{ 162001162
Z STALe2 ) PHERILG21 4 XCEAE2) + ¥CO1G2 Mo Fni a2+ ARCLA1IGZ X +OSUNIL1ED)
3 LANGOLD {1523y XOLD(LE2H« FOLD( 1621 +AACALO{LEE ) yOCELOLOCLEZ )
COMMON 747 PY«TPoRADAENyALP+RN4+FCHe XF, TC A CHDa DFHI s CLyHCLA YR
1 sX8erh s TE+DT+OR;OELTHyDELA+RAWOLHA DS+ RANWvEPSIL +QCART ¢ 102
2 sCNeCH v ERaCHoBETyBETR+FETYM, XEEP JSEPM, TTLELNF oMy Ny HMs NN NEP
3 IR KT ITYP HODE s ISetF CyNC T4 AN NGy IOTMy N2 N3 NS NT T XX
¥ o NPTErLLiI:LSER.NS




10

L1
T0

20

DIMENSION XMELYa¥TCRT (2D aW iR eI L) 4P ELIaCIRCALE=THILIIATTIL)
1 405010 +S500 e EXAL b SRILIvBSRIL)TETLEILS) 21D
EQUIVELENCELEX (I FaFFILed D)UY TA Lo FPr Lo e b i1 EaFPiLl 1))
1 AV FR iR P ML s PP UL B e SP LI LFPIL- 112 ) +dCIRC1L ) (FP
2 ALe13 00 i THIL I FPEL Y3 v ETTHL ) e FFLL LT I 10511 FeFPFILls191)r
O BE (A PP L2 )AL F P L 25 1+ {Si L s FPIL o35 b (USR]
¥ FREL @TaratfILiFREL 2TE?

Eaigdy = gamag

SHOOTHIYL P2 A5 +04) ¥ JZ2+SQ0(SGISALEY] p pa, 2S¢ [(G1l=@Z=RZ+Q3)
DISte)) x fG1-ERAINCEOL-~ERR}=(RL=ERR) . LONETI

DATE TOLNTeISYACONGT  ¥ALALUE*T+ 99T nea i ¥HRUN ¥

DATL QADSL«UKDZ2 07081 DYOSE a0,/ » yTF =k’

WP fes TeE NUMBER OF PFDINTS IW CIRCLE PLAME FOR FOURIER SERIES
Lt = NFE

NMP = 2wLE

MC = NIP ¢ 1

FILT = PISFLOATILCH

IF IF3TM,GE+&,) 6O FO 150

WRLITE 1NN %702

REJIND MNE

READ {(N3.810) TITLE

IF {Fs5YTM GE,3,) GO TD 400

READ IN COORODINATES AS FROODUCED BY PROBRAMS 0 AND F

EPSIL = 24
XXily = b,
ML & 2

REwIND M3

READ [N3.510) EM CL«OY,TC+NAN
IMC = MOD{INT(1E0.%EN+,814100)

IfLYl = MOQCERT ILL+¢O5b 301
ICLZ = MOOCINTA10.*CL+.31+1D)
ITCL = MoDtINT4i0.*TC+, 05k sl0}
ITCE = MDDAIAT{100,*TCe,S190M)

ENCODE (wD+3504TTLEY IMCL QLo ICLAITLReITCR2
MDODE z 0

IF {NRN.LT.0) FEyM=2,

READ (3453003 UI21aVIZ2) e XR{2)TT (21 4FAL
IF ¢¥xt2i LT,1,1 BO TO 20

SAYE TRIL POINT ON LUMER SURFACE

Utl) = gl

Vil) g ¥Wi2}

AX0k] = xuig)

¥Yill = Yriz)

G 10 1D

o0 80 L = 329599

READ (NZ+S00) UILY«VLL)+XXIL}a YT {LIFaC
envuCHELDK FOR END OF FILE®mue

IF (EQFLNB}LME.G) 5O TO 50

IF (Ix(L).EQ. 1,1 GO TO 40

IF IxyiL) LT, xxdbll) N = L

COMTINUE

AIRFOIL Wa% BEEN EXTENDEDC IM PROGAAM p
KT = 1.

HT » o

IF (x¥{l).Ea.1.) &0 TO 93



a0

100

11t

124
130

180

5
150
16d

170

190
193

-4l

IF fXTolT, 0.4} XT = Ly +,5800FK

HAN = [AQSI{NAN)

INTERPOLATE T4 FUT FHE FAIL AT X=KT

LOWER JURCALLE INTERPOLATION

Ir= 1

L =2

Rl B [(XTeXXtL#Lb)FINXIL)=RNXIL*L1)])

RE ® 1«=R1L

YT4EF) B RIVYY{LI#REVYTILFL)

WEIF & AisUdLdeR2Exd L+l

VIIF B Rlef(LI4R2IXV(L+1)

X¥{fy = X1

IF {IE@.nT) GO YO 150

UPPER SUAFACE JHTEAPDLATION M

I = NT

k = NT-2

G0 TD BD

READ IW AJNFAOTL DATA FRDM CARDS

READ {Hd,4ZD) FNULFHNLIERSIL

READ [(N3 47D}

NT = HFRUHFNL=1,

NL = FHL

0D 110 I = NL«NT

READ [N&,4520) UTI 4 ViI)«XN[E1-YY D)

READ [(H3.47D)

00 120 T = 1l.ML

o = HL#LaI

READ N3 4200 WHJd o WY REJJI W TT LD

g0 13p & = lu¥

TTLELI) = TITLEC(J}

IF IFSTH.LE.8.) %0 TO 130

00 14 kL = 1,07

THILF B XE{L3/RAD

NxXiL] & yiL}

Trik) # Wikl

&0 TD 19%

N0 PERIGED In THE STREAY FUaCTIUN

EPSIL = 0,

QEFINE SLOFES 50 ThaT AREC LENGTHS Can &€ COMPUTED TQ FIAST ORQDER
IF [((FSYM.ERL1.b OR,EFSYM.EQ, 2,01 GO 0 170
00 160 I & 14HT

THiX) = D,

IST™ 5 1

GO TD 20D

COMPUTE SLOPES FRAOA YELOCLTIES

THILY = ATANJVILYAULL})

ISARTL) = YiL)wUTLI+V(dImW(l])

D9 393 I % Z.HT

CHODSE MEAREST BmANCH FOR THE ARCTANGENT
OFfH = ATANAAUILI =3 bl bm it IRy CIml ) AU e i IV ET=L by T2} }
THLIEY = TH{I=1}e(TH

QER(YY T Qi1 TI+VIId2NL]]

IF (EPSIL.GTule) EPSIL = (TH{1)p=1PL+TMyinTHI2/PI
IF (FSYMLCT.5eF EFSIL = [TH(LP+THIZ2b=TH{NTI=THI =1 bb/TP=],
COMPUTE &RC LENGTH TO FOURTH QRDEA ACCURACY




210

220

2ab

232

240

e

o4

Fuh

250

SPid) = 0,
20 218 I = 2Z.NT

UM & AMAXIA LAE=20) S#dBEITHIE) ~TH(X=1) }}

OX x XX{I)=XE{LI=1}

GY & ¥MiLy=YYiI=11

SPUE) & SPII-1p#RARTIDAXOX+DTYSAY IS0UMsSIN(DUMY
ARC = SP(NT)

SN = 2«.FRRC

SCALE = ,a5«aREC

FE 2 5%[1,=EPSIL}

00 280 & = 1.iF

S5ILY = AEOSIl.=SNeSA{L))

§5(NTE ® P]

IF (I8YM_wE. D} BO TQ 35D

Chbh SPRIF INTS5eTH eV aWr3sDan3alialk

IF {ESYA. GT.5.) 60 TR 232

WRITE AM4, %18 TITLE+¥hkeNAN

IF (N HE, NZ| WRITE (N2+%10} TLITLEaVAL_+«NRHN
PRINY OUT AIRFQIL DATA

WAITE C(H4, %341}

DO 250 L # L NT

WAL = TH[L)IeRAD

YUY m=5HepiL) AAMAKL [ o 1E=S o SIHI S5 (LY}

IF (fL+EQ,1)..OR IL.EG.NTE) SUM = ViILb&SIGN{SNaFLOATIL=2})
WRITE C(HR«¥20F XXILi o ¥T{Lb oGP k) x WAL+ SUM VL FaW L]
MRITE (M4, wh0)

ManE INITIAL GUESE OF ARE LENETH AZS a FUNETION OF CIAGLE ANSLE
OGX = IXXINT ) =NXiY) HSTP

Y = (¥YINTY=TYYLL) ISR

a3 240 1 5 1,NC

ANGL ® FLOAT(I#)pwPiLt

CIARCIE) = AMEL

CX4Ty & COSCANGL)

SXiI) & SINCANGL b

TY{IF = 1.

IF IEEsNE.D:) TYI(L]1 5 (2= 0CA{IN)FwpL

FAC = SYGHIL +CH (LY +FLDATLLL=11}

SER{IF = ACOS{4O8FRLCY

gr{NC) * P

CIRC{MCY = TP

IF AF3YM, LT gat GO TO 2wy

ECALE m ARC/ARCL (M4

o 292 L £ icMM

2L} = FLOAT{L=1y=0T

CALL SPLIF (MM ZoAACLCOeSEsPHIRyBe@u, 31040
CALL TH1PL (NMPGCIAC SPaF+BACL+CT+SEPAIR)

Bo 295 L & 1.LEC

BRILY = CXi?wlk=})

RALLY = =5K{g=L=1)

G0 AT MOST 100 ITVEAATIONS TO FLND THE FOURIER COEFFICLENTE
ko 320 K = 1,200

CALL TNTALINMP+SPR T 55+ THaU, ¥ n)

¢ 25p 1 = E.HAP

TTilp = TTLI)4 . SulCIRC(IF+EPSILICIRCrII»Pl1])]
ENSURE CLASURE



zal

270

24D

310

X

3N

351
Fuu
32

350

E1-E

223

ogn = 0,

UM = Q.

FAC = Q.

DO 240 L m L. HMP

DM = QUM -aTTiL])

SUM £ SUM=TTILIeCNIL)
FAC = FACHTTiL}+EX{iL-}
Dud = JUM/FLOAT{NNP)

DA = $.~EPSIL~(Dx+STN¢DUN ¢ DY2CDS [ OUM; ) FSEALE -FAL/FLOATILE )
DA = (OY&SINIOUM)=O0XeCO5 I 0UMY } A SCALEs UM ELBATILED
00 270 L = A.NAP

TriL} = TTILI+0AwSKILI=0B®lN (L)

FIND ¥rE cONJQUEATE FUNCYION DS

CALL GCONJUWMPsTTaDSe XX BB AH]

a8 296 I = L,HHAP

BUM 3 USqIH

DRIl = ¥YYiIY+EXPISLUM)

Os{ACY = 0&501)

GALL SPLIFIMC:CIRC D5 XK X0v2e=3:0.u18,.0:1]
SCaLE & aRcr/zidC)

EAA = 0.

OO 31p I = L HAP

VAL # ACDSALl.=2.#2{IF /2INCI)

ERAA = AMAALIERA ABS{SFIII~YAL]]

SPIiI} = waL

IF (FSYM.LE«5.) WAITE [(N41%9D) ERR+DA, D8

IF CERR+LT-TOL1 GO TO 530

CANTIHVE

WRETE (Nny45D)

CakLk FOUEFINMP TTsCR+BI4aA]

ARL1) = AREC

AAL2) % 1.,~EPSTL=-ciOX*SIKRI{BB{L)?+0TYeCO51BB{L1})/SCALE
HE{Z) = ¢=dXwC0S B3I h+DTeSINEBAIL) )y /SCALE
IF (F5TM,BT+«5.) GG TO 382

WRITE (NN 46DY ERPSIL: NMP

IF CEFSTM NE.L, | «AYD. (FSTM, NEL B, ) 50 TO 341
D7 34% L £ 1.MM

ZiwY = FLOATIG-31%0T

CALL SPLIFI(MC+CIRCSP iUV INs R340y 34D,

CALL THFPLIMA, ZyDEsCIRCIEF Uy o)

CALL SPLEF dNT SS.05Ar oV iW s Lal0uyl.Dyy

Catlk INTPLIMM S A+ES RER v Ve b

IF tIZ.NE. 1201 G0 TU 3ui

WRITE i 30§

00 544 L = 1.NFE

MRITE MWy %30} AAILYI+BA[L)

CALL MAF

RETURY

IF (FRYM,LE.%,) B0 TO A55

DEDSL = CXAC2)=KXALPPAasid)

DONAS2 = (AX(NTI=XMdAT=11 b/ (SE{NT )=SEinT=] ]}
OYasL F (YY(2i=ryilkpraigy2}

BYOS2 2 AYYINT =YY INT=1) ) /A ISSINT =SS yTuli]
EALE SPFRIFCNT 155 XXy 3P M o DROSS 14 X052
CALL SPLIFINT (SE. ¥V W, FT,D5,1,0Y051.1,0Y0821




IF [IS«eT 01 &0 TO 397
CE 2 PLAFLUATINME)
ERA » 3H{NHL)
Ous = FI54043
FAC = PlASISIPI=0UN)
DD 3&0 L = A.MC
260 LIACIL) 5 FACR[DESIFLOAT{L= l]!uClFDUHj
CALL ENTPLIMMP 4 CIAC» X +5Sa XX UsSPub
CALL ENTPLINMPRCIAL s CX 4S5+ W o TT03)
Sximcy = xX(nT
CXIMCE = TYIAT)
EFOC = lufllllﬂfli!ltﬂkﬂl
XML, & XX1NLE
o 370 L = L MC
14 119

F SFACwCXE(L)
SXIL) & SFACKR{SK[L)=XXNL]
KAL) = S5iL)

570 YYIL)Y = criL}
WRITE thy . 5300 IS
IF IN2.NE, N%} WRITE iN2+5207 IS
IF1ES.E9,0) GO TO 395
00 Ef SNODTWING ITERAATIONS
Op 390 % x 1,13
0D 380 L = 2.NMP
XEALF = SMODTHOEXEL =1 »SXEL) 1 SXL+LEagXiILE?
380 ¥WILE = SWCOYHICHiL# ) ORIl o CXCL*L ) XiL )]
0g 390 L = 2.,HMP
EXIL) = X¥{vL)
330 CXiw} = YriL)
195 NY = AC
Chhb SPLIFINTYCIRC XMaWsSP Nl tDandlei, )
EﬁLL SPLIF{HI.EIRENI"I’.U-TT.DS-J-IIHhm]
53T I5¥4 = ©
IF LFSYN.BT.8.) &GO TD 1TD
ikl = Spqltk
Vilk = TT{d})
UiNT) & SpiNT)
¥INTI = TTINT)
Go To Ltp

W10 FORMAT f1x16A8.IG)

420 FORMAT 1SF10.TI

43D FORMAT §ASHEAIRFOIL COORDINATES AND CyURVATURES/IHQ+EX e IHX 1MXLHT
1 +?K o JOHARC LEHGTH » TXBHANG  BXINNAPPA 4 4UN 5 FHKP lixfaﬂﬂPPl!I

yal FOHMAT (1Hl.4X,SHERR + 14X« ZAOA 18X+ 2HDRSS)Y

450 FORMAT 132H FOURIER SERIES 0ID NOT COyVERGBE}

450 FORMAT {ZwMOMAPPING TO THE INSADE OF g CIRCLE//3N1LMDZSOSIEMA x
1 50H «{1/5IGMAMSZ | S(1=SIGMA)*uL=EPS]IL) W (EXPFINISIGMAN]F/BN,
ENZMMSTEMAY = SUMI{ACHI=InBINIIRSIGEMAax (N=1]) } / /30, THEPSIL =
3 FSude20xydiNg 25y POINTS AROUHG THE CIQCLE

4TE FORMAT (1HW1)

KAD FORMAT (FL1R G 1 2F LU BoFLu 3 FIb.%,2EL8 3}

490 FORMAT (A€15.5)

wrs*CHANGE C(ROZ0) TO (ZOA%R) ON IBA Jgndwae
500 FORMAT (Q020)
519 FAORMAT (3uaF Sy Bx PO S BX Fu Teb0ReFuy, 3el¥XeIN)




Hkd

t0

20
50

L

245

Be0 FOAMAT C(1DMOTHERE ARE.[% 26M SNQOTHING ITERATIUNS WEEU /)
530 FORMATIMHAIRE ke BHOIL y TXxd 24 0= Ihniyr Il s JHARIL}

FORMAT L/A/7TXRMAANbaLO0XGHAINEFFI
END

SUBAOUTINE MNaP

SuUMm UP FOUATER SERIES TO QBTAIN AAPPInG FUNCTION

COMPLEX TYxTHP

COMMOY PRHICIERZ 213 +FP {102 v EN e R{3 b B e 3154 CiB3LP D31 1sF131)
L «+RPQ3ALEAPPI 3 yRISLYWASTIL) o131 40l LE2) «BECLRE) »ERILER)
2 B 1G2h PHIR{LAZI+XCL1E2NwYCILE2FaF i 162 ARCLIIGZ N O5UMILEEE)
5 +ANGOLOLLGE) o XOLOJLE214YOLDY 162 ) ¢ ARCOLD (162 +0CLOLO{3ER)
COMMAN FA7 PIAYP«AROEN ALP AN+ PCH AP TCACHD DPHE s L +REL L TR
L +XB YR TEADT s ORyOELTHADELRa RAUCH s DSy KA yEPSTIL BCAL Ty CLa 2
2 AR LS Ee LT RET+BEFAFSY R NSEP  EEPM, FTLECN ) s Myl MR KN NEP
B i IRl Zn ITTRaMODE s LS WFCwNCT s AN sy IDIM N2 o bl o WS 40Ty JAX
% 5 NPATSeLLyl.LSER M4

AxEPCHANGE TD 1l.F~& FOA SINGLE PRECISION IgM J6pwewx

OATA AOW, TOL/+12,410.E=12/

NOTE THAT THE SGupAE IF THE MAPPINE Ma0ULUuS I35 BEING COMPUTED
My = M/2

SET THE 3INES ANQ COSINES

Coily =1,

5Tiiy = 0.

00 % | E {.NX

COlL+1r = COrLIwOCM=~SI{LI™DO5SN

COCAN-LY & CO(L+LD

SI(L+1F = COrLYeOSKeSITLI™DCN

ETiMM=L)Y = +SI{L+L1}

S5ET MAPPING MODULUS FOR CUSP AT THE TilL

00 14 J = 1N

FP {lasdh = L+ JEelA{J)=24]

00 10 L = 1.mX

FPIL+Ledl & 1,¢REJFe{A{J}=R,aCO[L+1}}

IF {EPALL.EQ.D,.) &0 TC 30

AQJUST IF THERE IS5 AN ANHGLE AT THE TaAfL

DO 20 J 2 14N

FP{dsJ} = FPiLlad)wm| 1. ~EPSLL)

00 30 L = LaMX

FPLL#Lrdl = FPIL*Lediea{le=EPSIL)

HOW COMPUTE cONTRIBUTION FROM FQURIER SERIES

09 59 J = 1N

HFCX = AINOANFC L+ INTePONSARLOBIO (M JI=TOLENY
Ad = Ze®R(V]

K = NFCK

B = Ratlsl}

5 = BeJhuSehain)

K = Kal

IF {H,6T.1) B0 TO A5
FPiledd = FPIdeJIeEXP SR}
BO %0 L = LMk

K = NFEX




K0

5

gl

&%

70

20

226

LY % K%

LT = MOUCLXaM)

5 R ALIKHLIRCD{LT+1)

9 = BAlK+LeSTILT+1]

Lx = LY=L

LT = MO0 Namd

= RIGIaS+Rai K e Q{LT2L)

= A1 H «3+88 88 eST1LTH+L)

% Kel

17 IK,GT 1) GO TO 490

OUM = FP{L+LyJ]

FA{MM-LyJI » EXPIRJ=(5=0)1 & QLR
FRIL¥1 ) = EXFIRIVISHR) ) &E0UM

O 65 L = LyM

5 = PI-BE[1)

08 &3 4 = 1l.NFC

LY & M00¢{L-11%xK, M) ]
S = S+bB i+ IwST(LT+HLI=BEIK+LIBCOLLT41}
ANG = FLOATIL=RL1w@T

ERIL«NN) = L.

FMIL] £ S=aSw{ONG+EFSILR{ANG=FI})
FMIMME = FMIL) =41, +cPBIL)2P]

00 To J 7 1NN

FRIMM,J} = FPLL+4J?

