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SECTION I 
INTRODUCTION 

A computer program has been developed to simulate the reentry of sharp 
and blunt cones. This program includes the effects of surface mass transfer 
to simulate ablation during reentry, and also includes laminar, transi- 
tional and turbulent boundary-layer analysis. A program of this type is 
necessary since wind tunnels capable of providing the correct f l ight condi- 
tions for reentering supersonic or hypersonic cones are non-existent. The 
object of this investigation is to develop such a program with a prediction 
method which is as general as possible, allowing the solution of a wide 
class of flow problems. 

In this report the ful ly three-dimensional laminar, transitional, and 
turbulent boundary-layer equations are formulated and include the effects 
of surface mass transfer, free-stream pressure gradient, and heat transfer 
at the wall. In addition, windward plane of symmetry equations are 
developed in similar manner for treating the windward plane of sharp and 
blunt cones under investigation. The geometries under consideration are 
sharp and spherically blunted cones at angle of attack to uniform supersonic 
or hypersonic free-streams. 

The turbulent boundary layer has been modeled by using an invariant 
model of three-dimensional turbulence which employs the two-layer eddy- 
viscosity mixing-length approach. An intermittency factor has been used 
through the transition regime to express the probability of the flow being 
turbulent at each solution point. 

The resulting boundary-layer equations are integrated using a marching 
implicit finite-difference scheme on an IBM 370 system-model 158 digital 
computer. 

Following is a brief review of the work in both two and three dimen- 
sional boundary layers leading to this investigation. 

l . l  BACKGROUND 

The three-dimensional compressible turbulent boundary-layer equations 
have been presented by Vaglio-Laurin (Ref. l) and by Braun (Ref. 2). In 
addition, the laminar, compressible three-dimensional equations were 
presented by Moore (Ref. 3). The laminar three-dimensional equations were 
integrated using a marching finite-difference scheme by McGowan and Davis 
(Ref. 4) for sharp cones at angle of attack. The McGowan and Davis report 
puts the governing equations in similarity variable form, reducing the 
number of independent variables from three to two in the transformed equa- 
tions. Therefore their method becomes a two-dimensional scheme. 

Adams (Ref. 5) extended the method of McGowan and Davis and a trans- 
formation similar to that used by Dwyer (Ref. 6) to include turbulent 
boundary layers with a variable normal grid spacing. The Adams method, 
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however, was s t i l l  a locally similar solution representing the patching 
together of local solutions for sharp cones in hypersonic flow. Adams 
presented detailed, hypersonic, three-dimensional, turbulent boundary-layer 
profiles around a sharp cone at incidence which are compared to the results 
of the present investigationL 

Frieders and Lewis (Ref. 7) developed a computer program for fu l l y  
three-dimensional laminar boundary layers based on the method of McGowan 
and Davis mentioned above, and on the two-dimensional method of Anderson 
and Lewis (Ref. 8). This program extended the two-dimensional nature of 
the McGowan and Davis method to a true three-dimensional method for use on 
blunt cones at angle of attack, and for use in non-uniform flow fields. The 
Frieders and Lewis program was not extended to the present investigation due 
to the use of two different coordinate systems and transformations in order 
to patch together fu l l  three-dimensional solutions to blunt cones at 
incidence. 

Mayne (Ref. 9) also used the method of McGowan and Davis to study 
streamline swallowing on blunt cones at angle of attack. His study was 
limited to the windward streamline and also involved the use of two d i f fer -  
ent coordinate systems. Mayne also spl i t  the solution method for a blunt 
cone into three parts; l )  the stagnation point, 2) the axisymmetric sphere 
where the cross-flow momentum equation is not solved, and 3) the fu l l y  
three-dimensional afterbody behind the sphere-cone tangent point. The 
present investigation also ut i l izes this procedure for blunt cone solutions. 

Mass transfer has been investigated for two-dimensional boundary-layer 
flows over cones by a number of authors. Jaffe, Lind and Smith (Ref. lO) 
investigated the binary diffusion of He, Ar, and CO 2 into air as well as 
air  into air for sharp cones at zero incidence. However, the species 
boundary condition at the wall was incorrectly stated. The correct wall 
boundary condition for the species equation was used by Lewis, Adams, and 
Gilley (Ref. l l ) ,  and by Mayne, Gilley and Lewis (Ref. 12). These two 
reports dealt with mass transfer effects on slender blunted cones and 
sharp cones at zero incidence to hypersonic flow. The results of these 
reports are compared to present results for zero incidence cones. 

Mass transfer in turbulent boundary layers was investigated by Miner 
and Lewis (Ref. 13) for two-dimensional flow using a modified version of 
the computer program reported in Miner, Anderson, and Lewis (Ref. 14). 
The species equation wall boundary condition is also incorrect as reported 
in Miner and Lewis. The transformation of the governing equations in the 
present report is identical to that used by Miner and Lewis. The present 
computer program can be thought of as the three-dimensional analog of the 
program used by Miner and Lewis, with the exception of the species wall 
boundary condition. 

Two recent papers by Adams (Ref. 15) and by Watkins (Ref. 16) make use 
of the Levy-Lees transformation to the governing equations. Adams developed 
an impl ic i t  f inite-difference analysis of sharp cone windward streamline 
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flows including transition and turbulence. The Adams report ut i l izes the 
suggestion by Moore (Ref. 17) for dealing with the crossflow momentum 
equation at the windward streamline. The same method is used in the 
present investigation. Adams also develops the variable spaced grid system 
for the normal coordinate, which is also found in the present program. 

Watkins developed the ful l  three-dimensional laminar boundary-layer 
equationsin a modified Levy-Lees coordinate system for use in studying 
spinning sharp bodies at angle of attack. The form of his transformed 
equations are very similar to the laminar version of the transformed equa- 
tions as described in this report. 

A report by Blottner and Ell is (Ref. 18) describes a computer program 
very similar to the present program in terms of numerical solution method, 
but is limited to laminar, incompressible boundary layers over blunt 
bodies. 

The present analysis is the f i r s t  to the author's knowledge to express 
the ful l  three-dimensional compressible, turbulent boundary-layer equations 
including the effects of heat and mass transfer. The equations have been 
transformed using the Levy-Lees transformation equations. The f in i te -  
difference method follows the method of McGowan and Davis, u t i l i z ing an 
impl ic i t  scheme similar to that used by Dwyer (Ref. 6) as modified by 
Krause (Ref. 19). 

Results of the present investigation are presented and compared to 
available experimental and numerical data. The fu l l  three-dimensional 
solution of a sharp cone at angle of attack with transition to turbulence 
is presented without comparison using computer drawn plots generated by 
the program. Some results are also presented to show the effects of using 
different turbulent Prandtl number profiles as provided for in the program. 

The analysis and results are followed by four appendices describing 
the structure of the computer program, the input data, output data and the 
job control language. Two final appendices present sample runs of the 
program for four different problems, and a l is t ing of the program i tse l f .  

SECTION II 
ANALYSIS 

This section presents the three-dimensional conservation equations 
for laminar, transitional or turbulent flows of a two component mixture 
of nonreacting perfect gases. The procedure for transforming the equa- 
tions for solution by a finite-difference method is also discussed along 
with the solution method i tse l f .  Following the development of the partial 
di f ferential  governing equations the calculation of the f lu id properties 
wi l l  be presented. The eddy-viscosity laws, turbulent Prandtl number 16ws, 
transition models, and the boundary-layer parameters wi l l  also be covered 
in the analysis. 
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2.1 GOVERNING CONSERVATION EQUATIONS 

The laminar compressible three-dimensional boundary-layer equations 
were presented by Moore (Ref. 3). Following Moore's laminar equations the 
governing equations have been developed for turbulent compressible flows 
and are presented here without derivation in terms of mean physical 
variables. 

Continuit~ Eguation 

B (pur) + B B ~ (pVr) + ~ (pw) : 0 (I) 

Streamwise Momentum Equation 

w2 r__ po ] 
p u ~ + p V ~ + p  r Be P r Bx Bx + ~-~ p ~ - p u  v (2) 

Transverse Momentum Equation 

BW BW W BW UW @r 
p u ~ + p v ~ + o T ~ + p  r Bx 

- I  BPe 
m 

r Be 
~ [ ~w 'w'] + ~  ~ - p v  (3) 

Normal Momentum Equation 

B__P_P = 0 
By (4) 

Energy Equation 

B H B H w BH B [ B(~ l-Pr B) , ] 
pU ~ +  pV ~ +  p r Be By u + Pr - pV H' 

+ ~ (Le-l) (hf-h i) ~ +  . hiPv'C i 

Species Equation 

@C i BCi # p V - - +  p 
pU BT By 

w @Ci- @ [Le ~ BCi 'C;] 
r @¢ @y Pr By + pV 

where V = v + p 'V ' /p.  The equation of state for each species is: 

= Pi 
Pi Mii RT 

(5) 

(6) 

(7) 

I0 
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where R is the universal gas constant. Only one species equation is 
necessary since in a two component mixture the mass fractions sum to unity: 

r 

: ~". . . . .  ~ C i = l (8) • m i 

The viscosity and thermal conductivity are related by the Prandtl number: 

where 

Pr = ~Cp/k (9) 

Cp i~ " C i = Cpi 

Simi'larly diffusion and thermal conductivity are related by the Lewis number' 

Le = p Dif Cp/k 

The boundary conditions on the above equations are as follows: 

(lO) 

Momentum Equations 

y - O  : 

y - ~  

Energy Equations 

U = W = U lV  m = V'W I = pmvm = 01 V = V w 

U [] U e ,  W = W e 

U ' V '  = V 'W'  = p ' V '  = 0 

Species Equations 

y - -O  : 

y + ®  : 

H = Hw, v'H' = 0 

H = H e , v'H' [] 0 

y = O  

y ÷ ~  

Cf = Cfw = ~ /w '  v'C i = 0 

: Cf l O, v C i [] 0 

In the derivation of the conservation equations the usual assumptions regard- 
ing the fluctuating quantities have been employed. These are: 

l! 
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l )  the turbulent level is small and therefore terms having the mean 
square of the velocity fluctuation are dropped from the equations. 

Z) molecular transport parameters are approximated by the mean flow 
counterparts. 

3) the rate of change of mean flow properties in the normal direction 
is an order of magnitude greater than the rates of change in the stream- 
Wise and transverse directions. 

The solution of the governing equations requires the expression of the 
turbulent shear terms and the turbulent f lux of total enthalpy in terms 
of the mean flow quantities. A popular concept used to obtain these 
expressions is the eddy viscosity, eddy conductivity analogy with the 
molecular viscosity and conductivity where: 

-pu'v' = ~x @u/@y 

-pV'w' = c¢ Bw/By 

and -pv'H' = k t BH/@y 

and where the dimensionless transport parameters are: 

( I I )  

(12) 

(13) 

Pr t = Cp c/k t (14) 

Le t = PDtCp/k t (15) 

The eddy vi.scosities Cx and E~ in the x and ¢ directions wi l l  be shown to 
be equal later in this analysls. A model for the eddy viscosity, based on 
Prandtl's mixing-length hypothesis wi l l  also be presented later in the 
analysis. 

Substituting direct ly,  the governing equations in terms of mean 
physical variables and the turbulent transport terms described above are: 

Continuity 

@ (pur) + B_ + (pvr) + @ @~ By ~- (pw) = 0 (16) 

Streamwise Momentum Equation 

_ ~ ~u ( 1 7 )  pu T~ + pv ~-~+.o r ~¢ P r ~x ~x 

12 
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Transverse Momentum Equation 

uw ar _ -I BP Bw aw w Bw+ p e + L [ ( ,  
pu ~-~+ pv ~ +  p r Be r Bx r Be By 

Energy. Equation 
%- , ° ,  • 

a'H BH pU ~-~+ pv ~ -+  p 
J 

' ,  - l 

.... By 

Bw] 
+ I f  ~) ~- 

(18) 

+ I f  ¢ \  pr t / 

(19) 

Species Equation 
F 

BCf w BCf BCf_ B r(L~, ,  + 
pu BT + p ~ BT + pv By By 

Bcf_] Let CPrt If) @_}_] (20) 

where I f  is the transition intermittency factor. 

2.2 WINDWARD PLANE CONSERVATION EQUATIONS 

On the windward plane of a cone the transverse (crossflow) velocity , w, 
and BPe/B¢ vanish due to symmetry; however, the crossflow velocity gradient 
does not vanish and s t i l l  appears in the continuity equation. Under these 
conditions the transverse momentum equation would vanish completely at the 
windward plane where in i t i a l  profiles are generated for the remaining 
integration of the governing equations. To avoid this problem, Moore 
(Ref.17) has suggested that the transverse momentum equation f i r s t  be 
differentiated with respect to ¢ before neglecting terms which vanish at 
the windward streamline. This procedure results in the following transverse 
momentum equation at the windward plane: 

+pV + p u @w @r 
r @¢ @x 

+ B___ (p + I c) B @w (21) 

The remaining conservation equations reduce to the following at the wind- 
ward plane where w = O: 

Streamwise Momentum 

Bu @u_-@Pe [ ] 
pU ~-~+ pv By Bx + B___ (, + I f  ~) @u By ~ (22) 

13 
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Energy 

BH @H_ B I( | j  + i f  ¢)BH { (]_~_) (l-Prt~}B.~.] 
p U ~-~ ÷ p V By By ~Y" + p + ¢ \ Pr t / 

+ ~-r (Le-l) + ~ (Let-l) }(hf-h i) ~-~--j (23) 

Species 

BCf BCf _ B 
pu aT+ pv By By 

[ ( ~ r ~  + Let c BCfl 
Pr t ) ~-y-j (24) 

Continuit? 

Bw B B (pur) + p + (pvr) = 0 (25) 

It can be seen that the conservation equations have been reduced to a 
quasi-two-dimensional form at the windward plane. The continuity equation 
serves as the only coupling between the transverse momentum equation and the 
remaining governing equations. For cones at zero angle of attack the 
transverse momentum equation in either form vanishes identically leaving 
a completely axisymmetric problem. 

2.3 COORDINATE TRANSFORMATION 

A more convenient form of the governing equations for numerical solu- 
tion is obtained by introducing two stream functions defined as follows: 

and 

where E, 
defined as follows: 

Y (x,y) = ~ f (E,n) (26) 

(x,y) = 2V~-~/r g (E,n) (27) 

n are the Lees-Dorodnitzyn (Levy-Lees) transformed coordinates 

E (x)= Pr~rUrr2dx (28) 

2•o 
y 

n (x,¢,y) = PeUer/ 2E L dy 
Pe 

(29) 

14 
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This coordinate transformation removes the singularity at x = O, and 
stretches the normal coordinate. Accordingly the transformed derivatives 
become: 

a _ PrUr~rr2 a an a a--x - aT + (30) ax an 

a__ = L + an a (31) 
a¢ a¢ a¢ an 

L =  pUer/2v~-~___ (32) 
ay an 

Satisfying the continuity equation with above stream functions the following 
relations are obtained: 

pur = B~ (33) 

pW = ~ By 

-av BE pvr - ax a¢ 

(34) 

(35) 

Using equations 35, 30, and 32 we obtain the fol.lowing expression: 

pvr 

PrUrUr r2 
+ n x 6r f '  + n¢ 6g' 

af +2{~-~+ f +  6 = 0 (36) 

or 

where 

and 

V + 2{ a f / a {  + f + 6 ag/a@ = 0 

V = pvr 2~/PrUr~rr2 + n x 6r f '  + n¢ 6g' 

3 
a = 2{/PrUr~r r 

Differentiation of equation (33) with respect to y using equation (32) 
gives the expression for f ' :  

f ,  = U__- 

u e 

(37) 

(38) 

(39) 

(40) 

15 
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Similarly, differentiation of equation (34) with respect to y using equation 
(32) gives the expression for g': 

g l  _ W (41) 

Evaluating the momentum equations (2), (3) at the outer edge gives the 
pressure gradients as: 

-aP e au e 
@-~ - =  PeUe ~--~-+ 

PeWe aUe PeWe 2 @r 
r a¢ r ax (42) 

-I aPe aWe PeWe aWe PeUeWe ar (43) 
r a¢ - PeUe a-x - +  r @¢ + r @x 

Using equations (30)-(43) the governing conservation equations in transformed 
variables become: 

Conti nui ty 

af' ag'= 0 V' + 2{ ~ +  f '  + 6 a¢. (44) 

Streamwise Momentum 

2{f, af' + B (f,2 Ig , af' ) aT I - x) + a ~ +  y l f 'g  ' - :yl x 

, a2f' = 
+ (V - £*'a) af--an + ¢I (2× _ g'2) _ ~ (~n--~- 0 (45) 

Transverse. Momentum 

2{f' ~ +  Blf'g' - B2X + (V - ~*'~) @g' + an 

an 2 = 

Species Equation 
÷ 

Le Let e+ ] a2z 0 

- ~ ~--~-+ pr t ~n 2 
(47) 

]6 
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Energy, 

F,") ] " L(Fr- Be 6 @2e ~e , B~_ ~ - v  ~ -  p - - F - ~  2{ f  I ~-~ + 6g a¢ an2 

u: .)(, ] , Bf '  + g'  ~ g ' ~  
,...+ H---Z ~ ~ - L \ P T - -  6 BT  ~n / 

u: [( ] @ Le  6 * *  
He ~ ~ j~*** Bz ~-~ - p--~-)(hf-h i )  ~ = 0 

(48) 

where 

6 = pp/PrPr, ~* = 6(I + I f  c+), 6"* I =  z 1 + I f  E + PP--~t) 

" ( Pr Let)  u e 
6*** = ~ l + I f  E + P-rt ~-~ c+_ c H , - ~ ,  e =~-~e , ~ = ~ r  r 

= 2__~C BUe Pe 1 ~Ue We 
B l Ue @~ , x - p , Yl - u e Be ' ~ = u-~ 

2{ BWe 1 BWe 2{ Br 
B2 - u e B{ ' Y2 - u e B{ ' El - r @~ ( 4 9 )  

The boundary conditions for the transformed governing equations are: 

Momentum Equations 

n = 0 : f '  = g' = 0 

n-*n= : f '  = l ,  g' = 

Species Equation 

n=O : Z = - -  @y 

n÷n= : z = 1.0 

W 

Energy Equation 
Hw 

=0 : 8=n -- 
ne 

n ÷n= : e = 1.0 

17 
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For the case of a sharp cone the quantities 6 and c I take on the following 
simple values: 

6 = 2 /3  sin e c c I = 2 /3  

where e c is the cone half angle. Also, for a sharp cone in uniform flow 
the ~ derivatives of the edge quantities vanish due to conical flow con- 
dit ions. In this case the variables Bl, B2, E are zero. In addition, at 
the windward streamline, y, and ~ are zero by symmetry. The variable Y2 
is non-zero at the windward streamline. To obtain the transformed equa- 
tions at the windward streamline two new stream functions are introduced 
in order to satisfy the windward plane continuity equation, as follows: 

-- ~ f (SO) 

~= 2V~g (51) 

and 

our = away (52) 

Pwcr = a~lay (53) 

pvr = -a~/ax - ~Ir (54) 

Using equations (54), (50) and (51) we can obtain the following equation: 

V + 2{ af/a{ + f + ~g = 0 (ss) 

where 

V = o v r  

PrUrUr r2 
- 6rnxf' 

By using equations (50)-(55), (21)-(25), and taking into account coeff i -  
cients that are zero due to conical flow and symmetry, the transformed 
conservation equations become: 

Continuity 

V' + 2{ af ' /a{  + f '  + ag' = 0 (s6) 

Streamwise Momentum 

2{ f '  af'/a~ + B l ( f '2-x) + (V-£*'~) af'/an - ~*~ a2f'/~n 2 = 0 (57) 

18 
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+ E l fmg'l 6 + B 3 X]- Blf'g' 

+ ~*~ a2g'lan 2 = 0 (s8) 

Species. .  

'"2Egf' aZ/a~; + I V -  ~{~*** Le/Pr l ' ]az / 'an - .e, *ww Le/Pr ~ a2z/an 2 -- 0 
(s9) 

Energy 

[~l ] 4**/ 2 2¢f' Be/Be - I I ~,~**_Pr,' - V Be/an - Pr ~l a2e/an 

+ Ue2/He ~l a/an[l~**/Pr-~*} f '  Bf'/an]+ Ue2/He a B/an{[~*** Le/Pr 

where 
(60) 

B 3 = I/PeUe 2 a2Pela¢ 2 

It  can be shown through equations (32) and (53) that at the windward plane: 

g' = w¢/u e (61) 

and the boundary conditions on the transverse momentum equation are: 

n=O : g' =0 

n ÷ ~® : g' = WCelU e 

For a cone at zero angle of attack the system of equations (56)-(61) 
reduces to a ful ly axisymmetric system without a transverse momentum 
equation. 

Equations at the Stagnation Point 

At the stagnation point of a blunt cone the boundary-layer equations 
have a removable singularity. In the l imit as ~ ÷ 0 the expressions for 
¢ and n are: 

19 
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and 

{(x) = Pete dUe/dX x4/4 (62) 

n(x,y) = [2Pe/i~e dUe/dX ] I/2 fY  P/Pe dy (63) 
J O  

Also at the stagnation point of a blunt cone the expression for V in the 
windward plane continuity equation becomes: 

pv 
V =[2 due ] I/2 

Pete x~R-J 

(64) 

In addition the following quantities from equations (39) and (49) take on 
limiting values at the blunt cone stagnation point as follows: 

: I/2 

B I = 112 

E l = 112 

~ = I . 0  

(6s) 

The quantities YI, Y~, B2, and ~ from equations (49) need not be taken into 
account at the blunt'cone stagnation point since the equations used there 
are ful ly axisymmetric. 

2.4 EDDY VISCOSITY MODELS 

Prandtl's mixing length hypothesis states that the eddy viscosity is 
the product of some characteristic length and the normal velocity gradient. 
The characteristic length is related to the size of the eddies of momentum 
flux normal to the body and is called the mixing length. For two-dimensional 
flow this concept leads to: 

E = p .2 l au/ yl (66) 

Prandtl's studies assumed that the eddy viscosity should depend only'on 
local eddy scale and on the properties of turbulence. Adams (Ref. 15) 
extended this concept to the three-dimensional case by assuming that the 
eddy viscosity is also independent of coordinate direction by writing the 
component of turbulent stress terms as: 

= -pU'V' = p~,2 aE/ay au/ay 
t X 

(67) 

20 
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Tt@ = -pV'w' = p~,2 BE/By 

where E is some scalar function. Therefore: 

~u/)y 

= p£.2 
¢ = c x = c¢ BE/By 

The to'tal shear in each direction is written as: 

(68) 

( 6 9 )  

~x = p Bu/By - pu'v' = ~ Bu/By + E x Bu/~y (70) 

• ¢ = p Bw/By - pw'v' = ~ Bw/ay + c¢ Bw/By (71) 

therefore the total resultant shear is written as: 

= = ~ + Cx ) Bu/By + (~ + c¢ Bw/~y 211/2 
(72) 

Using equations (72) and (69) the total resultant shear becomes: 

, , ] , , ,  
r = + p~,2 BE/By u/By + )w/By (73) 

By analogy with the two-dimensional case where the eddy viscosity expres- 
sion incorporates the velocity gradient of the shear component, the scalar 
E becomes: 

and 

BE/By-- [Bu/By 2 + Bw/By (74) 

(75) 

which reduces to the two-dimensional form when w = O. This is referred 
to as the invariant turbulence model by Hunt, Bushnell, and Beckwith 
(Ref. 20), and was used with success by Adams (Ref. 15). 

The model used in this investigation is the common two-layer inner- 
outer model which uses the Prandtl mixing length theory and the Van Driest 
or Re'ichardt damping near the wall. Following Patankar and Spalding 
(Ref. 21) and Adams (Ref. 15) the mixing length distr ibut ion is as follows: 

21 
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where 

¢ .  = k .  y 

~ .  = k y ~  

{0 < y <__ ky~/k,} 

{ky~/k, < y} 

k .  = 0.435 

k = o.og 

[( + We2) ] I/2 y~ = y when _u 2 w2)/(Ue 2 + = 0.99 

(76) 

The inner law is damped near the wall so as to yield the exact laminar 
shear stress term at the wall. To accomplish this, two different damping 
factors have been used in this investigation, Van Driest's damping term 
with local shear stress, and Reichardt's (Ref. 39) damping term. 

Van Driest's damping term for two-dimensional flow is: 

where T is the local shear stress and A* is 26.0. There~re the total 
shear near the wall becomes: 

T = ~ @u/BY+pk,2y2 [ l -  exp - '  TV~'PP] 2 2 
~A* Bu/By (78) 

for two-dimensional flow. Again, use is made of analogy to derive the 
form of the near wall shear for a three-dimensional flow. By analogy of 
equation (78) with equations (73) and (74) the three-dimensional form of 
the total shear becomes: 

~i ~ BE/By+pk,2y2 [l exp __y ~V~-p-p~---p]2 2 
= - , BE/By (79) 

~A 
or 

ci pk,2 y2 [ l  exp -~Z---~-I 2 = - BE/By (80) 
~A J 

Cebeci (Ref. 22) developed a mass transfer correction to Van Driest's 
inner eddy viscosity law by modifying the damping constant A*. For 
turbulent flows with mass transfer Cebeci determined the damping constant 
to be 

A = 26 exp (-5.9 Vw+) 
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r 

where 
÷ 

V w = Vw/(~w/p) I/2 

Reichardt's expression for the inner eddy viscosity law was obtained 
by curve f i t t ing experimental pipe flow data. The expression is: 

c i - - ~ k , [ Y  T/~-P-P~ " ll'Otanh (ZIT~-~l ] (81) 

As can be seen this expression does not involve the velocity gradient terms. 
For this reason i t  is preferred for use in numerical solutions, since i t  
usually requires fewer iterations to converge. 

Following equations (75) and (76) the outer eddy viscosity law is: 

Eo = x2 y£2 BElay (82) 

and the total shear stress is: 

2 
3 o = ~ BE/By + X 2 yj2 (BE/By) (83) 

The outer eddy viscosity law is used in conjunction with the Klebanoff 
(Ref. 23) intermittency factor which assures a smooth approach of c d to 
zero as y + 8. The modified law is: 

¢o x2 y2  = y BE/By (84) 

where y is Klebanoff's intermittency factor: 

y= [l +5.5 (yl~)6] -I (85) 

Schetz and Favin (Ref. 24) have derived a correction to Reichardt's inner 
eddy viscosity law for cases of mass transfer. This correction has been 
used in the current investigation, giving this corrected expression for 
the inner eddy viscosity: 

+ ÷) 
c i = k~ (I + Vo + u+) 1/2 (y+ - ye +.tanh (Y /Ye ) (86) 

where 

÷ y =y ~/-~p/~ 
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and + + 
Ye = 3"65/ (Vo + 0 .344)  

The quantity u + is found by integration of the expression 

du + _ (l + Vo + u +) 
+ u+)l/2 + + + 

dy + I + k (] + V o (Y+-Ye tanh (Y /Ye )) 
(87)  

or using equation (86): 

du +_ (l + Vo + u +) 

dy+ (l + c i) 
(88) 

Since the eddy viscosity ci is implicit in the integration for u + the 
calculation of ¢i is an iterative procedure for mass transfer cases. 

2.5 TRANSITION MODELS 

Two models of transition from laminar to turbulent flow have been used 
in this investigation. One model is a simply ins)antaneous transition to 
turbulent flow, and there really is no transition region or zone at a l l .  
In the second case a smooth transition to turbulent flow occurs over a 
prescribed distance. This distance is known as the transition zone and is 
defined as the distance between the onset of transition at x = X+ and the 
beginning of ful ly turbulent flow at x = X T at some point downstFeam. 

The probability of turbulent flow at any point is expressed by a 
model by Dhawan and Narasimha (Ref. 25) as: 

If(x) = l -exp (-~((X-Xt)/~)2) 

where If(x) is the transition intermittency factor, 

and 
= 0.412 

(89) 

and where 

= - xzf = 0.75 = 0.25 

If(X t) = 0 

If(X T) = 0.97 (90) 
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By substituting equation (90) into (895 an expression for ~ can be found 
based on the transition zone length: 

x = (X T - X t ) / 2 . 9 1 7  (91) 

Now, substituting (91) back into (89)'the final expression for the transi- 
tion intermittency factor as used in this investigation is obtained: 

If(X) = I -exp [ 0.412 (2.917)2((X-Xt)/(XT-Xt)52] (925 

The transition intermittency factor is employed as a simple multiplier of 
the eddy viscosity in the governing equations and therefore acts as a 
damping coefficient for the ful ly turbulent eddy viscosity. I t  is an 
expression relating the fraction of time any particular point spends in 
turbulent flow, and therefore the probability of turbulent flow existing 
at that point. 

2.6 TURBULENT PRANDTL NUMBER LAWS 

Five different turbulent Prandtl numbers have been provided for in 
thi.s investigation. One of the models employs a constant Prandtl number: 

. .  Pr t = 0.9 

as recommended by Patankar and Spalding (Ref. 215 for two-dimensional 
boundary-layer flows. Other authors have derived models for the d is t r i -  
bution of the turbulent Prandtl number normal to the wall. These models 
show the Prandtl number varying from near 0.8 at the wall to nearly 1.4 
at the outer edge. The models presented here are by Rotta; Shang; Meier, 
Voisinet and Gates; and by Cebeci. 

Rotta (Ref. 26) has suggested an empirical formula for the turbulent 
Prandtl number distribution as follows: 

Pr t = 0.95 - 0.45 (y/6)2 (935 

which gives a value of 0.5 at the outer edge and 0.95 near the wall. 

A similar empirical formula was developed by Shang (Ref. 275 to study 
the sensitivity of a solution to the turbulent Prandtl number: 

Pr t = Pr I exp (-lO (y/6)) + Pr 2 (l - 0.2 (y/6)5 (945 

where 

0.2 <_Pr I <__0.4 and 0.8 <__Pr 2 <__I.0 
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Shang's formula allows the user to specify the constants in the formula, 
so that the difference in the values at the wall is between l.O and 1.4 and 
between 0.65 and 0.95 at the outer edge. Both Rotta's and Shang's formulas 
fal l  within the turbulent Prandtl number uncertainty envelope as established 
by Simpson et al. (Ref. 28). Shang's data follow the boundaries of Simpson's 
envelope very well at both the upper and lower boundaries, while Rotta's 
formula fal ls between the boundaries in the outer region and undershoots 
Simpson's lower boundary at the wall. 

Meier et al. (Ref. 29) applied Prandtl's mixing length concept as 
modified by Van Driest to define a mixing length for both turbulent momentum 
and heat transport. Writing the turbulent Prandtl number based on mixing 
lengths that produced the following expression: 

Prt = r  k (l -exp (-y+/A)) l 2 
+ A (95) 

L' q (l - exp (-y / q)) J 
The limiting case as y+ ÷ = is: 

Pr t = (k/kq) 2 
O0 

The limiting case as y+ ÷ 0 is found by series expansion of equation (95) 
to be: 

where: 

Pr t = Prt= (Aq/A) 2 

A = 26.0, Y+ = ~ ,  and k = 0.4 

Aq = 34.4 kq = 0.447 

Using this Prandtl number model, Meier et al. found they could accurately 
describe experimental temperature distributions from the wall up to the 
fu l ly  turbulent part of the boundary layer. 

Cebeci (Ref. 30) based his model of the turbulent Prandtl number on 
the considerations of a Stokes type flow. In Cebeci's model the Prandtl 
number is strongly affected by the molecular Prandtl number near the wall, 
and is a constant away from the wall. Cebeci's model for the turbulent 
Prandtl number is: 

k m (1 - exp (-y/A)) 
Prt = k h (l - exp (-y/B)) (96) 

where 
A + = 26 + 14 0 . 1 9  

1 + Z 2 ' km = 0 .4  + 1 + 0 . 4 9  Z 2 
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an a 
- .  j 

. . t ; . ' 

B + = 35 + 25 0.22 
1 + 0 .55  Z 2 ' k h  = 0 .44  + 1 + 0 .42  Z 2 

A = A+~(TslP) - I / 2 ,  B = B+v (Zs/p) -1 /2 

In these expressions CTs/p) I/2 is the fric'tion velocity at the edge of the 
sublaye T. The value Z is: 

0 I I  I I D i 

I I 

I E I 

I i 

Z = Re e x "10 -3  

Cebeci's study using this Prandtl number model showed good agreement with 
experiment and also confirmed that mass transfer has no effect on the 
turbulent Prandtl number. 

2.7 FLUID PROPERTIES 

The development of the f luid property calculations in this investigation 
follow closely those of Jaffe, Lind, and Smith (Ref. I0). Fluid properties 
are developed for a binary gas mixture consisting of either helium, argon, 
or carbon dioxide being injected into a free stream of air .  

The f lu id properties necessary to this investigation are Cpf, CPi, 
Cp; Cvf, Cv i ,  Cv; h, h i , hf; kf, k i ,  k; ~i '  Pf' ~; and Dfi. 

The mixture of gases is composed of perfect gas species where the total 
pressure is equal to the sum of the partial pressures of the individual 
species and where the specific enthalples are functions of temperature only. 
Individual species molecular weights are necessary to calculate the mixture 
density from the following expression: 

P : P C (M i - Mf) +Mr ~ f t "  

where 

Mf = Mai r = 28.966 

M i [] MAr [] 39.948 

MHe [] 4 , 0 0 2 6  

MCO 2 [] 44.00995 
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The specific heat capacities at constant pressure and at constant volume are: 

Cp (1 - Cf) + Cf = Cpi Cpf (98) 

C v = (l Cf) + Cf - Cvi Cvf (99) 

The heat capacities at constant pressure for carbon dioxide and air are 
obtained from a polynomial as follows: 

Cpj = A + BT + CT 2 + DT 3 + ET 4 + FT 5 ~sec 2 OR (lO0) 

Coefficients A through F are given in Table I. The coefficients in the 
polynomial are valid for temperatures from Oo to 12,000 °R for air,  and from 
0 ° to 6300 °R for carbon dioxide. For the monotonic gases, helium and argon, 
the heat capacities, are obtained from: 

Cvj = 3/2 R/Mj (lOl) 

Cpj = Cvj + R/Mj (lO2) 

due to the fact that the translational mode is the only contribution. 

For air and carbon dioxide the specific enthalpies are obtained from 
the integral : 

hj Cpj dT (103) 

where this integral is approximated by the integral of equation (lO0) so 
that: 

hj =AT+ B-~+CT-~.D4T~4+ EST__5+ F_~ /ft2~ 

The specific enthalpies for helium and argon are: 

hj T #/ft2 = cpj 2/ 

(104) 

(I05) 

The mixture enthalpy is obtained from the specific enthalpies and the 
respective mass fractions: 

h = (l - Cf) h i + Cf hf (lO6) 
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Theviscosity of a mixture is calculated from Wilke's (Ref. 31) formula 
as fol lows: 

a i 
where: 

~i ~f 
= l + G i f  (Xf/Xi) + 1 + Gf i (Xi~Xf) (I07) 

( l  - Cf)/M i 
Xi : Cf/Mf + (l - Cf)TM i 

Cf/Mf 
Xf : Cf/Mf + (l'" Cf}/M i 

and 

G i : I / ~  (l + Mi/M f )-I/2 (l + ( , i / , f )  I/2 (Mf/Mi)I/4)2 
f 

The individual specie viscosities have all been f i t  to a f i f th  
degree polynomial similar to that used for the heat capacities: 

i, 

~Jj = A ~" BT "~" CT2 "~" DT3 "~" ET4 "~ FT5 ( 'Ib sec ) i t  ~ (I08) 

Coefficients A through F are given in Table I I ,  and are valid for the 
same temperature ranges as given for the heat capacities. 

The thermal conductivity of a mixture is obtained from Wilke's 
formula (I07) in which the individual specie viscosities are replaced 
with the individual conductivities. The individual specie thermal con- 
ductivities are calculated with the Eucken (Ref. 32) equation: 

Cvj Cvj (109) 

The calculat ion of the binary d i f fus ion coef f i c ien t  has also been f i t  
to a f i f t h  degree polynomial: 

PDfi = A + BT + CT 2 + DT 3 + ET 4 + FT 5 (11o) 

where P is the local pressure and coef f ic ients  A through F are given in 
Table I I I .  Applicable temperature ranges are the same as those for  v is-  
cosi t~ already given. 
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The polynomial coefficients given in Tables I - I l l  are taken from 
tables developed by Lewis, Adams, and Gilley (Ref. I I ) ,  and by Jaffe, 
Lind, and Smith (Ref. I0). Lewis et al. extended the data of Jaffe et al. 
to a maximum temperature of 12,600 °R for helium and argon. The original 

'data of Jaffe et al. for carbon dioxide to 6300 °R has been used in this 
investigation. 

2.8 FINITE-DIFFERENCE METHOD 

The finite-difference method used in this investigation follows the 
method used by McGowan and Davis (Ref. 4), which is similar to the method 
developed by Dwyer (Ref. 6) with modifications by Krause (Ref. 19). The 
method has been further modified to include variable sRacing for the normal 
coordinate. The accuracy of this method is of order A L where A is A{ or 
A¢. The method is stable for negative transverse velocities when proper 
step sizes are chosen. 

The momentum, species, and energy equations are written in standard 
parabolic form as: 

@w Bw Bw 
A 0 ~2w + A l ~- + A2w + A 3 + A 4 + A 5 = 0 

~n 2 
( I l l )  

and w is the dependent variable in each case. Using equations (45) through 
(48) and equations (57) through (60) the coefficients A O through A 5 are 
determined as follows: 

Streamwi se 
Momentum General Windward 

A 0 -~,* ~ -~* n 

@r 
A I V-  ~*' ~ V -  ~ ' n 

A2 ~ Yl g' + 81 f '  81 f '  

A 3 -81 x + ¢I ( 2  x_g,2) _ 6ayl x -81 x 

A 4 2{f' 2{f' 

A 5 6g' 0 
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Transverse 
Momentum 

A 0 • 

A I 

A 2 

A 3 , 

A 4 ' 

Species 
Equation 

A 0 

A 1 

A 2 

A 3 

A 4 

A 5 

Energy 
Equation 

A 0 

A 1 

A 2 

General 

-£* 

V - ~*' 

f '  (B 1 + ¢I ) + 6ylg' 

-6~Y2X -B2X -¢1=X 

2(f '  

"6g' 

General 

-~*** ~ Le/Pr 

V - (~*** Le/Pr)' 

0 

0 

2¢f' 

6g' 

General 

-~** ~/Pr 

V - (~**/Pr)' 
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Windward 

-~* 

V - ~*' 

f '  (B l + el) + 6g' 

6~ 3 X 

2{f '  

0 

Windward 

-~*** G Le/Pr 

V - (~*** LelPr)' 

0 

0 

2{f '  

0 

Windward 

-~** ~/Pr 

V -  (~,**/Pr)' n 

0 

3] 



AEDC-TR-75-55 

Energy 
Equation 

A 3 

General 

~--a ~-[tp--~-- .* f' ~n~f-- 
gi ndward 

~ . , ~ l l u e  2 ~ r ~** +"' ° - ' "  '] 

+ "-;- ° ~"U ~ ~ (hf'hi))nJ + e¢--~ ~*** 

. ~)(hf_hl ) az 

A 4 2{f '  2Ef' 

A 5 6g' 0 

The derivatives in equation { I l l )  are replaced with f in i te  difference 
expressions which are: 

a2w_ 2k (WE,n+ 2 - (I + k) w2, n + k w 2,n_l ) 

an 2 _ + )2 
(nn+ l nn )E k (n n - nn_ l 

+ 2 (I - k) (W3'n+l " (I + k) w31,n + k W3,n_l) 

(nn+ l - nn )2 + k (n n - nn_l )2 (112) 

aw 
an 

- - k 2 (W2,n+ 1 (I - k E) wE, n WE,n_l) 

(nn+ 1 - n n) + k E (n n - nn_ l) 

_ _ k E w 3 ) (I k) (W3,n+ I - (I - k E) w3, n ,n-1 

(nn+ l - n n) + k 2 !n n - nn_ I)  
(113) 

w = k w2, n + (I - k) w3, n (114) 

32 



AE DC-TR-75-55 

B__w= W2,n - W3~n (115) 
• at At 

a._w.w = (W2,n - wl ,n ) + (W4,n " W3~n) 
Be 2A¢ (116) 

where k = (nn+ 1 - nn)/(n n - nn_l). 

Subscripts refer to grid locations as indicated in figure 4, which 
shows the finite difference grid. The weighting factor, ~, indicates a 
fully implicit solution when set to l and a Crank-Nicolson averaging 
solution when set to I/2. 

By substituting equations (If2) through (I16) into equation ( I l l )  a 
finite difference form of eq. ( I l l )  is obtained: 

where 
/~n W2,n-I + Bn W2,n + Cn W2,n+l = Dn (I17) 

= ~ r. 2 kAon 
Rn L N 2 

 "nl 
NI J 

BBn = ~[-2 (l+k)N 2 A°n- (l'k2)N l Aln +A2n] 

Bn = BBn + A4--En + AS"-En 
AE 2A¢ 

F 
°  LN2 

[) : - ( l  - x) [AnW3 +Cn +BBnW3 ] ,n-l W3,n+l ,n " A3 n 

+ A4n + A Sn 
AT W3,n ÷w 3 ) (Wl,n - W4,n ,n 

__ )2 
N 2 (nn+ l - nn )2 + k (n n - nn_ l 
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N I = (nn+ 1 - n n) + k 2 (n n - nn_ I) 

Three special cases of this general procedure take advantage of 
similar i ty in the E and ¢ directions. At the t ip of a sharp cone where 
there is no variation with { the above scheme is used in the transverse 
or cross flow direction and the derivatives are replaced by: 

@2w _ 2 
@n 2 ~22 (W2'n+l - (I + k) w2, n + k W2,n_ I) + 2(l-x) (w l N 2 ,n+l 

= ~I  (W2'n+l - (I - k 2) w2, n 

+ k w I ) (118) - (l+k) (w l,n ,n-I 

- k2 W2,n-I ) + ~ (Wl ,n+l 

- k 2 w I ) (I19) - (l'k2) Wl,n ,n-1 

w = X w2, n + (X - l )  w l ,n (120) 

aw= O, aw= W2~n - Wl~n 
@{ Be A¢ (121) 

The governing equations are now written in the standard form with A4 = 0 
and substitution of equations (118) through (121) into equation ( I l l )  
yields equation (I17) where: 

F2 kAon 
An 

k 2 Alnl 
ll -J 

"" F Aon 
BB n = x L-2 (I + k) N2 

A1. j 
(I - k 2) N-;-+ A 2 

Bn = BBn + A5n/A¢ 

F2 Aon Aln 1 
Cn: + N1 J 
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Dn +ASn 
= -A3n A--~-Wl,n 

(l-x) 
- n w 1 ~. ,n-1 + BB n Wl, n + Cn Wl,n+l ) 

Along the windward streamline similar i ty exists with respect to ¢. In 
this case the general scheme, equation ll2-115 is used with A5n [] O. 

When similar i ty exists in both variables such as the stagnation point 
of a blunt cone or a sharp cone a fu l l y  implici t  set of ordinary differen- 
t ia l  equations is used. In this case the general procedure is again used 
with x = l ,  and A4 n = ASh = O. 

Equation l l7 results in simultaneous linear algebraic equations of 
tridiagonal form which are solved by a method developed by Richtmyer 
(Ref. 33). The boundary conditions at both the wall and the outer edge 
must be specified for this method. The general solution to equation (I17) 
is 

where 

w2, n = E n W2,n+ l + F n 2 < n < N - 1 

Cn 
En = An En-l + Bn 

(122) 

On - An Fn-1 

Fn = An En-1 + B n 

By using the wall boundary conditions the values of E n and F n are found: 

E n = 0 

F n = O, O, Hw/H e for f ' ,  g' ,  and e respectively. 

Using the outer edge boundary conditions a11ows the calculation of W2,n_ 1 
thereby completing the profi le. 

The ab i l i ty  to variably space the normal grid allows closer spacing 
of grid points near the wall where variations in properties are greater. 
The method used is taken from Cebeci, Smith, and Mosinskis (Ref. 34) and 
has been successfully used by Anderson and Lewis (Ref. 8) and Adams (Ref. 15). 

Using this procedure results in a constant ra t io  of succeeding normal 
grid intervals such that: 
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An n 
k - ( 1 2 3 )  

Ann -I 

Therefore the value of n at in f in i ty  is given by: 

kN-I 
n, = An I 

where N is the total number of intervals across the layer. 

2.9 BOUNDARY-LAYER PARAMETERS 

Local boundary-layer parameters are determined at a given point 
following the converged solution of the boundary-layer equations at that 
point. These parameters include heat transfer, heat-transfer coefficients, 
skin-friction coefficients, displacement thicknesses and momentum thick- 
nesses. 

The heat transfer at the wall is: 

• ~ + (hf - h i) o Dfi ~T ~, k,ftz--TZ~-~c (124) 

In transformed variables this becomes: 

_ _ @n I IH @B _~tw kw 
Cpw ~ e ~  

W 

I / ft-lb + (Le-l) (hf-h i )  ~ w~ ft2-sec) (125) 

Coefficients associated with the heat transfer at the wall are: 

Local Heat Transfer Coefficient 

Qw = qw/P® U® 3 (126) 

Heat-Transfer Coefficient Based on Free-Stream Conditions a.nd Adiabatic 
Wall Enthalpy 

or 

-qw (127) 
Ch. : p. u (Haw - H w) 

Ch 
-6w 

P® u®CPfw (Taw - T w) 
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where 

and 

Taw [] T O r f  + T® (l - r f )  

r f  [] for laminar flow 

r f  = 3v~-r- for turbulent flow 

Heat Transfer Coefficient Based on Edge Conditions and Adiabatic Wall 
Enthal py: 

-(~w 
Che= Pe U'e (Haw - Hw) 

or 

-qw 
Che = Pe Ue cP w (Taw" Tw) 

Stanton Number Based on Free-Stream Conditions: 

"qw St = 
® p. u® {'He' - Hw) 

or 

-qw St = 
® p® u® H e (l - o w) 

(12e) 

(129) 

Stanton Number Based on Ed9e Conditions: 

or 

"qw 
Ste = Pe Ue (He - Hw) 

-qw 
Ste = Pe Ue He (I - eW) (130) 

Skin-friction coefficients are based on the calculation of the skin 
f r ic t ion in the free-stream and transverse directions as follows: 

TWx_- u w au/)y (131) 
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Tw¢ = ~w Bw/By (132) 

In transformed variables these become: 

TWx = 2~ Tn 

~Pe ~e Ue2 r ~g, I[ ~ 
where g ' w ~ p~ = --and = 

u e Pete 

Skin-friction coefficients are defined as follows: 

(133) 

(134) 

Based on Free-Stream Conditions: 

2 Tw x 2 ~w@ 
Cfx" - p ;  u-~2 Cf¢® = p. u® 2 (135) 

Based on Edge Conditions: 

2 ~Wx 2 Tw@ 

Cfxe - Pe Ue~ Cf¢e = Pe Ue2 
(136) 

The physical normal distance across the boundary layer is found from: 

f n  P_ee dn (ft) 
Y = Pe Ue r .Io P (137) 

which can be evaluated using the trapezoidal rule. 

The compressible two-dimensional boundary-layer displacement thickness 
is used to obtain the displacement thickness in each of the two directions: 

- ---~--] dy 
Pe Ue 

(ft) (138) 

[ [  I = P~- dy 
a¢* 1 Pe ej 

(ft) (139) 
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or in transformed variables: 

,x" : 
JoL ~ 

dn (ft) (140) Pe Ue r 

~, Pe 2V~ 
- ~ e N r  

a 

dn ( f t )  (141) 

Neither 6 x or 6~ completely define the actual displacement thickness at 
any.point. For Axisymme}ric bodies Cebeci and Mosinskis (Ref. 35) define 
a 6 as a function of 6 . .  For a sharp cone at angle of attack an expres- 
sion for 6" on the wind~!rd strelm-line only was developed by Moore (Ref. 36) 
as a function of both 6x ~ and 6¢ *. 

Momentum thicknesses have been defined similar to the displacement 
thicknesses for both directions: 

( f t )  (142) 

= °e°W'e [' 
or in transformed variables: 

( f t )  (143) 

/ o  n= dn ( f t )  (144) f', 2V~ 
0 x (I  - f ' )  Pe Ue r 

n~ 

Pe Ue r 
dn { f t )  (145) 

The boundary-layer thickness is. defined as the value of y at which 
f '  = 0.995. This value is determined by interpolation in the y(n) profi le. 
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SECTION I l l  
RESULTS AND DISCUSSION 

Figures 2 through 8 present some boundary-layer solutions as calculated 
by the computer program described in this report. Solutions are presented 
for both sharp and blunt cones at zero and non-zero angles of attack and 
with mass transfer and transition to turbulence. 

Figure 2 shows calculations made for a sharp cone at zero angle of 
attack in hypersonic laminar flow. This is the same cone solved by Oaffe, 
Lind, and Smith in reference I0; however, the species equation wall boundary 
condition has been corrected in the current calculations. The current 
results are compared to results obtained from the Miner, Anderson, Lewis 
axisymmetric computer program (Ref. 14), which also uses the corrected 
boundary condition for the species equation. 

In figure 2a the concentration of air  at the wall is plotted versus 
the nondimensional slant length. The results for argon and carbon dioxide 
show complete agreement between the present results and those from Ref. 14. 
Excellent agreement is also obtained with helium injection at a lower injec- 
tion rate. 

A sharp drop in the wall heat transfer rate is shown in the mass transfer 
area of the cone in figure 2b. In figures 2b through 2e no plottable d i f fer -  
ences were observed between the current results and those of reference 14. 
Figure 2c shows the effect of mass transfer on the longitudinal skin f r ic t ion 
coefficient. Again a significant decrease in skin f r ic t ion is gained by 
mass transfer over the cone afterbody. Injection of air  is seen to have 
the most effect on the skin f r ic t ion,  with argon and carbon dioxide having 
identical effects. This trend of data was also observed in Ref. lO. Jaffe 
et al. point out in Ref. IO that when considering the effect of a foreign 
gas on the skin f r ic t ion coefficient one must take into account not only 
the molecular weight of the gas but the heat capacity as well. Therefore, 
while the molecular weight of carbon dioxide is higher than that of argon, 
i ts higher heat capacity causes a lower temperature distr ibution and a 
s l ight ly  greater effect on the skin f r ic t ion.  This effect is not plottable 
in these figures but is evidenced by the actual numbers. 

A similar heat capacity effect is caused relative to the heat transfer 
rate at the wall. The heat transfer calculation contains a temperature 
gradient term and a concentration gradient term. When a foreign gas is 
introduced at the wall, and i t  has a specific heat greater than that of 
a i r ,  the concentration gradient wi l l  contribute to a transfer of heat from 
the surface, thereby lowering the heat transfer to the surface. Therefore, 
the best coolant under particular conditions would be the gas with the 
highest specific heat." The curves for Stanton number confirm this in 
figure 2b. Of the three gases carbon dioxide, which has the highest 
specific heat, has the most effect on the Stanton number. Next is a i r  and 
then argon in the order of decreasing specific heats. 
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i 
The displacement thickness is plotted for air~ argon, carbon dioxide 

and no injection in figure 2d. The effect of mass,transfer is to increase 
the displacement-thickness in the region of injection. There is no plottable 
difference in displacement thickness in this region for argon and air  injec- 
tion. As expected the heavier gases have a smaller effect on the displacement 
thickness for a given mass transfer rate. The heat capacities of the injected 
gases also play a part in the displacement thickness by influencing the 
density profi le through the temperature..A cooler temperature prof i le should 
contribute to the decreasing of the displacement thickness. Figure 2d shows 
the displacement thickness for carbon dioxide being smaller than for a i r  or 
argon, which probably reflects the specific heat effect as well as the 
effect of molecular weight on blowing rate. 

Figure 2e shows the air concentration profiles for argon and carbon 
dioxide injection at the end.of the cone. The heavier gas, carbon dioxide 
has a higher concentration near the wall, but argon has a higher concentra- 
tion near the outer edge of the boundary layer. 

In figure 3 the results for a blunt cone at zero angle of attack and 
with mass transfer are compared to the results obtained by Lewis, Adams, 
and Gilley (Ref. l l ) .  The data of reference II includes the effects of 
transverse curvature (TVC), and therefore a one to one comparison of data 
with the present results is not possible. However, the trend of the data 
and the effects of TVC on the solutions can be observed. 

In reference 10 the authors report on the effects of TVC on the results 
obtained for mass transfer over a sharp cone. They report that the effects 
are significant and increase with decreasing molecular weight. Solutions 
were shown to yield higher values of skin f r ic t ion and heat transfer, and 
lower values of the displacement thickness when TVC was included. Probstein 
and E11iot (Ref. 41) make the observation that the addition of the TVC 
terms to the governing equations causes behavior similar to that produced 
by a favorable pressure gradient. 

• The results of reference lO as well. as the present results confirm 
the observations of Probstein and El l io t .  In figure 3a the concentration 
of a i r  at the wall is plotted versus surface distance for argon and helium 
injection over a blunt cone. The pressure-gradient-like effect of the 
TVC present in reference II yields a s l ight ly higher air  concentration at 
the wall for both gases. A s l ight ly  larger difference between present 
results and those of reference II is seen for the injection of helium, the 
l ighter gas. 

The effects of the higher injection rate for'argon are evident in 
figure 3. The argon concentration approaches I00% near the end of the cone. 
The resulting significant decreases in heat transfer and skin f r ic t ion are 
shown in figures 3b and 3c. The effect of TVC on the results is also 
evident in these two figures; as observed in reference I0 the inclusion 
of TVC increases both heat transfer and skin f r ic t ion for a given injected 
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gas. The displacement thickness data are presented in figure 3d. The 
effects of TVC observed for the sharp cone by Jaffe, Lind, and Smith 
(Ref. lO) are not evident in this figure since the present results yield 
a smaller thickness than the results reported in reference I I .  The higher 
injection rate of argon is responsible for the greater thickness relative 
to the helium injection curve. Differences in the calculation of the dis- 
placement thickness between the present program and that used in reference 
II are probably responsible for the turnabout in the relative thicknesses 
for TVC and no TVC; however, the important fact is that the trend of the 
data is the same in both cases. 

Figures 4 and 5 show the comparison of fu l l y  three-dimensional solu- 
tions using the present program and the experiment of Cleary (Ref. 40). 
Cleary presented rather complete heat transfer data for both sharp and 
blunt cones at angle of attack in laminar flow. Points were chosen on the 
afterbody, and comparison is made in the circumferential direction for the 
heat transfer rate at the wall. Reasonably good agreement has been 
obtained for these cases. These figures show the dropping of the leeward 
solution plane for the sharp cone flow, and for the blunt cone flow far 
downstream. Similar problems were reported by McGowan and Davis (Ref. 4), 
and Adams (Ref. 5). Di f f icul t ies on the leeward ray have been attributed 
to defects in the boundary-layer model as applied to leeward ray flows of 
cones at angle of attack. This problem is discussed by Moore in reference 
17. 

Figure 6 presents heat-transfer data and prof i le data for regions of 
laminar and turbulent flow for a sharp cone at angle of attack The cone 
used in these solutions is the one used by Adams (Ref. 15) in his figure 6 
of that report. The present results were obtained using the Reichardt 
inner eddy viscosity law. This law was chosen over the Van Driest law due 
to the time consuming nature of the Van Driest law. 

In figure 6a present wall heat-transfer rate data are compared to the 
results obtained by Adams. Differences in the results are almost certainly 
attributable to the fact that the present program uses variables property 
a i r  and Adams does not. Some small differences can be expected as a result 
of using two different viscosity laws. 

Prof i le  data for the same cone at both zero and non-zero angles of 
attack are presented in f igures 6b through 6d. Present resul ts at zero 
angle of attack are compared to data obtained from the Miner et a l .  program 
(Ref. 14). Non-zero angle of attack data are compared to Adams (Ref. 15). 
Zero angle of attack resul ts from ref .  14 are also obtained using the 
Reichardt law. Data for  th is case are shown where the f low is approximately 
83% turbulent.  Differences in resul ts are a t t r ibu tab le  to the higher value 
of n= used in the program of re f .  14. 

Non-zero angle of attack data are presented for  locations S/L = 0.4 
for  laminar f low, and S/L = 1.0 for turbulent f low. Differences in the 
actual data are a t t r ibu tab le  to the d i f fe ren t  calculat ions of f l u i d  
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properties and eddy viscosity laws already discussed. Fuller profiles and 
a thicker boundary layer are turbulent flow characteristics also evident 
in these profile figures. 

Figure 7 presents computer drawn plots without comparison for the cone 
and conditions of figure 6. In this case a ful ly three-dimensional solu- 
tion was obtained using 13 planes in the transverse direction. A complete 
solution was obtained for this case in 97 minutes and in 296K of core on 
the VPI&SU 370/158 IBM digital computer. Transition to turbulence occurs 
over the last half of the vehicle and is complete at S/L = l.O. The effect 
of using the large transverse step size can be seen in the circumferential 
plots as a loss of smoothness near the leeward streamline. 

Data in figure 7 are presented in three different ways; l) data versus 
¢, the transverse coordinate, at three different values of S/L, 2) data 
versus S/L, the streamwise coordinate, at three different values of ¢, and 
3) data versus Y/L, the normal coordinate, at constant values of S/L and ¢. 
In this way, heat transfer, skin fr ict ion, displacement thickness, boundary- 
layer thickness, and eddy viscosity are presented as they vary in both the 
streamwise and transverse direction. 

The final two figures presented show the turbulent Prandtl number 
profiles and corresponding temperature profiles for each of the turbulent 
Prandtl number laws included in the program. Figure 8a shows the four 
Prandtl number profiles versus Y/6 for the conditions and geometry of 
figure 6, also using the Reichardt law. The Pr t is seen to vary from 1.38 
to 0.95 at the wall, and from 0.9 to 0.45 at the outer edge. The corre- 
sponding temperature profiles show that there is l i t t l e  effect on the 
temperature profile due to varying the turbulent Prandtl number. The 
slightly higher temperatures correspond to the higher Prandtl number pro- 
f i les. No plottable differences were obtained in boundary-layer parameters 
such as skin fr ict ion, heat transfer, and displacement thickness due to 
varying the Prt law. Shang (Ref. 27) concluded that there was a very weak 
dependence of boundary-layer parameters on turbulent Prandtl number 
He cited a 6% change in skin fr ict ion and heat transfer rate corresponding 
to a 40% change in turbulent Prandtl number. 

Following is a table of approximate time and core requirements for  
running various cases using the present program on an IBM 370 System - 
model ]58 d ig i ta l  computer as insta l led at VPI&SU in Blacksburg, V i rg in ia .  
Sizable savings can be had in core requirements by not u t i l i z i n g  the 
p lo t te r  package. Details on th is can be obtained in the Appendices. 
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Approximate Time and Core Requirements 

CASE 

4' sharp cone, ~ = 0 °,  
w / t rans i t ion  (Fig. 6) 

• 2' sharp cone, = = 0 ° 
w/injection (Fig. 2) 

.4' blunt cone, ~ = 0 °, 
w/injection (Fig. 3) 

blunt cone, a # 0 °, 
laminar (Fig. 4) 

sharp cone, ~ # 0 °, 
laminar (Fig. 5) 

TIME 2 
(MIN.) 

10-12 

C02:21 
Ar:17 

Air:4 

He:25 
At:50 

:5 

23 

23 

CORE I 
W/PLOTS 

296 K 

274 K 

310 K 

310 K 

296 K 

CORE I 
W/O PLOTS 

252 K 

230 K 

266 K 

266 K 

252 K 

1. Assuming an overlayed program as in Appendix VI under Fortran G. 

2. Execution times only,  running under Fortran G. 

3. Time for  one 13 plane excursion from windward to leeward rays. 
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APPENDIX I l l  
DESCRIPTION OF COMPUTER PROGRAM 

The computer program has been developed to solve a large class of 
boundary-layer flows. The geometries included in the program are those 
of a sharp and a spherically blunted cone. For these two geometries the 
program has ful l  three-dimensional solution capabilities for cases where 
these cones are at an angle of attack. When either cone is in an axisym- 
metric flow field (zero angle of attack) the program will solve only the 
windward streamline of the vehicle. 

Solution of each problem by the program employs the use of the itera- 
tive tridiagonal matrix method which has been used very successfully by 
Blottner and Ellis (Ref. 18), Adams (Ref. 15), McGowan and Davis (Ref. 4), 
and by Anderson and Lewis (Ref. 8). In this method the sets of ordinary 
differential equations or parabolic partial differential equations are 
reduced to a linear f in i te difference form for numerical solution. Sub- 
routines are used to define the coefficients of each equation being solved. 
To solve a new problem the program only needs to define these coefficients 
andthe boundary conditions, and plug them into the standard solution 
procedure. 

Flexibi l i ty has been provided for in the numerical procedure by allow- 
ing the user to choose either a ful ly implicit Krause scheme or a Crank- 
Nicolson scheme. The Crank-Nicolson scheme is unstable in regions of 
reverse crossflow, but i t  does not require information downstream in the 
cross flow direction. The ful ly implicit Krause scheme is stable every- 
where. The numerical solution procedure is spl i t  into four parts: 1) 
stagnation point solution, 2) windward streamline solution, 3) stagnation 
line solution, and 4) general solution. The details of each solution are 
described in the Analysis. The f i rs t  three solutions are merely special- 
ized cases of the general solution. 

Subject to parameters set by the user the program is ful ly internally 
adjustable. I f  the user so specifies the transformed normal coordinate, 
n, can be automatically increased or decreased to meet a predetermined 
criteria for asympticity of the streamwise velocity profile. The stream- 
wise step size is also ful ly adjustable based on the number of iterations 
needed for a converged solutlon at a previous station. The step size is 
either unchanged, halved, or doubled when the number of iterations is com- 
pared to counters input by the user. I f  for some reason the program cannot 
obtain a converged solution at a particular point, i t  will cut back the 
step size and try for a solution at a point upstream of the old point. I f  
this procedure fai ls three consecutive times, execution of the program is 
terminated. 

A flow chart of the program flow is provided in this appendix. I t  can 
be seen from the chart that the program is sp l i t  into four basic parts: 
1) input and in i t ia l i za t ion  of data, 2) preparation of edge data, 3) solu- 
tion of the boundary-layer equations, and 4) plott ing the results, The 
largest part, of course, is the boundary-layer solution which marches 
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downstream and from the windward to leeward planes solving the governing 
boundary-layer equations. A separate flow chart of this procedure is also 
included in the appendix. 

There is a special feature of the program for fu l l  three-dimensional 
solutions. I f  the program cannot obtain a converged solution at some point 
between the windward and leeward rays i t  wi l l  drop that point from solu- 
tions around the body at subsequent streamwise stations. This procedure 
allows the solution to proceed even after separation or other problems are 
encountered near the leeward plane of the body. 

I. Program Input 

Input to the program can be from two different sources: I) cards or  
card image data and 2) data sets residing on tape or disk. Card or card 
image data is designed for easy use on CRT terminals or other telecommuni- 
cations devices. Each card carries a single variable and bears i ts name 
and format. This feature makes i t  easy to FIND and CHANGE data by hand 
or by terminal. The user should note that some variables are used only in 
certain input cases. For instance, RNOSE is used only for blunt cones. A 
section of edge property data cards are used only when running a sharp cone 
at zero incidence. 

