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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
hecessary since wind tunnels capable of providing the correct flight 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 fully 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 f]ow 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.

1.1 BACKGROUND

The three-dimensional compressible turbulent boundary-layer equations
have been presented by Vaglio-Laurin (Ref. 1) 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 ang]e 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 tayers with a variable normal grid spacing. The Adams method,
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however, was still 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 investigation.

Frieders and Lewis (Ref. 7) developed a computer program for fully
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 full 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
Timited to the windward streamline and also involved the use of two differ-
ent coordinate systems. Mayne also split the solution method for a blunt
cone into three parts; 1) the stagnation point, 2) the axisymmetric sphere
where the cross-flow momentum equation is not solved, and 3) the fully
three-dimensional afterbody behind the sphere-cone tangent point. The
present investigation also utilizes 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. 10)
investigated the binary diffusion of He, Ar, and C0, 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. 11), 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 implicit finite-difference analysis of sharp cone windward streamline
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flows including transition and turbulence. The Adams report utilizes 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 full three-dimensional laminar boundary-layer
equations’ in 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 Taminar version of the transformed equa-
tions as described in this report.

A report by Blottner and E11is {Ref. 18) describes a computer program
very similar to the present program in terms of numerical solution method,
but is Timited to laminar, incompressible boundary layers over blunt
bodies.

The present analysis is the first to the author's knowledge to express
the full 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 finite-

- difference method follows the method of McGowan and Davis, utilizing an
implicit 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 full 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 Prandt] 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 1isting of the program itself.

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 alsc discussed along
with the solution method itself. Following the development of the partial
differential governing equations the calculation of the fluid properties
will be presented. The eddy-viscosity laws, turbulent Prandtl number laws,
transition models, and the boundary-layer parameters will also be covered
in the analysis.

9
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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_ag$ presented here without derivation in terms of mean physical
variables.

Continuity Equation

%;-(pur) + %y-(er) + %; (ow) = 0 (M

Streamwise Momentum Equation

au U W AU w" ar _ -%Pe . 3 au o
U, ydu, Wau W 3r_-"€_ 39 | 3 _
pu T+ oV ay Pree TPy 3 3X | ay [“ sy ~ P v.] (2)

Transverse Momentum Equation

L %P
pu Wy oy AW L WOW ., UWar 'I___e+8__[ Pﬂ-pV'w'] (3)

X 3 Pv¥ae  PY¥ 3 rap oy |y

Normal Momentum Equation

LA (4)

Energy Equation

puU 8l pviﬂ+p¥ﬁ=a—[u(§ﬂ+lﬂﬂ) -pV'H']

X dy oy Pr a3y
+ 2 12 (1e-1) (he-h.) a—C"-+ > h,pv'C! (5)
ay | Pr £ 3y ; iPY M4

Species Equation

aCy . a0y woCi 3 y 9G4 !
°"aT*°"aT*°FW=WLeWF”’VCf] (©)

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

= Pi
Py = , RT (7)

10
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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:

f?f - %: C, =1 (8)
The v%scosity and thermal conductivity are related.by the Prandt]l number:
Pr = uC /k (9)
where
C, = ? c, cpi

Similarly diffusion and thermal conductivity are related by the Lewis number:
Le = p Dif Cp/k (10)

The boundary conditions on the above equations are as follows:

Momentum Equations

Energy Equations

y=0 H = Hw’ v'H' =0
y-+e H = He’ v'H' = 0
Species Equations
: D.p oC
. f " f '

y=0 : C.=¢C =(‘——-),v'c.=o

f fw vV 3y W i
y+°° Cf=].0, v|ci=0

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

11
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1) the turbulent level is small and therefore terms having the mean
square of the velocity fluctuation are dropped from the equations.

2) 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 flux 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' = €y au/ay (11)
-pV'w' = €4 aw/ay (12)
and -pv'H' = kt aH/ 3y (13)

and where the dimensionless transport parameters are:

Prt = Cp e/kt (14)

Let = thCp/kt (15)

The eddy viscosities ey and ey in the x and ¢ directions will be shown to
be equal later in this analysis. A model for the eddy viscosity, based on
Prandtl's mixing-length hypothesis will also be presented later in the
analysis.

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

Continuity

o (eur) + W + (pvr) + -g—q,; (ow) = 0 (16)

Streamwise Momentum Equation

au U W 3u 2 ar _ -9P

W =2 € .9 au
P TPV oy " Prae "Prax T X T BYI}U *lge) ay] (17)
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Transverse Momentum Equation

pu.a_w+pva_w+

aP
uw oar _ -1 "e 3 aw
. 3X ey < ¥ [(“ + g e) ay]

w L
) r ax r 3¢ oy
(18)

Energy. Equation

T 1-Pr
aH oH woH _ @ 9H 1-Pr t)( ah
p"a—w"""sy*pn—-—ay[(“”f o) oy ? gv(—p )+IfE(Pr )z_ay:l

t

e aC
¥ g_y [{};_r (Le-1) + E;t_ (Ley-1) }(hf'hi) ay_f:l (19)

Species Equation

'&Cf
X

(20)

aC 3C Le, € I aC
ou f e v_f-23 (Le u, -t f ) f

W
TPra TPVay Tay|\pr T PR, 5y
where If is the transition intermittency factor.

2.2 WINDWARD PLANE CONSERVATION EQUATIONS

On the windward plane of a cone the transverse (crossflow) velocity, w,
and 3Pe/34 vanish due to symmetry; however, the crossflow velocity gradient
does not vanish and still appears in the continuity equation. Under these
conditions the transverse momentum equation would vanish completely at the
windward plane where initial 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 first 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:

2
2_(aw), p (3w 3_(aw u 2w ar
”ax(a¢)+r(a¢) *oev ay(a¢)+°ra X

2p
_ -1 9P d fow
= FMT+W[(H+If €) 3y (—a¢):| (21)

The remaining conservation equations reduce to the following at the wind-
ward plane where w = 0:

Streamwise Momentum

aP

pu%+pvg—;=uw—e+g}-[(u+lfs)g—;] (22)



AEDC-TR-75-55

Energy
1-Pr
3H 8H _ 3 aH 1-Pr t)>ah
PUSx TPV 3 2y (“+If€) ay+{“(Pr)+€( Prt)}ay
aC
A |E (e £ - by T
+ ay[{ By (Le~1) + Prt (Let 1) }(hf hi) 3 ] {23)
Species
. acf b oy acf s [(Lew, Eft > acf]
Pl ax TPV a3y T ay|\Pr Pro /oy (24)
Continuity
) aw , d =
=x (our) +o 3t sy-(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 problenm.