3
)
N

FEIMM&Lsgl ® FPLEs ]

COMPUTE ARC LEYGTH AND 30UY FROM FHE naPPING BY INTEGRATION
AMEN = 0,

YMIN = 0,

TMAX x 0,

E = =SQRTIFP{L141))

TP = CAPLAISHCOS(FM{Ly «SESINIFMELY I}
00 BA L = 1+MM

2 = SEAT{FPILs1)}

5 =50

LRELILF =2 8

S = 5S¢0

TT & CAPLXAGRCIS | FACLFF«@*STNAFMILII
THR = Taz2TT

ALY = MEALITHAF}

YEIL] = ATMASCTHA)

KMIN & AMINLCXMIHAREALITHMF)}
YHIN = AMINLIYMIN AIMAGCTAPE)
THAKX = AMANLIYSAX+AIMAGLTAPY)
THR 3 THRp,TT

CONTIMNUE

CHDY = o1, 7AMIN

TE = [YHAK=FYMINI eCnD

08 90 L = oMM

ARCLIL) .= CHO®AACLEL)

XEiL) & (. +LMDEETIL)

TCLLY = CHO=YC(L}

CHD = CHD/(.ExDT})

IF 1AQS'\FEYM)GT,5a0 GO TO Log
ANGOE ~RAQ®EBLL)

WRITE IM4,.1200 TLyANGD
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IFf INR2.NE.NY} WRITE iH2.120F TCLANGO
IF AMDOE EQaD) ALP = {ly+BETheCLA{d,,eplxCHO)=-BE{]1]
140 CALL [OS5Y
RETURY
120 FORMAT (3S2HOTHE THICKNESS TO CWORD RATIO IS (Fé,.4//10H THE ANGLE
lzlgﬂ OF ZERD LIFT I8 «FE,3:8H GEGRELS,
7

SUBRGUTINE SPLIF (He3uFeFF s FRP+FPPPy Ky WM+ KN YN

SPLINE FIT

GIVENM 5 ANE F AT N CONAESPONDING POINTS+COMPUTE A LRUBIC SP(INE
THRDUEA THESE POINTS SATLISEYING AN ENn CONOITION IMPOSED ON
EITHEA ENQ. FP FPP+FPPP WILL oOE THL FIRST+SECOND AAD THIAG
DERIVATIVE RESPECTIVELY AT EACH POINT ON THE SFLINE

KM IS THE DERIVATIVE EYPOSED AT THE START OF THE SPLINE

VM WILL B THE VaLUE OF THE JERIVATIVE THERE

KN IS5 THE GERIVATEVE IWPQSEQ AT THE EyD OF THE SPLLNE

VM wWILL 8€ THE WALUE OF THE RERIVATIVE THERE

KMy CAN TAKE wALVES Lad+ OR 3

2 AyST B8E MOWNDTONIC

RIMENSION 5413+ Fills FP{LY}y FPP(L}+ gPPP{1}

1

. =1
M=1
I =M
W= MR .
D8 8 S0(J1=5111
0= 04

IF {05:EQ,0.) CALL ABDAT
OF = (FiJI=F{I}}s08
IF {IABSIKM)a2) 1D0+20+50
1t 0= %
Vo= S, widF=YM) /08
B0 Tg 340
o8 U = D,
v o7 Ve
69 TO 50
MU x =],
Y = =08wyM
oo Yo 50
Wi T 3 4
o = Jen
0% = S1 =311}
IF (Del5, LE,O.) CaLL AJDRT
OF = {FLN=F{FI)+05
G = 1,71D5+05)
U = Bed5
¥ % BELE,a0F=y)
£0 FRII1 = U
FPP(T) = ¥
U -1 iz.-u.’liﬂs
¥ 3 g*0FefSay
IF [(J.HE,N) BO TO %0




T+ I i

&0
L

ad
"

100

10d

10

20

E1

IF. {KN=2) 850,700,480
U & [§5YN=Y} D
G0 TOD 0

Vo=

GO TO ™ -
Vo= |JSUYNMEPPIII]FA{1.4FPLI)}
asy

Q= 0%

D8 = S{J)=S{]}

U = FPRILI=FPIT) &Y
FPPP| LY = \¥=U}/D5

FRPLYTY = 1

FRiLl & [FUJIAFLIEI/DS~050 {V+UMI} /S,
v =10

o =1

I = 1M

IF 1J,NE.M) BO TO 10O

FRPRIN] = FPPPLN=1]

FPPIN = B

FRIN] % OF+Ced FPBRIN=1)+B+8) /8,

IF (KA.&T,0) RETURN .
IF M IS5 HEGATIVE COMPUTE. THE IMTEGRA. IN FPPP
FPERrLJ) = O

Y o= FeP{J}

Iz

J R SR

D5 & 5ilv]1=5(1)

U= EPPiLY}

FPPALJ) = FPRP{I 4 50GniFiL b+F i =05405u U6V /L2410
vy

IF LJ HE,N) &GO TO 10%

RETURN

END

SUARDUTINE INTRL (NXxSHeFL«S FeF#iFPP ,FPPP}

GIVEN SeF{5) AND THE FIRST THREE DERIVATIVES AT A BET OF. POINTS
FIAD FILSIY AT THE NX vALUES OF S5I 8T EVALUATING THE TAYLOR SEAIES
QBTATINED BY USING IHE FERST THHEE DERIVATIVES

DIAENSION SI+13¥s FICLEs S0114 FAllks Follt. EPPIl)s FPPPIY)

DATA PTrF, B3333322335323%/

J RA

DO 50 I =: lemx

wyAL = D. N

55 5 8111

Jox Jel

TT & 504d)=35

IF (FLOAT{J=L)«TT) 10,350,220

o 53 Jel

5% & SE=5iJb

VAL ¥ SSedFP{ ) 4 Sx5S i FPP LY ) #SSHPT=FRFP{J] | )

FIIIY * FiJlepilL.

ARETURN

END
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SUBROUTINE COMJ dN+FaGs XoCHeSNI
CONJUGRTION BY FAST FOURIEA TRANSFORM
GIVEN FTHE REAL PART F DF BN ANALYTIC puNCYION QN THE UNIT CIRSLE
THE INAGINARY PART & L5 CONSTRUCTED
COMPLEX F.G2EIVHEET
QIMENSION FiliaB{LPa ki1 CHil),SNIY)
DATA PLAS_LN159255390%7Y/
L = N2
O £ F+/FLDATILY
EIV = CMPLXICOS(PI®OX) +SINIPI=dX)]
00 31 & 4L
£ Bl = Fily

CALL FFORMIL G+ EN-5ND
&1 = 0, .
I =1
00 £0 J = LapLE
EIT m CHPLELSHNITpuDE+CHN{I P eDX)
I = I+}
GrJl = GeJhaglIT

10 G191 = BlJel 1 =ELTRENY
00 22 I=1.L -

Z2 ESNI D) = =SN{TI}
Chili FFORMIL  GaXslMeSH)
00 33 IFL.L

52 SHIT) T =5MNII
glv ® CMPLX | AlMAGEEILI ) A REALLFILE))

=L

40 B(lr = CHPLE{ATMAB(GII~L))+REALAGI(I) ]
I = 1I=-1
IF 11,06T.1) G0 TO 0
Bi1y = EIv
RETLRN
ENi

e ¥y

SUBROULTINE FOUCF{N+GrX 4R B)
L FOURIER COEFFICTEHMTS BY FAST FOURIER TRAMSFORM

COMPLEX GeELVaadP XytX
DINENSION GlLlbakdlle Alditsgil)
DATA PLAA.LN1IS92ESIIBOTIS
L . jrd
v = FI/fL
Efy = CAPLXICOBIVIASINIVE)
EH] = 1./FLDaTiN]
CALL FFORMILyGaXyAxB)
&K 5 0.
I1 =1
0o 8 g F Lela2
K{Jl & CHpLX{BII}eAlL)]
XiJel) = K(dIVEIV

5[ = Isk
=L
90 10 o = 1L




it

10

11

140
21

2%
ak

oF

iR
&l

[
1l

2

A = GH+CANJG(EIJY)
GH & BRECONSGIGIJ ) ) =APwX b
BrJl = =REALIGK!I®EN]
BiJ} = AIMAG(GKIeENT
BE = BiK)

ﬂ'“-l

BiiL+l) = 81}

Bylt = g,
BiL+l) = 0.
RETURK

EMND

SUSROUTINE FFORMiHaF (X SH o 5HY

FAST FOURTER TRANSFORM

INPUT ARRAY F WITH AEAL add IMAGEHARY PARTS IN ALTERNATE CELLS
AEFLACEY BY ITS5 FOURICR TRANSFORM

COMPLEX FrLl).Ki{L).uM

DEMENSION CHi1 P SH{L)

IF (NeLT,2) RETUAN

NS = 1

HR =

HQ = H

DO 10 € & HR.N

IF tMoOLNOQ«K},EQ,.D) B0 TO 21

CONT INUE

HO=NQsFK

NS B HE*g

NR =
e = 1
IC = &
0% 22 I = 1snE

00 2% J = 1.0

L= HOO(IO+JIaN)

WEFIL)

M=z

ag 26 € & Z4MR

L = LyND

M = MDA+ ICNN}

Wos WpFILIREMPLE (ENEHELD o SH{Mel)}
XiIowyr = W

io = ri+n0

I0 = Ed+Na

Ng = ND

IF ENCWBT,1) BD TO 61

o0 32 K = LN

FiK1 = Xix)

HETURN

O &b K & NA.N

IF iMpdinpam)E4,01 GO TO T
CONTI MUE

NOENQsX

NS = NESBK

o=,



76
4

T2

1b

]|

HR = &
IRz 0
10 = &

Do 72 I 2 LeHS
DO Ty J & Bend
L MOO (@ dyfi)
) XLt

H 1]

0O T4 K = 2eH#t

L = L+HD

M= BpDAMeID N}

W= WXL PRCMPLA(CHAMEL) s SN ML)}
FIID+d) 2 W

ID * 1G+ND

In = IQ+NG

HR & HJ

IF (MD.GT, 11 60 70 11
RETURN

ENd

FUNCYION INQEXRIN«AARAY o N)
DIMENSION ARAAYIL)

S & ARSIX=ARRAYIN}}

DO 10 L = L:+H

IF 1ABS{A=ARAAY(LY}aGT .S G& TQ L0
TNOENR = |

8 = ARSIwW=ARAATIL}}

CONTINUE

AETURN

ENg

SUBRCUTING GTURB{OELMAX DELBPCPO+BEP (5L ADEL yRBCP )

COMNON FHI(162 21 boaFP{1RR 31 b4AC31 b o B 315 .Ci3X 3L )EL31)

L tRP{31}+RFPIBA)+RIEL) +RESI AT 21 AATLIER ) +BEC LG22 ED(162)

Z $SL0ABE ) PHIRSIE2 I o XCILB2 s YCINEZ b aFM{162) +ARCLY 162) «DEUM{152)
3 (ANGOLD(LE2 ) XOLOCLE2 «YOLD[LER) ARCOLO(LRE ) OELOLDc1ED)

CONMaN Fhs FIoTF+RADYETy AP RN e PCH AP, TCCHOSGPHI«CLyACLA YR
L s KA+ YA TEZOT:OR OELTH DELAW AR+ BCN: OSe RAS v EPSTL OCRIT Ol 4 L2
2 UG CT1OET 4 BETA ESY VW XSEF ySEPM. TTLE (N w M Nu MR s 1IN HSP
F oI Ze ITYP A MDOE « 15 +NFCeNCY o NANs g« JOTMaMZoHE U 4 NT IxR
¥ , HPTSsLLs I LSEF "4

MEdL MACHMACHH4NEW: M ALHS

GIMENSEDN HP{1E82) «SEPP{1E2 0 qCPFILEZI+ THETAPLIGZ2 M »DELPILG2)

L AOELXtLETDILY

DIMENSION HOY1)+FHETALL I« OELS(1 N o XX} PY {1 paMACHNLL)
1 JSEPRIY) +CPXI1F,DSOT L) +SIL) ¢ MAZHELL s s ANGHER{L)

EOUIVALEMNCE (MACHMII k811N ) tHHILYerP (140 e THETA{L)4FPLEE]}
1 AXKALIFPELD Fha iV LY gFP LB ) ) 2 qDELET LI FP{L (10}
Ze (ONGNEWIL)aFPIL 2% ) o {SEPRILY vFPILodn) |+ CCPXCLY sPHERILYD
A S LI FPlL 1B I I MACHSCL I FPLL 240 ), (QSDTILFPiILla2D0 }

% + (DELATLYsFPIL412 )0 d TOER)«FRIL 4200




1

40

50

&0
T0

iz

CR{aF = CHEYCECH/ (1 +C2a0aE) ) unbFm],}
Asxidy = [CH={l,+0/CSrendl./C?0h/Ch
MACH{QY = SHRT (G/FCl=CR=d})

OATA [SW /07 COF Q. e XPLT/ BF XFAC/LDG , /
00 19 < = 1l+8N

PHE(MM:d) = PHI!L o J)+CPHI

PHE(MMrI J} = PHIC2«J}FQPHI

IF {IRd EQ.D) ChLy BOPLOTINAN]

COMPUTE AWD STORE CP CRITICAL

CPE{MM+1) = CP{L,)

L15K SET TO L FOR FSYM=1, ANQ FEYmMzd [F FLOW HAS NOT BEEN COMPUTED
ISK = (NErP4L)n{ITYP=SbmARSIFSYRsLO. 1+, 2
LF {I5XyNE41) 60 TO 3D

My = %3

F3¥Y = 0,

XCCAMY = 1.

ALP = 0»

AEEP = AMANL{G, ,XSEP=1,)

G5 = (AR}

O3 28 L = LeMM

WOL{Ly = HCILD

YoLorL!l = YCIL)

MECHM LY & MACA{ALLE)

CPYAiL) = CPIMACHNILY)

IF (CAOS{YCIMMIwYClR) babEuloEnZ) o AND s rRFABSINRNI BT 293)) G0 TO S0
GO fD 1lp

O %) u = 24m

U= (pHIfL+1,1)=PHIlL=1,3 ) I 90ELTH=8I{}
G5 = (JEUIFFP{Lal)

MACHNILE = NAEA{OS)

EPAIL] = CPIMACHYITLE)

MACHN!MAY B Sw{MACHN| 2} +ALCHNIM} b
MACHNALE = MALHNMA)

CPYX(L] = CP{(MACHHNIL))}

CPXIMAl = CPEIL]

ASEQSKICPEXLMM) )

IF [FS3TMLER+E.} 40 TO &b

IF L{FSTM LE.S,1.0RITYP.LE.2)} B0 Tn 54
AOVANEE PLOTTER PAPER FO THE WEXT BLANM PASE
IFINPLT+BTenSt CALL PLOTILE.OWFLOATCI4yT((20,2+XPLTEA12.) 0t 0s5)
XPLT 3 «5

CALL GETCPLCDF | "
FALL GOFRIMN 1HFu?HEIthSE*PrcPFuoELF.ITRﬁuil
IF [I8X.E3+1) LaALL EXIT

IS = 1}

RETURN

00 70 L & L¢Md

CPRILY = CPXIL)
IFL(ESaEQuel b o QR (FSYMNEE2)} &0 TO 90
FIND THE gASE PRESSURE

DELEBF = 10a

Cad = CPIMACHNIIXXal))

00 80 L = IMx.M

EPH = CP{MACHNLLED

DELAP £ AMINLIGELEP+CPE=CFO)




80
a0

100
111

11%

116

120

14D

Ced = GPN

BCP = JCp+RECPHRELRP

Iz = |}

PLH = &B%PCH)

IF ALSEF.GE .MM} GO TO 110

MODIFY THE BACH BISTRISUTLON

CPO = CPYAACHRILEER]}

LEPX = Ko (LEEP)

§L = {BLP=CPOYA{ACIMAT=SEPI;

0P 100 - = LEEP.HA

CPPILF = CPUsSLELACLLI~SEPX)

MACHMCL) = MACH{QSXICRPILY})

KGMIN = {

K&Max =

GMIN = MACHNLIL)

aMax = dRLH

DAAC = TP sFLGATINPTE=L)

oo 115 L = 1.NPTE

MiL] = FLOAT(L~L]=JARE

H{YPTE} = TP

00 M1k L = 14M

YYIL)Y = FLOATCL=1)elY

TY{MM} & TF

CALL SPLIF [MM.TY, ARCLOSOT+CO+TOwBed v 3uDul
CALL INTPL {MPYE+H SaYTsARCLDSOF+E0.1d)
S(NATSE s ARCL(HM|

Chkt SPREF (MM AACLYMACHN y BS0TCQaTRy 320 s3xD, )
ChkLh IWHTPLINPTS, 3 yMACHT y ARCL » MACHN, 050T«CO. TO)
Cibb: SPLLF (MM ARCL W XC OG0T+ SR TOw 300, v 51 Qe b
CALL ENTRL dINPTS.E+XKXoARCLXC:050T+Lp, TD)
00 120 L = 1.MPY¥S

IF [MACHS(L) . GT, MR} KQAAX x L

IF CMACHS{L},LT, 0NIN) fAnIn = 4

QAT = AMTHL(MACHS (L) AMIN)

GMAX = AMAXLIMAEME{L s OMAX)

SEPRILY = D,

Hikk = 0,

CELS(LY = 0,

THETA{L] » 0,

1IF {PCH«LT. 0.} GO TO L1w0

KAMAX = KQMIN+IHQEXAIPCHEXIKGAINSL) (PTE=MCMIN}
1F {KGMAY . GE.NPTS) CALL ABDRY

CALL NASHME (HKaMAX NPTS)

XTRAMNS = PLH

IF 1PEHLT D) ETARNS = XEX{KQMak)

K0T = INOEXA(XTRANS ;KX KOQRIN]

TF AkQBlT LE 1) ChLL AJDAT

CALL MNASHWME (XB80T.1)
FAC=SIHI A&t -5(2)])
THETAIL)=FACATHETA(E I+ {Lu=FAC)STHETA{ 5!
H{Ll}=FALsHIZ I+l =FACHRH[ &)
CELS{1I=W{1IaTHETA(]L]

COMPUTE TWE SHEN FRICTION DRAAG

g = SRAT(OS)

RT = {Cl=Cd*qf)/iC1l~CE}




L

234

MEF = (H{NPTS] #1, )il =C2*R5/Cli=1.

HBA = (ML)l +, 001, sCR0Q8 01 =1,

COF = Za¢THEFA(HPTSIwgun{ Sul HBET +Ka))1*RTund
COF = COF&2 . mTHETALL ) xdmni Suf HAA+S, j FERTen3

IF (I5X.EQ=1) G0 TO 200
MAKE OISPLACEMENT "ONOTOMNE. TNCREASING ON THE UPPEA- SURFACE
00 L7% L = HAMAK4NPTS
If (DELSIL4Lp LT, DELSILY) DELSILFL) = VELSIL)
170 CONTTWIE

LOWER SURFACE = FIND WHERE OELS STARTe DECREASING
TREAT THE LOWER SUMFALCE LIKE THME JUPPER BURFACE IF XEEA, LT,
KOZ = .80
IF (X5EP.LT4D.1 XPC = 2.
J = KRB0TY
150 W = Ju]

IF [DELSLJ»1),.LT. QELEIJEL B0 TO 185
IF |J4.6E.2) 60 TO 180
B TH 24D .
189 IF IXX{Jh BT APCY GG TD 190
DELS(U=1F = DELS{J)
D TH 38H
CLSPLACEMENT MUST STAY MONOTONE DECREASING
190 J & Jed
IF (0ELS{ 1) ,GT,DELS1JIE DELSIJ=1) = QELS|.J}
1F (J,6E,2) B0 TO 190
SM00TH DELS IS TIMES
200 LF 115.LE,0) GD TO 220
0D 210 I = 4.I5
aLd = DELS(L)
O 310 & = 5, NPTS
HEW = QELSIL=1)
OELS{L=1] = ,25u(0LD#NER+NEN+DELS{L )}
210 OL2 = Now
a0 WHpPLT = NPLT+, 5
FACS B [MNPTE=1 -5 (NPT5F) 7 {S(NPTE=11=5{NPTE=2) |
DELS I\ HPTSIRFACADELS{NPTSsZ2 )4 1-=FAC ) nmELS (NPTS=1)
IF (ISKaE@el? B0 TO 25D
YFAC = 30.75iNPTS)
OH = (HIKQMAX+*1 F-HIKQAFT=1p)F FLEAT(QH4KRMNAK=KQMIN}
FAC = AACOLOINT} /S{HNPTS)
IFIXPLTrTal, 21 CALL STABOLS o348+ TR A% 5FHOISPLACEMENT THICKNESS
1 AT £ACH BOUNOARY LAYER LIERATION,2TO_.55)
CALE FLOT 1APLT+MFACs0ELS11 ) alD, 513}
oo 230 L = . NPFTS \
CRLL PLOTENPLToRFRCaDELS (LT s 0e 5~ YFACGSILEv®)
IF (L .GE.ROQOT) ,ANDe (L LE~HQMAXY] H[L) = WIL=-1)+DH
230 ¥riL) = S{LIwFAC
YYINPTS) n ARRCOLOCANT)
DELX Wlikh AE ANUNMARY LATER DIRPLACEMENT oy NTY POINTE:
CALE SPLEIF{NRTS . YYoDELSyOBAT +COs FDu Banun3slial
CALL INTRLINT «AMCOLD+DELE+YYOELS 1 D30T COTH)
THE FOLLOWING ARE BETN4G COMPUTECD FOR FUTURE PRINT OuUr
CALL SPeIFI{HRTS Sy PERSyPSUTaCO+ TR 340,930}
CALL INTPLIM®, ARCLyDELP » S+0ELS050T+Ema TO}
ALl SPRIF (NFTSeSemhiDSCTaC0aTOr v 0unxs,l




23

CALL ENTRA (MM ,ARCLaHP+ B HrDSDT:LO:TO)
CALL SPLIF(NPTSyS+THETH A CBOTCOvTOvIqfar3e04)
CaLL EINTPL (MM, ARCL THETAP+5, THETA,05nF.CO+TD}
CALL SPRIFIANRTSeSy SEPLDBDT . CO+TRodenerIade)
CALL ENTPL (MM ARCLSEP® ,E«EEPR+DSDTCrh T
GET THE SLOPES FOR THE OUTER AIRFCIL AT CORRESPONDING POINTS
OO 240 L = L,AA
BOEL = ROEL*(DELFILI=pSUMILY )
DELPEL) = DOEL
DSUNILY = OSUMYLy+QO0EL

uld S¢ul a FACH=ARCL{IL)
S5(MAF 5 ARCOLDINT)
CALL SPLIFIMA S FMDSRTC0+Tha S eBanBalni
CALL IWNFRL INTANCOLD s ANGMEN 5 FM4D80T CO,TD)
DELMAR & .
00 @50 L = 1.NT
ODEL = QELXIL)-DELOLDiLE
OELMAR = AMANL(OELMAK, aASI00EL ) )
Y £ JELOLDIL ) +RDEL*DOEL
ANG = 3w (ANBOLOIL ) +ANGNES (L)}
KXOLysxoLgiL)
FYIL)=TOLOI LI +QYACOSCANG )

AaKld ODELELOILE = DY
I55 = Is
I£ = =1 .
IF (ITYP,EQ.99) CALL GOPAIM [P yTHETAR1 SEFPRCPPy DELP ¢ KTRANE)
EALL AIRFOL .
I = IS5
FEYM = T,
RETURN

260 00 270 L = 1.mM
ARCOLDIL) F ARCL(L)
CPPIL] 2 AXIL)

279 ANGOLDik) = FM(L)
Cllt SPLIFINPTSS«0ELS O30T COsTDuBel, s 3qlab
CALL ENTPL MMy ARCLs DS YT+ DELE+DSOT 4G TH)
CaLL EPLIFINPTS,SySEPR.DSOTC0sTD4 348, +54041
CALL TNTPL tMMARCL+SERPSSEFR0TOT 0+ TDY
CALL SPLIF (NPTS. Sy THETALOEAT COATOW A, Do v2uly b
CALL INFPL IMMyARCLYTHETAF S, THETRAPSAT+COaTOS
CALL S0PAIN (HP,THETAR . SEFP+CPPLDELD, ¢ TRANS]
HNT = MM
CALL GETCPICOF)
IF fJMaeBe=l 7 Chbh PLOT 004339
CALL EXIT
END

SUEROUTINE GOPAIN|HyTHETAYSEFYCPPAOEL ,ATR)

REAL “AlHN

COMMON PHIIE2+50)+FPI162931 1 +AIB1 8731 14C31) 002100 EL31)
1 WRPS3LIARPPAIL ) (AL AL wRSLIL 1 KA BL by ahi162) 4 BB1162] %00 L0E)
2 WSTILB2)PHIR[LE2F+AC(162) « YCILERaFM {162 v ARCL (1620 DEUN 1L}
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25

=0
40
10

(14

TO
ag

36

3 LANGOLO{162) X0 D{162)YOLD{162) ARCALDI162) 0ELOLD{LED)
COMMOXY FAF FIxTPuAAD+EMrALP s ANIPCHeEP , TC A CHE  OPHT s CLaACL YR
1 W ¥R YA TE+OT DR WDELTHOELR v RA«UCH DS AAGEPSTILWOCRI T, C1,. L2
2 CHeCIrvChrCTvBET BETAWFESTN  XSER ySEPH, TTLE (5] »Ays i Mo NN o NSP
A IR i TR+ ITYP MODE s ISaNF o NC T+ AN o JOIM M2+ NI NI NTS T EX

% o NPTSsLL+ToLSER Y

DTMENSEON OSATILE«FPPIL1)oFPARILFoHIL} »SEPIL s THETALL}sCPPILI
1 o MACHNIL LR LI0ELIL) +BL 2]

EQUIVALEYSE JFPPILI+C0 410w tFPPP LY+ ST el k) o iDSOT L) «FHF L 31}
EVIVARENCE (MACHNS L} s A{LFFvdCPLLIvPHLALL Y

OATE IO IOFF 2 SEPMAN/LeOel, o 0DN/

SN = «Z, FAACLAMA)