The f i r s t  card of each card deck is a t i t l e  card for the case being 
run. Following variable RNOSE (for blunt cones), or XBAR (for sharp cones) 
is a section of cards which are read as array XSTA. At this point the user 
should specify the streamwise locations at which he wants the program to 
obtain a solution. This is the only method a user has to insure a solution 
at a particular point due to the internal adjustments the program can make 
automatically. The XSTA array is also used in specifying where circum- 
ferential plots wi l l  be drawn by the program. Of course, i f  a user desires 
to have plots drawn at a particular point then he must also have a solution 
there. 

Following the input of the XSTA array are the input arrays for wall 
temperature and injection rate. Input is not required here i f  wall tempera- 
ture and injection rate are constants. Each distr ibution can be read in 
versus i ts own table of surface locations in the event that the data are 
from different sources. However, i f  the distributions are versus identical 
tables, either table of surface locations may be le f t  out. The program wi l l  
automatically set both surface value table equal when either one is le f t  
out. A description and l i s t  of the input data cards is given in Appendix 
IV. 

The second type of input to the program is in the form of data sets 
residing on tape or disk. These data sets have to do with edge properties, 
and they represent two stages of edge properties development. Unit 25 is a 
data set that is used only when running a part icular problem for the f i r s t  
time. This unit holds edge data as i t  comes from the Black and Lewis (Ref. 
36) tnviscid program. When the boundary layer program is run the f i r s t  time 
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unit 25 is read and subroutines DISKIN, WEDGE, and FORIER digest the data 
and write the data in i ts correct form on unit 10 for use by the boundary- 
layer solution. Subsequent solutions of the same cone in the same inviscid 
flow f ield would therefore need only use unit 10 and bypass the extra step 
needed for a f i r s t  run. This procedure is identical to the one used by 
Frieders and Lewis (Ref. 7). A detailed description of the subroutines 
involved can also be found in Volume I I  of their report. 

The only exception to the edge properties input procedure described 
above is the case of a sharp cone at zero incidence. In this case the 
conical flow edge properties are read in on cards along with the normal 
card input. 

I I .  Program Output 

The output of the boundary-layer program is in the form of printed 
output and machine plots. The printed output contains edge data, surface 
properties and normal profiles for each solution point. The user can 
specify output control variables which wi l l  automatically control the 
printing of the output such as printing only every second or third station, 
or plane that is solved. These variables are described in Appendix IV. 

Machine plots are produced at the discretion of the user and at his 
direction through the use of four integer input arrays which describe 
where plots are to be made. The plotter package in the program has been 
written so that i t  interfaces with a CALCOMP plotter using an IBM 370 
system digital computer. 

Four types of plots are available to the user by specifying the integer 
input arrays LPLOT, LPRFL, KPLOT, and KPRFL. The LPLOT array points to 
particular stations at which surface property plots are desired in the c i r -  
cumferential direction. The integer i t se l f  is used as the subscript of the 
XSTA array so that when X = XSTA (LPLOT(1)) the program plots properties 
such as skin f r ic t ion versus circumferential angle, from the windward to 
leeward planes. Therefore through sk i l l fu l  manipulation of the XSTA and 
LPLOT arrays the user can obtain plots of the surface properties around the 
cone at up to four streamwise locations of his choice. 

The KPLOT array is used similarly to obtain olots of surface proper- 
ties in the streamwise direction at selected circumferential locations. 
When the internal counter, K, for circumferential solution planes is equal 
to KPLOT(1) the program stores data for streamwise surface property plots. 
such as heat transfer versus X/L at ¢ = go ° 

The arrays LPRFL and KPRFL are used to obtain plots of normal profiles 
at selected locations. The program automatically stores the profiles wher- 
ever the lines of constant X and constant ¢ specified by LPLOT and KPLOT 
intersect. The integers of LPRFL and KPRFL become the subscripts of LPLOT 
and KPLOT, and therefore te l l  the plotter where profile plots are desired. 
For instance i f  LPRFL(1) = 2, then profi le plots at X = XSTA(LPLOT(2)) are 
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drawn. The resulting plots would show such variables as velocity and tem- 
perature profiles at the chosen value of X and for the circumferential 
positions represented by the KPLOT array. I f  3 plahes were chosen for 
plotting in the KPLOT array, then at the given value of X the profile plots 
would show three curves, giving the profiles at each value of ¢. In similar 
manner profiles can be compared in the streamwise direction at a constant ¢ 
by specifying in the KPRFL array the subscript of the KPLOT array represent- 
ing the desired ¢ location. The number of curves on each plot would equal 
the number of X locations chosen by the LPLOT array. 

In short the LPLOT, KPLOT, LPRFL, and KPRFL arrays allow the user to 
have: I) streamwise plots of surface properties at a constant ¢, 2) c i r -  
cumferential plots of surface properties at a constant X, 3) normal pro- 
f i les versus ¢ for a constant value of X, and 4) normal profiles versus X 
for a constant value of ¢. Additional information on these arrays is given 
in Appendix IV. 

I l l .  Eddy Viscosity Models 

Two inner eddy viscosity models are at the disposal of the user. He 
may select the Van Driest (Ref. 38) inner law or the Reichardt (Ref. 39) 
inner law. Both the Reichardt and Van Driest inner laws are corrected for 
mass transfer. The Reichardt law is recommended for low mass transfer 
problems only. Higher mass transfer rates are more accurately handled by 
the corrected Van Driest law. The Reichardt law is more desirable for no 
mass transfer problems due to the decreased computing time necessary. 

The outer eddy viscosity law follows the development of Patankar and 
Spalding (Ref. 21).  The outer law is damped with Klebanoff's (Ref. 23) 
intermittency factor. 

All three eddy viscosity laws have been extended to the three- 
dimensional case as described in the Analysis. 

IV. Transition Models 

Two transition models have been provided for in the program. One is 
an instantaneous model yielding 100% turbulence at the onset of "transition." 
The other model has been developed from an equation by Dhawan and Narasimha 
(Ref. 25) and allows a smooth transition from laminar to turbulent flow over 
a distance specified by the user. This model results in an intermittency 
factor used as a multiplier on the eddy viscosity. The intermittency 
factor is a function of empirical constants and streamwise location rela- 
tive to transition onset distance. No accounting of intermittency factor 
variation normal to the wall is made in the program. 

V. Turbulent Prandtl Number Models 

There are 5 different turbulent Prandtl number models in the program. 
One model givesa constant Prandtl number of 0.9. Each of the other models 
yields a variable Prandtl number profile normal to the body and each is 
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described in the Analysis section of this report. The four models have 
been developed by Cebeci, Rotta, Shang, and Meier. 

VI. Mass Transfer Options 

The computer program is capable of mass transfer beginning at any 
point specifiedby the user. The injected gas and the injection rate are 
specified by the user. The gases available for injection in the program 
are ai r ,  helium, carbon dioxide, and argon. The program computes the 
mixture properties, and calculates the thermodynamic and transport proper- 
ties at each solution point in the mass transfer region. 

VII. Other Notes on the Program 

Generous use of comment cards has been made in the development of the 
program. Comment cards are found at most major transfers of control. 
Common blocks have been named so that the name indicates the function of 
the variables stored in them. The same is true of subroutine names; for 
instance, wall boundary conditions are calculated in WALL, the species 
equation boundary equation is calculated in SPECBC, etc. 

The program has been written using an IBM 370/158 digital  computer. 
The organization of the program is such that MAIN serves as a root segment 
for an overlay structure. The major parts of the program thus become over- 
lay segments, sharply reducing the required core in the machine. Using the 
plot package in the program alone adds about 44 K of buffers to the core 
requirements. Appendix VI l is ts  the JCL for running the program on an IBM 
370 system. Included in the Appendix are the linkage editor control cards 
which specify the overlay structure. 

The program as listed in Appendix VIII is in double precision for use 
on an IBM computer. A single precision version would probably be adequate 
on CDC machines. 
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Figure I. Simplified Flow of  Control in the Boundary- 
Layer Program. 
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APPENDIX IV 
DESCRIPTION OF INPUT DATA 

In this description of the input data the number of the card is f i r s t ,  
followed by the variable name and the format. Formats may change from card 
to card; however, al l  variables are coded starting in column 50. All input 
data cards are printed automatically by the program so that there wi l l  be 
no question as to the data read in by a particular run. 

Following the card number, variable name, and format is a description 
of the variable, which may include recommended values. Any restrictions on 
input variables is also noted where necessary. 

Three l is ts  of input data cards are also supplied in this appendix for 
the three different input cases. These cases are: 1) sharp cone at zero 
angle of attack, 2) sharp cone at angle of attack, and 3) bl.unt cone. 

Card I. LABEL (20A4) 

LABEL is the t i t l e  of the case and is a single subscripted array. The 
LABEL is passed to the plotting routines and appears on al l  machine drawn 
plots produced by the program. 

Card 2. IE (49X,13) 

IE is a number of points taken normal to the body. The.program is 
dimensioned for a maximum of 101 points in the normal prof i le arrays. 101 
is the recommended value; however, savings in execution time can be had 
for long jobs by decreasing IE to 51 or lower. IE should be an odd number. 

Card 3. INJCT (49X,13) 

INJCT is the subscript of the XSTA array giving the surface location 
at which injection begins. When X • XSTA(INJCT), the internal counter MASTRN 
is changed from 0 to 1 thereby activating the parts of the program which 
handle mass transfer. A zero value is reset to NSOLVE. 

Card 4. KADETA (49X,13) 

KADETA is an indicator for the adjustment of the transformed normal 
coordinate n. I f  KADETA is 0 then the maximum n is held constant. I f  
KADETA is I then the maximum n is adjusted when the velocity prof i le fa i ls  
to converge at the proper rate at the outer edge as prescribed by the 
variable ADTEST. The value of nmax can be adjusted up or down for windward 
streamline problems. For fu l l  three-dimenslonal problems nmax is only 
adjusted up, and i t  can be adjusted at every point. A value of I is 
recommended. 
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Card 5. KEND2 (49X,13) 

KEND2 specifies the number of circumferential planes to be used in the 
solution, and thereby also sets the circumferential step size. The program 
has been coded to accept a maximum of 61 solution planes; however, 61 planes 
require excessive computing time. Thirteen planes are adequate for most 
cases being solved. The user should exercise care in choosing this number 
since the program wi l l  drop planes near the leeward streamline. Definition 
or resolution in the total solution can be lost i f  the nearest plane issay 
30 degrees to the windward when a leeside plane is dropped. 

Card 6. KONSET (49X,13) 

KONSET is the subscript of the XSTA array giving the location of the 
onset of transition. At X = XSTA(KONSET) the variable LAMTRB is reset to 
2 and transition to turbulence begins. A zero value is reset to NSOLVE. 

Card 7. KPRT (49X,I3) 

KPRT is a print control parameter which controls the printing of pro- 
f i les in the @ direction. I f  set to I the program wi l l  print profiles at 
every step in ¢. I f  set to 3 the program wi l l  print every 3 steps in @, 
etc. A value of 3 is recommended. 

Card 8. KTRANS (49X,13) 

KTRANS is an indicator for the transition model. I f  KTRANS is set to 
0 transition to turbulence wi l l  be instantaneous. I f  set to 1 a smooth 
transition to turbulence wi l l  take place over a distance determined by 
variable XBAR. 

Card 9. LAMTRB (49X,13) 

LAMTRB indicates whether the flow is laminar or turbulent. LAMTRB 
set to I indicates the problem b e _ ~ w i t h  laminar flow. LAMTRB must be 
set to 2 for fu l l y  turbulent flow. A LAMTRB of 1 is reset to 2 at transi- 
tion onset. 

Card 10. LPRT (4gx,13) 

LPRT is the print control parameter in the streamwise direction. I f  
set to I the program wi l l  print solutions at every step in X. I f  set to 
3 the program wi l l  print every third step in X, etc. 

Card 11. N I T I  (49X,13) 

NIT1 is an i te ra t ion counter used to adjust the streamwise step size. 
I f  the total number of i terat ions required to obtain the solut ion at a 
point is less than or equal to NIT1 the X step size is doubled, 
i . e .  DX = 2*DX when NIT ~ NIT1. 
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Card 12. NIT2 (49X,13) 

NIT2 is an iteration counter used to adjust the streamwise step size. 
I f  the total number of iterations required to obtain the solution at a 
point is greater than NITI and less than NIT2 the X step size is unchanged. 
i .e. DX = DX when NITI < NIT < NIT2. 

Card 13. NIT3 (49X,13) 

NIT3 is an iteration counter affecting X step size and convergence of 
the solution. I f  the total number of iterations required for a solution at 
a particular point is greater than NIT3 the program halves the X step size 
and cuts back the value of X by the new step size. A solution at the 
smaller value of X is then tried for. I f  this procedure fa i ls  three conse- 
cutive times execution is terminated. 
i.e. X = X - DX/2 when NIT > NIT3. 

NOTE: The X step size is adjusted only at the windward plane. 

Card 14. NOINJ (49X,13) 

NOINJ is the subscript of the XSTA giving the surface location at 
which injection ends. At X = XSTA(NOINJ) the counter MASTRN is reset to 0 
ending al l  mass transfer. A value of 0 is reset to NSOLVE. 

Card 15. NOSE (49X,AB) 

NOSE is a l i tera l  variable coded as either SHARP or BLUNT to indicate 
either a blunt or sharp vehicle. The program wi l l  handle only spherically 
blunted cones. 

Card 16. NSOLVE (49X,I3) 

NSOLVE is the number of variables in the XSTA array, and is therefore 
the subscript of the last XSTA value which indicates the end of the body. 
I t  is also the default value for INJCT, NOINJ, and KONSET. 

Card 17. KPLOT(1), I = 1,4 (49X,413) 

KPLOT is a plotter control array which indicates up to four circum- 
ferential planes at which plots of surface properties such as heat transfer 
and skin friction are made versus the normalized surface distance X/L or 
X/Rn. Leading zeros are not allowed; however, the integer values of KPLOT 
may be entered in any order. Trailing zeros are allowed. 
i.e. KPLOT = I, 5, 7, 0 will yield surface plots versus X at planes I, 5, 
and 7, where the highest plane number is less than or equal to KEND2. No 
plots will result from KPLOT = 0, I, 5, 7. 
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Card 18. KPRFL(I), I = 1,4 (4gx,413) 

KPRFL is a plotter control array which indicates the values of KPLOT 
chosen for the plotting of normal profi les versus X. KPRFL is the sub- 
script of KPLOT in this case. Profiles are generated only at the intersec- 
tion of constant ¢ lines and constant X lines specified by KPLOT and LPLOT. 
Each plot produced by KPRFL can have up to four curves representing pro- 
f i les at four different X values, al l  at a constant ¢. The same rules 
apply here as above. 
i .e. i f  KPRFL = I,  2, O, 0 and KPLOT is as above, the prof i le plots versus 
X wi l l  be produced at planes I and 5. 

Card 19. LPLOT(1), I=1,4 (49X,413) 

LPLOT is a plotter control array which indicates up to four streamwise 
stations at which plots of surface properties such as heat transfer and 
skin f r ic t ion are made versus ¢. The same coding rules apply as on card 
17. 
i .e. i f  LPLOT = 4, 6, 20, 0 plots of surface properties versus ¢ wi l l  be 
generated at X XSTA(4), XSTA(6), and XSTA(20). 

Card 20. LPRFL(1), I=1,4 (49X,413) 

LPRFL is a plotter control array which indicates the values of LPLOT 
chosen for the plotting of normal profiles versus ¢. LPRFL is the sub- 
script of LPLOT in this case. Each plot produced by LPRFL can have up to 
four curves representing four different values of ¢, al l  at a constant X. 
i .e. i f  LPRFL = i ,  2, O, 0 and LPLOT is as above, then prof i le plots 
versus ¢ wi l l  be produced at X = XSTA(4) and X = XSTA(6). 

Card 21. ADTEST (49X,E14.5) 

ADTEST is used in conjunction with KADETA. When KADETA is 1ADTEST 
provides the convergence cr i ter ia  for checking the streamwise velocity 
prof i le.  When U/UE(IE) - U/UE(IE-4) is less than ADTEST/IO the maximum 
value of n is decreased by 10%. When i t  is greater than ADTEST the maximum 
value of n is increased by 10%. 

Card 22. AKSTAR (49X,E14.6) 

AKSTAR is a numerical constant in the Van Driest inner eddy viscosity 
law (k, in the Analysis). The recommended value is 0.435. 

Card 23. ALAMDA (49X,E14.6) 

ALAHDA is a numerical constant tn the outer eddy viscosity law used in 
the program (~ in the Analysis). The recommended value is 0.09. 
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Card 24. ALET (49X,E14.6) 

ALET is the value of the turbulent Lewis number. The prof i le of the 
turbulent Lewis number is f i l l ed  with this value. 

Card 25. ALPHA (49X,E14.6) 

ALPHA is the angle of attack of the vehicle, in degrees. 

Card 26. ASTAR (49X,E14.6) 

ASTAR is a numerical constant used in the damping term of Van Driest's 
inner eddy viscosity law in the program (A* in the Analysis). The recom- 
mended value is 26.0. 

Card 27. COOL (49X,A3) 

COOL is a l i te ra l  variable specifying the type of cooling in the c i r -  
cumferential direction. I t  can be coded as either ABLATION or TRANSPIRATION. 
The f i r s t  3 letters are picked up by the program. I f  COOL = ABLATION the 
injection rate in the circumferential direction is given by a cosine squared 
distr ibution: CWALL = CWALLk=I * cos 2 (¢). I f  COOL = TRANSPIRATION the 
injection rate in the circumferential direction is given by the rate at the 
windward plane times the ratio of local pressure to the windward pressure: 
CWALL = CWALLk=I * PE/PEk=I. The two models are designed to show the 
effects of ablation and transpiration-cooling in the circumferential direc- 
tion. 

Card 28. CWALL (49X,E14.6) 

CWALL is the injection rate for mass transfer cases where the rate is 
a constant. CWALL = PwVw/P=U= 

Card 29. CRI (49X,F5.3) 

CRI is the indicator for the numerical solution method. If CRI = 1.0, 
then the solution will be a fully implicit Krause method. If CRI = 0.5, 
the solution method will be a Crank-Nicolson scheme. CRI = 1.0 is the recom- 
mended value. 

Card 30. CONV (49X,E14.6) 

CONV is the solution convergence cr i ter ion.  The dependent vartable 
arrays of stagnation enthalpy, strean~vise and cross flow veloci t ies, and 
the species concentration are al l  checked for convergence at al l  points. 
When the largest percentage difference between the current and previous 
iterations is less than or equal to CONY the solution is taken to be con- 
verged. 
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Card 31. DISK (49X,A2) 

Disk indicates whether or not a new data set of edge data is to be 
created on unit 10. When DISK = YES the program calls subroutine DISKIN 
which reads data from the Black and Lewis program residing onunit 25. 
I f  DISK = NO the unit 10 data of edge properties for this vehlcle already 
exists and DISKIN is not called. Therefore DISK will normally be coded 
YES only in the f i rs t  run of a vehicle-inviscid field combination. 

Card 32. DXINVS (49X,E14.6) 

DXINVS is the interval Az along the axis of the cone between points 
where edge data is to be obtained from the Black and Lewis program by 
subroutine DISKIN. I t  then becomes the controlling factor in how closely 
spaced the streamwise edge data points are for interpolation by the 
boundary-layer solution. DXINVS need not be coded i f  DISK = NO. The 
recommended value is 0.04. 

Card 33. DXMAX (49X,E14.6) 

DXMAX is the maximum step size, in feet, to be taken in the stream- 
wise direction. 

Card 34. DX1 (49X,E14.6) 

DXI is the in i t ia l  streamwise step size in feet. Since this value 
will be adjusted internally i t  is not cri t ical that the user choose an 
accurate value. Usually a value of 0.01 is a good in i t ia l  DX. 

Card 35. EDYLAW (4gX,A3) 

EDYLAW specif ies the inner eddy v iscos i ty  law to be used in turbulent 
cases. Two options are avai lable to the user: 1) EDYLAW = VAN DRIEST and 
2) EDYLAW = REICHARDT. The program picks up only the f i r s t  3 le t te rs  of 
each name. The user should note the comments on these two laws for  nlass 
t ransfer problems stated in Appendix I I I .  In general the REICHARDT law is 
recommended. 

Card 36. ETAFAC (49X,E14.6) 

ETAFAC controls the normal grid spacing. A value of 1.0 gives an 
equally spaced grid for  the transformed normal coordinate. A value greater 
than 1.0 gives a f i ne r  gr id at the wall than at the outer edge. A value of 
1.04 is recommended with IE = 101 and ETAINF = 6.0. A value of 1.09 is 

• recommended with IE = 101 and ETAINF= 100.0. 

Card 37. ETAINF (49X,E14.6) 

ETAINF is the maximum value of n. A value between 6.0 and 10.0 is 
recommended for  laminar f low. A value between 10.0 and 100.0 is recommended 
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for turbulent flow. This value can be adjusted internally by specifying 
KADETA and ADTEST to do so. 

Card 38. GAS2 (49X,A3) 

GAS2 is the name of the injected gas in mass transfer problems. I t  
can be coded as AIR, HELIUM, ARGON, or C02. Only the f i r s t  three letters 
are picked up by the program. 

Card 39. PLOT (49X,A2) 

PLOT is the indicator for machine plot generation. I f  PLOT = NO, no 
machine plots wi l l  be made. I f  PLOT = YES, the machine plots bui l t  into 
the program wi l l  be generated. The user is cautioned that specifying 
PLOT = YES and defining the four plotter data sets adds approximately 44K 
to the program's core requirements. 

Card 40. PRL (49X,E14.6) 

PRL is the i n i t i a l  value given to the entire laminar Prandtl number 
prof i le. This profi le is updated from curve f i t  data after the i n i t i a l  
i teration. 

Card 41. PRT (4gX,AS) 

PRT specifies the turbulent Prandtl number model to be used in the 
turbulent region. I t  should be coded as ROTTA, SHANG, CEBECl, MEIER, 
or CONSTANT, where each name is the name of the person who developed the 
particular model. I f  PRT = CONSTANT the turbulent Prandtl number prof i le 
wi l l  be given the value of 0.9 throughout. The four different models are 
described in the Analysis. 

Card 42. PROP (49X,A4) 

PROP and VALUE are used together to read either P=, p=, or Po into 
the program. I f  the user has any one of the three quantities the program 
wi l l  calculate the remaining freestream and stagnation quantities in sub- 
routine AERO. PROP should be coded as PINF, PSTAG, or RHOINF. Only the 
f i r s t  four letters are read by the program. 

Card 43. RTW (49X,E14.6) 

RTW is the ratio of the wall temperature to stagnation temperature. 
I t  is used to calculate the wall temperature when the wall temperature is 
a constant. 

Card 44. TFS (49X,E14.6) 

TFS is the free-stream temperature in degrees Rankine. I f  TFS is coded 
as 0.0, TFS wtl l  be calculated Internal ly from TSTAG and the Mach number. 
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Card 45. TSTAG (49X,E14.6) 

TSTAG is the stagnation temperature in degrees Rankine. I f  both TFS 
and TSTAG are input, the program wi l l  calculate an effective specific heat 
ratio to be used in calculating other free-stream and stagnation properties. 
I f  TSTAG is coded as 0.0, TSTAG wi l l  be calculated internally from TFS and 
the Mach number. 

Card 46. VALUE (49X,E14.6) 

VALUE and PROP are used together to read either P=, p=, or Po into the 
program. I f  PROP = PINF then VALUE is P® in psia. I f  PROP = PSTAG then 
VALUE = Po in psia. I f  PROP = RHOINF then VALUE = p® in slugs per cubic 
foot. 

Card 47. XBAR (49X,E14.6) 

XBAR is the relative length of the transition regime in turbulent cases. 
I t  is the ratio of the transition end point location to the transition onset 
distance. 

Card 48. RNOSE (49X,E14.6) 

RNOSE is the nose radius of a blunt cone in feet. RNOSE is included 
in the input deck for blunt cones only. 

NOTE: The fol lowing eight cards are included in the input deck only for  the 
case of a sharp cone at zero incidence. DISK should be coded as NO in this 
case. 

Card 49. Q (49X,E14.6) 

Q is the ra t io  of specif ic heats, y, usually 1.4. 

Card 50. R (49X,E14.6) 

R is the universal gas constant for  a i r ,  usually coded as 1716.0. 

Card 51. THET1 (49X,E14.6) 

THET1 is the hal f  angle of the cone, ec, in degrees. 

Card 52. XHA (49X,E14.6) 

XHA is the free-stream Hach number, H=. 

Card 53. PEDG (49X,E14.6) 

PEDG is the edge pressure in psf. I t  is non, a l l y  taken to be equal to 
the surface pressure of the tnvisctd solutfon. 
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Card 54. UEDG (49X,E14.6) 

UEDG is the streamwise edge velocity in feet per second, normally 
the surface value of the inviscid solution. 

Card 55. TEDG (49X,E14.6) 

TEDG is the edge temperature in degrees Rankine, normally the surface 
value of the inviscid solution. 

Card 56. RHOEDG (49X,E14.6) 

RHOEDG is the edge density in.slugs per cubic foot, normally the 
surface value of the inviscid solution. 

Card 57. XSTA(1), I=I, NSOLVE (F12.6) 

XSTA is an important input array. I t  is an array of surface distances 
in feet, where the user wishes to have solutions calculated. The program 
will always obtain solutions at these points regardless of internal adjust- 
ments to the streamwise step size. Both the value 0.0 and the end point of 
the cone must be included in the array as well as any distances describing 
the beginning or end of injection and transition. In addition, for sharp 
cones XSTA(2) should be some small value near the sharp tip such as 0.0001 
or 0.00025. In blunt cone cases the XSTA array is expanded by subroutine 
BLUNT1 to include a number of points equal to KEND2. These points are 
points along the spherical wedge section of the cone which correspond to 
solutions along the 3-D starting line which terminates the wedge section. 
When XSTA is expanded all counters such as KONSET and INJCT are reset 
automatically. 

Card 58. XTW(I), TWX(I), XCI(1), CIX(I) (4E12.6) 

TWX(1) is the wall temperature in degrees Rankine at XTW(1) which is 
a surface distance in 'feet. 

ClX(I) is the injection rate PwVw/P®U® at XCI(1) which is a surface 
distance in feet. 

These arrays are dimensioned for a maximum of 500 values each. I f  
none of these cards appear in the input deck the program will automatically 
assume constant wall temperature and injection rate values based on RTW and 
CWALL. This input allows the wall temperature distribution and injection 
rate distribution to be read in versus their own surface distance tables. 
I f  both distributions are to be read in versus the same distance table, then 
either one of the two distance tables may be lef t  blank. Another important 
feature is the fact that the distributions need not cover the same surface 
distance. For instance, the wall temperature distribution might be defined 
over the entire cone while the injection rate distribution might only be 
defined over a short distance. 
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TABLE IV-I 

INPUT DATA DECK FOR A SHARP CONE AT ANGLE OF ATTACK 

HYPERSONIC SHARP CONE AEDC T R - 7 2 - 6 6  TURBULENT 
CARD O01 IE 13 COL SO-S2 O51 
CARD 002 |NJCT 13 COL 5 0 - 5 2  000 
CARD 003 KAD[rA 13 COL 50 -52  O01 
CARD OO4 KCNO2 13 COL 50.-.52 013 
CARD DOS KUNSET 13 COL 5 0 - 5 2  O00 
CARD 006 KPRT 13 COL 50 -$2  003 
CARD GO7 KTPANS 13 COL 5 0 - 5 2  000 
CARD 008 LAMT~B 13 COL 50 -52  002 
CARD COg LPRT 13 CCL 50 -52  0 0 [  
CARD UIO N | T I  |3  COL 5U-52 005 
CARD 011 NIT2 13 CCL 50 -52  010 
CARD O!2 NIT3 |3  CCL 5 0 - 5 2  020 
CARD O13 NOINJ 13 COL 5 0 - 5 2  ODD 
CARD 014 NOSE A5 COL 5 0 - 5 4  SHARP 
CARD 015 ~SOLVE I3  COL 5 0 - ~ 2  004 
CARD 0 | 6  KPLGT 413 COL 50-61  0 0 6 0 0 7 0 1 0 0 | 3  
CARD 017 KPRFL 413 COL 5 0 - 6 1  001C02C03006 
CARO 018 LPLOT 413 COL 5 0 - 6 1  0030C0003000  
CARD 019 LPRFL 4 | 3  COL 5 0 - 6 1  0 0 | 0 3 0 0 3 0 0 0 0  
CARO 020 ADTEST E14.6  COL 5 0 - 6 3  0 . 0 0 1  
CARD 021 AKSTAR E14.6  COL 5 0 - 6 3  00435 
CARO 022 ALA~DA E | 6 , b  COL 5 0 - 6 3  O.Oq 
CARO 023 ~LET E16 ,6  COL 5 0 - 6 3  1 , 0  
CARD 024 ALPHA EL4.6  COL 5 3 - 6 3  600 
CARD 025 ASTAR E16 ,6  COL 5 0 - 6 3  2 6 . 0  
CARD 026 COOL A3 COL 5 0 - 5 2  ABLATION 
CARD 027 CwALL ~ 1 4 , 6  COL 5 0 - 6 3  O.O 
CARD 028 CRI F 5 , 3  CCL 5 0 - 5 4  1 , 0  
CARD 029 CONV ~ | 4 . 6  COL 5 0 - 6 3  0 . 0 0 1  
CARD G30 DISK A2 CGL 50 -51  NO 
CARD 031 DXINVS E I A . b  COL 5C--63 O.O4 
CARD 032 DXMAX E14 ,6  COL 5 0 - 6 3  001 
CARD 033 OXl F5 .3  COL 5 0 - 5 4  0 . 0 1  
CARO D34 EDYLAW A3 COL 5 0 - 5 2  REICHARDT 
CARD 3J5 ETAFAC E14.6  EEL 5G-b3 1 . ~ 5  
CARD 03b ETAINF F l A . b  COL 5C-63 1 0 . 0  
CARD G37 GAS2 ~3 ~GL 5 0 - 5 2  AIR 
CArD 038 PLOT A2 ~OL 5 0 - 5 1  YES 
CARD 039 PRL EX4,b COL 5C-63 0 . 7 1  
CARD 040 DRT A5 COL 5C-54 CONST 
CARD 041 PROP ~4 COL 5 0 - 5 3  PSTAG 
CARD 042 RTW E |46  COL 5C-63 0 . 3 9 9 2 5  
CARD 043 TFS E | 4 . 6  COL 5G-63 9 6 . 8 6  
CARD 044 TSTAG E14 .6  COL 5G-63 134000 
CARO 065 VALUE E14.6  COL 5C-b3 gbU.O 
CARD 046 XSAR E I A , b  COL 5 0 - b 3  Z.O 
0 . 0  
0 ,0001  
30226 
4 , 0 3 2 5  
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TABLE IV-2 

INPUT DATA DECK FOR A SHARP CONE AT ZERO INCIDENCE 

REF|10I  SHARP CUNEI LAMINAR, HELIUM INJECTICN, ALPHAaO 
CARD GO| IE 13 COL b0-52 051 
CAR~ 002 INJCT 13 CCL 5 0 - 5 l  003 
CARD 003 KaDETA 13 CCL 5C-52 003 
CARD 004 KE~02 13 CGL 50-52 001 
CARD C05 KOhSET 13 COL 50-52 000 
CARD 006 kPKT 13 COL 5¢-52 003 
CARD CC7 K I ~ N S  13 COL 50-~2 OOl 
CARD C08 LA~IR8 13 COL 50-52 00 |  
CARD ~C~ LPRT 13 CCL 50-52 UO| 
CARO 0 | 0  N|T|  13 COL 50-52 005 
CARD 011 NIT2 13 COL 5C-52 010 
CARD 012 NIT3 13 CCL 50-52 020 
CARD 013 NOI~J 13 COL 50-52 00~ 
CARD 014 NOSE A§ COL 5Q-$4 SHIRP 
CARD 015 ~S~LVE 13 CCL 50-52 004 
CARD OlD KPLOT 413 COL 5 0 - 6 |  00 |000000003 
CARD 017 KP~FL 413 CCL 5C-61 001030C00000 
CARD 018 LPLOT 413 COL 50-61 002003C04COJ 
CARD 019 LPRFL 413 COL 50-61 00 |202033000 
CARD 020 A O T E S T  E14.6 COL 50-b3 0 .001 
CARD 021 A ~ S T A R  E14.6 CGL 50-63 0 .435  
CARD 022 A L A M C A  E|4eb COL 50-63 0 , 0 9  
CARD 023 ALET E14.6 CCL 50-b3 | . 0  
CARD 024 ALPHA E ! 4 , 6  CCL 50-63 0 , 0  
CARD 025 ASTAR EL4.6 CGL 50-63 2 6 , 0  
CARD 026 COOL A3 ~ CGL 50-52 ABLATION 
CARD 027 Cw~LL F14 .6  COL 50-63 0 ,33179  
CARO 028 CR| F5 .3  CCL 50-54 1 .3  
CARO 029 C3NV E | 4 , 6  CCL 50-63 0 ,001 
CARD 030 DISK A2 COL 5 0 - 5 |  NO 
CARD 031 nXINVS E14.6 CGL 50-63 0 , 0  
CARD 032 OX~AX E | 4 . b  CCL 50-63 0 . 1 0  
CARD 033 Oxl F~.3  COL 50"-54 0 . 0 |  
CARD 334 EUYLAW A3 COL 50-5Z REICHARDT 
CARO 035 ETLFAC E14.6 CCL 50-63 L .04  
CARD 036 ETAI~F EL4,6 CGL ~0-63 6 . 0  
CARD 037 GAS2 A3 CCL 50-52 HELIUM 
CARD 038 PLOT A2 COL 50-51 YES 
CARD 039 P~L E|4eb CCL 50-63 0 , 7 |  
CARD 040 PAl Ab COL 50-5~ ROTTA 
CARD 041 PR~P A4 COL 5C-53 PSTA 
CAPD 042 RTw EZ4,6 CCL 50-b3 0 .197446  
CARD 043 TFS E | 4 . 6  CCL 5G-63 269 .2964  
CARD C44 T$IAG E|4eb CCL 50-63 0 . 0  
CARD 045 VALUE E14,b COL 5G-6)  16,9362 
CARD 046 XbAR E | 4 , 6  CCL 50-63 2 ,0  
CARD 047 G E|4eb CCL 50-b3  | , 4  
CAqO 048 R E14.6 CGL 5C-63 1 7 | b . 0  
CARD O4q 1 ~ T 1  E14,6 CCL 50-b3 9 . 0  
CARD 050 XwA E I 4 . b  COL 50-63 13 .0  
CARD C51 P~OG E14.6 CUL 50-63 0 ,2749  
CARD 0~2 U~DG E [ 4 . 6  COL 50-b3 7897 .0  
CARD 0§3 T~OG EL4.b  CGL 50-h3 460 ,09  
CAkD Cb4 k , t O E O O  F | 4 . 6  CGL 5G-63 3 . 4 8 5 0 - 0 7  
0 ,0  
0.0001 
0.08425 
O. lqqT5 

101 



AEDC-TR-75-55  

TABLE IV-3 
INPUT DATA DECK FOR A BLUNT CONE 

R E F I | I )  BLUNT CONE LAMINAR ARGCN INJECTION 
CARD 001 IE 13 COL 50-$2 
CARD GO2 INJCT 13 COL 50-b2 
CARO 003 KADETA 13 COL 50-52 
CARD 006 REND2 13 COL 50-52 
CARD 005 K3NSET I3  COL 50-52 
CARD 006 KPRT I3  CCL 50-~2 
CARD Gb? KTRANS I3  CCL 50-52 
CARD 008 LAMTRd 13 COL 50-52 
CARD Dog LPRT 13 COL 50-52 
CARD OIB N I T I  I3  COL 50-52  
CARD 0 | |  NIT2 13 COL 5C-52 
CARD 0 [ 2  NIT3 [3 COL $0-52 
CARD O[3 NUINJ 13 COL 50-52 
CARD 014 NLISE AS COL 50-54 
CARD 015 NSOLVE I3  CCL 50-52 
CARD 016 KPLGT 413 COL 50-61 
CARD 017 KPRFL 413 CCL 50-62 
CARD 018 LPLOT 413 COL S0-61 
CARD OL9 LPRFL 413 COL 5 0 - 6 !  
CARD 62G ADTEST E [ ~ . 6  COL 5G-b3 
CARD 021 AKSTAR E [ 6 . b  CGL $0-63 
CAkD 022 ALA~DA ELO.6 COL 50-63 

OSL 
001 
000 
OOt 
DO0 
003 
OOO 
001 
001 
005 
013 
920 
009 
BLUNT 
003 
0013C0000000 
O010COO03gD) 
003030003000 
OOtO30GOOOO0 
3 , 0 0 1  
0 . 4 3 5  
0 . 0 9  

CARD 023 L E W T R 8  E16.6  COL 50-63 
CARD 026 ALPHA E16.6 COL 50-63 
CARD 025 ASTAR E~6.6 CGL 50-63 
CARD 026 COOL A3 COL 50-52  
CARD 02T CWALL F I 6 . 6  COL 50-63  
CARO 02B CRI F5 .3  COL 50-54 
CARD 029 COKV E16.6 CCL 50-63 
CARD 030" DISK A2 COL 50-51  
CARD 031 OXIhVS ElO°b CCL 55-63 
CARD 032 DXMAX E I 4 . b  COL 50-63  
CARD 033 DX| FS.3 COL b0-54 
CARD 034 EOYLAH A3 COL 50.-52 
CARD 035 ETAFAC EL4.6  COL 53-63 
CARD 036 ETAINF E [ 4 . 6  COL 5G-b3 
CARD 037 GAS2 A3 CCL 5C-52 
CARD 038 PLOT A2 CCL 50-51 
CARD 03q P~L E14.b  COL 50-63 
CARD 040 ORT AS CCL 50-54 
CARD 04 |  PROP A4 COL 50-53 
CARD 062 RTw E I 4 . 6  CGL S0-63 
CARD 063 TFS E14.6  CCL 50-63 
CARD 044 TSTAG E16.6 CCL 50-63 
CARD 045 VALUE E l4ob  CCL 5~-63 
CARD 046 XRAR E16°6 COL 50-63 
CARD 047 RNOSE E14o6 COL 5C-63 
O.O 
0.01 
0 ° 4 2 5 | 4  

| . 0  
O.O 
2 6 . 0  
AEL AT I ON 
0 . 0 2 8 4  
1 . 0  
0 . 0 1  
NO 
O.04 
0 . 1 0  
0 . 0 2  
P.E |CHAROT 
1 . 2 4  
L 2 . O  
ARGON 
YES 
0 . 7  
ROTTA 
PINF 
J . 0 6 5 8 2  
2 9 0 . 3  
8 2 0 4 . 0  
0 . 0 0 1 3 5  
2 °0  
0 . 0 8 3 3 3 3  
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APPENDIX V 
DESCRIPTION OF OUTPUT DATA 

As explained in Appendix I l l  there are two major types of output from 
the program. The f i rs t  type is printed output, which is presented in two 
forms, station data and profile data. The second type is machine drawn 
plots, also presented in two forms, surface data and profile data. 

In addition to solution results and plots, the program prints all of 
the input data cards as they are read in. Following the input data cards 
are the thermodynamic, free-stream, stagnation, and vehicle data calcu- 
lated in the program or obtained from on-line data sets. Unit 3 is a 
summary of data on the windward streamline. Definitions of the variables 
in unit 3 are identical to those of the same variables in the station data. 

This appendix will attempt to define the output by l ist ing the variable 
name as i t  appears in the output, along with a definition of the variable. 
Printed output will be covered f i r s t ,  followed by the plotted output. 

The program also prints miscellaneous messages, which are described 
following the section on plots. The final section of this appendix deals 
with output printed by the edge property subroutines. 

SECTION I: PRINTED OUTPUT 

1.1 Station Data 

Station data includes quantities such as geometry, edge quantities, 
and surface properties which do not vary with distance from the body. In 
blunt cone cases all distances are in i t ia l l y  in a wind-fixed coordinate 
system. At the end of the spherical wedge section (the sonic line) the 
coordinates are converted to a body-fixed system. 

Line i 

X, distance from the stagnation point along the body surface, 
in feet. 

S/REF nondimensional surface distance. For a sharp cone REF is the 
total slant length or XSTA(NSOLVE). For a blunt cone REF is 
the nose radius. 

Z axial distance from the stagnation point, in feet. 

Z/REF nondimensional axial distance where REF is as defined for S/REF. 

Line 2 

R local body radius, in feet. 
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R/REF 

DX 

NIT 

Line 3 

XI 

DXI 

DXDXI 

CWALL 

Line 4 

PE 

TE 

UE 

VE 

MACHE 

Line 5 

DPEDX 

DTEDX 

DUEDX 

DVEDX 

RHOE 

Line 6 

DPEDW 

DTEDW 

DUEDW 

DVEDW 

ROEMUE 

nondimensional local body radius. 

AX, streamwise step size, tn feet. 

number of i terations to obtain the solution. 

6, transfoPmed strean~vtse coordinate. 

At, strean~vise step size in the transformed coordinate, ¢. 

~x/~¢. 

]oca] injection rate, described in Appendix IV. 

Pe, edge pressure tn PSF. 

t e, edge temperature in °R. 

Ue, streamwise edge velocity in FPS. 

Ve, cross flow edge velocity in FPS. 

He, edge Hach number. 

aPe/~¢. 

~te/~¢. 

aUe/~¢. 

@Ve/aE. 

Pe, edge density in slugs per cubic foot. 

aPel~¢. 

~te/~¢.  
t 

~Ue/~¢. 

~Ve/~¢. 

Pete, density viscosity product at the edge. 
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Line 7 

LOCAL EDGE REYNOLDS NUMBER - 
PeUe x 

ge 

Line 8 

CFXINF 
2~Wx 

Cfx - = pu  2 '  
oo 4=o 

streamwise skin f r ic t ion coefficient 

CFXEDG 
2T 

Cfx e = Wx , streamwise skin f r ic t ion coefficient based on 

PeUe -2- 

edge conditions. 

CFWINF Cf =2Two , 

¢= p=U=2 

conditions. 

transverse skin f r ic t ion coefficient based on free- 

CFWEDG Cf~e = 2Tw¢ , 

PeUe 2 
conditions. 

transverse skin f r ic t ion coefficient based on edge 

LINE 9 

CHEDGE 

CHINF 

qw 
Che = PeUe (Hw-Haw) 

properties. 

qw 
Ch= = =u~=(Hw_Haw) 

stream conditions. 

, heat transfer coefficient based on edge 

, heat transfer coefficient based on free- 

STEDGE 

STINF 

= qw 
Ste PeUe (Hw-H o) 

qw 
S t = = p=u= (Hw-Ho) 

conditions. 

, local Stanton number based on edge conditions. 

, local Stanton number based on free-stream 

Line 10 

Qw qw , wall heat transfer coefficient 
P=U® 3 
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CHIMAX ~max, mximum vort ic i ty Reynolds number, where ~ y2 @u . 

Line 11 

LONGITUDINAL SKIN FRICTION 

DELTA*(X) 

THETA(X) 

Line 12 

TRANSVERSE SKIN FRICTION 

DELTA*(PHI) 

THETA(PHI) 

Line 13 

WALL HEAT TRANSFER RATE 

DELTA (Ft) 

Line 14 

TRANSITION INTERMITTENCY FACTOR 

1.2 Profile Data 

• Wx , in PSF. 

6x* , streamwise boundary-layer displacement 
thickness in feet. 

6 x , streamwise boundary-layer momentum 
thickness in feet. 

Tw¢ , in PSF. 

6¢* , transverse boundary-layer displacement 
thickness in feet. 

o¢, transverse boundary-layer momentum 
thickness in feet. 

qw, in BTU/ft2/sec. 

6, the boundary-layer thickness in feet. 

I f ,  percentage of fu l l  turbulent achieved. 

Three groups of profi le data are printed by the program. 
point is printed in the profi le arrays. 

n, the transformed normal coordinate. 

y, the physical normal distance in feet. 

u/u e, the nondimensional streamwise velocity prof i le. 

~F/@n. 

Group I 

ETA 

Y 

F 

FN 

Every other 

I06 



G 

GN 

H 

HN 

C 

CN 

V 

Group I I  

ETA 

YIL 

ROROE 

XMU 

E+ 

CHI 

LEL 

LET 

PRL 

PRT 

SPHT 

Group I l l  

ETA 

Y/L 

Z 

ZN 

TEMP 

T/TE 

AE DC-TR-75-55 

w/u e, the nondimensional crossflow velocity profile. 

~G/~n. 

H/H e, the nondimensional stagnation enthalpy profile. 

~H/~n. 

P~/Pe,e, the nondimensional density-viscosity product profile. 

aClan. 

transformed normal velocity profile. 

n, transformed normal coordinate. 

y/XSTA(NSOLVE), nondimensional physical normal distance profile. 

P/Pe, the nondimensional density profile. 

~, viscosity profile. 

~+, ratio of eddy viscosity ~o the laminar viscosity. 

~, profile of the vorticity Reynolds number. 

Le, laminar Lewis number profile. 

Le t , turbulent Lewis number profile. 

Pr, laminar Prandtl number profile. 

Pr t ,  turbulent Prandtl number profile. 

Cp, specific heat at constant pressure. 

n, transformed normal coordinate. 

y/XSTA(NSOLVE), nondimensional physical normal distance profile. 

Cf/Cfe, free-stream mass fraction profile. 

Bz/@n. 

t,  the dimensional temperature profile in °R. 

t / t  e, the nondimensional temperature profile. 
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TN @T/TE/an. 

CP/CV Cp/C v, ratio of specific heats. 

RHO p, the dimensional density profile in slugs per cubic foot. 

SECTION II :  PLOTTER OUTPUT 

As was described in appendices I and II the program generates four 
types of machine plots. Each type of plot wil l be described below by 
presenting an example of the machine drawn plot. 

Streamwise Surface Plots at a constant ¢ 

. 0 1 8  

5'1 
t , I  

.az 

w 

Q 
• J ~ ,o  

| 
$ 
J 

g 

J 
u 

: i I I i I I i I 

nn tO ~n 30 40 ql 60 70 eO 90 L. O0 

S/L 

LEGEND 

e @-OD 

• @. IKO 

• @.900 

x ~. t35 0 

For sharp cones the abscissa is S/L. For blunt cones the abscissa is S/R. 
and is a log scale. The ordinate in either case may be ltnear or logaritH- 
mic depending on the part icular variable being plotted. 
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Transverse Surface Plots at a Constant S 

-L. O0 

0 

~,, ~ "zm e 

5 0 6 
f 

bl 
d 

i l i i i 

3O 80 SO r21] lSiO 

0 

l.w 

L E G E N O  

• S-.3ScJ 

a S . .  BE5 

• 5 . 1 . 2 3 2  

x S- 1. 732 

In these plots, ¢ is the circumferential angle with ~ = 0.0 being the 
windward plane. Again the ordinate may be either linear or logarithmic 
depending on the data being plotted• 

Profile Plots versus S at a Constant 

S 7 

Z 

. 3  008 

e 

.,).10011 

4 

i . g 
~ -SOD 
d r m  rn o  r m  .mo mo om 

W/Ue 

L E G E N D  

a S . .  r g 5  

• S .  1 . 2 . ~  
x S .  1. T ~  

@.  135.0 
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In cases where either axis of a plot is logarithmic the numbers printed 
along the scale are the logarithms of the numbers being plotted. Therefore 
a -4.00 on the above Y/L scale represents a Y/L = O.O001. 

Profile Plots versus ~ at a Constant S 

- z O O  

. 3 ~ 0  

° ! W 
m ' ) "  

. ,Lnn : | 

I 
n~ ~ B3 , 1 2 ~  L s o  ~ m  

u 

T /Te  

5 . .  2~J~ 

LEGEND 

• @.On 

• @.qno 

x ~. L35 0 

As many as four curves may appear on each plot, as specified by the 
user. The maximum number of plots drawn is 56. This number of plots 
would only be drawn for a fu l l  3-D problem having both turbulence and mass 
transfer. The plots which are bui l t  into the program are as follows: 

Eight surface plots, P~ M e , a, Cfx , St., qw/qw O, Cf@®, and a* in each 
direction for a total 16 plots. ® 

Five profi le plots, u/uo, w/u e, t / t  e, C~/Cf , and E + at each of four con- 
stant x and four constaht ¢ locations; ~or ~ maximum of 40 plots. 

SECTION I l l :  MISCELLANEOUS MESSAGES 

The program has a few internal messages which are written to indicate 
problems with the solution, or coordinate adjustments. A message is 
printed by subroutine ADDETA whenever n® is adjusted up or down. The direc- 
tion of adjustment is given along with X, the old n® and the new n®. 

A message is printed by subroutine CHANGX indicat ing the beginning of 
t rans i t ion or mass transfer. Included in the messages are the values of X 
and the par t icu lar  integer counter involved. A s imi lar  message is also 
printed by CHANGX when mass transfer ends. 
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Whenever the program fails to obtain a converged solution within NIT3 
iterations, a message is printed by subroutine CONTRL to that effect which 
includes the values of the transverse and streamwise solution counters and 
NIT. I f  this should occur three consecutive times, a message will be 
printed indicating that execution is terminating. 

I f  a particular boundary-layer problem drops all of its circumferential 
solution planes due to convergence problems, a mess--age will be printed by 
CONTRL indicating that execution is terminating. 

A normal termination of the program is indicated by the message "THE 
END" printed out after the last station results. 

SECTION IV: PRINTOUT BY EDGE DATA SUBROUTINES 

When DISK = YES and unit 30 is defined as a pr inter in the Job control 
language, subroutines DISKIN and WEDGE generate printed output showing the 
fourier coeff ic ient data being stored on unit 10 for use in the boundary 
layer solution A complete description of this output can be found in 
Frieders and Lewis (Ref. 7) in their  descriptions of the DISKIN and WEDGE 
subroutines. 

Printout is also generated on unit 6 when DISK = YES and NOSE = BLUNT. 
This printout appears just  before the f i r s t  station data and is printed by 
BLUNT1. I t  l i s t s  the geometry and edge data over the sphere cap and wedge 
sections of the blunt cone. The program interpolates in these tables to 
find the edge properties for solution points in these two regions. The 
variables printed by BLUNT1 are defined as follows: 

NOTE: distances are in wind-fixed coordinates. 

ZB axial distance from the stagnation point, in feet. 

XB surface distance from the stagnation point, in feet. 

RB local body radius, in feet. 

PEB Pe, edge pressure in PSF. 

UEB Ue, edge velocity in FPS. 

TEB t e, edge temperature in °R. 

XMB M e, edge Mach number. 
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APPENDIX VI 
JOB CONTROL LANGUAGE 

The job control language in this appendix is intended only as a guide 
for the user. This JCL was used on an IBM 370/158 machine, and therefore 
includes items pertaining only to that machine. The user wi l l  find the 
DCB parameters useful in writing his own JCL. 

The computer program should be overlayed to avoid excessive core 
requirements. The JCL presented in Table I assumes an overlayed program, 
and includes the linkage editor control cards for the overlay structure. 

Following is a description of the output and input data sets by unit 
number. 

FTO6FOOI 

FTO3FO01 

printer output unit for station and prof i le data. 

printer output unit for the summary of windward plane surface 
data. 

FTO4FOOI direct access unit for storing the solutions of a blunt cone's 
spherical wedge section for later use as Rtarting data for the 
afterbody solution. 

FTO8FOOI direct access unit for storing current solutions. 

FTI OFO01 tape or disk unit for storing the edge data for a vehicle- 
inviscid flow f ie ld combination. 

FT13FOOl 

FTI4FOOI 

plotter data set; tape or disk unit for storing streamwise 
surface data versus x at a constant ¢. 

plotter data set; tape or disk unit for storing profl les 
versus ¢ at a constant x. 

FTI 5FOOl plotter data set; tape or disk unit for storing profi les 
versus x at a constant ¢. 

FTI 6F001 plotter data set; tape or disk unit for storing streamwise 
data versus ¢ at a constant x. 

FT25FOOI tape or disk unit corresponding to unit 30 in the Black and 
Lewis inviscid program; used for f i r s t  run of a problem to 
establish edge data on unit lO. 

FT3OFO01 

FT69FO01 

printer output unit from subroutines DISKIN and WEDGE showing 
edge data coefficients. 

tape or disk unit for storing the input data cards in card 
imge format. 
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The user should note that units lO, 13, 14, 15, 15, 25, and 69 in 
Table I are coded as on- l ine disk data sets. Any one or a l l  of them can 
be used as tape or o f f - l t ne  dis---E--data sets wtth the apprepriate changes 
Jn the OCL. 
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TABLE V'I-I 

JOB CONTROL LANGUAGE 

I *PR|ORITY IDLE 
/ *MAIN  T IME: |OOvLIN[S-SG,~E~IGN=3CGK 
/eFORMAT PL~PENnXFINE~COLO~=ELACK~C£kAMF=CALCUNP 
# /  EXEC FURTGCLGtPARP°LKED-°LISTmOVLY~mLI~%-PLOTL|5~ 
I I  PARM°GO-mDEST:PLTI,PAPER:~O~PTIME-~19 t 
/ / F O R I . S Y S I N  DO • 

FORTRAN SOURCE STATEMENTS 

I ,  ) 
/ / LKEO.SYSIN 00 * 

|NSERT OER|V3,FC3vUER|V 
INSERT ~$SVARtBLUNTeCC~VRG,OEPVARoFINOIFpFRSTRMtGEOM, INTEGRtPOECOFt 

STAG~TFPATRtU~ITIOekSCLVEtXICORO~XSOLVEjZCOORn~POLV 
INSERT ]NJECTtSURFAS 
INSERT IRSLNTITRANSNoPLOTS 
OVERLAY ONE 
|NS(RT AERQ,INIT~EkPUTtCUT1 
INSERT REFtTHERMO 
OVERLAY CNE 
INSERT CISKINtFORIERmWEDGE 
INS[RT FLUOAT 
OVERLAY CNE 
INSERT CCNTRLtGNTRYrMtXTUReINTER3 
INSERT CONICLeEOGE,EOG2tZECCEFtCLO,GLDEOG,OUTPUTISOLPNTqGASPRP 
INSERT EDGd 
OVERLAY Tm~ 
INSERT EOYV|StTRSPRL 
OVERLAY TWO 
INSERT ABCOE,SOLVEoXM~PIENERGY 
OVEKLAY TWO 
INSERT RHIPOM 
OVERLAY TkO 
INSERT SPECIE~SPEC6C 
OVERLAY TWO 
INSERT CHANGX 
OVERLAY tkO 
INSERI ~CALCtWALL 
OVERLAY TW~ 
|NSERT EGPROP 
OVERLAY IHREE 
|NSERT SH~4PL 
QVEPLAY THREE 
|NSERT EOGCCF 
OVERLAY ;H~EE 
|NSERT VLUNTI~BLUNT2tI~TER§~FD5 
OVEFLAY TwO 
|NSEqT PKOPTY~OUT2 
OVERLAY TWO 
INSERT ADCETA 
OVERLAY CNE 
|NSERT PLOTEKwAEKCPTtMAXtNIhtLEGE~OtSUBLBL 

/ /GO.FTC6FCG| DU SYSCUT-A~DCe-BLKSIZEwZ3J 
/ /GO.FTC3FGOI DD SYSOUT-ADCCA=IRECF~=FA,BLKSIZEm|33| 
/ /GO.FTG6FCOl DO UhITmSYSDAeOISPR(NEktOELETE)eSPACE:Ib666t(61110|| 
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J/GOeFT6BFO0| DD U~IT=SYSqAuDJSP:fNEW~nEL£TEI.SPACE=|b666t|6[vlO|| 
/ /GO.FTIOFOu| 00 OSN=SHAKP.AOAPS.ASO~F)tU~|T=$YSGAw 
/J  VCLmSER:USERPK, 
I I  DISP:iOLUtKtEPJt~CS:(RECFM:VHS~LRECL:q92~BLKSIZE=|279b) 
/ /GO.FT13FO01DD UhlT:SYSUAtUCfl:(RECFM=FB,LRECL:|20.SLKSIZE:3OOOJt 
/ /  SPACE:(TRK.2C| 
/ /GO.FTI6 ;COI  D{I U~IT:SYSDAtOCB'(RECFH:FB.LRECL-T22~BLKSIZE:7226). 
/ /  SPACb:(TRK.20) 
/ /GO.FTISFO0| DO UhlI:SYSOAtDCB:|RECFM:FBtLRECL=?2Z~tBLKS|ZE:T22~)t 
/ /  SPACE=(TPK.20) 
/ /GO.FTI6FOCI DU U~IT=SYSDA,CCE:(RECFM:FB.LRECL=|ZO~BLKS|ZE=3000|~ 
/ I  SPACE=(TRK,20) 
/ / 60 .FT25FO0 |  DD DUP~Y 
I/GO.FT3OFOOI OD Ou~Y 
//GO=FTb9FG01 O0 Uh]T:SYSDAtO|SP=INEWwDELETEIISPACE:(TRKt3Jt 
I I  DCB:(RECFH:FB:LRECL=80.ULKSIZE=16001 
I IGQ.SYSIN DD 

|KPUT DATA CARDS 

H 
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APPENDIX VII 
SAMPLE RUNS OF THE COMPUTER PROGRAM 

This appendix presents samples of some printed output from various 
runs of the computer program. The cases presented are the following (in 
order of presentation): 

1.) 

2) 

Full three-dimensional solution of Cleary's blunt cone (Ref. 40) 
at 5 degrees angle of attack, and with Re [] 1.2 x 106/ft. and 

[] 1 1 inches. rnose • 

Full three-dimensional solution of Cleary's sharp cone (Ref. 40) 
at 5 degrees angle of attack and with Re [] 1.2 x 106/ft. 

3) A sharp cone at zero angle of attack with injection of carbon 
dioxide; a windward streamline solution only. See Ref. lO. 

4) A blunt cone at zero angle of attack with injection of argon 
beginning at the stagnation point; a windward streamline 
solution only. See Ref. 11. 

Output from unit 6 is presented f i r s t  for each case. This output 
includes a complete l i s t  of the input data, and for blunt cones t t  also 
contains the updated XSTA array. Following the input data is a station 
by station l i s t ing  of the results including prof i les where called for 
by the user. 

Output from unit  3 is presented after untt 6 for each case. Unit 3 
presents the tabulated results for some boundary.layer parameters along 
the windward streamline (¢ = 0o). 

Due to space l imitat ions complete solutions to each case can not be 
provided in this volume; therefore, only selected portions of each solution 
are presented in this appendix. Those selected portions should aid a user 
in checkinghis copy of the computer program af ter  conversion at another 
machine insta l la t ion.  

Each uni t 's  output is preceded by the header page for  that unit as 
printed by the computer. " 
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I .  Full Three-Dimensional Solutton of a Blunt Cone at Angle of Attack. 
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IV. Solution of a Blunt Cone at Zero Incidence and with Mass Transfer. 
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APPENDIX VIII 
LISTING OF THE COMPUTER PROGRAM 

Following is a l is t ing of the computer program described in the last 
four appendices. The listed program is in double precision for use on an 
IBM machine. 

In each subroutine the cards are labeled with an acronym for the 
subroutine name, and they are also sequence numbered in the last four 
columns. Statement,numbers are in ascending order in increments of 10. 
All formats are gathered at the end of each subroutine. 