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:

¥ (x,y) = V2 T (&,n) (26)
and
v (x,y) = v2e/r g (&,n) (27)
where £, n are the Lees-Dorodnitzyn (Levy-Lees) transformed coordinates
defined as follows:
X
g (x) = f prururrzdx (28)
0
y B_
n (X,45y) = pgugr/v2E [ - C—dy (29)
o "e

14
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This coordinate transformation removes the singularity at x = 0, and
stretches the normal coordinate. Accordingly the transformed derivatives
become:

3 . 23 . 3n3
ax - PeleRet 3E Y 33X o (30)
9__898 .33
5 - 26 T 96 an (31)
3= pur/v2E &~ (32)
3y Ple an

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

pur = % (33)
oW = -g% (34)
pvrr = _-g—;% - %1’- (35)

Using equations 35, 30, and 32 we obtain the following expression:

pvr /?Eé tn or f' +n g’ + 2 Mirrsap (36)

ok 3d
Pyplphyl

or

V+2c af/fae + f+623g/ag =0 (37)
where
. ) 2 . .

V = pvr /fEYprururr + o, or f' o+ ng 89 (38)

and
§ = 28/p Uu.r (39)

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

fl o= - (40)

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

9" =i (41)

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

2
-aPe . U, . PeWe dUg i Peve ar (42)
3xX ee ax r 3 r axX
-1 L o Wy, . PeWa Wy P UM, ar (43)
r 30 Pee 3x r 3¢ r  3X

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

Continuity
V' o+ 2 %§1-+ fl + 6 %g;-= 0 (44)
Streamwise Momentum
2ef! %+ By (F12 - 3) + 6(9' g%+ v, f'9' - ow]x)
+ (V- 2%'q) ig% * e (% - g 2) - 2"a ;Egl =0 (45)

Transverse, Momentum

. 39" lq' - _ o%*i1a) 390
2cf Y B,f'g Byx + (v - 27'q) e

2
1 *
8 (9' 5%-'+ 719'2 - asz) te (f'g' -ax) - 20 i—%— =0
n
Species Equation
+
le, ¢
vz dy oo |, (e, Bt 32, oo 32
2¢f g ¥ gv an [!'(Pr ¥ Frt )]Q an * 49 3

Le, et 7.2
Le t 32 _
an

16
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Energy

90 28 2** ‘ 8 2** 829
2ert 34 g1 2 [(W)g-v]_-P_gn

' u2 Ak

e 3 (2 (e 3FL L

R ﬂsn'[(br—'“)(f o ]

ue2 ) xxx Lo 2*¥ 92z (48)
where

+ %k
2= oufogm, £ =21+ I e7), 2

]
=
w—
+
=4
—"
m
+
il
I-s
e’

. Pr Le u
***_ + t +=£ =H— =—e—
o 226 _Pe _1 M e
ow w
-2 e =1 e = 2£ 3r
Ba e 38 Y2 u g 17 r 3 (49)

The boundary conditions for the transformed governing equations are:

Momentum Equations

=]
+

]

—h
!

Species Equation

n+n z=1.0
Energy Equation
Hw
n =20 8 = o
He
n +n p=1.0
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For the case of a sharp cone the quantities ¢ and £y take on the following
simple values:

§ = 2/3 sin 8, eq = 2/3

where 6 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-
ditions. In this case the variables 81, B2, ¢ are zero. In addition, at
the windward streamline, vy, and « are zero by symmetry. The variable y
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 eguation, as follows:

y = y2 f (50)
v=/2E g (51)
and
oUr = 3v/3y (52)
pw,I = 3y/3y (53)
pvr = =3%¥/3x - y/r (54)

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

V+2c affoe + F+8g=0 (55)
where
e VB
X
Pplpkpl

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

Continuity
V' + 2g of /o + f' +68g' =0 (56)

Streamwise Momentum

266" of'/35 + 8y (F124) + (V-2"') of'/on - 2*0 22F' /3% = 0 (57)
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Transverse Momentum

-2£f' ag'/ag + (2%'a-V) ag'/ay - 6[?'2 tep f'g'/s + gy x]- Bf'9’

+ 2% azg'/an2 =0 (58)
SEec%es--

" 2ef! az/ag + [v - ofg** Le/Pr}']az/an - Y Lospr 0 9227508 = 0
(59)

Energy

2ef' 36/3¢ -[9 {* pr} - V]ae/an - 2**/Pr g 2%0/3n>

+ u M, 0 a/an[{z**/Pr PR af'/an]+ u Z/H, a/an{[z*** Le/Pr

- z**/Pr] (hf-hi) 32/3r|}= 0 (60)
where

_ 2 .2 2
By = 1/peue 3 Pe/a¢

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

9' = w/ug (61)

and the'boundary conditions on the transverse momentum equation are:

' n >, : g. = w¢e/ue

For a cone at zero angle of attack the system of equations (56)-(61)
reduces to a fully 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 1imit as £ » 0 the expressions for
¢ and n are:
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E(x) = pgug dug/dx X'/4 (62)
and
() = [2ogfug dugftx| 1 [ eine (63)
0

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

) v
V= Sue 72 (64)
l:zpe“e H'X_]

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

§ =1/2

By = 1/2
(65)

E'I = ]/2

Q=1.0

The quantities vy, Yos B2s and o from equations (49) need not be taken into
account at the b1unt cone stagnation point since the equations used there
are fully 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: .

£ = pz*z | au/ay| (66)

Prandtl's studies assumed that the eddy viscosity should depend only on
Tocal 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:

Ty = -pu'v' = pﬂ.*z 3E/3y au/ay (67)
X
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rt¢ = —pv'w' = 92*2 3E/3y au/dy (68)

where E is some scalar function. Therefore:

€= e, = e:¢ = pz*z oE/dy (69)

Thé'to%a1 shear in each direction is written as:

)
n

x = M 3u/dy - pu'v' =y au/ay + €y au/sy (70)

T

6 = ¥ ow/ay - pw'v'

u aw/ay + €4 aw/ay (71)

therefore the total resultant shear is written as:

1/2 2 2 27172
T = [%xz + r¢2] / = Eu + ex)z au/ay + (u + e¢) aw/ 3y ] /
(72)

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

2

1/2
2:] / (73)

2
T = [u + ply aE/ay] [au/ay + aw/a3y

By analogy with the two-dimensional case where the eddy viscosity expres-

sfon incorporates the velocity gradient of the shear component, the scalar
E becomes:

3E/a3y - [}u/ay + aw/ay (74)

and

2]]/2 (75)

= pz*z [au/ay 2, aw/ay

which reduces to the two-dimensional form when w = 0. 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 Reichardt damping near the wall. Following Patankar and Spalding
(Ref. 21) and Adams (Ref. 15) the mixing length distribution is as follows:
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i = ki y {0 <y <2y, /kel
e = X Y, Dy fkye < ¥} (76)
where
ke = 0.435
A =0.09

¥, = ¥ when [(u2 + wz)/(ue2 + W = 0.99

Ok

The inner law is damped near the wall so as to yield the exact Taminar
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:

2, = 1 - exp (:‘LuALI—E) (77)

where t is the local shear stress and A* is 26.0. Therefore the total
shear near the wall becomes:

2 2
T = u Ju/dy+ pk*2 y2 [1 - exp :L'/—;—p] au/ay (78)

uA

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: :

2 2 .
T = u 3E/3y + ok, 2 P [1 - exp :1L1§§£] 3E/ 2y (79)
uA
or
2
& = pk*2 ¥ [1 - exp :X—fﬁi] 3E/dy (80)
u

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

AY = 26 exp (-5.9 Vw+)
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where

Vw+ = vw/('rw/p)]/2

Reichardt's expression for the inner eddy viscosity law was obtained
by curve fitting experimental pipe flow data. The expression is:

s = uk*[i’—u@ - 11.0 tanh (ln‘/:—_")] (81)

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

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

_ .2 .2
eg = A ¥, B8E/ay (82)

and the total shear stress is:

2 (83)

2
7. = p QJE/3y + A y£2 (3E/3y)

0

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

€g = AZ yzz vy 3E/a3y (84)

where.y is Klebanoff's intermittency factor:
y=[1+5.5 e ] (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:

+, +
ey = ku (1 + "o+ w12 ye+ tanh  (y'/y,)) (86)
where
Vo+ = wafTw/p
yh =y vaotu
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and
ye+ = 3.65/(vo+ + 0.384)

The quantity u+ is found by integration of the expression

+ +
T s (#7)
dy+ 1+ k(1+ vo+ u{')‘ll2 (y+ - ye+ tanh (y+/ye+))
or using equation (86):
+ 4+
+ (1+v_ u)

dy+ (] + 31)

Since the eddy viscosity ej is implicit in the integration for u+, the
calculation of ej 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 instantaneous transition to
turbulent flow, and there really is no transition region or zone at all.

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 fully turbulent flow at x = XT at some point downstFeam.

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

Ie(x) = 1 - exp (-0 {(X-X,)/7)2) (89)

where If(x) is the transition intermittency factor,

and b = 0.412
x =Xy - X
f =0.75 f=0.25
and where
If(xt) =0
If(XT) = 0.97 (90)
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By substituting equation (90) into (89) an expression for y can be found
based on the transition zone length :

X = (XT - Xt)/2.917 (91)

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

LX) = 1 - exp [ 0.412 (2.917)2((x-xt)/(xT-xt))z] (92)

* 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 fully turbulent eddy viscosity. It 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
this investigation. One of the models employs a constant Prandtl number:

Pr = 0. 9

as recommended by Patankar and Spa1d1ng (Ref 21) for two-dimensional
boundary-layer flows. Other authors have derived models for the distri-
bution of the turbulent Prandtl number normal to the wall. These models
show the Prandt]l 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
Prandt]l number distribution as follows:

Pr, = 0.95 - 0.45 (y/5)? | (93)

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. 27) to study
the sensitivity of a solution to the turbulent Prandtl number:
Pr, = Pry exp (-10 {(y/8)) + Pr, (1 - 0.2 (y/8)) (94)

where

0.2 < Pry < 0.4 2and 0.8 < Pr, < 1.0

2
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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 1.0 and 1.4 and
between 0.65 and 0.95 at the outer edge. Both Rotta's and Shang's formulas
fall 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 falls between the boundaries in the outer region and undershoots
Simpson's Tower boundary at the wall.

Mefer 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:

k (1 - exp (-y*/a)) | 2

Pr, = .
kq (1 - exp (-y /Aq))

t

(95)

The 1imiting case as y+ + o is:

_ 2
Prt°° = (k/kq)

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

N 2
Pre = Pry (Ag/A)

where:

AN

26.0, yt=¥Ym0 and k

q 34.4 kq

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

A
A

0.4
0.447

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:

ko (1 - exp (-y/A))

Pt = R, (T~ exp (-57B0) (%6)
where
+ ]4 0.19
At = 26 + . k =0.4+—0-19 _
1+ 22 m 1+ 0.49 78
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B =35+ —B k=044 + —0:22
14055 Z - 1+0.42 1
and
"‘T; . A = A+v(rs/p)-1/2, B =By (ts/p)_1/2

In these expressions (ts/p)1/2 is the friction velocity at the edge of the
sublayer. The value Zis: '

- -3
= Ree x 10

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 Prandt] number.

2.7 FLUID PROPERTIES

The development of the fluid property calculations in this investigation
follow closely those of Jaffe, Lind, and Smith (Ref. 10). 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 fluid properties necessary to this investigation-are Cpf, Cpi,

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 enthalpies are functions of temperature only.
Individual species molecular weights are necessary to calculate the mixture
density from the following expression:

MM,
p = ET'[Cf (M, 'fo;'*Mf ]_ (Sl:gﬁ') | (97)
where
L Mc = M. = 28.966
M = My, = 39.948
My, = 4.0026
Mgo, = 44.00985
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The specific heat capacities at constant pressure and at constant volume are:

c

D (1- Cf) Cpi + Ce Cpf (98)

c

v (1 - Cf) Cv.i + Ce Cvf (99)

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

2
C =A+BT +CTe + 0T + £1% + FT° (—f;—— (100)
pj sec” OR

Coefficients A through F are given in Table I. The coefficients in the
polynomial are valid for temperatures from 0° 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:

O
n

3/2 R/Mj (101)

[¢»]
it

C. + R/M. (102)
pj Vj J

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: T
' h, = :
i [ ij dT (103)
0

wﬂere this integral is approximated by the integral of equation (100) so
that:

2 3 4 5 6 2
- BT CT DT ET FT ft
thT+2+3"4+5+5(2) (104)
sec
The specific enthalpies for helium and argon are:
2
hy=c, T (% (105)
pj sec

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

h=1{(1- Cf) hi +Ceh (106)
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The. viscosity of a mixture is calculated from Wilke's {Ref. 31) formula
as follows:

Hs 'I-‘f

i
u = + (107)
| 1 + Gif (Xf/Xi)’ 1+ Gfi (Xi/Xf)
where:
X. - (1 - c,f)/M_i
i Cf/Mf + (1 - Cf)7Mi
. Ce/Me
f Cf7Mf + {1 - C_[_.)/M_i
and

Gy, = 1M (14 Mg YV2 (1w (uup) 2 (w14

"The individual specie viscosities have all been fit to a fifth
degree polynomial similar to that used for the heat capacities:

uy = A+ BT+ ¢t + 0T° + ET? + FTO (“’—Zeﬁ) (108)
ft

Coefficients A through F are given in Table 1I, 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 (107) 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:

(109)

The calculation of the binary diffusion coefficient has also been fit
to a fifth degree polynomial:

2 5

PDgy = A + BT + CT + DTS + ET% + FT (110)

where P is the local pressure and coefficients A through F are given in
Table III. Applicable temperature ranges are the same as those for vis-
cosity already given.
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The polynomial coefficients given in Tables I-III are taken from
tables developed by Lewis, Adams, and Gilley (Ref. 11), and by Jaffe,
Lind, and Smith (Ref. 10). 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 sgacing for the normal
coordinate. The accuracy of this method is of order A% where A is Af 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:

2
AOZ—g+A]g—:+A2w+A3+A43—‘g—+A5%¥=Q (111)
n

and wis the dependent variable in each case. Using equations (45) through
(48) and equations (57) through {60) the coefficients Ao through Ag are
determined as follows:

Streamwise
Momentum General Windward
* *
Ao -2: 9 -E ﬂ
Ay V-* g V-2 g
A2 8 Y g' + e] f! By f'
A . -B + e (a2 -9'2) - 8a -B
3 1X7 8 X X 1 X

A4 . 2ef 2tf
A5 &g 0
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Transverse

Momentum

Species
Equation

Energy
Equation

General

-2* @

v-2*ag
' (8) + &) + évy0"
-Guyzx -Bzx ~€18X
2ef!