AMTMNeMAEHN I L)

00 10 & = 1M

AMINEAAINL (MACHN L) «+AMIN}

ARCLILF = ACOS{1,+SNaRRACLAL))

ARCL{MM) = PRI

CAkh SPLIF (MM ARCL«FM OSOTaFPPrFPPPel  Onelvis}

050Ti1) = FRPd1pul,.E~5

O50TIAM} = =FFPP(MMi*Ll.,E=0

09 20 L = 1.MM

FPPIL)Y = RADSFMILI-Ll84,

FPPRLL)® SHeOSOTIL) /AMANRCL EoSSINCAGCLILYE)

IF IF5TM,6T.5,] GO TO 120

IF {FSYA, CQ.0.0 GO TO &0

WRITE dNg,310)

IF (FSYM,E0,0) WRITE iNN.32B) TTLE

WRITE {M%,360) IOFF

DG g L x 14MM

IF (MOD(L+1+55) o Eay01 WAITE (N4+3600 TON

WRITE {08, 26071 LXCILB«YCALFFPPILI«FOPPIL FaMACHN (L) «CPIL)
RESTORE GUANTITIES TO VALVES THETY HaDp JPoN ENTERING THIS ROUVTIANE
DO 50 L = 1+MM

ARCLIL) = (COSCARCLILITI=Lab/SH

FPILsNN} = 1,

CALL CPSI

RETURN

AMX = piepAINTCAN&L,Es5)

IF FARBS(YC{MMIwYCI(1]) JLEsl En3] (AND. [ABS{KRN) ,6T.72¥])] BC TO 25
WRiTE iwy,39p) TTLE.RHX

WRITE (Mw&,330) IOFF

IF | JS,GE.D ) B0 FO &0

CALL PLOT (2peDyn=3)

ENGAQOE 130+370sTTLE) EMafLy T

CALL SYFRBOL fLa@eaTo 10+ TTLE D300

ENCORE [20+380:TTLE) RNX

CALL STYMAOL [).S+Ll,0v.1%+TTLEWD 4200

CALL PLOT(SG mXCAiL)vDaDeB0, wYC(13e 50

DO Yo L = 2. MM

CALL PLUT 100.%NCIN) + 54 02Dy nylilg @)

IPEN = 3

DO 100 L » 1,MM

YS £ YOLDILI=0SUMIL) ACOSCANGOLEILY )

YLiLr & r§

IF 1 Ji:LE, =1} CALL: PLOTIB0.eXOLDILY v % 0450 0YS, JPEN)



Bé
0

100

120

138

237

IPEN = 2

IF (MO0 +AuBS),EQ.0F WRITE (N4+5B0) 10N

IF {4y baT,XTR) 60 TO 9D

TRANZ = 1iH

IF [MACHM{L),EQ,.AMIN} TRANS = LOHSTAGHATION

IF 1 X0LOALFL Y W ET o XTRLOR i NOLDIL=L) 4T XTRI} 5D TO B2

IF 4 X0LOL42) 6T XTH] 08 (XOLDIL=2) 5T XTRL ) THANSD. LOHTREANSITIDN

HATTE (8%, 380) X0LOSLE+YOLOIL e YSuFPR LY o FPPR{LI +EPP LI TRENS

a8 Tod 10q

NRITE (M94.353D) AOLOCL)+¥OLOILIsYSeFPP L) sFPPRIL]+CPPIL) s THETACL)
SEPIL]

COnTINUE

IF (XP.EQ.Dulk NRN 2 =IRBSINANI

KP 8 A5 XP}

RETURY

WRITE (hn,310)

:RITE {NR, 300 10FF
=1

YSEP = ARSIXSEP)

IF (X5EP,GYebs? YIEP = 2,

DD 150 L = 1.HR

IF moodyL 551,690,070 WRETE Inag300) Igy

IF (¥CiL¥,.GT.XTR) &0 TQ 130

THANS 3 4H

IF IMACHNILY, EQ. QNINF FRANS = LOHASTAGMATION

IF LUXCAL+L) GT ATAY DA, 10T (L =R}, 5T,vAY) 50 TO 138

I B =f

YEEP = ARSIXSEPI

EF VIXCIL422.6T XTR]LOR (KCIL=2) LGV ATRI) TRANS =: EOHTRANSITION

HRITE (M4.2%0) R XEAL B+ FCAL o FR L) «FAPP{LF+ MACHN L] +

1 CPILE+CPPILY o 2o 2o TAANSL

130

Gy To 1Bg

BLil1) 5 1H

BLtd) = 1H

aLi3) = 1M

BL(%)a 1M

IF (L,EN,LSEP} BL(1) = 2HLS

IFI(SEPILY GT, SEPMAX ) AND« (SEP{L41) L7 SEPMAX] | BL4iZIR 2HCE
IF 1L EE,JXK] BL{3¥= 2ZHLA

IFLINEIL N GE.TSERY»AND, {1 ACI{L+T) LY, YScPh) ALIU) = ZHLP

WRLITE ING,2H0) BL L KE LI ¥CI L) AFRF (L1 +FPRFPILIvMACHNEL b

1 CP{LNLCPPILY THETAILL (DSUNIL P« SEALL) L) DELIL]HL

150

2el
280

29

CONTINUE

kO T W

FORMATII1R e 2F Y 5,8FB,Z42F%.%)

FORMATIEN, A2 IS F e S F Y FR 2 FB 4+ 2FF 8 FI S FH 9. F 9, 9,F T, 2,
LES, 2415}

FORMAT 1116+ 2F . 0uF T2y FRe 2o FBa N+ 2F N e BF P B BE AL O TR, IS
FORAMATIEY o LAXINLEXZHAS y TX 4 THYS 4 FX 4 JHANE o 4 X 1 SHKAPP A R X s UHMBCHEX 2HCP

300

1 JBABHOPLHNBHTHETA (SEGAJELS  BXIHSER y g X1HH, X2WDD, SXLHL /)
210 FOAMATIRHIw 18X 4OHLONER SVAFACE TAIL ¥0 UPPER SUAFACE TAIL )
220 FORMATILHLS L7X26MLISTINE OF COORDINATES FONL2X4BA4)

azo

FORMATIIL ZLLXAHX SR IHY v TRy 2HT S A4 IWANG B X ¢ SOKAPPA  GX v 2HEF s 53X

1 SHTHETA,SX,.SHSEPS)
N0 FORMAT (F1%eTv2F0eSaFB 2oFBeBy PO %o RN, AL}
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A50 FOAMAT (FLY.Se2F R0 FR, BaF B2+ FY 4a@Fa.5)
360 FORMAT 1117320 LALyaX s in KB 1HT s &M BHANG , $ XSHKAPPFALU XNHMACHEX ZHER /)
AF0 FOAMAT § 2HMELF¥ A X s JHCL S FSa 34X auyT/CxaFa . 3)
20 FOAMAT [4H RN=-Fi,1+9H MILLION )
290 FORMATLLIML/ Ix2BALISTING DOF CODROINATES FORZM 4A% aWX+SHANG
1 F4.1,84 HELLION )
END

SUGROUTINE HASHMC IKLuK2)

COMPUTE THE BOUMORT LATYTER FROM POINT w1 TO K2

M3 WILkL BE THE SEFARATION POINT

COMMON PHEC(LIGZaS1+FR B2 30 o h {31 bR 3L CA3LF. 0131 +ELIL)
1 qRPCAYY WRPPIMLI RIS (RECIL ) HILBNsnA I EZ}+BE{162) E0tLGS)
2 WSI{1B2 L PHIRLNEZ) + XC1 1862w YO U AR2 s F{ a2 ) v ARCLLIR2 D +DRLM{1LD)
3 ANGOLU 11521+ X0LD{162) + YOl 1621 vARCOLD (168 ) »0ELOLO (BB
CoMMON AAF PITRAADEN+ALP AN yPCHyEP, T CHD«DPHT «CL L ACLY ¥R
1 KA ¥AsTEZRT s DA DEL TR DELA ¢ RASUCH G vRAN 1 EPSTL(ACATIT WGl LR
P LU Car L+ AET  AETA FST M NEEP ySEPA, TTLE(R) A R MAL NN HEP
B aIKs N IZ+ ITTPaMOOE + ISaNFC NCT o AN Ry IDIMa NS NS s o NT e DX
¥, NPYE+LL+ToLEER,. M4

DIMENSEON MACHSCL) gHTY) o« THETALLE) «SEFALL ) SUF+RELS{ L)L)
CoUIVALEMCE (MACHS (L I o FRPA L+ 200 ko M LboFP{146) )+ ITHETR(L) sFR{LsR}E
ERIVALENEE 1SEPRCLI v FA{LoX%) o (iDELSLAYtFPIRe Db a iS04 FP(L1416))
EQUIVALENEE q3NiL)«+FP{L-30)

REAL "HaMASE ;W yMACHS

DATA TFAWATHO A TEL«TEZ.SEPARN FIMINPIMAX /. 3820 5201563, 5, -5,
1 004g=L,5:1,EN/

GAMl = ,5/C2

CSIINF % C9

INC & ISIGH{14+XK2.K1}

YSEP = AS51 XSEP]

IF (qRSEP.GT.0u) e AND.{INC-LY,00] ¥REP = },

SEFHAN ® ZEPM

GE & 5.5

L & H)}

05 = RASISILI=SdL=INC))

10 WP = LrINC

MNH = 3% iAACHESIL} +MACHSILFI}

AHSR = MH®MH

CEIH = L, +CouMdSn

JdsoLD x Os

O = ARSISILPI=RILI}

0R0S = (ARCHS(LP I ="ACHSCL I P/ (DIEMHRCSTH]

T = CSLINF/CBIH

RHOH = TekGAM]

Nif = Tall, +TR)/{RMEHu T+TR))

RTH = RNaAHs (EMaNU)

IF AL.NE,.KLF &0 T3 30

THETAHS ATHO/RATH

THF = THETAH

A0 FC = Ly0# 06E0MHE R  COBSEAHeMEER
FiR & Ly=,13%wMHER+, 02 T+NHEQARMH




c

118
140
130

239

O AT HEOST B0g ITEAATIONS

00 14Dp & = 1,099

ARTAUS 34 /(FCul2, aTEieh 0G(FRARTHETHET aM)+4, 76 1+1 . D0EE+1 TN,/
1 IGE4GE+200, ) =16.8T)

Tal = RTAU*RTAY

HB & l.Ff{l.~GE®RTALU)

HH & (HB+L, 1% latal7OeAnSg )=l

SEP = »THEYTAHEDUDS

IF (SEP,LT.SEPMAXY &0 TO 4

IF {X%1ILY,LT . YSER) SEP 1 SEPMAX

FPIC = AHw5EPsTAY

FIE = AMAXLIPIMIN,AMINY |PISAX,FIE)}

G = . 1wSQRTIPIC+L,BL)+14T

T2 = ABE(G=BE}/GE

G = &

Df2 = DT1

DYL = fHMaRe~MHSRISEEP+TAU

IF IJ.E&, 1) &0 TS 110

TL = ABS{1071=0T2)70TL)

EF {iTRaLTuTEZ) MDD i T2, LT.TE1]} GO TA 130

FRETAN = Yrfs, 3sgT1edG

CONTINUE

FHETA(LF} = THT4OTiwDE

S8EF & ~THETAHXDADS

THETAH = THETA{LP)

THT = THETAILLPI

BEPR{LY = ISEPR(LIADS+SEPROSOLL) A (DS «080L0)
SEPR{LF) 3 SEF

HiL) = [HiLFeRS+AnenS0L )/ {DS+UE0LY)

HILF] 5 HWH .

DELSI{LE = HILY=THEFAIL}

Lz Le

IF (L.ME K2} G0 T4 30

HIiKZ I BHIKZ=INC )+ [OS 0S0LD ) S H{RZa [NC ) nHIKZ=INC~TNC] )
SEPR{K2} = 2, =SEPRIHZI~SEFRJKI~INE)
DELSIREN = HIK2IxFHETAIKZ)
Hi{¥1l) ¥ B,

SEPR(NL) = 4,

RETUH Y

ENQ

aLgcK O0aTa

COARGN PHLLIGZ+32)4FPL e 430 eMI 31100201 E031aB(F3)2E08]))

1 JAPIBL)  RAP( 3L REIL) JRSISLY L1313, a0803462),BD0062),COLLEEN
2 WSIIL152)+PHIR{162X4RC{1E2 M+ YEAL1E2Z) wFATEEZ ) v ARCLLLG2D 4DS UM LG ]
3 LAHGOLD (1621 +X0LOC1&2)y¥OLO 162} »ARCALD{162)0ELOLO{162)
COMMON far PLoTPyRARSER AL s AN PCH RP TO  CHE  PHE v ELt ACL ¢ TR

1 XA+ YRATE+ DT ORDELTHyDELARAYOCN s DSNeRAG+EPSILBEAIT Sl 2
2 sEH4CIVCEtCTIBETyBETR FETM XSEP SEPATTLE 1 %) aMy Ny RN s NN 5P
3 L IH L ITYP MODE IS NFC NET o HRA N IO TN NA B N 0T TN
%y HPTSaLLe I vLSEP MY

*#ewsI0IM MUST GE SET TO THE FIAST OIMpMEION OF PHIwwww

OaTa PL/5, 1919926035389 T97 o ENFuTSY v ALP/OLY » RL7M0047
1 PCHs  OT7 , FEYW/L.0F » RELA1.0/ 4, BETA/D.0/ RH/RDLERS
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Z SEPM/OONS o KSER/ T3S o EPFRLOF 4 MrLEDS 4 HZBQs o HANZLY o

3 NFC/BAS | NRTS/ALS + LL/OF , NBJLY o L5727 o LOIMsLEEY o NADE 717
¥+ JESDr ¢ N2Z27 0 HAZDS v HRANs 0 LSEP/LIRLS o T2/LR5S 4 ITYP/LS
£END




1

LISTING OF THE THRELC OQIMENSIDHAL ANALYSIS PROGRAM J 0R/15/Te

FROGRAA FLOLTUINPUTOUFFUT «TAPEL+TAPE2+ TAPES ) TAFEH)
1 TAPESEINPIN . TAPER=0UTPFUT}

c THREE OIMENSIONAL WIHG AMALTSIS IN TRAANSONIC FLOW
[ USING SHEARED PARRPOLIC COORDINATES
c WITH STORASE ONM THE DISC
C TAPEL ir2,3 ARE DISC FILES USED IN ROTATION TO STORE
< THE THAEE OIMENSIONAL. PATENTIAL ARRAY OURING THE CALCULATION
C TAPE & STORES ENOUGH INFORMATION TO CoANTINUE THE CALEULATION
G WITH GNOTHER COMPUTER AUN, IF TuI3 IS QDESIRED
= IT SHOULO THEN BE. SPECIFIED AS A MAGNETIC TAPE
COHMDNY GU195426+% b4 5EPL,
1 AO0{19F5)+SEPE, A1 {193}, 5EPA AR{193) ,SEARVASIL193) . BERS,
& BO(ZGInSEPRIBLI26) e SEFTIBRI2B) +SEFB B3I 2Z&I+5EPYs
3 CO0{%33+5EPLO+C1455)45EP1],C2023 ), SEPL2CALAS) SEPLE,
L S0C195 BB SERFIN4EA(LR2T) 4y REPI S 201292 SEFLS,
[ IVI185+333+SEPYITLIPELII5)  SERPIB+TTEZ{SS) + 5EP1Dy
Y HX«NToNZ ¢ KTEL yKTEZoKETMVSPAL ySCAL Ty
T AR AW BT ALPHA  CA v SA FMACH ML s N2+ 853, 10
COMMON/FLGS GHL{195s26 1 vABUFLGRZ{193x26kvBUFZ,
1 ¥R {193}y BUFS SN (LY vBUFY 5221 193) + BUF B,
2 EXC193 N sBUFESZALFI N1 BUFT (ROLL193 | yEUFBeRL LI s BUF T
a CILlF3b+EyYFL1D . D{195MBYFLL, 611193 ,8yK12,52{193)
L2 ETRIF4FLyPE P BETAFAL IR, JALKR, DGy IGJE KGNS
DINEMEZION XEIENI 1) w YR 2N 11 250020 SLOPTIINY»TRATL 1LY,
i AP(20T)wTPI2%1 P20LC20R) D221 ) v D31 2%00 ¢
2 AL YIL95) SVILP2 )+ SMIAYE}CP (195},
a CHORDCES ) SCLA3Tp o HCOI133)  SCML3A) 4 TITLE(ZD
4 FITI33COVOi I «PLOC3 P20, 30, PED(S)AETAQ(3) .
-] STRIPOLI) + FHALFIS)aNPLLY]
= € I% REQUCED VELDCITY POTEATIAL
HD =T g4l
HE = 1588
IREAD =B
IMRIT =&
KPLET =0
IALDT = =1
15ToF = 3
Ny Tt %
Nz = 2
1] =3
REWING ]
REWIND 2
REWINO =
REWIND 4
W0 & 0
RAD = RY 293TT95130825
1 WRITE CIWRLT,600)
WRITE flyalT,21
2 FORMATIIUHOPACERAM FLOLT«TOXyIZHANTONY JARESON'COURANT INSTITUTES
1 SOHOTHREE OEMENSEONAL WING AMALYSIS IN TRANSONIC FLODH»
2 28 USING PARABOLIC COONDINATES)
C READ MNEW DATA

C .PROGARY STOPS ON READING THREC BLANA CAROS




afrnfAnmraoOnan Ot n

Moo Om

11

2

REAG LIREAD, 530} TITLE

WRIYE (JLWAIT.&30) TITLE

READG (IREAD,S00)

READ (1AEAD,530) FHAFHNY+FNELFPLOT .#CONT

HX & FNX
Y E FNY
NZ = Fng

1F WX = g S¥pP

IF {RX«LT. 10 GO T2 301

MPLOT a FRLOT

WK MY NZ OGRE WUMBERE OF CELLS IN FIRST GRID

KPLDT = g GIVES NO CALCORE PLOTS

KPLOT 2 1 GIVES THREE JIMENSIONAL CALsQMF PLOT

KPLOT = & BIvES CALCOMP PLOTS AT SEPARATE SPAN STATIONS

FCONT = 3, INDICRFES CONTINUATION OF EREVIOUS AUN
L x SeNxsLG
KMAK x JyeLsNX
L ® GeNZSLE
ZMAx ® g ebLsNE

AMAX ANO ZMaY ARE MAXIMUM EXTENT OF UING IN CDMPUTATIONAL SPACE
READ {IREAD,%0Q)

NM = g

AEAD RELANATION PARAMETERS FOR EACH MESH

NM = N 4l

AEAD  {TREAD(SAD) FITCNALCOVOLNAI +PLOINMIPROTNAY +PIG{NM) ¢
1 BETAD (MM «STRIPD (NMy « FHALF (KM}

FETO 13 MaXIMUM NUMBER OF ITERATIONS

COVE IS TOLERANLE FOR CONVERGEMCE

PE0 I9 SUBSCONIC RELAXATION FACLOA

P20 IS5 SUPERSOMIC RELAKATION FACTDA

P30 IS RELAXATION FACTOK FOH CIRCULATION

BETAn CDETERMIMWES RO0DED G5T

STRIFPD IS WIQTH OF REGION FOR AQRIZCNTAL LINE RELAXATLGN
FHAAGLF NE g INDICATES THAT & MESH REFINEMENT SHOULD BE FERFQRMED
IF FHALF LT 0 INTEAFOLATED FOTEMTIAL 4ILL dE ESMODTHEQ
ABR{FHALF) TIMEE AFTER THE MESH REFINEMENT

IF {FHALF{HMN) AE DewANGoNMLLY 3} &0 Tg 11

FHALF{3] X 0,

READ ACAQDTHAMIC PARAMETERS

READ (LREAD,%0f0)

kEal (JRE&D, 5101 FMACH YA+8LCOD

Taw & YASRAD

ALPHA = ALsRAG

FHiCH IS FAEE STAEAM MalH HUMBER

YAV I35 YAW ANGLE IN DEGREES

ALPFHA IS ANGLE OF aTTaCK NORMAL TO LEAOING EQHE IN DEGREES
00 I3 ADDEQ PARASITE DAAE COEFFICIENT

REAd GEDMETRIC DaTh

SOVARE mOOT TRANSFORMATICON REMMIARES STRAIGHT LEADING EDGE
FLANFORM ANO SECTION VaARTATION ARE DTYERWISE WMRESTAICTED
X5 ANEQ Y3 ARE COORDINATES ©F WwinG SUAFACE

ALl GEDM (O vMEHP IS XS TS SLOPT A TRALIL XP, Y,
L ETEQ s CHRROD+ ITIP IEYA}

KSTH ® IS5YM

IF {ALPHALNE,D.) KSTH = @




[p X N xRy

L R e N R e N X N,

243

KSYM = L INDECATES SYMMETRIC NONLIFTInNG FLOW

cvad T COS(YAN)
SYAW = 2IN{YAN)
ca = CYANSCOS(ALPHAI
Ea = CYANSSEN{ALPHA)

IF {FCONT,LT.L.} GO0 TO LlD1
READ PARAMETERS FOR CONTINUATLION OF PREVIOUS CALCULATION
REAQ (N} HE s NY o NZu N KL o KEoMIT

My & NE +]
NY 5 NT 42
Az =

ME o+l

READ CURMENT VALUES OF POTENTIAL

0g & Mej.m2

REAT 1%) (B IndelbolZlaPX)ned=1LyAT)

BUFFER DUTINE:1Y (611+k+1)+GiMR:MT 1Y

IF (UNITiN3).6T.0.) GO TO 1

BUFFER OUTINL 2] (GRYl«1lrd)1GeMXcMY ol

GIvE P 1F YALUES ARE nOY PROPEALY STpoRED IN DI&C FILES

IF IUNIT(NL) . ET. 0.0 60 FD 1
&2 CONTIMNUE

READ {4} {EGCKY + ML+ K2

REWINEG M3

REWIND N1

REWNIND %

CALCULATE MESH POINTS DF STRETCHED COQROIMNATES

ADsBO.CO0 ARE KESH LOCATIONS

AL.+B81.61 ARE MULTIPLIEAE FOR FIKET DERAVATIVES

A2yB2+Lp ANMD A3483+¢C3 ARE MMTIPLIERS FDR SECONC DERIVATIVES
100 CALL COORD [MXNY NZeXTEQZTIP+NMAN s ZMAX (ST +SCAL+SCALT,

1 AXy AT ALy AQ ALy A2 9 AS B0 4B 02,83, CO.CL,C2:CH)
ENTERPOLATE UNNRARPED SURFACE AT MESH POINTS
50 IS5 COQRDINMATE SUAFACE CONTALWNING WING SURFACE AND YORTEX SHEET
Iv £ 2 IWNDICATES POLNTS ON WIME SURFASE
Iv B 1 INOICATES POINTS On WORTEA SHEET
IV = g INDICATES POENTS ON THE SINGULgR LINHE
OF THE SQUANE RQOT TRANSFORMATYOH
IV = =3 IMDIEATES POINTS JUST SEYOND EOGE OF WING OR YORTEy SHEET
EV & »2 INQICATES POINTS IN THE FAEE STREam ON THE CuT
I THE SQUARE RODT PLANES
CALL SURF  (HODaNE o HE Ml NS S Yy NPy MTELWKTEZ y ITEL L ITER LIV,

YAW QCAL + SCALZAZS A5, TS SLOPT, TRAIL .
012D AG+CO NP YPyOL DR +D% e X T+ IND}

IND = D INDICATES SPLINE FaILUME DUE v0 BAD DATALGIVE u@
IF {IND+.EQ.0) &9 TOQ 2%L
IF (FCONY.GE,1.} 50 TD 111
L L =1
HIT =0
GENERAATE STARTING GUESS FOR MEW CALCULATION
CALL ESTIN
I = ¢ INDICATES DISC FAILURE,.GFIVE UP
I¥ (I0.E&,0} 60 TO )}
REMIND N3
REUIND Ny
111 WRITE 1IwrRiT.40D)}

FCONT = 0.