, 1 7 9  



A E D C-T R -75-55 

PRCGRAN MAIN MAIN 
IMPLIC IT  P E A L e 8 I A - H , O - Z I  RAIN 
~EALo8 NGSE MAIN 
CCPMCN /ASSVAR/ IFLeKFlL MAIN 
~G~M~N /RLUNT/  Zltfl)vl,XflIiO0ltRflll~OJtPES(|OOl,UEB|100JtTES(13Ol~MA~N 

IXM~IIO~)~NeLUNT~r:~61)bE~kPLr,~,~GLPLI MAIN 
£CPPCh / C ~ V k G /  C C ~ V , ~ I T I ~ K I T I ~ I I ] , N I T  MAIN 
CCPkCN IOEPV~KI F I Z , I ~ I , 3 1 , F M I ,  131,3I~GI2tI~I~3I~GNII,|GIt3I~TI2,~AIN 

lJOlg3I,TrdII~I01,3)~Z(IeI~|r3Ie7~II,101~3I~CIIOI)~CKI~OII~YIkOIIoYC~AI~ 
2 L I I 0 I ) t R O R C ~ ( 1 0 1 I  MAIN 

£(~eCN / F l h O J f /  6110LIvBPI131I,FlfICI)~CCIlOIIjDD(lOiI~UIIOIIeEIIO|MAIN 
I I , C P ]  MAIN 

CC~MCh / F R S I P ~ /  FF.~INF~PINF~TrS~UFS~R~RLtQeXMA MAIN 
C C ~ c r |  IGEOHI ALPH&eTHETAC,r,cs[eI. Nr:$EeALSTeXjXXeHX MAIN 
CC~CN I I ~ J E C T /  I~JCTe~INJeG/S2 ,C I .GLeqASTRN MAIN 
COKMCN / l & l £ b R /  IE~|~tKE~DeKkNCIeKLX,KtL~NULNT|,IKD~KPRTeLPRTtKPk~MAIN 

ILPR MAIN 
CCP~CN IPDECCF/ A~ClOIIe&III01IeA2(101IeA3IIOIItA4IIGIIeASIIG[) H~IN 
CC~MCN /PLOTS/  PLt}T~KPLO~I4I~LPLOTI~]~KPAFLI4I,LPRFLI4I~NPTS(4,2i MAIN 
CCP~CN /STAG/  PST~GeTST~G,P~C,C~STab,t¢S]AG~E MAIN 
CCPMCN /SURFA$/ CdALLtC~INDePEwIN~,V~ALL~TkALLtXTM(SOQIeT~XISOOItXMAIN 

ICiISCOI,CIXISCOIehdALL,TCO~d,KCI,KTW MAIN 
CCFMCN / T H P k I R /  TEMP(|OII~TGTE(IO|I,TPIIOiItRT~eTB MAIN 
COPMON ITRANSN/ KT~ANS,KCNSETeXIFeCHIIfI0|I,CHI~AXeXBA~ MAIN 
CCPMON / T R ~ L ~ T /  ASTAReAKSTAPeALAMDAeYSURL~EVSGTYI|OIItP~ToEOYLAM~EMAIN 

I P L U S I I ~ I I t A L E T , L A ~ T R S  MAIN 
COFqGq / U N I T Z 0 /  DXINVSeDISK MAIN 
COFMCN /kSOLVE/  Ca MAIN 
CCPHCh /X lC9MCI  X I , xX I . tGX I ,X I~LD tCXDX leDXDXXI  RAIN 
CC~MGN /XSCLVE/ xbTAIIOCI~CA~AXeUX,~X:LOvOXIe~SOLVE MAIN 
CCVHC~ /ZCCGPC/ FTAINFw£TAFACt[TAIIGIIeDETAKIOIIIADTEST~KADETA MAIN 
DATA ANOoYES/ IHtG~IHYF/  MAIN 
DEFINE FILE 8(61ob472vLeIFLIt~IGIIb4721LtKBLI MAIN 
CALL INPUT MAIN 
IF I~ ISK.EQ.AKOI  GO TO 10 ~ t l ~  
KEkD-KENO2 MAIN 
CALL GISKIN MAIN 
REkIKD 10 MAIN 

1~ CC~TINUE MAIN 
CALL It,  IT MAIN 
CALL AEH~ MAIN 
CALL OUT1 MAIN 
CALL CC~TRL MAIN 
IF IPLrT .EO.ANOI  GO TO 20 MAIN 
EkO r I L E  13 MAIN 
[NC FILE 14 XAIN 
IMD FILE 15 MAIN 
EKG FILE 16 MAIN 
REklhO 13 MAIN 
REkIhD 14 ~AIN 
R~kIKD |S MAl~ 
PEklKD 16 MAIN 
CALL PLGTER MAIN 

20 STOP RAl~ 
END MAIN 

1 
2 
3 
4 
5 
6 
T 
8: 
9 

tO 
11 
12 
13 
1.0 
| b  
16 
17 
18 
t q  
23 
21 
2Z 
23 
24 
2S 
20 
27 
2q 
2') 
3 )  
31 
32 
33 
3*0 
35 
3b 
3? 
35 
39 
40  
.01 
'02 
43 
*04 
*of) 
46 
47 
*0d 
*09 
50 
51 
52 
53 
5*0 
.55 

SLBRCUIINE ABCDF IMI ABCO | 
IMPLICIT ~EAL-dCA-H, rP-z I  ABCD 2 
REAL48 NUSE ABCD 3 
CGPMCN I F I N O I F /  AlIJiltUflII01I,BIIGi)tCCIIOi)~DDI|OLIoDI101)eEIIOIABCO .0 

I I , C k l  AGCO S 
CCF~C~ I INTEGR!  IEIIHtKE~DeKEN~IIKLXtKKoLLeNRLNTitlNDtKPRTtLPRTtKPADCD 6 

IReLPP ABCD 7 
((MMCN /POECCF/ AO|IO||tAII|G|IeAIC|OiI,&3IL0[|~A*0|IO|I~ASI|01I AGCD 8 
COFMCN /WSOLV~/ nw ABCD 9 
COPMCN /X ICOI (0 /  X I~XXleOXI tXIOLOtCXI)X|eUXOXX|  AFlCD IU 
CCPMCk /ZCCQPC/ ETAINFIETAFACeCTAIL01)IUCIA(IO|IeAOTESTIKAOETA AGCD |L 
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13 

20 
C 
C 
C 

3D 

40 
C 
C 
C 

SO 

60 
C 
C 
C 

DIMEhSION H ( 2 , 1 0 1 , 3 1  

SUERCUTINE ARCDF CALCULATES THE COEFFICIENTS OF THE GOVERNING 
EGUATICNS IN FI~ITE-OIFFEPEr4CE FORM 

! - 1  
K-2 

IF ( K K . E O . | . A h O . L L . E G , I )  GC TO 60 
IF I K K . E O . I |  GO TO 60 
IF I L L . E U .  I I  GG TO 20 

COEFFICIENTS FOR THE GENERAL CASE 

O0 |O J : 2 , l M  
DETA|=ETAIJtlI-ETAIJItETAFACe=2*IETA(J)-ETA(J-I)) 
DETA2:KETA|JeII-ETA(J)I*-Z~EIAFAC~(ETA(J)-ETAIJ-I|)*~2 
AIJ|=CR|~I2.0DOIETAFACeAGIJI/GETA2-ETAFAC~2~A~|JI/OETA|I 
CC|JI:CRI~(2.GUGeATIJilrlETA2*AIIJ)/DET~I) 

ABCO 
A6CO 
ABCO 
ABCO 
AflCD 
AOCO 
ARCD 
ARCO 
ARCO 
APCD 
AOCD 
A~CD 
ABCU 
ABCD 
ABCO 
ABCD 
ARCD 
ABCD 
ABCO 
ABCO 

BB(JI=CAIeL-Z.O~Ov(I.0CO~ETAFAC)'AOIJI/OETAZ-(I.OOO-ETAFACeW2|wAJ(ARCO 
| J ) / D E T A L e ~ 2 ( J I )  A~CD 
~|JI=HB(J|,A6(J)/DXI÷AS(J)/2.CGG/DH ABCD 
OD|J):-I|.OOO-CPI|/CRI~¢AÁJIaklI.J-I,KIt~R(JJe~(g~J,~IeCC(J)~||~JA~CO 

| e | ~ K I )  
CIJImOO(J)-A31JIeAAIJIt~CItJ,KI/OX|eASIJ)e|d(le|,J,K-i)-M||tJ,Ke| 

l e N I I , J , K | I / Z . O D G I D ~  
CCkTlkUE 
RE1URN 
CONTINUE 

COEFFICIENTS FC~ THE STAGNATIOh LINE 

i - 2  
K - !  
DO 30 J=2.1M 
DETA|=(TACJtII-ETA(J)eETAFACss2v|ETA|JI-ETA(J-I)| 
OETAE:iCTAIJ~X)-~TAIJ)i'~ZtETAFACeI[TAIJI-PTA|J-IIII¢2 
AIJ):Ck|~(2.0OO-ETAFACeAGiJ)~GETA2-ETAFAC~e2~AE(JI/~E|A|) 
CCIJI:CHI*C2.CD~*AOiJIICFTA~aI(JJ/LETAI) 
BB(JI=CRZ~(-2.0C~SlI.OU~ETAFAC)~AO(J)/UETA2-I|.ODO-ETAFACS~2I~A! 

| J ) / D E T A I ~ A Z | J ) |  
B ( J | = H H ( J ) e A S I J ) / ~  
OIJI:-AT(JIe~bTJI*~Á|,J.KII~k'-.||.ODG-£RI|ICRI~IA|JI~kII,J-I~K)eE~IAPC~ 

| J I e ~ | I , J t K ) * C C C J I I W I I , J ~ I , K I )  
CCkTINUL 
RETURN 
CC~TI~UE 

CGEFFIC|ENTS FOP THE MINDMARD STREARLINE 

I - 1  
K~2 
DO SO J=2,1M 
DETAI~ETA(J*II-ETA(JI*ETAFACSS2~|FTAIJ)-ETA(J-il) 
DETA2=Á[TA|J*II-ETA(J)|~*2*ETAFACelLTAIJ)-ETA(J-III*'Z 
&(JI=CRI~|2.~D~sETAFACtA~IJ|/DEIA2-tTAFACee2eAilJI/~ETAEI 
CCIJI:CX]B|2.CCOeAO(J)/UETA2eA|iJ)/~ETAIJ 

A~CD 
IA~CO 
ASCD 
ASCD 
AhCO 
ABCO 
ARCO 
ABCD 
A~CO 
AGCD 
ABCD 
ABCO 
A~CO 
A~CU 
AflCO 
A~CO 

(AgCD 
AaCD 
ARCO 

ABCD 
A~CO 
ABCO 
ASCD 
A~CO 
ABCO 
ARCO 
ABCD 
ABCD 
ARCD 
ASCD 
ARCO 
ABCO 
AfiCO 

6BIJ):CRI*(-2.COOeI|.ODOtETAFAC)eAOIJI/OETAZ-(I.OOO-ETAFACe~Z|eA)IAUCD 
| J ) I O E T A l t A 2 i J ) )  ABCO 

B I J I : B ~ ( J ) * A 4 i J ) I C X !  ABCD 
D|JI--II.OUC-CR|)ICR|e(AIJlekII~J-1,KIeBB(J|e~(IIJ,KI*CCIJ|~MI|,J~ABCO 

||oK|I~AAIJI*W||.J,K)/DXI-A3|J) 
CCkTINUE 
RETURN 
CCkTIhUE 

O . C . ( .  COEFFICIENTS FflR THE STAGNATION POINT 

ABCO 
AflCD 
AGCD 
ABCO 
ABCO 
ABCO 
ABCO 
ARCD 
AGCO 

DO ?O Jn2o lM  
DETAI-ETAIJt|I-ETAiJ|tETAFAC*w2*IETA|JI-ETAIJ-||) 

12 
13 

15 
16 
IT 
18 
! ' )  
2g 
21 
22 
23 
2*, 
25 
26 
21 
28 
29 
3O 
31 
32 
33 
34 
35 
36 
37 
3d 
39 
4O 
41 
42 
d;3 
44 
45 
46 
47 
48 
4q 
5O 
$1 
5? 
53 
$4 
5 )  
5~ 
ST 
S8 
59 
bg 

62 
63 
b4 
u5 
bb 
67 
b8 
6q 
73 
7 [  
72 
73 
74 
75 
76 
77 
78 
TO 
80 
BI 
02 
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DETA~-IETAIJ*II-ETAIJIJe'2eETAFACelFTAIJI-FTAIJ-III*e2 ARCD 83 
AIJI-2.0OOeETAF~LeAOIJII~ETA2-[IAFA~ee2*AIEJJ/DkTAi ABCO 8~ 
CCIJI:2.0~GeACIJIIOLTA2*A|IJI/~ETA| ABCO 85 
B(JI:-Z°OOO*II.OUJ*~TAFACIeACIJIIOETAZ-(1.0OO-ETAFACee2|*AIIJ)/OETAHCO 06 

I A l e A 2 I J I  AECO 8T 
O l J l : - ~ 3 l J !  ABCO 88 
CC~TI~UE A~CO 89 
RETURR ARCO 90 
£NO ABED qk 

SU6R~UT|NE ~DOETA ITST,ASYPeETACLD) ADET 
IHPLICIT  R [ A L * 8 1 A - H t O - Z )  AOET 
RE~L*8 NOSE ADET 
¢OFKCN /OEPV~RI F(2.1G|:31~FN(2,|O|,3),G(2~IOLt3!~GNI2,IOg~3I,T(2eA~ET 

1101*31.TNI2,I0)o3),ZI2,1OIo31,ZhI2~IOL,31oCIIOII,CNII311,YIIOLI,Y~ADET 
2 L I I O I I t k O R C E I I G I I  AOET 

CCPMG~ IG~CM/ ALPHAgTHETAC,NCSEtRN~SEekLST~X~XX~WX AOET 
CCFI~.~ / INTEGR/  |Fei~eK~OgKEND2eKLXeK+LeN3LNTI:I~O+KPATgLPRTeKPR+AG~T 

ILPR ~OET 
CC~MCN ISOLP~T/  CkIIOLI~CNmIIOI|,VwIIOLI.Gwf|OII.T~II)|ItGmNIIOII:AO£T 

IFWNIIOIIjFkIIOI|,Tk~ILCIItLkILblIjZkNIL:I|eXI~,DXCXIk,X~eR~ AOET 
¢CPR~N /XSCLVE/ XSTA(I~UI,OX~AXtOXtUXOLDtDXLeNS~LVE AOET 
COSIGN IICCO~C/ £IAINF,~TAF~C,ETA[IIIOII~UETAI)CI~|I~AOT£STtKADETA ADET 
DI~Et.SION F T A 2 1 I ; I ) ,  U ~ T A Z ( I O I I t  C k Z I L U I I ,  V d ? ( l O L I ,  F d 2 I i O | I ~  G~2AaET 

11101)~ T ~ 2 ¢ 1 C l ) ,  F 2 A I L O L ) ,  F 2 E I I O L I ,  F2C( IOL I~  G 2 A ( | C | ) +  G281101! ,AOET 
G2CILOI |~  T 2 A I I O L } ,  T 2 ~ ( l O l l ~  T2CI1~)1) A~ET 

DIP£hSI~N F ? C I L C t l ,  T2C|LGLJ ,  G2OIL~ I )~  G T A I I O | )  
DIPE~SIpN l ~ 2 ( l O l l ,  Z~aCLO11~ Z2B ILGI I~  Z 2 C l l O L I ,  Z 2 G I / G I I  
DATA BLU~TeShARP/SH~LU~T~SHSHAPP/ 

l E g u i l E - l ) 1 2  
IF I IST ,GT,2oOOCI  GG TC 20 
IF | IST ,EO.2 ,0CX. )  GO TO | 0  
E I J I k 2 a | , I C O * E T ~ I ~ F  
KRITE 16129G) X tETA|NFIETAIN2 
GC TC 30 

10 E T J I ~ 2 = O . q U O ~ T A | ~ F  
b R | T [  (b~$CO| X,FTAIKFoETAIN2 
GO IC 30 

20 [T~ I~2=ETAINF 
WRITF ( b t 3 | Q |  XIETAOLDoETA|N2oTST 
GC 10 SO 

30 CCKTINUE 
iF I [ I A F A C . E G o i . O ~ O I  
IF | ~ T A F A C . N E . ] . 2 0 0 )  

| !  
DE IA2 ( ) I -O .OOO 
DETA2(2)-OETAL 
E T J | I ) - O . O 0 0  
E 3 A 2 ( i J - ~ . O 0 0  
E T J 2 ( 2 I - O [ T A 2 ( 2 !  
DO 40 ~ - 2 t I H  
OETA~IN+I |=UEIA?(NI tETAFAC 
E I A 2 I N ~ | I s E T A 2 I N I t O E T A 2 ( N ÷ L I  
[ l a l h l - E T A C l K l  

40 C£~tlmUE 
IT+2IIEI-kTAIN2 
ETA()E)-fTAIKF 
GG TG ?0 

SO CCKTINUE 
IF IETAFAC.EG. I .O001 
IF |ETMAC.NE,LeOUOI  

I I  
D E I A 2 | I I - O . O ~ O  
UETAF(21-U [TAI  
ETJ211|-O.OOO 

ADET 
ADET 
Ar)ET 
ADET 
ADET 
ADET 
AOET 
AOET 
AOET 
AOET 
~DET 
AOET 
AOET 
ADET 
&DET 
ADET 
ADET 
AOET 

OETA L:ETAIh21DFLOAT( 1141 AOET 
UETA 1 =ETA IN2,. I E TAFAC- | .OOO | I ( ETAF AC: .i. [ ~ .  | ,,C OC, A 0 ET 

ADET 
AOET 
ADET 
ADET 
AOET 
&OET 
AOET 
&nET 
JDET 
AOET 
ADET 
ADET 
ADET 
ADET 
ADET 

OET A|,uF.TA CLf)/DF L~AT ( IM| AOET 
OETA |-ETACLD* | t.TAFAC- | .01 )0 | / (ETAF & £ * e | H -  | oO00AOET 

AOET 
ADET 
AOET 
ADET 

L 
2 
3 
4 
5 
6 
7 
8 
9 

10 
L; 
12 
L3 

16 
IT 
L8 
19 
2O 
21 
22 
23 
24 
25 
26 
21 
2e 
29 
33 
31 
32 
3.3 
3~ 
35 
36 
37 
38 
39 
40 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
SS 
56 
57 
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60  

10 

~O 

E T t ( I | = O . O D O  
E T A f 2 I = U E T A 2 ( 2 |  
DC 60 N=2,1H 
DETA21K) I I=D [TA2 |N IeETAFAC 
E T A I ~ * I I : F T A i ~ ) * O E T A 2 I ~ |  
E T ~ 2 ( ~ I : E T A O ( K )  
CC~TI~UE 
ETA( |EI=ETA~LO 
ET~2 ( IE I=ET~ INF  
DO 11'3 N = I , I E  
IF (ETA2IN I .CE.ETAOLD)  GO TO 160 
J=0 
J ' J ~ l  
, IF | E T A 2 I ~ i . G T . E T A I J ) I  GD TO 8C 
|F  | J . L T . 2 )  J=2 
IF ( J . G T . | | E - I ) )  J = I E - I  
IF (TST.GT.E .ODC|  GO TC |OO 
CALL INTER3 

| | t C W 2 1 N ) I  
CALL INTER3 

CALL INT[R3 
| l e F ~ 2 1 N ) l  
CALL INT~k3 

| l ~ T d 2 l ~ l l  
CALL INTER3 

| | ~ Z ~ 2 ( N | )  

ADET 
AbET 
AbET 
AbET 
ADET 
ADET 
ADET 
AbET 
ADET 
AbET 
AgET 
AbET 
AOET 
AbET 
AUET 
AbET 
ADET 

IETA2INI,ETAIJ-I)~ETA(JI,ETAIJ÷LItC~fJ-IleCH(JI,CWlJ*IADET 
ADET 

IETA21N|~E]A(J-i|~ETA(JItETA|J~I|eV~(J-II~V~(JI~VWIJ~|AO(T 
AbET 

IETA2|KItETAIJ-I)eETAIJ|~ETAIJ~II~FM|J-|IeF~IJI~FwIJ~IA~ET 
AO[T 

(ETA2(NJtETA(J-|J~ETAIJItETAIJ~IItTd|J-|ItT~IJI~T~|Jt|A~ET 
ADET 

(ETA2(N|tETAIJ-||eETA(J)tETAIJtI|~ZHIJ-iI~ZMIJItZ~(Jt;AnET 
AOET 

IF | G ~ ( I E 2 I . ( Q . O . 0 C O )  ~C TC SO AbET 
CALL INTER3 IETA2IHItETAIJ-|I,ETAIJI,ETAIJtL),GklJ-I),GwIJ)tGH(Jt|AnET 

| |wGW21N)) AbET 
• O CCkTINUE AbET 
| 0 0  IF ITST.EO.3 .ODO)  GO TC 120 AUFT 

CALL INT£q3 IETA2INItETA(J-EItET~IJI,EIAIJ~I|,FII~J-|,3)eF(|gJt))tA~[T 
| F I | I J ~ | , 3 | , F 2 C I ~ I )  AflFT 
CALL INTER3 IETA2I~ItEIAIJ-||IETAIJ|tETAIJAII,TILtJ-Ie~),T(|tJt3)IADET 

| T | | ~ J * l t 3 l t T 2 C l ~ / )  ADET 
IF I G C I , I E 2 , 3 } . E U . 0 . D D O )  GO 10 1|O ADET 
CALL I~TER3 IETA2|N|tETA(J-|I,[TAIJI,ETAIJ*EI,GI|,J-|,311G(ItJ,3),AnET 

| G I I t J * I , 3 I , G 2 C | ~ ) I  AbET 
| | 0  CC~TIhUE AU~T 

CALL I ~ T ( ~ 3  IETA21N)IETA(J-I|wETAIJI,ETAIJtII,ZlL~J-|t3I~Z(|~J~31~AOET 
| Z ( | t J t l ~ 3 I , Z 2 C r K ) I  ADET 

120 |F (TST .GT .2 .0CO)  GO TC 150 AbET 
CALL I~1~K3 ICTA2(N),ETA(J-LIgETAIJ),ETA|JtLI~FI2tJ-|~21~Ff2~J~21~AOCT 

I F I ; ~ J t I ~ 2 I , F 2 D ( P ~ I I  AbET 
CALL I ~ l E ~ 3  ICT~2(~I,ETa(J-II,ETAIJI,ETAIJ*II~Ti2~J-I,2),I|2,J,2|tAnFT 

IF | G C 2 t I F 2 ~ 2 I . L C . 3 . 0 C C |  GC TO 130 ADFT 
CALL |NIEP3 IET~2I~JtETA(J-|I~ETAIJ)~ETA(J~IItG(2,J-|tZItGI2tJt21,An~T 

| G ( 2 ~ J * I ~ 2 I e G 2 ~ I h l l  ADET 
| 30  CChTIqttF AbET 

CALL |KTFR3 IETA2(NI,LTAIJ-II~ETA(JI~ETAIJ~|I~Z(2tJ-I~),ZI2~J~2I~A~cT 
I Z 1 2 , J t l , 2 ) , Z 2 0 1 ~ ) !  AbET 
CALL INTER3 IETA2('~)~ETAIJ-|IeETA(J),FTS(J~IIeF(2~J-ItLI,FI2~J,II,a~ET 

| F I 2 ~ J ~ I , I ) , F 2 ~ ( ~ ) )  ADET 
CALL | t l T ~ 3  |ETA2(N)tETA(J-IItETAIJ|~TA(JtIItT(2,J-It[I~TIZ,J~II,A~T 

| T i ~ J ~ l ~ l | , T 2 a ( h l l  AUET 
CALL |NTIS3  |FTA2(~I~ETAIJ-|I~ETA(J),ETAIJ~II~Z(2eJ-I~|)~ZI2tJ,I|~ADfT 

| Z ( 2 t J ~ | , I I , Z 2 A ( ~ I )  AD[T 
|F I G ( ~ | [ 2 ~ I ) . ( ~ . ~ . 0 C : I  GC T~ ~¢O AbEt 
CALL |NTER~ |FTA2|N|,~TA(J-IJ,ETA(J)~CTAIJ÷L)~GI2~J-|tI)~G|2~J~I)~AO[T 

| G l 2 ~ J t l ~ 1 | e C 2 A l ~ l l  AbET 
1~O CC~TINU~ AnET 
| 5 0  IF ITST .EU.6 .0OO)  G~ TC | 70  AOET 

CALL | ~ T [ K 3  (£T~2(~|~TAIJ'I)tETAIJIe~TAIJtlI~FII~J-|t2ItF||~J~2I~At)cT 
| F ( I t J ~ I , 2 ) , F 2 ~ ( ~ | I  AOCT 
CALL IKTLR3 (ETA~IN)~ETAIJ-II~EIA(JI.ETAIJtl),TII~J-I~2)~TIItJ~2),A~ET 

| T | I ~ J t I , ? I , T 2 ~ C ~ ) )  A~Er 
CALL I N I ( ~ 3  CET~Z(N),FTAIJ-I|tETA(J)tETAIJ~II~Z(|~J-I~2|tZI|~J~Z)~AOET 

| Z I I e J ~ I ~ 2 I , Z 2 ~ I ~ ) I  AbET 
IF | G ( I , I I 2 , 2 I . E G . J . O D O I  GC T~ 170 AbET 
CALL INTE~3 IETAZ(N)e~TAIJ-I)~ETA(JI.~TAIJtLI~GI|~J-Le2),GII~Jt2I~AOET 

58  
59 
60 
61 
62 
63. 
6** 
6S 
66 
67 
68 
69 
1'0 
1'1 
72 
73 
7~, 
75 
76 
77 
78 
79 
80 
8L 
82 
8 t  
84 
8 5  
86 
87 
R8 
89  
QO 
q |  
Q2 
93 

95 
96 
91' 
qq 
99 

100 
IC1 
L02 
lOJ 
|0~, 
lOS 
! .~6 
IC7 
|GU 
109 
11,0 
!11 
112 
!13  

L IS 
"116 

! 1 7  
l l l }  
l l q  
120 
121 
127. 
12J  

12S 
126 
lZT 
128 
129 
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| G ( i t J t l J E I , G E B ( N I |  
GO TO 170 

160 C h E ( ~ I - | . O D O  
V N E ( h I - V W ( | ~ |  
F M 2 ( ~ I - I . G D O  
GkECNI -GWi lE |  
T k 2 ( N | : | . O C O  
Z k E | N ) : | . ~ D O  
F 2 a ( ~ ) = I . 0 ~ O  
FEBfK I : I oCOG 
F 2 C i ~ ) : 1 . ~ 0 0  
F E C I k ) L I . 0 C O  
G E / I N I = ~ I ? , I S , I )  
GEC(N|=GIEe lEw3 |  
G E E ( N I : G I | t | E , 2 !  
G 2 G ( N ) - G I 2 , 1 E , 2 I  
T 2 § I N ) : I . O D O  
12C¢NI= l .OCO 
1 2 A l k ) = l . 0 D O  
TEC(N)=| .GDO 
Z 2 J | N I : | . O C O  
ZEE(NI : |eODO 
| 2 C | k I - I e O D O  
1 2 C I ~ I - I . C C O  

|TO C C k l l q u E  
IF ( ISToNE.2 .CDC)  GO TC 180 
C ~ E ( | E l : | . O D O  
F k E I I E I a I . ~ U O  
G M 2 ( I E I - G ~ I I E )  
] b 2 1 1 [ I - l . O O O  
I N E i l E I - ~ . 0 3 0  
F E A ( I L I : | . O D O  
F 2 B I I E I - I , O D O  
E E C ( I [ ) : I . ~ D C  
F E C I I E I - I . O P O  
G E J ( I £ 1 - G I E , I E I I I  
G 2 B ( | c ) - G I I , I E t 2 1  
G E C I I E I : G I I , I E , 3 !  
G g O C I [ I : G I E f l E , E J  
T 2 A i l E I = I . d U O  
I ~ E C I E I ~ | . G D O  
1 2 C ( I E I - | . G D C  
TECIJE I :Z .GDO 
Z E ~ I I E ) = I . ; D C  
Z E ~ ( I E ) - | . ~ D G  
~ 2 £ 1 ] [ | - 1 . 0 i ) 0  
Z 2 D ( I £ I J I . 0 D O  

180 CCkT| ' IU [  
ET61~FuETAIN2 
DC 2~0 J - I , I L  
IF (1ST.GToZ.ObG!  G@ TC lqO 
F T a O I J I = E T A 2 I J )  
D E I A f l i J I = D E T a 2 I J !  
£ b l J l = C ~ 2 ( J )  
V ~ ( J | = V ~ 2 ( J |  
F N ( J | v F ~ 2 1 J |  
T k ( J ) = T x E ( J I  
| b | J | m Z d Z ( J |  
IF I G ~ I I E Z I . [ Q . O . G O 0 !  Gfl 10 190 
GH|J )sG~2CJ |  

190 IF fTST.EO.~ .O~G)  GO TC 200 
F I l e J e ? I = F E B I J I  
T l l . J ~ 2 l ' I Z P l J l  
| | J e J s Z l : l Z U i J )  
IF I G ( | , I E Z , Z ) . { Q o O . G O 0 )  GO TO 200 
G I I , J ~ E I u G 2 U I J J  

200 IF (1ST .GT .Z .G~CI  GO TG 210 
F | E s J , i ) = F T A I J I  
T | 2 . J t I I = T Z A I J !  
I | 2 . J e I | = L E A I J I  
IF ( G | 2 , 1 k Z , i ) . E U . O . G D O I  GO TO 2 | 0  
G ( Z , J ~ I | : G E A i J I  

AOET 130 
AOET 131 
~DET 132 
ADET 133 
AbET ! 3~ 
ADET 13S 
AbET 13b 
ADET 137 
AOET 138 
ADET 139 
ADET 160 
AbET 161 
AOET 142 
ADET 163 
Af~ET 144 
AD f..T 145 
AbET 14b 
ADET 167 
Abe t  1' ,8 
ADET 149 
ADET 153 
AOET 1 St 
AbET 152 
AOET | 5 3  
AbET | S~ 
ADET i SS 
AOET ISb 
AOET | ST 
ADET | b 8  
AbeT I b9 
AbET 160 
AOET 161 
ADET 162 
ADET 163 
AOET 166 
AOET 165 
AbET 166 
ADET | h i  
AOET le-9 
ADET IGq 
ADET |TO 
AOET | 7 i  
AnET 172 
ADET 173 
A~tET I 14 
A D E T |  TS 
A O E T |  76, 
ADET 17T 
A O E T |  T3 
AOET 1 ?q 
AFIET 18." 
ADET 181 
ADET 182 
ADET 183 
ADET | 86 
ADET 185 
ADr..T |H6 
ADET 187 
AbET 188 
AbET 1~9 
ADET lqO 
AbET l q k  
AOET 192 
ADET 193 
ADET | q 6  
AbET | q 5  
AbET 1q6 
ADET 197 
ADET 198 
ADET Iq9  
ADET ?..03 
AOET 201 
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| | 0  I f  ITST*EQ.3.0OG) GO TO 220 
F | | e J t 3 I w F 2 C ( J I  
T ( | w J o 3 ) v T 2 C ( J )  
| ( | e J t 3 J s Z 2 C f J )  
IF I G | l , i ( 2 , 3 l . [ O . = . © O O l  GO TO 220 
G I I , J ~ 3 I - G 2 C ( J !  

220 iF |TST,GT.2 ,COGI  GO TC 230 
F i 2 , J I 2 I = F 2 0 ( J I  
T | 2 e J B 2 I : T 2 D ! J |  
Z ( 2 P J v Z l : Z 2 0 ( J !  
IF ( G ( ~ t I [ Z , 2 I . ~ Q . O . G O 0 |  GC TO 230 
G | 2 o J o 2 l = G 2 b l J )  

230 CC~TINUE 
| f  ( ~ S T . G T . 2 . 0 0 b !  GO TO 240 
CALL DE~|V (CNI [T~2p lCo | ,C~WI  
CALL DER|V (FWo(TAZ, IE tLoFk~ I  
CALL DEKIV ( T k o E T A 2 B | E t | t T b ~ |  
CALL OER|V | Z k ~ F T A 2 ~ | E o | , Z k ~ )  
IF |GN( |E2 I ,~E .O .CUO!  CALL DERIV IGVoETA2tIE~JoG~N) 

240 IF ( T S T . £ C . 4 . C O ( )  GU IC 250 
CALL DERIV3 I F o | I & , E T A 2 ~ I F o | o F ~ |  
CALL OAR|V) I T ~ I ~ 2 o [ T A Z o I ~ | o T N |  
CALL OAR|V3 I Z o | , 2 , E T A 2 , I E t | , Z E !  
|F  | G | | , I E 2 o 2 I . h E . O . C C 3 I  CaLL OAR|V3 IGo I~2 tETA2~IEo |~GNI  

2SO IF |TST*GT,2 .C~CI  GO TG 260 
CALL DTk[V3 I F I 2 o l , E T A 2 , I E ~ I , F k )  
CALL DERIV3 ( T , 2 v I , E T A 2 ,  I E , | , T ~ I  
CALL DEN|V3 I Z , ? t l t E T A 2 ~ l E e l e ~ h )  
IF | G I 2 o E E Z * I I o N f . O . ~ C O I  CALL CERIV3 ! G a 2 , I t E T A 2 , I E e i , G N !  

260 IF | T S T . ( O . 3 . O C L I  GO TC 270 
CaLL O(~ |V3  | F t l : 3 ~ E T A 2 t J E , | : F k l  
CALL OERIV3 ( T o | o J ~ C T A 2 ~ I E , | ~ T ~ )  
CALL DERIv3 ( Z , I , I , E T A 2 , 1 E , I I Z ~ )  
IF ( G I | , | E 2 * 3 J . r . ~ . C . O 0 0 1  CALL DERIV3 | G , | t 3 o E T A 2 , | E ~ | o G N )  

~TO IF iTSToGT°2.0UU) GO TC 280 
~ALL U[RIV3  ( F , 2 , Z o E T A 2 ~ | E , | , F ~ I  
CALL OEKIV3 ( T , 2 , 2 ~ E T A Z , I E , | , [ ~ I  
CALL DERIV3 ( Z o 2 o 2 , E T A Z ~ l E t l o Z k |  
IF | G ( 2 t I E 2 , 2 I . ~ E . G . O U O !  CALL CERIV3 |GtZo2oETA2oIEo |oGN|  
CCklINUE 
RETURN 

ZSO 

C 
C 
290 

310 

AOET 202 
AOET 203 
ADET 204 
ADET 205 
AOET 206 
ADET 207 
ADET 208 
AOET 2G9 
ADET 210 
ADET 211 
ADET 21Z 
AOET 213 
ADET 214 
AD[T 215 
ADET 216 
AOET 217 
AUET 218 
AnET 2 1 9  
ADET 220 
ADET 221 
ADET 222 
ADET 223 
ADET 224 
AOET 225 
AOET 226 
ADET 227 
ADET 228 
AOET 229 
AbET 230 
AOET 231 
AOET 232 
ADET 233 
ADET 234 
AOET 23S 
IDET 236 
ADET 237 
ADET 238 
ADET 239 
AOET 240 
ADET 241 
AUET 242 
ADET 243 
ADET 244 

24S 
246 
247 
?4d 
2 4 ;  
2S0 
25]  

FOFMAT i lOXe22HET~INF INCREASED AT X : o F | q .  So|3H OL9 ETA|UFmoFIOeSADET 
| o | 3 H  NE~ ETAI~FmtF IO.S / )  ADET 

FORMAT | |OX,g2HETAIKF C(CR(ASED AT X=oF |O.Sp |3H OLD ETA|NFmtF|O.SAOET 
] o | ) H  NE~ ( T A I t . F m , F | O . S I |  AbET 

FORMAT | ;OX,24~ETA:LO |NCREASEC AT X : ,F IO.So2Xt l3HQLU ETAINF • ~ADET 
| F I O . ~ t 2 X I | ) H ~ E ~  ETAI~F = , F | O .  SI2XobHTST m I F ~ * | / |  ADET 

END ADET 
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10 

20 
30 

'40 

SO 

60 

SUBROUTINE AERO AERO 
|MPLIC IT  REAL~8 ( A - H , Q - Z )  AERO 
COMMCN /FRST~M/ KHCItIF~PINFeTFStUFStR~PRLeO~X~A AERO 
CGMHC~ /POLYCCI CPAIRLIbI,CPAIKH(b|,E~4I~LKb),ENAIRFi(bJ~CHUAiRIbJtAE~O 

|CM~HE(GI,DIFH(IbItG~UA~I~J,U[FAPIbI,C~G~ZL(b},CPCO2HIbIsFNCDZLI6I~AERO 
2 E ~ C O 2 H ( ~ I , C ~ U C O 2 I o I , d | F C ~ 2 ( 6 |  

CCP~CN / k E F /  P~(F~TR[FtAVUkEF~kEINF 
CCFHCh /STAG/  PSTAG~TSTAGtP~C~STAb~HSTAG~HE 
COFM~N /THERWC/ PR~PDVALU~ 
C~ffHC~ /THP~TR/  TE~P(XOII,TOTEIIO1)eTP(IOI)~RTH~TB 
DATA ROIN/4H~HOL/~PIN/~HPI~F/ 

RHC|KF IS I~  SLUGS 
P lhF IS IN PSIA 
PSIAG 15 IN PSIA 
PREF IS IN PSIA 
~P IN FT~e21SEC**~IOEGoR 
R IN FT '~21SECe~2/DSG.R 
UFS IN FT/SE£ 
T~ALL~1REF~TSTAG [N ~EG.R 
AMUREF IS |N ( L E - S E C I I F T e * 2  

RmlT I? .6702OG 
Gu l .4DO 
IF (1FS.EO.O.O~O.OR.TSTAG.EQ.O.GDO| GO TO IO 
G-IISTAGITFS-I.GUOIe2.GDGIXMAe~2÷Io(DO 
GO TC 30 
IF I IFS.EQoO.UCCJ GO TC.20 
1SIAGuTFS~CI.GDO~(G-I.CGOJ/2.0OC*XMAIe2) 
GO TC 30 
TFS-TSTAG/iL.GDC~IG-|.CUO)/2.GDOsXNAQ*2I 
ASGmG*RBTFS 
UFSnDSQRTIASCeX~A*e2) 
s r  |PR(*P .~E.RC|h )  G~ TC qO 
RHC|KF~VALUE 
PIKFsRHOI~FeR~TFS/|460CCO 
PSTAG=PINFlII.OOOeIG'I.O~OI/E.ODC*X~A~*g. O O O l s ~ I ' G / I G - i . O D O | )  
GC ;C  60 
IF (PR~P.~FoPIN I  GO TO bO 
PIhF~VALU[ 
RHC|~F=PI~F~I44.OG/R/TFS 
PSIAG=PINFliI.GDO*IG-I.CU~II2.0DOeX~A~*2.0DOI*~(-G/(G-|.~OO)) 
GG TO 60 
CChTINUF 
PSIAGmVALUE 
PIhF=PSTAG~II.CCC~iG-|.CCO)/2.0DO~X~Ae~2oODO)~(-G/(G-|.ODO|| 
R H C I ~ F m P I N F e I 4 4 . D : / R / T F S  
CG~TINUE 
H S I A G = T S T A G * I G / I G - ~ . O O O J ~ )  
PREFuRHCI~F*UFS*82 
1REF~UrSe*21R 
AMUFEF:2.27GCO~OS:RTITREFI*~3.0OO/(1R~Ft|98o~OJe|.O0-08 
AMUI~F:2.2?~.*O~<TITFSI~3.0DO/(TFS*|qB.bDO)~I.0D-OG 
REI~F-RHOIhF~UFS/AHUZ~F 
RETURN 
END 

AERO 
AERO 
AERO 
AERO 
AERO 
A[RO 
AERO 
A~RO 
AERO 
AERO 
AEqO 
AERO 
AERO 
AERO 
AERO 
AEq~ 
AERO 
AERO 
AERO 
AERO 
AERO 
AFqO 
AERG 
AERO 
AERO 
AERQ 
AE~O 
AERO 
AER3 
AERO 
AE~O 
AER3 
AER9 
AER3 
AERO 
AFRO 
ACR3 
AERO 
AERO 
A£R3 
AEqO 
AERO 
AER~ 
AERQ 
AFRO 
AER3 
AERJ 
AERO 
AERO 
AERO 
AERO 

1 
2 
3 
4 
5 
6 
? 
8 
9 

tO 
| 1  
12 
t 3  
14 
15 
16 
17 
18 
l q  
20 
21 
22 
23 
24 
25 
26 
27 
28 
2q 
30 
3!  
32 
33 
34 
35 
36 
37 
38 

4O 
41 
42 
43 
44 
4b  
46 
47 
48 
49 
5') 
51 
52 
b3 
54 
55 
56 

SUEROUTINE AEROPT (XtY,NwNPTSoXAXLBLeNXTCIIRtNXACHRtYAXLBLtNYTCHRtNAEPT 
1YACHRI~CALLeNCURVEtJCIJRVEJ 

CCFMCN IAXINFOI  IXAXISv |YAXIS  
COPMGN / [ X P O ~ T /  IJL~G 
CCMM~N /LEGLOLI  LGNO, I S L H L t I U N I T t K T I T L E  
C(~MGk / | I T L F /  LAI iCL(20)  
DJ~E~SION X A X L ~ L ( i l ,  YAXLBL | I )  
OIPC~SION XlSOO),  Y(5~O) 
DIP[~SION X V A L N ~ ( | I I ,  X T I C | I | I ~  YVALNQISOJt Y T I C i 5 0 )  
DIP£hSIGN YLOG(919 YLUGTCIq| 

A( PT 
AEPT 
AE PY 
AEPT 
AEPT 
AEPlr 
AE PT 
AEPT 
AE PV 

1 
2 
3 
4 
S 
6 
7 
8 
9 

tO 
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C. 
C 

10 

20 
C 
C 
C 
S~ 

C 
C 
C 
40 

C 
C 
C 
5D 

60 

C 
C 
C 
10 

C 
C 
C 
aO 

C 
C 
C 
90 

| 0 0  

C 
C 
C 
C 
I lO 

D|F (kS [ON XLFGIQIe XLOGTCIQ) 
DIMENSION A i q l e  B I 9 I  
DIZENS|ON NPTSIT) 

AEPT | |  
AEPT I2  
AEPT | 3  
AEPT | 6  
AEPT |S 

JCALLsO AEPT | 6  
I~TCNT-NPTSI I |  AEPT 17 
JCALL=JCALL~I AEPT 18 
|PIS=NPTS(JCALL|  AEPT 19 
IF I J C A L L . G I . I )  GO TO 130 AEPT 20 
IF I JCU~VC,EG. l l  |PTS:~  AEPT 21 

AEPT 72 
| N | T | A L I Z A T J ~ N  OF X AND Y AXIS L IMITS AND LENGTHS AEPT 23 

AEPT 26 
6C TO 130JTDgSG*701o I~AX|S AEPT 25 
GO TO 1 8 ~ , 9 0 1 ,  IYAXXS AEPT 26 

AEPT 27 
FIXED KKO~N LINEAR SCALE--X AXIS AEPT 28 

AEPT 29 
XPlksO.O AEPT 30 
XMAXs|,O AEPT 32 
XALNTH-5.0  AEPT 32 
GO TG 20 AEPT 33 

AEPT 36 
UKKNCMN LINEAR SCALE--X AXIS AEPT 35 

AEPT 3b 
IJLOG=O AEPT 37 
CALL KAX IXe~tXPAXoNEX~NEXNOX) AEPT 38 
CALL FIN I X e ~ t X K l ~ l  AEPT 3q 
XAL~IH-SeO AEPT 40 
GO TO 20 AEPT 41 

AEPT 62 
SEPI-LOG SCALE--X AXIS AEPT 43 

AEPT 46 
IJLOG=J AEPT 65 
DC 60 J'~oN AEPT 66 
X I I | u A L O G I O I X I I l l  AEPT 47 
£ALL NAX |Xe~eXFAXe~EXXe~EXNDXI AEPT 4~ 
CALL MIN (X~&tX¥1NJ AEPT 49 
XALkTh~S.O AEPT SO 
GO TO 20 AEPT SZ 

AE PT 52 
FIXED KNOWN ANGULAR SCALE (O- laG OEGREESI--X AXIS AEPT 53 

AEPT $6 
XMAXsIBO.O ~EPT 5S 
XPIN-O.O AEPT 56 
XALKTH=S.O AEPT 57 
GC TC 20 AEPT 5~ 

AEPT $9 
U~KNOkK LINEAR SCALE~Y AXIS AEPT b2 

AEPT 61 
IJLOG-O AEPT b2 
CALL MAX IYth.Y~AXeNEXYIkEXJ~CY) AEPT 63 
CALL FIN IY lh~YWIN i  AEPT 66 
V A L h l k s 6 . O "  AEPT 65 
GC T~ | l O  AEPT 66 

AEPT 67 
SEVI-LOG SC~LE--Y AXIS AEPT 68 

AEPT b9 
I JLOG: !  AEPT 70 
DO lO0 I = I , N  AEPT ?L 
Y I I I m A L C G I O I Y I I I )  AEPT 72 
CALL MAX (Y,~,YPAXmNEXY~kEXNDYI. AEPT 73 
CALL ~ lH CY~eYMI¢~| AEPT 74 
Y A L N T h : J O . O / 3 . 0 e 2 . O  AEPT ?S 

AEPT 76 
SET PEN AT URIGEN AND FINU THE COORDINATES OF THE L IMITS OF THE AEPT 77 
PLOT AEPT 78 

AEPT 79 
IF I&CALLeGT.L)  GO TO 120 AEPT 80 
CALL PLOT | 3 . O ~ , S w - 3 J  AEPT 8 |  

1 8 7  
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| 2 0  CALL WHERE |XCRGINtYORGINI AEPT 82 
XLIM-Xf l~GINtXALNTH AEPT 83 
YL|KsYGRGI~*¥1LhTH AEPT 86 

G AEPT 85 
C SCALE THE X AND Y ARRAYS ANG PLOT THE CURVE AEPT 86 
C AEPT 87 

XRAkGLuXMAX-XMI~ AEPT 88 
XSCFAC:XRA~G(IXAL~1H AEPT 89 
YRANG(:YHAX-yu lh  AEPT 90 
YSCFAC=YRA~GF/YALNTH AEPT 9 |  

|30 00 ] 60  i : I , | P T S  AEPT 92 
X | I ) : I X ( | ] - X V I ~ I I X S C F A C  AEPT 93 

I&O ¥ | I | - I Y I I I - Y Y I r + | / Y S C F A C  AEPT 9~ 
CALL PLOT | X I I I , Y I t l , J l  AEPT 95 
DC ]50  ] a | o i P l S  AEPT 96 
CALL SYHBOL I X ( I I ~ Y ( | I t O . 1 3 o J C A L L g C o O o - 2 I  AEPT 9T 

|SO CC~TI~U£ AEPT 98 
IF |JCALL.EQ.JCURV£I GQ TO |70  AEPT q9 
JPTS:NPTSIJCALL*LI  AEPT CO0 
DO 160 I = I , J P T S  A[PT 101 
| N T C & T : I h T C ~ T t |  AEPT L02 
X I I I - X I I ~ T C N T )  AEPT 103 
Y I I I : Y I I h T C N T )  AEPT | 0~  

160 CCkTINU£ AEPT 105 
GC TO LO AEPT 10o 

C AEPT 107 
C ORAN AXES STARTING AT CRGIN AND GOING COUNTERCLOCKWISE AEPT 1~8 
C AEPT ICq 
| 1 0  CALL PLGT IXCRGINBYGRCIN.3| AEPT | 10  

CALL PLOT ( X L I U , Y I R G I K t 2 )  AEPT 111 
CALL PLOT |XLZM,YLZ~,21  AEPT 11~ 
CALL PL~T ( X L R G I ~ v Y L I ~ o 2 )  AEPT 113 
CALL PLOT (XCRG/K~YU~GINo21 AEPT 114 
GG 10 200 AEPT 115 

C AEPT i ! 6  
C OETEkH|NE NUFBEG OF CYCLES IF PLOT iS  A LOG--PLOT AEPT 117 
C ACPT l | S  
C V A x i s  AEPT 119 
C AEPT 120 
180 NOIVYmYMAX-Y~IN AEPT 121 

O~-O.GS AEPT 122 
Y1CIhCmYALFT~I~OIVY AEPT 123 
ICCUNTuNDIVY~L AEPT 12~ 
GO TO 370 AEPT 125 

C A~PT 326 
C X AXIS AEPT 127 
C AEPT 128 
|90  NOIVX-XMAX-XYlN AEPT ] 2 9  

OY-b,OS AEPT 130 
XTC|hC-XAL~T~INDIVX AEPT 13L 
ICCUNTaNOIVXtI  AEPT 132 
GO 10 2¥0 AEPT 13~ 

C AEPT 13~ 
C X AXIS TICMAPKS A~O LABELS IFCR FIXED LINEAR OR ANGULAR SCALESI AEPT 13S 
C AEPT 136 
200 GO TC 1 2 1 0 , 2 ~ 0 . 1 q 0 , 2 2 0 ) ~  IXAXIS AEOT 13T 
~ | 0  DYmO.05 AEPT 13fl 

|NT~11 AEPT I39  
XVALUE=XMIN AEPT L~O 
XVAI~CaO. |  AEPT 141 
XVALUE~KVALUE-XVAINC AEPT 162 
GG TO 230 AEPT 143 

220 INT -?  AEPT 166 
OY'O,O$ AEPT 145 
XVAL~E~XMIN AEPT 14b 
XVAI~C~30.O AEPT 147 
XVALbEsXVALUF-XVA|NC AEPT 148 

~30 OO 240 J - l ~ l k T  AEPT 169 
XVALU~uXVALU[+XVAINC~C.OGGOO5 AEPT 150 
XVALNJIJI~XVALU~tOoO AEPT 151 
XT IC IJ I -XVALUt /XSCFAC AEPT |b2  
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CArL PLOT IXT IC (J )eYORGIN~DYf3 I  
CALL PLOT I X l l C ( J I , Y O R G I h - O Y e 2 I  

~q,O CC~TINUE 
CALL PLbT IXCRGINtYORG|Nt3)  
DYwOo4 
DX-O.2  
NDECPL=2 
IF I I X A X I S . E C . 4 I  NOECPLz-L 
IF I I X A X I S . [ C . ~ I  O X : O . l  
DO 250 J : l e l h T  
CALL NUHflER (XTICIJ I -OxwYORGIN-DYBO. LLtXVAL~O(J|sOeO~NDECPL|  

250 CC~TINUE 
CALL PLOT (XCRGINtYORGI~t3 |  
GO 70 360 

C 
C X AXiS TICHARKS AND LABELS (FOR UNKNOMN LINEAR OR LOG SCALE) 
C 
260 DYmO.O5 

ICCUkTm|I  
X T C l k C = X A L k T k / I O . 0  

ZTO XTCVAL=XORGI~-XTClNC 
DO 300 J : I , I C C U ~ T  
XTCVALuXTCVAL,XTCINC 
XTICIJ)=XTCVAL 
XVAL~OIJ)uXTCVALaXSCFAC~XMIN 
FAC:O.COS 
IF I~EXNDXoNE.O) GO TO 290 
FE~mNEXX~2 
FACaS.O 
DO 280 M:I~MFX 
FAC-FAC/ |O°O 

280 CChl i~UE 
ZgO IF | X V A L N O I J | ° L I ° 3 . 0 |  FACm-FAC 

XVALN~ |J l aXVALKrCJ | tFJC  
CALL PLOT IXTCVALeYCAGINeDYt3} 
CALL PLOT IXTCVALeYORGJN-DYo21 

| 0 0  CG~TIhUE 
CALL PLOT IXCRGINeYORG|No3I 
DX-O°2 
DYoO.4 
NDECPLmZ 
i ~ C - 2  
IF I I X A X l S . E C . 3 I  I N C : |  
IF |NEXNDX.(C°OI  KOECPLzNEXX~| 
DC 3IG M- Ie lCCU~TBI~C 
CALL NUMBER IXTICIM|-UXtYURGIN-OYwD°|~tXVALNO|HIeOoO~NDECPLI 

l i O  C C k l l k u E  
IF I i X a X I S . h E , 3 )  GO TO 3S0 
DX:O.O5 
DYsO.O5 
DO 340 J : I , N C | V X  
DO 320 K-2eq  
XLCG(K)-K 
XLCGTCIKImaLOGIGIXLOGIKII*XTCINC~XTICIJ) 
CALL PLOT (XLCGTCiK)~YRRGIk~3|  
CALL PLLT IXLCGTC(KI~YCKG|N-CY~2I 
CALL PLOT IXLCG1CCKI-DX~YO~GIN-IUXtO,2I~3I 
CALL kHFRE I A I K ) ~ R I K ) )  

S2O CChTIflIJE 
DO 330 ~ = 2 , 8 t 2  
CALL KU~RER I A l K l , B l K l e O , l t X L O G l K ) e O e O e - l )  

330 CChTINUE 
~ 0  CCRTINUE 
)~0  CCkTINUE 

CALL PLOT (XGRGIN~YORGIN~3) 
C 
C DRAM TICNARKS ON Y-AXIS AND LABEL ACCORDINGLY 
C 
360 IF I I Y A X I S . F O . 2 1  GO TO 160 

DX-O.O5 
I C C U ~ T - I I  

AEPT IS3 
AGPT IS~ 
AEPT LSS 
AEPT 156 
AEPT IS? 
AEPT IS8 
AEPT | 5 9  
AEPT 160 
AEPT IGI  
AEPT 162 
AEPT 163 
AEPT 164 
AEPT 1(,S 
A( PT EBb 
AEPT 167 
AEPT 168 
AEPT 16~ 
AEPT 173 
AEPT 1.71 
AEPT 172 
AEPT 173 
AEPT | 7 4  
AEPI' 175 
.AS PT 176 
AEPT 177 
AEPT 17a 
AEPT |T9  
A£DT ] 8 0  
AEPT 181 
AEPT | 82  
AEPT 183 
AEPT 184 
AEPT 185 
A(PT |Oh  
AEPT 187 
AEPT 188 
AEPT 189 
AEPT J90 
AEPT ICll 
AEPT 192 
AEPT Iq3  
AEPT ]qq  
AEPT l g 5  
AEPT 196 
AEPT |9T  
AEPT 195 
AEPT IQq 
AEPT 200 
AEPT 2CI 
AI.PT 2,;2 
AEPT 203 
AEPT 204 
AEPT 20~ 
AEPT 206 
AEPT ?~7 
AEPT 208 
AEPT 209 
AEPT 21 .,1 
AEPT 211, 
AEPT 212 
AEPT 2 | 3  
AEPT 214 
AEPT :) IS 
AEPT 216 
AEPT 217 
AEPT 2 | 8  
AEPT 219 
AEPT 22,3 
AEPT 221 
AEPT 222 
AEPT 223 
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AE DC-TR-75 -55  

YTCINCeyALNT~I IO.O 
)TO YTCVAL=Y~RGIh-YICIHC 

DC 4EU J u l t I C C U h T  
¥TCVAL~YTCVAL~YTCINC 
YT IC i J | -YTCVAL  
YVALNOCJ|=YTCVALuYSCFACeYMIN 
FAC-O.OOS 
IF |kEXNOY.NE,O) CO TO 3go 
gEl~NEXY+2 
FAC-5 .0  
00 3OO K : l , H E X  
FAC=FACIIO.O 

380 CChTINUE 
390 IF ( Y V A L N O i J ) ° L T . G . ~ I  FAC=-FAC 

IF ¢YVALh~iJ).GT.IO30.Q.CR.YVAL~OIJ|.LT.-LO00.O| GO TO 400 
YVALt4G(J I :YVALhD|J) tFAC 
GO 10 410 

400 FFAC=).O 
iF ¢YVALNQ(J | .LT .O .O)  FFAC--FFAC 
|TRUNC=YVAL~C(J) 
YVALNO|JJ:|TRUNC#FFAC 

410 CALL PLOT (XGRGINeOX,YTCVALt3) 
CALL PLOT (XCRGIN-OXtY|CVAL~2J 

420 CChTINUE 
CALL PL~T (XCRGIN~YORG|N~3I 
DX:O.¥S 
DY-O. |O 
NGECPL:2 
I N C ' 2  
IF ( ] Y A X I S . E O , 2 )  |NC=|  
|F  ¢NEXNOY.EQ.O) NDECPL=NEXYe] 
DO 430 ~ : I . I C L U t . T ~ [ N C  
CALL hUHUER IXOFGIN-DX.YT|CIH)-OY~O.|ItYVALNQIH),O.OtNDECPLI 

~30 C C k l I ~ U (  
IF I I Y A X I S . N E o 2 |  GO TC 470 
OY=O.05 
OX=O.OS 
DG 460 J = I , ~ C i V Y  
DO 440 K=2e9 
YLG~|K)=K 
yLCGTCIK)=ALOG~G|YLOGIKI)'YTC/NCeYTICIJ| 
CALL PLUT ( X C ~ G L ~ Y L ~ T C ( K | , 3 |  
CALL PLOT IXGRGIN-UXeYLCGTCiK)~2I 
CALL PLOT (XCRGIN-(OX*O.2IeYLOGTCIK)-DYt~) 
CALL ~HERE IAC~ I~B(KJ |  

440 CC~ l l huE  
00 450 K : 2 ~ 6 , 2  
CALL NUMRFR (A(KI,B|K);O.|',YLOGIK),OeOe-|| 

~SO CCkTI~UE 
460 CChTINUF 
410 CCkTIFU[  

CALL PLUT |XCRG[N,YORG[N~3) 

LABEL THE X tkO Y AXES 

HGTsO.2 
DXu I . 2S  
O V - l . O  
XLBL~(IXORGI~*XAL:ITHI?.OI)-1I(3.0tHGTI4.0|~NXACHRIOOeSI 
CALL $Y~GOL (XLRLeYORG|N-OY,II@T,XAXLBL,U.OtNXTCHR) 
CALL PLbT ( X C R G i ~ t Y ~ ( , I N o 3 )  
YLBL:(IYCRG(heYALNTtt/2.0I)-((i3eO~hGT/4.O|eNYACHR)~OeS) 
CALL SYMGUL (XOgG|N-OXtYLSL,hGT,YAXL,L~qO.OtNY;CHR) 

PLCT THE LEGEND 

IF ( L G N D . N E . I )  GO TO 480 
O L X - 0 . 3 0  
OL~=-O.30  
CALL LEGEND (JCURVE,XLIN,YL |MI  

Af  PT 224 
AEPT 22S 
AEPT 226 
AEPT 227 
AEPT 226 
AEPT 22Q 
ArPT 230 
AEPT 231 
AEPT 232 
AEPT 233 
A(PT 23& 
ArPT 2:35 
AEPT 23b 
AE PT 237 
AFPT 2.3~ 
A(PT 23q 
AE PT 240 
AI:PT 24L 
AEPlr 242 
AEPT 243 
AE PT 244 
AEPT 245 
AEPT 246 
AEPT 247 
AEPT 248 
AEPT ='49 
AEPT 250 
AE PT 2511 
AEPT 252 
AEPT 253 
AEPT 254 
AEPT 255 
AEPT 2S6 
Af  PT 257 
AEPT 2Sq 
AEPT 25q 
AL PT 2.b0 
AE PT 261 
AEPT 262 
AEPT 263 
AEPT 264 
AEPT 265 
AE PT 266 
AFPT 2'67 
A[PT 2bfJ 
AEPT 269 
AEPT 273 
A.cPT 271 
AEPlr 272 
AE PT 273 
AE PT 274 
AEPT 275 
AEPT 276 
AEPT 777 
AEPT 279 
AE PT 27q 
AEPT 280 
AEPT 281 
AEPT 282 
AEPT 283 
AEPT 264 
AEPT 285 
AEPT 286 
AFPT 281 
AEPT 288 
AEPT 289 
AE P~ 290 
AEPT 291 
AE PT 292 
AEPT 293 
AE PT 294 
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C PLCT THE SUB-LAEEL 
C 
480 IF | i S L U L . h E . | |  GO TO 490 

CALL SUULBL |XCRGI~YQRG|NI  
C 
C PLCT THE TITLE 
C 
490 IF I K T | T L E . N [ ° | )  GO TO SOO 

D Y - - | . O  
DX=-2.O 
HOT-0.1  
CALL SYMBOL |XORGJN~OX~YDRGINeDY~HGT,LABEL~90. O~80| 

C 
C F ihO THE NEXT ORIGiN OR END THE PLOT 
C 
$00 IF (~CALL.EQ.~CUPVE) GC TO 510 

CALL PLOT (XALNTH~S.O~YORGINt-3|  
RETURN 

C 
5 | 0  CALL PLOT IXALKI 'H~S.OeYQRG|N~-~|  

RETURN 
END 

AEPT 295 
AEPT 296 
AEPT 297 
AEPT 298 
AEPT 299 
A(PT 300 
AEPT 301 
AEPT 302 
AEPT 303 
AEPT 30~ 
AEPT 305 
AEPT ~06 
AEPT 307 
AEPT 308 
AEPT 309 
AEPT 310 
AEPT 3 1 [  
AEPT 312 
AEPT 313 
AEPT 31~ 
AEPT 3 | §  
AEPT 316 

BLCCK DATA BLDA | 
|KPL IC IT  REAL*8 ( A - H ~ O - Z I  BLnA 2 
CC~MCN /OUTPUT/ CFIEDGtCFWINFtCFXEDGtCFX|NFwCHEDGEtCHINFoAMACIIEgDE~LnA 3 

|LtCWeQWINFI~wDUWOISBSTEflGEISTI~Ft|AUETA~TAUXwDELSTXtOELPHleTH(TAXpBLD~ 6 
2THEPH! 6LO~ 5 

CC~HCN /POLYCC/ CPAIRLI6|~CPAIRH(b)eENAZkLIb.ltENAIPHI6|~CqUAIRI61JBLCA 6 
ICKUHEIbI~DIFHE(~ItC~UAR(bI,DIF~RI6)tCPCU2LIb|tCPCOZHIbI~E~CQ2L(61~RLOA ? 
2E~CD2M(bIvCMUCOZIbI.O|FCC2|6) BLOA 8 

CATA CFwEDGICFWI~FtCFXECGICFXINFmCHfDGEtCHI~FtAff4CH~tOEL~QHtOWI~F~BLC~ g 
|QWGQMOoStSTEGGEDST;NFtTAUETAoTAUXoOLLSTXtOELPH|tTHErAXpTHFPHI/2OeCfiLOA 10 
2.OCOI BLDA I1 

DATA 'CPAIkL/6.03SLTqTO*3t-q.45Cq|2bO-4~-T.3022675D-4~Io73227020-b~BLDA 12 
| - 9 . 7 6 5 7 ~ 3 8 0 - | 0 , 1 . 7 4 6 S | 7 q 0 - | 3 /  BLDA 13 

~ATA CPAIRH/S.~C2UOU3~3.77C72D-C|,g.b4649D-OS~-3.S3169D-OB~3.485678LC~ 14 
| D - | ~ - L . I I S O 2 D - 1 6 /  RLUA 15 

DATA CPCUgL/2 .33176Z?U42,  T.3297C82D41~-1.362833U-Igl.30906370-4t-66LOA l b  
| . C ~ 7 2 8 7 9 P - B t J . C S ~ I : 6 3 0 - ~ I /  6LCA 17 
DATA CPCO2HII°32~97Dt4~|.GCqqlq50~I~-3e4763~28D-3t6~|68955RD-Te-SPLDA | $  

| . 5 6 8 9 q 3 0 - l | t 2 . G 3 3 2 2 7 D - | 5 /  BLOA |9  
DATA CMUAIR/I.~80660-OL~b°qbq36D-O3~-|.490790-O6e2°3TSqD-IO~-i°?82PLOA 23 

| q Z C - 1 4 ~ S . C 7 ~ - | ~ /  BLOA 21 
DATA CMUH(IT.20440-31t7.067960"G3~'|.$363D'Ob~2.805|30-lOt-2.283638LOA 22 

] l O - | ~ 6 . ~ 6 0 Q T D - l Q /  BLOA 23 
DAIA C~UAR/2.b~|5¢~-O|~Beb|3BIC-O3~-~.846220-Obt3.|bB~TO-|O~-~e678~LDA 24 

| 9 7 D - | 4 ~ 7 . 1 0 6 9 7 0 - i 9 1  6LDA 2S 
DATA C~OCG21"7.8|~3191C-2.6. T732592~-3~-|.T2869||D-b~3.B?OO|39D.-I~8L~A 2b 

| ~ - S . 1 3 0 4 8 5 b U - J ~ 2 . T S 9 1 o 2 ~ D - | ~ /  BLOA 2? 
DAIA C|FHEI-I.q~823U-OlB~.316930-O3,2.696~TO-gb,-4.T~|lO-.||~-l.OCSLDA 28 

| 3 | 2 D - I 4 ~ b ° 7 q ~ 2 ~ - | 9 /  ~LDA 29 
DATA DIFAR/-b°3~O2SO--O2~e.bTBC3D-O~I°260810-O6t-|.O2832D-|O~T°391qLOA 30 

| 8 2 D - 1 S ~ - 2 ° i S ~ B I D - I ' # /  BL~A 3 |  
DAIA DIFCO21|.30;48960-2.-S.~2|S733P-S,I.4178492b-b~-3°BS55763D--|OBLOA 32 

|~6.8405J;TD-lq~-~.7~U339~O-le/ 6LDA 33 
DATA ENAI~L/6.O3~|797Ot3,-4.T~45620-~e-2°43608670-~4.33069550-T,~LOA 34 

| - | . ~ 3 | 4 8 T D - | C ~ 2 . Q | ~ O b ~ | O - | ¢ /  BLDA 35 
DATA ENAI~H/5.9C2~UO3~L.OBS3bO-O|,~.2|S49D-OSe-8.84¢22SI)-ODtb°qT|3RLOA 36 

1 4 C - 1 3 ~ - 1 . 8 S + 3 7 0 - 1 7 1  BLDA 37 
DATA ENCOZLI2.331tb~TU+2~3°bb6364LO+|~-+.~?b|OqO-2~3°27265qD-5~-IoBLOA 38 

1 2 | | 4 5 ? 5 D - 8 ~ 1 . 7 ~ 5 1 1 7 0 - 1 2 1  ~LDA 39 
DATA ENCO2HI|*J2dJ41D*4eS.2495qTO~Oe-|.|SBb94D-3~|.S372369D-Tt-|.|BLDA 60 

| 1 3 7 9 8 b O - 1 1 , 3 ° 3 8 ~ 7 1 1 0 - 1 6 /  BLCA 41 
END BLDA 62 
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S~BROUTIN( BLUNT! 6LU |  
IFPLOC|T KEAL*S(A-HmO-Z) BLUI 
REALeA NOSE BLU2 
CCFMCN /BLUNT/  100|GOImXGO|OOItRBOIQO)tPEB(IOOImUEG|IOO|mTEBOIOOImBLUL 