‘5q"

General

-2*** q Le/Pr

V - (2*** Le/Pr)' @

General

-2** qo/Pr
V- (2**/Pr)' @

0
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Windward

Windward

-2™* q Le/Pr
V- ("™ Le/Pr)' a
0
0

2ef!

Windward

-2** a/pPr
V- (2"/pPr)' a

0
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Energy
Equation General Windward
A ug? 5 [a** & PON L AR - 1 lue2 5 [ ...
3 e %% 3??7' - 4 ENA T | | T {pr— - o f }
+ "e2 q 3 ]lgtee Lo Le (h,- ) ] + ue2 q & {2.*** Le
He * on P— f He " on Pr
*¥k
= %Y‘_}(hf h
A4 2tf! 2ef!
Ag &g’ 0

The derivatives in equation (111) are replaced with f1nite difference

expressions which are:

a2 _ 2 Wy nap ~ (T + K Wy (4 ko 1 g)
3n’ (ngey - nn)2 +k(n, - nn_1)2
(w - (] + k) w +kw - )
s2 (1-a) 2l 3 3] (112)
nn+1 = nn) + k (ﬂn - nn_1)
2 2
w o, Yoy~ (- KD Wy, - K Wn)
3 ' 2
" (hpep = ng) + K (0 = npq)
2 2
L2 g g = (T - KT Wy = K Wy ) .
(np41 = ") * K2 (ny = 1.y m3)
W=y o+ (1-2) Wy (114)
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W, . - W
W _ 2,0 3,n
. T (115)

a_w= (wzln ~ w] !n) ¥ (w49n - w3sn) (1]6)
3¢ 244 :

where k = ("n+1 - nn)/(nn - nn_])-

Subscripts refer to grid locations as indicated in figure 1, which
shows the finite difference grid. The weighting factor, A, indicates a
fully implicit solution when set to 1 and a Crank-Nicolson averaging
solution when set to 1/2.

By substituting equations (112) through (116) into equation (111) a
finite difference form of eq. (111) is obtained:

A, My o1 * By Wy o+ G Wy ne1 = Dy (117)
where 2
) 2 KRy, k% A
A, =2 [ N n _ " ]"]
2 1
. -2 (1+k) A, 2
- n_ (1-k%)
BBn-Al: N - N A]n+A2n
2 1
~ -~ A4 A5
n n
Bn = BBn + iE + FIYY
2 A A
~ Oon n
LA [ I NT]
S o2~ -2) |3 ~ =~ )
Dn A An w3,n-'l * Cn w3,n+1 * BBn w3.n A3n
Ay As
n n
* 2 Y3t XY (w1,n " Wit w3,n)

_ 2 2
Ny = {npyq =)+ k {n. - n )
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Ny = (npyq = np) + K2 (= m )

Three special cases of this general procedure take advantage of
similarity in the £ and ¢ directions. At the tip 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:

£) - 2(1-2)
N Wy ey = (T H R wy kw0 4 N, (W) e

- (1K) (Wt kow o g) (118)

(1-2

2%-= ﬁ; (w2 n+1 (1 kz) Wa.n K w2,n—1) + (w],n+1
- (1-k%) " Kw o) (119)
W= Wy o+ (» -1) L (120)
:_"E".=o, %:Z&E}iﬂ - (121)

The governing equations are now written in the standard form with A4 = 0
and substitution of equations (118) through (121) into equation (111)
yields equation (117) where:

2
- 2 kA k™ A
A =2 On _ n
n Ny L}

.- Ao Ay
= - N _ - K2y _n
BBn =2 [ 2 (1+ k) N2 (1 - k%) N1 + AZ;]

Bn = BBn + A5n/A¢

- 2 A A
cn =2 N 2 + Nln]
2 1
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As

Dn A3n + A w‘l,n X (An w],n-] * BBn w],n * cn w],n+1)

- Along the windward streamline similarity exists with respect to ¢. In
this case the general scheme, equation 112-115 is used with A5n = 0.

When similarity exists in both variables such as the stagnation point
of a blunt cone or a sharp cone a fully implicit set of ordinary differen-
tial equations is used. In this case the general procedure is again used
with 2 =1, and Ag = A5 = 0.

Equation 117 results in simultaneous 1inear 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 ?117)
is

Won = En Yo e * Fy 2<n<N-1 (122)
where | .
C
n T K E |n+|§
n “n-1 n
?n - Ay Fn:]
Fn ) An En-] + Bn

Fn =0, 0, Hw/He for f', g', and @ respectively.

Using the outer edge boundary conditions allows the calculation of w2 n-1
thereby completing the profile. ’

The ability 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 ratio of succeeding normal
grid intervals such that:
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k= —D (123)

Therefore the value of n at infinity is given by:

LS
Mo =AM T

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:
oC
. aT f ft-1b
-q, = [F —+ (h, - h;) o Dg, ——-]- (}———————) {124)
W oy f i fi sy W ftz_sec
In transformed variables this becomes:

aC
W

ft™-sec

kw an

A = E;;' ay

Coefficients associated with the heat transfer at the wall are:

lLocal Heat Transfer Coefficient

0, = d/e, U (126)

Heat-Transfer Coefficient Based on Free-Stream Conditions and Adiabatic
Wall Enthalpy

- 'dw
Cha = 50 [N (127)

or
_qw

C =
h = o 0Cor (Taw - 1)
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T =T +Tﬂ(1'rf)

aw - o 'f
and

re = YPr for Taminar flow

re = 3/fr for turbulent flow
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Heat Transfer Coefficient Based on Edge Conditions and Adiabatic Wall

Enthalpy:
' ¢ = Oy
e pg Ug (Hy, - Ky
or

_éw

Che =

Stanton Number Based on Free-Stream Conditions:

St_ = “u
= b, U, (Hy - H)J
or
-4,
St =
== oo, (T -5

Stanton Number Based on Edge Conditions:

St = S
e pg Uy (Hy - H)
or
-q
St_ = Y

e pg Uy He (1 - Bwj

pe U p, (Tay - T

(128)

(129)

(130)

Skin-friction coefficients are based on the calculation of the skin

friction in the free-stream and transverse directions as follows:

T =
wx My du/ay
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rw¢ = by aw/ ay (132}
In transformed variables these become:
o, p_ur |

e ‘e e of 1b
T, = e 133
Wy V13 an (;;E) (133)

Ebe Mo ue2 raq' f1b W —
T, * 39—- — ) where g' = 7—and % = pu_  (134)
" 3 "\t Ua Pele

Skin-friction coefficients are defined as follows:

Based on Free-Stream Conditions:

2 Tw 2 Tw
cr, = —2 Cr, = ——t {(135)
x” pco ueu ® pm um .
Based on Edge Conditions:
2 Tw 2 Tw
P & pe g

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

_ V% " pe '
Y o ur d/: o dn (ft) (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:

. i .
5. = 1 - —4 | dy (ft) (138)
X -[o i Pe ue_

*_ [ oW |
6¢ .[0 1 o we dy (ft) {139)
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or in transformed variables:

: .
* [ 7P | _v2E
Sy i/r E;— - f] o U T dn (ft) (140)
0
nw
* De gl /2_5'
é = —_—- T d ft ]4]
o [OL ge]pe"e" n (ft) (141)

*

Neither Gx* or 6, completely define the actual displacement thickness at
any*point. For xisymme;ric bodies Cebeci and Mosinskis (Ref. 35) define
ad as a ﬁunction of §,°. For a sharp cone at angle of attack an expres-
sion for & on the wind%grd streim—line only was developed by Moore (Ref. 36)
as a function of both 8y and 6¢ .

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

f _eu [y _u]
ex-/; Lol1-Stay () (142)

.
=f 2 |1-% |4 ft 143
e¢-/; ol Kl R (143)

nm /2_
- .l 1 E
0, -fo 0= R () (144)
Neo
0, =L g:.- [1 ; g-e-r] pe‘fz_fe =~ dn  (ft) (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) profile.
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SECTION III
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 Jaffe,
Lind, and Smith in reference 10; 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 Tength. 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 differ-
ences were observed between the current results and those of reference 14.
Figure 2c shows the effect of mass transfer on the longitudinal skin friction
coefficient. Again a significant decrease in skin friction is gained by
mass transfer over the cone afterbody. Injection of air is seen to have
the most effect on the skin friction, with argon and carbon dioxide having
identical effects. This trend of data was also observed in Ref. 10. Jaffe
et al. point out in Ref. 10 that when considering the effect of a foreign
gas on the skin friction 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,
its higher heat capacity causes a lower temperature distribution and a
slightly greater effect on the skin friction. This effect is not plottable
in these fioures 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 it has a specific heat greater than that of
air, the concentration gradient will 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 air and
then argon in the order of decreasing specific heats.
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The displacement thickness is plotted for airj 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 profile through the temperature. A cooler temperature profile should
contribute to the decreasing of the displacement thickness. Figure 2d shows
the displacement thickness for carbon dioxide being smaller than for air 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. 11). The data of reference 11 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 friction and heat transfer, and
lower values of the displacement thickness when TVC was included. Probstein
and E1liot (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 10 as well as the present results confirm
the observations of Probstein and E11iot. In figure 3a the concentration
of air 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 11 yields a slightly higher air concentration at
the wall for both gases. A slightly larger difference between present
results and those of reference 11 is seen for the injection of helium, the
lighter gas.

The effects of the higher injection rate for argon are evident in
figure 3. The argon concentration approaches 100% near the end of the cone.
The resulting significant decreases in heat transfer and skin friction 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 10 the inclusion
of TVC increases both heat transfer and skin friction 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. 10) are not evident in this figure since the present results yield

a smaller thickness than the results reported in reference 11. 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
11 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 fully 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). Difficulties 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 profile 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
air and Adams does not. Some small differences can be expected as a result
of using two different viscosity laws.

Profile data for the same cone at both zero and non-zero angles of
attack are presented in figures 6b through 6d. Present results at zero
angle of attack are compared to data obtained from the Miner et al. program
(Ref. 14). Non-zero angle of attack data are compared to Adams (Ref. 15).
Zero angle of attack results from ref. 14 are also obtained using the
Reichardt law. Data for this case are shown where the flow is approximately
83% turbulent. Differences in results are attributable to the higher value
of n_ used in the program of ref. 14.

Non-zero angle of attack data are presented for locations S/L = 0.4

for laminar flow, and S/L = 1.0 for turbulent flow. Differences in the
actual data are attributable to the different calculations of fluid
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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 fully 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 = 1.0. The effect
of using the large transverse step size can be seen in the circumferential
plots as a loss of smoothness near the Teeward streamline.

Data in figlure 7 are presented in three different ways; 1) 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 friction, 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/s for the conditions and geometry of
figure 6, also using the Reichardt law. The Pri 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 1ittle effect on the
temperature profile due to varying the turbulent Prandtl number. The
slightly higher temperatures correspond to the higher Prandtl number pro-
files. No plottable differences were obtained in boundary-layer parameters
such as-skin friction, heat transfer, and displacement thickness due to
varying the Pr¢ law. Shang (Ref. 27) concluded that there was a very weak
dependence of boundary-layer parameters on turbulent Prandt]l number
He cited a 6% change in skin friction 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 158 digital computer as installed at VPI&SU in Blacksburg, Virginia.
Sizable savings can be had in core requirements by not utilizing the
plotter package. Details on this can be obtained in the Appendices.
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Approximate Time and Core Requirements

laminar (Fig. 5)

CASE TIME2 CORE! CORE!
(MIN.) W/PLOTS W/0 PLOTS
4' sharp cone, a = 0°
w/transition (Fig. 6)° | 10-12 296 K 252 K
002:21
.2' sharp cone, o = 0°, )
w/injection (Fig. 2) Aﬁr;‘7 274 K 230 K
ir:4
He:25
.4' blunt cone, o« = 0°, :
w/injection (Fig. 3) Ar:go 310 K 266 K
blunt cone, o # 0°, 3
laminar (Fig. 4) 2 310 k 266 K
sharp cone, o # 0°, 23 206 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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"Figure 1. Finite Difference Grid and Notation
Bottom grid shows notatien used in the computer program.
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Attack; Present Results versus Experiment of Cleary
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Polynomial Coefficients for the Specific Heat at

Constant Pressure for Air and Carbon Dioxide

Table I

Temperature
Gas Range °R A B C F
0- 2,000 6.0351797  -9.4509125 -7.3022675 1.73022675 -9.7657438  1.7465179
x 103 x 1074 x 1074 x 10713
AIR
2,000 - 12,600  5.9028 3.77072 9.64649 ~1.11502
x 105 x 1071 x 1072 x 10716
0- 2,000 2.3317627  7.3287082 -1.342833 1.3090637  -6.0572879  1.0531063
x 102 x 10! x 1071 x 10" 11
o,
2,000 - 6,300 1.328997 1.0499195  -3.4760828 6.1489558  -5.568993 2.033227
x 104 x 10! x 1073 x 101°