-




249

L} B HX 4l

nY = HNY 2

L F CHE. P 3

MIT = FITINM)

K1t = mIT 42 «=NK
IF (NMaEQ.3F KIT = 1D
J1IT 0

oy = COVO[NAY
ETRIP = STRIFOCNA}
BETA = GETAD (WM}

WMRITE (1WRIT,112}
112 FORMATCMFHRCHORDWISE CELL DISTRIBUTION IN SQUARE ROOT FLANE,

1 4gH AND MAPRPED SURFACLE COORDINATES AT CENTER LINE/
[ 194D X, vL3H SURFACE HELGAT)
LI T HI/Z2 #1

DD 11w I=2yNX

114 WARITE SIWRET.S1D) ADII)«SDEE.LED
WRITE (RwRIT,11&)"

116 FOAMAT(LISHO TE LOCATIGN ,15H POMER LAW )

WAITE (IWRIT,.510) XMAKX AX
WRITE (1WRIT,. 00
WRITE CiwRIT.1181)
119 FOAMATSLEHDNDAMAL CELL ODISTAEGUTION Iy SQUARE RODT FL&HEJ
1 13m0 L H
KY B NY ]
OO 120 J=2KY
130 WRITE (ALWRIT.R104 BO LN}
WRITE {IWRIT 122}

122 FOAMATI(LISHO SCALE FACTOR,ASH FOMER LAW )
MRITE (AWARIT+E10}) SYVeAY
WRITE (INRIT,E0Q1)

WRITE f(IwiLl¥yla%}
124 FORMAT{ZTHOSPANWISE CELL. CISYRLIOUTION -
1 L8HO £ ]
00 126 KmZ N2
126 WAITE CIWRLT.B10) COIK)
WRITE {IWRIT.1E8)

120 FORMATI(LAHD TIF LOCATICH+13H “PUMER LAW )
WRITE (IWRIT.C1E) ZPMAN.AZ
WRITE (IMRIT 600}

WAITE (IWRLIT.132)
B2 FORAATILOHGITERATIVE SOLUTIONS
1 &EHOSTRIP WJIOTH FOR- HORIZONTAL LINE MELAXATION)
WAITE (IWRIT,&10) STRIP
WRITE [(IWRIT.134)

153 FORAATYLSHE MK w15 (7] 4 1191 MZ
HRITE {IWRIT.6MQF HK.NY.NZ
CaLL SECONO(Y) .

HRITE (IWKLIT,&50) T
WRITE {IWRITy13%})

136 FORMATIIEHG MACH HO »15H Yaw 115M  AHG. OF ATTACK)

WRITE C(IWRLIT,y6100 FRAALH:YA+AL
WRITE 0(IwRIT,138)
138 FQNH!TtIﬂHUITEﬂAflﬂﬂfliH CORRELTION st I +8 o ahH K
15H " RESTOUAL  w4d I w#M J adH K
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z LO0M CIACULATH.1DM REL. FET LleLQH REL FCT 24104 REL FCT 3,
3 1oH HETA 10H SONIE PTE)

HiT = HIT +1

"Jtt " JIT +1

P1 = PLOCNA]

P2 = P2OLNA)

F3 & P3D[NA)

IF (NET.LE.10} PL = 1,
IF {NIT,LE.1D)} P35 = 1.

UPQATC FOTENTIAL BY RELAXATLON

EACH TTERATION I5 ONE SYEP IN ARTEIFICIAL FIME

EAUIVALENT TIME OEPENDENT EQuATION IS

[Ey =H4a2)}nG5S +GMM +GNN +TERMS I GSTtGMT(GHT AND. 67
CALL MIXFLO

I0 = b INDICATES OISt FAILURE(RETUANM TO PREVIOUS. ITERATION
1F 1ID.EQ.00 BO TD 151

Yo =9

REWTN]D N1

. REWEND N2

13l

1¢l

VPDATED vALVUES SKE STORED IN DESC- FILES L+2+3 EW ROFATION
SEF FILE WUMBEAS FOR WEXT LTERAYION

] £ KE
H1 L ]
N2 ® N2
N3 = N

WRITE HUMPER OF TTERATIDNS NITs

LARGEST COAAECTION DG AND ITS LOCATION G.wi,KG,

LAAGEST AESEDUAL FR aND ITS LOCATLION IR.JR+HE,

FIRCULATIDN EQ+RELANATION PARAMETEAS PL P2+P3 AND. BETA,

AMD HUNEER OF SUPERTONIC. POINTS NE

WAITE (iWRIT,E50) HIT:0Gy TGy GoREyFA IRy JReKRJEQLLZ) *

1 PLeP2vPE BETALNS

EVEAT KIT CYCLES SaWE CURRENT VALUES ON TAPE &
TG ALLOW RESTAAT IN CASE OF MAGMIME FaILURE

IF (JIT<EQ«KIT) GO TD 281

IF (NIT LT+MIT.AND ARS{06),6TaCOVeARD, nastuar.t1.1a.: 80 TO 14t
SYDP ok ITERATION COUNT OR IF CRROR Wee¥s fuL:HchE

Or IF I[TERATTONS QIVERGE

B0 TO 143

Jo = 1 INDICATES SuCCESSIVE pISC rnltunas.a:ve up

IF (Jp.EQ.1) GO T0 1

RENIND N1

REJING HE

Jo =1

ARSET FILE WUMBERE FOR PREVIOUS ITERATION
| = N3

N3 & N2

[+ = N1

Wi =N

GO TO 1¥1

GENERATE AND WRITE AERDOYMAMIC PARAMETERS FOR EACH SPAN STaTIOn
ACAD FROM THE QISC AN PROLESS SLIGES OF THE & ARRAT FOR FIXED Z.
REPRESENTING VALUES OF POTENTIAL ON X.¥ PLANEYZ

CONTAINING SUCCESSIVE WinG SECTIONS

LX = MiSgE el




CALL SECONOI(T]
MRITE (IWRIT.660) T
WRITE 1IWAIT, 6000

C READ FIRST TWREE SLICES OF POTENTIAL ARRAY FROM DISE FILE
00 162 L*l«d
BUFFER ITH iN11) (51 adalbaS{AXATYILY]

G RETURN TO PREVIOWS ITEAATION In EyveEnT OF pISg FAILURE
IF- iUNLET{N1),6T,.D.,1 DO TO k51

168 CONTINUE

K ==
c INCREMENT I
171 ¥ = K +1
IF IK,Ce,MEZ) GO TO 171
C- EMIFT SLIGES OF POTENTIAL ARRAY

o 172 JELAY

8o A72 Icl+WX
o WiIedal) = ELLeJe 2}
172 Glledu®) F Gil.ded)

c READ BLiCE DF POTENTIAL AARAY FROM DISC FILE
BUFFER IN (H1«1p (611 3+8b4E{MXAY3)
c RETURN ¥0 PREVIOUS ITCAATION IN EVENT QF DISC FALLUAE.

If JUNITINL) . BT.0,.1 &GO TO 151
IF IKWT  KTELLOR K. GT.HTEZ) 60 TO 171

z © = SCALZECOIN)
I1 = 1TEL(K)
12 = ITE2(K) _
= CALCULATE SURFACE SPEEQ. S5V4MACH NURMBER SM(FRESSURE COEFFICIENY CP
c AND COORDIMETES X,¥ OF WIMG SECTIOM

CALL wERD (M R+EVe3M:CP+ M+ T
CHORO(K} = NEFY1  =X{LX)
£ CALCULRTE SECTION WiFT4ORAE ANV. MOMENT CORFFICLENTS
Chbl FORKEF (ThaIdalaTsCPeALACHORDIR I vma s SCLIKIASCOIX I oSCMIK b)Y
IF (HKPLOT GT,0,AND R GF«KTEL) %0 TD La%
WEETE {IWRIT,.&Q0)
WRITE LEWRIT,182)
182 FORMAT{2YHESECTION CHARACTRRISTICS,
| LEHD MACH HO  +L3M raw v185H  ANG DF ATTACK)
WRITE {1uwAIT,E10F FAACH«TA+AL
WRITE LIWALT  i84)

18% FORMATILSHO SPAN STATION.15H EL <184 co .
1 L5H £m }
LAS WRITE {IWRIT.E10F ZySCLAKISSCOIK) «5CMK)
c IF KPLOT 3 0 LEST AKD PRINT=PLUT CP

IF (MP-OT . EQ.D) CALL CPLOT (I1+12+FMACMX+THCP}
IF (KPLOT,.NE,.2) &0 YO 171

£ IF XPLOT = & SENERATE CALCOMF PLET OF SECTION CP

CaLL GRAPM 1IPLOTsLh 2o Me o CPyTITLEsrMACH YA AL,

1 2eSCLTKY+SCOLK I« CHORDD

PLOT =0

6} TQ 1T
C CaLCULATE TOTAL LIFF ,DRAE AND- MOMENWNT COEFFLICIENTS

191 CALL TOTFARIMYEL .KTEZ CHORDy SCL+SEDsSEMyCOWSCALZ v 200
- CLeCOL+LHPCMACHY]
col = C¥AlWeCOl

co = cOb  +iM



192

194

146

2ol

247

VLol = O
IF (ANS;COLI.GT,1,E~E) VLOL = CL/ACOL
VLD LY

IF {ABSICOl.GT.1, L6} VLD = CLACD
WRITE (INARIT.&0d]

REWING N1

CALL CHARTY

RITE {IJRIT.E001

WRLTE 1IwAlT.192) .
FORMATI2IMOWINGE CHARACTARISTICS

13HG MacH NO 115H TaM v15H  ANE OF ATTACK|

1
WRITE {1wWRIT.610) FMACH:TAsAL
WRITE C(IWRIT.194)

FORMAT {1840 L 115H cd FORM +15H CO FRICTION
3 15H co +135M L/ FORM 41398 L/D
WRITE (JWRIT,E10]1 CL+C01-CO0.CU,vLOL,.yLD
WALTE tIWRLIT 196}
FOAMAT{18HD cH# PITCH +13H CH nOLL +15H CA Yau
WRITE (dwRETwiQ) CHFsCHMR+CHY
REWJIND N1
IF iRPRlT kT2 60 TO E02
IF KPLOT 6T p GEHERATYE THREE DIAENSIONAL CALECORMP PLOT
glLL THREER IPLC T+ SWa SN e CP+ X4 ¥ TITLEy YAv AL+ YLDV Cha CR+ CHURDD )
PLAT L]
I0 = 0 INDICATES DISC FAILURE.WSETUAN TO PHEVICUS LTEAATION
IF (104EQ.0) GO TO 151
STOP oN OPERATOR COMMAND
IF (IsTOR E2,.1}F 60 Ta 301

IF (FrALF(MM),.EQ,0.} GO TO 1
REFINE GRID LF FHALF NE 0
NX NX  #NX
L) MY MY
L T4 MZ +NE
RECALLULATE WMESH LOCATIONS O REFINED GRID
Chil COORD [HX WY o NE e XTE0 ZFIP e AMAX 4 2MAXN ¢ ST o SCALySEALT,
 § AN AY u AR D AL+ R2 A B0 B e B2, 03, C0CA4C24L8)
INTEAPOLATE UWNWAAPPED JURFACE OM REFINED SRL{
CALL SURF  [NDsHEsNC HE N2 s KSYMeHP KTELWKHTEZ ITELWITEZ IV,
1 YoaWnSCAL v SCALEA TS a XS+ YS o SLOPT TRATL .
2 S0 Z0e A0 CO+ NPy YPo UL 02 0%+ X, Yo TN
IND » § INOQICATES SPLINE FRILUKE DVE TO BAD DATALGIYE UP
IF (IND.EQ.0) &0 TO 29%
ENTERPOLATE FOTENTIAL ON REFINCD GRIG
ChiiL REFIN
I0 = 0 INGECATES DISE FAILURE.RETURN TO PMEVIQUS GRID
IF (I10.EQ.0) GO TD 221
AEWMIND M1
REAIND N2
NSAOD = =FHALF{HA}
IF FHALF LT 0 SMODTH INTERPOLATED POYENTIAL ABS(FHALF) TIMES
IF INSMOD.LT,11 60 TO 2121
DD 202 N=isNSWOD
CaLl S5MDOQ
I = 0 INOICATES DISC FAILUREL,METURN TO PREVIOUS BAID
IF 1IQsEQ.0F B0 TFO 221




248

REWIND i
202 REWIHO Mg
RESET FILE NUMBERS

2ii W * NE
Ni £ N2
LT = N2
N3 T N
INCREMENT HUmMBER OF MESH
MM B NN o+
HNET 0
G0 To 111
RESTORE PREVIDUE RAIQ
2L NXY £ NXS2
Y = NYSFE
NZ = N2/2

RECALCYLATE MESH LOCATIONS uwnm PREVIQUS ERID

COLL CODRD CNXNY HZWXTEN ZTTR+ XMAK, ZHAN Yy SCAL SCALE,

1 AN+ AV AZ g A0 B+ ARy AT AR+ O 1 B2y B34 C04C1nC24CR )
INTERPOLATE UNMRAPPED SURFACE ON PREVIOUS GRIO

CALL SURF  dAMOaNE+ NGy HEsNTy KSTA NP+ ATE1+KTE2+ ITEL+ IFEZ IV,
1 le-$EIL-SE!LI-lS.IS;TF;SLDPT.TRAIL-
2 SO+ Z0 v A0+ LD NP ¥F ULy D2e 0N N4 Yo IHO)

IND = 0 INOICATES SPLINE FAILURE DUE TD BAD DATAWBIVE UF
1F {ING,EQ.0) 60 TO 291

B Ta 1391

WAITE THAEE COPLLS OF. INFORMATION HEEDED 10 RESTART ON TafL 4
291 ¥} 2. KTEL »1

Heg  MYEE +ITERIKTER) ~—-WXrE

00 2%2 Ma1.d
WRITLC %) MELHT AL s NMe KL+ K2 NIT
00 22 K=1.M7
BUEFER IH (N3ell SG41advlb+Si{MXaMY L)}
RETURN TO PREVWIOWDS ITERATION IM EVENT OF DISC FRLILURE
IF CUMITINLI.ET+0,) GO TO 201
267 WRITE (W) (IGIFadr L) IR1AAY )+ LAYy
REWING N1
WRAITE (M) 1EUIKIIHIF11KEI
ENDFEILE. &
282 CONTINUE
REWNTINDQ
ALLDW ORPERATOA TO STOP CALCULATION
CALL SSWTCHIRIETOR)
I IISTOP,.ER,L] GO TQ 161
SIT L)
I AINIT LT aMIT  AND,RBS(DE) 6T COVAND, ABS{DE) LT 10+ GO TH 1W
Ga To 1ei ‘
a1l REWINHG %
¢ To 1M
2%l WRIYE [IWRIY.BO0G}
WAITE (IWRYT 232}
282 FORAMATIZWHOBAD DATASPLINE FAILURE}
Gt YO 1
TERMINATE CALCOMF FILE
304 IF (KPLOT BT 02 CALL PLDT{ 0. Qe e 3I¥)
STOP
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Bl Eal s RaliRaka,

5a0
510
530
e
610
520
&30
&al
3.1
550

1

EOAMATILY)

FORMATIAELC.T)

FURMATIZ2O0AM}

FORMAT LML}

FﬂHHhTIFIEHH.TFlﬁ.II

FORMATIAE]IS .5}

FORMATI{1HOD2083)

FORMAT{I&ETILT)
FORMAT(I1D.E15,5,3I84E15,5,314+5F10.5, 100}
:::HﬂTilﬁﬂncﬂﬂFuTIﬂﬁ TIME,Fl0,3410H SECONDS}

SVBROUTINE BEOR INOWNCHNP 25t RSy Y8 v5LOPTeTRALL 4 AP YP,
1

ATED«CHOREO+ZTIA I2YM)
GEDMETAIC OQEFINITICN QF wING
NS AND Y5 ARE COORDINATES OF WING SUREACE
THE- SECTIGNS AT DIFFERENT SFaN STATLO4S ARC ALLGHED
50 TWwaT TREIR SINGULAR POINTS AE DEFINED B8Y THE DATA
LIE ON A STRALGHT LINE
THE WING IS5 UNWAAPPED mBOUT THIS LIME
BY & SGYLRE AODDT TRAWSFORMATION TO PARABOLIC CQUADIMATES
DINEmRSION EETNDe LD o ¥STHD L+ 2500 )+ 5L DPTILY, TRAIL AL by
XFILY«TP{L) elif(1)

IREAD =S
IwRIT =6
RAD ® ET 957TRELIQA2N

READ (IREAD,34%)

READ {IRCAD.S510) FNC )

HE I% NUmpER OF SPan STATIONS AT wWiCH THE SECTION L5 DEFINED
IF HE LT 2 THE GEQMETAY (8 ASSSUMEQ TO BE UNCHAMGEQR

FAQM THE PREVIGQUS CASE

IF (FHC.LY-2.) RETMN

HE = FNC
ISTM =1
XTLO ®
CHORDY o,
K = ]

RELD (IREAU,%00)

READ {IREAD,S10) Z&(K)+CHORDy THICK yALWF3EC
ALFHA & AL/RAE '

25 IS SPAN STATION

PROFILE IS SCALED TO &4 LENGTH EQUAL TU CHORO

ANO ROTATED THROWEH THE TWIST AMGLE AL

MEASURED HORMAL TO THE LEAODING EDSE Iy DEGREES
IS THICKHESS CHORD RATIO IS REOUCED 3Y THE FAaCTOR THIZK
FSEC = 1 INOICATES THAF & NEW PROFILE IS DEFINED
8y A TAOLE OF COORDIMATES

FREC = 0 INDICATES THRT THE PAOFILE 15 OERIVED
FROM THE ENISTING TAGLE OF COOROINMATES

IF {K.GY.1.AND.FSEC.EQ.0,1 GO FD 31

READ {IMEAD,.5001

READ AIREAD,.SLO] FSTM+FNULFNL




R OrRs

HU * FHY
L = FHL
N *HY #HL =]

FEYA = { INDICATES SYMAETRIC PAQFILE
FUR WHICH OMLY THE UPPER SUMFACE IS ReaD

e AMD ML ARE HUMBERS DF UPPER AND LOyER SURFACE POINTS

RE&AD ({(IREAD.500)
READ FRAILING EOGE INCLUDED ANGLE AND SLOPE.
AND COPROINATES OF SINGULAR POINT
RERD [(IAEAD.S510) TRL SLT«XSING.YSING
REARC (IAEAD:SOD)
READ JPPLA BUAEACE CROADINATES
Qg 12 ISHLH
12 READ (IREARD.510) KEP(IX-TP(I)
L = ML o+l
IF {F5YM.GT.0.} GO TO 15
REAMD  (1MEAD,500)
REAQ LOWER SURFACE COOAQLINATES
B 1% I=1.HL
READ [FRERD,S1D) VAL,OUM

o L =I
XP{d} ® WAL-
1% YR} = aQus
Go To 21
1% 4 = L
00 1& I=N_LN
o ) =1
APLJY x XP{I)
18 YR{J} = =YP{I}

21 WRITE | IVRITLE00)
WRITE 1IwWRITs22) T3iMD

22 FORMATILEHOPROFILE AT 2 = ,F10.8/
1 13Hd TE AHGLE 4135H TE gbOPE ,13H
2 15H ¥ SINE b
WEETE 1INRITA610F TRLSLT+KSING.YELING .
WRLTE 1hWAIT2%)

#% FORMATLISHY K +15H ¥ }
0D 26 I=1.H

26 WRITE (IWRIT.&101 XP{IXa¥PII)
SCOLE ANE ROTATE PAOFILE

1 SCALE = CHORQAI{XPLL) =XPiNHL)Y)

A = XKFENL) +IXBING =AF{NLYIeTHICH

Yy ® YRONLY +IYSING ~TPIML)1xTHICK

CR & LD5{ ALPHA)

24 = HIN{ALPHA)

00 32 Ix1.WN

¥E1l.x} & SCALEw{ (HPC(L) ~XE)*CA +THICK®I{YPIL)
58 151141} = SCALEw (THICKRwd TP{I] =¥YiuCa =iXPILI)

SLOPT{Kr = YHAICKeSLT =TAN(ALPHA)

TRAIL(K)] = THECKxTEL/RAR

NPiK) &N

NP IS HYMRER OF POLNTS DEFINING PRDFLLE

CHORDY = AMAKLLCHORDD.CHORDI

XTED = AMAXTIXTECGHXSi1+K)]

X SING

=Y¥hagal
Lt t L TY

CHORGO AND NTEOD ARE MAXIMUM CHURO AnD HEARMOST EXVEWT OF WING



OO QRaOnn

25

IF IFEYM.LE.Q+ sORALPHALNELO} ISTH = &
IBYA = 1 IADICATES GYMAETRIC widg
SRITE - (IWURIY,.S2) ZEEBIK)

52 PORMAT(ZTHOSECTION OEFANITION AT Z. = ,Fi10,5/

B2

500
510
£00
519

1

1

18ud CHORD +LSHTHICKNESE RATIO,15H ALPML )
WRITE {EWRIT\E610% CHORGTHICK, AL
K N ]
IF (K LE,MCH 50 TR 11
In I L 4a{Z%1)F +Z28INC))
0 &2 K&1,NC
FETT £ 28(K) =20
ZT1IP * IS(NC}
ITIP IS TIP LOCATION AFTER UING HWAS AEEK CENTEBED AT Z » ¢,
RETURY :
FORMATCLX)
FORAATCBELD, T}
FORAAT(LHL}
FORMATCFLZ a4 TFL %}
END

L]

SUBROMTINE LCOORD (HX WY N2 XTED 2T IP XMAX yINAN ST SCAL ¢ SCALZ,
AN ATsAL AD+AL A2 A5 BDvBLB2 B3 sC0,CL.C2 452}

SETS uP STRETCHEQ PARRBOLILC AND SPANWESE COQRDENWATES

STRETCHING LAW MAS FORM K = XXX LT £y

X =G +[XX »£)Ff[1ly =(0XX =C)/f{hs =C))wwgyema)i xx G¥f C

WHERE AX QDETERMINES POMER LAM

IN COMPUTATIONAL BPACE XX AANGES FROM +1, TQ Ju»

YY RANGES FROM 0. TO 1,27 RANRES FROM =1, TQ 1.