1XHB(IOUJ,NBLbhT,N~EDGEeN~PL~O+~bLPLI BLUI 
CC~MUN lEDGE/ UED~,IEUG,VFDG,PECG.OTEGDX,OTEGD~.OUFGOXmDUEGDM,DVEGBLUI 

IDXmOVEGD~.OPEGDX,CPEGflktKI2P~k2tkHOEi,G:AMUFDG~KUMUFG 6LUI  
CCP~Cfl IFkSTR~/  PH~IflFtPINFjTFS.UFS.kePKLeGeXqA BLUI 
C£~MCh IGECN/ ALPt'A,TIAI:T~CeN~SE,RN~SFtHLST,X,XX,~X ~LUL 
CC~HCN / I N J E C T /  INJCTtr;GINJ.G~S~mCOLLt~ASTRN BLUL 
CC~MCN / I~TEGR/  IEelH.KE~DtKEND2,KLX,KK.L,N~LNT|tON~tKPRTtLPKTtKPRRLUI 

leLPK BLUI 
CC~MC~ /P~LYC~/  CPA|RLObI,CPAIRH(b),ENAIRLIG)tEN40RIA(6),CMUAIRI6I~HLUI 

ICMUIA((&I,DIFII((6|tC~ILJARIh),~IFAP(bI,CnCO2LIbImCPCO2H(bItENCO2L(blmDLU| 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

2EKCG2HCb|,CMUCO21bl tDIFCC2CB| BLUL IS 
CQ~HCN /P tOTS I  PL)TIKPLCT(41tLPLOTIA)IKPRFLO41mLPRFLIAIoNPTS(B,2) BLUI 26 
COMMON /SLAG/  PSTAG,TSTAG,P~C.QkSTAGeHSTAG+ItE 8LUL 17 
CCFHCN / I k A N S N /  KTRA~S.KC~SEIeX|F.ChI~||O|ItCNOMAXtXBAR 8LUI  18 
(CPHON /XSGLVE/ XSTAOIOO),DX~AX,DXtI)X3LDsDXI,kSOLVE BLU| | 9  
D|FE~SiON ZSTA( I~O) ,  XFLGT04| BLUI 20 
NPLOT-4 BLU|  21 
CP-GIOG- | .ODO)oP BLU! 22 
IF O L . G T . I )  GO TO 160 BLU| 23 
READ 1000 KBLUNT BLUI 24 
OC | 0  Omltk~LUNT BLU| 25 
READ 0101 Z G l l i , X B I O J , P b ( l ) t P E e l O )  BLU| 26 
X B I I I ~ X B O l I - ~ O S E  BLU|  2T 
Z B i I ) - I O i l I - R ~ G S E  BLUL 28 
R O O l J - R ~ i l ) v k h D S E  BLUi 29 

| 0  CCkTI~UE BLU|  30 
NBLPL I ' hRLUNT* I  BLUI 31 
RE#D 010)  NkECGE BLUI 32 
NkPLNBuKHLbNT+NkEOGE BLUI 33 
O0 20 ImtiELPLlmkwPL;IB 8LU1 34 
RLaD 0 1 0 1 Z B I l I . X O O I I ~ R G I I I , F E B 0 0 1  BLUi  3S 
X H I I I : X ~ I I I * R K O S E  ~LU|  3b 
EBI I I= I611 )eGNOSE 8LUI  37 
R B I I I - K P I I / ¢ P N O S E  BLUI 38 

~0 CChTIkUE BLU! 3q 
C ~LUI  40 
C SAVE THE VALUES XSTA(KONSETI,XSTAIINJCTI,XSTAONOINJI+XSTA(LPLCT| ~LU|  41 
C BLUI 42 

XlPhSK-XSTAIKCNSET) BLUI 43 
X I k J s X S I A I I N J C T )  B [ U I  64 
XNCINJ=XSTAC~CINJ) BLU! 6S 
DC 60 Im l~4  BLUI 46  
IF O L P L O T I I I . E Q , O |  GO TO 30 BLUI 47 
X P L O I I O I = X S T A I L P L O T I | | I  BLU! 48 
GC TO 40 BLUI 4q 

30 N P L O T : I - I  BLUi S~ 
GG TO 50 BLUI $1 

40 CCkTINUE BLUL $2 
C BLUI 53 
SO NSCLV[:NS~LV( BLUI 54 

NSGLVE-NSOLVE*NWEOGE BLUI SS 
| = k 6 L P L |  BLU| $6 
Jm| BLU2 57 
K-L BLUL 58 

60 CG~|INiJE BLUI 59 
IF | I .GT.NWPLNBI GO TO 7C BLUL 60 
IF I X n I O J . L T . X S T A I J ) )  GC TO 80 BLU|  b l  

TO ZSIAOKIBXSTA(J|  BLUI 62 
J ' J * l  BLUI 63 
Kmgt l  BLUI 64 
IF IK*GT*NSOLVE| GO TO 90 BLUI 6~ 
IF I I .GT.NWPLN6) GO TO 70 8LU i  66 
I f  I J . G T . N S U L V I I  GO rO 80 BLU2 6T 
GO 10 60 BLUL 68 

OO 2 S I A I K I : X D f O I  BLU| 69 
i ' ] * l  BLUi TO 
KmKtE BLUI Ti  
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IF (K.GT.NSULVE| GO TO 90 
IF ( I . G T . N H P L ~ I  GO TO 70 
IF (J.GT.NSOLVII GO TO 60 
GO TO 60 

90 CONTINUE 
DO 110 N:E~NS~LVE 

C 
C RESET THE VALUES CF KCkSET~I~JCTeNO[NJ AND L P L O T I I | e [ : E , ~  
C 

IF (ZSTA|~).E~.XTR~SN| KCNSFT=~ 
|F (ZSTAI~I .EG.X[NJ|  INJCT:N 
|F (ZSTAIf l) .EC.XhOINJ) kC lkJ : f l  
O0 |00 | : | , ~PLCT 
IF (ZSIAIN).EC.XFLOTIE))  LPLCT|JJ=N 

|00 CONTINUE 
C 
| | 0  XSTAINI~ZSTA(h) 

DO lEO [:|~NSCLV5 
NR|TE f ~ 2 2 G )  |~XSTAIIJ 

120 CCKTINUE 
bRITE 16~2301 
~RITE |6t2~01 
MRITE I6~EOOE 
DO 130 J:I~N~PLNB 

PEBIJI-PEB(JJePIhF~E44.OCO 

BLUE 
BLU! 
BLUE 
BLUi 
BLUE 
BLUE 
BLU| 
BLU1 
BLU| 
8LU1 
BLUI 
BLUI 
BLU| 
BLU| 
BLU| 
BLU| 
BLU| 
BLUI 
BLU| 
BLU~ 
BLU| 
BL~I 
BI;U~ 
.e~ui. 
BLUE 

XVPIJ|-(2.0nOI(G-I.OOO|B((PFBIJ|IPEB|E|Im*(-(G-E.ODO|/G|-|.OOO||,tBLUE 
|O.SDO BLUE 

TEB¢J|-TSTAG/(I.EOT*(G-I~OGOI/2.0OGBX~BIJ)**E| BLUE' 
UEBIJI-OSQ~TI2.b~TwCP*ITSTAG-TE~(J)|| BLU| 
hRITE (6tZEO) JtZBCJIwX~(JIeRBiJJ~PEBIJJtUEBiJIeTEBiJ)IX~RIJ) BLUI 

130 CCkTIhUE BLUE 
EF (TEBI|I.GT.2~UOoOCO) GO TG E40 BLU| 
CALL PGLY | I E B ( I I t S , E h A | ~ L , H E J  BLUI 
GG 10 150 BLUE 

|40 CALL PCLY (TEEIIJ~S~ENaIRHeHE| RL~| 
IS0 HEnH~*TEB(I| BLUI 

NRIT£ Io~23U| BLUE 
160 CGkTINU£ BLU| 

EF | X e L T . X 6 ( 3 | )  G( TC |qO BLUE 
JmO BLUE 

|TO J n J * |  BLUE 
IF (X .GT.XB(J ) )  GQ TQ E70 BLUE 
IF CJ.LT.3)  J :3  BLUE 
IF (J .bTe lhNPLkP-EI )  J:Nk~Lqfl-2 RLU| 
CALL |qTFRS (X,XelJ-EI,Xn(J-|I,X~(J|tX6|J*EIIXO|J~EI,PEB(J-EItPEB(BLUE 

|J-|)IPEOIJI~PEStJtLIoPEO(J*2|tPEI)G| 6LU| 
CALL F~S IXtXF(J-EItXHIJ-I),XRfJ|tXfl(J~I)eXR|J*ZI~UEFIJ-EI,UEB(J-EBLU| 

|)tUEB|J|tU£bIJtlJ,U~5(J*2),~UFCDX) BLUI 
CALL FDS IX~XfliJ-?I,X~(J-II~kPfJi~Xb(JtI|~XG|J*Z)tTEPIJ-EJtTEB|J-IBLU| 

SI~TEfiIJ)~T[PIJ41I,T£H(Jt?I~T[CCXI BLUI 
|80 IF |X.rQ.O.ODGI P~ l }~P~ f l ( | l  6LUI 

TECG'TSTAG*IPF~/PEEiII)eBfIG-I.ODO)/G) BLUE 
UEDG:OSQ~TIE.G~C~CP~(TSTAG-TEDGI) BLUE 
RHQEDG=PEDG/k/T~G 8LUI 
DP£GDX=-kH~ECG~CG~CUEGCX ~LU] 
DVEGOX:O.000 BLU| 
DPEGDk=G.ODO ~LUE 
DIEG~=G.O~O ~LU] 
DUEGC~nOeGO0 BLU] 
DVEGO~:O.OGO BLU| 
O2FO~2:O.OgO BLU| 
¥ECG:O.ODO BLUE 
REIURN BLUI 

|90 CALL ZNTE~S |X,-XUiTI,-X~(2)~XBIEJ~XB|EIeXBt~I~PEB(~ItPEBI2I~PEB(EBLUt 
| | tPEB(2)~PEf l (~I tPEDG) RLU| 

CALL FDS |X~-XU(3),-XBIEIe~BIEIeXBCE|eXB|3)e-UFBITIe-UEB(Z)tUEB(I|flLUI 
|~UEBI2 I~u~ |3 I t~UEGDX|  BLU| 
CALL FU5 IX,-XB(3I,-XBIE)~XBII),XflKE|eXBITI~÷TEBI3|e*TEBfEItT~B|I|BLUI 

J~lEBIE|~TFB|TI~O1£GOX) BLUE 
GO 10 180 BLUE 

C BLU~ 

T2 
73 

75 
76 
77 
78 
79 
80 
B| 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92  
93 
94 
95 
96  
9?  
98  
99 

103 
l O l  
I 0 2  
! 0 3  

EOS 
! 0 6  
E07 
108  
E09 
l l O  
EIE 
112  
IE3  
E l 4  
115 
l e a  
l i t  
l i b  
l l 9  
120 
121 
E22 
123 
12~ 
12S 
126 
1 2 l  
12B 
129 
130 
| 3 1  
132 
133 
134 
13S 
136  
137 
13B 
E3~ 

E4E 
142 
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C 
C BLU| 163 

BLU! 1¢6 
500 FORMAT 113X,IH|,BX~SHZgIJI,||X,bHX~II)~IIX,SHRB(I|tIOX,6HPEBO|IgLOBLu| 16S 

|XoBHUEUIII~IOX,BHTE~(II.IOX~HX~5(|I/| BLUI 146 
2 |0  FORMAT | L I X ,  I3 ,TELb.b )  BLU| 147 
220 FORMAT (2&X. |3~bXoFg.b |  BLU| 168 
230 FORMAT I |HO| BLU| 14q 
240 FORMAT |2bX~2OItFLUh~ CONE EDGE ~ATA/|  6LU| LSO 

END BLU| 151 

|0  

20 
C 
C 
C 
C 
30 

40 

50 

0 
SUERCUTIN~ 6LUST2 I IShT |  BLU2 
I~PLICIT REAL*8 (A-H~O-ZO BLU2 
REAL*8 NOSE 6LU2 
COYNCN /EUGE/ UEOG~TEOG.VECGoPEDG,O1EGDX,CTEGD~,OUEGDXoOUEGO~tDVEGBLU2 

|OXeDVEGO~CPEGDX~OP~G~k,U2POk2~kHOE~GoAMU~OG~OHUEG 6LU2 
COMMON / F a S 1 ~ /  RHQ|NF~PlNF~TFS~UFSo~P~LtGoXXMA 6LU2 
CC~MCN /GECH/ ALPhA~THETACoNCSE~N~SSe~LSTex~xx~Hx RLUZ 
~CFNGN / |NTEGk/  |E~IM~KEkD~KE~D2oKLX~K~L~NULNTI~INO~KPKTeLPRToKPk~BLUZ 

|LPR BLU2 
CCFMCN /OLD/ IOLO|bl)oVCLD(61J~CVOLD|61) BLU2 
GOPMON /XSGLVE/ XSTAI|OCI~DX~aX.DXoOXCLD~OX|~NSOLVE 6LU2 
D|F~hSZUN A(12o2J~ ~ 1 | 2 , 2 | ~  CIZ~,~|~ 0(12~2|~ VSUMI2)~ PSU~|2|o RHDLU2 

|OS~M|2J~ PHISUHI2|~ VkSU~12) o F~SUM(2)~ PH~SUHI2)~ RO~SUMI20~ XXS(BLU2 
22|o PN~SU~I2) BLU2 
D|FENSEON APSIISJt  ARPOSIIS|~ ACFPfl | ( |SIo AVSOLS) 

1 
2 
3 
4 
S 
6 
T 
8 
9 

10 
I t  
12 
13 
14 

BLU2 iS 
BLU2 16 

XNI I -X BLU~ 17 
Pi 'O~RCDSf-I.ODOI BLU2 |8  
IF |ALPHA..(O.C.~OOJ KLXmT BLU2 |q  
M-2 BLUZ 20 

RLU2 2t  
• 8~Bs*etoel*OB*~*~*eeoi,alt.samgm**o~i,~O~. BLU2 22 
XNIT:BODY F|XED SURFACE DISTANC~ BLU2 23 
GU~CTR=BOI)¥ FZX[D SURFaC( CISTAhCE 10 T~E SPHERE CONE JUNCTURE RLU2 24 
XJUNCT-~ODY F;X(D AXIAL CISIA~CE TU TItE SPHERE-CONE JUIdC;URE 8LU2 25 
XwB~DY F|XEU aXZAL UISTAhC( BLU2 26 
XJUNCI=|I.OUO-OS|NITHF[ACII*R~CSE RLU2 27 
GUI~CT~mR~OSE*IPl/Z.~DO-THETACI BLU2 28 
IF OX.GT.~UNCIR| GO TO gO BLU2 29 
Ru|e£DO-DCQSIXlF~OSE| BLU2 33 
GO TO 20 BLU2 30 
XsOX'GUNCTRI*OCOS(THETACIsXJLNCT 6LU2 32 
XsX/&N~SE BLU2 33 
CC~tINLIF BLU2 36 

BLU2 3& 
AXIAL DISIAKCE ANC FOURIER CCEFFOCIENTS AqE MEAO FROM UNIT lO RLU2 37 

BLU2 38 
RE~D 110| XSlAPS~ARH~StACFPHOtAVS BLU2 39 
IF OX.GT.XS) GO T~ 4G BLU2 40 
EACKSPAC[ 10 BLU~ ~ |  
BACKSPACE LO BLU2 42 
GC 1C 30 BLU2 43 
R(~O I101 XSoAPStARHOS~ACFOHOvAVS BLU2 44 
|F IX.GT,XSI GO TC 60 BLU2 ~5 
DO SO Jul~KLX BLU2 AS 
AOJo2|~APS(J| BLU2 47 
BOJ~2I-ARHCSIJI BLU2 48 
¢(J~2I=ACFPHI(J|  BLU2 ~9 
DOJo2|:AVS(JI BLU2 50 
COnTInUE BLU2 S| 
XXSO21~XS 8LU2 52 
BACKSPACE 10 8LU2 53 
BACKSPACE |0 BLU2 54 
RE~D 01U| XS,APSeARHOS,ACFPH|,AVS 8LUZ SS 
00 60 Ju|~KLX BLU2 56 
A (J~ | I~APS|J |  BLU2 51 
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B | J o | ) : A R H G S I J |  
C t J m | I : A C F P H I I J |  
D | J t l ) u A V S ( J I  

60 CChl lhUE 
XXSI I I=XS 
~M:M- I  
JPHI=O.ODO 
DEG:C.CDO 
|F  I K E N D . F Q . I . 0 k .  ALPHA.EC.O.OCOi GO TO 70 
DEG: ISO.ODO/CFLuAI fK£NC- | |  
APHIm-O[G 

70 £ChT|NIIE 
KKL=KLX-|  
DO 80 l : l , K  

OO AP~| :APH| tDEG 
PHI:APH|*|P|/18G.ODO) 

¢ 
C FOURIER SERIES ARE USED TO CCPPUTE THE EDGE PROPERT;ES 
C 

DG l i d  l e i t h  
VSU~| I I :O .OOD 
P S U K f I I = d . 0 0 0  
RHCSUM(I):O.ODO 
PItJSUM(I)=D.ODO 

. VkSUMI I I :O.ODO 
PNSUHI I ) :~ .ODO 
P~hSUX(| I©O.ODO 
~GKSUNI i I :G.CCO 
PHhSUR( I } :O .bD3  
DO 90 J : | e K L X  
ZaDFLOATIJ | - [ .OOO 
S U P | = A I J t I I * C E ~ S I Z u P H [ I  
PSUHI ; I :PSUW(1) *SUNI  
S U P 2 : H ( J o I | * C C O ~ I Z t a t t J |  
RHCSUM| | I=k~r :SU~I I I tSUP2 
S U P 4 : D I J e I | * D C C S I Z e P H | I  
VS~H( I I=VSUNI | | *SUM~ 
S U P ~ : - A ( J . I ) w Z * D S I ~ I T * F H | )  
P~SUHI ; I=PNSUFi |J~SU~5 
S U P 6 : - f l | J o I | s Z * r : s I ~ ( Z * P H I I  
I C k S U H ( | I ~ R ~ h S U P I I | t S U U 6  
S U f l 6 = - D I J v l ) * Z ~ O S i % ( Z e P H I I  
V ~ S U ~ I I ) = V ~ b U V I I I o S U ~ e  
S U K g u - A | J j ] ) D Z * w 2 U n C L I S I i - P H ] I  
P k k S U H ( I I - P h ~ S u P ( | I ~ S U ~  

93 CChTINUE 
DO JOB J - I~KKL  
H=CFLGATIJI  
SUK3=CCJ~ |J *DSIN IH*PH| |  
P H I S U H I I I = P H I S U N I I I * S u v 3  
S U Y T : C I J . I } * ~ * O C C S ( H s o ~ I )  
PH~SUHf | ) zPHNSU~( | | tSU~T 

1 0 0  ' CCkT[NUE 
110 CC~1I~UE 

IF ( K . G T . I |  GC TC 120 
PHISUMI~MJ:O.CDO 
PHISUM(MI:O.~DO 
K C h S u ~ I ~ | = O . O ~ C  
RChSU~(e)=G.O~O 
FKSUHI~ InG.CCO 
PNSUK(MI:OeUGO 

|20  CCkTINU[ 
IF IMM.[QeMI GC TG 130 

C 
C INTE~PGLATIQh FOR EDGE PROPERTY VALUES AT X 
C 

FAC-|X-XXSIMM|I/IXXS(N|-XXSfFp|) 
GO TO 140 

130 FAC-G.G~O 
J~O PECG=IPSU~IMMIeFAC:(PSU~IqI-PSUHINMIIIIGIXXHA**2 

PEDG:PEDG*RHO|hFeUFS~2 

BLU2 5S 
BLU2 5g 
BLU2 60 
BLU2 6 I  
BLU2 62 
BLU2 63 
BLU2 64 
BLU2 65 
BLU2 66 
BLU2 67 
BLU2 68 
BLU2 6g 
8LU2 70 
BLU2 7 |  
BLU2 72 
BLUZ 73 
BLU2 ?4 
-BLU2 75 
BLU2 Tb 
BLU2 T7 
BLUZ T8 
BLU2 T9 
BLU2 80 
BLU2 81 
BLU2 82 
BLUZ 83 
BLU2 84 
BLUZ B5 
BLU2 86 
BLU2 57 
8LU2 88 
BLU2 8g 
BLU2 gO 
BLU2 q l  
8LUZ q2 
BLU2 93 
BLU2 g4 
BLU2 q5 
BLU2 g6 
BLU2 97 
BLU2 98 
BLU2 99 
BLU2 | 0 0  
BLU2 | 0 I  
BLU2 102 
BLU2 103 
BLU2 104 
BLU2 105 
BLUZ |Oh 
RLU2 107 
BLU2 108 
BLU2 | 0 9  
BLU2 113 
BLU2 I ; 1  
ALU2 112 
BLU2 | ! 3  
8LU2 114 
BLU2 115 
BLU2 t l &  
BLU2 117 
6LU2 | t A  
8LU2 | i g  
8LU2 120 
6LU2 121 
8LU2 122 
6LU2 L23 
BLU2 124 
BLU2 125 
BLU2 126 
BLU2 J27 
BLU2 126 
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C 
C 
C 

ISO 
C 
C 
C 

AHCEDG-RHOSUMIMK|*FACeIRHOSUM|HI-R~ISUM(HH|| 
RflGEDG~RHCI~DG~HCINF 
TEDG-PL~GIPIRH~ECG 
VmVSU~|HqI~FAC~|~SU~|P)-VSu~|VF]| 
CF~uPHISUM(MM|tFACelPH|Su#|HI-PHISUMIMM|| 
UEDG:VeDCGSICFAI*UFS 
VEDG:V'OSIN|CFAI~UFS 
DVEDPaVNSUMi~M)*FAC~|V~$U~IMI-V~SIJM|~q|| 
DPhDP:PH~SUM|PV)#t ACt IFHRSUM(PI-Pf l rJSU~{~HI)  
DRCDP=|k~F.SUqlMFI*fAC~I~r.SUMIPJ-RLfISIJqIMH|I)iRHOINF 
DV~GGk- |DVIUP~t :S |h lC|  ~ I i V ~ C C S I ~ F A I ~ D U H I ~ P ) i U F $  
DU[GDk: I bV [D P~OCC $ ( LF A ) -~  • I)3 IN | CF A )" DPIll)P I ~U~ S 

BLU2 129 
8LU2 I ) O  
BLU2 13 t  
BLU2 132 
6LU2 133 
BLUZ | 3 ~  
BLU2 135 
BLU2 136 
BLU2 137 
8LU2 138 
BLU2 139 
BLU2 i ~ 0  

DP~GDku|PhSUMIM~)*FAC:IPNSUK(M|-PNSUHIM~|IIuAI4OINF~UFS~t2/GIXXMAU~ULU2 |41 
12 

DTEGDkn|.OD0/Re|RHQ~UGeCPEGDb-P£DG~DR~DP)/KHQEOG~2 
D2P~M2~(PNNSUPIMMI~FACeIPqKSUMIH|-P~KSUHIMHI))IG/XXMAt~2 
D2PI|b2.OZPUH2~RhCINF~UFSi~2 
IF | I S N T , E Q . 2 )  GO TO |SO 

CALCULATE THE X DERIVATIVES 

DTEGCXuIT[OG-TDLDIKI I /CX 
~rJEGDX~IU~DG-VCLDI~I | IOX 
DV~GOX-IV[DG-CVOLU|KJJlOX 
DPEGCX--RHO£UGSUFUG:OUEGDX 
~GL£IK | :T~OG 
VOLUI¢I 'U~DG 
C¥~LDCKI=VEOG 
CGkTINUE 

R~STORE X TO SURFACE DISTANCE VALUE 

X:XNIT  
REIURK 
END 

BLU2 142 
6LUZ 143 
BLU2 144 
BLU2 |4S 
BLUZ i 46  
BLUZ 147 
BLUZ |48  
BLUZ 1~9 
BLU2 |SO 
RLU2 I S |  
BLU2 152 
BLU2 | 5 3  
6LU2 154 
BLU2 |5S 
6LUZ 156 
BLU2 157 
BLU2 | 5 8  
BLU~ 159 
BLU2 | 6 0  
8LU2 161 
BLU2 i 62  
8LU2 163 

C 
¢ 

SUBKCUTIKF CPANGX £HGX 
IMPLICIT q E A L e S l a - H ~ C - Z )  CHGX 
aEALe6 NOS( CHGX 
CCPHCN IRLUNTI  ZPI|O31oXPI|OG|~PGI|OC|tPEBilOOItUEBIIOOIeTEBI|OG|~CflGX 

|XHBIIJOIeNBLUNTeN,EUGF~NkPL~DtN~LPL| CHGX 
CC~HCk ICCNVkGI C I ~ V , ~ I T X ~ h I T 2 , K I T T t h l T  CHGX 
COFNDN I b E P V t R I  rlZ,1011&ltFht2,|0J,3|,G(ZllOi,TJ,GNI2eZO|o311Tl2tCttGX 

IIOle3)tT~CZeI0[,3),ll2.,I¢I,J),Z~IZ,|eI,3),CI|3[ItCNliOIItY(|0|I,YLCPGX 
2 L | 1 0 I l e k ~ e t ( I O l )  CHGX 

~C~KCN IGFCMI ALP~A,T~TAC,NC$[eRNUSF~LST,xeXXeHX CHGX 
£(FMCN i l f l J F C l l  I .~JCIeNCI~J,GAS2~C~bLeMASTRN CH~X 
¢CPHCh I I~T~GR/ I~;M~K~kU,KE~C2eKLXeK,Le~DLNT|tINOeKP~T~LPRT~KP~eCHGX 

|LPK CflGX 
CCPgG~ IS~LP~T /  CdlIOIIeCN~(I~II~V,|I0|)eG~CI')I|~TkIIO|I~GM~|i~|I~CHGX 

|FMhI|TX),F~IIOII,T~NI~OX|,ZdKI01)tlhNKIvt)~X~,bX~X~k,X~R~ Cf:GX 
CCKKCN ITRAfiSN/ KTkAhS~KVNSE~tXIF,Ch|~I|0|)~C~[vAX~XHAR C,GX 
CCPKGN I T R ~ L k l /  AS[AR~KSTAR~ALA.4CA~YSUbLeEVSCTYIIGII~PRT~EOYLA~[C~GX 

| P L U S I I 0 | I , A L £ T , L 4 M T P 8  
CCPMCN /XSOLVEI XbTAI|~CieDXMAX,DXtOXGLDIDXLeI¢SOLVE 
DATA BLUNT,ShARP/SII~LUNTtSHSHARP/ 

IF | N [ T e G ( . O I  GO TO ?0 

CUT BACK X AhD DX AND SET DXDLD-DX 

DX-OXI2.0D0 
XRX-DX 
DXCLCwDX 

RESE1 COUNT[RS FCR TRANSITION 

CHGX 
£HGX 
£HGX 
£HGX 
rHGX 
CHGX 
CHGX 
CH GX 
£HGX 
CHGX 
CHGX 
CHGX 
CHGX 
CHGX 

| 
2 

S 
6 
1 
B 
q 

i i  
12 
13 

16 
[T 
I.d 
19 
20 
21 
22 
23 
26 
25 
26 
27 
28 
29 
3O 
3 [  
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c 

10 
C 
C 
C 

26 
30 
40 .  

S3 
6 0  

TO 
¢ 
C 
C 

BO 

90 

I )0  
|10  

120 

130 
C 
C 
C 
C 
C 

140 

IF  IX .GE.XSTAIKOkSET| I  GC TO I 4 0  
IF  IKONSET.EG.NSGLVE| GO TO 10 
LANTRU:! 
XIF~O.ODO 
CONllNUE 

RESET COUNTER FCR INJECTICN 

IF ( INJCT.EQ.kSOLVE) GC TO 6G 
IF |X .GT .XSTA | IhJCTJJ  GQ TG 60 
HASTRN=O 
DO 40 i : l t 2  
DO 30 K : I , 3  
DO 20 J = l t | E  
Z I I I J e K J = I . D C O  
ZN| loJ IK )=OoGDO 
CC~T|hUE 
CCkTI~UE 
CChTi~UE 
DO S6 J : I , I E  
I b | J | = l . O U C  
I N k ( J l : O . O O 0  
CCkTINUE 
IF I X . G ( . X S T A I N O I N J I I  PASTRN=O 
REIUkN 
CCkTi~UE 

ADJUST OX USING NIT 

I f  I N I T . G T . N I T J l  GO TO 80 
DX:2.0UG*DX 
IF CDX.bT.GxN~Xl DXsDXPaX 
GO TO 90 
IF I N I T . L T . ~ | T 2 )  GO TC 90 
DX-O.SDO~nX 
£(hTINUE 
IF  ( X ° [ Q . X S T A I I ~ J C T I J  CX=DXI|O.~O0 
IF  I X . I Q . X S 1 ~ I K ~ S E T J l  OX:DXI IG . IDO 
DXOLD-UX 
IF  I|ND.EQ.2.~ND.X.LE.XBIN~DLNRI.ANO.NOSE.EQ.DLUNTI 60  TO | | 0  

SET OX TO GIVE A SOLUTIOk AT X S I A I I X S O L V I i l I I  

DO 100 | : l t N S U L V E  
J - !  
IF (XSTAIII.GT.X.AND.XSTACl).LE.¢X*I.2SOO~OXl) 60  TO 120 
CC~I|NUE 
CLkI INUE 
X=X*OX 
GO TC 130 
DXuXSTAIJ I -X  
X=XSTA(JI 
COkTINUE 

6EGZk THE TPANSIT~CN REGIME IF X=XSTA(KCNSET) 
C#LCULATE THE TPAN$|T|C~ I~TEkM[TTAflCY FACTUK FOR 
X.GE.XSTA(KChSETI 

IF IKONSET.EQ.qSCLV£) GG TO ISO 
I F  (X.LT.XSTAfKONSET))  GO TO 150 
I f  (XeGTeXSTA(KO~SETI|  GO 70 L40 
LANTRR=2 
kRITE ( h i | S O |  XoLAMTRfl 
CQNTINU[ 
IF |K IRA~S°EC.Ol  X I F : | ° C ~ O  

¢HGX 32 
CHGX 33 
CHGX 34 
CHGX 35 
CHGX 36 
CHGX 37 
CHGX 38 
CHGX 39 
CHGX 60 
CHGX 61 
CHGX 42 
CHGX 63 
CHGX 44 
CHGX 4S 
CHGX 46 
CHGX 47 
CHGX 48 
¢HGX 49 
CHGX SO 
CHGX S! 
CHGX $2 
CHGX 53 
£HGX $4 
CHGX SS 
CHGX $6 
CHGX S? 
CHGX 58 
CflGX $9 
CHGX 60 
CHGX 61 
CHGX 62 
CHGX 63 
CHGX 66 
CHGX 6S 
CHGX 66 
CHGX 67 
CHGX 68 
CNGX 69 
ChGX 70 
C~GX 71 
CHGX 72 
CHGX 73 
CHGX 74 
CHGX 7S 
CHGX ?b 
ChGX T? 
CHGX 78 
CflGX 79 
CHGX 80 
CHGX 81 
£hGX B2 
CHGX 83 
CHGX 84 
CHGX 8S 
GHGX 86 
CHGX 87 
CNGX 88 
C|IGX 89 
CNGX 90 
CHGX 91 
£HGX 92 
CflGX 9 )  
CHGX 94 
CHGX 9S 
CHGX 96 
CHGX 97 

98 
99 

100 
| 01  
|OZ 

IF  | K T K A ~ $ . E G . | )  XIF:i.OOu-OEXPI-O.412DOO2.9|7DO~2tIIX-XSTA¢KONSECHGX 
|I|I/IXSTA¢KqKSETJ*(XDA~-I.GDCII)ee2I CHGX 

IF | N i l . L 1 . 0 I  GG TO 10 CHGX 
¢HGX 

BEGIN MASS TRANSFER IF X-XSTA( INJCTI  CHGX 
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C 
150 

¢ 
¢ 
¢ 
160 

170 
¢ 
¢ 
180 

19o 
200 

IF I INJCT.EQ.hSCLVEI  GG TO 160 
IF  ( X . L E , X S T A I I r ~ J C T I I  GG TC 160 
IF |WASTRN.EQ.|J GO TO | 6 0  
MASTRN=| 
~ R I I E  (6 ,1q01X~MASTRN 

END ~ASS TRANSFER IF XuXSTAI&CIkJ I  

IF |NCIkJ .EQ.~SCLVE!  GO TO 170 
IF ( X . N E . X S I A t N O I N J | |  GO TO 1TO 
~ASTRN=O 
~RITE 1 6 , 2 0 0 )  X, PASTRN 
RETURN 

FORMAT 
121)  

FCPMAT 
FORMAT 
EKD 

11H0e10X,27FBEGIN TRA~S|T|ON REGIHEe X - ~ E | 2 . b e q H  LAMTRB-~ 

( |HO, IOXs23FREGIK MASS TRANSFER, X ~ t E | 2 e ~ t Q H  M A S T R N u t l 2 / |  
( |H0~ IOXtZ IHENO MASS TRANSFEke X-eE12ob~gH M A S T R N : , | 2 / )  

CHGX 103 
CHGX 104 
£HGX lOS 
CHGX |06  
CHGX IO7 
CHGX | 0 8  
CHGX 109 
CHGX 110 
CHGX | L |  
CHGX 112 
CHGX 113 
CHGX | | 4  
CHGX I I S  
CHGX 11& 
CHGX !17  
CHGX | | 8  

ICHGX | [ 9  
CHGX 123 
C~GX 121 
CHGX L22 
CHGX 123 

SUB~OUT|NE CC~TRL CNT~ | 
IKFLEC|T  REALOSIA-H,O-Z |  C~TL 2 
RE~L~8 NOSF,LEkLAUtLEWTRR CNTL 3 
CC~KCN /ASSVaRI [FL jKAL CNTL 4 
¢CF~ON /0LUNT/  ZH(|~O),XBi[OG)~k~(|G0).PERf|O0|,UEG(|0O)ITEB(100),CqTL S 

|XMB(|gO),NGLUNT,~dCUGE,NkPLNU.~HLPL| CP~TL 6 
CCPPEh / C f l N I C L I  PEI61},T(I~IIIU~IbIItVEIblImOP[~w|bIItOTEnWIb|J,OUC~TL T 

|EOkIb|I,nVFD~(bII,0PEn~21611.~O~[I61| CNTL 8 
C C ~ C ~  /CG~V~C/ C G ~ V , ~ i t l , k i T 2 , : J [ T 3 , ~ E T  CNTL q .  
CCFMCN /D~PVAR/ r(~wlOlt3),Fhl2,1OL,3),G(2tEOLJ31obhi2fi,Jit3),T(2,CNTL | 0  

|101t31*l~(2,XOI,3JtZ(2~IClw31,Z~KZ,I~Xt3J,CIX01J,Cl.I|GIIgY(|0|ItYCC~TL 11 
2 L | ] O | ) , R O R C k | | : I I  CKTL |2  

CCFMCN IEOGE/ UEOG.TECG,VFflG.PE~G,i)TF';~X.DTE[;~,f)II[GnX,OUEGOHoDVEGChTL 23 
IOX,DVEGU~, OP FGUX w OPEGUH ~ 02ROw2. RH~E|)G, Am/( D~, R ~ ( G  CNTL 16 
CCPMCN /E()G~I P(ktUEk.VE~,T~k~UPEkI)XeOP(kow,r;u~X~OUCm~OVE~OX,~CeJTL | 5  

IV(k~M t ~;  [~GX, I~TE~O~, UPk~¼2 ~ H D ~ h t  AH|tEk ~H~MUd C~TL l&  
CCP~U~ /E l )G2/  P[2~1~7,b~V~2.CPE2DX~L)T~2DX~0UE~DX~DVE21)X~DP~2OMtl;CNTL |T 

|UE2D~,DVF20~CTE2OH~APbE~,PCFU2,R~,RItUF2,~EX2 CtlTL |8  
IGF~CN I F I ~ 0 I F I  AIIOII,6UII~II~II31J~CC(I01I~OOIIOII~OII01I~EIIOICqTL 19 

I i , C k l  CNTL 23 
CCFMCh ~ f R S T k F /  RhC|.F~PI~F,TFSttJFS,R~PkL.~,XMA CNTL 21 
COF~CN IGASPPP/ LE~LA~(|~|)~LSkTR~(IOI)tPRA~LII0|ItDk~NOT(|O||~CPCNTL 2? 

|||£|)eGAqHAII~I),XHUfICIIt~HC(IOIItHSU~[|O|) C~TL 23 
~C~MCN /GERM/ A|P~AtTHETAC~CSE~RN~S/tkLST,X,XX,~X CPITL 24 
CC~M~N / I F C O F F /  RI,UZ~B3~GI~G2,F|~F2~CeAL:~aS~CH[t~|N~PTtUI . G|4TL 25 
CC~HCN / I N J b ~ /  |NJCT ,hC |~J~GAS2 ,C0 t , L .HAST~  C~TL 26 
C0PMCN / I N T E G F /  ;E~iM~KE~OtKEKO2*KLX.K,L,N~LHTI,IND~KP~T~LP~T~KPR,C~TL 27 

|LPR ChTL 28 
CC~MCN / ~ L O /  ~ U ~ O L C i b | I t V , J L D f 6 | I , C V O L D I 6 1 1  CNTL 29 
CCKMCN /OLOFCG/ R3,UE3,RCHU3 CNTL 30 
(CMHON /OuTPbT/  CF~bOG~CFk|~F,CFXEUG,CFXI~F,CHEUG~,CH|t~FtAHACHE,OECNTL )1 

|Le~,Q~|~F,UkUU~O,S~STEOGE,STINFeTAU~TA.TAUXtDELSTXeOSLPtlIeTHETAX~CNTL 32 
21kEPHI ¢NTL 33 

COMMCN / P O [ C C ~ /  AO(EOIItA|(|011tA2IIOL),A3(IG|I,A4II0|ItA§(|0|) CNTL 3~ 
~CKM~N /POEREFI UKE~,CREF CNTL 35 
CCPHON /SOLPhT/  C~|LOII,CN~IICI|,VdIIO||,G~(|~|ItT~(t0|IIGMNI|0||~CNTL 3b 

|F~NI|0|),C~IIOI),THN(10|I.7~(|0[I,Zk.~I10|),X]~eUX~X|H~X~.PH CNTL 37 
CEMMON /SPHDC/ Z~ALLeZkOLD~ICIFd,AM()~TH~SINLST~ZHPUS,ZkNEG,AMHNEGCNTL 38 

| tAM~PUSt~ALLVtZ~TFRU,NITCHG CNTL 3q 
CCFMEN /STAG/  PSTAG, TSTA~eP~C,QkSTAb,HSTAG~H~ CNTL 60 
CGMMqN /SURFAS/ C~ALL,C~I~,PEdIN~V~ALL,I~ALL,XTMISOOItTMXISOOItXCNTL 6L 

|[||SCOI~CIXI~OOI~H~ALL,TCGN~,KC|~KT~ CNTL 42 
CC~NON /TMP~TP/ TFMP(IOI|~Tr)T~IIOI)~P|IO||,~T~Tfl CNTL 43 
COMMON / T R ~ L ~ T I  ASTAK,AKSTARtALAH~AtYSUBLtEV$CTY||OI|ePRTeEOYLAM,EGNTL 64 

|PLUSI |O | |eALET~LA~TPH CNTL 6S 
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CC~NGN IHSCLVF! CH CNTL 66 
CC~CN /XICORD/ X l ,XX I ,DX l ,X lOLneDXnXZtOXOXX!  CFJTL 67 
COFNCN /XS~LVF/  XSTA(IGuI,I~X~AX,UXt~XCL(Je~X|tNSOLVF CNTL 68 
CCFHCN /ZCC~RU/ [TAINrtLIAFAC~ETA(I~Ile~ETAIIOII,ADTEST~KADETA ~NTL 69 
DIPE&SION r U L D ( | O L I e  bCL I ) ILOL I j  T O L ~ I I O | | :  Z C L U ( I O I I  CNTL 50 
DA1A BLUNTtS~ARP/SHdLUNTeSHS~AKP/ CNTL 51 
DATA HEL~AR~CC2tAIK/3HH[L~3tlAPGo3HCO2o3HAIR/ CNTL 52 
N|TTOT:0 CNTL ~3 
ASYH:J.ODO CNTL 56 

C CNTL 55 
C ' EEGIN THE LOOP FOR STEPPING COkNSTREAH CNTL 5b 
C CNTL 57 
|0  CCkTINUE CNTL 58 

L s L ÷ I  CNTL 59 
I F L ~ I  CNTL 60 
F I N U I B e l F L I  CNTL 6 l  
M=C°ODO CNTL 62 
IF IKEND.EC.I .OP.ALPI IAoEC.O°OCOI GO TO 20 CNTL 63 
D~ :~LST /OrLOAT |KENOZ- l l  CNTL 66 

20 CCkTINUE CNTL 65 
KPRwKPRT CNTL 66 
IF I L .EO,  l l  KLASTmKENO CNTL 67 

C CfiTL 60 
C BEGIN THE CO-LOOP FOR STEPPinG AROUND THE CONE CNTL 69 
C CNTL 70 

DO 670 K=leKE~O CNTL 71 
kX:W/NLSTII8C*ODO CNTL 72 
IF IKLAST.GT.OI  GO TO 30 CkTL 73 
bRITF IboSZCl  CNTL 76 
kEIUR~ CNTL 75 

'~0 IF | K . G [ . K L A S T |  GO TO 660 CNTL 76 
60 CONTINUE CNTL TT 
C CNTL ?8 
C ~BTAIN [DGE.NALLeAND MIXTUFE PPCPEPTy VALUES AND SET CNTL 79 
C ~ ICPOINI  VALUSS T3 VALUES CBTAIhEO FOR THIS PLANE AT CNTL QO 
C THE L~S~ STREAH~ISE STATION CNTL 81 
C CNTL B2 

CALL EGPROP CNTL R3 
CALL ~ALL CNTL 66 
DO SO d = l ~ l ~  CNTL BS 
F N I J I - F | I . J , 2 I  CNTL O6 
G k I J I = G i I ~ J , 2 1  CNTL 6T 
GVEL 'GHIJ I  CNIL 88 
IF | K ° E Q ° l l  GVEL=O°ODO CNTL 89 
T k | J l ' l ( i . J , 2 |  CNTL 93 
Z ~ C J I = Z I I ~ J . 2 )  CHTL g l  
F N k | J J : F q ( l , J , 2 )  CNTL q2 
G k N I J I = C N I | ~ J , 2 1  CNTL 93 
T M N ( J I : T ~ I [ ~ J ~ 2 I  CNTL 96 
~ k ~ | J ) = Z " ( | , J , 2 |  CNTL 95 

SO CC~TI~UF CNTL 97 
IF | L . E U .  l l  CALL VCALC CNTL 98 

C 
C 
C 
60  

TO 

q9 
| 0 0  

CNTL ! 0 |  
CNTL 102 
CNTL 103 
CNTL 136 
CNTL lOS 
CNTL | 0 6  
CNTL lOT 
CNTL IG8 
CNTL |Oq 
CNTL | | 0  
CNTL 111 
CNTL 112 
CNTL 113 
CNTL 116 
CNTL | | S  
CNTL | | 6  

CALL H|XTuR IIWITEd*UENwPEWtLEWLANtPRANDLtCP,GAHHAICWtCN~wXqUtRHGtCNTL 
|AOPOEIZ~tFMtGMIHSUPI CNTL 

SAVE THE PROFILES FROM 1HE LAST ITERATION 

DO 70 J = I , I F  
F O L U ( J I = F ( 2 j J o 2 |  
G O L D I J I = G ( 2 1 J t 2 |  
T O L O ( J I = T I 2 , J . 2 I  
Z O L O | J I = Z I 2 J J I 2 I  
CCNTINUE 
IF |NASTRN.EC.O) GO TO 130 
IF |GAS2.EQ.AIR)  GO TO 130 
IF |C~ALL. (Q.O.OOOI  GO TO 130 

SOLVE THE SPEC;ES £ONSEHVATICN EOUATIGN 

IF I L . G T . I . A h O o K . E Q . I I  ~WOLOmZ~ZERO 
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190 

IF  I L . £ Q . I |  EETAOY'DSORTI2.0~0BRHOfIIee2eDUEGOXI~OMUW| 
IF ( L . C T . I )  CETAUY'RHCIIJ*UEw~R~IOSGRTI2.CDJ*XI~I 
CALL SPECHC 
IF |LAPTkG.(C.2J CALL ECYVIS 
CALL SPECIE 
CALL A~CO~ IZI  
CALL SOLVE (ZtZ~.OoOOO,ZkALL,I°O00) 
IF i L . G T . I )  GC TO 90 
DO 60 J : l . l E  
Z(].Jo31:Ti2.J.2)~2.CDO-Z(2tJo|) 
ZNIIeJ*3I:ZNi2.J.Z)*Z.~CC-ZN(2tJgl) 
Z | l , J , 2 l : l C e , J , 2 )  
ZN( I I JB2 I :ZNI2oJoZ I  

80 CCNTI~.U¢ 
90 CC~TIhUE 

IF (K .GTo | I  GC TO 110 
DO 100 J = l . | E  
Z f 2 . J t L ) : Z | Z . J . Z |  
Z | | i J o 3 ) © l ( l . J . 2 )  
I N ( 2 1 J g l ) : Z N ( 2 . J . 2 J  
Z N ( i . J . 3 ) = Z ~ ( | . J w 2 )  

i 0 0  CCkT|NUE 
110 CCkTINIIE 

O0 123 J=L. IE 
IF IKo[Q.KLAST| Z(l.Jw3)sZ(2~Jo2J-Zf2pJolJ#Z(ltJ.2| 
IF IKoEO.KLAS/I ltl(|.J.3l:ZNl2.JoZJ-ZNl2eJ.LJ~ZN(L.Jo~) 
~b|JIuZ(2oJ921~CoI*I|.C~C-~RIJ*TIL.J,2| 
~W~fJJ:ZN(~.JJ2)*C~I~|LoCCC-CRI|*ZN(|.J92| 
IF ( L e E O . l |  ZkIJI:ZI2oJ.||'CI.OO2-CP;I*ZI2.J.ZJ~Cal 

|ZO iF ( L o g O . l )  Z~flCJI:TN(Z.J.IJe|I.0D0-CPI|~ZN|2.j.2)eCR | 
A~CUT~=-RHG(|)~Gi31FkeZN(2.Xo21~uETADYt~HOIIIekALLV, Z~ALL 

130 CC~TINUE 
C 
C SCLVE THE ENERGY CCNSE~VATIQN [CUAT|CN 
C 

IF (LAqTRB.~Q.2I CALL EDYVIS 
TBsHHALL/HE 
CALL ENEAGY 
CALL A6CDE iT)  
CALL SOLVE (ToTNo3.01)C,TR,|oGCO| 
IF (L .GT .L I  GC 1C 150 
DO 140 Ju I~ IF  
I|I~J,3Inl(2.J,2I:2oODC-TI2,J,|| 
1NfloJt$IuTNI2tJ.~)*2.0CC-TNi2.J.|I 
T l l t J t 2 l : S C ~ o J . 2 l  
1 N i I ~ J ~ 2 I = T N I 2 t J , Z )  

140 CC~TINUE 
15U CCklI~uF 

IF ( K . G T . ] I  GC 10 170 
DO 160 J = | , l ~  
l ( 2 s J s | J = T ( Z . J . Z )  
T i I . J e 3 J = T ( I . J . ? !  
T N I Z e J , I ) : T ~ | Z . J . 2 I  
TNIIsJ.3I=TNII.J,2) 

160 CC~TINUE 
170 CG~T/~u£ 

00 180 J = I , I E  
IF |K .EU.KLASl l  TII.J.3|:TI2.J.2I-1IZ.J.L)~TfI.J.2) 
IF (K.fQoKLASTI TN(ItJ.3I:TNIZ,J,7|-TN(ZeJ,II~fNIIeJ.2) 
1NIJI:TIZ,Jt2IeC~I*T(i,J.ZI*fI.~UO-C~I) 
~N~(JI:TNI2,J,ZIeCKItT~(I.J.ZI*II.OI}~-CRI| 
IF i L . E O . | )  TkIJI=Ti2,JtLI'|I.¢OO-CXiItT(2,J,Z)~C~[ 
IF i L . E Q . I I  TNNIJI=TNIZ*J~IJ~II.OOO-CR|ItTNI~.J.Z)*CK| 

180 CCkTINU( 
DO |g0 J : I . I E  
GVELmG~IJ| 
IF | K e E U . I |  GVEt=O.0OO 
TF~P(JI=IT~IJIeHFoUE~eZ~(F~IjIeeZ~GVELe,21/2°OOOJ/Cp|jj 

CNTL I t ?  
CNTL | ] d  
CNTL 119 
CNTL 120 
CNTL 121 
CNTL |22 
CNTL 123 
CNTL 124 
£NTL |25 
CNTL 126 
CNTL |Z7 
CNTL 128 
(NTL L29 
CNTL 130 
CNTL 13| 
CNTL 132 
CNTL 133 
CNTL 134 
C~YL 135 
CNTL 13b 
CNTL |3? 
CNTL 13~ 
CNTL 13q 
CNTL 160 
CNTL 141 
C~TL 142 
CNTL 143 
CNTL 144 
CNTL 145 
CNTL 146 
CNTL 147 
CNTL 14R 
C~TL 14q 
CNTL 150 
CNTL 151 
CNTL | 5 2  
CNTL i 53 
CNTL 154 
CNTL 155 
CNIL 156 
CNTL 157 
CNTL 158 
CNTL 159 
CNTL 160 
CNIL 161 
CNTL 162 
CNTL 163 
CNTL 16~ 
CNTL 165 
CNTL 166 
CNTL 167 
CNTL 169 
CNTL |6q 
CNTL 170 
CkTL 171 
CNTL 177 
CNTL 173 
CNTL t74 
CNTL |75 
CNTL 176 
CNTL 177 
CKTL 178 
CNTL 179 
CNTL |60 
CNTL LRl 
CNTL 182 
CNTL 183 
CkTL 164 

CCkT[NUE CNTL 185 
CALL M|XTUR iTN.TENtUEWoPEWtLEWLAMwPRANDLtCPIGAHMAtCNoCNWIXMUoRHOeCNTL 186 

|ROROEolMtFwtGklHSUM| CNTL 187 
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SOLVE THE STREAMHISE MC~ENTU~ CCNSEkVATIDN EQUATION 

IF (LAMTRB.EQ.2I CALL EOYVIS 
CALL XMOM 
CALL A~COE iF)  
CALL SOLV[ (F,FNoO.OUO,OoGOOwZ.ODOi 
IF I L . G T . I I  GO TO 210 
DO 200 J= i , 1£  
F||,Jo3)=r(2,J,2|*Z.OCC-F(2~J,I) 
FN|IIJ,3|:F~(2,J,2II2.CGO-FNi2eJ,|) 
F i l o J , 2 ) = F ( Z , J o 2 1  
F N ( | I J . Z I ' F N | 2 , J g 2 |  

200 CCKTI~UL 
210 CCNTINUE 

IF ( K . G T . I )  GC TO 230 
DO 220 J : I , I E  
F I 2 , J , I I : F i 2 , J , 2 )  
F | | o J t 3 I : F I L , J , 2 )  
F N I 2 o J t | ) : F ~ ( 2 , J , 2 )  
F N i l o J t 3 ) ~ F ~ ( | , J o Z i  

220 CChTINU( 
230 CC~IlNUE 

DC 240 J : l t l E  
IF IK.rQ.KLASTI F(loJo31:F(2gJ,2l-r(2oJ~|l*F(i.J,2) 
IF (K.EQ.KLAST) FNI|*Jt3J:FN(2*Jv2I-F~I2oJ~|I~FNI|wJt2I 
FWIJ):F(2,J~2I*C~I*FCl~J,2)s(|.GDG-CRI) 
F~KIJI:FNIZwJ.ZI*CqltFk('],J,2IAI|o2U3-CR|I 
|F I L . F Q . I )  FN(JI'Fiz,J,IIelI.OOO-CklI*F(Z,J,Z)~CR| 
IF | L . [ Q o I )  FkNIJIsFh(2oJ,||*(I.3DO-CPi|~F~I2,J,2ItCR! 

240 CC~TI~aJE 
iF (ALPHA.EO.C.bCO) GC TO 300 
|F |N~SE.EQ.ULU~T.ANDe/NGeEQ.|I GO TO 300 

C 
C SCLVE TH[ CKCSSFLOW MCKE~TUM COhSERVAT|GN [QUATIQN 
C 

CJLL VCAL£ 
IF (LAMTRD.£Q,2I CALL ECYV|S 
CALL PHIKQW 
GALL AGCDE IGI 
ED~BC:AL 
IF I K . [ O . I )  EOGBC:~IROPT 
CALL S(~LVE (G,G~,O.OOO,O.ODO,EOG~CI 
|F ( L . G : . ~ I  CU TG 260 
DC 250 J : l * | ~  
G ( ] * J o 3 ) : G I 2 , J , 2 ) * 2 . 0 D O - G ( 2 o J ,  I |  
GNII,J*3I:G~(2*J~2J*?.CDO-GNi2,Jo|| 
G f | oJ :2 ) :GT2~J ,2 )  
G h l l o J , 2 l : G N ( 2 , J , 2 |  

250 CChTIr~U£ 
2bO COkTINU[ 

IF I K , G T , | I  GO TC 283 
O0 270 J = l . l E  
G I 2 , J , I I : G f 2 o J , 2 |  
6 ( l o J j 3 | = G ( | ~ J , 2 )  
GN|2~J , t )=G~(2 ,Jo2)  
C N I l e J , 3 ) : G N I I o J , ~ |  

270 CChTINUE 
280 CCNIINUE 

DO 290 J : I ~ I E  
IF (K.CO.KLAS~| G|I,J,3):~(2,J~2I-G(2~J,II*GiI,J,2I 
.IF IK.EQ.KLAST| G~II~J,3)=GN(2,J,2i-~N(2,J.IItG~IitJ,2| 
GM(JI:GI2,Jo2)tCRIt(|.CI)G-C~I)~GI|oJ~21 

IF ( L . F O . I )  ~ I J I = G C 2 , J ,  I I e | I . O O O - C ~ I I t G ( 2 , J ~ 2 I * C R I  
IF  ( L . E Q ,  I )  Gk~(JIuGN(2oJ~|Je(I.0Dd-CRi)÷GN(2eJe2)WCRI 

290 CONTINUE 
)OO CChTINU£ 

CALL VCALC 
h I I = N I T * I  

CNTL 188 
CNTL 189 
CNTL |93 
CNTL 191 
ClATL 192 
CNTL 193 
CNTL 194 
CNTL 195 
CNTL 196 
ChTL 197 
CNTL 198 
CNTL 199 
CNTL 200 
CNTL 20E 
CNTL 202 
CNTL 203 
CNTL 204 
CNTL 205 
CNTL 206 
CNTL 207 
CNTL 208 
CNTL 209 
CNTL 210 
CNTL 21[ 
CNTL 212 
CNTL 223 
CNTL 216 
CNTL 2[5 
CNTL 216 
CNTL 217 
CIATL 218 
CNTL 219 
CNTL 223 
CNTL 22Z 
CNTL 222 
¢I~TL 223 
CNTL 224 
CNTL ~2S 
CNIL 226. 
CNTL d?2T 
CNTL 228 
CNTL 229 
CNTL 230 
CIkTL 231 
CNTL 232 
CNTL 2:33 
CNTL 234 
CKTL 235 
CNTL 236 
CNTL 237 
CNTL 23g 
ChTL 239 
CNTL 240 
CkTL 2~1 
CNTL 242 
CNTL 243 
CNTL 244 
CNTL 24S 
CNTL 246 
CNTL 241 
CNTL 248 
CNTL 249 
CNTL 2S0 
CNTL 251, 
CNTL 252 
CNTL 2S3 
CNTL 254 
CNTL 255 
ChTL 256 
CNTL 2ST 
CNTL 258 
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II10 

320 
C 
C 
C 

330 

340 
C 
C 

~160 

310 

C 
C, 
C 
C 

380 

390 

1HE SOLUTION iS CHECK[C FOR CCNVERGENCE 

IF ( N I T o L E . N I T 3 |  GO TO 320 
NRITE I b e S 0 3 l  K tL~NIT  
1F ( K . G T . I |  GO TO 310 
k ITTOT=NITtNITTOT 
IF ( N I T T O T , G f .  I 3 : ~ I T 3 | I  kRITE (6~5~01 ~ L ~ N I T T O T  
IF I N I T T O T . G T a I 3 a h I T 3 | )  STCP 
N I T u - I  
CALL C~IAhGX 
N l l - O  
G6 TO 40 
CCNTINUE 
KLASTmK-I 
GO TO 440 
CC~TINUE 

CCkVERGENCE TEST ON ALL POINTS GF THE FeGeZtAND T ARRAYS 

DIF-O.ODO 
DO 340 J :?~ IE  
DIFF:CABSIF(2,J,2I-FCLDIJII/CABSIFOLO|JII 
IF I U I F F . G T . O I F |  GIF :DIFF 
IF IGCLDIJJ . (C°O.ODO)  GO TO 330 
DIFF:DABSIGI2tJ,2I-GOLC(JiI/CABSIG~LDIJII 
IF I D I F F . G T . O I F I  OIF-UIFF 
£CkT lhuS 
OIFF=OADSITf2~J~21-TCLOIJII/OAHSITOLDIJI) 
IF  I O I F F . G T o C I F I  C IF :U IFF  
OIFF-OARSIZ(Z~J~ZJ-Z~LDIJII/DABSIZOLD|JI) 
IF I U I F F . G T , O I F I  C IF :OIFF  
CCNTIflUE 

IF IO IF .GT.CO~V)  GO TO 60 
IF | h I T . E O . I )  GO TO 60 
IF |KADETA.EG.OI GG TO 370 

TEST THE ASY~PTCIIC N~TURE OF THE S~LUTECN AND AOJUST ETAIhF 
IF NECESSARY 

A S Y K : F ( 2 ~ I E , 2 I - F f 2 ~ I ~ - 4 ~ 2 )  
IF IASYH.LToADTEST| GC 1U 350 
I S I = | . O D O  
EIACLO=ETAINF 
GC 10 360 
IF IKF~D2°GTo | I  ~0 TO 3T0 
IF |ASYH.GT.AOTEST/IO.OOOI GC TG 370 
TST=2.LUO 
ETAOLO:ETAINF 
CALL A~DETA (TSTeASYHeETACLD) 
GO TO 60 
CCNTINUE 

C, NTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CN TL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTI. 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CN TL 
CNTL 
CNTL 
CNTL 
CNTL 
¢NTL 
CNTL 
GNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTL 
CNTt: 
CNTL 
CNTL 
CNTL 
CNTL 
CN1L 
CNTL 
CNTL 

t CNTL 
CNTL 
CNTL 
CNTL 

iF  ( K . E ~ . I . 0 R . K . E Q . I K E N U - I I I 2 I  EITHAF=NIT CNTL 
WR|TF I B e I F L I  IT(2tJ,2IIFI21J,2)tG(~oJ~2|oT~I2tJe2|jFNI2eJI2IeGN|2CNTL 

|tJi2ltZf2,Jt2I,Zhl2tJ,2|,d=lelr),ET~|NF ChTL 
CNTL 

STGRE RLUf~T ¢O~JE ~EOGE SECTICN SOLUT|O~S nN UNIT ¢ FOR USE AS CNTL 
STARTING UATA F~R THE AFTERUOUY SOLUTIGN CNTL 

(NTL 
IF |NOSE.EO.SHARPl GO TO 410 CNTL 
IF IKENU.GTo l )  G£ TO 610 CNTL 
IF ( I N O , E Q . 2 )  GO TO 410 CNTL 
| F  IX.LT.XR¢h~LPLII.CR.X.GT.XBIhWPLNBII GO TO 410 ¢NTL 
DO 380 N~NBLPLIeNdPLN5 CNTL 
IF  (X .EO.  XOIN | I  GG TO 390 CNTL 
CCNTINUE CNTL 
GO TO 410 CNTL 
C(~TINUE CNTL 
WR|TE 16aKBLI ITI2tJI2|IF12eJo2IIG¢29Jo2ItTN|2tJt2|eFN(2tJoZ)tGN(2CNTL 

|tJlZ)tl(2eJtZi*ZNl2tJt2iwJ'lliE|tETAINF CNTL 

2S9 
260 
261 
262 
263 
26~ 
265 
266 
267 
268 
269 
27O 
2 ? !  
2T2 
273 
274 
275 
2Tb 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
28T 
288 
289 
2q0 
2q |  
292 
2q3 
294 
295 
296 
29T 
298 
299 
30O 
301 
3O2 
3G3 
3G~ 
3.~S 
3C6 
307 
308 " 
309 
310 
311 
312 
3 t 3  
31'* 
315 
316 
317 
318 
31Y 
320 
321 
322 
323 
32*, 
325 
326 
327 
3Zd 
329 
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400 

410 
C 
C 
,c 

C 
C . 
C 
C 

420 
430 

|F (X.NE.XBINkPLNBll GO TOAIO CNTL 330 
DX6LD=OX! CNTL 331 
IFLml CNTL 332 
KBLuI, CNTL 333 
RE~D (IeKUL| (Tf2~Jw2|wF|2~Jt2I~GI2wJm2ItTNI2oJt2|tFN(2,Jt2|IGN(2tCNTL 336 

|Jt2IIZiZtJ.ZIwZN(2,J.2)pJ=I,IE)w[TAULD CNTL 335 
kRJTE (RWiFL) IT(2,J,ZI*FI2,J*ZJ,Gi2,J~2ItTNI2eJI2JtFN|2;J~2|tGNI2CNTL 336 

lIJe2)tZi2,J,2l,Zh(2,J,2)tJmlelE)tETAgLD CNTL 337 
IF (KUL.(Q.KEkU2eI|  GU lC 410 CNTL 338 
GO TO ~00 CNTL 339 
CChTINu~ CNTL 340 