§68-G4-H1-003v
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Table 1I

Polynomial Coefficients for the Viscosity of an Individual Specie

Temperature

Gas Range °R A B C D E F

Air 90 - 12,600 . 48066 .95936 ~1.49079 2.3759 _1.78242 0725
107! 1073 x 1075 x 10710 x 10714 10719

He 90 - 12,600  7.2044 .06794 -1.5363 2.80513 -2.28363 74097
10~ 1073 x 1078 x 10°10 x 10714 10°19

Ar 90 - 12,600. .63154 61381 -1.8422 3.16427 2.47897 .10697
107 1073 x 1075 x 10710 x 10714 10719

co, 90 - 6,300  7.81932 6.77326 ~1.72869 3.8700139  -5.13048 75916
10~2 10-3 x 1078 x 10710 x 10714 10718

§5-G4-41-0Q03Vv
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Polynomial Coefficients for the Binary Diffusion Coefficients of Mixtures

Table III

Temperafure

Mixture Range OR A B C D E F
He - Air 90 - 12,600  -1.98803 2.31693  2.60637  -4.7411 -1.00312 6.79428
x 107! x 103  x 106 x 10711 x 10~ 14 x 10719
Ar - Air 90 - 12,600  -6.39025 6.67803  1.26081  -1.02832 7.39182  -2.18881
x 1072 x 107 x 100 x 10710 x 10715 x 10719
€0, - Air 90 - 6,300 1.30049  -5.62157  1.41785  -3.85557 6.84052  -4.74034
2 -2 -5 -6 210 14 -18

x 10 % 10 x 10 x 10 x 10 x 10

G6-GL-H1-0Q3V
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APPENDIX III
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 full 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 E11is (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 finite 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
and ‘the boundary conditions, and plug them into the standard solution
procedure.

Flexibility has been provided for in the numerical procedure by allow-
ing the user to choose either a fully implicit Krause scheme or a Crank-
Nicolson scheme. The Crank-Nicolson scheme is unstable in regions of
reverse crossflow, but it does not require information downstream in the
cross flow direction. The fully implicit Krause scheme is stable every-
where. The numerical solution procedure is split 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 first three solutions are merely special-
ized cases of the general solution.

Subject to parameters set by the user the program is fully internally
adjustable. If 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 fully adjustable based on the number of iterations
needed for a converged solution 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. If for some reason the program cannot
obtain a converged solution at a particular point, it will cut back the
step size and try for a solution at a point upstream of the old point. If
this procedure fails three consecutive times, execution of the program is
terminated.

A flow chart of the program flow is provided in this appendix. It can
be seen from the chart that the program is split into four basic parts:
1) input and initialization of data, 2) preparation of edge data, 3) solu-
tion of the boundary-layer equations, and 4) plotting 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 full three-dimensional
solutions. If the program cannot obtain a converged solution at some point
between the windward and leeward rays it will 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: 1) 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 its name
and format. This feature makes it 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 first card of each card deck is a title 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 will be drawn by the program. Of course, if a user desires
tg 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 if wall tempera-
ture and injection rate are constants. Each distribution can be read in
versus its own table of surface locations in the event that the data are
from different sources. However, if the distributions are versus identical
tables, either table of surface locations may be left out. The program will
automatically set both surface value table equal when either one is left
out. A description and list 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 particular problem for the first
time. This unit holds edge data as it comes from the Black and Lewis (Ref.
36) inviscid program. When the boundary layer program is run the first time
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unit 25 is read and subroutines DISKIN, WEDGE, and FORIER digest the data
and write the data in its correct form on unit 10 for use by the boundary-
layer solution. Subsequent solutions of the same cone in the same inviscid
flow field would therefore need only use unit 10 and bypass the extra step
needed for a first 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 II 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.

II. Program Qutput

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 will 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 it 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 cir-
cumferential direction. The integer itself is used as the subscript of the
XSTA array so that when X = XSTA ?LPLOT(I)) the program plots properties
such as skin friction versus circumferential angle, from the windward to
leeward planes. Therefore through skillful 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(I) the program stores data for streamwise surface property plots.
such as heat transfer versus X/L at ¢ = 90°

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 tell the plotter where profile plots are desired.
For instance if LPRFL(1) = 2, then profile plots at X = XSTA(LPLOT(2)) are
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drawn. The resulting plots would show such variables as velocity and tem-
aperature profiles at the chosen value of X and for the circumferential
positions represented by the KPLOT array. If 3 planes 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: 1) streamwise plots of surface properties at a constant ¢, 2) cir-
cumferential plots of surface properties at a constant X, 3) normal pro-
files 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.

III. 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.

A1l 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 gives a 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 specified-by the user. The injected gas and the injection rate are
specified by the user. The gases available for injection in the program
are air, 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 lists 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 1. 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 first,
followed by the variable name and the format. Formats may change from card
to card; however, all variables are coded starting in column 50. A1l input
data cards are printed automatically by the program so that there will 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 lists 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) blunt cone.

Card 1. LABEL (20A4)

LABEL is the title of the case and is a single subscripted array. The
LABEL is passed to the plotting routines and appears on all 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 profile 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. If KADETA is O then the maximum n is held constant. If
KADETA is 1 then the maximum n is adjusted when the velocity profile fails
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 full three-dimensional problems nmax is only
adjusted up, and it can be adjusted at every point. A value of 1 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 will drop planes near the leeward streamline. Definition
or resolution in the total solution can be lost if the nearest plane is say
30 degrees to the windward when a leeside plane is dropped.

Card 6. KONSET (49%,13)

KONSET 1is 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,13)

KPRT is a print control parameter which controls the printing of pro-
files in the ¢ direction. If set to 1 the program will print profiles at
every step in ¢. If set to 3 the program will 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. If KTRANS is set to
0 transition to turbulence will be instantaneous. If set to 1 a smooth
transition to turbulence will 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 1 indicates the problem begins with laminar flow. LAMTRB must be
set to 2 for fully turbulent flow. A LAMTRB of 1 is reset to 2 at transi-
tion onset.

Card 10. LPRT (49x,13)

LPRT is the print control parameter in the streamwise direction. If
set to 1 the program will print solutions at every step in X. If set to
3 the program will print every third step in X, etc.

Card 11. NIT1 (49X,13)

NIT1 is an iteration counter used to adjust the streamwise step size.
If the total number of iterations required to obtain the solution 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 jteration counter used to adjust the streamwise step size.
If the total number of iterations required to obtain the solution at a
point is greater than NIT1 and less than NIT2 the X step size is unchanged.
i.e. DX = DX when NIT1 < NIT < NIT2.

Card 13. NIT3 (49x,13)

NIT3 is an iteration counter affecting X step size and convergence of
the solution. If 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. If this procedure fails 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.
pard 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 O
ending all mass transfer. A value of 0 is reset to NSOLVE.

Card 15. NOSE (49X,A5)

NOSE is a l1iteral variable coded as either SHARP or BLUNT to indicate
either a blunt or sharp vehicle. The program will handle only spherically
blunted cones.