AQ+@0+Cd ARE MESH LOCATIONS

41+81:C1 ARE MULTIPLIERS FDR F1RET DERIVATIYES

A24.B82,C2 AND AZ,53,C3 ARE MULTIFLIERS FOR SECOND ODEALIVATIVES

IF. DG ANQ DEII ARE FIRST AMD SECOND oIFFERENCES

Gx = aL*DGI AND G¥E = agw(O6II  +AREDsII

ODIMENSIDN AOELY e n 01201 s R34 0aBailroyBIAL B2 4BA[]]
COIL)+CL{1F+CRLL)+L341)

oy ENY
ox = /KX

oy = 1./HY

0z = p./H2

SELECT POWER LAWS

Ax T 5

Ay = .5

AZ = .5

sY ¥ L5

Ly SCALES ¥ SPACING RELATIVE TO X SPA-ING
SCAL = XTEDA{BD00LXMAXEAMAX )
EpAL2 ® ITIPA(1. 000001 aZRAK}

va = [DASDY)ITH2

Wl = SCaL/ECALZ

w2 T WisDK/DZhnk2

GENERATE x MESH
DA 12 Ix2.Hh




s

[+ = I =ltWDK «1.
a = 1.
IF {A85C0QMGT.XMAN} 60 TO 1B
o = DD
1 2 14
a2 = Q.
0 TO 1%
13 IF 100.LT, ﬂ.l 8 g ~1,
A 1., =110 =8aXMAXIAi1la SKMAX)I1wwg
o ! Anwhx
a B AN #AK wl.B0ELl,  =A)
ao E BaEKMAX ({30 =BedMAx)/sC
158 E peCs(d.  +0}
b1 |- B (AN #ANI{DD =BEXMAR}
1 i3y #DFS011a *D)wANLy
1% ADLL) t 0f
AlLN} 2 ,9wDLls0R
"ARLI} ® Q1401
12 43101) & LAaDXuD2

a

GENEAATE ¥ HESH
00 22 J=guKT

111} = {KY =J)w0T

A T 1. =00up0

C ® AswAy

o & (AY H#AT sly1xil, =)

(e | = AxCrqf{ls HOJuSY}

Badu & STwQDsC

a1iJ) = 5«0y 07

BaiJd) a Disgawyve

aZiJ) Z ~AYR00FDYni3. 0 141 DFeRp)

GENERATE Z PESH
08 32 K=p,H2

an E (K =1)R0I 1.

& 1,

IF {AB5'00) . GT.ZMALT O To 33

op # 0D

o1 = 1

0z = g,

G0 10 3%
:! IF I'U'D-LT.U ] E- = '!1-

¥ ja #1000 =BwIAAX) i(le SEMAX)DDRZ

E x AmuAZ?

B 3 QB7 ¥AZ =l ix{l, =A}

o B BeZMAK  +{D0 ~BxZHAXNAE

+h 1 = AasC/l1, +9)

oz  afAF +AZI*IOD =B¢ZHAX)

1 {3y #1001 +0IwAw{d,.
a4 Cpiny = g

C1i(K} 5 JSeQLlevl /DX

(=119 = Slediedd
52 CI(K} = J5%DZ«DE

REFJR Y

ENO

=ARAX)waZ]

«IMAKERRE)
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13UBIOUTIHE SURF  INDaMEHC o YN+ MZ RS T MNP KTEL+KTEZ e ITEL + ITEQZ IV

VAM: SCAL +SCALZ+ 23 w5+ YR SLOPT . TAALL,

2 S0 ZDv A0 COAMP YRy DL e D2 8o X Yo lND)

1
2

INTCRPOLATES MAPPED WING SURFACE AT MeSH POTRTS

INTERPOLATION IS5 LINEAR IN PHYSSCAL PLANE

AND QUAORATIC [N TRANSFORMED PLANE ¥ 5 O,

X$ AMO TS ARE WING CODROINATES IN PHYSICAL SPatE

AT SEAN STATIONS 25

S0 15 COORDINATE SURFGCE CONTASNING NTNG SURFACE AMD VORTEX SWEET

IN TRANSEQRMED SPACE

20 IS STREAMWISE PAOJECTION ON SINGULAR LINE

OF TRA[LING EDGE WD DOWNSTREAM SIDE puGE

USED [N DETEAMINATION OF STREWBTH OF yORTEX SHEET

ty = 3 INQICATES POINTS ON WING SURFACE

Iv = 1 INDICATES PGINTS @M WORTEX SHEET

IV = ¢ INDICATES PRINTE ON THE SINGULaR LINE

OF FHE STUARE A0OT TRANSFORAATEOH

iv = =1 TNDICATES POINTS JUST SEYOND EUGE OF WING DA VORTEX SHEET

Iv & «2 INDICAVES POINTS IN THE FREE STREAM ON THE Cut

IM THE SQUARE ROOT PLANES

KTEL AND XTEZ 4AE X INDICES AT WING TIPS

ITEL 4HD ITEZ ARE I YNDICES AT LOWER ANG UPPER TRALLING EDGE

INTERPOLATION £5 LINCAR IN PHYSICAL PLAME

DIMENSION  SOTNE+1DsXSIHOsIbaTSIHD 1y +2501 0 SLOPTLL) +TRATLAL}
ADILY«COEL o202 danP(LEvYRidss 01 (L aD2LLI1D3(R) 0

EILYaY LIV (NEx1PsNP{L)ITEL(L) .ITE2{L}
PI B 3 1515926535007
Fyaw = JEESCALTTAY{YAUD
Dx = A, /HX
LY = HEFE2 1
Mx T HNX  +}
Mz KNI 1

YORTEX AND EQGL POLINTE ARE REPRESENTEQ BY SETTING Iv TO Iva QR IV}
IF WINe Is SYMMETRIC WORTEX ANU EOGE POLINTS OO NOT EXIST

AND ALL PRINTS OFF WING SURAFACE ARE TREATED % FREE $TREAM POINTS
BY SETTING IVD aANMO IV] Ti =3

Ivd & ] +KSYM  CREYN =AEYA

Ivli B =] aM5TM

INITIALIZE Iv FOR POINTS OQUTSIUE WING AMG VORTEX SHEET

AND POINTS DN THE SIMNGULAR LINE

DO 2 K=1eMZ
ITELIN) = mx
ITE2Z{X) = MK

a0 % ISl MX
Tvilens " -3
S0(T+N} ¥ D,
IVILEWK) =

K =1

K2 * 2

K " el

IF (K.EQ.MZI! &0 FO )

Z & SCALZWCOIN)

IF {Z,GE.2511)) GO YO 13

Z IS5 SHORT QF FIRSK SPAM ETATION
KTEL K ¥l
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€ TRY NENT vaLQL O0F 2
&0 To 11
13 IF IZ 7. ZECHCHE RO TO 81
na T K2 ul
- 2 IS5 bw wING
[ INTERPOLATE PROFILE BEVWEEN ADJACEMWMT 5FAN STATIONS
21 K2 = K2 #l)
K1 K2 s}
R2 =

1s
IF- [ZEIK2] «Z) 21,2528

25 A2 = (2 =ISIKLPP/CES(H2)  ~23(4A1))
23R ® 1, =RZ
C & RLEXSILeKLl +A2EXS{1.0T)
cC = SQART{IC: +CHFSCALS
c C IS5 INTERPOLATED cHOAQ
G CC 15 CHORD IN EQURRE RODT PLANE
c DETEAANINE I INDICES AT TAAILING ERGE
DO 32 IEZ2, NX
IF Lend1T)  #.5%050akTe=CCl I2 3 1
IF ([a0dT) = .Se0Xp.LT.CCY 12 8 ]
32 LONTINJE
EYELIX) =n
ITER(K? = 12
C SCaLE CHORO 50 THAT TRAILING EUSE COINCIDES
c WITH NEAREST MESH LOCATIGN
CC E BD{IzY/CC
¢ PROJECT TRAAILING ECGE POINT 4N SINGULAR LINE
ZOLK) X 7 =TrAWsAR[(I2]2aDCIZ)
¢ GENERATE TRANSFORMED PROFILE AT SPAN sTaTION: K1 ANOD W3
[ AHD CORRESPONCING PRADFILE AT INTERFDLATED SPAN STATLON K
= BET KK To INOEX of FIRST SPAN *TaTion
L1 a Kl
P ® RL
4l N R NPIKK}
a * SQRF({XF{ILvxK}/C) /00
[ SCALE MESH LOCATIONS FOR INTERFOLATION OF FAOFILE
DO 42 Iz, N
g2 X(I) ® QxAD(I)
c APPLY SUUGRE ROOT TRANSFORMATION TO PROFILE
c USING CONTINUITY TO DBFAIN CDRRECT BRANCH
ANGL E I Y ) |
u =1,
¥ " 0,
oD Wi [S1.0
ANGL- = ANBL #ATAMCIUEYS(I4MK]  LuaXS{I(KK}}
1 FIURXS LI} NaYSCI.KK}E)
R m SART{XSLII«KNIwnl  +¥5|[yKplawd)
u B NS(INH)
¥ = Y3(1«HK}
R = SQRT{IR +R}7SCAL)
Pl ® AaCUBY SuANEL}
u% TRIIL  ReSINGINEANEL |
[ JQETERMINE SLOPES T1 ANC T2 OF LOWER AnD UPPER SURFACE
c AT TRAILING EDGE TO PROVIDE ENd CONOITIDNS FOR S, INE

ANGL = ATAN(BLOPT(KKL )



L+

&

il

ANGLY ® ATANIYSIL KK AXSd1+KKI

ANGLZ E ATANIYSIN AR ) ARG INrRN ] ]

ANGLY = ANEL =,Su(4HGL1 =TRAIL{KK))
ANGL2 = OANGL W OE[ANGLE FTROILIMM))
T1 = TAN{ANGLL}

L ® YAN[ANBLE)

FIT SRLINE TO UNWAAPPEY PROFILE

CALL SPLIF (1M aXPeYPuOLyO2e03 0w TLaLaTZo 00, v INDF
INTERPULATE SPLIME AT MESH LOCATIONS

CALL TNTPL (I1+I2xKeTaltNoXKPeT®yD1+02,03,0)

EDNTIHU? UNWRAPPED PROFILE BEYOND LOWFR TRAILING EOQGE

i1 k 4250X5i1.KK])

A & SLOPTIREIR{ES(L+EE} =X1}
a = 1./0NS(L+KK) =K1}

AHBL: £ Pl  +PI

1 £ 1.

¥ = b

] = I1 =1

0D %2 IS2.M

KX = JAeSLALRX{Iwng

o = Baixx =X1)

rY = YE{1oMK) +AALDGIUE/D
ANGL ® ANBL #ATANIIUSYY ayARE}/(Ln)EX  &VRYY] T
R X SRATIXAR®=2 +TTwui]

13 T XX

¥ = ¥y

R = SQAT{{R +RISECAL)

Yol = RuBIN{, S=aNEL)

CONTINUE UNKRAFFED PROFILE BETUND UPFER TRAILING LOWE
A SLOPTIKK m{ASINKKE =a%)

B T 1.7{XS(H:KK} =X1]
(118 = 0e

1] 11.

¥ L ™

| z I2 #1

00 Sy X=N,HX

XX = JEASCALRELT) s

o = guixA =K1}

Ty = YS(AeMK]  #ARALDE (L] /D
ANGL 2 ANGL +#ATANCILEYY =ywdX}/iyeXX +YErv))
K T GART{KXawz +¥¥xuld)

u ® XX

¥ = ry

2 = EQAT{[R +RIASCAL)
Yily = ARIIN(, S=ANGL F

ADD CONTRL{BUTION TO PROFILE: AT InTERPoLATED SPAN STATION
"] = PedaCCaCC

Db &2 F=2,4%

S00EaK) = B01L,K] +O=Y[I)

IF (KK.EQ,.%2F GO TO T2

SET WKk TO 1INDEK DF SECONMD SFAN STATIDN

KK = ug
P = Rz
48 To %3

SET Iy TC INMONCATE SURFACE POINY
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0o T2 I2Iyal2

IViLaK) a2

SEARCH FOR POINTS 0N VORTEK SHEET AT | LKWOICES OFF WINE SURFACE
| F I1 al

DO Th I=zpM

DETERMINE STREAMMISE FROJECTION ON SIAGULAR LINE
F-4 = 7 =TrAWEADC(L) kAD{I)

SET v Ta INCICATE VORFEX PFOLNT

IF PROJECTION £S5 BEYOND PROJECTION OF JPETREAMA TIP
IF LZZBE.Z0AKTELLE IWLIN«K) = IWQ

CONTINJE

M = I2 +l

DO T I=m,HK

DETERMINE STREAMMISE FROJECTION ON SINGULAR LINE
Frd = 7 =TYAnNsRDiI)s=Rb{l}

SET EV TO INODICATE YORFEX POINT

IF PROJECTION IS BEYOND PROJECTION OF JPESTAEAR TIFP
IF {ZZ+GE.LQEKTELF) IVIEaK] T IVWD

CONTINUE

KTEZ K

BD TO 11

Z IS BETONO LAST SPAN STATIiON

LEAACH FOR FOINTS ON VORTEX SHEET

00 B2 [z2.NX

CETERMINE STREAMWISE PADJECTION ON SLyGuUaR LINE
£z 2 2 =TYAWmAQUI4RQ{I}

BEY IV YO INOICATE VORFEX FOINT

IF PROJECTION IS WITHIN PROJECFION OF DOWNSTREAR TIF
I I22uLEZ5ME ANGA 2. GE L 2O {HTEL}} TVIXIan} = IV¥D
CONTINUE

G0 Ta 11

N = MTER

IF A¥YAd , LE.D,} &0 TD 43

PROJECT DOMMNETREAM 3I0L EOGE POINTS ON SINGULAR LINE

I E ITELIKTESY +1

D0 92 [EldsbX

N £ N o+l

FLTET = SCALZWCOIKFEZ) «TTAWSADLTI*R20CI}

I = ITELIKTELD _
ZOIRTELeY]) = SCALZ#COCKTEL=1] =TrAWsdd(LI)®ADII)
ZoiNeL} = SCALISCO{RTEZ+1]

LOCATE POINTE JUSY BEYSND EO6E OF WIHE OR VORTEX SHEET
D 102 K=Z«N2 *

DO 102 IzZ:hx

IF (IV{I.K}.GT, 0} 50 TO 10%

IF (EVIT+1ak+) 00 o0 0N IViIulaKek)oora0y IN(LeKk) = IVL
IF [LIYLI41eKal) B 0 0R: IV I=deH=1) . Gr.0F IVII«H] = IVL
CONTINVE

RETUAY

ENO
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SUBROQUTINE ESTIN

SENERATES ENITIAL ESTIMNATE OF POTENTIAL

SUCCESSIVE SLICES OF THE- & ARRAY +REPRESENTING VALVES OF POTENTIAL
ON Key PLANES AT SUCCCSSIVE VALUES OF Z.ARE GENERATED

ANG STORED ON TwD OISC FILES TP PROWIDE QACK UP

IM EVENT OF SUHSEQUENT DISC FAILURE

COMMDN GI19N 264 )« SEP L,

AOELY3) + SEF24ALI193) SEPS, AZ{1938)3EPR . ARI195) , SEPS,
BOMZENSEPEBLIZE) ' SEPT+BR 26 s SEPD BMEE] +EEPI
CO33)s5EPL0,CLIAT) S SEPLL, L2 30) SEPRE, CANB3),5EP 1S,
SOH19S 330 BEPLYF yED{129)  BEPLID+Z0H 1221 1 SEFPLE
IVI195. 533 ) SEPLTITEL1 (53] SEPIB,ITER[341,5EPLY,
MXeHY s TELeRTEQ ' KSYMeBCAL «SCALT »

TOHCYAW, SYAWALPHALCOySA, FMACH . N1+N2+ N3+ XD

WX +1

N¥  +1

nY HY 2

nt N2 +1

SET THE 5 AHRAY TOQ IERD

g 12 [=1.193

0o 12 Jxi.,26

A e R

My
KY

40 12 KE1,.4
12 Giledy®) = Qs
s E I ]

SEY yaLUEs CF POTENTIAL AT QURAY POLINTS BEMIND BOUNJARY -
2] 00 22 I=x2,HY

GiIyKY*L, 1) = 4.

IF (IVII.K1.L¥.2) 80 TO 2%

Iv = 2 INQICATES FOINT DN WINE SURFACE

SET POTENTIAL BRELOW EURFACE TCO SATISFy ADUNDARY CONDINEOW

o051 = SO0CI+Ll,H8) =S05I=Ll.K}
111 % SO0CL.H+1l] =S0{IsM=1}

x a ALCL) D3]

82 T CLIK}Iw0SK

L = CAwAGLL) #S5ARSD (LK)

W = S¥aW

FH & ADCIV®ADAIF +SPILvMEeS0CT+H)

¥ 2 gliKrrell. eSKEEX  +FHELPREZ)

BilaMy+1l41) = GiL+K¥=14L12

1 =(CACSOLIvK) +SARAGII} +LwSXE +FHeM®SEZ) sy

22 CUNTINUE
HWRITE SLICE OF POTENTIAL ARRAY ON TWO DISC FILES
BUFFER DUTIN3a1F (G1Lalel boB{MNsMYe] )
GIVE UF IN EVEMT OF OISC FAILUKRE
LF dUNIT{m3.GF.0,) 60 FO 41
BUFFER JUTINLL] (61R4Lell o BEMEMYLL] )
GLVE P IN EVENT OF DIS5C FALLURE
IF {UNITINL).GT. 0.1 60 TO 41
INCREAENT Z
K K +l
IF K hE.NZ} BO T0 £1
SET TRAILINGE JUM@ £0 XM POTENTIAL TO peAD
) | & KTE1 =3
M2 ® KFEZ +ITESIKTER) =MX,2
oU 52 AFK1+KE




C

mMonaonnPnoOnannn

4l

)

32 EQ(K} Ll 1 .
SET IQ TD INDICATE SUCCESSFUL COMPLETTION
19 s 1
RETURN
%ET 10 To INOICATE: DISC FALLURE.
a =0
RETUAN
END

SUBROUTINE MINFLD
UPDATES POTENTIAL BY RELANATION USING MOTATED OIFFERENCE SCHEME
EQUIYALENT TIME QEPEHRENT ESUATION IS
114 =Mue2iaG55 #5008 6NN +TEAAS Iy GETGMT+BNT AND GY
SUCCESSIVE SLICES OF THE & ARRAY (REPRESENTING WALVES OF POTENTIAL
ON Xay PLAHES AT SUCCESSIVE VALULS:- OF Z+ARE READ
FROM ONE DISE FILE,UPDATEU,AND WRITTEN OW & SECDND @15¢ FILE
THREE SLICES AAE REQUIRED FOR COMPUTATION
A FOURTH SLICE 15 USED AS A& BUFFLR FOR OISC DPERATIONS
INPUT ANQ OQUTPJUT BT BUEFER IN ANC BUFFER OUT PROCEECD IN PaAALLEL
NITH COMPRTATION -
IF THE GUFFER OFERATION IS5 NOT YEY FIMISHEOD:.
THE F# yNIT TEST OO0ES HOT RETUMN tDNTROL TO THE CENTRAL PRADCESSBA
UNTIL ITS COMPLETION:FREVENTING PREMATURE PROCESSING
CoOMAON GELPR 26,4} +5EPYL,
ADCEA e SERZwALI LT3 ) o SERPD ME( 193 SEAY + ADTLDA ) SEPEy
BOL2EF+ SEPE+RQLIZA v SEPT Bt 261 +SEPBAS{ 241 5EPT,
CO3 T+ SERPLDaCRd 30 1 SEPRA+ CR (33 SEFLEFCACIBNW5ERL 3y
EOLLS3 35 +SEPLREU{129) 4EP15, 200127« SEPLE,
INI(ESS+05]+5EPLT s LTELL23) . SEF1ISITER 331 4 IEFPLT,
HA ¥ e N2 KTEL yKTES s KEVM Er AL SCALE
TANACTANsSYRAN+ALPHAyCRy SA, FMACHa N1 sKEs N3+ ID
COMMOH/FLO/ GHL(L95,+ 28} +BUFL, 602 193,26} BUF2,

PR TR Y

i SAXILII ) BUFESEZLLT3 I vBURHySTZ (193 BUFD

2 AXLLF3 v BUFESZI 1S3 +AUFT RO(1I9T3) JHUFARLILT ), BUFRS,
& C11983sBUF104D{195) «BUF11 . GLI193) yBUF1Z«GRL195 )
L STRIP+FLyPEWPRHBETAFRa IR, JR KR OB+ 1G4+ JE KBNS
COMMONFSWES B10426) +5PAL+GR20(20) «SFAZ, G0 (6 SPAS+EH0128)
1 TheldoKr b oo L Xy M MY MY T+ AN Q202+ 2 TTAW

Lx 2 NESE ¥l

LEH = NK +}

KY = NTY »l

ny = NY R

Traw S SSeSCALTSYAWSCYAN

ox E B SHY

Tl E OXe0x

AAD = 1. /FAACHxa2 4,2

91 T 2erPL

Qs = 1./P2

FR . = 0.

I D

JR LR 1}

K# = b



aannn

AN

T r N0

11

12

-

1 = 0«
18 ]
e z g
Kz . L]
HS L 3 1 ]

FR+IAsJR AND KR QRE VALUE aND LOCATION OF LAMGEST HlSlDUlL
CG+IG,JE AND K6 ARE VaALUE afD LOCATIOn OF LARGEST CORRECTION
NS IS NUARER OF SUPERSOMNIC FOINTS

START thTHIlD ROw IF FLOwW IS5 BUPERSONLE AT INFINITY,
REQUIRING CAUCHY CGATA

M1 = g

IF- {FRAACH, BE, 1.} K1l x. 3

DEFINE t:HTRnL ETRIP OF X=Y PLANE FOR HOAIZONTAL LINE RELAXATION
EXTEMOING FROM I =11 FO I = 12 W1TH wIOTH DEFINED BY STHIF.
STAIP = 0, ELIAINATES THE CENTAAL STAIP ’

S5TRIF = 1, ELIMIMATES THE OUTER STRIFY

F & ABRS( . S5eSETRIP®NX)

L 2 F

IF [L.EQ.NX/2F L = L =1

I1 5 LY sl

Is = LX el

READ FIRST THREE SLICES OF PRTENTIAL aRRAY FAOA FIRST (15C FILE
DD 2 L51.:3

BUFFEA- IH INLsLl) {Ef2 st +SCMM+MY L)}

RIVE U IN EVENT OF: DISC FAILUME

IF AUMITINEY 46T 0.) GO TD 10}

COMTIMUE.