CNT~ 361 
CALCULATE AND WRITE GUT THE RESULTS OF THE CURRENT SOLUTION CNTL 342 

CNTL 343 
CALL PPOPTY CNTL 344 
CALL OUI2 CNTL 345 
k~keOw CNTL 346 

CNIL 347 
THE PROGRAM IS SET TO FIKD THE SOLUllON AT THE NEXT CNTL 348 
CCORDINATE POINT CNTL 34q 

CNTL 350 
DO 430 J a l o l E  CNTL 35|  
IF |K.EQ.I .AKC.KEND.GT. i )  GE2,J,2|-O.OO0 CNTL 3S2 
IF IK=(Q. IoAh0.KEhD.GT. | )  GNI2tJ~2|-0.ODO CNTL 353 
F l 2 e J l l I s F f 2 t J t 2 |  CNTL 354 
F N | 2 , J t t I - F N I 2 1 J , Z |  CNTL 3SS 
F | L t J I 2 I a F I I ~ J , T I  CNTL 356 
F N I I t J , 2 ) m F N I I t J , 3 )  CNTL 357 
T l 2 e J , l I = T l 2 , J t 2 J  CNTL 358 
T k | 2 t J ~ I I - T N I 2 o J ~ Z l  ChTL 3sq 
T ( h J ~ 2 ) = T ( | ~ J , 3 |  CNTL 360 
T k I I e J , 2 I : T N I I , J , 3 |  CNTL 361 
Z i 2 1 J t l l : Z l 2 , J v 2 l  CNTL 362 
Z N i 2 t J ~ l ) = Z N l 2 t J , 2 )  (NTL 363 
Z ( J : J o 2 1 : E l l , J w 3 |  CNTL 364 
Z N ( | I J t 2 I B Z q l I w J ' 3 I  ¢NTL 365 
GI2*J l I I=G(21J~21 CNTL 36b 
GNI2tJ~II :GNI2,JtZ) CNTL 36T 
G I | I J ~ 2 I ' G I I , J t 3 |  CNTL 368 
G N I | I J t 2 I = G N I I t J t T )  CNTL 369 
IF I L . N E . i l  GC T~ 420 CNTL 310 
F | I , J e 2 I u F I 2 , J , 2 I  CNTL 371 
F~I I~J~EI=FNi2~J ,2 I  CNTL 372 
T I h J t E l - T l 2 ~ J ~ 2 )  CNTL 373 
T N I I * J ~ 2 I : T N ( 2 ~ J t 2 )  CNTL )74 
Z | | ~ J t ? l = l l Z ~ J ~ 2 l  CNTL 375 
Z N I I , J t Z I n Z N I Z , J ~ 2 |  CNTL 376 
GI i~J~2 I=GI2 ,J~2)  CNTL 371 
GNI |~J~E) :GNI2 ,J ,2 )  CNTL 378 
F I | e J e T I : F ( Z ~ J ~ 2 I  CNTL 37g 
F N I I e J : 3 | : F N ( 2 : J ~ 2 I  CNTL 3H0 
I | i ~ J ~ 3 I - T ( E , J ~ 2 I  CNTL 3RI 
I N I | ~ J ~ 3 I : T N I 2 ~ J , 2 |  CNTL 382 
i | I ~ J ~ 3 ) = Z | 2 , J , 2 J  CNTL 383 
ZNI IeJ ,T I=ZNi2~J~2I  CNTL 38~ 
G I | ~ J t 3 I = G ( ~ J ~ 2 I  CNTL 385 
GNII~J~3I~GNI2tJ,21 CNTL 386 
CC~llNUE CNTL 387 
CC~TINUE CNTL 388 
IF I L . I U . I )  GO TC 440 CNTL 3R9 
i f  |K.GE.KLAST-I)  GO TO ~4G CNTL 390 
READ |RalFL)  ITIX*J,~I~FC~*J~2I*CII,J,2I~TNIItJs2I~FNII,J,2I~G~I|,Cr~TL 391 

|J~2I*ZII,J,2J*ZNII,J~2I~J=ItlE|tETAOLD CNTL 392 
IS | ' 3 .0DO CNTL 393 
IF IETA~LD,LT.ETIINFI CALL AOUETA fTST~ASY~ETAOLDI CNTL 3q4 
RE~D 16elFLi  ITII,J~3)~FII~J~TI~GII,J,31~TN(I~J~3ItFNIL~J~31~GNII~CNTL 395 

|JeTl;Z|leJe3leZN|ltJ*Tl*JmlelE|eEIAULO CNTL 396 
TST-6.0DO CNTL 397 
|F IETAOLD.LT.ETA|NFI CALL AOOETA |TSTeASYM~ETAOLD) CNTL 398 
IFLmlFL-2 CNTL 399 
FINDISeIFLi  CNTL 400 
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440 COhI|NUE CNTL 4 0 |  
IF ( K . k E . ¢ [ ~ O )  GO TO 460 CNTL 402 
RE&D I G I | I  |l(ltJt2J~llwJj2|,GllgJt2}jTN(|lJi2)lFN(|vJt211GN(leJiCf.lL 403 

|2)tZ(itJ~2leZhlI,J,~)~J:|,lEJwETA~LO C~TL 404 
I S T ' 3 . C D 0  CNTL 405 
|F IKTAULN.LT.ETAI~F)  CALL ACDETA (TSTtASY~BETAOLO) CNTL 406 
DO 450 J = E , I E  C~TL 407 
l ( 2 e J , | ) : l ( t , J , 2 )  CNTL 408 
T N | 2 ~ J , | J = T t ; ( | e J , 2 )  CNTL 409 
T ( | t J , 3 | = T t l o J , 7 )  CtlTL 410 
T N | i e J i J l : T I i ( | , J ~ Z |  C~TL 411 
Z ( 2 1 J , l ) = l i l , J , ~ )  C~TL 4 |Z  
Z N ( 2 ~ J , | ) : Z N ( L , J , 2 |  CNTL 413 
Z l | t J i T | : l | L , J t 2 )  CNTL 41~ 
Z N ( I , J ~ 3 ) : Z ~ ( I , J : 2 )  ~NTL 415 
F L 2 o J , L I = r ( L , J o Z )  £N IL  416 
F N I Z t J , I ) : F ~ ( L , J , 2 I  CNTL 417 
F | | t J , T I = F ( | , J , 2 ]  CNTL 418 
F N ( I ~ J t 3 I : F N I I , J ~ 2 )  CNTL 4 | g  
G I 2 ~ J , I I = G C I , J , 2 )  CNTL 420 
G ~ ( 2 , J , i ) : G N i ~ , J ~ 2 |  CNTL 421 
6 | | , J t 3 ) : G I I , J , 2 )  CNTL 422 
G N | | : J ~ 3 ) = G N ( I ~ J t 2 1  CNTL 42~ 

4S0 CC~T|NUE CNTL 424 
4~0 CCkTINUE C~TL 425 

NIT=O CNTL 62b 
KITTOT=O (NTL 427 

4?0 CC~TINUE CNTL 426 
£ CNTL 429 
C IF XeEQ.XUIK~PLkB) CONVERT TO 8CDY-F|XED COOP~INATES CNTL 433 
C C~TL 43~ 

CNTL 432 
CNTL 433 
CNTL 434 
CNTL 435 
CNTL 436 
CNTL 437 
CNTL ~38 
CNIL 439 

480 CNTL 440 
CNTL 4 4 |  
CNTL 442 
CNTL ~43 
CNIL 444 
CNTL 44S 

~90 CNTL 446 
CNIL 447 
CNTL 448 

C CNTL 469 
C CNTL 450 
C CNTL 451 
$30 FCRMAT I IOX~4ChFAILED TO GET A CONVERGE~ SOLUT|~N AT Ku~ |3~SXt2HL-CNTL 452 

| ~ 1 3 ~ S X ~ 4 H ~ I T : B [ 3 I  CNTL 453 
S|O FCRMAT (|OX,STHEXECUTICN TkRPINATING~t~.eNITTOTo~T.3*NITT~- C~TL 454 

| K" ~ 1 2 , 3 H t :  ~ [ 3 ~ U t l h l T T O t :  ~13/1 CNTL 4 5 5  
$20 FCRMAT I |OXt4CH~X~CUT[C~ TERP|NArIhGtteettKLAST:O~*~te~/| CNTL 456 
S)O FOPMAT (IOX~THThE EliOI CNTL 4S7 

END CNTL 458 

NI ImNIIHAF 
DXRLXOLD 
IF I I ~ D . | O . 2 )  G( ro  48C 
|F  IX .E~.XUIhWPLNdI )  1~O=2 
IF | | N D . ( ~ . I )  G~ TO 48G 
X=X-R~OSE~ALPHA 
KEkOtKFNit2 
KL&ST-KEND 
CC~TI~U~ 
CJLL CHANGX 
~ I T ' 0  
IF |X.GT.XSTAINSOLVEI. |  GG 10 490 
|F (L.~E.|.A~D.L.EQ.LP~.CKeLPRT.EQ.|| LPR-LPRtLPRT 
GC TO 10 
C(kTI~UE 
WRITE 16~53U|  
RETURN 

204 



AEDC-TR-75 -55  

C 
¢ 
C; 

10 

SUBROUTINF DERIV (F~X~IU&X~IMIk ,FP |  DERV 1 
IMPLICIT kEALe8 ( L - l e , ( ] - l J  OERV 2 
DIF&NSZON F I IGL)~  X l l O l J g  F P ( I O | I  OERV 3 

DERV 
SUBRQUTINF OER|V3 CALCULAIES THE F|RST DERIVATIVES OF F HITH OEPV S 
RESPECI T~ X AhU RETURNS TH~ ARRAY FP. DERV 6 

DC 10 J : IMIN~IMAX DERV T 
KnJ DERY 8 

DERV q 
IF | K . L T . ¢ I H I r 4 t | | I  K : l ~ l k t |  OERV 10 
JF I K . G T , I I H A X - L I I  Ku IVAX- |  OERV 11 
CALL FDJ (XiJ),X(K-L)tXtKJeXiK~||:FIK-LIeF(KItF(KtI|tFp(J)) OERV 12 
CCkTJNUE OERV 13 
RETURN DERV 16 
END DERV 15 

SUORCUTINE DERIV3 (FX~ I I ,KK IXwIMAXv IH IN ,  FPX| DER3 
|KPLICIT  REAL~8 ( A - H , O - Z I  DER3 
R£ALe8 ROSE OER3 
CGPNON I INTEGRI  IEtIMtKEkDtKEND2tKLXeKnUHtLINBLNTI~ENOIKPRTpLPRTpK~ER3 

IPRtLPR D~q3 

1 
2 
3 
6 
5 

D|PELSIGN X ¢ 1 0 1 ] ,  F X l 2 w l O l w 3 J t  P P ( L 0 1 l ,  F ( I O | I t  F P X ¢ 2 ~ L 0 1 , 3 )  OFR3 6 
C DER3 T 
C S~ERGUTINE DERIV3 CALC~LAI[S TFE FIRST DERIVATIVES OF F NITH O~R3 8 
C R[SPEC1 TO X AND KETUK~S THE ARRAY FP. D[R$ q 
C DER3 ! 0  

,DO 10 J ' I , | E  DFR3 ! !  
F I J | - F X I I I u J , K K )  OER3 12 

10 CCNTINUE DER3 13 
DO 20 J a | H I N , I ~ A X  DER3 14 
KmJ DER$ |5  
IF ( K . L T . ( I H I k * | | )  K - I ~ I ~ ÷ L  DER3 16 
I f  I K o G T e ( I M A X - I I )  K - I ~ A X - |  OER3 17 
£ALL FD3 (X|JllXIK-i|,XIKI,XIKtI|,FIK-IItF|KIIF|K~|IIFPIJI) OER3 18 

20 CChTINUE DER3 19 
DO 30 g = i w I E  DER3 20 
F P X | I | o J ~ K K | = F P ( J J  DER3 21 

30 CCNTINUE DER3 22 
RETURN DER3 23 
ENC DEA3 24 
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SUSROUTINF DISKIN DISK | 
IMPLICIT REAL*8 IA-H~O-Z)  DISK 2 
REALO8 NOSE DISK 3 
CCFMCN / rLDDATI  FLCFLUIS.15),BLUNTZ(401,~LU~TP(401,IE! DISK 
CG~MCN IGE~M/ (~F, MY,THETAC,NCSE,RNGSEt~LST.O. XXIdX DISK S 
CC~KCN I INTEGRI IEI|M,|I)LIAtKLN~2.KLXoKK,LLI~LNTIe|NOtKPRTjLPRTIKOISK 6 

..|PRtLFR DISK T 
CO~CN t U h l T l O /  DX]NVSeDISK DISK 8 
UI~EhS|ON X l 2 O t I S ) ,  P I2OtLS)~ RHO(2OwlSlt C F P H l l 2 0 , K S I t  V ( 2 O e l S l ,  DISK g 

I P S ( l S | e  R . O $ ( | b ) .  CFPHISC|S).  VSILS) .  P S S ( l b J t  ~f lOSSlLS)t  FPHISSIEO|SK LO 
2 5 I ,  ~ S S l l ~ )  DISK 11 

DI~E~SION A P S ( I S I ,  ARHCSIISI ,  ~CFPHI ( IS I t  AVS( |S)  D|SK 12 
DATA ULUNT,SHARPISHBLUNT.bHS~A~P~ DISK | )  
~RITE I3D ,35~ )  p i S K  t4  
~RITE |30 ,22C)  DISK IS 
HRl lE  130 ,270 I  DISK Ib  
IF INOSEo[Q.SHARPI GO TO ~0 DISK |T  

C DESK 18 
C AXIAL DISTANCE IN hOSE RAOl l ,AkD PRFSSURE FROq THE HODIF|ED D|SK 19 
C INVERSE SOLUTION METHOD ARE REAC iN DESK 20 
C DESK 21 

RK~D 4ZS! 111 DISK 22 
| l i .  l l l o 2  DISK 23 
REID IgS |  I B L U H T Z I I I ~ I ' E , I i l l  DISK 26 
REAO (25)  I U L U N I P i l l , I m l ~ l i I )  DISK 25 

10 CONTINUE DISK 2b 
IF IhOSE.EQ.BLU~TI RFAD |2~| AA.RBeALPHA~RtPI~FeRHO|NFtTINFeXHAtTPD|SK 27 

|E IAC tYU,JL tKL~ ISTA ,G  DISK 2q 
IF IKOSE.EU.SHAFPI ~ A C  125| AA,~R~ALPHA,R~PINF,RHOINF,T|NF~XMAgTHOISK 29 

|E |ACtYU,JL~KL~CU~tG DISK 30 
VlkFuXHA.DSGR~(I .4GGenaTINFI DISK 3 |  
IF Ih~SE.EQ.SHAFPI SU TO 30 DESK 3~ 
DO 20 !=1 , 111  DISK 33 

23 ~ L U N T P I I I : B L U N I P ( I I I P I ~ F  DISK 34 
30 COkTINUE DISK )S 
C DISK 36 
C READ THE FIRST FETHDO ~F CFARACIERISTICS SOLUTION DESK 37 
C UISK 

READ (25)  |FLDFLC(L,K).FLCFLCI2,KI~FLOFLDi3~K),FLOFLD(4~KEeFLGFtOIDISK 
DiSK 

C 
C 
C 
C 

38 
39 
4= 

| S . K I t K ' I e ~ L !  DISK 41 

FLOFLOI I t& I -AX IAL  DISTANCE DISK 62 
FLGFLUI2,K)mCROSSFLQ~ ANGLE DISK 43 
FLOFLDI3,KI=P;ESS'JRE DISK 44 
FLCFL~(6 tK Is  OFNSITY DISK 4S 
FLCFLD(S~KI=VEL(CITY DESK 4b 
KL IS 1HE NUVBL~ OF PLANES DISK 47 
K-1 IS 1HI LEEWARU PLAhF DISK 48 
K-KL iS IHE k|hDwARO PLAN~ DISK 4q 

DISK SO 
PImUARCOSI_I.OOG| DISK S|  
WRITE 130~22C) DISK 52 
~RITE 130 ,230)  kL DISK 53 
NRITE 130 ,220 |  DiSK 54 
XBuFLCFLDI I ,KLI  DISK SS 
IFETA-THETACel I~O.GDCIP l l  DISK 56 
ALPH-ALPHA*CI ,G.3CO/PI )  DISK ST 
k R l l E  13Cl?40I  ALPHeTHETA,XMA DISK 58 
NRJTE ( 3 0 , 2 2 0 |  DISK $9 

DISK 60 
UNIT 10 IS ThE EDGE PROP~RIY EATA SET DISK 6E 

DISK 62 
kRITE ( | 0 )  GtRt l~ETA.ALPH,XMA,KL DISK 63 
IF ikOSE.EQ.SHA~PI ~0 TC 60 DISK 64 
DO 40 l u i t K L  DISK 6S 
F L O F L D I 3 1 1 J = F L U r L D I 3 t I I / P i h F  DISK 6b 

DISK 67 
SUERGUTINE WEDGE CALCULATES EDGE PROPERTIES FOR THE 6LUNT BODY DISK 68 
AND WEDGE SECTiUNS OF THE CONE DISK 69 

DISK 70 
CALL kEDGE (KLtXHAtTHETACeALPHA,IO(TA~Y6~Xfll DISK T|  
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50 
60 

C 
C 

70 

8O 

C; 
C' 
C 
C 

C 

qm 

| a o  

DO 50 181,KL 
F L C F L D K 3 ~ I I n F L G F L D ( 3 t I ) o P I ~ F  
CChTINUE 
X S m F L O F L D ( | , l l  
~RITE I 3 & t 2 2 0 I  
WRITE i 3 0 . ) 4 G I  
kRITE ( 3 0 , 2 2 0 J  

k R I I E  130 .2601  
~RITE I 3 0 . 2 2 0 ]  

DI SK 
DISK 
Ol  Sg 
01 SK 
Ol Sg 
DI  5K 
D! Sg 
DISK 
DISg 
Ol  Sg 
D l  Sg 

DO ?0 K u I . K L  Ol 
M R i I [  |3&~2TG) K , IFLOFLOI imKImEa l~S i  D| 
CCKTINUE D|  
k R I T (  1 3 0 , 2 2 0 I  Oi 
60  10 140 Ol  
CChTINUE DI  
IF (NOSE.EQ.SHARPI RETURN D! 

Ol 
FLCwFIELD DATA FPOM THE ~ETHCO OF CHARACTERISTICS SOLUTION IS  Ol 
READ FKOH UNIT 25 D i  

D! 
RE~D 125oEND:2101 ISTAoIFLOFLDI|oKIoFLCFLDIZoKIoFLOFLD(3oKIoFLOFLOO! 

I | ~ e K I * F L C F L D I S I K I * K m l o K L |  DI 
D!  

IF I L o ~ Q o O o A K D . r L O F L D I I t | I . G T . X S )  GO TO gO DI  
GO TO 100 DI 
CCNII~UE D!  
BACKSPACE 25 DE 
BACKSPACE 25 DI 
GC TO 00 DI  
CChTIhUE D! 
ELCFLD¢2,KL)=O.CD~ Ol 

Sg 
Sg 
Sg 
SK 
SK 
Sg 
SK 
Sg 
Sg 
Sg 
Sg 
Sg 
Sg 
Sg 
SK 
Sg 
Sg 
SK 
SK 
SK 
Sg 
SK 

H A l l E  130 ,25G)  ISTA 
URITE 13o ,2261  
WRITE 130.26C1 
URI IE 13Co2201 
DO 110 KxIIKL 
k R I I E  i3Co2?O)  K t | F L O F L D I I t K I I I s l e S )  

' J | O  CCkTINUE 
MRITE ( 3 0 , 2 2 G I  
L ' L + !  
DC 120 K x I , K L  
X | L m K I = F L O F L ~ ( | e K I  
P I L , K I = F L ~ F L ~ ( 3 , K ) / P I N F  
C F P I I I ( L e K ) : - F L D F L U ( 2 , K )  
RHGILoK)nFLGFLO(4,KJ/RHOINF 

120 V I L , K ) s F L ~ F L ~ t ~ , K J / V I N F  
IF ( X I L , K L I . L T . X S I  GO TO 80 

C 
C INTERPOLATE FOR FUNCTICN VALUES AT KL PLANES 
C 

FAC-IXS-XlL-I,I|I/IX(LoJI-X|L-|+||I 
DO 13J  K ' I , K L  
PS|KJ'PIL-I,K|4FACt|PILeKI-P(L-I.K|) 
RkCSIKI=AHOiL-|vK)tFACmI~HD(L.KJ-RHO(L-I,KI) 
CFPHIS(K|=CFPHI(L-IoKItFACe(CFPHI(L,K)-CFPHI(L-|tKII 

130 VSIK)sVCL-IoK|+FAC*|V(LoK)-VIL-|tKII 
GO TO 160 

I~D CGKTINUE 
DO 150 K I I o K L  
PS(K I=FLOFLO(3oK I IP INF  
RHCS(KI :FLOFLOI4eK) /RHCINF 
C F P H I S ( K I : - F L C F L D I 2 , K i  
V S I K I s r L G F L U I S o K ) / V l N F  

| 5 0  CONTINUE 
160 CCKTINiJE 

CFPHIS I I I -O .OOO 
I F P H I S ( K L I e U . O 0 0  
NRITE ( 3 0 , 3 1 0 )  XS 
kRITE I$Oo2~OI  

D! SK 
DISK 
DISK 
DE Sg 
DISK 
D! Sg 
Ol  SK 
DI  SK 
D! SK 
DISK 
DI  SK 
DISK 
Ol Sg 
D! SK 
Ol Sg 
DI SK 
DI  SK 
DISK 
DISK 
DISK 
D! SK 
Ol  SK 
DI  SK 
DI  SK 
D! SK 
Di  SK 
DI SIC 
DiSK 
D! SK 
DI 5g 
D!  Sg 
Ol  SK 
DI SK 
Di  SK 
Di  SK 
D!  SK 
D|  Sm 
Di  SK 

72 
73, 
74 
75 
76 
77 
78 
7q 
8O 
81 
R2 
83 
84 
85 
86 
87 
88 
89 
90 
9 t  
q2 
q3 
q4 
95 
96 
q7 
98 
q9 

IO0 
I01  
102 
JO3 
104 
105 
!C6 
137 
lO8 
lOq 
110 
I l l  
112 
I ! 3  
114 
! ! 5  
116 
1L? 
1 ] 8  
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
12q 
130 
131 
132 
133 

135 
I 3 6  
13T 
138 
139 
140 
|41  
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MRITE 130,3201 
MRITE 130~2201 
DO 170 MC- I ,KL  
k k l l E  I30,3301PSIMC|,RHCS(MCI,CFPHISIMCI,VSIqC) 

ITO CONTINUE 
kRITE 130e22C1 

C 
C INVERT EUGF PRCPERTY ARRAYS TC UE COMPATIBLE ~ITIt  THE 80UNDARY 
C LAYFRe*~eAGRAYS P~!VICUSLY ~ENT F~I'M THE L~E~APO PLANF TO THE 
C MlMswAft~ PL~P~E ~ 0  ~ILL NC~ Gt: fROq TIlE WI~WAK() TO THE LEEkARO 
C PLANb~*e**XH[S t L L ~  X~c Ct'kP|CT CALCULATIC~ ~ THE TRANSVEKSE 
C EDGE PROPERTY DERIVAIIVES F~R ~HE HUUNOARY LAYE,~ 
C 

00 IBO N= I tKL  
J K - K L - N t I  
PSSINI=PS(JK)  
RHGSSIN)-RHOS(JK| 
FPHISS(r l )=CFPH[SIJK)  
VSSINI~VSIJR)  

180 CC~;INUE 
C 
C EDGE PROPERTIES ARE CChVERTEO TO FOURIER COEFFICIENTS 
C 

CALL FCkIER I P S S g A P S t K L , I I  
CALL FO~IER I~H~SSjARHC~tKL~|)  
CALL F~RIER (FPI t ISS~ACFP~IvKL,2)  
CALL FCRIER IVSS~AVS~KL~lt  
~R l lE  130~28C) 
NRITE (3G~220|  
hR I lE  13G,29Cl 
kRITE ( 3 0 , 2 2 0 I  
NRITE I I O I  XSeAPStARHCS,ACFPHI,AVS 
DO 200 K = I , K L  
IF IKeEU.KL}  GC r~ 190 
~RITE 1309300) APSIK)eARhOSIKItACFPHIIKItAVSIK| 
GC TO 200 

190 NRITE 1 3 0 , 3 6 0 1 A P S ( K I e A R H O $ 1 K I t A V S | K I  
230 CC~TJNUE 

bRITE I ] 0 , 2 2 C )  
t - O  
XS-XS~DX 
GO TO 80 

C 
C 
210 RETURN 
C 
C 
C 
220 FCR~T 
2~0 FCPMAT 
260 FORMAT 
2S0 FCkM~T 
~bO FCRMAI 
2?0 FORMAT 
280 fORMAT 
29U FCRMAT 
~O0 FCRMA1 
TED FORMAT 
3~0 FCRMAT 
• SO FCRMAT 
3¢0 

I l t l  I 
I IOX,3qH~UVqER CF PLAkES IN THE INVISCID DATA J , l T )  
IIOX~6HALPHA=vFb.2~SX,THTHE~C=IFb°ZISKI~HHINF=IF6e2) 
¢SX.2GH~LL ~A;A AT S T A I I ~ N , I X , 1 3 1  

2XolbK,|UXwiHXglSX,3hPHI,ISXjlHPwISXITH;HOwISXtIHVl 
I X , 1 2 , 5 { ~ X , E I 2 . ~ I )  
3~X,2CH~:IUREtR C ( ' E F F I C l r ~ I S I  
JbXeSHAPSv18Xe~HAqHDS,ITXtbHACFUHI,ITXtSHAVSI 
3 0 X t 6 I ~ l ~ e B t T ~ l |  
33Xt31HST~CAMwlS[ INTERPOIATICN AT X = , F I 2 o 6 I  

I I H  ~SX~|TIDv~GXt~HRqC~IBXt~flPHIt2IX~|HV| 

DISK 143 
DISK 14~ 
DISK |45 
DISK 146 
DISK I6T 
DISK 148 
DESK 149 
DISK ISO 
DISK I S l  
DISK 152 
OISK 1~3 
DISK 156 
DISK 155 
DISK 15b 
DISK 157 
DESK 158 
DESK 159 
DISK 160 
DISK 161 
DISK 162 
DISK 163 
DISK 166 
DISK 165 
DISK 16& 
DISK 167 
DISK 168 
DISK 169 
DISK ITO 
DI SK 171 
DISK 172 
DE SK 173 
DISK ! 7 6  
DISK ITS 
DESK IT6 
DISK IT7 
DISK 178 
DISK iYq 
DISK 180 
DISK 181 
DISK 182 
DISK 183 
DISK 184 
DISK 185 
DISK 106 
DISK 187 
DISK IBO 
DISK |8q 
DISK I g o  
D! S K l g I  
Ol S K l g ?  
DISK 193 
DISK 19~ 
DISK 195 
DESK lq6  
DISK lqT 
DISK |qn 
DISK lqq  
DiSK 200 
DISK 201 
DESK 202 

FORMAT ||OX,SBhUNIFO~M FL~M STARTING SNLUTION FOR THE INVISC|D FLCOISK 203 
l k  F IELDI  DISK 20~ 

3SO FCRNAT I 6 0 X t S ? H I ~ v l S C I C  FUGE COMDITICNS FCR BOUNDARY LAYER SDLUTICDISK 205 
|NI67Xe3%IlTAKFN FRE~ THE |NVISCIU FLOW FIELD D&TA/59Xt|¢FICREATED RYOISK 2Cb 
2 IHE/3GXtbOH~LTIICD UF CHARACIERISTICS PROGRAM FtlR N~JNUNIPnRM FLOw UISK 2OT 
3F|ELDS/bSXt2HOY/5¢Kw25hk.  Ro BLACK AND CoH. LEHIS/SIXtZ~HARL TS-OI2DISK 208 
66 AUGUST ]qT31 DISK 209 

360 FCRMAT l T O K t 2 I E I S . B t T X l e 2 2 X , f l S . 8 1  DISK 210 
END DISK 211 
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SUSRDUT|NE ECGCOF EGQF 
IMPLICIT REALm8(A-HtO-Z| ECOF 
~EALs8 NOSE ECOF 
CCFMON /[DGW/ PFk~UFN,VEhITEMoOP[WDXtDPEWONtOUEwUXBOUEHDMtOVEWDXIDECOF 

|VEbD~OTE~DXwDTEw~ktOPkOkZjRHnCW,AMUEWtRUMu~ ECOF 
CDPMC~ / F R S T ~ /  MH~INFtPINFpTFS~UFS~RjPRLtGIXHA ECOF 
COFMGN /GS~K/ ALPHA~T~ETAC~t.CSE~R~SE~WLST~X,XXt~X ECOF 
CCFM~f~ /XECCEF/ RXtUZ,nS~GI~G2~FI,F2mOEtAL~EPS~CItItHINOPTtU 1 ECQF 
~PHGN / |NTEGR/ |c~|M,KE~U*KENO2~KLXtK~L~NBLNT|IINOtKP~T~LPRT~KPR~ECOF 

ILPR ECOF 
CC~MC;~ /POEkEF/ U~EF,C~EF FCOF 
CC~Cr~ /$nLP~T/  C~(IO|),CNH|IO|)~V~(IOII~G~(|OI|~TkI|DII~G~NIIOIIeEC~F 

' |F~II~||,FnI|U|],T~%I|C|),Z~(iO||,ZkN|;O||~XI~DXDXI~X~RN ECOF 
CCPH~N /STAG/ PSTAGt15TAGtPNC~kSTAG~IISTAG~HE ECQF 
CO'HUN /X |C{ ;kD/  XI tXXI ,DXI,XIGLCtDXDXI~DXGXX| ECOF 
DATA SHAR~DLUNT/SHSHA~P~SHBLUNTI ECOF 

ECOF 
SUBRCUTIRE IECOEF CALCULATE GRCUOS OF EDGE QUANTIT|FS USEO IN ~COF 
THE COLFFICIENTS OF THE GOVERNING PARTIAL DIFFERENTIAL EQUATIONS ECOF 

PI~DARCOSI-I.ODOI ECOF 
CP-G/IG-| .GGO|~P ECOF 

ECOF 
IF |KGSE.EO.BLUNT.AND.JND.EQo|| XJU~CTmRI~JSE~(PII2.ODO-THETACeALPHECOF 

IA I  ECOF 
IF INCSE°EQ.SLUNT.ANC.INO.EQ.2) XJUNCTmRNOSEe|PI/2.0DO-THETAC) ECOF 
IF |NOSE-[Q.PLUt.T°A~D.X.EQ.OoGCO| GO TO 10 ECCF 
BIm2.0DO~XI~eOULWOXIU~ ECOF 
B~ '2 .0DOWX|~eOV~X/UE~ ECCF 
B3~UE~e~2/HE 
GImDUEk~klUE k ECOF 
G2"DV£~OX/UEk ECOF 
U| 'UF~/U~EF ECOF 
F| 'O.OO0 ECOF 
F2-O.ODO ECOF 
MIk~PT=G? ECOF 
CHI~DPkOk~IUEk~2/RHGEk [COF 
AL'VE~IUE. ECOF 

ECOF 
I r  (NGSE°EO°SHAPPI OEs2oGUO/IS.GOOeDSINITHETACll ECOF 
|F |NOSE.£Q.ELU~T.A~O.K.Eg. I I  GE-2.GOOtXI~I~H*t3/CREF/UREF |COP 
IF  INOSE.[Q. SHAkP| FPS.2.OCO/3.01)O ECOF 
|F INOSE°EQ°bLUNT°Af~O°X~.LE°XJU~CTI EPSm2.OO~X|~mUXDXI~wOCOSIXk/PNECOF 

|OSEI IK .  ECOF 
IF |NOSEoEQ.BLU~T.ANDoXk°GTe~JUkCT| EPS=2.DS~XI~eDXOXiktDSIN|THFTAECC F 

|C I IR~  
GG TO 70 ECOF 

10 BI 'O.~O~ ECCF 
82 -0 .000  ECOF 
B3"O.ODO EC~F 
GI~O.ODO ECOF 
G2-0.0~3 ECOF 
UI ' I .OOO ECOF 
F]-O.O~D ECOF 
F~uO.OUO ECOF 
~INDPI=~.OOG ECOF 
CHI-C.CDO ECOF 
DE~O,5~O ECOF 
EPS=G.SD 0 ECOF 
&L'G.GUO ECOF 

~0 CChTINLJE ECOF 
RETURN ECOF 
ENG ECOF 

ECOF 

| 
2 
3 
6 
5 
6 
? 
8 
9 

10 
! ;  
12 
13 
|4  
I5 
16 
IT 
18 
19 
20 
21 
22 
23 
2** 
25 
26 
2T 
28 
2q 
30 
) !  
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 i  
42 
43 
44 
45 
46 
47 
48 
49 
50 
S| 
52 
53 
5~ 
55 
$6 
51 
58 
$9 
6O 
61 

S~EROUTIKE ECYVlS I V | 5  1 
IHPL|C|T REALtBfA-HtO-ZI  EV|S 2 
REAL~8 KLEB.LF~LA~,LE~TRR EVlS ) 
CC~MCN /DEPV~R/ F(2tiOllSleFN(g,IOII3ItGI211Oi,3|gGNI2t|O|t311T|21EVI5 4 

|IO|mS|lTN(2,XOL,SJtZ(~|OLtJltZN(2,|OLtS|pC(|OLJtCNi|O||ey(|oLJ,YOEVlS $ 
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C 
C 
C 

2L l iO I I ,RO~GFI IO I !  EVIS 6 
COMMON IEDb~I ptM,UEk~VEK,TEW,DPEMDXeDPEWCd~IE~DXtOUEHD~eDVEHDX~DEVIS 7 

IVEKUM~DT~WDX,DT(~I)M~DPkDH2tPH~E~eAMUEM~RQ~dd EVIS 8 
CCPMUN /FRSTEP/ RHfi|NF~VIhF~TFS,UFS~R,PKLtQ~XNA EVES 9 
COPMGN /GASPkP/ LE~LA~(IOII,LEkT~I|O|I~P=~DLIIO|I9 PRANDTIIO|I~CPEVIS 1;) 

IEIOII~GAMMAtlCIJ,X~UILOI|,~ItDiIOI),i;SU~|LOL! EVES 1~ 
CGFNGN /INTEGR/ IE~|M,KEhDeKENDZ~KLXeK,LDhBLNT|olND,KPRTgLPKTeKPR*EVIS 12 

ILPR EVIS 13 
£GPMDN ISGLPNTI C~IIGII~CN~(IOI)eV~IIOt)~GHIIO|),T~(IOIItG~NI~O|E~EVIS 14 

IFMNIIOII~F~II01),Tn~tlCII,L~IIO|I~ZkNiIOII,XI~,DXOXi~tx~RH EVIS iS 
CCEHCN ISURFASI CkALL,C~IND,P~k|N~,vkALL~TdALL,XTMISOOI~I~XISOO)eXEVIS 16 

IC|I~00ItCIXiSOC)eHkALL,TCCKM,KCI*KTk EVIS IT 
CCPMON / TkU l t . T I  ASTAR~AKSTAR~ALAMDAeYSU~L~EVSCTYI|OIIePRTtEOYLAMeEEVi$ 1~ 

JPLUSIIO|)eALFTtLAMTP~ EV|S I9 
CDMNCN ~XIC~RC/ Xi,XXltDXI~XlCLO~DXOXI~OXOXXI EVIS 20 
CCFMCN /ZCGOkU/ ETAINF~ETAFACDEYACIC||,DETAII~|IDADTFST~KACETA EVES 2|  
DIPENSIO~ TAUI IC I I ,  DAVPII01) t  EPSIN | |01 | ,  EPSQUT(|O|| ,  SCALARIIOIEVIS 22 

11, VELCTYIIUI) ,  YPLUSIIC|) EVIS 23 
24 
25 
26 
27 

DATA SHARP~HLUNI/SHSHAR:,SHRLUNT/ 
DAIA kEI,VAN/3HRCI~3HV~NI 
DATA CDNSTIS~CONSTI 

IF IXI.EQ°D.OOD) RETURN 

CALCULATE ~HE PHYSICAL NORMAL DISTANCE PROFILE 

RETHET'O.0OO 
YI I I :O.UDO 
YIRANS=USORTI2.ODOIXIM)~IRHOENeUEM*RM| 

EVIS 
EVIS  
EVIS  
E V I S  
EVIS  
EVIS  
EVIS  
EV IS  
EVIS  
EVIS 
EVIS  

DO |O EaSel (  EVIS 
yIJI=yIJ-II.YIHAhS*Ii.OUO/RQRDE(JJ+I.ODOIROROEIJ-t|E~OETAIJ]I2-CDOEVES 
RE1HET=RETHET¢|FkIJ|s||.ODO-FWIJJ)÷FNIJ'k}~I|*ODU'F~EJ'|I||elYIJ|'EV[S 

I Y I J - I I ) I 2 . 0 D G  EVIS 
!0 CC~TINUE EVIS 
C EVIS 
C CALCULATE THE CONSTANT YSUBL EVIS 
C EVIS 

DO 20 N : I , I E  EVIS 
VELCIYINI.DSQRTI(FMINIeUEN)**2¢IGMKNI~UEdI~2IIDSQRTIU( ~*eze IGHI IEEVIS  

I ) e U E H I t , 2  ! EVES 
k ~ - ~ - !  EVIS 
IF IVELCTYIt:J°GEo3.DqDO! GC TO 30 EVIS 

20 CChTINUE EVIS 
30 YSU~L=YINh)t IYEKNe|I-Y( NN)I*IQo99UG-VELCTYENNII/EVELCTY(NNe||'V[LCEVIS 

I IY INN) )  EVES 
C 
C 
C 
C 

4;) 

SO 
C 
C 
C 

60 

EVlS 
CALCULATE THE TGT~L sHEAR FOq USE IN THE VAN DRIEST DAMPING TERP EVIS 
CALCULATE TH( SCALAR VELCCITY FUNCTION USED IN THE EDDY VISCOSITY EVES 

Ev Is  
DO 40 N = l t l E  EVIS 
DU~Y=FWNEN),RHO|h|eijEN,Rk/DSQRYI2eODO. X i~ |  EV|S 
I f  I K . E Q . I )  DWDY:3.OC0 EYIS 
IF I K . G T . I )  D~r)Y=GnNI~IekHCI~I*uEw~RHIDSQkTIZ.0DO~XIN) £VlS 
TAUIN|=XMUI~)*UL~wOSORTCCUOYwI2*nWDY~'2I EVIS 
SCALAKINI:UE~*USORTIIJUCY*e2*CWDYSe2) EVlS 
CChTINUE EVIS 
IF E[UYLAM.EQ.REII. GO TC TG EVES 

• EVIS 
CALCULAT~ THE VAN DRIEST DAMPING TERN FOR THE INNER LAH EVIS 

EVIS 
DO SO Na|tXE EVES 
VMPLUSnC~ALL*RHOINF*IJFSIRHUIi)/DSQRTITAUIII/RHQINI| EVES 
ASTARu2be~U~.OEXP|_S.DDO.V~PLUS) EVIS 
DAFP|N|=(I.0OC.U[XPI.Y(NI~DSCRT(TAUINI*RHOIN))/XMUINI/ASTAR|)~O2 EVES 
CCNTINUE EVIS 

EVIS 
CALCULATE THE INNER EDDY VISCDSITY~ VAN DRIEST EQ. EVlS 

EVIS 
DO 60 N = l t l E  EVIS 
EPSI~INI.RHOENlaAKSTAR,S2sYINI**2eDAHP|NIOSCALARIN| EVIS 
CC~TINUE EVIS 

28 
29 
39 
3t  
32 
33 
34 
3S 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
46 
49 
SO 
$1 
$2 
53 
$4 
SS 
56 
S? 
58 
$9 
6O 
61 
62 
63 
64 
6S 
66 
67 
68 
b9 
70 
71 
72 
T3 
74 
75 
76 

210 
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GO TO 100 
C EVlS 

EVES 
C.; CALCULATE THE INqER EDDY VISCOSITYe REICHARDT EQ. EVIS 
C-  
TO CChTIhUE EVIS 

UPLLST=I.O00 EVIS 
UPLUSuO.ODO EVIS 

,. UPL-CaODO EVES 
EPSJNi I | :O .0OO EVES 

-' YPLUSfI I=~.CDO EVIS 
DO gO ~ -2 ,1E  EVES 

EVIS 
'VOPLUSrCHALLSRHOINF*UFS/PHC(IIIDSQKT(TAIJ(IJlRHOiN)| EVES 
YPLUSA:3°OS|)OI(VOPLUS~O.36~DO) EVIS 

. . YPLUSII~I=YCN|*DSU~TiTAu(I)*K~OI&|J/X~UfN) EVIS 
'" EPSIN(~II:XHUI~|'O.4OO~CYPLUSINJ-YPLUbA~DTANHIYPLUSINI/YPLUSA)) EVIS 

IF (VOPLUS.F~,O,ODO| GO TO go EVES 
80 CONTINUE 

FACTK:OSORT(I.OOO~VUPLUS~UPL~S| EV|S 
EPS|TR=EPS|kIkI*FACTR EVIS 

EVIS 

$0 
100  
C . '  

C .  
C~ ~ . 

110  
C - 

120 

I ) 0  
140 

C 

UPL2:UPLUS EVIS 
UPLUS:UPL+(II.ODO~UPLUS*VOPLUSI/I|.uDO+EWSITRItUPLLST),IYPLUSEN).YEVIS 

J P L U S I N - I I I / 2 . C D O  EVIS 
IF  (UPL2.EC.C.ODG) GO TO BO 
IF (OABS((UPLUS-U~L21/UPL2|.GT.O°31COJ GO TO 80 

'EPSININ)~EPSI~f~I*DSORTI|.O~OsbPLUS*VOPLU5) 
UPLLST~(I-ODO+UPLUS*VOPLLS)/||.GDO+EPSIN(N|| 
UPL~UPLUS 
CO~TI~UE 

.CGhTiNUb 

CALCULATE THE OUTER EOCY VISCCS;TY 
KLEB IS THE KLEUANOFF ENTERMITTANCY FACTOR 

DO I l O  ~ l , l E  
KLEB~IeGUG/II.GDOtS.5OOtIYINIIYSUqL|~,6) 
EPSOUTINJ:RhO|NleALAMCA*e2eYSUBL~*2*S£ALAR(NJ.KL~ 
CC&TINUE 

EbT-G.ODO 
DC |40  N - I , I E  
IF iCUT.EU. I .OGOI GO TC lEO 
IF |EPSININI .GE.~PSOUTIK) )  GD TO 120 
EVSCTYINI :FPSIN|N|  EVIS | | q  
CO 10 130 EVES 129 
OUT=I.ODO EVIS 121 
EVSCIYIHI :EPSCuTI&I  
EPLUS(tlI . :EVSCTY(N)/XMU(N| 
CC~IINUE 
IF (PRT.NEeCC~ST| CALL TABPRL (TAUmRETHETI 
RETURN 

EkD 

77 
78 
79 
80 
81 
82 
83 
86 
85 
86 
87 
88 
89 
9O 
q l  
92 
q3 
9~ 
95 
96 
q7 
98 

EVIS g9 
EVIS 103 
EVlS lO|  
EVIS 102 
EVIS 103 
EVIS |0~  
EVES lOS 
EVIS 106 
EVIS 107 
EVIS 1~6 
EVIS lOq 
EVIS LI3 
EVES I l l  
EVIS 112 
i V | S  113 
EVlS !14 
EVES 115 
EVES 116 
EVIS 117 
EVIS 119 

EVIS 122 
EVES 123 
EVeS |24 
EVES 125 
EVES 126 
EVES 127 
EV/S 128 

SbBROUTIKE EGPROP EPRP l 
IHPLZC|T R£ALeBKA-H,O-Z) EPQP 2 
REJL*B NOSE EPRn 3 
COWHON /BLUNT/ Z~IIOOIoXbIlOOJ,RR(lOOIeWEG||UO|,UEBIlOO)oTEB|ZOO)eEpRp 4 

|XNBEIO~J,NBLUf;T,N~EDGE,KWPLN~eN~LPL| EPRD 5 
CCMMGN I~UNICL/  PEibl)tTEI¢I),UEfblItVFIbl),NPEUWlb||wDTEOd(bI|wOUEPRp 6 

|EDk l6 I I ,OVEOWIb l  ) t U P E n k 2 l ~ l l t K n w E i 6 1 )  EPRP 7 
• CCPMON /EDGF/ UFI)GtTELG,VEOG,PCDG,Dlr4OXtUTEGOWBDUEGOXtOUEGDMIOVEGEPRp 8 
1DXIDVEGD~,CPF~flX,CPEGC~,fl2P~2tRp~OID(;BAHUFf|G~KQVUFG EPKP 9 

¢CNMON IEi)6Wi P~W~ULW,v[WtTEW~CPFwnXtnPEqn~mDU~OXIOIJ~dD~oDVEWUXIDEpKp |O 
JVEMOWIfl|FkOXIUTEMu~,I)Pkl)W2vRH~E~,AHIJF~,RCHUW EPRo l |  
CCMHON /El)G2/  P[J,IEZ,LE~,VF2gUPE2nX,DTCLI)X,UUE2OXtDVE2UXeOPE2OWtDEPRP 12 

JUE2ONtDVE2UWeDTrZGHmA~ULJ~kOPUZ,R2eRHOF2t~EX2 EP~P |3  
' (C~MCN / F I N U I F /  AIIOI)+DUIIOIIeU|IOIIeCCllOLI+DUIIO|I~DIIOIItEI|OIEp~p 14 
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C 
r,, 
f .  

10 

20 

I I , C ~ i  
( C ~ D N  / G £ ~ I  ALPHAeT~FTACtKCSEeR~USEtkLST~X~XXtWX 
CCPM£~ I l f l l l ~ R I  |Ee|~K~Om(£ND2~KLX~mL~NULhTIt|ND~KPKT~LPRT~KPR 

|LPR 
( C ~ ( ~  /OLD/  TOLCI6 |JeV~LDfb l I~CVCLDi6 | |  
CCFMC~ /GLD~DG/ ~3~UfJ ,~LqU3  
£C¥~CN /PIJFk~F/ URFF~CREF 
CCPHCN /POLYCCI CPA|~L|GI,CPAIPH(b)~EP~&IRL|bI~ENAIRHI6)tC~UAIR(6) 

1CYUHEIbIgDIFhEIb)~C"UA~(bI~U|F~RIbI~CPCO2LIbItCPCO2HIbItE~O2L(6I 
2EN~O2HIbJ~C~COZibJ,UIF(~2(~)  
£OFMCN /$~lP~T/ Ck(IUIJeCNkIICI)eVNIIOI)eGWII3119Tw(IOIIj~HN|IOII 

I~MNIIOIIeFkIICJ|elw:+I/GIIeZ.IIOIJ,ZkNIICI)~XIw,OxDxgHeX~,RM 
(CWMUN /STAb/  PSTAG~TSTAGeI'N~.~%TAGet~STAG.~I~ 
CDYM~N I X J [ U r D I  XJeXX I .C~ I .X iL tU ,UXCXI~DXDXX[  
£OP~GN IXSDLVF/ XST~IIC3),UXVAX~I)X,DXOLD,DX|gNSJLVE 
LATA ~LUN1~SP~&P/5~LUhT~ShS~ARP/ 
IF  | ~ C S E . [ Q ° S L U ~ l i  GO TD 40 

SHARP COhE k~GE GUANTIT1£$ ARE DBTA]NEO 

I F  ( L . G 1 . 1 J  GC TC 2D 
AKKul°ODO 
DPENDKuO.ODO 
OTEkDXwO.DDO 
DUEMDXnO.ODG 
OVEMDX-D°~D~ 
£ALL SHARP] (JKKJ 
PE(KJaPEUG 
TEfKJ:=EDG 
UEIKI :U~DG 
VE|KJsVEDG 
OPED~(K|:DP~GCk 
DT[Ok(~J:OT(&CW 
OUED~|~|-DUEGCW 
DV£~kIKI-DV£GCW 
DPED~2I~)gD2PCW? 
R~kE(KJsAHC~CG 
IF  I K ° E Q ° I )  GC T9 10 
I F  |CRIo[OoLoODO| GO TC 10 
(ALL SHA~PA (CRI )  
CCkI I~UE 
PE~sPEUG 
UEkuULOG 
YEb:VEDG 
TEk=~EDG 
DPEb~W=UPEGUk 
CUE~UksDU[GDk 
DVEMOW=DVEGDk 
0 1 [ ~ : D T E G O k  
~P&9~2-U2PUW2 
RH[EWmkHOEDG 
[&LL  PCLY |1 (k tSeCMUAIR,APUEk|  
&MUEb:AMUEke| .D-7 
R(ffUW=~HOFbSAFU[k 
CChTINUE 
PE2=PE(~ )  
1 £ 2 - 1 F I K !  
UE2=UE(K! 
VE2=VE(KI 
DPEZUW:DPEUM(KI 
DIE2U&vmDTEO~fKI 
OU(2Dw-DUEC~(KI 
DVE2Dk=UV~D~(KI 
DP(2DX:DPF~UX 
~TE2DX=DT~kDX 
i~UE2DX:DU(W()X 
DV£2DXw~V(~DX 
D2PDV2-DP~D~2(KI 

C~£L PCLY (T£2~5~C~UA|Re~UE2 |  
A t lL IE2-A~IEZ* I °D-?  

EPRP 
trpRP 

eFPF(P 
EPRP 
EPRP 
IFPRP 
EPKP 

mEPk~ 
wEPKP 
EP;~P 

tEPPP 
FPi~P 
EPRP 
EPKP 
EP~.P 
EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
IEPRP 
EPRP 
EPRP 
EPRP 
EPRP 
IFPRP 
EPRP 
EPRP 
r-pAp 
EPRP 
EPRP 
EPRP 
~'pRp 
EPRP 
EPRP 
EPRo 
l'PRP 
EPRP 
I:PRP 
EPRP 
EPRP 
EPqP 

, EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
EPRD 
EPRP 
EPRP 
EPRP 
EPRP 
EPQ.P 
EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
EPRP 
IEPI~P 
|PR@ 
EFRP 
EPRP 
EPRP 
EPRP 
EPRP 

15 
16 
17 
18 
19 
2O 
2 t  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34  
35 
36  
37 
38 
39 
4O 
41 
42 
43 
41b 
45 
46  
4"/ 
48 
49  
5~ 
S t  
52 
53 
5 ' ,  
55 
56 
57 
5d 
59 
6O 
61 
62 
63 
64 
65 
66 
67 
68 
69  
70 
71 
72 
13 
74 
75 
76 
77 
78 
79 
83 
81 
82 
e3  
84 
8S 
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) 0  

40 
C 
C 
C 

50 

RCMU~sPHOE2eA~UE2 
UEOsUE2 
RC~UO=POMU2 
IF I L . E U . t )  GO TC 30 
P(k :PE2  
1Lh-TE2 
UE~=UE2 
VEksVE2 
DPEgUk=L)PE2OH 
DIEkD~:DT(gOH 
OVI~Ck=UV~?O~ 
O~(WD~=DUEZD~ 
RHCE~:RH~E2 
OPkI)k2=D2PDW2 
ANUEW=AKU~2 
RC~UMsPOMU2 
CONTINUE 
IF I L . E U , L I  XX=X 
IF ( L . N E . I I  XX=X-CXI2.0DO 
CALL GMTRY IXXoRO~ZO) 
CALL GHTRY (X~R2~Z2) 
8k~A2 
IF (CRIoLT .L .ODG)  RWwPO 
GO 10 60 
CCNTlhUE 

8Lt, NT COME ECGE QUM;TITIES ARE OBTAINED 

X l s X  
XXsX 
| S k i - 1  
IF I I N O . f O . i )  CALL BLUNT| 
IF I l k O . E O , 2 )  CALL 6LUkT2 { ISNTI  
PEEBPEOG. 
TE2-1F~G 
UE2"ULOG 
VE2mVLO~ 
DPE2DX=DPEGOX 
UTE2UX=DTEGDX 
DUE2OxuDu~GDX 
DVE?0XnDVFGDX 
OPE2Ok:CD[Gfl~ 
0T[2Ckx( t [EGD~ 
OUE2DxnUUFGD~ 
OVE2Dw=i)VEG~w 
RPCE2-RH~EOG 
C&LL PGLY ITE2,5 ,C~UAIR,AMUE2)  
AKuF2=AMUE2*L.O*7 
RGMU2:KHUF2*AVUE2 
UEO-UE2 
RCNUO:ROMU2 
IF ( C R I . L T . | . 0 D 0 )  G0 TO SO 
PEWuPE2 
1Ek-TE2 
UEb:UE2 
VEMnVE2 
DPEwDX-DPE2DX 
OTEkDX~r)TE20X 
OUENDX=DUE2OX 
OVFWOX-OVE20X 
OPEkONaOPb2Dw 
DTE~Ck:OTF2Uk 
OUEMO~-DUE2Dv 
OVEkOMsDV[2Dk 
RHCEkDqltO[2 
ANUENuAHUEZ 
ROMU~uPOMU2 
DPkOW~O2PDW2 
CALL bH;RY IX ,R2oZ2)  
]F I L . [ g . | )  GC TO 60 
ISNT-2 

EPRP 86 
EPRP 8T 
EPRP 88 
EPRP 89 
EPRP qO 
EPRP qZ 
EPRP q2 
EPKP 93 
EPRP 94 
EPRP q5 
EPRP 96 
EPRP G7 
EPRP gd 
EPRP 99 
EPRP IO0 
EPRP | 0 |  
EPRP 102 
EPRP 103 
[PRP 104 
FPRP lOS 
EPRP l o b  
EPRP 107 
EPRP 108 
EPRP | 0 9  
EPRP 110 
EPRP |11  
EPRP 112 
EPRP 113 
EPqP 114 
EPR p I I S  
EPRP 116 
EPRP 117 
EARP | | 8  
EPRP L | g  
EPRP 120 
EPRP 121 
EPRD |22  
FPRP 123 
lPRP 124 
EPRP ] 2 5  
EPRP 12& 
EPRP 127 
EPRP 128 
[PRP 12q 
EPRP 130 
EPRP 131 
EPRP 132 
EPRP 133 
EPRP 134 
(PRP ] 3 5  
ERR~ | 3 6  
EPRP ] 3 7  
EPRP 136 
EPRP 13q 
EPRP 140 
EPRP | 4 |  
EPRP 142 
EPRP 143 
EPRP ] 4 4  
EPRP Z45 
EPRP 346 
EPRP 147 
EPRP | 6 8  
EPRP ] 6 9  
EPRP ]SO 
EPRP |51  
EPRP IS2 
EPRP | $ 3  
EPRP 154 
EPRP | 5 b  
EPRP | 5 6  
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60 

TO 
80 
C 
C 
¢ 

qO 

|oo 

XwX-DX/2.ODO 
XXsX 
IF l i N D . G O . | )  CALL BLUET| 
IF  | I N D . E O . 2 )  CALL f lLUkT2 ( ISNT |  
UEOJUEDG 
CALL P~LY |T£DGmS,CMUAIR,AMUECG) 
AHU~DG:AkUFIIGO|.D-T 
RDHUEG:kHD(UGeAF:UEDG 
RDPUO~D~U[G 
IF ( C R I . E O . I , O C O )  GO TC 60 
PEk=PEOG 
TEk=TEDG 
UEk-U~DG 
VEN=VEDG 
DPE~CX=gPEGDX 
DTEHDX:UTEGDX 
DUE~DXsDUFGDX 
DV(WDXsDVEGOX 
DPEHOu-DP(GD~ 
DT[~U~=DTEGUk 
DUE~DH:UUEGO~ 
DVE~Dk-DVEGD~ 
DP~DM2~O2PDW2 
RHCEW:PHDEOG 
CALL POLY (TEk,5,CMUAIR~A~UEkJ 
APbEkzAPUFk~I,D-.T 
~DFUks~H~EM*AFUE~ 
CC~TI~UE 
CALL GMTRY IXX~PO~ZOl 
XsX l  
IF | I ~ D . L O . 2 I  GG TO RO 
IF  (X.LT.XKIkBLPLII.G~.X.GToX~I~WPLKBll GO TO 60 
DO TO JeN~LPLI,F.~PLKB 
IF I X . h E . X G i J l |  GO TO ?O 
N~J-KBLUNT 
T C L U I N I : T ( 2  
VOLOINI~U[2 
CVCLDINImVE2 
CCkT|NUE 
(CkT l kUE  

PROPERTI(S AT THE 60UNCARY LAYER EDGE AkE CALCULATED 

EPAP |S? 
EPRP 158 
EPRP 159 
EPRP 160 
EPRP 161 
EPRP 162 
CPRP 163 
EPRP 16~ 
EPRP 165 
EPRP 166 
EPRP 167 
EPRO 166 
EPRP 169 
~PRP 1 7 0  
EPR~ 171 
EPRP 172 
EPRP 1?3 
EPRP 17~ 
EPRP 175 
EPqP 176 
EPRP 177 
EPRP IT8  
EPRP 1Tq 
EP~P 180 
EPRP 181 
EP~ p 182 
EPRP J83 
EPAP 186 
EDRP | 8 b  
EPRP 186 
EPRP 187 
EPqD 188 
EPRP 169 
EPAP 190 
EPRP 191 
EPRP | g Z  
EPRP 193 
EPRP | 9 ~  
EPRP 195 
EPq p 196 
EPRP | q 7  
EPAP | q 8  
EPRP | 9 9  

IF I k G S E , E Q . E L U N T , A h D , L . E Q . I |  PNCsOSGqTI2.0OOeRHOE2eDUE2DX/AMUE2) (PRP 233 
IF  | L , E U ,  I . O R e K . G T . | J  GO TO 90 EPRP N |  

EPRP 202 
1HE VALUE OF Xl IS INTEGPATED TO X USING THE STEP-AT-A-TIME EP~P 203 
SlaPSO~S FCRPULA FOR INI(GRATICN OF AN I N C E F I ~ I T (  INTEGRAL EPRP 204 

EPRP 205 
DXIsDX/b-OGOeIUE2*RG~U2ek2e82e4.ODOJUEOOA3MUU*RO*e2~UE3eeoqu3*R3*~EP~P 20b 

121 Epqp 207 
X I - X I C L O t O X i  fPRP 208 
DXCXI~ | .ODO/ IRGPU2*UF2oRZ**2 )  EPRP 209 
XXlsX|CLDtUX/Z6,~QO*ISoODOeUE38ROHU3*R3e*2edeODOwUEQsROMU~tRD**2-UEP~ D 210 

IE2 tRCMU2ek26*2)  
X[CLDaXl  
DXDXX|uI.O9OtiRGMUO*UEO*RO~82) 
CCkTINUE 
IF | K . G T . I )  GC TO 100 
(REF~ROHUW 
UREFsUFW 
R 3 t k ?  
UE3aUE2 
RCPU3-RD~U2 
CCNTINUE 
IF  (hGSE.EO.SHAPPl GO TO I10  
DPEWDXmOPE?I)XmOXnXXI 
DTEWDX=UTE2uXsOXOXXl 
DUEMDXsDUb2OX*I)XnXXl 
DVEwDXwOV[2UXeDXgXXl 
DPE2DXaDPE2OXeOXOXI 

EPqP 211 
EPRP 212 
EPRP 213 
EPAP 214 
EPRP 2 | 5  
EPRP 216 
EPRP 217  
EPRP 218  
EPRP Z l q  
EPRP 22g 
EPRP 221 
EPRP 222 
EPRP 223 
EPRP 224 
EPRP 225 
EPRP 226 
EPRP 227 

214 
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l l O  

120 

DTF2DXuDTE29X*DXDK[ EPRP 228 
DUE2DX:DUE2DXeDXOX| EPRP 229 
DV~2~X:~VI2DXeOXDX| EPRP 230 
CChTI~UE EPRP 231 
IF ( L . t U . I I  GC T~ 120 EPRP 232 
XkuX-DXSI | .~DO-CR~I  EPRD 233 
GALL G~TRY |Xk~R~ZDUM|  EPRP 23~ 
X Z ~ X i  EPRP 235 
DXCX|M=DX~X! EPRD 236 
IF ( £ R | . E C . I . 0 D O )  GO TO 120 EPRP 237 
XI~=XXI EPRP 238 
DXGXIH:DXOXXZ EDRP 239 
CALL EUGCOF EPRP 263 
PETU~N EPRP 24 |  
END EPRP 262 

C 
C 
C 
C 

|O 

SUORCUTINE E~ERGY ENGY 
IMPLICIT R E ~ L * 8 ( A - H , C - Z I  ENGY 
REALe8 NOSE,LE~LA~LEkTRO ENGY 
CCHHON /FkST~M/  PHOINFePINF~TFS~UFS~P~PRL,Q~XMA E~GY 
COPMCN /GASPRP/ L~LAq|J0||~LEkTRS(|O|)~PRA~UL(|0||,PRANDT(|0||~CPENGY 

IIIGI)tGA~MAII01|,~MUIICI)*Uh~II~||~HSUMIIO|) ENGY 
CCNMON /GEOM/ ALP~,ThETAC,~SE~RNGSE,qLST~XtXX,kX ENGY 
CCYHON I I E C C E F I  DI,02~3tG1,G2~F|~F2,DEtAL~PS,CHI,~I~OPTtU| [NGY 
CEKMC~ ~I~TEGR/ IE~I~Kb~OtKE~D2~KLX~K~L~NSL~TI~INU,KPRT~LPRT,KPR~E~GY 

|LPR ENGY 
CCPHO~ /POECGF/ A3(10||~Al(IC|I,A2(IOl|,A3(|31),A4(|~I),AS|IGI) EhGY 
CGFMON ~$~LPNT/ Cd(IO|)tC~k(IO|)tV~Ii~II~G.i|0i|,T~iiOI),GkNII0ZJ,F~GY 

|FK~iIOII~F~IIOIItT*NIJCII,Z~IIOI),ZkNi|O|I,xla,r)XDXIw~XW,kM E~G¥ 
CCFHGN ITRA~SN/ KT~S~KChS~T,XlF~CI*I~I|31)~CHIMAXeX~AR EriGY 
CCPMCN /TRBLKT/  ASTAR~A~STAR~ALAMDA~YSIJ~LtEVSCTY(IOIItPRTtEOYLAk~EE~GY 

|PLUS( |O | I ,ALET ,LA~TRR EHGY 
CC~KC~ I X | C U P C I  X| ,XXI~D~I~X lCLC~OXbXI , I )XDXXi  F~GY 
CCPMCN IZCOOkOl FTAI~FtETAFAC,ETAIIOI|~I)ETAII0|I~ADTFST~KAOETA ENGY 
DIMEh~IUN R ~ w U | | | O | ) ~  R C M U I ~ I | 0 1 I t  RUHU2 I |Q I |~  R G M U ) ( | 0 | | t  ROHU3N(Ef,GY 

I l O l l  
DI~ENSION RG~UZN(IOII  
DIPLNSION GW~NIIO| Ie GM~K( |C I I  
DA~A SHARP~DLUNT/SHSHARP~SH~LU~T/ 

SUBROUTINE ENEkGY SETS UP ThE COEFFICIEHTS OF THE PARTIAL 
DIFFEKE~T|AL ENFRGY EQLAT|OtJ 

ENGY 
ENGY 
ENGY 
ENGY 
EKGY 
EIqGY 
(NGY 
ENG¥ 
ENGY O0 lO J = I , I F  

R(PUIiJI=C~IJ|/PKA~OL|J)*I|e:~0~X|FrEPLUS(J)ePRANUL|JIIPRANOTIJ)) ENGY 
R(PU?iJi=C~|J|IPk3N~L|JJ~(I.¢UC*XIF~CPLUSCJ|ePKANULIJI/PRANOT(J))-ENGY 

| C M I J ) * I | - 0 U G ~ X | F * E P L I J S | J I I  E~GY 
RCPU3|JI-|CwIJJlP~Aq~L(J|~i(LSkLAM(J|*XIF*EPLUS|JI~PkAN~LIJI/PRAN~ENGY 

i]|JI~Lt~Tk~|J|)-i|.300tXiFtfaLUS|JI*PRA~OL|J|/PRANDT|JI||)*HSUM(J|E':GY 
ENGY 
EqdGY 
ENGY 
ENGY 
E NGY 
ENGY 
ENGY 
ENGY 
ENGY 
EleGY 
F ~IC, Y 

ZOZkN|J)  
£(kTZ~UE 
CALL O i k l V  I R C M U I t E T A , I E , l t P C M U I N I  
CALL DERIV |ROMUT,ETA, [b t I ,R~MU2N)  
CALL O t ~ l V  | ~ M U 3 t E T a ~ I ~ , | , ~ C u U 3 N )  
CALL D[R|V  | f ~ N e [ I A , J E ~ I ~ F k ~ % |  
GALL U [R |V  ( G k N t E T A I I E t | s G k ~ |  
DO 20 J = | w l (  
A O i J | a R O H I I I I J I * U I  
A | | J ) - R U F U I N | J | B U I - V ~ | J |  
A 2 | J | = u . O ~ J  
A3|J)=-D3*UI~IRflMU21JlelFNN|JI**2*rhIJ)aFhNN(JItGWNIJIB*~,GW(JI~G~E~GY 

|NIJI|~RDMU?NIJ|eIFWIJlerkNIJ)eGWIJI~bWNIJ)I|,RCHU3tJIJI*U| ENGY 
IF | K . F Q . A )  A3(JI=-03*(k|)MU?IJI*IFWNIJ)eaZ~FMIJIIFWNN(JJ|tRUHU2N(JEN~Y 

| | e I r k l J I * F w N ( J I | | * P C M U J N ( J I  ENGY 
&SIJ |m '2 -01 )0eX lW*FM(J )  ENGY 
A S I J ] - - O L ~ G w I J |  ENGY 
| F  | K . E Q . | )  ASIJ|=0eODO ENGY 

! 
2 
3 
6 
5 
6 
? 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
l q  
20 
2L 
22 
23 
24 
25 
26 
27 
28 
2q 

3L 
3Z 
33 
34 
35 
36 
37 
38 
39 
4,3 
41 
42 
43 
44 
4s 
4b 
41 
48 
49 
50 
51 
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20 CChTINUE 
REIURN 
EhO 

ENGY 
ENGY 
ENGY 

52 
53 
54 

C 
C 
C 
C 
C 
C 

S~8ROUTI~E FD3 I X , X I ~ X 2 , X 3 , F I ~ F 2 ~ F 3 ~ F X )  
|~PL IC IT  REAL~8 I A - H , C - Z J  

SUBROUTINE FD3 CALCULATES 1HE FIRST OERIVATIVE-FX-CORRESPdNDING 
TO PCJNT X USING 3 POJhT LAGRA~GiAN DIFFFKENTIATION FORMULAe 

ASSUMES Xl  oLEo X oLEo X30 

A ln2 .OeX-X2 -X3  
A2m2oOoX-Xl-X3 
J 3 e 2 . G e X - X l - X 2  
D I n I X I - X 2 I * I ~ I - X 3 1  
O2- lX2-X11+IX2-X31  
O 3 - 1 X 3 - X i i + I X 3 - X 2 1  
( I - A I I O I  
C2-A2/02 
~3:A3103 
FX-C|eF|~C2~F2*C3eF3 
REIURh 
END 

FD3 
FO3 
Fr)3 
FD3 
FD3 
FD3 
FD3 
FD3 
FO3 
FO3 
FO3 
FO3 
FO3 
F03 
FO]  
FD3 
FO3 
FD3 
FD3 
FO3 

1 
2 
3 
4 
5 
6 
T 
8 
9 

tO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2O 

SUBRPUTIN[ FCS IXIXIoX2oX3,XIoXSoF|mF2,F3oFIIFSeFXl 
IMPLICIT #EAL~8 |A -Ho0-ZJ  

SUBROuTInE FO5 CALCULATES THE FIRST nERIVAT1VE-FX-CORRESP~NDING 
I 0  PbINT X USING 5 POINT LAGRANGIAN OIFFcRENTIATIGN FORMULA 

ASSUMES Xl  oLE. X . L E .  X5. 