Card 16. NSOLVE (49x,13)

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.
It is also the default value for INJCT, NOINJ, and KONSET.

Card 17. KPLOT(I), 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 =1, 5, 7, 0 will yield surface plots versus X at planes 1, 5,
and 7, where the highest plane number is less than or equal to KEND2. No
plots will result from KPLOT = 0, 1, 5, 7.

93



AEDC-TR-75-55

Card 18. KPRFL(I), I = 1,4 (49x,413)

KPRFL is a plotter control array which indicates the values of KPLOT
chosen for the plotting of normal profiles 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-
files at four different X values, all at a constant ¢. The same rules
apply here as above.

i.e. if KPRFL = 1, 2, 0, 0 and KPLOT is as above, the profile plots versus
X will be produced at planes 1 and 5.

Card 19. LPLOT(I), I=1,4 (49%,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
s;in friction are made versus ¢. The same coding rules apply as on card
17.

j.e. if LPLOT
generated at X

4, 6, 20, O plots of surface properties versus ¢ will be
XSTA(4), XSTA(6), and XSTA(20§.

Card 20. LPRFL(I), 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 ¢, all at a constant X.
i.e. if LPRFL = 1, 2, 0, 0 and LPLOT is as above, then profile plots
versus ¢ will 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 1 ADTEST
provides the convergence criteria for checking the streamwise velocity
profile. When U/UE(IE) - U/UE(IE-4) is less than ADTEST/10 the maximum
value of n is decreased by 10%. When it 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 (kx in the Analysis). The recommended value is 0.435.

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

ALAMDA is a numerical constant in the outer eddy viscosity law used in
the program (A 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 profile of the
turbulent Lewis number is filled 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 1isa 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 1iteral variable specifying the type of cooling in the cir-
cunferential direction. It can be coded as either ABLATION or TRANSPIRATION.
The first 3 letters are picked up by the program. If COOL = ABLATION the
injection rate in the circumferential direction is given by a cosine squared
distribution: CWALL = CWALLk=1 * cosZ (¢). If 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 = CWALLg=1 * PE/PEk=1. 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 = pypVi/pole

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 criterion. The dependent variable
arrays of stagnation enthalpy, streamwise and cross flow velocities, and
the species concentration are all checked for convergence at all points.
When the largest percentage difference between the current and previous
iteragions is less than or equal to CONV 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 on unit 25.

If DISK = NO the unit 10 data of edge properties for this vehicle already
exists and DISKIN is not called. Therefore DISK will normally be coded
YES only in the first 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. It 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 if DISK = NO. The
recommended value is 0.04.

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

DXMAX 1s the maximum step size, in feet, to be taken in the stream-
wise direction.

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

DX1 is the initial streamwise step size in feet. Since this value
will be adjusted internally it is not critical that the user choose an
accurate value. Usually a value of 0.01 is a good initial DX.

Card 35. EDYLAW (49X,A3)

EDYLAW specifies the inner eddy viscosity law to be used in turbulent
cases. Two options are available to the user: 1) EDYLAW = VAN DRIEST and
2) EDYLAW = REICHARDT. The program picks up only the first 3 letters of
each name. The user should note the comments on these two Taws for mass
transfer problems stated in Appendix III. 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 finer grid 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 flow. 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. It
can be coded as AIR, HELIUM, ARGON, or C02. Only the first three letters
are picked up by the program.

Card 39. PLOT (49X,A2)

PLOT is the indicator for machine plot generation. If PLOT = NO, no
machine plots will be made. If PLOT = YES, the machine plots built into
the program will 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 initial value given to the entire laminar Prandtl number

profile. This profile is updated from curve fit data after the initial
iteration.

Card 41. PRT (49X%,A5)

PRT specifies the turbulent Prandtl number mode! to be used in the
turbulent region. It should be coded as ROTTA, SHANG, CEBECI, MEIER,
or CONSTANT, where each name is the name of the person who developed the
particular model. If PRT = CONSTANT the turbulent Prandtl number profile
will 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. If the user has any one of the three quantities the program
will calculate the remaining freestream and stagnation quantities in sub-
routine AERO. PROP should be coded as PINF, PSTAG, or RHOINF. Only the
first four letters are read by the program.

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

RTW is the ratio of the wall temperature to stagnation temperature.
It 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. If TFS is coded
as 0.0, TFS will be calculated internally from TSTAG and the Mach number.
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Card 45. TSTAG (49X,E14.6)

TSTAG is the stagnation temperature in degrees Rankine. If both TFS
and TSTAG are input, the program will calculate an effective specific heat
ratio to be used in calculating other free-stream and stagnation properties.
If TSTAG is coded as 0.0, TSTAG will 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., pos Or Pg into the
program. If PROP = PINF then VALUE is P, in psia. If PROP = PSTAG then
VALUE = Py in psia. If 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.
It 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 following eight cards are included in the input deck only for the
g::g'of a sharp cone at zero incidence. DISK should be coded as NO in this
Card 49. Q (49X,E14.6)

Q is the ratio of specific heats, vy, usualily 1.4.
Card 50. R (49X,E14.6)

R is the universal gas constant for air, usually coded as 1716.0.
Card 51. THET1 (49X,E14.6)

THET1 is the half angle of the cone, 8¢, 1n degrees.
Card 52. XMA (49X,E14.6)

XMA is the free-stream Mach number, M..

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

PEDG is the edge pressure in psf. It is normally taken to be equal to
the surface pressure of the inviscid solution.
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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(I), I=1, NSOLVE (F12.6)

XSTA is an important input array. It 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(Z? 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 1ine 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(I), CIX(I) (4E12.6)

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

CIX(I) is the injection rate pwVw/o U_ at XCI(I) which is a surface
distance in feet.

These arrays are dimensioned for a maximum of 500 values each. If
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.
If both distributions are to be read in versus the same distance table, then
either one of the two distance tables may be left 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-1
INPUT DATA DECK FOR A SHARP CONE AT ANGLE OF ATTACK

HYPERSONIC SHARP CCNE AEDC TR=72~66 TURBULENT

CARD ©O1 1E 13 coL 5¢-52 051

CARD 002 INJeY 13 cCL 50-52 009

CARD 003 KACL YA 13 COL 50-52 a0l

CAKD 004 KEND2 13 ¢CL 50-52 213

CAKD 0G5 KUNSET 13 CCL 50-52 000

CARD 006 KPRT 13 CoL 50-52 003

CARD €Q7 KTPANS 13 CCL 50-52 000

CARD 008 LAMTRB I3 CoL 50-52 902

CARD CO9 LPRY 13 CLL 50-52 ool

CARD V10 NET1 13 €lL 5u~-52 005

CARD 011 NIT2 13 €CL 50-52 010

CAKD 012 NT3 13 CCL 50-52 020

CARD 013 MOINJ 13 coL sc-52 000

CARD 014 NOSE AS CoL $0-54 SHARP
CARD 015 MSOL VE 13 CCL 50-%2 004

CARD 016 KPLGT 413 COL S0-61 004007010013
CARD 017 KPRFL 413 CcoL S0-61 001802433004
CARD 018 LPLOY 413 COL 50-61 0030€2032032
CARD 019 LPRFL 413 COL 50-61 001020020009
CARD 020 ADTEST El4.6 CCL 50-63 0.001
CARD 021 AKSTAR El4e6 COL 50-63 0.435
CARD 022 ALAMDA El4.6 CCL 50-63 0.09