SAVE OLD VALUES OF PDTENTIAL AT UPSTRpAN Z STATICONS
TO0 FEMERATE CQRAECT MIKED SPACE~TIRE nERIVATIVES

DO & J=1 MY

DO & I=1l,MX-
Biledu®l = GiEsaJull
GHLLL«J} ® SilyJell
GHALLyJr = G411}
K =2

5 = 2

No = KTEL =)

IF (H,EQ,¥1) &0 TO 1)

ADVANCE: 4N EXTRA SuILE IF VSE FLOW I5 SUPERSONIC AT INFINITY
WRITE FIgsT SLICE JF UPDATEY PuTEMTIﬂL AARAY ON SECONO DIEC FILE
BUFFER QUTINR2« L] (S 1l+Lo#)aG{MEaMT )

GIVE UF IN CWENT QF DISC FAILURE

IF (UNLTIN2h.B6T.04] B0 TO 101

READ FOURTH SLICE OF POTENTIAL ARRAY rROM FIRSY DISC FILE

BUFFER IN dNMIsll (G01eloRiaGIMXaMTs¥))

G3 To 51

WRITE 5&ICE OF UPCATED PRTENTLIAL MRRAY QN SECOND DISC FILE
BUFFER CUTINZ 1) (6AL1sLo k) s GEMXaMY ]y

4 + BLALZwYCOiIK}
o0 12 Jei MY

GrOiJ} = GlIZsdad}
GaNlJ} = GelaalodeZ)
G300 J} = GLIianded)
GaDiJ} = RiIi+lrJag)
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e

51
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DETCRAINE FIRERT AND SECOND CERIVATIVES OF SURFACE SLOPC
FOR USE IN RELAXATION SUBROUTIMES TYSWEER AND XSWEEP
Q3 22 [=24HK

nel B SBIL+14M1  =5001=14K)

o5K x S0{I,K+1F ~=50(I¢K~L}

Dell 2 S0{I+1+K} =SOTI.KF =ED(14K)} #SOLI~Lek)
1 A1) +0381

DEKK = SOITK+1D «SOUT4K} =SD{T+K} +SDUTyNwL)
1 #C3 1K) *D8K

DEIK B BO{T41<K+1}  504I=1,Ke1l} =SO(I4leKul} #E0{I=l Kel)
ET1RE) ® 21{1)wDSE

8211) ® CLIK}WDSK

SNACT) 3 a2{Iye0SII

82Z(1) B C20K)a0D5EKK

$%2Z01) S Freal(I)eClOK)&OSIK

UPZATE THE CENTRAL STRIP BY HORLZONTAL LINE RELEXATION
IF (1z2+GTWoIl: CaLl TSWEEP

GIVE UP IM EVENT OF DISC FAILURE

IF (UNITONR) 6T 0a0 80 70 101

AEAC SLICE OF POTENTIAL AMRAY FROM FIRST DISC FILE
IF (M LT,NZ] GUFFER IH (1«1} ASTLadend ol M MY+ 1)
UPOATE THE DUTEH SCAIPS BY VERTILAL LINE RELAXATION
IF (71+6T.2) CALL MNEWEEP

IF [I.Hé.!TEE-DR-"AHpLEaU-] GD Ta 5‘1

DETERMINE HEw JumP E0 & POTENTIAL ALONG SIDE EpGE
QF JOwNSTREAM TIF

10 = ITEL(KE  +)

GO 42 IZIDWLY

M = HE +2 =]

£ T EIMKY«2) =G{I.K¥r2}
ko = NO +1

EbfMG) = EO{ND) 4P3X|E  «ED[(NOL)
SIVE UP IH EVENT OF OS¢ FAILUARL

IF {UNEYINLI,BT,.n,) GO TO 101

IF {K.EE.HZ} &0 TD &1

SHIFT SLICES OF POTEMTIAL GRRAT

o0 32 Jal.my

DO 52 IT1,MX

GiLidel) = Gurlsdu2}

BILodo2) = GiTaduB)

GILada3l = GUIeJaltd

Gricde®) B G{I.Js1)

IMCREMENT I

K = K +%

G T4 1t '

WRITE LASTY T4l SLICES OF POTYEMNFIAL aRRaY DN S5ECDNCG RISC FILE
PO 62 L=243

BUFFER OUTEND 1] {GOIL+LleL)+GIMEAT LY}
GIVE WP IN EYENT OF DISC FAILLAE
IF (UNITI(NZ}.6T.0.0 B0 TO 101

CONTINUE

L = 1.2wFRARAD

SET Io TO INDICATE SUCCESTFUL COMPLETION
IO L3 |

HETURN




C

C

SET I0 To IMOICATE DISC FAILURE
ibk IO =0
RE TURN
EHD
SUBROUTINE YEWEEP
RoW RELAXATION
CoMMDNy GUADR, 264 kb SEPL,
1 ADC195) v SEFRaALLY M) 4 SEPD, A2 (195N SEPHAS(153] ,5EPS.
2 BOLZE I+ SEAG+EBLII A1 SEPY B2 I2E ) +SEPB« B3I 26+ 5EPY
L] COCER)rSEPLDaCLI33)aSEFEL, CR2 (03} ,5EF12CA033) 56PN,
4 SOLRS5 334 5EP L4, E0{129) 4EPLS 2O (129 SEPLS,
L] IVILO5+ 3354 5EPLT»ITELISA)  SERIBITEZ{ 23] o SERPLY,
[ HX s NY T KTELZRTER «HEYM SrAL L SCALZ,
T TR CTrANs SYRWy ALPHAZCAy SR, FRALH WL s N2+ 8B4 50
COMMON/FLOS BELCL93+261.BUF1,642{193,6) +BLUFS,
1 EXNLETA) yAUFI oSN L3 o BUFN 4 SZZ2 193 ) s BUF S
2 SXIL93) +BUFE,SZI1938),BUF? RO {193), BUFa+RLEADS! ,BUFT,
-] CO195)+BUFL10«DI193}+BUFLL.G14193) +BUF1Z+G2L193)
L] STRIBFL P 2ePEvBETAFARIR, JA+HR DG+ 161 )G 4G NE
COMMON/SWPS GLO{ZE) 13PAL G20 (26 4SPAZ, M I260 ySPAIGROL2&I 4+
1 el aNO LI HE MY MY rl o AAD O +A2« 2+ TYAW
W1 & 2
IF {FAACH,BE,fa) J1 = B
CiIl=l} X Da
ﬂfll-lj = Da
0D 12 I=I1.:12
ROLLY ® 1,
Ricl) = 1
611X = G{LlsJi=1lsL]
12 6521} # GL{Evdal}
o = Jl1
1a x 2
3l BC E =TLeAY{JisCR{K)
0D 32 IeIiel3
a8 E uTiwdX(IdudiiJi
AL = FLeAL{IIeCLiK])
e = s0(I.K} +8D0{J1
& & 1« =R0IIF #AQ4{I)™ADLI) +YPRTYP
M T ROLILAR
Ll = ROITwR
0GI 2 GLLelrvdwL) oG{Imindsi}
D B GilsJd¥+lel] =GRl
DGH B GILyJdel#l} =8K1(TIaJd)
DGEI B GrIvlsdolt =B{Ianol} =Bpladal) *EIT=Redel)
1 +B3(Y 0BT
0Ga = Gthodelal}  =BiTlautl} =ByIsdal]  *BiTedwlii)
1 ~B3[ )] 2DaJ
DEBHK = Gilvdeb*l) =B(Yanol) =G(Isdob) +G(Ivudyim])
1 «CEIK)%06K
DGy a2 BledaJ4+LoL) | *B{I=kadely ) -
1 wGlI+lsdJwlsl} +EiIwlyJel, L}

261
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IF 1ag.6E.
AXX
ATY
L 1
ANY
aYe
AXZ
BP
BM
B

A

B0 ¥Yo 38
NS
5
11
IM
IMA
AN
AYT
RZZ
AXT
arZ

BBl Hp AW H M o HwIH D

2

GlI#Laduldl) =GiI+1ledelwy)
=gl I=Lidsd*l} #Bil=lavrlLal]
GlIleJblel#d] =GiI+dedgl+i)
=Gl nd*lel=1) #Gclrd=lebkwl)
=B8R JkulE)
AECI D]
GY +5avAQ01I)
ROCEI*[C1{ M )mDGK
HE[Ue  +¥Wil)

XY  +hay ‘
DINCAAD, , 2¢09)
FHESZ{ [}

1. +SXIIJeSXCI}

¥V alUkSX{I] wWNEHI
Hiwy

H*AW ey
FH¥ i aW
LETET N )
AV

D=y
AL{E)wiAg
FH®AR =i
~[AKMUZEL(J] +#AZIZxSZIZ2{])
wlANHE[CAR(USY =¥3¥)  #{Eh

=QN¥eiUsADiI) #VerPl])

A8S{UmALII N

ABSIAVeBi{ M)

ABSCFASNACLIK))
ROC1)RBETRERASAMAXE (AXT oAy T+ AZTo {1
AmART

AaAyT

AERET
a) GO To 33
ANAnAZ{I)

iF#BA  =y¥=B2(J}
AIZwCEiK)
=RLIE) el AA®SXLE)
={AReHI +vd}®[BC
=UWa(AC +aC]

AXR

AXX

=AXK +ANK
AXXROGEL
+RAXTed61J

=EXALIdT  SCALAN({T) +SARYP
=CAXTP

~SI(I1%gT +5TAN]

+5710 0y

U

={UN  HUMIPEEZ{I)]ImGY
+50) s ey -

=RAII1 N}

+UVIELAL  +AB)

*BL}

«QLlw(AYY +AZF)
+AYYeOE U] SATTLORKK
+AYINE6IE  +aX?EDGIN. #R
NS +1
SLGNI1. LS

5

I =11

IMm =II
ULaAZ]f)
el FIRE
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GII#lsds@d) GElI=lody2)

GIIaddle2t afBiIsd=142})

Giledadd o5(Iydal?

6F Yo AT

NE #2 =]

S {DET +8 (M=l Jy@) =Bim+liJs2}}
p5E(D0JS  #5IMed=1+d) =O[MrJ+lo 2}
«ERIDGEK 4B {Mady3F aG{My ol
ALl{IYyeDGE +ESXeB1{#)*0GJ +CaxAQqIP
=H11Jp#D6) +BARAQIIY ~CanYP
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P & = SGRT(ARSF)
=173 4  =Jud) 414450
]

I +LI

KT

«Inia  +@0¢

HY

H 1

100, «FAACHSY

LF- {IL«EQ,IM) GO YO 51

IF {JJaMNEK
L1
KJ
i1
ot
a0 To 33
IF iu B4, 42

11 +MI
d KD

¥ EQ TO &L

Db 52 I=a.MX
DG 852 J=1l.MY

Gilsdudlt =
G1Inde2) ]

GlEnded)
GlEeds X2

+SARYP
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BUFFER LN (NL+1] (S41+Lq3)+GIMELNY 2]
IF SUNIT(H1) . GT,04F GO ¥O 101

Go To 31

00 &2 lagunN

WRITE {}nRIT+4101 (EW{I K] +Ku24NZ}

iF (LIsEQ.=1) G0 TO 91

REWIND M1
LY E o+l
In = 2

HALTE SIMRIT ELG)

WRITE (FWRIT,72)

FORMAT{%2HOLOWER SURFBRCE MACH MO CHART LM WING PLANE)
Go Ta 24

-
(=]
n

RETURN

FORMAT LML)
FORMATILN 3218
END

SUSRQUTINE REFIN

LINTERPOLATES POTENFIAL AT HESH POINTEG OF REFINED SAID

SUCCEESIVE SLICES OF TWE' 6 ARRAT REPRESEATING WALULE OF POTENTIAL
Oy K=Y PLRNES AT SJUCCECSUIVE yalugs OF Z,ARE AEAD

EROM ONE DISC FILE+JPOATEUAND WRITYEN QN A SECONMD DISC FILE
COMMON GrI98e 5 41 +SEPL,

BDCAMB b SEFERLELT )+ SEADw RZ (193} 4 SEPH ASIL9S5) L SEP S
BOL3E)+SEPLvALIBG 1 SEPTABR212613EPB RS (26} 45EP9,
COrA3FeFEPIQCRIAI) o SEPLL C2[ 03] +SEPLZ+ TR ATDSEPLSE,
B (193¢33) s BEPANLEDII2TN+SEP1S 251129 +5EPE
IVCLYAe 03 )« SEPLTLITELTAA) FEFLIB+ITER( 3D 3 +SEPLD,
N s NY e NE KTELyHTEZ s REYM o S Al (SCALZY
TEAWSCYRM s ST ANy ALPHM s CR9SA FAACHNLaNZ NS IO

Mx "N o+l

KT ENY 41

Y = HY 2

L Fd =N »)

Mxe F pE/2 ¥l

aro E NYS2 i

k4 T NE/R 4l

=

K ' 1

INTERPOLATE POTEMTIAL ARRAY &

READ SLICE 9F POTENTIAL ARRAY FROM FIRST DISC FILE
BUFFER IN ML 1] {GL1l.1+L)«GrMX0+MY041})

GIvE UF IN EVENT OF DISLC FAILWAE

If (UNLITENL) . 6T7.0,.0 GO TOQ 801

SHIFT VALUES TO LOGCATIONS IN NEWw GAID

W

= NY/Z2 ¢l
d E KY
I T MND

Il I A




I

L 1

54
52

111

118

122

13d

274

GEITsddely = G{Ivudull

1 I =i

IT E [1 =2
Ir ti,6T.q) Go To 31
v =Jd =1

N F Qs =3

IF 1J.6F. 01 GO TO 21

INTERFOLATE LN X

GO 82 Jel.MY.2

OR W IZZ Hx,2

GELaJa1) ® Ax(GiI#laJul] #GILI=badde1)]

INTERPOLATE EM Y

on 52 1x1.mA

ap %4 J=g HY, 2

GrTIadsl) & . SeiGdIvdeirld +64Lsd=le1))

GeIsMrady = o, ]

WRITE SLICE OF IWNTERPOLATED POFENTIAL ARMAY QN SECOND OI5C FILE
BUFFER DUTENZ 1} ABERableltaBiMELMYsll,y

GIVE UPF IN EVEWT OF D150 FAILURE

IF (UNITANZY . 6T,0.1 6D TO wQ1

INEHEH!HT z
"

2 K 1-1
IF (K.LE.MZD) &0 TO 1%
AE4IND M3
REWIND W2 .

READ FIRST Twh SLIcCES OF POTENFLAL ARMAY FADM SECOMD DISE FILE
BUFFER IN tN241) (6(LylelbobdMAsMY 1l

GIVE yP IH EVENT OF: ODISC FalLUuRE

IF {UNLTIN2),6T,.0.F GD TO w01

BUFFER By 1NZ24)) (611xt s3I +GMELMY a3,y

GIVE UF IN EWENT DF DISU FALILURE

IF fUNITIHEY 6T, 0. &0 TO %01

WRITE FIRSY SLICE OF FOTEMTIAL ARARAT oM FIRST @ISC FILE
FUFFER OUTINL«LF dGHEL L 1] GAMR MY, 103

GEVE P IN EVENT OF DISC- FalLurg

IF JuNLITyndd,.5T.q0.7 GO TO wpi

[,

1
INCRENEAT 2
K 2K o+l

INTERPOLATE 1N 2

00 112 JuleMy

U8 112 IspeMx

GLLiJs2) = 38(E(Iadal)  +BATsdy ST} :
HRITE Fud SLICES OF INTERPOLATED PUTEWTIAL ARRAY
ON FIRST QISC FILE

OO 124 Lag,3

BUFFER QUT{ML«1} (BLlsdeLbsBCMRIMT L

GIVE yP IN CVENT OF D1SC FAILURE

IF (UNITUNE).G6T.0.} GO TO %03

CONTINVE

IF (K EG.RZD) GO TO 201

SHIFT SLICES OF POTENTEAL ARRMAT

00 132 vEldMY

GO 137 Isl.M¥

Gilady1) = B(I+0u3)




s

C READ SLICE OF POTENTIAL ARRAY FROM SEcOne OIS: FILE
BUFFER IN IN2y1] {GLL«Lodi«BIMXKsAT3))
£ GIVE JF IN EVENT OF DISC FAILQAE
IF {UNITINZ2) . GT 0.0 BD TO %01
5 Tg 111
201 REWIND H1
REW1HD M2
M SET YALUES OF POTENTIAL AT QUMAT FOINTSE BEHIND BQUNOARY
c READ FIAST TWREE SL1CES OF FanuIIAL LARAT FROM FEIAST QIst FILC
00 202 LE1eB
BUFFER IN (NLs1] (GEC1lelrk)eGIMKaAY L]
C PIVE UP IN EVENT OF DISC FAILUME
IF 1unITINL) 61,00 GO T 44}
202 CONTINUL

[ WRITE FIRGYT sSLIcE OF FOTENTIAL ARRAY pM SECONQ DISC FILE
BUFFER OUTIMNZ+1) {6{Lai+1)4E{AXaMTr1 )

= GIVE P Iy EVENY OF GISC FalLuRE
LF JUNITIN2) ,GTY,0.} B0 TO %D1
TYAW =  SeSEALESYANSCYAN
Hn E KTE1L =1
EDimO} ® D,
K ¥ 2

21z = SCALZeCQ(K)

] = HD
I ® H4Xbp  +1
IF (M LT KTEL.OR . K.GT.KXTE2) &0 TO 251
I1 a ITelixi
12 £ ITERIK}

¢ ITE] AND ITEz ARE LOWEA AND UPPER TRATLING EDGE POINTS
09 12 Isjlyld

c DETERMINE SLOFES SK+351 OF SHEARINE TRANSFORMATION
51 T S504I#det »5011=)tK}
1191 ® SNIL.M+d) ~S0{EyK=1)
5k = AL IpxDSI
52 = LK) eDEK
DGl 2 GLI¥1sKYee) =6{I=1:+KTy2)
1714 2 G{YsMY¥a3) =BIIaKYTsll
1] & AYEX¥wDG] +CA*AD(Ll] +SAsI0{I1K}
W = C1iM)=0EK *5¥AN
FH 2 ADAYRADTY 45O EKieSDETeK)
¥ = BLINYIw(l. +EX®SY +FHuSrv52)

c SET POYENTIAL HELOW SUAFACE TO SaTISFry oQUNCOARYT CONDINION
BLE SOIAKYFL, 2] » GLLWhT=1.21
L w»(CARSO{Iarn) ~SAMAQLIF +USSE +FHeNESE) /Y

Mo T il L
c RESET TRAILING EOGE JUMF EQ In POTENTIAL
EdiND) ERIIZaKY+2) =G(L1,KT,2}
L] F WD
I x 11
IF lH.ME.HTEE-ﬂH.TlH-LEtD.! E-IJ l'ﬂ Eﬂl
= RESET JUMP E0 IN POTENFIAL ALONG SIDE EODGE OF DOWNSTREAM TIF
221 1 1 ¥l
| E X +2 ~1
HO N0 O+l
EQIND) 2 BIMNKT+2) ~GILcKY2)




el

P4l

IF (1,.7,.0%0) 680 TR 231
I = Ii
221t 2 F e

E = O

IF 1Iyil.®daNE, 1} 60 TG 257

I¥ = 1 INQLICATES YORTEX FOLNT

INTERPOLATE guMP E IN POTENTIAL

TG SEFf FPOTENTIAL AT QUAAY PODINT BELDY ¥YORTEX SHEET

22 = 2 =TYRUSAD{L}we2
235 EF 1Z2+BE,Z0(H=1)1 GO TO 235
N - N =1
60 To 233
238 R/ 2 (22 ~20(Nel}}Z120EN)  =ZaiNaL))
€ & R*EI(M)  +{i. =RI*E0{N~-1:
237 n = gx +2 -1

GLLsKr+*143) = GIMKY=L1el} ~E
GEMKYd).20 = G{[ KY=slsZ} +E
IF {Iyil M aNE~}) GO YO E¥]
IV £ »1 INDICATES POINT ST BEYOND EpSE OF WINE OR. YORTEX SHEECT
HENORMALIZE POTENTIAL ON CITHER 3I0E oF CUT AT MEAN VALUE
G{I«KY¥Y12) E ZSeB{Ialrsll #,29iGILKYsEl #G (MM 3}
IF 1Ividamel), T, 1}
1GckeKY121 E LAwGEI oK) @506 (I KY+1) #G(MeKY 111
GIHrKT 2} = GL1KT42)
SLIeEYn]l,2) = ,EmiGlIedT2) HBLIL4KTm2:2))
GIMiKY= w2 3 LOxi6{MpAT+2) +G(MyKT=2x2}}
a4l EF 1I,8T,.23 GO YD 231
IF K EN NI} &0 TO 2&)
SHIFT SLIcES OF POTENTIAL ARAAT
0 232 Js1rHY
oD 282 iml+Mi
GiErdsll = GlIgdu2d
252 EtIthE] = E‘Itdlai
WAITE SLICE OF YPDeTED POTENTIAL ARKiy OM SECcOND DESC FILE
HBUFFER DUTINZ 11 {841, Lelb+GARKaMY c1 by
GIVE yP IN £yENT OF OFSC FRILURE
IF fUNLTANR) ,6T.0.1 GO TO »O1
READ S5LICE OF POTENTIAL ARRAY FROM FInST OLESC FILE
BUFFER 1IN fMNL.1F 1641 abedfariMAaMY s}y
GRVE WP In EVENT OF OISC FAlLURE
IF (UNITINLF.BT.D.) &0 TO 4D}
TMCREMENTY Z
[} = K +1
Gk To 21}
261 EO(NOsl) = g,
MRITE LAZT Tyud BLICES OF POTENTEAL ARpAY On SECOND OFNSC FILE
DO 262 L2323
BUFFER QUTINZs1) (G1lelab}oG{MEsHY L}y
GIVE UP IN EVENT OF DISC FALLURE
IF (UNITIN2).5T.0.) GO TO obi
Se® CONTINUE
REWING My
REWIND ND
COPY FINAL VALUEE OF POTENTIAL QN FIRSY DISC FILE
00D 502 K=leM7




O nROn

Ing

a4hl

11

7

BUFFER LN (M2,L) {GELelel)EcMiAY 1]}
GIVE UF. IN EVENT OF OISC FAILUAE

1F {UNITiN2Y 6T,0,1 GO TO #g3

BUFFER OUTINL+1) (6[Leleol) 1 G(MXeMTs11}
GIVE UP IN CVENT DF OLSC FAILUAE

IF {UNLTANL) . 6T,0.) 6D TO w01

CONTINUE

SET In TO INDICATE SUCCESSFUL COMPLETION
o Y

RETURN

SET I0 70 INDICATE DISC FAILURE

10 L]

RETURH

END

"EVORIUTINE SHAD

20 (A O B

SMOOTHI POTENTIAL

8Y MEPLACIMG THE valuE AT EACH POIMT aY a WELGHTED AVERAGE
QF THE VALUES AT NELGH3QURING POINTS .
BUCCESSIVE SLICES OF THE G ARRAY AREPRAESENTING wALUES OF POTENTIAL
UN Xe¥ FLANLY AT SUCCESSIVE VALULSE OF Z.ARE READ

FRON ONE QIS¢ FILE,UPOATEC,aAND WRITTEy ON a SECONG OISc FILE
COMMON [ASRETFCTEERE- 28 I

AOf195) 4 SEPR AL (AT SEPSAR[LY3) SEPY AR 195 SERE,
AO{EEIaSEPEYBI(2E5 ) SEPT4B2026 )« SEFDBI26) +SEPS,
COIBS)+SEPLOCLINAY W SEPLY CREBAT+SLPI2+CAI3INSEPLS
S0(193+ 53+ SEPLYG WD L2F )+ SERL S Z0 {129 ¢ SEFLG
IViE93+ B3+ KEPLI VL ITEL(33) 5EPLIB,ITEZ(23) ,5EP1T,
HEAHT AN KTEL ATER KSTH S ALy 5CALZY
fﬁﬂgc'ﬂut ET“H].-LF‘Hh*cﬁ IS:A..FHA:H- "1 1”2-"31 ID

14 ® NX +1

(14 = HNY ¥}

MY X NY +2

My ® N2 =+l

SET SMODTHING PARAMETERS

L = 1e/B,

PY ' 1,78,

51 = 1.76,

READ FIRST THREE SLICES OF PPTENTIAL aRRATY FROM FIRST Q1S8C FLLE
D3 2 L=1.% .