A|=IX-XI|*I.X-XS|*I2.0*X-X2-X3|*(X-X~)*|X-XJItI~.OtX-XI-X~) 
A28(X-XI)elX-X~Ie(2.0*X-Xl-X3I÷(X-X|I-IX-X3|*I2.G*X-XI-XS) 
A3wIX-XI)AIX-XSI*I2.0ex-xl-X2I*IX-XII:IX-X?I~I2.0*x-XI-XS) 
AI:|X-X3)eIX-XSlaIZ.O*X-X|-X2)efX-XilvlX-X2lIl2.3eX-X3-X~l 
AS:(X-X3)+IX-X4)*I2.J~X-x|-x2)*(x-X|ISlX-X2IOIZ.OsX-X3-X4I 
DlnlXl-XZI*lXl-X3l+lXl-X41o|Xt-XS) 
D2-IX+-XI)*IX2-X3I+tX~-XII*IXp-XSI 
03-lX3-Xll*lXJ-Y21*ix3-XIl*lX3-XS) 
DqalXI-Xll*(X4-X+InIXI-XJlsiX4-XS) 
O~sIxS-xIIsIXb-X21eIXS-X3I~|Xb-X4I 
C I - A i I ( ) I  
C2-A21D2 
C3=A3/03 
C ImAI ID4  
CS=ASID5 
FX'£1*FI*C2*F2~C3eF3*C4*F4~CSeF5 
RETURN 
EkD 

FOS 
FD5 
F05 
Fn5 
F05 
FO5 
FOS 
F05 
FO5 
FOS 
F05 
FO5 
FOS 
FD5 
FD5 
FD5 
F05 
FO5 
FOS 
FD5 
FO5 
Fn5 
FOS 
FOS 
FD5 
FDS 

I 
2 
3 
4 
5 
6 
? 
8 
9 

10 
I1 
12 
I j  
14 
15 
16 
17 
18 
l q  
20 
21 
22 
23 
24 
25 
1P6 
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¢ 
¢ 
C 
¢ 
¢ 
C 
C 

10 

20 

3,0 

40 

SO 

SUBRCUTINE FCRIER IARtBR~KL~KKE 

BR IS THE OUTPUT ARRAY OF FOURIER'C~EFFICIENTS 
KL IS THE NUMBER OF INPUT O&IA POINFS 
KK • | OUTPUTS COEFFICIENTS FUR A COSINE SERIES 
KK ~ 2 OUTPUTS CCEFFICIENTS FCR A SINE SERIES 

AA IS THE INPUT aRRAY CF FUNCTION VALUES 
INPLIC~T REALeBIA-H~O-Z| 
OIPEhSION ~ n ( I S ) ~  BRI IS)  
PI -DARGOS(- I ,COG)  
GnCFLC)ATIKL-I) 
FAC-2,0OOIG 
IF I K K . E U . 2 I  GC TO 30 
~ K L - I  
DO 20 N• I~KL 
FxDFLOAT(N-LE 
A-C.CDO 
DO 10 Ka2~M 
E~DFLOATiK- I )  
A~A~ARIKI~DCCS(F*PI*EIGI  
CC~TINUE 
BRI~InFAC~iIIARIII~AKIKLIeDCOSIF~PIII/2,ODO)~A) 
CCNTINUE 
B R I I I • D A ( I | I 2 . C O 0  
BRIKLI=ORIKL| /2eOUO 
RETURN 
CC~TINUE 
DC 50 N=I~H 
FmDFLUATINI 
B'O*ODO 
OC ~O K : 2 ~  
EnCFLOAT(K-I I  
B •B tARIK )~DSIN IF~P IeE /G)  
CC~IlNUE 
BR|k)=FACoB 
CC&TI~uE 
RETURN 
END 

FOAl 1 
FOAl 2 
FOAl • 
FOAl 
FURl 5 
FOR! 6 
FOR! 7 
FOR! 8 
FURl 9 
FOR! 10 
FURl ! |  
FOR| 12 
FOR! 13 
FORI 1~ 
FOR] 15 
FOR! 16 
FOR! 17 
FOR! 18 
FURl 19 
FOR| 20 
FOAl 21 
FORi 22 
FOAl 23 
FOAl 26 
FOAl 25 
FOAl 26 
FOR! 2T 
FOAl 28 
FOR! 29 

OR t 3o 
FOAl 31 
FOAl 32 
FORi 33 
FURl 36 
FOql 35 
FOR! 36 
FORE 37 
FOR! 38 
FOAl 39 

10 
20 

30 

40 

S~BRCUT|NE GVTRY (XwA~Z| GNTY 
IMPLICIT kE~Lm8IA-H,O-Z|  GHTY 
REALm8 NOSE GHTY 
CCPMGN leLUNTI  ZP|LOUI,X~|IGCIv~BIIGOIePEB(LOOI,UEOIIO~|ITEOC|OCItGPTY 

lX~B(I3OIwNULU~TwNuEDGEt~NOLNn~bLPL| GNTY 
CCVMC~ / b E C k /  ALPH4~THfTACm~CSEwqNQSFtNLSItDURIeXXgWX GMTY 
CCVMQN I INTEGRI  IE~IMtKEqOtKEND2oKLXgKILeN~LNTLolNOtKPKTpLPRTw~PPgG~TY 

|LPR 
OATA flI.UNT,SHARP/SHbLU~TtSHSPJPPI 
PlmCARCOS(-L.gOO) 
IF iNCSE.Fg.eLUNTI GO TO 10 
8nXoDSIN(THETAC) 
ZnXeCCOS(T~ETACI 
R£TUPN 
IF I IND.EQo?)  GO TO 30 
BEIA=XIKNCS( 
2-ANOSF-RNCSEOOC~S(BETAi 
RsRNOSE*OSIN|BETAI 
RETURN 
XJUNCTLRNQSEJ(P]/2.0OO-THETAC| 
IF  [X.GToXJUNCTI GO TO 60 
GO TO 20 
RJUNCI-RNOSEJD$1NIP|I2.OOO-THETAC) 
~JU~CT-RNCSE-RNCSE~COStP~I2°GCO-THETAC) 
RaRJUhCTt(X-XJUNCTIeOSIN(THETACI 
ZnlJUNCT¢iX-XJU~CTIeOCCS(THETAC) 
RETURN 
END 

GqTY 
GqlY 
GI4Ty 
G.qTY 
GKTY 
GNTY 
GI4TY 
GNTY 
GHTY 
GK TY 
GP4 T Y 
GP41Y 
GM TY 
GRTY 
GM TY 
GPCTY 
GNTY 
GNTY 
GRTY 
GNTY 
GNTY 

IL 
2 
3 

5 
6 
7 
8 
9 

I 0  
11 
12 
13 
Z~ 
15 
16 
17 
16 
19 
2O 
21 
22 
23 
2t* 
25 
26 
27 
26 
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SbBROUTINE I h l T  I N I T  
IMPLICIT k~AL*R ( A - I % 0 - 1 )  INIT 
~EAL*8 N@$E,LEuLA~jL(hTRB IN IT  
CCPHON /ASSVAR/ IFL,KHL I N I T  
CCPHG4 /OLUNT~ Zf~I|OOI,X~IiOCI~RflI|OOIePEBI|30I~U[BIIOOI~TEBIIOOI~INIT 

IXqBIIOOII~LU~T~N~EUGE~hkPLNflehgLPLI IN IT  
CC~MCN ICC~VRG/ C C N V , N | T I : ~ I T 2 ~ i T 3 t N | T  |N IT  
CCFH[N / ~ [ P V A ~ /  F I2 ,  IO|~3|~F~IZ~|3[,J|~GI~t|OIt3IeGNI2~|OI~3ItT|2,XNIT 

IiOI~3i~TNIZ~ÁOI,3),ZI2~I~Ie3I~LNCZtlCI~3I,CII~I|eCN(IgLI~YIIOII~YCINIT 
/ L ( I O I I , , ~ G ~ C L ( I G 1 )  IN IT  

~CH~(N /F~STI, PI KnCI~FtPlNF~IFS~UFStK,PRL,Q~XHA | N I T  
CCF~CN /GASPkP/ LF.LAPI|CL|,LFkTKBII¢I|~AI.~LIIOI|eP~ANOTII¢II~CPlNIT 

I I I O )  I~GA~&|LOIIJX"UIICII,;~CIIClI~HSU~IIull IN IT  
COKMG~ /GECPI ALPhA, I~FTAC:NLS~,PN~bE~dLST~X~XX:~X |N IT  
(GMMQN / I N J E C T /  I~JCT,N~INJ,GASE:CS~Lt~ASTRN IN IT  
CC~MON I I N I E G R I  IEIlM~KE~D~KEND2~KLX~K~L~F, BLNTI,INO~KPRTeLPRT~KPR~IN|T 

1LPP |N IT  
(CPMCN IPLCT$/  PL~T~KPLCTIS),tPLOTI4),KPRFL(~)tLPKFL(4)j~PT5(4~2} | N I T  
(OHMO~ / $ O L P ~ I /  C~(ICIItCNkIIUIItVNIÁOI)~G~ilOIIeTkI)OII,~wNIIOII~INIT 

|FkN(|O|I~Fk(|OII~T~I|QI|,Z;II~|I~Z~NIIOII,XI~,OXOXIN~X~,K~ IN IT  
~G~MCN ISP~6CI  7~ALL,Z~UL~GIUIFNeAMOOT~SI~LST~ZHPOS~Z~EG,AHNhEG|~IT 

I tA~POS~ALLV,Z~Z£RO,NITCHG | ~ | T  
CCPHCh /.SURFAS/ CdALLlCklN~ePEnI~II,VNALL;TNALLtXT~ISOOIeTMX(SOO)~X|NIT 

|C|I~GOI,ClXiSOO),~*~LL,TCCNN,KC[,KT~ |N IT  
CCMHCN ITRANSN/ KTdANS~KGNSEleXIF,CHIZCIO|IeCHIPAXtXP~R |N IT  
(CPPCN I T ~ B L h l l  ASTA~gAXSTAk~ALA~OA~YSUflLeEVSCTYI|01I,PRT~EOYLA~=EINIT 

IPLUS| IOI I~AL£T,LAMTqB |N |T  
(GVMGN STMPRTR/ T£~PI|CI)ITOTE||O|IeTP¢|OI)eRTN~T8 ' | N | T  
(C~MCN /NSOLVE/ Ok IN IT  
( (VM£h I~ICOROI XlgXX|,DXi~XICLD~DXOXItDXDXXi IN IT  
((FF;ON /XSULVE/ X~TAI|~)tDKPAX,OXeDXOLO~OXItNSOLV~ |NET 
(CPMC~ I IC~URC/ ETAINF,ETAFACtETA(10|)eOETAI|OII~ADTEST,KAOETA | N I T  
DATA BLUNTtSHA~PISHSLUNT~SHShA~PI IN IT  
IF |NCSEe~Q.$FAPPoAND.~LPHA.~Q.C.3CO| GG TO |0 | N | T  
~EAD (19 |  "Q,R~T~ETI.ALP~A,XM~,~LX | N | T  
lhETAC=TH~TI~CAFCGSI-I.O~OJ/16C.000 | N I T  
ALPHA=ALPhA~CARC~S¢-|oCOOI/]SG.OO0 I N | l  

10 ~LST:OAPCbS|- | .&D31 | N I T  
Z~CLC=I.ODO I N I T  
I I [ LST :U .ODO IN IT  
X=C,CO0 IN IT  
OX*DXI IN IT  
XX-O.O00 IN IT  
X laO.000  IN IT  
DXI=G.eO0" IN IT  
DX~XI=O.ODO INIT  
XX|-O.CO0 IN IT  
DXDXXI=~.ODO IN IT  
I l k = O . O 0 0  IH IT  
DXCXI~=O.O~O IN IT  
Rtt:O.G()O INIT  
XM=O.O()O | N I T  
XI6~[=U.GUO | N | T  
DXCLD=DX IN |T  
X | F = O . O 0 0  | N | T  
IF ILA~TR6.£O.21 X I F : | . O ~ O  I N I T  
CNINU=CNALL I N I T  
VNALLnO.ODO IN IT  
OO 30 J = | , 4  IN IT  
DO 20 1=1~2 IN IT  

20 N P T S ( J , [ ) - O  | N I T  
30 CGNTINUE IN IT  

DO ~0 l - l e | O O  |N IT  
XBl lJ : |OOO.Of lO I N I T  

40 CChT[NUE I N I T  
DO SO N = | ~ | I  | N I T  
PRANDLINI :O.? I  IN IT  
PR~NOT(NI=C.QC3 | N I T  
tPLUSIN| :O.O~O | N | T  
LEbL6~(N|= I .0CO | N | T  
LEbTPBiNI :ALET I N | T  

I 
2 
3 
4 
S 
6 
7 
8 
9 

| 0  
IL 
12 
13 
| 4  
15 
16 
17 
18 
19 
20 

22 
23 
24  
25 
26 
27 
28 
29 
30 
3L 
32 
33 
34 
3S 
36 
37 
3R 
39 
40 
41 
42 
4 )  
44 
45 
46 
47 
48 

~0 
51 
$2 
$3 
5~ 
$5 
56 
$7 
5a  
$9 
6O 
61 
62 
63 
64 
65 
66 
67 
68 
69  
TO 
71 
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C H I P I N ) - 0 . 0 D 0  
GAHMkIK|eU 
C P l h ) = g / ( Q - | . 0 O 0 J s R  

SO |~SCTYIN):OoCDO 
I N D - |  
IF I~OSE.EQ.SkAAP) INO-2 
NBLNTI=|  
KMPLNB'I 
K B L - |  
L=O 
N I I - O  
LPR=LPRT 
KENDeK(~D2 
IF (NOSE.EQ,PLUhT) KFNO:! 
I N - I E - I  
DkuloOU0 
DETA(¿)=O.ODO 
E T I I I I : O . 0 P 0  
E T a i I E I = E T A | N F  
IF (ETAFAC.~C. I .ODOI  GC TO 60 
DEIAC2)aETAI~FeIETAFAC-I.ODOI/(ETAFACe~IM-I.ODO| 
GO TC ¥0 

60 D E T A ( 2 ) = E T A I k F / D F L O A T I I n l  
?O E T A t 2 I - 3 E T A I 2 )  

DO 80 I - 3 , 1 M  
D E T A ( i I = F T A F A C * D E T A ( i - I i  
E T A I | I = E I A I I - L I * O E T A l i )  

80 CONTINUf 
D E I A ( I i I : D ~ T A I I P I * E T A F A C  
NINUPT=Oo07500 
IF |ALPHA°~QoGo0DOI WIhCPT=OoOCO 
IF INOSE.FGoBLUNTI WINDOT=C.000 

C 
C 
C 

CILCULAT£ IN IT IAL  PRGFILFS 

DC l l O  1 - 1 , 2  
DC 100 N = i , 3  
DO gC J = l , l E  
F I I , J t N ) - | . O D 0 - C E X P C - E T A ( J ) )  
G ( I t J I N I = W | ~ n P T e F | i j J , N |  
T(ItJeN):RTkello0fl0-K;w)oFCltJiN| 
Z ( I . J . h | = I . ~ C O  
I N I I . J . N I = C . C D O  

90 CChl l~UE 
100 CChTI~U~ 
lEO CCNTINUE 

00 120 J : I , I E  

YOL IJ )=O .000  
G W I J I = G I 2 , J , I )  
F k ( J ) : F I I . J t Z )  

|ZO CCNT INiJE 
DO 1~0 I - 1 , 2  
DO 133 Nml ,3  
CALL O(AIV3 I F . | e ~ , E T A . I f t | , F ~ )  
CALL O~KIV3 ( G B I t N , E T A ~ I ~ e l e G h )  
CALL UERIV3 I T e I , N , E f A t l E , I e T N )  

150 CChTINU~ 
140 CChTINU~ 

RETURN 
ENC 

I N | T  7Z 
| N I T  T)  
| N I T  T4 
|NIT 75 
I N I T  76 
| N I T  77 
I N I T  78 
I N I T  79 
| N I T  80 
ENIT 61 
I N | T  82 
I N I T  63 
I N I T  86 
[ N I T  65 
| N | T  86 
IN IT  87 
| N I T  88 
I N | T  89 
ENIT 9O 
| N I T  91 
I N I T  q2 
I N I T  93 
I N I T  96 
I N I T  qS 
I N I T  9b 
I N I T  97 
I N I T  98 
I N I T  9q 
I N I T  100 
I N I T  1OI 
I N I T  IO2 
IN IT  |03  
I N I T  L04 
I q l T  105 
INIT IC6 
I N I T  107 
i N l'l' IO8 
| N I T  109 
IN IT  110 
I N I T  I l l  
INIT  112 
l q l T  113 
I N I T  ! ! 4  
I N f T  115 
| N I T  116 
I N I T  11 t  
i ' i l T  i l 8  
I N I T  319 
l,"d I T 120 
I N I T  121 
I N I T  122 
| N I T  123 
| N I T  124 
I N I T  125 
| N I T  126 
INIT 127 
IN IT 125 
I q l l '  12q 
I N I T  130 
IN IT 131 
I N I T  137. 
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10 

20 

SUBROUTINF IKPUT INPT 
IMPLICIT R~AL*R (A -HeO-Z I  |NPT 
REAL*8 NOSF INPT 
(CPNCN ICUKVPGI CCKVw~IT ie~IT2erGIT]w~IT |NPT 
¢CFNCN IED~EI ULDG,TECGoVEI)G~PFDGo~IEG~Xe[)TEGO~,DUEGDXeDU(GD~eOVEGINPT 

|CXeOvEGD~CPEGDX°I)~(;~¼t~2PDkZ~#HOEI'G*APUr~G~P~MU~G |NPT 
CC~MCN I F I K D I F /  ~IIO|),~UI|OII+oIIOII,CCilOII,DI)ILOII,DIIGIIoFIIOIINPT 

I I , C ~ I  IN~T 
CG~CN /FRSTRP/ RHQINF.PINFtTFS~UFS.K.PKL.~oXMA INPT 
CCPMON /GEO~/ ALPH~tThETAC.~CSE,KNLJSFo~LST+Xo~X~X INPT 
CCH~IC~ / I N J E C T /  INJCTt~CI rcJoGA~+CI I (~HASTqN INPT 
( ( ~ C N  I I N T k G k l  i~oIH~EkU~KEP~g,KLX.K~L,P~SLrJTIolhDoKPRI~LPRTeKPRoI~;PT 

ILPR INPT 
CCPMCN I~LOTS/  PLJToKPLCTI4I,IPL~T(4I~KPRrLI4IoLPAFLI4I.F;~TSI4,2) it~P T 
COPM~N /STAG/ PSTAG,T~TAt;,PNC.OkSTA;;,IfSTAGeIIE I~PT 
CCPMGN /St I~F~SI  C"ALLoCk]~D,PEkJND,V-ALL,TmALL,XTHISCOIeTHXISCOIeXINPT 

|CIISO~)ºCIxI~O~J~-~ALLtlCCNHoKCI+KTd II+PT 
CCPMGN IT)*[KPCI PAOP,VaL~E 
CC~NON / T I T L E /  LAgEL(20 I  
CCPMCN I T ~ P D I P I  TEMP(|OIItTOTEI|0[IoTP(LO|)oRTM,TB 
CCPMON /TRANSN/ KTRANSeK~NSETjXIFoCH|2(|O||oCHIMAXeXgAq 
CCffMON I | P P L ~ T /  A;TAk+AKSTARoALAHDAtYSUHLwEVSCTY(|G|IoPRTt(OYLA~tE 

|PLuSI ICI )~ALCTtLAMTRH 
CCPMCN I U ~ I T I G I  CXINVStD]SK 
C~FMCN /XS~LVE/  XSTA|IOOIeDXMAXtOX+DXDLO,OX|~NSOLVE 
CC~MCN /ZCCORD/ ETAINFmETAFACtETAIXOII~OkTAILJIIoADTESr~KAOETA 
DIPENSIDN STRIN6|201 
DATA BLU~T~SHA~PI~HELU~T~SHSPARP/ 
DATA ROINI4HRHOiltPINI4HPINFI 

TPE INPUT QUANTITIES ARE READ IN 

J - 6 q  
REID Ib.IbG~END=2011STkJNGIiPOSI.IPOS=I,20I 
k ~ l l E  (J~16GI  I S T A I N G I J P C S | t I P C S = I . 2 0 )  
GC TO |O 
EkC FILE J 
REkI~G J 
REID I J . 1 6 C I  LAPEL 
PEAD 
READ 
REAO 
REID 
READ 
READ 
READ 
READ 
PEAD 
PERU 
PEAD 
REAO 
REAb 
READ 
READ 
READ 
READ 
READ 
READ 
READ 
REID 
READ 
READ 
READ 
READ 
READ 
READ 
READ 
READ 
READ 
READ 
READ 

I J , 1 3 D I  IE 
I J , I O C I  INJCT 
CJ,. l~OI K~DCT& 
( J o l C O I  KEel)2 
I J t l J O l  KChSET 
I J . l ~ ¢ l  KPPT 
I J e l L O I  KTkA%S 
l i D 1 3 0 |  LAWTRR 
I J t | v O l  LP~I 
I J o l O O !  ~ITL 
I Jo lOOI  ~ l t 2  
I J o | 3 0 1  h / T ]  

I J t l S O I  hOSE 
I J , l O O )  k~CLVE 
CJ,qOI IKPLOTII I , I=L ,4 )  
( J , qOI  I K P ~ F L I I J , I = I , + )  
I J , 9 + l  I L P L n T I I I , I + I , 4 I  
IJo+Ol I L P ~ F L I I I , I - I , 4 1  
I J ,  I l O I  AOTFST 
I J , l l O l  AK~TA~ 
| J t J I O )  ALA~OA 
I J t I l O I  ALET 
I J o | l O )  ALPHA 
I J o l I O I  ASTAq 
I J .  lT~  COCL 
I J ,  l l O  Ck~LL 
I J . 1 2 0  CRI 
I J , ) | G  CONV 
l i t | 3 0  DISK 
| J , l l O  DXINVS 
I J p l l O  OXPAX 

|NPT 
|NPT 
|NPT 
INPT 
IKDT 
INPT 
INPT 
i kPT  
l,oPT 
INPT 
INPT 
INPT 
IKPT 
INPT 
INDT 
INPT 
INPT 
|NPT 
|NPT 
INPT 
INPT 
INDT 
INPT 
INPT 
INOT 
INPT 
|NPT 
INPT 
/NPT 
lm4Ol 
|NPT 
IPvPT 
INPT 
INPT 
2NPT 
INPT 
INPT 
INPT 
INPT 
INPT 
INPT 
INOT 
INPT 
|NPT 
INPT 
INPT 
I ~ T  
|NPT 
]NPT 
ENPT 
|NPT 
|NPT 
INPT 
INPT 

L 
2 
3 
4 
S 
6 
? 
8 
9 

10 
El 
12 
13 
14 
15 
16 
17 
18 
Iq 
20 
21 
22 
23 
24 
25 
26 
21 
28 
2q 
3O 
3X 
32 
33 
34 
3S 
3b 
37 
3~ 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
4q 
50 
5L 
b2 
53 
54 
55 
56 
57 
5s 
59 
60 
bl 
62 
63 
64 
65 
66 
67 
68 
69 
70 
?1 
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30 

40 

$0 

60 

70 

READ f J e | 2 0 1 D X J  
REED I J , l T O !  EgYLA~ 
REID I J t | 1 3 |  ETAFAC 
READ ( J m | l O |  ETAINF 
READ ( J , 1 7 0 |  GAS2 
REED | J , | 3 G |  nLOT 
REAU | J ~ l l O )  PRL 
READ | J , | S G )  PRT 
READ I J t | 6 0 |  P~GP 
RE~D ( J ~ | l O )  RTH 
READ ( J , l | O I  TFS 
READ | J , | l O |  TSTAG 
READ ( J ~ l l O l  VALUE 
REED I J , | l ~ J  X3~R 
IF INOSE.EO. SHAFP| GO TC 30 
RE~D ( J ,  l l O )  RNOSE 
CCNTINUE 
IF (NOSE.EQ.BLU~T) GO TO 40 
IF IALPHA.GT.O.GCO| GO TO 60 
REED | J ~ l l O )  Q 
READ ¿ J t l l O )  ¢ 
REED I J ,  l ] O )  THFTI 
REED I J ~ l i O )  X~a 
REED | J t 1 1 0 )  P(~G 
REED | J e | l O )  UEOG 
REED I J m l | O )  TEDG 
REED ( J t I l O I  RHCEDG 
1H~IAC'TH[TJ~rAPCOSI~L.ODO)I|SOeODO 
ALPHA'ALPhA4CARCOS(-I~OO|/|OOeO00 
CCNTINUE 
DO SO I= l tNSQLVE 
READ |JwSU| XSTA( I |  
£C~TIKUE 
KTk :0  | 
KCI-G 
1=0 
l=I*l 
REID lJtlSO~(N~=T31XTk(|)vTkXlllmXCl(|ItC|X(i) 
IF iXTW(;|.[O.O.GOG) XTw(II=XCI(I) 
IF I X C | I I I . E C . O . O D O !  x C I I I | : X T k l l l  
IF | C I X ( I I . E G . O . O O O . A N O . K C | . E Q . O |  K C | - I - 1  
GO TC 60 
KTknJ-1 
IF (KC I °EQ.O |  K C I m I - |  
RE~lkD J 
NASIRN=O 
IF IKQNSET.[G.O) KCNSET=NSCLVE 
IF (LAMTPB.E2o2) 4CNSET:NS~LV~ 
IF |JNJCT°EQ.CI  I~JCT=~SOLVE 
IF |kCSEoEG°SHARP.AN~. |NJCToEQ°| |  INJCT:2  
IF ( | N J C T . F Q ° I )  MAST~f:: |  
IF I~ASTRN.EQ. | I  [~JCT:NSOLVE 
|F  INQINJ.EQ.O|  NC|hJ=&SCLVE 

RETURN 
C 
£ 
C 
80 FORHAT ( 2 F 1 2 . 6 )  
90 FORMAT | 4 q X t 4 i 3 1  
SOD FDRMAT | 6 9 x , 1 3 )  
| 1 0  FORMAT | 4 9 X , E l ~ . 6 J  
120 FQRMAT 149XtFS.3J 
130 FCR~AT |49X~A2|  
| ~ 0  FCkPAT |49XgAG| 
| 5 0  FORMAT |49XfASJ 
160 FORMAT | 2 0 A 4 /  
1TO FORMAT 14qX,A31 
| 8 0  FCRMAT 1 4 E l 2 e b |  

END 

|NPT 72 
INPT 73 
INPT 74 
INPT 75 
/NPT 76 
INDT 77 
INPT 78 
/NPT T9 
IINPT 80 
INPT 81 
INPT 82 
|NPT 83 
INPT 86 
INPT 85 
INPT 86 
INPT 87 
|NPT 8~J 
INPT 89 
iNPT 90 
]NPT g l  
INPT 92 
INPT 93 
INPT 9~ 
|NPT 95 
| NPT g6 
|NPT 97 
/NPT g8 
INPT g9 
|NPT | 0 3  
|NPT 10|  
INPT 102 
|NPT 103 
| N P |  IO~. 
INPT InS 
INPT |C6 
|NPT 107 
IRPT | 0 8  
JhPT |09  
1NPT l l0  
|NPT i l l  
]NPT 112 
INOT 113 
|NPT | | 4  
INPT | ! 5  
INPT | 16 
INPT | 17  
INPT |18  
INPT 119 
/NPT 120 
INPT 121 
|NPT | ~ 2  
/ f |PT |23  
INPT |Z4  
INPT 125 
|NPT 126 
|NPT 12T 
INPT 12~ 
INPT 129 
INPT |3 ' )  
|t~PT 131 
INPT 132 
|NPT 133 
INPT | 34 
INPT 135 
|NPT 136 
INPT 137 
INPT 138 
INPT 139 
INPT 140 
]NPT 141 
|NPT 162 
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C 
C 
C 
C 
C 
C 

SUBROUTINE IKTER3 I X o X l j X 2 o X 3 , F I , F 2 t F 3 , F )  NTR3 | 
| M P L I C I 1 K [ A L ~ 8 ( A - H t O - Z |  NTR3 2 

hTR3 ) 
SUEkOUTINE I~TER3 INTERP&LATES FOR TH~ VALUE F CORRESPONDING TO NTR3 4 
POINT X USIKG 3 POINT LAGRANGIAN INTERPOLATIOn. NTR3 S 

NTR3 6 
ASSUNES XI .LEo X . L E .  X3.  NTR3 ? 

NTR3 8 
A l u l X ' X 2 l * l X - X 3 J  NTR3 9 
A 2 = l X - X l l t ( X - X 3 )  NTR3 | 0  
A 3 = I X - X I I ~ ( X - X 2 )  NTR3 |1 
D l ' l X I ' X 2 1 + l X t - X 3 I  NTR3 12 
D 2 - l X 2 - X l J e l x 2 - X 3 J  NTR3 | 3  
0 3 - l X 3 - X | ) e ( x 3 - x 2 )  NTR3 16 
¢ | = A I I D I  NTR3 | 5  
C2 :A2 /D2  NTR3 16 
C3-A3 /D3  NTR3 17 
Fa~ |JP I+C2eF2~C3~F3 NTR3 18 

.RETURN NTR3 | q  
END NTRJ 20 

SUBRCUT|N£ IKTEFS IXtX|tX2,X3,R6oXS,FL,F2oF3oF6oFSjF) NTRS | 
IMPLICIT  REALo8 I A - H t C - Z )  NTRS 2 

NTR5 3 
SUBROUTINE INTERS INTERPCLATES FOR THE VALUE F CORRESPONOING TO NTAS 4 
POINT X USING S POINT LAGRANGIAN INTEKPLLATIUq FORqULA. NIR5 5 

NTR5 6 
ASSU~ES XI . LE .  X * L E .  XS. NTRS 7 

NTRS 8 
A I B ( X - X 2 I + I X - X 3 I * I X - X ~ I * i X - X S I  NTRS q 
A 2 s I X - X | ) ' l X - X 3 I + l X - X I ) v l X - X S )  NTA5 | 0  
A 3 z I X - X I ) t I X - X Z I * I X - X ¢ I * I X - X 5 )  kTR5 11 
A ~ B i X ' X l l ~ l X - X 2 l ~ l X - X 3 ) * ( X - X S )  NTR5 t2 
A S - I X - X I I * I A - X 2 I * I x - x J I * ( x - X 4 I  NTRS 13 
DI-IXI-X2I*I~I-X3I*IXE-X41+IxL-XSI NTR5 16 
D2-1X2-XII*IX2-X3I+IXI-XI)+(x2-x+I NTR5 |S 
D3mCX3-XIIe(X3-X2I*IXJ-XII*(X3-XS! NTR5 16 
DIulXI-XZl*(XI-XZlmlXI-X3ltlXI-XSl NTRS | 1  
OSmlXS-XlJ*lXS-X2)*lXS-X3lt(XS-XCj NTRS [8  
C l z A I / D I  NTRS 19 
C2.~21C2 NTR5 23 
C3-A~/U3 NTR5 2L 
C I s A I I G 4  NTRS 22 
CSsAb/C5 NTRS 23 
FmCI~F|eC21F2+C3~F3*CqSFI+CbeF5 NTR5 26 
RETURN NTRS 25 
ENC NTRS 26 

SUBRCUTINE LEGEND fJCURVFtXALeYALI LGNn | 
CCNMCN I L [ G L P L /  LGNOj lSLULeZLNIToKTITLE tGNO 2 
(G~KCN I P & F I L E /  xCePPI LGNO 3 
U|PE~SI~N X C I S l t  P H I ( h i  LGND 4 
OIRE~SICN R~vESMILS| LGNO 5 
CIPE~SION FLPh(5 !  LGND 6 
DA1A kG~ES~I|~ItINZ*IH3t|H6e|HSe|H6e[H/tIH6e|H912H~Ae2H~BI2H&Ce2H[LGND 1 

|DI2118E,ZH~F/ LGNO 8 
DJIA L IST I I2~S= I ,L IST2 t3H?U=/  LGNO 9 
OATA L I S T 3 / I H S O L = I  LGNO 10 
OX-O.30 LGNO |L 
O V - - O . 3 0  LGND 12 
|F  I IUN IToEO.201  GO Tfl 40 LGNO 13 
IF | I U N I I . E G . | 4 o G R . I U N I T . E Q . | 3 I  GO 10 20 LGNO 14 
LEGARG-LIST| LGND 15 
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I0  

2 0  

30 

40 

SO 
60 

TO 

LGCHAR'2 
NDECPL'3 
DC | 0  X-| ,JCURVE 
FLDNIMI=XCIM| 
GO TO 60 
LEGARG=LISI2 
LGCHAR=3 
~DiCPLml 
0C.30 H:I~JCUkVE 
r L P & ( P I = P H I ( ~ |  
OO,10 60 
LECARG:LIST3 
LGCI~AR=~ 
hC|CPL=O 
CC 50 K- | t JLU~VE 

CC~TINUE 
DX-DX,O.2S 
CALL SVMROL (XAL4OX~YALeDY~eLS~gH~ILEGENDSeO.O~gJ 
DY~DY-0.2 
OXI:OX~O.O5 
YALxYAL~DY 
D Y I " - O . )  
DO 70 HCALL=|~JCURVE 
DXuDXL 
DY=DY| 
ACALL=FLOAT(PCALLI 
DY~DYtACALL 
CALL PLOT |XAL*~X,YAL~CY~3) 
~ALL SYMG~L (XALeOX~YALtDY~.I3.MCALL~O.O~-|| 
DXIDXt0 .2S 
OY~DY-O.05 
CALL $Y~tUOL (XAI~3X~YALtDY~.|3~LEGAPGeOeOtLGCHARI 
CALL ~ H ~ ( ( # C X ~ R ~ Y )  
OX- . J5  
CALL hUMHER (ROX*CX,ROYeO.13tFLPN(MCALLIeO.O~NOECPL) 
CGNTINU( 
kEIURN 

LGND 16 
LGN9 17 
LGkD L8 
LG,q~ 19 
LGNO 23 
LGNO 21 
LGNO 22 
LGNB 23 
LGNO 24 
LGNO 25 
LCN~ 26 
LGND 27 
LGND 28 
LGqD 29 
LGND 3@ 
LGND 31 
LGND 32 
LGND 31 
LGNO 34 
LG~D 35 
LGN~ 36 
LGND 37 
LGNO 38 
LGND 39 
LGND 60 
LGNO ~L 
LGN~ 42 
LG~O 63 
LOqD 46 
tOqO 45 
LGNO ~6 
LGND 47 
LGND 48 
LGNO 49 
LGND SO 
LGqO 5l  
LGN3 52 
LGKO 53 
LGND 56 

|O 

20 

30 
#0 
SO 

C 
60  

S~6R~UTINE HAX (A<RAY, IELEtAVAX~KEX~NEXINDI 
CCPHON IEXP~hT/ IJLgG 
DI~EKSICN A~PAYIIELE|  
~EXIND=| 
THAX=AFKAY|| |  
00 ;0  i u l t l F L E  
IF (ARRAY( | | , ~T ,1PAX I  TMAXuAERAY|II 
IF ( I q A X . G T . ~ . O )  G.1Tfl 20 
IF ¢THAX,£U,G,UJ GO TO L;O 
|F (TMAX,LT°C,O| GJ TO |20  
|F (TMAX,G£ , I ,O |  G3 TO 60 
IF | I J L O G , E ~ , I )  GG TO |00 
KEX|~O:O 
DO 3C K E X : i , I 5  
TMAXI ]PAX*IO.G 
IF ¢ I H A X . L T . I . O I  GO TO 30 
NHAXETMAX 
AMAX-NMAX,[.O 
GO 10 40 
CC~TINUE 
DO SO LEX=I,KEX 
AMAXzAHAX/LO.O 
REIURN 

IF I T M A X . L I . I O . O I  GO TC lO0 
IF 114LOG,EO,LI GO TO 100 
DO ?0 K£Xn i~ lO 

MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 

i 
2 
3 
6 
5 
6 
7 
8 
9 

lO 
l I  
12 
13 

15 
16 
17 
18 
19 
20 
2 t  
22 
23 
2~ 
25 
26 
21 
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70 
80 

90 

C 
I00  

¢ 
110 

¢ 
120 

C 
130 

C 
140 

¢ 
ISO 

160 

1RAX-TMAXI|O.O 
IF I I M A X . G T . I 5 . O I  GO TO ?0 
KkAXaTMAX 
AMJXmNMAX+I.0 
GO TO 80 
COKTI~,E 
OO 90 LEXz| ,KEX 
AMAX=A~AX*IOoO 
CChTIKuE 
RETURN 

~P~X=T~4X 
APAX=NMAX,I.O 
R[1U~N 

AVAX~T~AX 
REIUPN 

IF I T P A X . G T . - | . O )  GO TC 140 
IF ITMAX°GT.-JO.O) GO 10 130 
GO TO ISO 

N~AXuTPAX 
AffAXzhFAX 
RETURN 

AMAX:O,O 
RETURN 

IF ( I J L O G . E Q . I |  GO TO 130 
GO 160 KEX= | , |O  
TMAX- I~AXl IO .O 
TF | T q A X . L T e - I O . O )  GO TO 160 
NKAX~TRAX 
~KAXmNM&X 
GO 10 80 
CCKTi~UE 
REIURN 
ENO 

MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAJC 
MAX 
MAX 
MAX 
MAX 
MArX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
MAX 
M&X 
MAX 
MAX 
MAX 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
4q 
50 
51 
52 
53 
54 
S5 
56 
57 
S8 
5q 
60 
6 l  
62 
63 
64 
65 
66 

10 

2~ 

30 

40 
SO 
6O 

C 
TO 

SUBROUTINE MtN I A ~ A Y o | E L E ~ A M I K I  
CCPMC~ IEXPOkT/ |JLUG 
DIPEKSION ARRJYIIELEI 
TM|hsARRAY(I |  
DO IG I - I , I £ L E  
IF I A R R A Y I I I . L T . T M I ~ I  TM|NmARRAYII| 
| P  I T H I q e G £ . C . 0 !  TMIN=0.0 
IF I T M I ~ . L T . O . O )  G+ TC 20 
GO TO 70 
IF ( 1 ~ I N . b T . - I . O I  Gn TC 30 
IF I T N I N . L T . - ] O . O )  GO TO 90 
GO TO 80 
IF ¢ I J L O G . E O . ] )  GC TO 80 
DO 40 K E X z l t | S  
TM|N~IMI~mlOoO 
IF I T q I ~ . G T . - I . O )  GO TO 40 
NMIN-TMIN 
ARI f l~NHi~- IoO 
GO TO 50 
CCkTIKtJE 
DO 60 LEX- | ,KEX 
AMIN-AKIN/ |UoO 
RETURN 

AMINsTHIN 
RETUKN 

I I I ~  1 

I I I~  3, 
FIIN 4 
Mllq $ 
I, I I N  6 
lll~l "It 
lq |~ ,  8. 
MlPl q 
111.4 I 0  
III I,,I 11 
l l lm 12 
H]N 13 
H l q  I.~ 
Ill I,,I IS 
Iqlq 16 
Hlll  17 
PlIN 18 
MIN 19 
MEN 20 
H I q  21 
HIN 22 
I t |N  23 
MI q 24 
K IN 25 
KIN 26 
K IN 27 
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8O 

C 

100 

120 

kPINuTHIN H I #  28 
A N I N s N H i N - I . 0  H |N 2q 
RETURN Mi~  30 

MIN 31 
IF I I J L O G . E Q . | )  GC TO 80 MIN 32 
DD 100 KEX=[~15 ~ | N  33 
T ~ I N : I ~ I ~ / E O . O  MIN :)~ 
IF ( T M I N . L E . - [ O . O )  GO TO 100 HIN 35 
NMINmT~IN MIN 36 
AFINwhMIN- I .O  HIN 3T 
GO TC 110 MEN 38 
CChTIhUE H|N 39 
DC 120 LEXmI,KEX ~ I N  60 
A~ IN :AHIN~IO-O NIN 6 |  
CCkTlkuE HIN ~2 
RETUkN HIN ~3 
tkO HIN ~ 

C 
C 
C 
10 

20 

30 

SUARCUTINE MIXTUR ITeTEtUEtPEtLEHIS,PRNDLmSPHTeCPOCVoC,CNIXNUtRHOIMXTR 
|RCROEeZIFtG~hSU~) MXTK 

IMPLIC|T REALO8IAoH;O--~) MXTR 
REJLe8 MI tM21LEwlS HXTR 
CEFH(N / I N J E C T /  I~JCT~CINJeGAS2~C(~LeMASTRN HXTR 
CC~HGN / I~TEGR/  ISe|HJK(kDgKEND2eKLXeK~LgNBLNT|~iNOeKPRT~LPRTeKPR~HXTQ 

ILPR ~XTR 
CC~MCN IPOER[F I  UREFgCREF MXTR 

, COMHCN IPOLYCCI CPAIRL(bI~CPAIRHI6ItENAIRLIbI,ENAIRHI6I~CHUAIRI6|gMX;~ 
|CMLHF(bItD|H4LI6ItCMUSRfbI,D|F~RIb)e£PCO2LIb)tCPCO2H|b),[t~CQ2LI(ItMXTR 
2ENCC2HIb | ,CMUCO21b|eO|FC~ZIb)  MXTR 

CCKMON ISP~SC/ ZkALL~ZkCLOtflIDIF~,AHDCT~tSINLST~ZffPOSeZ~NEG~AHHNEGMXT~ 
I~AK~PGS~ALLV~ZkZ~KOgNITCHG HXTR 

CCPMDN /STAG/ P~IAGeTSTAGmFNCeCkSTAG,HSTAGettE MXTR 
CO~q~N ISURFAS/ C-ALLgCw|NDtPFkI~D~V~ALL~T~ALL,XT~|S~OIgT~X|5OOItXPXTR 

IC|ISCG|gCIXI~OOIt~ALLtTC~dtKC|eKTk HXTR 
CCFMCN /TPP~TRI TEHPIIOI|,TflT~(IOII~1P(I=I),RT~gTB MXTR 
COPKCN IZCCO~DI ETAINFeETAFACgETAII(~|I~I~crA(|~I),ADTESFjKADETA eXTR 
OI~E~SION T l | O l | t  L E ~ I S ( I O I I t  P H N C L I | O | I ,  S P H T I | 0 1 ) ,  CP~CVI IO~I~  CqXTR 

l l l C l ) e  C K I | O I I 9  X " U I I U I | ~  R H C I I O I I t  H S U q t l O Z ) j  k C R O E I | 0 1 I ,  T T I I O I ) ~ X T R  
DIPE~SION F I I G I | t  G ( I C I I ,  Z I L O I )  
DATA H£L~ARtCCZoA[RI3HHELw3HARG,3HC~2.3HAIR/ 
HEPWB~.OG?600 
AR~wm39.g48u6 
CC2MH-~4 .00~S0O 
AIRMWs2B.966r, o 
UNIGAS-697~40C3~OC 
MImAI~MW 
RTT=O 

CC~PUTE THE FLUID PROPERI|ES OF AIR 

C~T INUE 
TEMPIIIwTWALL 
~EMPI IEI~TE 
INDTeO 
K l l e K T T ~ I  
IF |KTToGT .6 |  G~ TO 130 
DO 100 I = i ~ l E  
IF ( K . [ O . I )  G I I I = 3 0 : D O  
|F  ( T E H P I I J . L T . ~ O . O U O |  T fHPI | )nqOoCDO 
IF  ITE~P I I ) .GT .12bOOouDOI  TEWPI l I : I260OoODO 
|F  ( T E P P | ] I . G T . T G 3 0 . ~ C O I  ~ TG 20 
CALL POLY I T E P P I I ) t S t C P A l k L t C P l i  
CALL PGLY ( T E R P | | J t S I E N A I R L t E N A )  
GO IO 30 
CALL PCLY (TEMP| | ) tSoCPAIRHgCPI I  
CALL POLY ( T ( H P | I ) t S ~ E N A I R H ,  ENI |  
E N I u [ N l e T E M P ( | )  

KXTR 
IqXTR 
MXTP. 
MXTR 
IIXTq 
MXI'R 
NXTR 
MXTR 
MXTR 
MXTR 
NXTR 
HXTR 
HXTR 
MXI"R 
MX TA 
14XTR 
MXTR 
KXTI~ 
MXTR 
HX |R  
MXTq 
HXTR 
HX TA 
HX TR 
MX TR 
MXTR 
MXTR 
IqXIR 
HXTR 

1 
2 
3 

5 
6 
7 
8 
q 

10 
11 
12 
13 
16 
15 
16 
17 
18 
19 

21 
2;' 
23 
24 
25 
76 
27 
:*8 
29  
30 
31 
32 
33 
36 
35 
36 
37 
38 
39 
40 

~2 
43  
~4 
**5 
46  
47 
48 
69 
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AE DC-TR-75-55 

,~O 
C- 
C 
C 

50 
C 
C 
C 

60 

~0 

80 
C 
C 
C 

CALL POLY ITEMPI/ )~5~CPUAIReXMUI|  
XMUI~XMUI* I .D -?  
CVIzCP|-Uf4IL, AS/AIRM~ 
TCChI:O.2bDU~(Q.ODO*CPI/CVI-S.ODOI*CVI*X~UI 
IF  IMAST~N,EQ.Oi GO TO BO 
IF (CAS2,NE,~EL) GO TO 40 

CCFPUTE THE FLU%D PROPERTIES OF HELIUM 

M2=HFM~ 
CP2:3 ,102500~ 
[ N 2 : C P 2 t T F W ~ i l |  
CALL PULY I I I M P I I I , S , C P U H [ t X P U 2 )  
CV2=CP2-UN|GAS/F'E~ 
TCCN2=O.25~3~Ig.CDO*CP2/CV2-5.OCJ)*CV2*XMU2 
CALL POLY I T ~ V P I I ) ~ 5 ~ O | F H E ~ B I D I F )  
B I £ I F : f i I D I F I P E  
GO TO 90 
IF iGAS2oNE.AR| GO TO SO 

COFPUTE THE.FLUID PROPEKTIES CF ARGON 

M28A~Hg 
CP2:3.111SIDC3 
CV2uCP2-UNIGAS/ARHx 
E N 2 : C P 2 e l E V P l l )  
CALL POLY | T E P P ( [ I , S ~ C ~ U ~ : X ~ U 2 1  
TCON2=O.25CO*Ig. OODeC~2/¢V2-S.GGOI*CV28XHU2 
CALL POLY | T E ~ P I I I ~ S m O I F A ~ B % u I F )  
8 I C I F z B I D I F / P E  
GO TC g0 
IF  |GAS2.NE.CC2) GO TO BC 

COMPUTE THE FLUID PROPERTIES CF CARBON DIOXIDE 

K2=CC2~W 
IF  I T ( M P | I ) . G T . ( 3 O O . O D O !  ~RITE ( 6 , 1 4 0 l  
IF  ( T b P P ( I | . G T . ( 3 3 0 . C O C !  Sl~P 
IF  | T E P P I I I . G T . 2 ~ C ; . v C ~ I  GO TO 60 
CALL POLY I I E F P K I I t S , C P C C 2 L t C P 2 )  
CALL PGLY (T (PPI | ) ,~vE~CC2L tEN21  
GC TO TO 
CALL P(,LY I T ~ P ( I ) j S , C P C ~ 2 H ,  CP2I 
CALL PCLY IT rMPI I I ,SeENC~2H~E~2 |  

CV2:CP2-U~IGAS/CGZ~ 
CALL PCLY IT fPPI I ) ,~ ,C~UCOZ,XPU21  
TCON2:~.2~D0*Ig.0D3*CP~/CV2-S.~01mCVZtXMU2 
CALL P()LY I I F ~ P I I I e S ~ U I F £ O 2 . e l O I F )  
B IC IF= I~ ID |F IPE 
GO TC 90 
CCkl|~UE 

CCMPUI[ THF PlXTURE PRCPTRT|ES FCR lOOT AIR 

BICIFaO.ODO 
IF  I I . ( Q . I )  TCON~:TCO~i 
IF I I . E Q . I I  HhALL=ENI 
C P C C V I I I : C P I / C V I  
XMOI I I :XHUL 
$ P H T I I | : C P !  
H S U H ( I I : E h l / P E  
pRkDL411:CPIeXqUI /TCOK; 
TTIII-TKMPIII-IEhI-ITIIIoHE-UEO*2*IFIII**Z~GIII~*2)I2oODOIItC~I 
IF | T T ( I I . L T . g 0 . ~ O O )  TT ( I I : gO .OCO 
IF  | T T l I I . G T . 1 2 6 C ~ . O D O )  1T( I )= I26OO.ODO 
R H C | I | = P E ~ M I / U N I G A S I T T ( I I  
£ ( i | - R H O ( i $ * X P U |  
L E k l S ¢ I I - I . O D O  
GO 10 IO0 
CCkTINUE 

MXTK SO 
HXTR Sk 
HXTR $2 
MXTR 53 
HXTR 54 
MXTR 5S 
HXTR 56 
MXTR ST 
MXTR $8 
MXTR 5q 
MXTR 60 
MXTR &| 
MXTR 62 
MXTR 63 
~XTR 6~ 
MXTK 65 
MXIR 66 
MXTR 6T 
MXTR 68 
MXTR 69 
MXTR T0 
HXTR 71 
MXTR T2 
NXTR T)  
~XTR T4 
KXTR TS 
MXTR 16 
HXTR ¥7 
HXTR 78 
MXTK Tq 
MXTR 80 
HXT~ 81 
MXIR R2 
MXTR 83 
MXTK 84 
MXTR 85 
MXTR 8b 
MXT~ 87 
MXTK B8 
MXTR 89 
MXTR qO 
MXTR 9 |  
MXTR 92 
MXTR 93 
MXT4 94 
MXT~ q5 
MXTR qb 
MXTq q7 
MXT~ 98 
RXT~ 99 
MXT~ IGO 
HXT~ lOl  
MXTR 102 
MXTR 103 
MXT~ 104 
KXTR lOS 
MXTR |06  
HXTR 107 
MXTA 108 
MXTR lOq 
MXTq 110 
HXTR I11 
MXVq 112 
HXTR | | 3  
MXTR I | 4  
RXT~ l l S  
MXTR l i b  
MXTq l i t  
HXTq 1 |8  
MXT4 119 
HXTR 120 
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¢ 
C 
C 

CCMPUTE MIXTURE PROPERTIES FOR FOREIGN GAS INJECTION 

XKU2aXPU2* I .G-?  
TCCN2:TCON2* I .O-T 
IF I ] . r Q . l )  ~ I O I F ~ = B I D I F  
H S U ~ I I ) = i E h I - E N ~ ) I H E  
C V : I I * O D O - Z I I I I * C v 2 * Z ( I ) ~ C V !  
SPtiTIII:(I.GCO-/([))*CPZ*ZIII~CPI 
[N~LPY=II.GDC-Z(III=£N2*Z(I)*ENI 
IF ( I . £ Q .  I I  h~ALL:~NTLPY 
X2:III.OL)O-LIIIII~Z)/IZI[I/e'[*(I.ODO-Z|I|I/M21 
XI=(ZIIIImLIIIZIIII~I*II.dOO-ZIIIIIP2I 
IF I . X | o L l . l . D - 4 b )  X L = I . O - 6 0  

MXTR 
HXTR 
MXTR 
MXTR 
MXTR 
MXTR 
MXTR 
MXTR 
MXIR 
HXTR 
MXTR 
MXTR 
MXTR 
MXTR 

IF ( X 2 , L T . I . C - 4 0 )  X 2 : I . D - 6 0  MXTR 
GI2~U:I.ODO/OSO~T(B*OUOI*I.ODO/DS~T(I.0D0,HI/M2ItiI.OO0,DSORTIXMUNXT~ 

I | / X ~ U 2 ) * I u Z / ~ I ) * ~ O * ~ S D 0 ) * e 2  MXT~ 
G2]~U:I.OO01DSQ~TIS.OI)CJ*I.OCOIOSQRT(I.0DO÷H2/M|J~||.ODO~OSQRT|XHUHXT4 

|2 /X~Ul)~(Ml lU2)s 'J .~UO)*~2 MXTR 
X~U|I)=X~U2/I~.OD3*G21~b~Xl/X2)tX~UI/IL.ODO÷GI2~U,XZ/XI) NXTA 
100~=TCON2/II.CDOtG21~U=XIIX2)~TCCNIIC|.OOOtGI2HU=X2/Xi) NXTR 
IF ( i . E O . I )  TCU~d=TCO~ MXT~ 
T|II):TEMPClI-IENTLPY-IT(IJ~FE-UE~2*IFI[I*~2*GI|)**2I/2.0OOIJISPHMXT~ 

I T | I )  ~XTR 
IF C T T | I ) . L T . 9 0 o O C O )  T T ( I ) = g c . c C O  MXTR 
IF | T T ( I I . G T . L 2 ~ O ~ . O D ~ I  T T 1 1 ) : | 2 6 0 ~ . 0 O O  HXTR 
AflOI|J=PEI~NIGASITT(I)~IpI*u2IICZi|J*(q2-~IJtNII ~XT~ 
C P ~ C V I I ) = S P H T ( J I / C V  ~XTR 
C I I ) m R H O | I ) * X V U ( i )  MXTR 
P R ~ D L I I ) : S P H T ( I I * X q U ( l i l T C C N  HXTR 
LEk~SI|)-;ItO|II~O|F~SPHTIIJ/TCON ~XTR 

|00  CC~| I~UE ~XTR 
~ T ( I ) = T ~ L L  HXTR 
T T I I E ) : T [  MXT~ 
DO 120 N : I , I E  MXT~ 
IF (bARS(I.GGO-TT(N~ITE~PfNI|.GToI.D-6I INOTz!  MXTq 
T E P P I N ) : T T [ N I  MXTR 
T O I C ( ~ ) : T ~ P f N J / T E  ~XTq 
R E R O E I ~ | : R I 4 C ( h ) / P H O I I E )  PXT~ 
IF ( L P R . E O . - I O )  GC TO LIG flXT~ 
C | h I : C ( N | I C K E F  ~XT~ 
GC T~ 1~0 HXT~ 

| | 0  £ ( K I = C I N ) / C ( i E )  MXT~ 
| 2 0  CC~TII~UE HXTR 

IF I l t , O T . [ 0 . 1 |  GO TO L0 HXT~ 
IF I K T T . [ O . I I  GG T~ |0  MXTR 

130" CaLL OERIV ( C e E T A e I E t I , C ~ I  MXT~ 
CALL OERIV (TOTL~ETA~IEeI~TPJ MXTR 
RE1URN MXTR 

¢ ~XT~ 
160 FORNA~ (SX.IO2HTEM~ERATURE HAS ~XCEEUED THF 6303 DIG. NAXIMUM FOR MXT~ 

|CARBGN OIOXIOE CURV~ FIT UATA-EXECUT|ON TEAHINATING/) MXTR 
END MXT~ 

121 
122 
123 
124  
125 
176 
127" 
128 
129 
130 
131 
132 
133 
13q 
135 
136 
137 
138 
139 
16:) 
1,41 

143 
144 

147  
148 

|SO  
I S I  
1.52 
15.3 
! 54 
155 
156 
1S7 
159 
159 
163 
161 
162 
163 
164 
165  
166 
167 
168 
169  
1"/3 
I T I  
1 "/2 
173 

SLBRGUT|NE UUT| OUT| | 
IPPL IC IT  REAL*8 l a - H t O - l |  OUTI 2 
RE&Le8 NOSE OUT| 3 
CCPM[N ICOhVRG/ C O N V I K I T J t K I T 2 t ~ I T 3 . N I T  OUT] 6 
CCHHCN /FIKO:F/ A||OIItuU(IOII.8||OIJeCCI|O|ItODI|OIIeO(|O|IIEf|O|OUT[ S 

| I t C R I  OUTL 6 
COFMCN /FRSTPM/ RHOENFIP|NFfTFStUFStRtPRLIGtXMA OUTL 7 
CON~CN /GFUH/ ALPHAIrH[TAC~NCSEIRN3SFINLST,~IXXtWX OUT[ 8 
CCNHCN 1I¢4JECTI |!~JCTJKGI~JvGAS2~CQ(:LeMASTRN OUT| 9 
COPVCN / I N T [ G R /  IEeIMtKE~UeK~NO2eKLXIKtLwNflLNT|tINOtKPRTILPRTtKPReOUT| tO 

|LPR OUT! | |  
CCP~Ch /REF/  PREF~T~EF~APURLF.REIrlF OUT[ ]2  
COPHCN /STAG/  PSTAGeTSTAGtPNCeCkSTAG~ItSTAGtHE OUT| | 3  

, 2 2 7  
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| 0  

~0 

30 

43 
C. 
C 

C 
C 
C 
50 
60 

70 

80 
gO 
100 

CGMMCN /SURFAS/ CHALLtCKIN~ePENINDeVHALLeTNALLtXTHISOOI~TWXISOO)eXqUTi 
|CII5~O)eCiX(5OOIeII,IALLJTCU~NeKCIeKTW OUT|  

CC~HCN /TH~R~C/ F~flP~VALt~E OUT|  
CCP~CN IT~PRTRI TEMPI|0I|~TQTEIIO|I,TP(|O|)~RTWt;H OUT! 
CCPMON /TRBLNI I  ASTAR~AKSTAReALAMDAeYSURLeEVSCTY||GI)ePRTeEOYLA~eE~QT1. 

IPLUSI IO I ) ,ALE1 ,LA~TKG OUTI 
CGMHGN /X IC0PO/  X I t X X I , ~ X l t X I C L D , D X U X | , D X O X X l  OUT| 
CGP~CN IXSCLVE/ XSTA(i~CI,DXMAX,DX~CLU~DX|tNSOLV[ OUT|  
C~P~CN IZCCGR0/ ~TA|~F~fYAFACtETA(|O|I~DETAi[0~I~ADTESTeKAOETA OUT1 
DIPENSIUt~ S I~ INGi2G!  OUT1. 
DATA bLUNTtStIA~P/§HSLU~T~hSHARPI OUT|  
3HETI:IHE;ACeiUO*3UO/UA~C(JS|-|-0UOI GUT1. 
AITAKmAL~IIA~IBO.~DO/OAkCC$(-1..CGOI OUT! 
WRITE 1 3 t 5 0 l  OUTI 
WRITE 13~bOI OUTI 
WRITE I6~ lO O I  OUTI 
J u ~ 9  OUTI 
PESO IJ~24O~ERD:201 I S T R l K G ( l l t l m 1 . t 2 0 l  OUT1 
NRITE 16o250I  I S T A I N G I I I t I : i t 2 0 1  OUT|  
GG TO 1.0 OUTI 
WRITE 16~90) OUT1. 
kRITE ( 6 t | 1 0 )  PSTAG OUT1 
bRITE 16~1.20) TST~G OUT| 
WRITE (6~13C)  HSTAG OUT1 
WRITE | 6 e l 6 0 I  PINF OUT|  
~RITE I 6 ~ 2 b 0 l  RHCINF OUT1 
WRITE I b e l 5 0 |  TFS OUT1 
ERITF 16~1.6GI UFS OUTI 
bR|TE 1 6 , 1 7 0 |  XMA ~ U T |  
WRITE 16~180I  G OUT| 
WRITE I b ~ I g G I  R GUTI 
WRITE 16e200I  KTx OUT|  
WRlTf 16e210)  ATfAK OUTI 
WRITE 1 6 e 2 2 0 1 T H E T I  OUT| 
WRITE I6~TGI OUT| 
IF I~;USE.EQ.ELU~TI GO TC 40 GUT1. 
DO 30 I~I~NSCLVF OUT| 
HRITE ( 6 ~ 8 0 I  I , X S T A I I I  OUT! 
CC~TINUE O U I |  
WRITE 16 ,23OI  OUT|  
CC~TINUE OUTI 

OUT| 
OUTI 

RETUR~ OUT| 
OUT! 
OUTI 
OUTI 
OUTI FORMAT (43Xe3THPRCPCRTIES AT TFE WINDdARD STPEAMLINE/I 

FGRMAT Ii6XeSMSIkEFtIIAwlHSgI3X~oHCFXINFtI~X~SHS|INFI|JXt./HQHIOIWIOUTi 
I tqXt~HQ~/OWSTAC.oTXeSHIkALL/|  OUTI 

rCRMJ/ 126XwIbHP( |~T$ ~T kHICH A SCLuTICN IS YO BE OBTAI f IED=/ /2BXoGUT|  
I I H I e 6 X , T H X S T A I I ) I I  OUT1. 