BUFFEN IN (N1+1] 46TLa1+L)oB{MXaAT LI

GIVE u® IN EVENY OF DISC FAILUHRE

IF fUNETINL) GT,.0,1 G0 TO 51

CONTINJE

WRITE FIRST SLILE OF PFOTENTLAL ARAAY gN SECOND DISC FILE
BUFFER DUTIN2.1) d6G1iLs2vl baGIMANT1dy

GIVE UF IN EVENT OF QI5C FAILURE

IF IunITiR2) ,GT.0.F B TO 51

L] = ]
INCAEMENT Z
.3 K +1

GEMERATE SMOQTHED vALUES OF POTENTIAL FOR NIDOLE SuLICE




218

Q0 13 JEI, NY
0D 14 1x2,Nk -
t% Bilsdud) =11, =PX =PY «~PZING{isJ, 2}

i e SEPXe (B I Fhedr2) FELA=1+dni2)}
2 e SHPTRI{G s la2) #GTLeg=1420)
3 e SRPZRiB Tedn 3] F¥H{Lsdyr 1}

BilesJu®! = GikeJd+2)
12 GiMNgJi%) = GIMEsJde2]
LEAVE ADUNDARY VALUES JNCHANGELD
00 1§ Izl Mx
GiLadot4} = G{I,1:2}
Bike2a%t 5 GILIeZ+2)
GileMrs+¥) = G{IvKT 2]
16 GiIeMred) & GILI+MT2)
WRITE BLICE OF UPOATED POTENTIAL ARAAy 0N SECOND QISC FILE
BUFFER DUTAINZe1] [GLLaka®) +G(ME MY uit)
GIVE JP Ty EVENT OF DISC FAILUAE
IF (UNLT(HZ,6T,0,) &0 TR 31
IF [(K.,EQ,NZ} BD TD 31
SHIFY SLICES OF PUFENTLAL ARRAY
Do 22 Jali MY
00 22 I¥pMX
Gikedal) = HlLxde2]
22 GiLoJegl = BiIg-dyd)
READ SLICE OF POTENTIAL ARRAY FROM FIgST glSC FILE
BUFFER LN (NIsl) [G(1+1+5)«S(NEaMY 3Ny
CIVE UP [N EVENT OF DISC FAILURE
IF CUNIT(NL1I,.6F. 0.} 60 TO 51
a0 TQ 11
WHITE LAST SLICE OF UPOATED POYENTLAL ARRAT ON SECDND OLS5c FILE
31 BUFPER OUTIN2+3) (GEd+1e3)+S(MX+MY a2,

RIVE UPf IN EVENT QF LISC FAILUME *
IF {UNIT(HZ},.60,.3.) GO TO 51

REWIND N1

REWEND HZ

COPY FINAL VAWVES OF POTENTIAL On FIAST DISC FILE
00 L K:1.A2
BUFFER L0 4M2y3] [FcdlaLel)+OiAR+MYal})
BIVE UP 1N EVENT OF DISE FAILURE
IF SUNLIT(NZY.ET, 0.1 60 TO 31
BUFFER CUTINL 1) [(G{14Lad1]+G{MK4M¥al}}
BIVE yf IN EVENT OF DISC FAICURE
IF CSUNIT{(N1).GT, 0.1 &0 YO 51
w2 CONTINUE
SET I0 Y0 INQICATE SUCCESSFUL COMPLETLOM

10 L2

RETURN

SET IO Ty INOECATE CDISC FalLureE
51 I4 ®q

RETYAN

ENU
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21

SUBAOUTINE SFLIFEMeNsSaF+FPFPFoFPPR KM, YA« KNV MOOE s FaMs THOE
cugic BFLINE

SPLINE 1% FITYED YO ONTA ARRAY F AT HAOES S
FROM INOEx M 1o INDEX w

KM = 1+8 OR 3 INODECATES THAT FIRST.SEcOND 0K THIRD DERIVATIVE

1%
L
Ig
IF
oF
30
£

IF

GIYEN vALUE vM AT POINT m

% 192 OR 3 INDICATES THAT FIRST.SECOND DR TMIRG
BIVEN VALUE VN AT POINT N

MODE = 0 NOOAL VALUES OF FIRST,SECOND AHD THIAD
SPLINE ARE STOREC IN FP.FPP ANO FPPP ARRAYS
THAY FITVED VALUE AT & OLISTANCE M BEYOND & NODE
+FPeH  +FPPaHew2/2, +FPPPaH#3/6

MOJE BT O FPPP IS5 GIVEN THE NODAL wALUES OF THE

IHSTEAD OF ITS8 THIRD DEAIVATIVE: STARFING WITH THE
THEN TAL THIRD DERL¥ATIVE {AN A RECOVLAED AS
[FPP{T+1) =FF{Ip2AiE(1+1} =5i1))

INg IS SET EQUAL TO & IF 5 IS MOT A MONDTONE ARRAT'

OIMENSION E{1)4FIR}FRILFFPPILYFPpPi]])

IHD a0
K = IRBSY{N =M}
IF (K =L) 21+8}:}
1K = (W =M/

1 N
o T A K
11 = 54{J) =8(]]
[+ = DE
IF i0S? 1181411

11 OF & (FiJdy =F(1))/0B
IF 1KR mZl 12413,1%

12 U ® 3
L = Fam{0F =V¥M)sDS
an 1D 2%

12 4 £ 0a
¥ B VM
60 To 13

% u 2 ala
¥ = =0SxyN
GO TO 25

2k 1 x
J = d #K
s = SiJ) =5L1)
1F {0wDS) 81l.81.2%

23 br ® {Fid} ~=~F(I)}rO0S
1 ® 1.7{0% +03 4U}
u = px0=3 .
L} = b, wDF =¥}

2% FFRiI =V
FRRIT) =¥
u | (s =103
y 5 E.*0F +05ay
IF 1d  =Hl £1a31,.21

AL IF IKM  =B] 32.35,34

aky E {G6a®yN ~¥IFU
ap To 35

33 F Wl

DEXIVATIVE
DERIVATIVES
L%

INFTEGRAL OF F
¥akLue Fgm




rAOAMRONDOON

14
53

ki

£l

Bl
Tl

11

250

&) To 3a

v T {OSeyN +FPRIIIF/ (0. +FPyIN
] "y

1] ® OS

[1}-] B E(J] =841

u E FPPYIIY +FR{I}nV

FPPPLTL = {¥ =/0E

FREIY} 2 u

FRLI} X {FiJ} =FLL31/05 =DSa(¥  +#0  +U) 56,
¥ L T

o a2 ]

I = =K

IF [J w™) S1,.51401

I SN =i

FePRigt = FEPPLL)

FRPLN) =B

FPIf) x OF 00{FPPILY +B +3)7g,
(4] z 1

IF (MDOE) SL.E81+61

FPPPLJ} = FEA

¥ = FPPLJ}

I z

o E o #K

us = 5dJp <5112

u 2 FRPPILD)

FPPPILJ} = FEPPLIY 4, 5eDBa(Fil) +FiJ] =DEe0Ex{U ¥Y)1/i3.])
) 3 U

IF (0 -~M3 T1.81.,71

RETUAN

END

SUEROUTENE INTPLIALI+NIaSIsFL1M+fivSel s FF+FPH  FPPF L AGOE )
INTERPOLATION USING PIECEWISE TAYLOR SERIES

AS GEMERATED BY CU3IC SPLINHE oW I¥3 INFEGRAL

VALUES F.FP+FFFP aND FPPF DF FUNCTION AND JTS FIRST.EECDND
AND THIARD DERLVATEVES ANE GIvEm AT NODES 5

FROM INODEX M YO INDEK ¥

INTEAPOLATED VALUES FI AME GENRRATED at POINTS £1

FROM IAGEY M1 TO INDEXE N1

IF MgoE 6T 0 A CORRECTIGN k% auvoED

FOR p PIECEWISE CONSTANT FOURTH DERIVATIVE

S0 THAT INTEGRAL OF Cudit SPLINE I3 EvALUATED EXAGCTEY
DIMENSION  SECLFoFLC104BELF-FC11aFPI1) +FPPI1)sFPPPIL)
K

= [ABS(H ~m}
K = 1N MY IK
1 =M
MIN £ MX
NIN = N}
1] x SN 151
IF (Cei{B3I(N1} =SIfATIF} Lle1%+13
MIN = NI

A1A = MI




13
19

23
51

53

34
1)

w1

11
12

1%

1&

22

2%

28

KI T IABSINEN =RMIN}
IF {KI} $1:+21,15%

K = (NIN =MIM)SFK]
Il E miN =KI

C = 0.

IF (MODE) 31,31.23

C "1,

I1 = Iy K@

55 s SHOEL}

I = I 4K

IF (I =N} 3%,37,38

IF (0wiS{r) =E5)) 35.52.37

ol =1

I I =K

58 E 55 =51

FREPp = CalFPPPLJ] «FPPP{INIAIS ()  ~5{I}}
FF = FPPPLI)  +.29%35wFFPPF
FF = FRP(LY +554FFr3,

FF = FRLI)  +.349550FF
FIetly = P{I} +E5EFF

IF (IT =MIN) BLle%Lls31

RETURY

END

SUBRDUTINE GRAPH [IPLOToE1sI2+ X YoCP TITLE«FMACH: TAAL,

ZaCL+COyCHORGD)

1
EENERAFES CALCOMP PLOF DF WING SECTION

AND SURFACE PRES3ZURE COEFFICIENT

UIMENSION  X41pa¥i1beCPILF+TITLECLZ) (R{1Z}

LF (IPLLT.GE.O) GO TO 42

INITIALLZE FLOTTEA LF IPLOT LT 3

CALL PLOTSBLI10D0,2AHANTONT JAMESON Xi09%nd)
BEFINE ORIGIN

CALL PLOT ILs25el 0a=3)

WRITE TETLE AND ELONW PARAMETERS

ENCODEL 4B 124RC1FF TITLE

FORMATILZAN)

CALL STMROLIOsxQan i sRal, i}

ENCODE{40, 3%, Rl FRALH YA AL .
FORMAT(SHN = JFB. Ty I3XN+BMYAN 7 +F 5,251 EMALF = 4F5.E)
CALL SYMAQLID.v=u2%5r e 1HeRa0, BV

ENCADES 404 164RILT I1CLell

FORMATIOME = JFB. 245K 8M0L = JFE. Q323X SHED & LFh.9)
COLL STHMBOLLOyuw Sysl%+RyD: e

SCALE mHD TRANSLATE PROFILE

AMIN = ALl

00 22 Islial2

RMEN F OAMENLIX( T« XMEIN)

SCALE £ &, /CHIADG

oG 24 ISIiI2

X1 £ {AtT) =XMIN}*SCALE .8

il = YTI)wGLALE »,73




T N N n

nn

26

b}

%

LOCATE FRONT STAGNATION POINT

CPMAX = 0,
tmax = 11
Nl £ I1 4l
N2 & J2 =}

00 26 IxNl+N2
IF (CPtl) LE.CPMAX] KO TO 26

CPMAX s CRIL)

ImAX = I

CONTINUVE

H £ IR =-I1 +1

CRAN PAOFILE

CALL LIMECXUILF oYL Moo 041uluplentll, +1,)

SHIEY ORIEIN

LALL PLOT (0. sioBr=31 )
DRAW VEATICAL AXIS

CALL AXIZ(0sumd ¢ 2HCP 2+ 8s e FDutd 2=y 5.:0)

MARK CAITICAL PRESSURE COEFFILLENT ON AXIS

[ -1 ® ([({5, +FMACHex2}/B . JueB, c =1.F/ 0 TEFMACHN2|
IF (CPC,GEx=2:0F CALL STHBOL (DusnRaS0CPCy o004 L340, 4=1)
FLOT LOWER -SURFACE PRESSURLC COEFFICLENT

DD 33 IxzIL«Imax

IF AL I AT, =2,0) GO TO 32

CALL SYMBOLAX( L)y =2+SnCP{T) 1,07 +20%%,v=1)

COoONTENE

PLOT UPFER SUAFACE PRESSURE COEFFICIENT

OO 34 ITIMAX.I2

IF (CPIT).LT 2,01 6O KO 3% .

CALL EYMBOLIXCT) vo2 e SREPIL) o 0T 030, 1]

COMTINUE

SHIFY ORIGIN FOR HEXT PLOT

Chah PLOTI1Zaer%sT4=3)

RETURN

END -

SUSROUTINE THREEOC(IPLOT SV EM-CPaRe Y TITLE YA+ ALY

3 VRO, CL+Cly CHQADOY

GENEAATES DRAWING OF WEING AND THAEE DIMENSTDMAL PLOTS

OF PRESSURE COEFFICIENT QVER UPPER ANp LOMER SURFACES

COMMON GrEo3. 2+ Q0o 9EPL,
ADTLE3 v SEPE AL 1T o SEPS, A2 (193 )+ SELN v AS(L RS} 1 5EPS,
BOC26 1 +SEPS+BLI 26 ) +SERPT B2 I26} «SEPSBRN26) «SERY
COCE3 s SEPLOACL[I3)+5EPL1L, LR (3T SEPLR L350, SEPLEy
SRLL193+ 52 SEP19 , E0H12%)  2EPLS+ ZD{ 12V I SEALE .
IVI193403)+SEPITHIYEL{S3) , SEPIQITEZ L33 45EPLY,
MNNY . HE e KTEL KTE2 o KEYM, SrAL . BCALZ
TAMCTRAM ST ANy ALPHA s CAp A, FRACHw NI N2 vl kD

OIMENSION AL o X IL) e SWEL) «SMEL TP F TITLECIZ I oRILE}

LX NKsFE2  +1

Mx ME 4]

MY NY o+

SET HDOARIZONTAL AMD VERVICAL ESHLIFTS

=i B W im RO e




11

12

21

E. T

4

1)

%1

42

SX = 2

X = 5.5

] § = 2a.T%
or ® B,/ /HZ

IF (IPLOT,GE,D) GO TO 1
INITIALIZE PLOTTER XIF IFLDT LY O
CALL PLOTEBL{LOO0«4HANTONY JAMESON X1D%%G3)
BEFINE DRIGIN
ﬁlhk PLOTIR+ 2%+ L, 0x~5)
=1
WHITE FITLE FOR DRAWING OF WINU
ENCODE(12+24RIL}
FORMATIIZHYEEW OF WIHG}
CALL ETHEQLIEtliiill“fniuuiiai
AEAD FIRSY THAEE SLICES OF PRTENTIAL pARRAY FROM ©IaC FILE
O 12 Lxy,3
BUFFER LH INg+1F 1G1LsLoLE+GIANaMY L]
GTVE P IN EVENT OF OISE FAILURE
IF {YUNITANLP,.6T40,2 G0 10 1p1
CONTINUE

! - 2

INCRENEANT Z

K K #]

IF (K.GT.KTE2) &0 TO &1

SHIFT 5LJICES OF POTENTIAL LRRAY

00 22 J=ji. MY

DO 22 I=1.MK

Biledudll = GLOuJ2D

Gileds2) = GLIrdyB)

REAL SLICE OF POTENTIAL ARAAY FAOM DISC FILE

BUFFER IN (HL,Ll) 4GLR1+3 01 EIMALMTE)]

IF [UNITI(NA) . GF, 0.0 GO TO 101

GIVE u¥ IN EvENY OF DLEC FAILUKE

IF (W,LT.«TELF GO TO 21

I1 = ITELIK}

1> = ITE2{K}

CALCULATE SURFACE SPEED SY.MACH NUMBER 5SMyPRESSURE COLFFICIENT CP
AND COOHDINATES .Y OF WING SECTION

ChnL VERD (R Z+SvVaSMeCPuXaTh

IF 1K,6T.#TELI GO TO W)

MRITE TITLE 4HD FLOW PARARMETERS

BEFORE GEMEAATING PLOT AT FIRST SPAN 2TATION
ENCODE{48,38,AIL)} TITLE

FORMATIL2A%)

CALL STYMOOLL ¢S+ DuvalvAal,ehi}

ENCODEY9D, 3%, A(1)) FMACH.TR4AL

FOAMAT{MHM = 1P, 343X 3HATAN = +FI 24324 BHAF = F3: T}
CaLL EYMEOLI .Sy wa@SeeltvArlagul}

ENCODE {404 36.A(1)) ¥Ry CLyCd

FOAMATIGHLAD = yFB,2+5K45H0L = s+ FG UaaX+SHCD = +FBu W}
CALL SYMBOL{ e DrvrsSaaltsA D anl)

SCALE AND TRAMSLATE COORDINATES AND PRESSURE COEFFECIENT

XHIN u x{Ily)
G0 42 I=Ii.12
AMIN = BRINYAR{ILF o EAIN}




(1)

5¢

i

&2

(1)

. Tl

10l
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SCALX & 2+37CHOROG

ZCaLp 2 &h,25

DO we Iz=iirl2

Xl B IXIl) =NMIMNI&SCALE #5K

Tily 2 YrIrsSRALE +ET

CP{L} & SCALPECFIIY 5T 1

INCREMENT YERTICKL SHIFT FOR pEXT Sfan STation
sY = 5BY 40

IF (M.£9,2F GO TD 1
IF M = 1 pRAW WING ESECTION
H S 12 =11 +1
CALE LINECKATE) oY {LLYaNalod 1 alusland, 2]
B0 To 21
IF M £ 2 PLOT PRESSURE CDEFFILIENY UYER UPPER ANDO LOMER SURFACES
] & 2 =Lx +1
PLOT UPPER SUHFACE COEFFICIENT AT LEFY SIDE OF PABE
cALL CIRE(NILX) r PR e+ Dn e dguivrnandal
=X Il #L
TRAHSLHTE X COORQINATES fo RIGAT
00 52 Ixf1:LX
Ki{Lb = AtL) +TX
FLOY LOWER SURFACE COEFFIC1ENY AT RIeyF SIDE OF PAGE
CabL LINE{XATL) 4CP (Il sbrdr0adalynlusnand,}
60 TD 21
AEWTND KL
M M4 .
SMIFT ORIGIN FOR NEXT PLOT
CaLL PLOTIlZ.40, =2l
IF Im,6T1,2) GO To 1}
RESET AORIZOMTAL AXND VERTICAL SHIFTS
5x = 0,
5Y E 2,75
WRITE TITLEE FOR PRESSURE PLOTS
ENCODEL{ 24, 0E4R[1)]
FORMATI 24HUPPER SURFACE PACSSURE |
CALL STAAOLIG. s o SeadleReD, 20)
EHNCOBE I 2w RO R4
FORMATLZWHLOWER SURFACE SRESSURE |
CALL SYMBOLAIS .Sy (SesdW R0, 2%)

gD 1O 11

SET IC TO INDICATE SUCCESSFUL COMPLETIDN .
10 = ]

RETYAN

SET ko 1O IWDICAYE GISC FAILURE

10 =g

HETURK
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7. Listing of Quasziconservation Option for Frogram H

Thiz is a lis+ing of an option for Program H that gives

correct resolution of the shock conditions Ly wsing the theory
dazcribed in Section 2 of Chapter I. The results cobtained from the
option agrex almost parfecily with.thnse of an exact, or full,
consarvation form of the finite difference schene. We do not list
the exact form because its computation time is about forty parcent
longer than the listed coption. The option is based en a centared
finite difference approximation of a guasilinsar wgquation for the
valocity potantial ¢ ocombined with artificial viscesity terms in
true consecvation form, Further details about this new procedurs
will appmar ip & later publication. QOur limited sxperience with it
indicates that it dows not give such a reliable ovearall sinualaticn
of boundary layer shocok wave interaction as does the old Morman
subroutine it replaces (sa& the seventh, gighth and ninth pages

of the li=ting of Program H).
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LISTING OF SUASICONSERVATION DPTION FOR PROGRAM H T /1B TR

nan

e M

10

s¥=uT0 USE TWIS OPTYION REPLACE THE SUBAOUTINE AURMAN FOUND »exw
wkugON PAGES T THRLU 9 OF THE LISTING OF PROGRAAY H AY THE [T} 1)
wxnpFOLLOWING NEY VERSION. LAt L
SUANBUTINE wiJAMAN

SET UP COEFEICIECNT ARRAYS FOR THWE TRIDIAGONAL SYSTEM UsSEOo FOR LINE
RELAXATION AND CONPUTE THE UPDATED PWHI ONM THMIS LINE

COMMON PHI(AG2+3L)+FP 162w 31 +A{ILFeB{I10abi3L2043R)E L1321
1 AP I +RAPc AL aRILIARAGE 311 WRTIAL ) AR (162 BBL162) O 162}
2 vSLile? 1 PHIRILGEI o XCILE2IYCL1GRHFMILG2 I +ARCL LAER) . O5UMI152)
3 AANGOLD (1621 +X0LDJ 121+ YOLO (162 vAREOLD c162 . DELILD{ 162
COMMAEN sad PI+TP1ARD EMr kP +RNePCHAXP+TCxCHI DPHE vEL s RCL TR
1 s XA YA+TENT+OROELTHOELA »RA«DCNDSN RAGERSTL yAERITC1 L2
2 tCur S BT eBET e 3 TALFSY N v SEPSEPM TTLE I %) s Mol o MM whiy Y59
3 I J IR P MODE s TS+ HFC A NC Y e AN s NG IO TMe N2 o N vl oy T 1XX
“- [ ] MPTE.‘L-I.LSEPgH“

AIMENSION YyiAS: RPOTAS)

DATA RPD/39el.

BETP 3 BETA, 35

D0 THE afulipgRY

APILY = D,

APINNY = 0.

KK = 0

FHIOD & PHIC(T.2k=2a0RMCOLE)

FHIYP=2 PHI{YI,20=PHI{I.1}

BPHITTY PHIYP+PHIO=FHI1I 11

pHINY PHIAI*La i b4PHIr el sl =PHEt T4 1 =pPHI(I.1}

PHIYEM PHIGI*Lo1b=FHIILeL, 1)

PHIxP PHI T#142}=FHI(I=1,21

CHECK FOR TWe Talw FPOLNT

IF (I.HE.MM; GO TO 10

Cily = i¢1tc1pvAsit]

Bfly = ~Crli+XAsCL~-C1

1LY & CLiPMIXKeRE(LIMPHITY +ARARCOI T =EqL )

&0 TO &0

U = PHIAMapELFH=5]tI)

gd UsFP{l.1)

Qi UeBR

£5 = C1=C2x0E

AR AAuase(FP{l=1.11eFpII¥1:10)

¥ = RAGw{CS+QSI L0}

Cikp = (CS+CEVIRRE{LY .