FCPPAT 1 2 b X e | 3 e ~ X t F g e 6 |  OUT1. 
FORMAT | /126Xt42HFKEE 5TPEAM9 STAGNATION| AND VEHICLE O ~ T A : I / I  OUT| 
FO~F.AT 14bXeI011114~E-D|~L~SI~NAL 0uUNDARY LAY:R PPO~q~q/bSX93HFOq/~UT1. 

15~Xe2~HLA~IN~R ~ TUReULENT FLG~Ib~X,4H~ITHIgbX~2GH~I~ARY GAS I t~J~OuT| 
2CTIbk160X912~OEV~LOP~I) ~YI52Xe2RH MoC° F~|~OER$ /~OX~OUT1. 
332FAE~USRACE EN~|N~E~|hG DEPA~T~5~T/~0Xt51.HVIRGINtA P~LYT~CHN|C I~.~UT| 
4ST| lUTE AND SIATE UN|VE~S|TY/~hX92|H~LACK$~URGt VA. 2 4 3 6 0 / I / 2 6 X t 3 Z G u T |  
5HI~PUT DATA 

110 FORMAT 126X, 
120 FORMAT" | 2 6 X  
130 FORMAT 126X, 
|~O FORMAT |26X 
150 FORMAT 12bX, 
160 FORMAT | 2 6 X  
ITO FCRMAT 1 2 b X  
180 FCRMAT | 2 b X  
1~0 FORMAT |26X. 
200 FOPMAT |2bX 
ZLO FORMAT ( 2 b X  

CARI)S ARE AS F C L L C k S : / / )  
THD$TAG : g E | 3 . 6 g S H  PSIA|  
7HTSTaG u t E | J o 6 : 6 H  OEG.~) 
7HHS|AG " j E L 3 o G e i 3 H  FTeq21SEC~e2)  

,THPZN~ mfEI3o~eSH P $ I A |  
.?HTI~F m v E | 3 . b : 6 H  GEG.kl  
../hUIP~F : o E | 3 . 6 e . / H  F T / S ( C |  
,7H~|NF 8 o E | 3 . 6 |  
.7HCP/CV " t e l 3 . 6 )  
7HR m ~ E | 3 . b o | q H  FT~s21SECeO21DEG.RI 
,TIITW/T0 s e F L 3 . b )  
,THALPHA " t E L 3 o b i S H  GEGel 

OUTI 
OUT! 
OUT|  
OUT[ 
OUT|  
OUT1 
OUT1 
OUT1 
OUT1 
GUl l .  
OUT1. 
OUT|  

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31. 
32 
33 
3** 
35 
36 
31 
38 
39 
**3 
41 
42 
**3 

45  
46  
**7 
48 
4q 
SO 
51 
52 
53 
54 
55 
56 
ST 
58  
59 
60 
6 |  
62 
63 
6',  
65 
6b  
b7 
68 
6q 
70 
71 
"/2 
73 
74 
7b 
7b 
77 
7,1 
79 
80 
81 
82 
03 
8** 

228 
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220 FCRMAT (26X,THTHETACmtEi3 ,~ tSH D E G e / I |  OUTI 85 
230 FCRNAT ILHOI OUT| 86 
2~0 FCKHAI (20A4)  O U T | .  81 
250 FORMAT (?bXe2OA4I  OUTL 88 
2bO FCRPAT (26X~THRHOINFa~E|3 ,6~ I2H SLUGS/FToe3|  OUT| 89 

END OUT| 90 

| 0  

2,1 
30 
40 

SUBROUTINF OUT2 OUT2 
|MPL|C|T  P [ALe8  ( A - H , C - Z )  OUT2 
REALe8 NJSEoLEHLAV,LEkTRB OUT2 
CCMMCN /COt~VPG/ C C N V ~ k | T I t K | T 2 t ~ | T 3 v N | T  OUT2 
CCPHCN /()LPV~R/ Ff2,1OI,3),F~I2,1OIo~)tGI2tIOLt3)tGN|2,1OI~3I~T|2~CUT2 

||01,3;fTN(2,lGI,31vZC211GL,3),Z~|21101131,CIIO|JtCNI|OI)tYI|OI)tYnCUT2 
2 L i I O I ) , R C ~ C F ( I C I I  CUTZ 

CC~HON /EDG2/  PEZ~TE2~LF2tVE2,DP~2DXtDTE2OX~DUE2DX~DVEZDX~DPE2D~eDOUT2 
:|UE2D~D¥(2D~DTL2D~,AYU~2t~U2,~2~HOEZ~RbX2 OUT2 

CCPHCN IGASPKP/ LEkLA~||O;I,L£kT~BI|O|I~P~6NOLI|O||~PRANDTIIO|IeCP~UT2 
Jl]O|I~GAHHAIIOL|,XqUI|OI),EHCI|OLI,hSUMIIO[! OUT2 
CCPM[N /GEC~/  ALPh&oIHETACtNCSF,RNOSFwHLST~X~XXekX OUT2 
CCffHON / | ~ J E C T /  |~JCTe~OI~JtGAS2~CU~L~ASTRN OUT|  
CCNN~N / |NTEGR/  |E~IP~KEM~KEHO2eKLX,K~L~N~L~T|tIND~KPRT~LPRT~KPReOUT2 

|LP~ OUT2 
CO~MCN /OUTPUT/ CF~EDGtCFHIqF~CFXE~G~CFXENFeCHEDGEwCH|NF~ANACHE~DE~IIT2 

'JL~Q~tQ~[NF~QkOQ~OeS~STEOGE~$T|~FeTAUETA~TAUX~UELSTXtDELPH|eTHETAXt~UT2 
2T~EPtI| OUT2 

CC~CN /PLCTS/  PLCT~KPLC1 |41~PLOTI4)tKPRFLI4)~L~RFL(4)~NPTSI4~2) CUTZ 
COHKON ~S~LPNTI C~(|OII~CNkII.)II,V~(IOI)~G~iI3|I~T~IIOII~G~(IOII~CUT2 

|FMNII01I,F*(IC|),Th~|IOI)eZ~IiCI)~/~N(IOII,XId~oXOX|~X~R~ CUT2 
CCFMCN /$UFFAS/  CqALLtCWIND,PE~|~OeVkALLeT~ALL~XIMiSOOJ~TwXiSOOI~XCU~ 

|C|(SCJ)eCIXI~CG),ItkALL~ICCN~eKC|,KTw OUT2 
COP~O~ ITMPkTRI [E~PIEOII~T~TE(|O|)~TP(|O[IeRTwtT~ OUT~ 
CCPHLN /T;Ae~S~/ KT<ANStK(:~SETtXIP~CHI2(|OLI,CHIHAXeX~AR OUT2 
(C~CN /TRFLt .1 /  ASTAk~AKSTAR~ALA~DAtYSUdLt~VSCTY(|O||~PRTtEDYLAH~EOUT2 

CC~HCN / X i C C ~ C /  X I~XXI ,DXI ,XZCLC,DXDXI ,OXDXX|  

C C ~ C h  / T C C ~ C /  ETA|NF~ETAFAC~ET~ILOIJ~OETA(IO|J~AI)TEST~KADETA 
DATA ULUNT~SH6KP/SH~LU~T~ShS~ARP/ 
DATA A~OIZh~CI 
CALL G~TAY | X ~ D b ~ R ~ A X |  
IF |~GS( .FU.PLUNT)  ZO~EFmZAX/~CSE 
|F |NOSE.EO.S~AkP| ZGkEF=ZAXIXSTAINSQLVE) 
IF INOSE.£Q.SLU~T) R~EF:k21PqCSE 
IF (~QSE.EQ.SHA~P) RC~EF-R2/XSTA(~SCLVE) 

CREATE THE PLCTTER DATa SET 

OUT| 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
OUTZ 
OUT| 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
OUT2 

IF IPLOT. (C .AkO)  GO TO 80 
DO 30 | - | , 4  
|F I L P L O T I I ) , £ O . C I  60 TO 60 
IF I X . N [ . X S T A I L P L C T ( i ) ) )  GO TO 30 
]F (X.EQ.O.~GC) GO TO 10 
N P T S | | ~ d i = N P T S ( | , 2 ) ~ |  
bR|TE ( 1 h ~ 3 6 0 l  XjWXtPE21AHACHEtCELICFXINFISTiNFIQ~OQW3tCFW|NFeOELSOUT2 

I1X OUT| 
CCkTIt~UE 0U12 
DO 20 N=1,4  OUT2 
|F ( K P L O T i ~ ) . r Q . o )  GO 1C 20 OUT2 
IF  (K .NEeKPLOT(~) |  bO Tfl 20 OUTZ 
MRITF I L S I ) ~ C )  X,dXt(YCLiJitF(2,JI2ItGI2tJI2|wTOTEIJ|tZ|2tJw2)jEPLQUT2 

| U $ ( J J , J ' Z , I F I  OUT2 
CG~T|hUE OUT2 
CO~TINUF OUT2 
£GhTINUE OUT|  
DO TO 1=1 ,4  OUT| 
| F  | K P L O T i | I . E Q . O )  GC TO '80 OUT| 
IF ( K e N E . K P L d T ( I ) )  GO TO 70 • OUT| 

1 
2 
) 
4 
S 
b 
T 
8 
9 

|0  
! !  
12 
13 

15 
16 
17 
16 
19 
20 
2L 
2Z 
23 
24 
25 
26 
27 
28 
29 
) 0  
31 
32 
33 
) 4  
35 
3b 
) 7  
38 
39 
4O 
4 |  
~2 
~3 

4S 
46 
~7 
48 
49 
5O 
S! 
$2 
5)  
5~ 
$5 
$6 
57 
S8 
$9 
6O 
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SO 

60 
TO 
80 
¢ 

S~ 

IF  |X.EO.O.OOO) GO TO SO OUT2 
N P T S I I e I I s N P T S ( | , I I * |  OUTZ 
UR|Tt  | 1 3 , 3 4 0 |  X,HX,PE2,AMar...HE~C£L,CFXiNF,STINF~Q~OO~O~.CFNINF~DELSOUT2 

tTX OUT2 
CCNTENU~ OUT2 
DO 60 Nm| ,4  OUT2 
IF I LPLLT (N I .EQ.O |  GO TO 60 OUT2 
|F I X . h E . X S T A ( L P L O T I f l l ) |  GO TO 60 OUT2 
~AITE ( 1 4 , 3 5 C |  Xo~X, IYCL¢JItFI2oJ~2IoG|2~Je21oTOTE(J|oZ¢2oJo2IoEPLOUT2 

I U S I J I , J : 2 , | E )  
CCkIINUE 
CCkTINUE 
CChTINUE 

IF I L . N E . I . A k O . L , k E . L P R J  GO TO 140 

URITE |6o16G)  X*S~ZAX,ZCREF,R2,ROREF~DX,NIToHX 
MRITE 16o17 ( )  X| ,DXI,DXDXX,ChALL 
~R|TE | 6 o l 8 0 l  

OUT2 
OUT2 
OUT2 
OUT2 
OUT2 
GUT2 
OUT2 
OUT2 
OUT2 
OUT2 

NR|TE (6,|Q31PE2~TE2,LE2,V~2,A~ACHE,DPE2DX,DTE2OXoOUE2DXoDVE2OXtFOUT2 
|HOE2,DFE2D~eOTE2Dx,UUEZDk,GVE2Dk,RU~U2 OUT2 
MRITE 1 b , 3 3 0 |  REX2 OUT2 
IF |LeEO.| .AkO.NQSE.EO.S~ARP| GG TO qO OUT2 
NRITE 1 b , 3 6 0 )  OUTZ 
~RITE 1 6 , 2 0 0 |  OUT2 
HRITE 16B2101CFXIMF,CFXEDG,CFk|NF~CF~EOG,CHEOGE,CHINF~STEOGE,STINOUT2 

|F~O~|~F,CHIHAX OUTZ 
MRITE 16~2231 ~UT2 
UR|TE 16,2301TAUX,DELSTX,THETAX,TAUETA~DLLPH[,TMEPH|oQ~,DEL OUT2 
IF (R.GE.XSTAIK~NSETI.~ND.KONSET.~E.~S~LVEi ~RETE 16o320|  XIF OUT2 
~R|TE ( 6 , 3 | 0 1  OUT2 
CCkTINUE OUT2 
|F I K . ~ E . | . A k D . K . N E . K P R )  GO T~ | 3 0  OUT2 
XF ( K e ~ . I . Q R . K P R T . E Q . | |  KPRmKPPeKPRT OUT2 
MRITE 16 ,250 )  OUT~ 
OO 100 K m l ~ l ( ~ 2  OUT2 
~RIT~ I b , 2 ~ O I  ETAiNI,Y|N).FIZ.h,2I,FNI2.N,2I.GI2~No2I,GN(2~N,2I,TIOUT2 

12*k~21~T~I2*~,21,CINI,CNIN)tVkI~) OUT2 
CCkII~UE OUT2 

61 
62 
63 
64 
6$ 
66 
67 
66 
69 
70 
71 
72 

?4 
?S 
?6 
"/7 
T8 
~q 
8G 
8 |  
82 
83 
84 
85 
66 
8T 
88 
69 
qG 
q l  
92 
93 
94 
qS 
q6 
97 
q8 
99 

MRITE I b o 3 | O I  OUT2 IOQ 
URITE (6B2801 OUT2 XOE 
UC J|O N ' i o I F B 2  OUT2 IC2 
bRgTE (6~770)  ETAINIeYCLIN|oRGRCEINItXMU¢N|tEPLUSIN|tC~|21N|tLEWLAQUT2 ]G3 

|M|kIeLEmTRB(h|tPRANCL(NIePRANDT|~|vCPINI OUT2 | 0 4  
110 CCkTlhU~ OUT2 |0~  

UR|TE ¢ 6 , 3 | 0 1  OUT2 106 
kR IT [  ¢b~300|  OUT2 107 
DO |2d  h = l o l E , 2  OUT2 198 
MRITF |b,2901ETAINI,YCL(NItZ(2oN~ZIoZNI2t~v2|oTEHP|NItTCTE|NIoTPICUT2 t o g  

IN)oGJ~HAI f i IoRHCiN|  OUT2 |12  
J20 CCAT|kUE OUT2 11L 

IF ( K . f U . I |  KRITE 1 3 o | 5 0 l  SoXtCFX|NFISTINF,QMtQHOQWO,ZIZw|o2| OUT2 !12 
|30  CCNT|hUE OtlTZ 1 |3  

bRI1E 16,2401 OUT2 114 
|~0 CCkTINUE OUT2 115 
¢ OUT2 116 
C OUT2 117 

RETURN OUT2 118 
C OUT2 ] 19 
C OUTZ 120 
C OUT2 12L 
|50  FORMAT | |OXo6E|be6 ,ZXwF|O.6J  OUTZ 122 
|bO FORMAT ( |OXteHS moEI3°bo4XobHS/RFF=,~I3.bt4Xw6HZ mtE13°6o4XeOUT2 123 

16HI /PEFmtE|3 .b / I~Xo6HR moEl3*6w6XtbHK/R~F=,E|3.bl6XobHOX mtEInUT2 124 
2Z.SoSX,bHNIT ~ , I ) , I O X , 6 H P H |  = , F 6 . 2 , S H  DEG.) OUT2 125 

|TO FORMAT I IGX,6HXI  : , E | 3 . 6 , 4 X , 6 H O X ;  mJEi3.bl4XebHOX~XlngEi3°b,4XeOUT2 126 
| 6 H C M A L L a , E | J . 6 / I |  OUT2 |27  

| 60  FCRM~T I|CXo2THDIMENSICNAL EDGE PROPERTI(S/ I  OUT2 128 
EgO FORqAT | |OXt6HP[  : , E | ) ° 6 t S X s 6 H T E  : t ( | J e b t S X , b H U E  : ,EL ) .6oSXe~ IJT2  12Q 

|6HVE m*EI3°6e~XBSH~4¢HF m,FI3.6/IOXpOHOPEDKs,[|3.6,SXebHDTEOXs,OU;2 130 
2E|3*61bX,6HDUEUX=tE|3.b~SX,bhDVLDX=~EL$.b,SX,SHRHOE m,EI3e611OXoOUTZ 131 
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i 

200 
• 210 

220 
230 

2 4 0  
250 

260 
2"/0 

2 8 0  

290  

300  

3 1 0  
) Z O  
330  
340  
)'so 
360 

36HOPEU~:'EI3*6,SX~BHDTEDk~EI3.6, SX,6HOUEOenoEI3.6oSXo6HOVED~s,EI30UT2 132 
4 . 6 , 5 X , 8 ~ R H O F ~ U ( : , ~ I 3 . 6 / )  OUT2 133 

FCRHA; (ICX,41H~C~L)IMf~SIC~AL BCUNCARY LAYEqS PARAMETERS/) OIIT2 134 
FORKAT IIOX,?HCfXIN~:,EI3.b,SX,THCFX~UG;,EI3.b,§k.?IICF~INFmoEI3.6,OUT Z 135 

I~X,?HCFNEDG:.EI3.6/I3X,71ICH~D(.E:.EI3.6,SXtTItCHINF ~,FI~.b~SXt7HSTFf lU~2 136 
20GE=,EI3. b,SXºTHSTINF : , E I 3 . 6 / I ~ X , T H G ~  = ,E I3 .b ,~X,7HCHIMAX: ,E I3OUT2 137 
3.6111 OUT2 138 

FCRMAT IIOXo37H01qENSIOKAL ~CU~C~PY LAY[R PARAMETERS/) OUT2 ~39 
FOR~AT (JOX.27HLO~GIrUCIP.AL SKIN Fk ICT I~N: tE |3 .6 .414  PSFoSXtI2HOELT~UT2 140 

| A e I X |  : . F I 3 * 6 t S X t t I I t T F C T A | X |  : t ~ I 3 . b / I U X . Z ? I I T X A t .  SVERSE SKIN FPIC~tITZ 141 
2TIC~ : . E I 3 . L . 4 H  PSF.SX. IZHnELT~* IPH| I=~EI3 .6 ,  S X . I I t l l l t £ T A | : H I I : , E I ~ U T Z  1~2 
3 3 . ~ / I J X , 2 / H k A L L  hSAT TkA~SFCR ~ATE u , E I 3 . b ~ I t  BTU,SX,12tlDELTA IrOUT2 143 
4TI " . E I 3 . 6 I  OUT2 |44  

FOPHAT | l H 0 . A B X , 3 l S t l * * m * * * i O X l / / i  OUT2 145 
FGRMA; I7X.3hETA~|IXtlHY~|CX*LHF.ICXo2HFNoqXoIHG~IOXo2HGN,9X~|HH~IOUT2 14b 

10X~2hh~tqXelHColOXeZtlCh.~Xelh~/| OUT2 ]41  
FCR~A1 | I X , F ] 2 - b , 3 X , E ~ . 3 ,  I X º 8 1 F I O . b ,  I X I ~ E I ~ . 3 )  OUT2 148 
FGRMAT ilX~FI2.b,3X*Eg.3*|XtFLOoSt313XoEIO.~JeAIIXtFIOobIt3XoEIO.BQUTZ 149 

1) OUT2 150 
FGRHAT (6X*3HETA.IOX,3HYILoTX,S~AOROF,gX,3HXMU,lOX,2HEt,IIX, 3HCHl~OUT2 t S l  

|BXt3HLEL~RXt3HLET~RXt3HP~L,RXe3HPRTtgX,~HSP HT/)  OUT2 152 
FCRMAT IIX'F|2"b'JXeEg*3t~IIX,FI~*bI,3(2X,EL2. bIsIXeF|3.b~3X~E|2.60UTZ 153 

I I  OUT2 154 
FCPPAT IbX*3FETA*IOX.3HYIL*9XeIHZsqXtZHZNtlOX,AHIEMPsIOX~4HT/TE, IIOUT2 15S 

|Xt2HTNgIOXtSHCPICVoQXo3HRHC/) OUT2 |56  
FCR~AI ( I H 0 |  OUT2 IS? 
FCRMA1 IIII0,qX~34HTRANSITICN lkTERNITTEKCY FACTOR ~ . E l 2 . 6 )  OUT2 158 
FGR~AT I|CX.?BHL~CAL EDGE RSYkCLDS NUMBER : , E 1 2 . 6 / |  OUT2 159 
FCR~AT I IOE I2o6 )  OUT2 160 

.FCRMAT I 2 ( 2 S C E I 2 . b ) . I 0 2 E | 2 . 6 )  ~UT2 | 6 |  
FCRMAT I IH  i OUT2 162 
EkD OUT2 163 

C 
C 
C 
C 

| 0  : 

SUEPOuTIKE PHIMOP PHI~ ! 
IMPLICIT REAL*61A-HtC-Z) PHIM 2 
RE~L~8 NOSE PHIH ) 
CCPeCN IDEPV~RI FI2elOlm3IoFkl2*|CI,3ItGI2JlGll3IoGItI2wI~I,3IeTI2,PHI~ 4 

ll0Io3IeTh(ZtI01*3)oZIZ,IC|o3ItZNI2,1OIo31pCIIdlItCNIIOIItYIIOII,YCP0tI~ S 
Z L I I G | I e d G K G E I I 0 | )  PHlq 6 
CC~MCh / IECOFF/ PloR2oR3tG|oG2oF|tFTtOStAL~EPSoCHItklNOPT~U| PHI~ T 
£CPMC~ /INTEGR/ IE*iNoKEhDmKENOZ.KLXoKeLtNOLNTIolNOtKPRTwLPRToKPRoPItiM R 

|LPR PHI~ q 
¢CPMCN /PDECCF/ aOlIOL),A|(iOl).A211011oA3ll0||,AAl|01l,l~II01| PHIM |O 
¢CPH(N /SQLPF.TI C~IIOI|*LNkII:II.ValI@II,G~I|O|ItTNii01),G~:AIIOIIoPlAI, !1 

|Fkk|I~|I*FwII01IeTw~(IGI|.ZWII~II,ZkriI|j|J,XIW,DX~X|~.XWepW PHIM 12 
CC~MON /TRANSN/ KTRANSoKGNSETtXIFtCItlZIIOIIoCHIMAXeX~A; PHIq 1~ 
COP~CN /1RBL~T/ ASIAR*AKbTAR~ALA~OA,YSIJ~LtEVSCTYI|CIIop~TtEDYLAk,EPHI~ 14 

"|PLUS(IOIJoALEToLA~TRB PtllM |5  
CCMKCN IXlCOkDI X I~XXI .~X I *X ICLD,DX[X I .DXDXXI  PHiq 16 
COPHCN /ZCGURD/ ETAINF~ETAFAC. ETAIL~I).~ETAIIOII,AOTESTeKADETA PHI~ IT 
DIPENSION RCPUI I I 3 l i ~  RC~u IN( IC l l  PHIN IS 

. DATA SItARP~BLUNT/SHSHARP,SHELU~T/ PHIH | 9  
PH|N 20 

SUBRGUTI~E PHIMO~ SETS UP THE CCEFFICIENTS OF THE PARTIAL PHIH Z! 
OIFFEkENTIAL PHI MCMEkTUM EQUATICN PHI~ 22 

PHIH 23 
DO 10 J : I ~ I E  " PIIIM 24 
ROMU|IJI:C~IJI*(|.0D0tX|F*EPLUSIJ)) PHIM 2S 
CCATINUE Pfl lH 2b 
CALL CLRIV (RCMULtETAelEeI,RCFUINI PHIH 21 
DO 20 J ~ l . l E  PHIM 28 
AOIJ I~ROHUIIJ I *UI  PHIM 29 
A I | J IuROHUIN(J |aU I -VMIJ I  PHIH ~0 
A~IJI:-IMIJI*IIIIt~PSI-OF*GItGMIJ) PIIIN )1 
IF I K . [ U . I )  A Z I J I : - F ~ f J i , I H I * F P S I - ~ E e G ~ I J I  PIIIH )2  
&)IJ)u'II'ODCIRURgE(JII*I'PZ'DE*AL*G2-EPSeAL) PHIq 33 
IF |KeEQ=|)  A3IJ)u-UEeCII ieI .OOO/RORUEIJ) PH|H 34 
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A E D C - T R - 7 5 - 5 5  

A 4 I J J e - Z . O f l O e X | ~ * F H C J I  PHI~  35 
A S i J I s - I ) E S G ~ i J I  P l l l ~  36 
IF 1 ~ . [ O . 1 )  AS(J|mOeO00 PH|H 37 
CCNTINUE P i l l q  38 
RETUAN PHIH 39 
END PH[~ 40 

IO 

~0 
30 
40 
C 
SO 

60 

SUBRCUTIN[ PLGTFR PLTq 
REAL~6 ~GS£~SHA;P,~LUhT~XSTA,OXRAXt~XtDXOLI)tOXItOUM|IANGLE;THETAC~PLTq 
C(~MCN /AXINFO/  IXAXIS~IYAX|$  PLT~ 
(CPHCN / G E ~ /  AhGLE~T~ETAC~rICSE~Rf~GSE,~LST~DUH2,0UM3~NX PLTR 
CCYVON / I ~ I E G R /  |E~ZM~KEhOeKENO2~KLX,KDUH~LDUM~NSLNT|~|:~O~KPRT'~LPRPLT~ 

11tKPR,LPR PLTK 
CC~CN ILEGLHL/  LGND~ISLPLt |UNIT~KTITLE PLT~ 
CO~HCN /PLOTS/  LuqleKPLOiI4JeLPLOTI4);KPO|NT(4|eLPOINT(4|eNPT$|4e2PLTR 

11 PLTA 
CCYHCN / P R F | L E /  XCePH| PLT~ 
CCMNGN / ~ I T L [ /  LAGEL(20)  PLTA 
CCFHCN /XSGLVE/ XSTAI[OO)~DXPAX-DX,OXOLDtDX|,~SOLVE PLTA 
DIPEhSIdN XISO0)~ C~OG~I~GOJ~ £ £ L i 5 0 2 ) ~  PE~ISu0)~ APACII f (SOO)t  STPLTA 

I I k F ( S U O ) ,  CFXINF(5031 ,  CFk|NFiSOOJe DELSTR|500) ,  DUFPH] |S |  PLTK 
GINE~SIUN XXfSG0] PLTq 
OiF£~SIUN XC(S|~ P H I ( S ) e  FISCOIe G(S301e T ( S d 0 | j  Z|SGO| PLTR 
DIHEf~SIOq ~P~ I fSO0)  PLTR 
DIPFhSIuH [PLUSISOO) PLTR 
DIP [kS ION Y I S 0 0 I ,  YY(500 |  PLTq 
DIPE~SION l P T S | 4 ) t  IPTDUM(6I PLTR 
O | P ~ S I O N  ~PAPP(41 PLIR 
~ATA SHARPthLUNTIbHSHARPtSHRLU~T/ PLTR 
DATA ISTRHI/3PS/LItJSTRMI/3/~KST<M|/3/~iS;RMZ/~H?U/~JSTRM2/2/tKSIRPLT~ 

I M 2 / 1 /  PLTq 
DATA ISTRH~I4HSIP~I~JSTRP3/4/eKSTR~3/4/ PLTR 
ISLf lL -O PLT# 
K I I I L E - I  PLTR 
LGhDnl  PLTR 
l u g  PLTR 
LOCSsO PLT& 
~CALLsO PLT~ 
I E ' I E - I  PLTK 
~CbkVEm56 PtTq  
1U~11=13 PLIA 
I Y J X I S = |  PLTR 
IF INOSEoLO.~LUhTI GO I n  IO PLTR 
| L | S I ~ I S T R ~ I  PLTK 
J L i S T t J S T R ~ I  PLTq 
KL)SI=KSTRP| PLT~ 
J X i X l S - I  PLTR 
GO TC 23 PLT~ 
| L | S l m | S T R ~ 3  PLTR 
J L I S 1 - J S T P M 3  PLTR 
KLIST:KSTkP)  PL~q 
IXAXXS:2 PLTR 
DO 30 J a l , 4  PLTR 
I P | S I J I : ~ P T S I J e l l  PLTR 
CCNTINUE PLTq 
kRITF ( b , 9 2 0 |  IUNIT PLIR 
CC~TI~U( PLTR 
| m l t |  PLTR 
REiD ( I U N I T t I I 2 G , E N ~ = 6 C )  XII)oOPHIIIJ~PF2III,AMACHE(I)tOELIIJ~CFXIPLTR 

]NF|I).STI~FCIIeQ~CQnOIII.CrdIf:F(II,P(L$TRIll PLTR 
WR|Tr 1 6 , 9 4 0 )  X(IItUPNIIII~P[Z|IItA~AGHEI|)tOEL||IsCFXJNF(|)eSTI~FPLTR 
I I I 1  PLTK 
N R ] ; [  (6 tgSOJ Q W Q G d O ( I | e C F k [ N F | I | t O [ L S T R | I )  PLTR 
GO TO ~O PLTq 
CCNTINUE PLIA 
L I M I I - I - I  PLTR 
DO 10 J ' l e 4  PLTR 

| 
2 
3 
4 
5 
6 
7 
8 
9 

i 0  
11 
12 
13 
14 
IS 
16 
L? 
|$  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
3T 
38 
39 
40 
41 
42 
43 
44 
45 
4b 
47 
48 
49 
5O 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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- IF  I I P T S I J I . E Q , O I  GO TC 80 
TO CChTIfJLIE 

. JCbkVE-J 
GO ~O.gO 

80 ,t JCURVE-J- |  
• IF  IJCURVE.(C.O) GO TO 8 | 0  

gO LOC=O 
IF I I U N I I . E O . 1 6 )  GO TC 160 
IF  (hOSE,[Q.PLUt:T,ANn.KE~D2,EQ,|I GU TO 110 
IF INOSE.Eg,S~ARP) GC TO 110 

100 IF  (NQSE,FC,GLUKT,A~D,XILUC*I),EQ,XILOCt2|) GO TO 110 
LQC-LQC*| 
XX|Lt ,CI=X( t~CI /PNQSE 
GG 10 lO0 

| | 0  LOCB:L~C 
DO .130 I"IwJCURVE 
L=I~LOCO 
DO 120 K :L tL I~ |T t JCURVE 
LOC'LOC*I 
|F  |~CSE,EQ,SHARP) XXiLCCI=X|K| /XSTA(NSOLVE) 

• IF ' . IKOSL,EQ,ELUhT|  XXILOC) :X IK i /4KOSE 
120 CChTINUE 
130 CCkTINUE 

• GO IC lbO 
|~0 OO | 5 0  I = I , L I ~ | T  
150 • X X ( I | = D P H | ( I |  
160 CChT|~UE 

iF ( | U N I T , E Q , | 6 |  GO TC 16Q 
DO |70  I= I , JCUkVE 

|~0~ P H I ( I ) = O P H I ( I t L U C ~ I  
GC.T~ 200 

180 - J ' O  
OC 190 I=I~JCURVE 

" J ' J ~ I P T S I | I  
lgO X C i l l : X i J )  
2JO .~ CC~I~UE 

, LCC-O 
:. O0 210 I - I ~ L I M I T  

X I I I = x X ( I I  
IF I I U N I T . E Q . I b J  Y | I I e P E 2 ( I )  

210 C(h l INUE 
IF, I I U r d l T . [ O . l b l  GC TO 260 
IF  ILQCS,EU,CI  G~ TO 230 

• D O , ~ 2 0  I = l , t ~ C f l  
'LOC-L~C*I  

220 .. ¥ (L~CJ :PE2C l l  
230 - C C h l l ~ t l £  

• DO 250 I- I~JCURVE ~ 
LuI~LUC6 
DO 24d K:LeL|M|TgJCURVE 
LCC-LCC*I 

~. .Y ILOC)=Pr2 (K)  
2 ~ 0 . .  CCkTIt.tIE 
~50 CCkT|hUE 
260 NCSLL-KCALL~I 

CALL AEROPT iXoYeLIMITt|PTSelLlSTeJLISTeKL|STtISHPLE IG~X IPSFOI |e  

2 7 0  ' 

2 8 0  
2 9 0  

15e8wNCALL,NCURV~oJCURVE) 
. LOC=~ 
• O0 270 [ n l I L I H I T  

X I I I = X X I l l  
IF.  I I U ~ i T . E Q . I b l  Y I I I = J M A C ~ E I | |  
CC~TINU[ 
IF  I IUN IT .EO.161  GO TO 320 
IF (LOCB.FQ.C) GO TO 2qO 
DO 280 I= I ILCCR 
LOCtLUC÷I 
YILGC|=AMACHEII)  

• CC~TINUE 
DO 3 | 0  Ia l tJCURVE 

• L- I~LOC8 
DO 300 KuLoLIMITwJCURVE 

PLVR 61 
PL TR 62 
PLlrR 63 
PLTA 64 
PLTR 65 
PL TR 66 
PLTq 6T 
PL Tq 68 
PLTR 6g 
OL Tit 70 
PLTA 7|  
PLTq 72 
PLTA "jr) 
PL Tq, T~ 
PLTP, TS 
PLTq 76 
PLTR 17 
PLI'R T8 
PLTK 79 
PL TR 80 
PLTR 81 
PLTQ, 8?. 
PLTR 83 
PL Tq 84 
PLTR 85 
PL Tq 8b 
PLIA 87 
PLTq 88 
PLTI~ 89 
PLTq 90 
PLTq 91 
PL TI~ 92 
PLT~ 93 
PL T4 94 
PLTR 95 
PL T4 96 
PL1R q l  
PLTR q8 
PL14 99 
PL1q !00  
PLTR 101 
PLT~. 102 
PLTA 103 
PLTK |O~ 
PLTq 105 
PLTR 106 
PLT~ 107 
PLTR 108 
PLTA |09  
PLTq 110 
PLTR | | 1  
PLTR |Z2 
PLTA | | 3  
PLTR i16  
PLT4 115 

IPLTR l i b  
PLTR 117 
PLTA I IR 
PLTR 119 
PLTR 12~ 
PLTA 121 
PLT D. 122 
PLTR 123 
PLTR 1124 
PLTR 125 
PLT~t |26  
PLVR 127 
PLTA |28  
PLTA 129 
PLTR 130 
PLTR 131 
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300 
310 
320  

LCC'LOC* |  "PLTR 132 
YILOCI:AMACHFIKI  PLTA 133 
CChTINUE PLTq 134 
CC~TI*,UE ~LTA 135 
hCOLL-NCALL*I  PLT~ 136 
CALL AE~OPT |XeY,LEM/T~IPTSolLISTtJLIST,KLISToSHM~E~St2tNCALLtNCUPPLTR 137 

|VF~JCU~VE) PLTR 138 
LCC:O 
DO 330 I - I o L I P I T  
X l l J u X X ( l l  
IF I [ U K I T . £ O . 1 6 1 Y ( | ) : O ~ L ( | )  

330 CChI I~UE 
|F  | | U ~ | T . E O . l b )  GO TO 380 
IF (LOCb. EQ.C) GO TO )SO 
DO 340 l=leL~Cfl  
LOCnLCC~I 

340 Y I L O C I : O E L i I )  
) ~ 0  CChTI~UE 

DO 370 l z I t JCURVE 
L~I*LOC6 
DO 363 K:LeLI~ZTeJCURVE 
LOC-L~Cel  
Y |LOCI~DELIK I  

360 CChIINUE 
3?0 CChTINUE 
380 NCALL:~CALL~|  

390  

430 
410 

420 
430 
440 

4 5 0  

460 
4TO 

480 
490 
530 

PLTR 139 
PLTR J40 
PLTK | 4 |  
PLTR 142 
PLTR | 4 5  
PLTR 144 
P L I ~  145 
PLTA 146 
PLTR 147 
PLTR |48  
PLTK | 4 9  
PLTA |SO 
PLTR 15 |  

"PLTR 1S2 
PLT~ 153 
PLIR 154 
PLIR 155 
PLTR 156 
PLTR 157 

CALL AEROPT (XtYtLIMITeIPTSt|LISToJLESTIKLISTt|4H?LD | C I ~ 4 F T ~ I o L 4 P L T ~  158 
|gTthCALLtNCuRVEoJCURVEI PLTK 159 

LCC-C 
IYAXIS:2  
DO 39G I - ) t L I M X T  
3 | l | = X X i t J  
IF ( I U N I T . ( U . I C )  Y I E I s A B S I C F X I N F | I ) |  
CC~TIr;UE 
IF | I u ~ I T . E Q . 1 6 )  GO TO 4qO 
iF | L O C R . [ ~ . C )  GQ TO 4 | 0  
GO 400 | : | t LL1C6  
LCC'LOC*I  
¥ ( L G C ) : A B S I C F X I K F ( I | |  
CChTIKUE 
DO 430 I : |gJCURVE 
LmI*LuC6 
DG 420 K=LtL IMI l sJCURVE 
LCC:LOC~I 
Y i L O C I : A H S I C F X I N F ( K ) I  
CChTINUE 
C C ~ I | ~ U (  

PLTq |bO 
PLTR 161 
PLTR 162 
PLTR 163 
PLTR 164 
PLTq 165 
PLTR | 6 6  
PLTR | 6 7  
PLTq 168 
PLT~ 169 
P L I ~  |TO 
PLT~ 171 
PLTR | 7 2  
PLTK 173 
PLIR | ? 4  
PLT~ X?9 
PLIR | ? b  
PLTR |??  
PLTR | I S  

t ;CALLu~CALL*I PLTR | 7 9  
CALL AL~OPT |XoY,L|H|TelPTSI|L/STtJL|STwKL|STt|SHC$#LgFX~ (NFAt I39PLTR 1~0 

|TtNCALLtNCUKVEoJCURVE| PLTR |81  
LOC-O 
O0 450 I B I ~ L I ~ | T  
X I I ) " X X ( I )  
IF IIUN|T.(g.161YIIInABSISTINFII|| 
CCN1|NUE 
IF | | U f l l T . F Q . l b )  GO TQ 500 
IF (LSCC.FQ.G) (,0 TO 470 
OC 460 | - l o L ~ C n  
LOC-LOC*] 
¥ ( L Q C l = A f i S I S 1 1 N F ( I ) |  
CC~TINUF 
DO 490 [ - I t JCURVE 
L u | ' I O C B  
DO 480 KuLtLIMI1oJCURVE 
LOC=LOC÷| 
Y | L Q C | = A B S ( S T [ N F i K I |  
CCh l I~UL 
CCkTXNUE 

PLTR 182 
PLTR | 8 3  
PLTK | 8 4  
PLTR |8S 
PLTR | 8 6  
PLTR | 8?  
PLTR 158 
PLTR | 8 9  
PLT~ |qO 
PLTR |9L  
PLTR 192 
PLTR 193 
PLTR 19~ 
PLTR |qS 
PLTR 196 
PLTR l q T  
PLTR |98  
PLTR | 9 ?  

hCALL-NCALL4|  PLTA 202 
CALL AEk(JPT |X,Y,L|HI1tlPTSeJL|ST,JL|SToKL|SToIOHSSAGT | N F A e | O ~ 6 t N P t T A  2 0 |  

|CALLtNCUKVEtJCURVEI "PL~R 202 
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• .-. LCC-O 
~ . .  DO SlO I - l e L I H I T  
, :  X f | ) e X X ( ; )  
, ,  : |F | I U N I T . E Q . 1 6 I  Y ( I )=ABSIQ~CQkO( | )J  

|F I | U ~ I T . ( O . 1 6 )  C~ TC 560 
IF CLOCfi.EQ.O| 60 T G  530 
DO 520 |=I~LOCB 

• LCCmLGC*! 
520' YILCCJ=ABSIO~CQkOIJ}) 
5~0~ CChllf.UE 

, r DO ~50 |=L~JCURVE 
, uL- I iLOC6 q 
- DG 56U K=LoLIMIT~JCURVE 

LOC=L~Ctl 
-YILOCJ=AGS(QkOC~OIK)) 

CChllNUE 

.JCUN=O 
, • IF ¢ IUNIT .EQ.13 )  GG TO 590 

FPsO 
CC 570 | u | , L I P ; 1  
IF  ( C F n I h F | I I . C Q . 3 . 0 )  GO TO 570 
MM=~Mtl 

. X ( W ~ I - X X ( l l  
Y I K M ) = A B S I C r k | N F | X ) )  

S70 CCh~IhUE 
LI~DU~-HM 

• ; JCCuM=JCU~VE 
~LL=! 
.D~ .583  l u l l |CURVE 

IF | | P T S ( I I . E C . K ~ D 2 )  LL-2 
| P T D U H I I I s I P T S i | | - L L  
L L - |  

~80 CChTINUE 
GG TC 720 

5,90 DO 600 I = I . L I ~ I T  
X | ; I = X X ( | |  

600 CCNTINur 
IF ILOCR.EQ.G) GO TO 620 
GC 6 | 0  l u | t L C C 6  
LCC'LUC~I 

• 10 Y ILUCI=ABSICFWI~F( | | )  
620 CC~Tihu£ 

, DG 64Q I~|~JCURVF 
: LmI'LOCR 

." DG 630 K 'L~L |~ I I~JCURVE 
LQCsLOC.| 
Y ( L C C ) ~ B S I C F k | t , F ( K I J  

~30 CC~TINUE 
6~U CCkTINU[ 

DC 6S0 H~|,JCURVF 
650 - D U ~ P H | I H | - P H l l M }  

IF ( I U ~ I T . E u .  L 3 . A N O . P H I I I | . E Q . O . O )  GO TO 660 
£0 TO 700 

660 IF ( J C U R V ~ . ( C . | )  GO TO 74C 
h-O 

" : ICLMmIPTS I I )+ |  
. . DO 6¥0 I = I D U ~ e L I ~ I T  

~ ' k + l  

. X C N | ~ X ( I |  
Y ( K I ' Y ( I )  

170 CC~TINUE 
LI~DUM-N 

. |COUP:|CURVE-| 
. DO 680 Ms2~JCURVE 

680 " . | P I ~ U M i M - | ) - I P T S I H )  

PLTR 
PL TR 
PLTR 
PLTR 
PLTr4 
PLTR 
PLTR 
PLTR 
PLTQ, 
PL TR 
PL I'q 
PLTR 
PLTR 
PLTR 
PLTP. 

.PLTP. 
PLTR 

550 CChl IkUE PLTR 
560. I~C AL L,:'~.CA L L.e. 1 PLTR 

: CALL AE:ROPT (X'Y'LI"<'IT~'IPTS'ILlr'TwJLIST,KLISTt|6HQ$1'I'/Q&#W STAGaw|6PLT:~ 
Je |Ow KCALLo ~,CURVF BJCUKVE) PLTR 

,' • LOC=O PLTR 
PLTK 
PLTR 
PLTq 
PLTI~ 
PL TR 
PLTR 
PLTR 
PLTR 
PLTR 
PLTR 
PLTR 
PL T;t 
PLTR 
PLTR 
PLTR 
PLT~ 
PLT;t 
PL TR 
PL TR 
PLTR 
PLTR 
PLTR 
PLT ~ . 
PLTR 
PL TR 
PLT:~ 
PLTR 
PLTO. 
PLTA 
PL Tq 
PL T4 
PLTR 
PLT:t 
PLT;t 
PLTA 
PLT~, 
PLTK 
PL TR 
PL TR 
PL I'R 
PLT:E 
PLTR 
PLTmL 
PLTIt 
PLTR 
PLTR 
PLTR 
PLT~ 
PLII~ 

203 
204 
20S 
206 
207 
2C8 
209 
213 
2 IL  
212 
2L3 

215 
216 
217 
218 
219 
223 
:)21 
222 
223 
22** 
225 
228 
227 
22R 
229 
230 
231 
232 
233 
234 
235 
~36 
237 
238 
239 
243 

2*,2 
2~3 
244 
?45 
246 

245 
249 
25O 
25L 
252 
253 
2 5~ 
255 
25b 
257 
258 
259 
260 
2h i  
262 
263 
26~ 
265 
26b 

268 
269 
270 
271 
272 
273 
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JDUM- |  PLTR 2?6 
DC £gO Me| tJCDU~ PLIR 275  

690 P H I I ~ I s U U ~ P H | ¢ M t | )  PLTA 276 
GO 1C 720 PLTR 27T 

TOO LI~DU~=LI~%T PLTR 278 
jCCU~aJCUkV [ PLTA 279 
0 0  7 |G ~ : I t JCURV£ PLTR 280 

1 | 0  | P T ~ b v ( ~ | : | P T S ( ~ |  PLTR 2 8 |  
T20 NCALL: f ;CALL~b PLTR 282 

CALL A~RGP! (X,Y,L|HOU~PTDU~e1L|STtJL%STeKLI.ST~I2HC$¢~F?U I N F ~ | P L T ~  2~3 
|2eTet,CALL~hCLJRVE,JCDUFJ 

IF | J C U U . ( Q . G )  GO TO 7qO 
DO 73~ P:|~JCURVF 

?30 P H I I ~ I : ~ U ~ P H I ( H I  
~40 CChTI~U(  

LOC-O 
DO 75~ I - I ~ L I P | T  
X ( I I - X X ( I I  
IF ( I U ~ [ T . E O . 1 6 }  Y ( | ) : A B S I D E L S T R | I I I  

~ 0  CC~TI~UE 
IF I I u N | T . F Q . 1 6 )  GO TO 600 
IF (LCCB. EQ.CI GG TO 770 
DO ?6G |mI,LOCB 
LOC~L~C~I 

160 Y ( L ~ C | = A B S | D E L S T R I i | |  
~TO CC~TI t .U(  

DO T~O I ' lmJCURV£ 
L - I ~ L G C 6  
DO 183 K-L,L |MIT~JCURVE 
LOCmL~Ctl  
¥ | L O C I : A B S ( O E L S T R | K ) I  

T80 CC~T|~uE 

800 NCILL: t~CALL~|  

9OO 

910 

PLTK 28~ 
PLT~ 285 
PLT~ 286 
PLTR 287 
PLIR 288 

• PL I~  2~9 
PLT~ 290 
PLT~ 291 
PLTR 29Z 
PLTR 293 
PLTR 296 
PLTR 2gs  
PLTR 2gb 
PLT~ 297 
PLTR 298 
PLTA 299 
PLTR 300 
PLTR 301 
PLTR 302 
P L I ~  303 
PLTK 304 
P L I ~  305 
PLTg 306 
PLT~ 307 

CALL AEKOPT IX~Y~LIM;T~IPTSt|LIST~JLISTtKLIST~4HT~Dtm4~2eNCALL~CUPLT~ 308 
|RVE,JCI IRV£|  

8 | 0  IF IAkGLE.EQ.O.C .CK.KE~C2 .EQ.L |  GO TO 830 
IF  | | U N I T . E Q . | b l  GO TD 840 
I U N [ I " I 6  
I=C 
I X A X I S - 4  
I V J X l S = |  
] L I S T - | S l P M 2  
JLISTmJSTkV2 
KLISTuKSTR~2 
DC 820 J = l , ~  

820 | P T S ( J ) : N P T $ ( J , 2 )  
GO TC , o  

R30 hC~Rv~:NCURVE-R 
84G CChTIt,UE 

] X A X I S = i  
I Y J X l S = 2  
IF i A k G L E . E U . C . O . C ~ . K E K D Z . E Q . I )  GO TO |OTO 
DO 86G J : l e q  
|F  ( L P ~ I ~ 1 | J ) . E Q , ~ )  GC TC eSC 
OPARM|J|=XSTA|LPL~T(LPCg~T(J)}I 
6C 1G 8GO 

ebO O P ~ U l J ) : | . @ ( - 6  
~CbKVE:NCURVE-§ 

860 CC~TI~.UE 
| S L B L s |  
| U ~ I T - 1 4  

B~O KKK=O 
8BO KKK:K~Kt |  

I F  ¢OPAR~IKKKI .EQ.E.OE-61  GO TO | 0 8 0  
890 NBEG:E 

~ ( k O - l E  
ICURV£~O 
I C L R V ~ : I C U R V E t l  
IF I |CURVE.EQ.SI  GO TLI q40 

PLTK 309 
PLTR 310 
PLT~ 311 
PLT~ 3 | 2  
PLTR 3 | 3  
P L I ~  3L4 
PLT~ 31S 
PLT~ 316 
PLTR 317 
PLIR 318 
~LT~ 3 | 9  
PLT4 320 
PLT~ 32 |  
PLT~ 322 
PLT~ 323 
PLSR 326 
PLTR 325 
PLTK 326 
PLT4 321 
PLTA 328 
PLTq 329 
PLTR ) 3 0  
PLT~ 3 3 |  
PLT4 332 
PLTR 333 
PLTR 33~ 
PLT~ 33S 
PLTR 336 
PLTR 33T 
PLTR 338 
PLTR 339 
PLTR 340 
PLTR 3~1 
PLTR 34Z 
PLTR 343 

READ I I u N I T ~ | | ) O t E N | ) - ~ U I  XCIICURVE|tPHIIICURVEIm|YIH|tF|MIoGIH)mT~L TR 34~ 
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• . J(MIeFiHI,EPLUS(MI,M-M~FG,HE~OI 
C kRITE 16,q7011UNIT,XCiiCukvEItPHIIICURVEI 
C ~. O0 T40 K ~ B [ G ~ M ~ D  
C ~RIT~ (6~980 )  Y(K|~FIK|~GIKJgT(KJtZ|K|,EPLUSIKJ 
¢ '  ." 740 C~NTIN~E 

IF ¢ I u K I T . E O . | ~ |  GO T~ 920 
IF (A£SIXCIICbRVEI-UPARH(KKKIIeGT.O.O0|) GO TO 930 

' • N~EG-YFND*I 
: FEkb=w[~O÷lE 

GO TO 90~ 
q20 IF iA~SIPHIiICURVE)-DPARV(KKKII.GT.O°O|| GO TO 910 

MEkU-~VND*|E 
' GO 1C ~00 

g30 IF ( I C U ~ V ~ . ~ C . I I  GG TO 690 
$40 JC~RV~=ICU~VF-!  

IF IJCLi~VE.EC.CI GO TO 1060 
L IH I I=JCURVF~IE  
GC g50 J=| ,JCUKVE 

~SO l P T S I J I ~ i E  
DO 960 l s I , L I ~ I T  

~60 Y Y ¢ I ) = Y ( I |  
DO 9 ? 3  I ~ I . L I ~ I T  
X I I I = F ( l l  

970 CCkTIqUE 
~CALL=~CALLt l  

PLTR 345 
PLTR 346 
PLTR 34~ 
PLTR 348 
PLTR 349 
PLTR 350 
PLTR 351 
PLTR 352 
PLT~ 353 
PLTq 356 
PLTR 355 
PLTR 356 
PLT~ 357 
PLT~ 358 
PLTR 359 
PLTR 360 
PLT~ 361 
PLTR 362 
PLTR 363 
PLT~ 364 
PLTR 365 
PLTK 366 
PLTR ~67 
PLTR 368 
PLTq 369 
PLTq 370 

980 

CALL AE~OPT (XgY*LIHIT~IPTStSHU/USEtS~4~3HY/Lt3~3tkCALLgKCURVE~JCUPLT~ 371 
IPVEI PLTA 372 

I X A X l S - 2  PLTR 373 
KGZ/RC=O PLTR 374 
DO 98G I - | t L I ~ g T  PLT~ 37S 
X I I J = G I I )  PLTq 376 
|F CX¢I I .GT.OoODO) KGZERCs| PLTR 377 
Y I I ) n Y Y ( I )  PLTR 3?8 
CGhTi%UE PLTK 37q 
kCALL=~ICALL*| PLTR 380 
IF (KGZbkO.E9.O) GO TO qvO PLT~ 38 |  
CALL AEROPT IXgY~L|H|IeIVTStSHklU£EgSeSe3HY/L,3~3sNCALLeNCURVEtJCUPLT~ 362 

IPVE|  PLTR 383 
990 00 l ~ C  I B I o L I M I T  PLTR 38~ 

X ( I ) u T ( I )  PLT~ 365 
Y I | I ~ Y Y I I )  PLT~ 38b 

]uO0 CCkTINUE PLT4 387 
~ C I L L ~ C A L L ~ I  PLTR 388 
CALL A~ROPT (XjYeLIMIII|PTS,SHTITLEtSI6m3HY/Lt3t3tkCALLmNCURVEtJCUPLT~ 389 

iRVE) PLTA 390 
i l A X I S - I  PLTK 3 9 l  
KZCk[uO PLYR 3q? 
OO J~IG iuE~L IMIT  PLT~ 3q3 
X | l i u l l [ I  PLTq 394 
IF ¢ X ¢ I ) . L T . I . O U O I  KZCkE- I  PLTq 395 
Y ( I J u Y Y | I )  PLTR 39b 

IOlO LChTIJ;UE PLTq 3q7 
NCALLu~CALL41 PLTR 396 
IF IKZ~NE.EQ.O) GC TO 1020 PLTR 399 
CALL AFROPT (XlY*LIMIT*IPTS*IHZI|*I,3HYIL,3131NCALLgNCURVEoJCURVEIPLTR 40Q 
GO 1~ 1030 

1070 kCUkV£=NCURVt- !  
1030 l X J X | S : 3  

KEPLUS:O 
O0 1040 ] ~ I , L [ ~ Z l  
X ( I J = C U L U S i ] |  
IF ( X ( | ) . G T . C . O 0 0 1 K E P L U S u l  
Y I I I ' Y Y I I )  

10+0 CC~IINUE 
NCALL~NCALL*I 
IF (KEPLUS.EG.O) GO TO IGSO 

PLTA 401 
PLIR 602 
PLTA 403 
PLT~ 404 
PLTR 405 
PLTK 406 
PLTq 407 
PLTR 408 
PLTR 409 
PLTR 410 
PLTR 4 | 1  

CALL AEROPT (XIYtLIHITt|PTSeSH?LE~e4v2o3HY/Le3,3tNCALLeNCURVEIJCUPPLTq 412 
I V E |  PLTR 413 
GG TO 1060 PLTR 6 | 4  

|OSO hCbRV[RNCUKVE-| PLIR 415  
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1060 IF | I U F I I T . E Q . E 4 1 R E ~ I N D  14 
IF I I U N I T . E O . | b !  REuIRO IS 
l X A X I S u l  
GO Tfl 880 

|~TO KCURV~mNCUFVE-2O 
1080 IF | I u ~ I T . E U . I S )  GO TO I I | 0  

|XAXIS~I  
I U h I T ~ | S  
DO 1100 J = l , 4  
IF ( K P O I ~ | J | . [ Q . O )  GG TO lOgO 
D P A R ~ I J J ~ D U ~ P H I ( K P C | N T | J | |  
GG TG | 1 3 0  

1090 D P A R P i J ) = L . O ~ - 6  
N£U~VE=~CLIPVE-S 

1100 CC~TIKUE 
GO IO 870 

1110 CCkTINUE 
8ETURN 

( 
C 920 FORMAT I I H l e 3 X t l 3 I  
C ~60 FOPHAT 1 2 X ~ T t b X ~ E i 2 . 6 1 )  
¢ ~SO FOPMAT ( 6 X , S l b X ~ E 1 2 . ~ ) )  
C q~O FOPMAT | 1 0 X ,  I 3 , S X ~ E | 2 . b t S X ~ E 1 2 * 6 1  
C ~8G F O R H A T ' I 3 X ~ b I 3 X ~ E I 2 , 6 | )  
C 
1120 FCPMAT | 1 0 E 1 2 . 6 )  
I I 3 U  FCRHAT I 2 1 2 S C E I 2 . b I , I G 2 F | 2 * b J  

ENO 

PLTR 4 | 6  
PLTR 417 
PLTR 4 | 8  
PLTR 4 | 9  
PLTR 420 
PLTR 4 2 |  
PLTK 422 
PLTR 423 
PLTR ~2~ 
PLTR 42S 
PLTR 426 
PLTR 427 
PLTR 428 
PLTR q29 
PLTK 430 
PLTR " 3 |  
PLTR 432 
PLTR ~33 • 
PLT~ ~3~ 
PLTR 435 
PLIR 436 
PLTR 437 
PLT~ 438 
PLTR ~39 
PLTR 440 
PLTR 4 4 |  
PLTR 442  
PLTK ~43 
PLTR 44~ 

C 
C 
C 
C 
C 
C 
C 
C, 

i 0  

SUBROUTINE PCLY |TENP~KOEGRtA~CI 
IRPLICIT  R E A L e ~ ( A - H , O - Z I  
O l~EkS|O~ a¢61 

EVALUATES POLYNOMIALS USING HORNEReS RULE 

TEMP • TEVPFRATURE 
KOEGR m OEGRFE OF POLYkOMIALS 
A m POLY~CMI&L COEFFICIEhTS 
C • VALUE GF PCLYkC~|GL 

KO=RDEGRe| 

DC JO |= | ,KOEGR 
KC=KO-| 
CmlE~PeC*AiKC)  
RETULN 
EkD 

POLY | 
POLY 2 
POLY ) 
POLY' 4 
POLY S 
PQLY 6 
POLY 7 
POLY 8 
POLY 9 
P~LY 10 
POLY | !  
POLY 12 
POLY 13 
POLY 14 
POLY | 5  
POLY | b  
POLY |T 
PGLY 18 

SURRCUTINF PRCPTY PROP | 
|MPLICIT  REAL*8 I A - H t C - £ I  PROP Z 
mEaLS8 KOSEtLExLAPtLE~TkR PROP 3 
¢CP~CN IDFPVA~/  F|2,|OI,31,Fh(2t|O|eSIoG(Zt|OI,SItGKIZ,IO|eSI'T|2IPROP 4 

|]OllSitT~12,1Oi,31tZl2tlOl,Jltlhl2,lOlt3ltCIlO|JeCNIl~ll~Y(lOL|lYOP~'l = S 
2 L | I O I | , R G k C E ( k 0 1 |  PROP 6 

CGffJ40h / ( r G 2 /  pE2,TE2,LE2eVE21CPE2nXIDT[2flXIOUE20XIgVE2DXIOPEZOWtOP~OP 1 
|UE20HtnVE2U~tOTL2OW~A~UE2,R~MU~,N2,R~CE2,REX2 PAGP 8 

¢CMFGN / F R S T R v /  RHn INF tP |NF tTFS~UFSt= tPRL j~ t  xHA PROP 9 
CO~MGN /GASPRP/ L~LAM||GIJ,LE~Tkfl(|OII,PRANOLiIUII~PRANDT|IO|)tCPPRUP tO 

I(|¢||~GAH~A(IOI|,XNU(|O||,Pil~Itb||e)ISIJ~(|:t) PRO p 1 |  
CC~HGN /GVCH/  ALPHAIIhETACoNCSEoRN(:SE~LSTtAeXXtNX PROP |Z  
COMKON / I ~ T E G R /  |E,|MwK(~DtKENDZeKLXtK*LI~ULNT|*|NOtKPRTtLDRTeKPR~PR~P 13 

|LPR P~OP l ~  
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~ .  CGPHON /OUTPUT/ CFHEOG,CFk|NF~CFXEOG~CFXSNFvCHEDGEtCHINF~AMACHE,DEPPQp 
~ ' ,  |L~Ck,Ok|NFgQkOUHO:S~S1EUb(~STINF,TAUETA~IAUX,0ELSTX,DCLPHI,TH~TAXtPKGP 

• 2TPEPHI PROP 
" COHHON /STAG/ PSTAG,TSTAG,PNCeO~STAG~HSTAG~HE PR~P 

~, - CGHHCN /SURFAS/ C~6LL~CkZN0,PEHI~D*VkALLeTkALL,XTHISOOIeT~XISOOIeXPROP 
• |CIISCOItCIXiSC3)tHWALL,TC~,KCI.KT. PRO p 

, : ' -  CCPHEN ITMPRTRI TEMPiIOiJeTOTE(iO|I~TPIIOLII~TWeTR PROP 
," COMMON ITRANS~I KT~ANS~KL~SET~XiF,CH|2||OII~C~I~AX~XBAR PROP 
~.,°- CCYMCN / T ~ L H T /  ASTA~,AKSTAR~ALAH~A~Y~UUL,EVSCTY||01)~PRT~EOYLA~eEPROP 

JPLUS||01I~ALFT,LAMT~5 PROP 
' ,' CCRHCN /X|CO~C/ X |~XXI ,OXI~XI~L~,DXDXI~DXOXX|  PROP 

". , CUPHON /XS~LVE/ XSTACi0GJ~CX~AXI~X,DX~L~)~DXI,~S~LVE PPOP 
~ CGPMCN /ZCCUPO/ FTAJ~FtETAFAC~ETA(|O||e~TA(I~|I,AL)TESTeKADETA PR~P 

DIMENSION U | | 0 I I t  r S i | ¢ l J ,  Z2 |1011 ,  ~2 (2011 ,  G S I I C [ I  PROP 
~ .  DATA ~LUNT~SHARP/~HULU~TI~t,$PA~P/ PPOP 
", . I F  INGSE.EG°S~AKP| S:XIXSTA(NSCtVE|  PROP 
", I'F (NOSE.E0.BLU~T| S:X/RN~SE PROP 

DC | 0  J : | . | E  PROP 
" , Z 2 I J I = Z ( 2 ~ J , 2 )  PROP 

F S I J I ~ F I 2 ~ J ~ S )  PROP 
G S I J ) = G I S ~ J , 2 )  PROP 
IF  | K . E O . | |  62 (J | 'O .ODO pROp 

~ ' "  ; 121J l s112*J~  2) PROP 
| 0 " .  "TEPPIJIs(TS(JI~hE-UES**2*IFS|JI*~2~G2|J)*~2I/2.0DO|/CPIJI PROP 

• LPRIuLPR PROP 
' '  LPP" - |O  PROP 
c . .  'G'ALL P|XTUR (TS*TEStUES*PE2*LE~LAMgPRANOLtCP,GAHMA,C,CNeXHU~RHO,ROP~P 

|ROE • 72, Ir2 g G2, HSUI~ | 
.LPk"LPR1 ," 

C 
C THE CUTPUT OUANT|TIES ARE CALCULATED 
¢ 

I F  |L.EO.I .AI~C.NOSE.EO.SHARPI GO TO SO 
C 
¢" CALCULATE PHYSICAL ~,ORPAL OISTAhCE PROFILE 
C" 

OELST X- , ) .000 
OELPII[=O°O00 
TI~EIAX=C'.CO0 
THEPt*i,.,O .OO0 

.(HIMAX:-G.ono 
CHI2 iJ  I=G.0O0 
G21E,,G(2, 1E,2)  
IF  (GZI [ .EQ.0 .ODCJ GS iE - I .CD0  
Y ( I  I=~,.0DO 

, YCL f ! I-,,1. GCO 
IF  IX i .EO.O.COOI  YTRAhSmI.Cf)OIPNC 
IF  iX I .GT.O.ODOI  YTRANS~CSORT ( 2.0DO~'XZ I / |  RHOEZmUC2q, R2) 

C ~. ' ' 

C .CALCULATE CISPLACEPEf~T AKD HCHENTUM THICKNESSES 
C 

'CO 20 J , , 2 . |E  

PROP 
PROP 
PROP 
PROP 
PROP 
PROP 
PROP 
PPOP 
PROP 
PROP 
PROP 
PRO p 
PROP 
PROP 
PROP 
PROP 
PROP 
PROP 
PRO p 
PROP 
PROP 
PROP 
PROP 
PROP 
PROP 