CHMRS = CS-0%

B{1r ¥ CHASwPHINX+CSmAS1L)ePHIYY + RI{1kwpd + X + RPPIL)
PHINTY = BETOeASS{U}+ARSLEMAE .,

TF [CMES,0FE,.0.0 &0 TO 3D

PLOWw IS SUFERSONIC. BACKWARD DIFFERENCES

KK = 1

PHIXY = PHIXT=CHMAS

ALy = =~iL(14PHINT)

APP{LY = CMOE®PHIXY

D1l = Dil)aPHIXTSELL b=RPFIL)

G0 TO 4b

FLOW SUBCRITICAL, CENTRaL DIFFERENCES




10

L1 ]

80

2a7

E1) = XAwCMOS=CI1)=PHIXF

Giky = O{1)=®HIXT®ELL}

BPPILF = D,

0¥ WOH-BO0UNORRY PRINTS

B0 50 J = 2.m-

PHIER = PHI (I +La ) +PHLiE~L o d)=PHIGT o d}aPHICTJF
Ol = PHIXP

PHIXP = PRICI*LaJ*L1=PHI{I=1,d+i)
PHIXY = PHI¥P-PHIKY

PHIXM = OU

U = OUsDELTH

FHI¥Y = PHIYP

PHI¥YF = PHI T 4JdelF=PHI (I«

PHEYY = PHIYP-PHITH

oz A4 Jrwbu-sTdIk

oY = AL IPRTdIgdel 1 =nFHLSI =1 Fi®DELR
¥ = DWERCJt =D TR

VY¥ig) e v

RAYV g ROJwRAEY

AR & L./FPiT J}

pOL = BAxU

U3 x gadry

uvy = (AGU+BOIFI=Y
¥3 = BErVFY

2S = USsHVS

£i = Ci=02%0s

cMYE = Ch-Vg

CMUs = [E-Us

cOMPUTE ¢ONTRIQUTION OF REIGHr«HAAD SIDE FRUM LOW ORQER TERAMS
Bl =RAN* MY S RS-y mDV U e DU IR J) +RE+ B+ {UIFPFIt =14 )=
1 FRPeI#l o) I aRAYRIFP I delb=FP I +d+1)2]

VY = +GSeBOUsRAY

Cldy = RSIJYICMVE

Bldy = LI}

Oidl = DAY 4 (I RPHI Y YUV R PRLKT + CAUS2PHIX K+ RPP L)
CSgs = ES/0%

CMES & CS5Q5-1.

eHIXT = BETPaABS (N

FHIYT 5 BETPeABSLIRAV)

1F CMEs,.GE.0.) GO TO G4

SUPERSONIC FLOW. WSE BACMWARD QLFFERENCING
KE = Mu+

PHIXT £ PHINT-CM@Se(E+US+ABS1UY) ) +CEaSsys
PHITT 3 PHIYT-CMOSa(REIJINIVS+VEIHABS LUV

atJdl = RSLJoC5USeUS
CiJr = BLJI4+PHITT
8iJ} = =[CCJ)*BAJIPHIXT)

RPPrJ) = CHMaS={US*PHIXY + UUsPHIXY)
RF{J) = CHOSeRS1 JInVEsPHIYT «RPO{J)
RPO(J) = CH&S#LVePHIXY

B0 T &0

SUBSONIC FLOW. USE CENTRAL DIFFERENCER
Cid) = COJF&RHITY

PHINT = PHINT+CMLYS

L] = XAwEMUS=AAJpeC{JI»PHINT




&0

e

10
5

263

RPFIJI E [I-

pP1J) = RPD. I

kPO & OF

BiJl = DH I aPHIXTREL ) ~RAP{AI=AP (]
ok 7o J ® 2.H

tF ryWiJk.LY.D.) B TO 72
i ® DEJIRPIJ¥L)

z0 T8 7D

Al = Bid)

iy £ CCJ)

Cldl = 9@

aldy = BiJdisRPiJ=1)

CONTINUE

HSP = NSP+HK

SULYE THE TRIDIAQONAL SYSTEM
CALL TRID

RETURN

END



8. Listing of Update for Dexign Frograms E_and O

We start with an wupdate for the gloszary of Tapa 7 parameatsrs
which appears on pagez 105 and 106 of Voluma I. '
Tha following two parammbsrs heva bean radafinad:

HEN Integer. MBS {HFN) ix tha run number. If HEM
is negative the paths in tha hodograph plane
are plotted,. If NFN > 1000 the Calconp plots
ara dons on blank paper on the CIMS ORC 6600.

TR Feal. Estwean . and 1. it zpacifies the
ralative location of the artificial cail
hetween trailing streamlines ¢ = {.

If TR > 1 the new model of the tail is chosen.

The follewing two parameters have been added:

HCR Incegar. HWurber of constraints, IE omitted
or zarve ik will dafault &5 7. HCR is addad
on Card 1, Columns 61-65 of Taki= 1, page 107
of Voluvs I.

TE Feal. Tail axtencion parameter. If TE » 0
points up to TE will be printed and plotted
in 0. For TE set te 2ero or omitted TE
defaulty to 1. L€ TE is negativa and TR < 1,
TE iz gekt to 1+0.3+C0. If TE is negative and
TR > 1, TE i% set to 1. TE is added omn
Card 10, Columns 71-80 of Takle 1, page 147
of Yolone I.
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LISTING QF UPDATE FOA DES1S5N PROGRAME o Ay0 D DErFLE Ty

FABE 129 OELETE LINES 13 AND 1

PAGE 312Y DELETE LINE 27 AND REPLACE BY fal FOLLOWNENG
READ (MY +SOF NP NENIMRP A AAyGAMMAL EM B8R COW TR NCR
IF ENCA,E6,0F NCR = T

PAGE 129 DEGETE CINE 43 AND REPLACE Y THE FOLLOWING
AEAD (H7»70F (FFIL}4I = Lekd}
IF (FFIEY) EQ OGul FFLER) = L,

PAGE 130 QELETE LIMNE 18 AND AEPLACE 8Y THE FOLLOWING
50 FORMAT [315.9F5,3,15]

FPABE 150 INSERT AFTER LINE w& THE FaLLoWIng
IF [RIMAGCCPPLN)) K8, 04} CHPIN] = =C0/ (4, »aIMAGICAPIZ) }+5UR
1 TACASS (ONE=CEC21H))

FOGGE 151 INSERT AFTER LINE 3% THE FOLLOMING
GEB{M+NAPE x FF (64}

FAEE L3L QELETE LINES %55 AND 37 anD REPLACE BY THE FOLLOWING
IFfAEMAGICMPIG)) L HELE8F XLE2+4)= XAL241)TAPRCRP TS ) SLADSIC AP
1 1Skk

PAGE 131 GELETE LINE &9 AND REPLACE AY rHE FOLLDWING
COLT? 2 SuwBEREALICHPIZPOXL {21 )wCHa{E]])
GUasr = COWCHLY)
IF Cl171.,EQ.0,.) CILE) = 2,%C0
BRAG+NAPE SAAAXLII D\ CALP#TL.~TRYSCEL) )
FEMRI20) € 10,40,
IF (TH,6To1s) TEMP[RO) = Cil& )/ {4%ewcMP(21)
TMP E X1(Z2.112TADI2:2)=TEMP{Z0)
Cilkl = 5wCilE)

¢

PAGE 132 DELETE LINES & THRU o

PAGE 183 CELETE LINE 99 AND REPLACE BY THE FOLLOGWING
CALL ABCAT

FasE 133 QELETE LINE 81 aND REPLALCE MY FHE FOLLOWING
CaL ADORT

PAGE 31 i% INSERY APTER LINE 12 ThE FOLLONING
ORYa HEMAX sO0r
ISW = O

PAEE L3% INSERT AFTER LINE B30 THE FOLLOWING
IF (I5wW.6T.0) CALL ADJilsl.81

FAGE 13% INSERT AFTER LINE %& TRE FOLLOWING
1564 = HK




-2

FAEE 13% INSERT AFTER LLIAE w2 THE FOLLQWING
HBMEX = MAXD (NEMAK, N}

PAGE 134 DELETE LINE 49 ANQ AELPLACE BY FHE FOLLONING
40 WRITE: {H2+130) NBMAX

FAGE 134 DELETE LINC 58 ANU REPLACE BY THE FOLLOMWINE .
130 FORMAT (134 quT OF PATAS- 1lan LONGEST PATH HAS +I5.7TH POEINTE)

PABE 135 OQELETE LINES & AND 10 AND REpLACE BY THE FELLOWENG
EQUIVALENCE (CAL F{2I))aCMLsC{19D) JCRB24C{AT)) 4 ICBILCIEAL}

PAGE 155 INSERT AFTER LINE 1) ThE FOLLOWINE
EM2 = ,08%CN)

PAGE 155 IHSCAT AFTER LINE ). THE FOLLOWING
IF {MK.6T:7] BBI{T.NAF} = 1,
TE a BB{&+NAP}

PAGE 33} DELETE LIMNES 12 ANJ 313 AND RCPLACE Y THE FOLLOWING
UM B G000, »XARFLOATINR) A ASUMRFLOAT I ARP ]

FAGE 128 OELETE LINES 3 THAU 9 AND AEFLACE BY THE FOLLDWING
READ (MT22aD) (DfJ)+d & Loll)
WEITE (NL428D0) [D(J)sd B 1,.8)
MK = HK—l
WARITE dMle2300F AKs (LCAJ*11s J & LiNK)
WRITE {41 200F (FF{JIe = 1+&2)xXHVTE

PABE 138 INSERY AaFFEA LINE 4p THE FOLLAWINE
&390 FORMAT (16I5)

FAGE 140 DELEYE LINES W% AMZ 45 AND REPLACE 8Y THE FULLOWING
IF Ll EQ D CALLCUSAIAL Sy NI A TEiSeN T SaNIU{ SN+ XBc 8N

PAGE 3141 INSERTY AFTER LIMNE 4 THE FOLLAWING
550(6) = CLOGIETAINIE
S Cr20) = AIMAGCSSIE)}

PAGE L#l OELETE LINE w1

PARE 1483 OELETE LIME 43 ANG REPLACE d4Y THE FOLLIWENG
S50 B =TT w5333l 3. NI*TEAPLZ0 ) IS5 6 + X2 LaNd

PABE 142 IHSERT AFTER LINE w0 THE FOLLoWING
c20 * ci20)

PAGE 132 INSERY AFTER LINE 47 TRE FOLL3WING
{20 = C2o

FAGE 142 INSERT AFFER LINE 53 THE FOLLOWIMNG
COMPLEX TEMP
CRAMAON JCF TEMPIZD)
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FAGE I3 DELETE LIME 11 ANQ REFLACE &Y THE FOLLEwIne
R TAQ(%+Ibakli2,11=-TEAPI2NH]

PAGE 143 INSERT AFTER LINE 20 THE FOLLoWING
COMPLEY TENP
COMMON /C/ TEMPL20)

FAGE 443 DFLETE LINE 32 AND HEPLALE 8Y THE FOLLUWING
Rz TTig)aY(4)=TEMP{Z0)

PABE gwo OELETE LIMES w& AND 47 AND RCPLACE BY THE FOLLOWING
TEIR) = 2atLy A TILR G I=Lb+L, 7 T2ie}}
10 T2eW) = 3ol (La/TLIK I+l TEIND L

FABE 146 LNSERT AFTER LINE 3 THL FOLLOWING
B = B=TEMP120),ET

FAGE 186 DELETE LINE 27 ANG REPLACE 8Y THE FOLLOWING
1 Ug3aIp=TENP (20 =TEMPL20 UL lLED

FABE L4% DELETE LINE 51 AMD REPLALE &Y THE FUOLLOWING
E = CONJGI1./7ETAIN}D

PAGE 1nT DELETE LINE B AND MEPLACE BY THE FDLLOWING
GE = PER(U{3s el rU{Sadprpmpcsrd=ay+UidadpEH+TENPFIRD]

PAGE 147 DELETE LIMNE A3 AND REPLACE BY THE FOLLOWING
BeCL PG CHPLEICOSIC 20 beaSINICI20N b ETALCT) H4CMPLY D, C(20))
C{20d = RIMAGLAD

PAGE 147 DELETE LINE 91 AND REPLACE BT THE FOLLOWING
B & CLOGICHPLYCCOSIC{200PeaSINCE{20)) ) wERA I}
g = ACALIR)
Ci2a) =+ ATMAG{AY+C{2M)
Y& = REARIX(LFpu@~ALMAGITEMPIZ0))%*C, 20)

PAGE 147 DELETE LINE 46 AND REPRLACE BY THE FOLLOWING
ADIGl = (REAL{»VEMA(B)wBeryI+ASiLelfi+SI{H220ER(N]

FAGE 1a7 DELETE LIME 98 AND KEPLACE BT AL FOLLOWING
AfMeM) 2 (RESAL(=TEMP(BYSBe Y24 XBilel i F+ST{BPITSI(N]

PAGE 130 DELETE LINE 47 AND REPLACE 57 THE FOLLOWING
TAlL LO63

PAGE 180 DELETE LINE 51 AMD REPLACE BY IWE FOLLOMING
NUSE LO&3

PAGE 151 QELETE LIML 4y AND REPLACE &y THE FOLLOWING
TTiW] = =TEMR(AImE+{TILY+TENFIZDOI Do+ XA (20T )

FAGE 186 DELETE LINE B AND REPLACE AY THE FOLLONING
READ (NLaGQF NPy NHRNtMRPCEM 8P ¢ TRy NK
FAL = 1,
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IF (TABSEMNRN).ET.999) FAL = .58

PABE 156 INSEAT AFTEM LLNE 11 THE FOLLQOWING
TE s AIMAG (GG}

PRGE 1456 ODELEYE (INES 3L THRY 33 AMND REPLACE BY THE FOLLOWING
MAN = TSIGRI(MOOITABSINAMI »1000k s NANY
CALL CPLOT ((3:032:0k2=3)
SF wliL BE TRE CHOAD LENGTH AN LNCHES
BF = 3,
OJEFAULT TATL EXTEMSION TD 1 LF TR,5T,1 OFHERWISE TES1l+,5«07
£F ITELLEwDa} TE = Lot G0AMAXLI{Oy s SIGN(CCI &) +1,00001=TA})
IF {4TR.6T+1.)s0R[CCAG}aLELDu}t TE & =TE
CALL GRF {HN NHELTED

PAGE 3156 OELETE LINEE 39 ANO o AND REpLACE BY THE FOLLOWING
EMAY = 22.aFAL
CALL CPLOT {CMPLEL  SeKnAN b, Bhy=3}
S5IZE = 1%
REWIND N3
READ {NZ+30) (FGIINsE 3 1aE)
CALL CSYMBL {{=3ale=3,5)+P5yED}
3I1ZE ® _QT

PAGL 1536 DELETE LINE 43 AND REPLACE 9Y THE FOLLOWING
CALL XTAXES (10auDalslo+domuiMAN L],  LodlomkMAN/LE sy ba ¥/ NMAK)

PAGE 354 DELETE LINE &5 AND HEPLACE BY THE FULLOWING
CALL XYaX¥ES (¢0weDalelasXMANSLL, yL o #XKMAX 1L o Nulb/ XMAX )

PRGE 156 DELETE LINE 48 AND REPLACE &Y FHE FOLLOWING
MO FORMAT (BIS+20X+3F5,3.8X F5,.5)

#AGE 156 OELETE LIMEX 57 ANO S8 AND nEpLACE BY THE FOLLOwWING
110 FORMAT (BF1g,.8)

PAaGE 157 DELETE LINE 1 AND REPLALE BY FHE FOLLOWIMG
SUBRCGUTINE GAF (HNyNHXATED

PABE 157 DELETE LINE 11 AWD REPLACE BY FHE FOLLOWING
DATA Z04MX LAJMEMAN s MNEHAX K /Dy 2en30a 500425040/

PAGE 137 JHSERT aFTER LINE L@ THL FULLOWING
XT = ABsSITE)

PAGE 158 DELETE LINE 38 AND REFLACE 8Y THE FOLLOWING
16D CALL SORT (MK=1.FE}

PAGE 150 DELETE LINES %1 THAY &3 AND AEPLACE 8y THE FOLLON]ING
READ (Ni=4D0) PSI[L)«PXLC(PEI{1);: I = 24LW]}
LF {PSIAZ2},E8,1HL) PSIL2) = #X
ACAD (Hi+30) (PEECI}, I = 18430}
IF (NM.GT+15) READ {HL+50) {PEILE]e [ = 31,48]
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PAGE 160 OELETE LIMES w9 ANO S0 AND AEPLACE BY THE FOLLOWING
It = IRB3{II)
00 13 g = 1.E4

FAGE Leu DELETE LIME 55 AND REPLACE BY FHE FHLLONING
IF (11,5Ta8) T = THLSEATIL +dPeaF iT*] ) BNE}TBF

PAGE gl DILETE LINE 1 &P REPLACE BY THE FOLLOWING
Jd = 15 + TAAS{NK)

FAGE 141 DELETE LINE 3 AND REPLACE BT THE FOLLOWING
WRITE (N2+100) {FFiJd)sd = LiEG}

F4GE B4 DELETE LINE 9§ AND REALACE. BY FHE FOLLOWING
WO FORMAT (1XAGs2AL, A5, 1A% 9FE.3,1XA4,

FAGE 161 DELETE LIMES 1% ANU 15 AND REpLACE @Y THE FOLLOWIMG
9 FORMAT (//7/5KeRHTARE T/7AaXad Bl aAR AU+ FE 2rBFSe2eF By 2y 2F6, 5
1 oFFadyFe, 3 FE, 2, AN aR IBAG 74X, JEAL Yy

PAGE &1 DELETE LINE 20 AMD REPLACE BY THE FDLLOWING
2 FOuledNIHDYSFS  Se SN HT/CHF S 37777 235K+ L9HTAPE &y FATH B/

PaBE 16l QELETE LIME 23 aND MEPLACE BY THE FOLLUWING
SUBROUTINE SOAT (M, TED

PRGE 161 DELETE LINES 37 AND 358 ANO AESLACE HY TmE FOLLOWING
CHAMSE CPOR aNO CPEF T CHANUE CP griSiy aAND SCALE FacTor
DATA CPMAKCROR«LPSF F3antiasBr it/

IFf [EM.LEaa T CPOR = 4,0
.IF tEH-EE..E, EFUR !-tu
THN = 3,

FAGE 151 INSERT AFTER LINE wo THE FOLLoWING
IF CCi3yJ)OF,4.81 B0 FQ 10

FAGE 161 DELETE LINES 42 AND 43 AND HE®LACE BY THE FOLLOWING
THY & ANAXL I THX G LN JI
1p COMTINUE
IF (FE.GT.0.) 60 TR 13
ApDo FATL FOINT DM LDWER SURFALCE
TE z 1.
N = N&l
00 32 K = 1+%
12 CiK4N] & C{Kal}
Clgal) = CidsRI®CCIR)
C{!.M] ] lﬂﬂ.
15 TC = ITNX=TYHN)/TE
CC(%) = CCY{9)/TE
CC(a) = CCy6)/TE
NATE = &
IF (TE.8T.14r NPTS 5 M-
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PAGE 141 OQELETE LINE %8 AND REPLACE dY TrE FOLLOWING
IF (CI%H).ERL00.1 CiSend ® CiSely + . 000D0]
K & LRES{NRN)
WARTE [(H3.+9D) RR,K;:NPTE

FAGE 161 DELETE LINE 8] oND REPLACE 2Y THE FOLLOWIHG
CALL XYAXESTEMPLA{ = o SaCPOR 4 La* 1o/ CoSF+ 10 u=TON=CPORsuCRASEF]
ifx = &F

PAGE 1K1 OELETE LINE 57 AND REPLACE #Y THE FOLLOWING
THX = CPORePEL{N+]}/CPEF

PAGE 182 OELETE LIMESE 5 AND & AND REPLACE @Y THE FULLOWING
CALL CSTMAL d{»uSevl.0).RA,E0})
3F = 5FX

PAGE 16% INSERT aFFER LIWE 280 TRE FOLLAOWING
Ci3.d = CU3udp/FE
Cayedt & C{IuJr/TE

PAGE 162 INSERT AFTER LIMNE 34 THE FOLLOWING
I ITE.GT2.) 50 TD ES

PAGE 162 OELETE LINMES 37 TWAU &40 AMO RPPLACE BY THE FOLLOWING
LF (C13+22,E0014) CALL TEYMOLLCIIr1)115+-1)
K% AHG = g, .
YOR = yoR+CFOR
55 = 1,/15FALPEF])
CALL CSYMEL (CHPLEACEDs )+ ~530Ci0sd e dha=];
OO 10 K = 2.M

FAGE Lé2 DELETE LINE wé AND REFLACE dY THE FOLLOWING
Bd FORMAT (3H Ma P4, 3.8 SHCLS (FB 8, 50, JHOYZF Y, 4y EXNHT /00, 3}

FASE 1563 DELETE LIME T AMO3 AEPLACE 8Y THE FOLLOWING
BAD S5y x CESARTICONJEIOO)=ES (3] + X)L

FAGE 15848 DELETE LINE 9 AND REFLACE 8Y THE FOLLWING
SF £ SxwkKMAN/22.

PAGE 153 DELETE LINWE 20

PAGE 144 QECETE LINE B4 AND REPLACE 8y THE FOLLOWING
60 F0 45
2E IF [(MDD(=NN«3) NEL1} 6O TO B3

FABE 153 OELETYE LINE 5B AMD REFLACE BY FHE FULLUNING

6) 10 20
% SIZE = .24

PABE Lg% OFLETE LINE 19 AND REPLACE d2Y FHE FOLLOWING
IF INP,6TL0) GO TO 120
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GE 16% DELEYE LEINE 2% AHD MEPRACE BY THE FOLLOWING
IF 1NN, GT.0)} RETURN

SKI0 FAST DATA ONM TAFEL

REAQ (ML 110 ide T = 14F)

READ AWD PLOT PATHS

READ (H1eR30F KiabolMef (AT edi o] = grIfoPSELY: & * LaL)
waexCHECK FOR EHD OF FILE®RES

IF {EQFIHL) .NE.0) BETURN

CHECH FOR SUPERSONIC PATH

IF 14K, GT.0) GO TO 3150

IF {WAM,GT .0} GO TO 30

PLOT THE PATH DR FORA

IF {L.LE,L] GO TO &b

CALL SPLOT (A[Seile 3]

DD 1%0 J F 4L *
CALL CPLOT {AL{34J}2) ’

IF TheMwEsl) GO TD S0

EHECK TO SEE IF SUAZASONED PATHS WERE WRITIEN ON Tafe:x
IF {MK_GE,91 GO TD 80

READ (Hi+L101 TAWIETA{IN+E = 1.IA}

REAG tw1+110) TRISEE{It+I = 1. IB}

Ny = =KK

X = ETnilag

G0 1O 25

GE 145 CELETE LINE 1 aND REPLACE WY THE FOLLOWING
N = MO0¢TRGSINANI«1DG0]

GE 148 JELETE LINE 45 AND REPLACE BY TWE FOLLOWING
IF {IABSINRN] GT,10000 GO0 To S0 )
CaLL PLOTS (G0.KI0)

ARETUAN
PLOT ON UNLINEQ FAFER
CALL PLDTSEL {80.10F

GE 158 DELETE LINE 19 AND REPLACE BY PHE FOLLUWING
1 12.00/
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