¥(J|wY|J-|)~YTRANS*fi.OOO/ROROE(J|+|.ODO/ROROE|J-I)I~OETAIJ|/2.0DOPKOP 
Y O L i J | = Y I J I I X S T A ( N S f l L V F I  PROP 
CELSTX=OELSTXeYTOA~S*|||.~OU/RCkOE(J)-F|SwJ,2)|.(I.OO0/RORUE|j.|)-pKOp 

| F ( g B J - | , Z I I I * O E T A I J ) / 2 . G ~  PROP 
THETAXsTH~XAX*Y?RANS*(F(21JgS)*fl.O00-F|21JtSIItF|SpJ-|~2|*||.ODO-PROP 

| F ( S t J - I w S I I I * G E T A I J I I S . G f u  PROP 
' I~EPH| . IHEPI I |4yT~A~IS.  I G | 2 , j ,  ZI/GS|Fa|i.0DO_G(StJ~SI/,G,Z;E)tG(Ztj_I,ppop 

|2)/GSIE*(I.OCC-GI~,J-I,ZI/G2IEII*OETA|J)/~..~3 PKOP 
DELPH|'DELPHI*YTRANS~iII.uD~/~GPOE(J)-G(2uJ,2I/~SJE)*(|.0DO/RORO~IPROp 

|JIrGIS~J,SI/GSI~|)*~ETA(JI/Z.OOG PKCP 
CHIS|J)sYIJ|O*SeFhIZ~JtSI~RU~OFIJI*SS*RHOE2*U~2*|Z.DOOtYTRANS)/XHUPROP 

l l J )  PROP 
IF  I C H I Z I J I . G I . C H I M A X )  CHIHAX-CHIS IJ |  PROP 

20 CONTINUE PROP 
¢, PROP 
C (ALCULATE BOUNDARY LAYER THICKNESS PROP 
C " PROP 

DO 30 h ' | , t E  PROP 
U ( k l s F I S t N p 2 I  PROP 

15 
I6  
17 
18 
X9 
23 
2Z 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3S 
3b 
37 
38 
39 
40 
41 
42 
43 
~4 
4S 
. 6  
67 
46 
49 
59 
S! 
52 
S) 
54 
SS 
$6 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
6q 
TO 
71 
72 
73 

75 
76 
77 
?a 
79 
80 
81 
62 
83 
84 
8S 
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I 

30 
40 
¢ 
SO 

60 
C 
¢ 
¢ 

C. 
?'3 

IF  I U I N I . G E . 0 . q 9 S O 0 |  h k - K - |  
IF I U I N i . G E . C . Y q S O 0 )  GC TO 60 
CC~I lNUE 
OEL~YINN)*IY|KN~II-Y(NkII~C0.q~SO0-UINNI|/|U(NN~|)-UINN)| 

CCkTIhUE 
REX2-RHOE2eUE2eXIAMU~2 
APACHC-UEZIOS~RTIGu~TE2I  
RECrAC-PRANULII|~e(I.CCO/OFLGATILAMTRS~||) 
TAb~TSTAGtRECFAC~TFSt(IeCDO-REC~AC) 
IF  (X . [Q .O .OCO)  G~ I 0  60 

CALCULATE SURFACE PARAF~TERS 

OMOETA=GH(2, | .2 I  
I f  I K . [ d . I . U k . K . [ Q . K E h C I  UwOETA=O.OCO 

PROP 66 
PPnP 87 
PROP 88 
PROP 89 
PRqP gO 
PROP 9 t  
PROP 92 
PROP q3 
PROP q~ 
PROP RS 
PROP q6 
PRO p . 97 
PROP 98 
PROP 9q 
PRom |CO 
PROP 10|  

CFXIkF.2.~CO~C(IIt~CHU2eUE2~e2eR2eFN(2|Ie2)IRHOIKFIUFS~e21OSQRTI2.P~OP 102 
1 0 0 0 ~ X l l  PRO p 103 
CFkI~Fz2.0OOtCIII~RO~U2aUE2e*2tR2~GkDETAIRPOINFIUFS~*ZlOSORT|2.0OGPR~P 106 

| * X l l  PROP IO5 
CF)~OGm2.0D0sC(|I,A~UE2e~2*FW(2,|~2I/OSQRTI2.GO0eX|| PROP 106 
(FkE~G.2.OCGeC||IvR~FU2eUE2eK2*GNI2~|t2)/RHjF21U~2/USQRTI2.ODO~XIIP=UP 107 
OHINF~TCONklCPil)~RHC|IIeUE2*R2/DSU;TI2.0UO~XEIsIHE~TN(2t|~2I~HE~fP~OP |C8 

|LEVLAHII)-I.CDO)~HSUHCI)eZN(2,|,2)IIRHOINFIUFS~e3 PROP lOg 
D ~ I N F s Q ~ I N F o ( - | . G G 0 )  PROP i l O  
I A U X z C F X I h F t P H C I ~ F e U F S ~ ? I 2 . O O 0  PROP l i t  
1AUETAzCF~IhF*~NCI~F*UFS~212.G£O PROP 112 
OkmOklKF,PHQ]NF~UFSe~3~|.ZEbC.G3 PROm 113 
IF IL.(~.2.AhD.t.OSE.EQ.SPAAP.ANO.K.EQ.Ii QkSTAG:Qd PkOP | 1 6  
OkCGhOuOdlQdSI~G PROP 115 
STEOGE--O~/K~0E2/UE2/IhFeII.CO0-Ti2~I|2III~TT3.3DO PRom | 1 6  
CHEUGEz_O~IRHCEZIUEZICPI|)ICTAk-TkALL)*778.300 PROP ! 1 7  
GC 10 70 PROP i 1 8  
IF (NCSEeEQ.SHARPI GO 10 70 PROP | | q  

PROP | 2 0  
CALCULATE HEAT TRANSFER FOR A ELUNT C~NE STAGNATION POINT PROP 121 

PROP 122 
Ok|hF~ICONklCFIII,FNC,RG;uEII)~IH~,TNIZ~I,2I,HE~|LE~LA~I|)-I,0DC|~PR~P 123 

IHSUHIl|'Th|2tl121IIkHO|~FIUFSI83 
O k I ~ F a O w I N F * I - I . O D O )  
Ok~OkINFsRHOl~FtUFSue34~.28bC"C) 
QkSIAG-OM 
OVGGkG=I.ODO 

C C k l l k U £  
ST|~Fw*QWlPHCINFIUFSIIPE~I|.ODO-TI2t|~2I|I.*T?O.3DO 
CHI~F--UWlRHCINFIUFSICPILIIITAn-TWALLIOT?6.3D0 
RETURN 
Eh© 

PROP | 2 6  
PROP | 2 5  
PROP | 2 6  
PROP 127 
PROP 126 
PROP 12q 
PRO p 130 
PROP 131 
PROm 132 
PROP 133 
PROP 136 

SUBROUTINE SPARPi (CRWBI SNAP | 
IRFL IC |T  REAL*81A-H ,U-Z I  SHRP 2 
REALB6 NOSE SHRP 3 
CCMN~N /EDGE/ UECCtTEflGtVSOGwPEOG,OTEGt)X,OT~GOMpDUE;OXtDUFGOWIOVEGSHRD 6 

t~X,OVEbDb,CPEGOXtGPFGGkjU2PO~2ekHOIDGtA~U[O3,~GHUEG SHRP S 
¢CPHCN IFkSTRK/  RHt)INFIP[NFtTFStIJF~I~tP~LtGgXX~A SHRP 6 
COPFDN IGECMI AIPHAtTh~TACeN(SreKtli:SEe~LSTeX,XXINX SHRP ? 
CCMHGK / |NTEGRI  ILelMeKE~GeK~D21KLXIK*Le~OLNr|IINntKPRTILPRTgKPRtSHRP 8 

|LPR SHRP 9 
CCNMCN IPOLYCCI CPAIKL(61tCPAIRHCb|,ENAIRLIb)~ENAI~HfG|jCNUAIRIG|~SHRP IO 

|CMUHFIbI,UIFH£(&I,C~IIAR|GIwUIFARCb)tCPC~ZL|6|,CPCG2HI&I|fNCO2LIb|tSHRP | t  
2ENCOgIt(GI~CMUCUTI~I~OIFCF2(61 SHRP |2  

CCMMUN /STAG/ PSTAGvTSTAG~PNC,gwSTAG,tISTAG,HE SHRP | 3  
DIMEhSION APSKibJt  AkHOS( |S Ig  A C F P H I I | S I t  A V S | I ~ I t  A l | 5 ) e  6 ( | S l t  CSHRP 16 

| | | S l y  ~ ( | 5 1  SHRP |S  
SHRP 16 

FOURI(R COEFF|CIENTS ARE READ IN ALONG NITH AXIAL DISTANCE SHRP | 7  
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SO 

60 

£, ' FRCN UhiT lO 

I f  ¢ALPHA.EQ.G.OOO| GO TO TO 
~' R|AD 1 | 0 )  XS*APStARIIGSeACFPH|tAVS 
',* eACKSPACE |0  

IF |&LPHA.EQ.GeGO0} KLXz7 
'" ' "  DO | 0  J ' | o K L X  

A IJJaAPS(JJ  
B (J I=ARHOS|J |  
C | J I = A C F P H | ( J |  

'~ "D | JJ~AVS(J |  
] 0  ' CCkTINUE 
i: PlabJRCOSf_|eOOO | 

• A P h / : ~ * O O O  

" '  DEG=O.CDO 
IF |KEKO.EQ. I .QR.ALPHA,(O.O.COO) GO TO 20 

~' DEGu|sC.OUO/IDFLOAT|KENDJ-|.GDO) 
APH/u-DEG 

20 CCkTINUE 
• , KKLmKLX-| 

DO 30 I : | : K  
30 APH]=APHItDEG 

' IF  ( L * E Q * I * G P . K . E Q . K E k C I  APHI=APHI- | I .OOO-CRNG)~DEG 
' ' P H I = A P H I * ¢ P l / | G C . ~ O 0 |  

~SbMmO.ODO 
PSUM-O.ODG 
RHCSUM-O.OOG 

• ' PHISUY:O.OCO 
' ' VNSUM=O.CDO 

' :  'PNSUM'OoOGO 
PNkSUH=O.~DO 

'RCkSUM-O.CO0 
' ' '  PHkSUMnUeOCQ 

• ' OO qO J : I . K L X  
Z~DFLOATIJ ) - I .ObO 
S U F | ~ A ( J I e O C C S | Z t P H I }  
PSUHRPSUH*SU~] 

' S U P 2 : B | j ) a O C C S ( Z . p H [ |  
~HCSUHIHH~SUP*$U~2 
SU~4mDiJ I *CCCS(Z*OH|)  

"¥SUM-VSU~*Su~4 
-SUPS=-A i J I~Z*OS IN IZ~PHI )  
PNSUM=P~SUFtSUU5 
SUR&~-F |J I *~*DS~NCZ*PHJ|  

'RCkSUM'RG~SU~*SU~6 
s ' S U ~ 8 = - D | J I e Z * O S I ~ I ~ * p h | }  

VNSUP=V~SU~*$U~8 
S U M g n - A f J ) * ~ * * 2 ~ C O S | 2 e p H | )  
PkkSUM'VNNSU~*SUM9 
CC~TI~U( 
00 SO J ' i t K K L  
H~CFL~AT(J |  
S U P 3 ~ C I J ) * U $ ~ I H a ~ H | |  
PH|SUH=Pf l lSu~tsuu3 

" S U ~ T ~ C I J I * H ~ C C S f H ~ O h | I  
' 'PHkSu~:PHNSUMtSUM? 

CC~TI~uE 
IF ( K . t i E . | )  GO TQ 60 

• PHESuH-o.O~O 
RChSU~O.OCO 
PNSUM*O.ODO 
CC~TItJUE 
P[OG~PSUK*RItC|NF*UFS**2/G/XXP&~*2 

' 'RHCEO~sRftOSUPeRHG|flF 
V~SUM 

' (FA~PHISUM 
UEDGtVeDCGSICFA|eUFS 
VEDG'V*DSINICFA|~UFS 
D2PD~2sPNNSU~eRHCINF~UFS~21G/XXMA**2 
DPEG~k~PNSuH*RHOIh~*UFS**2/G/XXHA~*2 
DRCOP'~ONSUM~IIOINF 

SflRP 18 
SHRP 19 
SHRP 20 
SHRP 21 
SfIRP 22 
SflRP 23 
SHRO 24 
S|IRP 2S 
SHRP 26 
SflRP 2? 
SHRP 28 
SHRP 29 
SHRO 30 
SHRP 31 
SHqP 32 
S)IRP 33 
SI4~P 3~ 
SHqP 35 

• SHRP 36 
SHPP 37 
$HRP 38 
SHoP 39 
SHRP ~0 
SHRP 4[  
SHRP 62 
SHRP 43 
Sf|RP ~ 
$HRP 45 
SHRP ~6 
SHRP ~? 
SHkP ~8 
SHRD 6q 
SHR~ SO 
SHRP S| 
SHRP 52 
SHRP 53 
SHRP 54 
SflRP 55 
SHRP 56 
SfIRP $7 
SHRP 58 
SHRP $9 
SHRP 60 
SHRP 61 
SHRP 6Z 
SHqP 63 
SHRP 6~ 
SHRP 65 
SHRP 66 
SI|RP 67 
SIIRP 68 
SHRP 69 
SHRP ?0 
SHRP ? |  
SHRP 72 
SHRP ? )  
SHRO 74 
SHqP ?5 
SHRP 76 
SHR p 77 
SHRP 78 
SHRP 79 
SHRP 80 
SHRP 81 
SHRP 82 
SHRP 83 
SHRP 8~ 
SHRP 8S 
SHRP 86 
SHRP 87 
SHRP 88 
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TO 

80 
90 
100 
C 
C 
¢ 

110 

DVEDPsVNSUM 
DPFUP=PHNSUM 
DVEGOk-I~VE~P~DSINICFAI~VeDCQSICFAI~DPHOP|eUFS 
TECGsPEOG/kHCCCG/R 
DTEGU~-I.CUOIk~ikHOEflGe~PEGDH-PEDG~flRflOP|IRlIOEDG~2 
DUEGDk-IUVEOP~DCCS|CFA|-V~OS|~ICFAIeDPHUPI*UFS 
COkTi~UE 
IF I K . G T . I I  CC TO 100 
IF ITEUG.GT.20~O,OOO) GO TO 80 
CALL PGLY I T E C ~ S , ~ N A I R L ~ H E I  
GO TG 90 
CALL P~LY CTECGeS~E~AIPH,HEI 
HEsHE~T~DGtUEDG~/Z°uOG 
CChTINUE 

CALCULATE X CERIVATIVES 

DPEGOX=O.ODO 
DTEGOX:O.ODO 
OUEGDX=O.OO0 
DVEGDX=O.ODO 
IF (AL~HA.NE.OeO00)  GO TO 110 
D2PO~2=O.OCO 
VECG=O.ODO 
OPEGb~O.O00 
D1EGOk'O.ODO 
DUEGO~=O.OC0 
OVEGO~O,ODO 
CChTINUE 
RETURN 
END 

SHAP 89 
SHRP 90 
SHRP q l  
SHRP 92 
SHAP 93 
SHRP 94 
SHRP 95 
SHRP 96 
SflRP q7 
SHRP 98 
SHR~ 99 
SHRP 100 
SHRP |O!  
SHRP 102 
SHAP 103 
SHRP 106 
SHRP lOS 
SHRP 106 
SHRP 107 
SHRP 108 
SHRP 109 
SHRP 113 
SHAP 111 
SHMP 112 
SHAW 113 
SHRP 114 
SHRP ! ! S  
SH~P 116 
SHRP 1 1 ;  
SHRP 118 
S~MP 11q 

C 
C 
T, 
C 
C 
C 
C 

1o 

20 

SUBROUTIN~ SOLVE ( W , # N t E E | , F F I t E D G B C l  $DLV 
IMPLICIT REAL*81A-H,O-ZJ  SOLV 
RE|LOB NOSE SOLV 
CCVKC~ ICNNVRG/ C 3 N V t N I T l I ~ I T 2 9 N Z T S o N I T  SOLV 
COMMO~ I F | ~ D I F I  AlIOlImB~IlOIIeB(i~|ItCCIiOiIeOnI|OII9OItOlI~[|IOIS~LV 

| | , C A !  S3LV 
CG~qC~ / INTEGR/  IEtIMoKENOtKEND2tKLXgKOUMtL~NSLNTIJINO~KPRT~LORT~KSGLV 

1 
2 
3 
4 
5 
6 
7 

|PReLPR SOLV 8 
COMMON IZCCO~D/ ETAINFtETAFACeETAilOlItDETAfIOII,ADTESTeKAnETA S~LV 9 
DI~E~SION ~ E I | O | I t  F F I I O I I t  W l 2 , I O i , S i o  k N i 2 t | G | o 3 |  S~LV ld  

S~LV 11 
SURRCUTINE SCLVF CALCULAIFS TFE SOLUTION OF A GENERAL PAP&P~LIC SOLV IZ 
PARTIAL D IFF [~k~T IA | .  EQUAIlOh WHEN THE TH~ @ . O . f .  IS REU~ESEN;E~ S~LV |3  
E¥ A SYSTEP Cr IMPLICJTt  ThREE-POIKT FINITE-DIFFEeENCE EQUATICqS. S~LV 14 
|FE lhbMAS ALGOklTHM AS SOLVE0 fly RICHTMEYEN IS USED TO SOLVE THE SCLV IS - 
SYSTEM. SOLV 16 

SOLV 17 
E E I i I - E E I  SOLV 18 
F F I I I - F F I  $OLV 19 
DO |O J - 2 , I M  SOLV 20 
APsA(J)  SOLV 21 
B P - B I J I  SOLV 22 
CPsCCIJ)  SOLV Z3 
OP-DtJ ]  SOLV 24 
E E I J I = - C P I ( n P * A P * E E ( J - | | |  SOLV 25 
FFIJI-(OP-AP*FF(J-|IIIIBP*AP*EEIJ-II) SOLV 26 
CONTINUE SOLV 27 
WIZtIEt2)mEDGBC SOLV 28 
Kn|N SOLV 2q 
DO 20 Ja21JE SOLV SO 
N|21K~2JmEEIKIeMI2,K*Ig2JtFF(K} SOLV 3 |  
K - K - |  SOLV 32 
CCkTINUE SOLV 33 
CALL DERIV3 ( U t 2 e 2 e E T A e I E e l t k N I  SOLV 36 
IETU~N SQLV 35 
fRO SOLV 36 
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. ' i  

i .  

;%  

-~ .o  

• r : ,  

. ,  

I 

C 

SUBROUTINF SPECSC 
"iMPL|CET REAL*OIA-H,O-Z) SPSC 
'RE~L*8 L~LA~,LEkTRR SPBC 

sPnC ¢CPHCN /CO~VkG/ C~NV~NITIgNIT2tNIT3tNIT SPRC 
¢C~MGN IOEPVAR/ r(2~IOI~3J*FNI2,1OI,3I,GI2~IOI~3),GNI2tlOI,31~T(2,S~SC 

||O|~3I~T~I2,101,31,Z(2,tOI,3|~Z~(2,101~3),C|I91),CN(IOLI~Y(IOII,YOSpOC 
~ L f I O I )  SPflC 
'CCFHON /E~GE/ UtCG,TECG*VECG~PECG,DTEGDX,OTEGOW,OUEGDX,OUEGOH,OVEGSpqc 
IDX~DVEGO~OPEGOX,DPEC~k~D2PD~2,~HUEDG,A~UFqG,kC~UEG SPqC 
CCFHCN /kDGk/ Pfk~UEh~Vfk~TE~,~Pbk~X~OP[~ff,O~J(HUXtOUE~DVEWDX~DSPRC 

IV[k~OT[~DX~OT|hl)k~UPkO~tRHGE~tA~UFW~HU~ SPBC 
CC~qCN /l:RSTk~/ kFtC|INF~P|NFtTFS~UFSeRgP~LgQ~X½A SPHC 
C'O~HON /GASPRP/ L~kLAHIIUL)~LEkTR~II~/)tDRANI)LIIOlJ~pAANDT(ZOI|eCpsp~ C 

I||OI)~A~HA(ICI)'Xvu(IoII'kHCI/CIItHSuHIIGI| SPRC 
¢CFHCh / INJECT/ I~JCT~&CINJ~GAS2,CCOL:~ASTRN SPflC 
CCNHON /|NTEGR/ IE~IM~KE~U~K~ND2*KLX~K~LsN~LNT|~INO~KPAT~LPRTtKpRsSpGc 

|LPR SPflC 
CC~CN /SOLPNT/ Ck(IOlJ*CNkIIG||~V~||31I~Gd(12II~Th(IO1),~WNIIOII~SPBC 

IFMNI|OI)~F~IIGII~T-N|IGI):Z~IIOIIgZk~(IO|ItXI~,OXUXI~X~,RH SPqC 
CC~HCN /SP~RC/ ZkALL~lk~LG~BIDIFW,AHOOT~SINLST~Z~POStlkNEG~AN~EGSPBC 

]eARkPOS,~ALLV,ZkTEqC:N|TCHG SP~C 
¢CFHCN /$URFAS/ C~ALL~CkINO~PCNIND~VNALL~THALLtXT~|SOOI~T~XISOOI~XSPqC 

IC|1500J,CIXISOOI,KCI,KTw SPRC 
C(PHON /XSOLV[/ XSIAI|CuleDXKAXeDXeDXOLOtDXIeNSQLVE 

IF (NIT.EO.OI NITCHGmO 
IF (NIT.N~.NITCNGI £FTURN 
|F ( L e [ U . | )  CEI~DY=~SQRTI2oOOO*RHOII|*e2*OUEGDX/ROMUW) 

" ~  IF 4L .CT . I )  DETADY:~HC|IIeUFM*RW/OSQRTf2,0035X|WI 
bALLV=C~ALLs~HCIkFwtIFS/Pb~(ll 
ZWALLmDIOIFw/kALLV~ZNI2~It2IeDETAOY 
IF |N|T.EQ.O| A~DCTdaC.CUO 
PERCNTs|DFLUAT(~IT)*L.CCOI/ECO.ODO 
IF |N|T.EU.O|  P£RCNT~.dIDO 
ZNSLLmPERCNTeZWALL*C|eGOC-PERCkT)*ZkOLD 
IF IAqDUTWl 10o70,20 

|0. AHkNEG=ANDOTk 
~ E G s l d O L C  
SIGk--|oODO 
GC 10 30 

20 A~bPGS-AHDOTk 
ikPOSsIN~LO 
SIG~-t .0~O 

.30 IF (SI~LSTI 4Gf60,40 
40 . IF ¢S|GN*SINLSTI §O;bCw6G 
50 ZkALL=ZkPnS-(ZWP~S-ZmNEG|*aMHPDSI|ANwPOS-AHHNEGJ 
60 SIhLSTsSIG~ 
TU, (CkT|NUE 

IF |ZkALL.LT°OoOU3) ZWALLmOoO00 
|F |IWALL.GT.I.ODO) Z~aLLn|.OOO 

IF (Ke[Q. I I  ZkZERO-Z~CLC 
NilCHGuNITCHG~| 
REIURN 

ERI; 

SPiR. 
SPGC 
SP.qC 
SPBC 
SPBC 
SPBC 
SPSC 
SP 8C 
SPgC 
SP rsC 
SPBC 
sPoC 
spr i t  
Sp P.C 
SPBC 
SPRC 
SPSC 
SPRC 
SPP~ 
SPflC 
SP tic 
SD BC 
SP 8C 
SPBC 
SPeC 
SPnC 
SPBC 
SnBC 
SP OC 
SP~C 
SPBC 
SPBC 
SPOC 
SPBC 

| 
2 
3 
4 
S 
6 
7 
8 
9 

IO 
i t  
12 
13 
|4 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
2~ 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
~S 
46 
47 
48 
49 
53 
51 
52 
53 
S4 
55 
56 
S? 
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SUBROUTINE SPECIE SPEC 
|NPLJCIT R(ALee(A-f leO--ZI  SPEC 
REJL*B NgSE,LEdLA~eLE~IHP SPEC 
CCPHC~ IFPSTK~I ~H~INFsPINF,TFS.UFS,RePRLeQoXHA SPEC 
CGPNON IGASPRPI LEkLA~I|OIItLEkTRGILO|)tPKANDL(IO|IwPRANOT|IO|ItCPSPEC 

I|EOI]eGAq~IIOIIeX~UIICI).RHC(IblJot:SU~(IO|I SPEC 
CCP~N /GFCMI ALPHAoTHb~CI~CSE~AN(ISE~LSTtX~XX.~X SPEC 
CCM~N /IECC)EFI B~B2,P3,~I.C2eF|~FT~UE~AL~EPStCHIoWINOPT~U| SPCC 
CCPH~ / ]NTEGR/ IE,|MeK~hDeK~D2eKLX,KeLeNULNT|tlKI)eKPKToLnRTeKPRoSPFC 

ILPA SPEC 
CGMHON /PUECflF/ AOIIOL),AIILOII.A2(IOI),A~(LOII,AAClO[).A5(IOI) SP£C 
COFMON /SULP~T~ Cd(|3IJ~(~I|~L),VhlIOIItG~I|~|),Td(IO/I,~NILO|I~SPf£ 

l~k|lOllakdllOl|~IN;4|l~J)eZ~(lOJJeZ~N(LOlJwXldtOXOXZ~XhoK~ SPEC 
CCFHCrI /TR~tISNI KTKANSeK~NSETeXIF.CI01Z(IJIIeCHIMAXtXhAK SPEC 
COPMGN /1K~LNT/ ASTAReAKSIA~eALAMDAoYSU~L~EVSCTYIIOII~PAT~EOYLAk,FSPEC 

|PLUSI10|J~ALET,LAMTRR 
CCHflCN /X lC~RC/  X I .XX|oCXI ,X I~LG~OXDX| ,OxOXX[  
CO'NON /~CCURDI ~TAINFe~TAFACeETA(ICII,OETAIIOlJeADTEST~KAOETA 
DIMENSION RG~UI I IO I I e  R~PUI~ I IO I !  

C 
C SUBROUTINE SPECIE SETS UP THE COEFFICIENTS OF THE PARTIAL 
C OIFFERENTIAL SPECIES EQUATION 
C 

SPEC 
SPEC 
SP EC 
SPEC 
SPEC 
SP £C 
SPEC 
SPEC 
SPEC 00 ! 0  J = I e l E  

RCPUICJI:C~IJIe|LEHLAKIJI/PRANDLIJ|eLENTRBIJ|eXIFeEPLUS|J|/PRANDTISPEC 
SPEC 
SPEC 
SPEC 
SPEC 
SPFC 
SPEC 
SPEC 
SPEC 
SPEC 
SPEC 
SPEC 
SPEC 
SPEC 
SPSC 

I J l l  
I 0  CCkTINUE 

CdLL DERIV IROMUK,ETAelE~I.RCMUINI 
DO 20 J = I e I E  
A O | J | = - R Q K U | ( J I e U I  
A I I J J = V ~ I J I - F C v . I ~ ( J I * U !  
A 2 | J J a F H I J I e F I * D E e G u i J I e F 2  
A 3 | J J = C . O b O  
J 4 | J I J 2 . G O O o X | W o F . I J I  
AS|J IaDE*GmIJ I  
|F (KoEO° I I  ASIJJ=O°ODO 
CGkTl~UE 
aETURN 
END 

I 
2 
3 

5 
6 
T 
8 
9 

10 
IJ. 
12 
13 
14 
15 
16 
17 
18 
19 
2g  
21 
2Z 
23 
24 
25 
26 
27 
28 
29 
3O 
31 
32 
33 
3** 
35 
3b 
37 
38 
39 

10 

2O 

SUBRGUTIhE SUBLBL ¢XCRgYORI 
COKKON / L [ G L B L I  LG~Ow|SLFLt lUNITgKTJTLE 
(OYNC% / P k F [ L E /  XC~PHI 
DIME~SIO~ XC(51, PH I (S |  
~ i l J  L I S 1 J I J h ? U = I t L I S I 2 1 2 H S B I  
IF i i U ~ I T . E G . I ~ i  GO TO IO 
LBLARG-LISTJ 
LBCHaR=3 
NDECPL=I 
FLPNmPN|( | |  
60 TO 2O 
LELARG:LIST2 
LBCIIAR-Z 
NOECPL=3 
ELPN=XC(I I  
CC~TINUE 
D X = I . 5  
DYmIeS 
CALL SYMBOL IXOReOXtYOR-OYgO.ISILBLARG,O.O,LDCHARI 
CALL k~ERF (PCX, aCYI 
OX=O.Z 
CALL hUHBER IROX'DX,ROY,O. ISeFLPNeO.O, NOECPL| 
RETURN 
END 

SLflL 
SLBL 
SL qL 
SL BL 
SL BL 
SL•L 
SL RL 
SLRL 
SLBL 
SL qL 
SL BL 
SL BL 
SL RL 
SLBL 
SL BL 
St 6L 
SL 6L 
SL AL 
SLm. 
SLAL 
SL AL 
SL BL 
SL RL 
SL BL 

1 
2 
3 

S 
6 
? 

8 
9 

10 
U 
12 
13 
14 
IS  
16 
17 
18 
l q  
20 
21 
22 
23 
2~ 
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10 

20 .  

C 
C 
C 

3,1 
. 3  

SO 

60  
C 
C 
C 

SURRCUTIt;E TRBPRL (TAU~RETHET) TRPR 
IHPL IC IT  REALaBIA-H~Q-Z|  TRPR 
REAL~B LE~LA~gL~kTHf l~H~KM~NE|ER TRPR 
£CP~CN I b ( P V a k /  F|2e|OIt3)~F~I2~Iut,3I,G(2~|OIt3)gGN(2e|OIe3)tT|2~TRP~ 

|IOZ~3),T:|I2,1OI~3I~Z(2,1OI,3I~LhfZ~IO~J)~C||O|IeCN(IOII,Y(~O||~YOTRnR 
2 L ( | O ) I ~ C ~ C E I I O | )  TRPR 

~GFKCN ~ G G ~ /  PE~UE~,VEk,TEktUPEHUXeDPE~DHeDIJEWDXtDUEWDWtDVE~DXtDTRPR 
IVE~wtOTEwOX,DT(~k~UDkOk~KHOE~tAMUE~gPOMU4 TRPR 

CGFMCN IFRSIRPI  RHCINFgPINF~TFStUFStR~PKL~UtXMA TRPR 

I(IO|I~GA~HAI|O|)~XqU(ICII~HCIIOII,hSUH(IO|) TRPR 
CCKMCN I I ~ T F G R /  I~t|MtKE~UtKE~D~tKLX~KgL~BLNT|j|NUtKPRTtLPRT~KPRtTRP~ 

|LPR TRPR 
CC~MCN / S U R F , S /  C~ALL~C~IHD,P[~It~DtV~ALL~T~ALL~XT~IS~OItT~XI~GO)tXTRPK 

ICI(~CO),CIXISCOIeHWALL,ICG~,KC]~KT~ TRPR 
CC~N(~ ITPEL~TI AST&R,AKSTAR,~LAM~AtYSUBLeEVSCTYIIOI)ePRTtEOYL~W~ETR~R 

iPLUS( |~ I )~ALET~L~qTRU 
DATA ~CTTAtSHANG~CEBEC|~VE~ERIShROTTAeSHSHANG~SHCEBEC~SHNE|ER/ 
DIPEkSION TAU( [O | )  

DO BO ~ : I ~ I E  
IF (PRT.~E.RGTTA) GO TC lO 

RGITA~S TURBULENT PRANOTL NO. 

PRANDT(NI=C.gsoo-o.45DOe(Y(NJ/YSUBL|e*2 
GO 10 6~ 
CG~TI~UE 
IF (PRT.NE.SHANGI GO TO 20 

SFANGeS TURBULENT PRAEDTL NO. 

PRI=Ce3DO 
PR2~C.QDO 
PR~NCTIN)-PRIeDEXP(-IO.ODO*Y(~I/YSU~LI*PR2*(I.OD3-O.2DOeY(N|/YSUBLTRPR 

I )  
GC TC 80 
COEIlNUF 
IF (PKTohE,CEBEC|)  GO TO 60 

CEe~CZ'S TURBULENT PKAEDTL NCo' 

ED~NPn~H~I~I*UE~eRETI4ETIx~uI~IeloD-03 
CFC2:2oC~OeTAUII)/kIt~Ek/UFk**2 
VbPLU$'CkALL*kHCI~F*UFSI, H~I I ) /DSQFT(TAU|I ) /RHO(NJ)  
PPLUS:XHU|~|I;HC(~J/UEwe~2*DU(~CX~SQRTIGFG2I~s(-3) 
IF IV~PLUS.FCoG. .C~)  GC TO 30 

TR PR 
TRPR 
TRPR 
TRPR 
TRPR 
TRPR 
TRPR 
TRPR 
TRPR 
TRPR 
TRPR 
TR PR 
TRPR 
lrRP'R 
TR PR 
TRPR 
TRPR 
TR PR 
TRPti 

TRPR 
TRPR 
TR PR 
TRPR 
TRPA 
TRPR 
TRPK 
TRPR 
TRPR 
TRPR 
TRPR 
TRPR 

Ah: fXVl . . i  %1/Ji~'UEhJ(;IHG[-k/RHGI I1 )e t2ePPLdSIVdPLt )S* (  1 .GDO-DEXP( i I.BI)OTRP.I 
1o XFU | ; ) /X  ~U( F~ J *V ~IPLU5 ) J t [ ,  E XP ( 11 • 8D(,~ X~UI 1 )/XMsJ | r~ ! :ViCPLU$ | ) • * 0  • 25DOT ~ PA 
GC TG 40 
Ak~ I .CLO 
USF~IC=DSQqTCTAUI | | /RHOIN| ) *AN 
APLUS=2GoODOt14.g~3111.~O~I~AMPe*2) 

A~APLU$*XHU|kI/PHCINJeUSFkIC/USFRICt*2 
8~BPLUS*XqU|~J/RHL(~|eU~Fk|C/USFRIC*s2 
KNsOe400~G.|QDOI(loCD~tOe4%OCeZC~HFeeZ| 
KHaO.44J)~U.ZZDGII|.OI)O*Co42DO*ZDA~Pe*Z) 
IF ( N . G T . i |  GC TO ~ )  
PRANUTIN|RK~eB/(KMOA) 
GO TO BO 
PRJ~DTINi-K~*II.ODO-DEXPI-YIN|IAI|IIKHeII,ODO-DEXP(-YINIIB)|) 
GC 10 80 
CD~TIhUE 

RE|E'R°S TURBULENT NO. 

TRPR 
TRP~ 
TRPR 
TRPR 
TRPR 
TRPR 
TR PR 
TRPR 
T R PR 
TRPR 
1RPR 
TRPR 
TRPR 
TRPR 
TRPR 
TqPR 
TRPR 
TRO~ 
TRPR 
TRPR 
TRPR 

AQn3~o4DO 
Au2bo5~O 
AKBOo4DO 

i 
2 
3 
4 
5 
6 
T 
8 
9 

12 
! !  
lZ  
t 3  
14 
15 
16 
17 
18 
19 
20  
21 
22 
23 
2';  
25 
26 
27 
29 
29 
3O 
31 
32 
33 
34 
35 
)b  
3T 
38 
39 
40 

42 
43  
46 
4.5 
46 
47 
40 
~q 
SO 
51 
52 
.53 
5~ 
55 
56 
57 
5d 
59 
6O 
61 
62 
63  
6~ 
65  
66 
67 
68 
69 
TO 
?1 
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TO 

80 

AKl~,O.44?~O TRPA T2 
PRTINF-O.flCO TRPR T3 
YPLUS'Y|N)tDSQRT(TAU|I|ekHOIN||/XHU|N) TRPR TG 
IF (Y~LUS.GT°C.~OO) 6Q TO 70 TRPR T5 
PRANDTINImPKTiNF~(AQ/AIet2 TflPR T6 
GG TO 80 TRPR T7 
PRaNDT|N|=(IAK~(|eOOO-DEXPI-YPLUS/AIII/IAKQ=|~eOOO-DEXPI-YPLUS/AQIT~PR 78 

| 1 1 ) ~ e 2  TRPR ?g 
CC~TINUE TRPR 80 
RETURN TRPR 81 
END TRPR 82 

SUAROUT/tJE VCALC VCAL 
IPPL|C|T REALe8(A-HtO-Z) VCAL 
(OPHON /OEPVAR/ F|2eiO|I3ItFN|2eIO|o3)tG(21|OI~3ItGNf2p|O|t))tT(2jVCAL 

||OI*3I~TN(21IO|f3I*ZI2jIO|,3JeZN(2~I~Im3|.CI|OI|~C~I|O|I~y|IGIJ.YCVCAL 
2L I IOI ) ,RQRCC( IOI I  VCAL 

((PHGN / IEC~EFI B|~B2~B3~GI~GZ~F|~r2~DE~AL~EPS~CHI,~|NOPT~UI VCAL 
C~FNQN IINTEGRi |E~IH~KEND~KENO2~KLX~K~L~OLNT|~INOtKPAT~LPRT~KPR~VCAL 

|LPR VCAL 
CCPHGN /S~LPkT/  C~||O|)~C~(IC|)~V~(|3I|~GHI|Q||tTkIZOIJ~G~NIIO||~VCAL 

IF~N|IOII~F~IIOII~T~(I~I).~(ICI),7~NII~I.I,XId~DXUXI~,Xd~R~ VCAL 
(CFKC& /SURF,S/ C~ALL~C~iND~PE~INDeV~ALL~T~ALL~XTh|SOO|~T~X(5OO|eXVCAL 

|~||SOQI~CIX(5OO|~ALL~TCCN~KCIeKT~ 
CC~ON I~SCLV~/ Cb 

XI,XX/~D&I~XECLO~OXOX|~OXOXXI 
XSIA|tOv|~ox~ax~Dx~OX~LD~OX[~NSOLVF 
ETAINFgETAFAC~ET&(IG|J~OETAt|3|)~AUTEST~KAOETA 

CCXHON /XICQPO/ 
CC~KCN /XSULVE/ 
CC~PCN /ZCOORO/ 

THIS SUGflOUTI~E 

VHI||nVNALL 
DO SO J=211f 

CALCULATES ThE VALUE OF V 

IF | K . G T . I I  GC TC 10 
CGCNEaG~(JI 
DGCK2=GW(J-I) 
GO TO 30 

]3  IF (LeGTo| I  GO ¥0.20 
OGCwI= iG{2 ,J ,2 ) -G I~2 ,J , I | I /O~  
DGDW?=(G(2,J-Io2}-GI2oJ-|,|||/DW 
GG 10 30 

2~ UGOkI=IG(2oJI2)'G(21J,|IeGI|tJ,3I-G(ItJe2|)/2.0OO/D~ 
~GO~2"|G(2eJ'|.2)'G{2gJ-|t|)tGl|lJ-|.3|-GlltJ-|12)l/2°=DO/Od 

)3  GFDXI|:C.O~O 
DF[Xi2:O.O00 
IF ¢LoLQ.I )  GO TO 40 
D F C X l I ' I F I 2 , J , Z I - F I I t J . 2 ) ) / O X |  
OFCX|J'IFI2tJ-II2I-F(IIJ-II2|I/DX| 

+0 VkIJ)mV+IJ-|)-I2o~DO*XIN'IDFDX|IADFDX|2)tFNIJI+FwIJ-I|oDEwIOGDHIADVCAL 
IGOk21IBDETAIJ)t2.QgO VCA~I. 

S~ (CkTZNUE VeAL 
RETURN VC.AL 
EhO VCAL 

VC AL 
VC AL 
VC AL 
VCAL 
VC AL 
VC AL 
VC AL 
VC AL 
VCAL 
V£ AL 
VCAL 
VCAL 
VCAt. 
VC, AL 
VC AL 
VC AL 
VCAL 
VCAL 
VC AL 
VC &L 
VCAL 
VC AL 
VC AL 
VT.AL 
VCAL 

| 
2 
3 
4 
S 
6 
T 
8 
9 

tO 
11 
I |  
13 

15 
|b  
17 
18 
19 
20 
21 
7.7. 
23 
2~ 
25. 
26 
27 
28 
29 
] 0  
31 
32 
33 

35 
3O 
)T 
38 
39 
~0 
41 
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10 

23 

3 0  : 
40 

SO' 
60 
C 
C 
C 

SUBROUTINE WALL HALL 
IMPLICIT R E A L e 8 i A - H , 0 - Z )  HALL 
REAL~8 NOSE WALL 
CCPHCN /DEPV~R/ F I 2 ,  IOI~3I~FNI2,IOI,3I~GI2,1OL,3)~GN(g,tOI~3)~T(2tWALL 

[IOI'~3)~TN(ZeLOL~3I~ZIZ~LGI~3I,Z~I2,IOI~3I~Ci|OIJ~C~IIO|)gYII01I~YC~ALL 
2 L ( I O | ) , K ~ R C F ( | 0 1 |  WALL 

* CCHHON /EDGE/ UEDG~TEDGjVECG,PE~GzOTEGDXvOTEGOM~DUEGDX9OUEGOWtOVEG~ALL 
IDX~DV~GO~;CPEGOX~r)PEGI)k~U2POk2~RHOE~GeA~UEOG,ROHUEG WALL 

CCKMCN /E~G~/  PE~UEk~(kgTEk~OPFWDXgDP(kOk~OO[~OX~DUE~OWtD~EWOXe~WALL 
|V(k|)d~OT[NGX~OT~¼~N~PkC~PHU[k~AHUEN~RCMU~ WALL 

COPMCh /FPSTRP/ AH~Ir, F,PINF,TFS,UFS,R~P~L~G~XqA HALL 
CGPMCN /G[OH/  ALPHA,THET~Ct~ICSEeRNGbE.~LS~,XtXXsWX WALL 
CCMHON I|ECC1FFI ~LeB2efl3eultG2eFIeF2eOE~ALtEUSeCHIeWlNO~TeUL HALL 
CCVHCh I I ~ J E C T /  |~JCTe~C[hJ,GAS2eC0~LeMAST~N WALL 
CG~ON / |NTEGR/  |EeIHtKEkOeKENO2eKLXeKeLeNBLNTIeINDeKPRTeLPRTeKPReWALL 

|LPR WALL 
C~MHON /SOLPNT/ C~(|01),CNki|GII~V~(I31I,G~i|31),T~(|:|I,GW~IIO|),WALL 

IF~N(IOII,F~ILOtI,T.N(L01JtZWI|OII,ZkNI|O|)~X|dtDXOXI~XkeRd WALL 
CCHHCN /STAG/ PSTAGtTSIAG,P~C,GkSTAi, elISTAGtHE WALL 
COPHON /$URFAS/ C~ALLeC~I~OePE~INOeVwALLeTkALLtXTWISOO|jTWX(5OOIeX~ALL 

1Cl1503IICIXISCOIwHu~LLtTCCNdtKC|IKTW 
CC~HCN /TMPRTR/ TEMD(10LJtTGTEIIOIIeTPIIOIIt~TWtT8 
CCMHGN / X l C n k D I  XIeXXJ,OXIoXJGLD,DXDXleOXOXX| 
C~TA 8LUNT~SHARP/S~uLUKT,SHShAQP/ 
OAIA A~L,ATk /3HABLt3HATPl  
PI=DARCQS|- I .OOO) 

INTERPOLATE FCR VALUES OF CWALL AT THE WINDWARD STREAMLINE 

IF IHASTRN.EQ.O) CO TC 50 
iF  ( K . G T . I I  CO TO 20 
PEk|ND=PEW 

'~ IF ( K C I . E Q . O |  GG TO 20 
IF ¢ X d . G T . X C I I K C I J )  GG TC 50 
J ' 0  
J ' J * !  
IF I X H . 6 T . X C I C J ) )  GO TC lO 
|F C J . L T . 2 I  J=2 
IF ( J . G T . K C I - l l  J = K C I - I  
CALL INTEA3 IXX~XCIIJ-IlBXCICJ)tXCIIJt|I,CIXIJ-IItCIXiJ)wCIXfJ*|I 

• ICWlNOI 
Ck~LLaCWINO 
GO TO 60 
I f  (CCCL.CC.APLI CwALL=CWI&O*CCGSCwXePI/183.0OOIee2 
IF (CUOL.EQ.TRAI GO TO 4C 
IF ( ~ X . L T . 9 ~ . ~ O O I  GO TC 60 
CWALL:O.Ol)O 
OG 30 N - I , I E  
Z i ~ r ~ t 2 | : I . O 0 0  
ZN I2 :N ,2 )=O.OO0 
ZWINI - I .OI )O 
ZNNINI:O°OUD 
CCkTINUE 
IF (COOLoEQoTRAI CWALLaCW|hOePEHINO/PEw 
GO TO 60 
CWALL:O.OD0 
CCkTINUE 

iNTERPOLATE FOR VALUES OF THALL AT THE HINDHARO' STREAMLINE 

IF I K . G T . ; I  GC TC gO 
IF I K l w . £ Q . O )  GO TO 80 
J ' 0  

TO J - J * i  
IF ( X H . G T . X T k i J I )  GO TC 70 
IF ( J . L T . 2 )  J=2 
IF I J . G T . K T N - i l  J - K T ~ - I  
CALL I N | | R 3  IXW, XTW|J-IItXTW(J|IXTWlJ*iItTwX(J-|ItTwX|J|tTHX|J*|I 

|THALLI  
GC I 0  90 

80 TbALLeRTWeTSIAG 

HA LL 
HALL 
WALL 
HALL 
WALL 
HALL 
HALL 
WA LL 
HALL 
HALL 
HALL 
HA LL 
MALL 
WALL 
HA LL 
WALL 
HALL 
HALL 
WALL 

|hALL 
WALL 
HALL 
WA LL 
WALL 
HALL 
HA LL 
HA LL 
HALL 
HA LL 
HALL 
HALL 
HALL 
HALL 
HALL 
HALL 
HALL 
HA LL 
WALL 
HALL 
HALL 
IIALL 
HALL 
HALL 
laALL 
HALL 
HALL 
HALL 

mWALL 
WALL 
HA LL 
HALL 

L 
2 
3 
,4 
5 
6 
7 
8 
q 

I0 
Ll 
12 
L3 

L5 
Z6 
L7 
10 
19 
2O 
21 
22 
23 

25 
26 
27 
28 
29 
3O 
3L 
32 
33 
3~ 
3.5 
36 
3T 
30 
39 
40 
4 |  
42 
43 
4~ 
45 
,q6 
A? 
4D 
49 
SO 
51 
52 
53 
S~ 
55 
56 
$7 
SO 
59 
60 
6L 
62 
63 
64 
6S 
66 
67 
68 
69 
7O 
11 
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qlO 
C 
C 

• C 

100 
I l O  

CCNTIKUE HALL 72 
~ALL ?3 

CALCULATE THE VALUE ~F BIG V AT TilE HALL ~ALL 74 
HALL T5 

IF INOSE.EC.ShAnP.AKO.X lu .  EQ.O.ODOl GO TO 110 WALL T6 
IF |X I~ .EQ.O.CGG|  G~ ~C l~O WALL 77 
VMALL.C~ALL.~HCI~F~UFSt~EaR~*2/DSQRTI2.¢)OO*X|M) WALL ?B 
GC TO l | O  WALL 79 
VkALL:C~ALL*RHOINFmUFSeDSQRTI|.ODO/I2.0DO*RHOEM*DUEGDX*AHUEWI| WALL 80 
CC~II~UE MALL 8 |  
REIURH MALL 62 
ENC WALL 83 

10 

-~0 
C 
C 
C 

30 

40 

SUEROUTIhE ~EDG~ IKLoX~AwThETACtALPHAt|OEIAtYBeXB) MEDG | 
i F F L | C I T  REJL*8 |A -HeO-ZJ  WEOt~ 2 
COPMON /FLOCAT/ FLOFLO(S,|S|,BLbHTZ(6g|,RLUNTP|6OI.||| WEDG 3 
DIMENSIu~J BETA(?O| t  fiRE?G)1 f l Z | 7 0 1 1 Z I 4 U ) m  PRESS(60|e P | |S Im AP|LSWEDG 4 

| | t  PSUV|TO|,  X | 4 0 ) ,  R | 4 0 |  M[OG 5 
bRITE i 3 O o l 6 0 l  WEDG 6 
kRITE 1 3 3 , 1 2 0 )  wEr)G ? 
MRIIE ( 3 G , L 6 0 I  MEOG 8 
b R | I E  (30eL3O]  MEOG q 

W[DG 10 
DO | 0  I - l t Z I I  NED3 11 
Z I I I - B L U ~ 1 / I I I  MEDG 12 
P R E S S I I I : B L U N ~ P I I I  WEOG | 3  
CCk|INUE WEDG | 4  
K C U ~ T z I l l  WEDG IS 
kRITE I l O I  KGUNT WEUG 16 
PhI:O.GUO MEOG |T  
DO 20 H : I t K ~ b N T  WEOG | 8  
X l e I - D A R C O S I I . O O O - Z I M I I  WFOG | 9  
R | P I : D S I N I X ( ~ ) I  WEDG 20 
P I -DA~COS¢- [ .ODC|  MEnG 2 l  
B E T A U : X I M I * I l e O . O O O / P ; |  MEDG 22. 
KRITE 130o14Cl  M.PHIoBETADoXIMIoRIMIIZIHItPRESSIHI WEDG 23 
CGNTI~UE W[OG 24 

WEDG 25 
BLUNT BODY SQLUTICN IS ADDED TO THE EDGE PROPERTIFS DATA SET WEOG 26 

WEOI; 2? 
OC 30 ] - | , K O b k T  wfOG 28 
MRITE ( i O I  Z I I I , X I I I t k I I I ~ P R E S S I I I  MEOG 29 
C C k l l ~ U (  W(DG 30 
GAPMA:DaRCCSIYBI M[DG ) |  
wRITE 130 ,16G|  MErJG 32 
OEG-|80.CDOIICFLflST(|UETAI-|.OOOI HELM; 33 
PWI : I83 .0OO~D(G MEmO 34 
LmIGETA WEOG 35 
WRITE 130 ,1703  WEDG 36 
NRITE 13O.16C)  WEOG )T  
IF |ALPHA.EQoO.OD3| L - I  MEDG 3~ 
DO 40 lm|mL WEDG 39 
PHI -P i l l -DE  G WE DG 40 
P H I U : P H I * I P I / I 8 0 . O n O I  WEOG 4 |  
BETAII):DARCCS|DSIN(GA~MAItlICCSIALPHA)-DGOSIGAMMAIoDStN(ALPHAJ*DCCW©OG 42 

| S I P H I b I I  HEOG ~3 
B E I A D : ~ E T A I I I * ( 1 8 0 . O D O I P I I  MErJG 44 
B R I I I : O S I N | U ~ T A C l I )  WEDG ~S 
B Z I I I : I . G D O - n C O S I R E T A ( i I )  WCDG 46 
kRITE 1 3 0 t l § 0 l  i,PHItRETADtBETAII)tflRIIIoBZ(|) MEDG 47 
CONTINIJE WEOG 4B 
WRITE ( 3 0 , 1 6 G l  HCOG 49 
NRITE 1 3 u t l u C l  MEDG SO 
MRITF (30116G)  WFDG S| 
kRITF 1 3 0 , 2 0 0 |  WEDG 52 
MR|TE | 3 0 o | 6 0 J  wfDG $3 
DE SO I=)eKQUNT M(DG S~ 
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• ,NRITE ( 3 0 1 t q O )  l v Z I Z ) t X | I I , R ( | | w P R E S S ( | )  NEOG SS 
SO ~ .CChTINUE HEDG 56 

~l WRITE (101 L HEDG ST 
DO 60 J=LtKL NEDG 58 

60 '  P | J I = F L ~ F L D f 3 t J I  WEDG 59 
IF (ALPHA.EU.O.ODU.OR.KL.EG°L)  GO TC 10 HEOG 60 

C., HEDG 6L 
C " FIKO PRESSURES ALONG TFE BODY F | X t D  PLANE TERH|NAT|NG THE WEDGE WEOG 62 
C "  ~ SECTION OR THE BLU~T BCDY SECT|GN HEOG 63 
C '+ WEOG 64 

" CALL FOR|FR ¢ P , A P t K L I I |  MEOG 65 
APHI~|BO.ODO*DEG HEDG 66 

~0 OO JO0 | : | t L  NEOG 6T 
IF ¢ALPHA.EQ.O.DOO.OR.KL.EQ.L)  GO 10 90 NEDG 68 
APHIwAPHI-DEG MEDG 6q 
PH] -AP l I | ~ |P | /1BO°ODO)  MEDG ~0 
PSbH| I I :O .ODO HEDG T|  
DO 80 K : I , K L  ~EDG 72 
H ~ O F L O A I ( K | - | . O 0 0  HEOG 73 
SUH| :AP|KI~OCQSIH~PHI)  ~EOG T~ 
P S U H ( I ) - P S U M I | ) ~ S U ~ |  NEDG T5 

80 CCkIIKUE HEDG 76 
93  kmK~U~T~| HEOG 77 

|F  |ALPltA.FQeC°ODO| P S U M ( i I : P I | )  HEOG 78 
: IF | K L . E U . L |  P S U ~ ( i I : P | L + | - | |  MFDG 7g 

MR]TE 1 3 0 ~ | 9 0 |  N ~ d Z ( I | ~ B E T A i i I t B R | I | ~ P S U M ( | )  MEDG 80 
| 0 0  CCKTINUE HEOG 8 |  
C, M~DG 82 
C" ~E~GE SFCTION SOLUT|ON IS ADDEO TO THE EDGE PROPERTIES DATA SET MEDG 83 
C ' ' MEOG 8~ 

00 | | g  I = I ~ L  MEOG 85 
NRITE I l O )  8 Z I I I t ~ E T A I I I t R R ( I I ~ P S U M I I |  HEOG 86 

l | O  CCkTINUE ~EDG 87 
• ETURN HErJG 88 

C H£0~ 89 
C , . '  ~EOG 90 
C ~ HEOG 91 
| 2 0  FCRKAT ( |OXe |qHDLUh l  R~OY SOLUTZDK) HEDG q2 
130 93 FORMAT |3XliHltbXp3HPHIt20Xw*HE[TA~2OXw|HS~22Xt|HR~21Xe|HZt2|Xs|HP~EDG 

| |  M£DG 
| ~ 0  FCRMAT | 2 X j | 2 o 2 X , F | 2 . 6 o S i i O X , F 1 2 . 6 ) )  HFOG 
| 5 0  FCRMAT | | H  t i X , | Z , 2 X t F J 2 , b , 4 I | C X t F | 2 , 6 ) |  WEDG 
160 FCRHAT I I H  I HEDG 
|TO FCPKAT I IHOtS |HPq I~TS  ~EtOED FCR THE ~EOGE UCAJNDARY LAYER SOLUTIO~ECG 

|I/3XwlHIe¥X,3HPHI,2OX,6HBETA~IQXelHS~ZXo|HRt~IX~IIIZ| WEOG 
180 FCkMAT I IUX. |~HDATA RuT CN Uh|1 |O)  MEDG 
| 9 0  FCRMAT I | X t l 3 t | X l E l 2 o b . 3 l S X l E | 2 o 6 ) )  WEDG 
230  FORMAT 111Xt2HZAt|4X~4HXSIApI~XjZHRZ~ISX~ZHPZ| UED~ 

EkO HE OG 

94 
qS 
96 
9? 
98 
qq 

100 
lO !  
IO2 
] 0 3  
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C 
C 
C 
C 

10 

2~ 

SU6ROUT|NE x~OM XMOq 
INPL IC IT  REALeGIA-H~O-Z|  XHOq 
REAL*0 NOSE .XWn~ 
CG~CN IDEPVAPl FI2,|0|~3)~F~I2~I01~3ItGI2~I~I~3)eGNI2tIO~3)tT(2,X~3~ 

IIO|e3IeTNi2,1G[,))eZI2,L~Ie3)~Z~I2,IOIJ3ImCII0|)mCNiI0|)mY(|0|)mYGXM~q 
2 L t J O I I ~ R O K C E ( I O l l  XMOq 

CCPHCN /GECM/ ALPh~eTH(3ACeNCSEt~SFe~LSTeXoXXeMX XMOH 
CCFHOK I I [ C O F F I  ~ItU~3,~I,GZ~|mF2mDEmAL~FPSmCHI~d~NDPT~UI XMO~ 
CO~KON I I ~ T [ G R I  IEjIH~KEhgmKE~C2,KLX~K,LeN~LNTim|~U~KPRTmLPRTtKPReX~3q 

|LPR X ~ ' 4  
(CV~CN /POECOF/ A~(101I,~LIICLI,A2(|~II,A3(|OLJ,Aq(|OI)~ASILO|I X~GM 
CG~ON ISUL~'hT/ Cw'('IOLI,rNkIIulI~VwIIO[I~G~IIaII~Tw(L3|I~G~NILOL)~X~OM 

IFk~IIOII~FkILGLI,lk'I(IGI)~Z~(i0IImI~NIIOI)~XIw~UXOXI~,XW~K~ XMfl~ 
~CM~CN ITRA~St;/ KTK~SmKCN~ET~XIF~ChI2I|OiImCHIMAX,X~A~ XN')~ 
GOPMON ITRU~hTI  AST~AKSTAR~ALAM~A~YSUbLmEVSCTYIIOII~PRTmEOYLAw~EXM~ 

| P L U S ( | 0 J I ~ A L [ T , L A ~ T N ~  
£OHHCN i X I C ~ C /  XI tXXfmDxImXIOLOjOXDXIoOXDXX| 
CCVH~N IZCOOROI ETAI~FmETAFAC~ETA(IO|)tO~TA(LO|)~ADTESYeKADETA 
OIMENSION R U ~ U I ( I O I | e  ~ C ~ U i N I | 0 I )  
~ATA SHARP~fLUN115HShARP95~LU~T/ 

SUOKQUTINE SETS UP THE COEFFIC|ENT$ OF THE PARTIAL DIFFER(NT|AL 
X ~OHENTUN EQUATICN 

DO 10 J = l t l E  
RC~UI(J)sCW(J)e(|oODCtX|FeEPLUSfJ)) 
(C~TINUE 
CALL O(RiV |RC~UIBETAglEtEtRCMUINI  
DO 20 J - | , I E  
A O ( J ) n R C ~ U I ~ J I e U !  
A l l J | - R I J ~ U l h i J J ~ U i - V ~ ( J )  
A 2 I J ) x - O E e G I S G W ( J I - B I e F k ( J )  
A3IJ)sloODC/qGRnEIJIsIEI4nLsaL*~I-EPS*ALeeZI~EPSeGWiJJee2 
IF | K . F Q . | o A ~ C e ~ E , E ~ , S h A R P )  A3(J)=O.OOC 
IF |K .EQoI .AKD.~OSF.~C.RLUr4T)  A 3 t J J = G I e I L o 0 U O / R O R O E ( J | )  
A 4 | J J m - 2 e 0 C ~ e X | k e F w i J I  
A S | J I = - O [ * G ~ | J )  
IF ¢ K . E O . I )  AS(J)=Go9OC 
CC&TINUk 
KEIURN 
EKD 

XMOq 
XNOt4 
X.u.oq 
XNCq 
XRQM 
Xt40H 
X u.OI4 
XHOq 
XKOq 
XNON 
XNOq 
XNOr4 
xHoq 
XMOq 
XqCH 
XNOq 
XMOM 
XMOH 
Xt*OI4 
XN3M 
Xl~ 9~ 
XHO~4 
XI4GH 
XHGq 
XMQq 
xMoq 

1 
2 
3 

5 
6 
7 
8 
c) 

10 
I t  

13 

15 
Lb 
17 
18 
l q  
23 
21 
22 
23 
2** 
25 
26 
27 
28 
29 
3O 
31 
32 
33 
34 
35 
36 
37 
36 
39 

61 
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Note: 

Ao-A 5 

A* 

C i 

Cf 

C h 

Cp 

Cv ,. 

Dif 

E 

H 

H' 

h 

If  

k 

k. 

Le 

Le t 

£. 

M i 

P 

Pr 

Pr t 

AE DC-T R-75-55 

NOMENCLATURE 

All quantities are dimensional unless otherwise noted. 

• Coefficients in the governing partial differential equations 

Van Driest damping constant 

Mass fraction of species i 

Skin-friction coefficient 

Heat-transfer coefficients 

.Constant pressure specific heat, ft2/sec2-°R 

Constant volume specific heat, ft2/sec2-OR 

Binary diffusion coefficient, ft2/sec 

Scalar velocity function used in the Van Driest inner eddy viscosity 
law 

Mean total enthalpy, ft2/sec 2 

Fluctuating total enthalpy, ft2/sec 2 

Mean static enthalpy, ft2/sec 2 

Transition intermittency factor 

Thermal conductivity 

Mixing length constant for the Van Driest inner, eddy viscosity law 

Molecular Lewis number 

Turbulent Lewis number 

Mixing length 

Molecular weight of species i 

Pressure, Ib/f t  2 

Molecular Prandtl number 

Turbulent Prandtl number 
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qW' 
R 

r 

rf 

St 

T 

u 

u' 

V 

v 

v' 

w 

w' 

x 

x T 

x t 

Y 

Z 

C 

¢i 

~0 
÷ 

C 

6 

Wall heat transfer rate, f t- lb/f t2-sec 

Universal gas constant, 49,754.035 ft2/secZ-°R 

Local body radius, f t .  

Recovery factor 

Local Stanton number 

Mean statictemperature, °R 

Mean streamwise velocity component, ft/sec 

Fluctuating streamwise velocity component, ft/sec 

Transformed normal velocity, Eq. (38) 

Mean normal velocity component, ft/sec 

Fluctuating normal velocity component, ft/sec 

Mean transverse velocity component, ft/sec 

Fluctuating transverse velocity component, ft/sec 

Loca.l surface distance from the stagnation point, f t .  

Location of the end of transit ion, f t .  

Location of the beginning of transit ion, f t .  

Distance normal to the surface, f t .  

Boundary-layer thickness as used in the outer eddy viscosity law, 
Eq. (76) 

Free-stream species concentration prof i le,  Ci/C i 
e 

Eddy viscosity, lb-sec/ft 2 

Inner region eddy viscosity, lb-sec/ft 2 

Outer region eddy viscosity, lb-sec/ft 2 

Boundary-layer thickness, f t .  
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¢ 

P 

B 

.¢ 

n 

n x 

n¢ 

AEDC-T R-75-55 

Mixing length constant in the outer eddy viscosity law 

Transverse coordinate, Radians 

~an density, slugs/ft 3 

Stagnation enthalpy profi le, Eq. (49); Momentum thickness, Eq. (142- 
145), f t .  

Local skin f r ic t ion,  Ib / f t  2 

Transformed coordinate as defined by Eq. (28) 

Transformed coordinate as defined by Eq. (29) 

Derivative, @n/@x 

Derivative, )n/)¢ 

Subscripts 

aw Adiabatic wall 

e Outer edge of boundary layer 

i Designates properties of species i 

f Designates free-stream specie properties 

r Reference conditions, taken to be the edge conditions at the wind- 
ward streamline 

t Designates turbulent quantities 
t l  

w Wall conditions 

x In the x direction 

¢ In the ¢ direction 

® Designates free-stream conditions 
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