CARD 023 BLET El4.6 COL 50-63 1.0

CARD 024 ALPHA El4.6 CCL 50-63 4.9

CARD 025 ASTAR El4.6 CCL 50-63 26.0
CARD 026 coot A3 CoL 50-52 ABLATION
CARD 027 CrALL Fl4.6 CCL 50-63 J.0

CARD 028 CRI F5.3 CCL 5C-54 1.0

CARD 029 CONV £14.6 coL 50-63 0.001
CARD 30 DISK A2 CGL 50-51 NO

CARD 031 UXINVS El4.6 CCL 5C~63 0.04
CARD 032 DXMA X El4.6 CCL 50-63 0.1

CARD 233 DXl . F5.3 CCL 50-54 9.01

CARD €34 EDYL AW a3 cOL 50-52 REICHARDT
CARD 3135 ETAFAC El4.6 CCL 5C-63 1.05

CARD 036 ETAINF Fl4.6 CCL 5C-63 10.9

CARD 37 6asS2 a3 ¢CL 50-52 AlIR

CARD 038 PLOT A2 €oL 50-51 YES

CARD 039 PRL El4.6 CCL 5C-63 0.71

CARD 340 PRT AS CCL 5C-54 CONST
CARD 041 PROP 24 coL 50-53 PSTAG
CARD 042 RTW El46 CCL 5C-63 0.39925
CARD 043 TFS El4e6 CCL SC-63 96.84
CARD C44 TSTAG El4.6 CCL SC-63 1340.0
CARD 245 VALUE El4et CCL S5C~63 8600
CARD 046 XBAR El4et COL 50-63 2.9

0.0

0.0001

3. 226 ,

4.,0325
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CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARO
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CAPRD
CARD
CARD
CARD
CARD
CAPD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
0.0

¢o1l
002
vo3
904
cos
006
cC7
coa
cCco
gio
011
012
013
0l4
015
ole6
017
018
019
0290
021
022
023
024
025
026
027
028
029
030
031
032
033
J34&
035
036
037
038
v39
040
041l
042
043
C44
045
046
04t
048
049
050
c51
052
053
Ch4

0.0001%
0.08425
0.19%75

tE
TNJCTY
KADETA
KEND2
KUKRSET
RPRT
KTRANS
LAMTRB
LPRT
NIT1
NITZ
NIT)
NOINJ
NOSE
NSCLVE
KPLOT
KPRFL
LPLOT
LPAFL
ADTEST
AKSTAR
ALAMCA
ALET
ALPHA
ASTAR
CoCL
Cmall
CR1
CInV
DISK
DXINVS
DXx=AX
Dxi
EDYL AW
ETLFAC
ETAINF
GAS2
PLOT
PAL
PRY
PRCP
RTw
TFS
T3TAG
VBLUE
X5AR

G

R
THET]
XMA
PZDG
uepe
1206
«10E 0OG

TABLE 1v-2
INPUT DATA DECK FOR A SHARP CONE AT ZERO INCIDENCE

REF(10) SHARP CONEy LAMINAR, HELIUM INJECTICN, ALPHA=0

13

13

13

13

I3

13

13

13

13

13

13

13

13

AS

13
413
413
413
413
El4.6
El4.6
Elé.b6
El4.6
El4.6
El6.6
A3~
Fl4.6
F5.3
El4.6
A2
El4.6
€l4.6
F5.3
A3
El4.6
El4.6
A3

a2
El4.d
Ad

A4
El4.6
El&4.6
Els.6
El4.6
El4,8
El4.b
El4.s
Ela.b
El4.b
El&.6
El4.5
Elé. s
Fla.6

coL
cCL
CcCL
CGL
coL
ccL
ccL
coL
L
oL
cau
cCL
CoL
coL
cCL
coL
cCL
coL
CoL
cou
CCL
CCL
CCL
CcCL
CCL
oL
cot
CGL
CCL
coL
CCL
CcCt
coL
CaL
ccL
CCL
L
coL
CCL
coL
coL
coL
CCL
ccL
oL
CCL
CCL
CGL
CCL
coL
cGL
CCL
CGL
caL

101

50-52
50-52
5C-52
50-52
50~52
5C-52
50-52
50-52
50-52
50-52
5C-52
50-52
50-52
50-5%
50-52
50-61
5C-61
50-61
50-61
50-63
50-63
50-63
50-63
50-63
50-63
50-52
50-63
50-54
50-63
50-51
50=63
50-63
50~54
50-52
50-63
£0-63
50-52
50-51
50-63
50-54
5C-53
50-63
5C-63
50-63
5C-63
50-63
50-463
5C~63
50-63
50-63
50-63
50-¢3
50-63
5C-63

051

003

009

001

000

Q03

001

[+1¢ 3

001

005

010

020

002

SHARP

004

001000000009

001330C02C00

002003C04C00

Q012C2023¢00

0.001

0.435

0.09

1.0

2.0

26.0

ABLATION

0.23179

1-3

0.001

NO

0.0

0.10

Q.01

REICHARDT

l.04

6.0

HEL TUM

YES

0.71

ROTTA

PSTA

0197446

269.2964

0.0

16.9362

2.0

l.‘

17T16.0

9.0

19.0

0.2749

7897.0

560.09
3.485D0~-
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CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CAKD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
0.0

0.01

TABLE IV-3
INPUT DATA DECK FOR A BLUNT CONE

REF{11) BLUNT CONE LAMINAR

ool
¢C2
003
004
005
006
eL?
008
co9
o010
01l
012
ul3
014
015
Jle
0917
(33}
o19
G2G
o021
022
023
024
025
026
027
0ze
029

030

031
032
g33
[ ELD
Q35
036
037
038
039
Q40
041
042
243
044
045
046
047

0.42514

1E
INJCTY
KADETA
KEND2
KJINSET
KPRY
KTRANS
LAMTRE
LPRT
NIT1
NIT2
NIT3
NOINJ
NUSE
NSOLVE
KPLOT
KPRFL
LPLOT
LPRFL
ADTEST
AKSTAR
ALAMDA
LEWTRB
ALPHA
ASTAR
cooL
CWaALL
CRI
CONV
DISK
DXIhVS
DXMAX
DXx1
EDYL AW
ETAFAL
ETAINF
GAS2
PLOT
PRL
ORT
PROP
KRTw
TFS
TSTAG
VALUE
XBAR
RNOSE

13

13

13

13

13

13

13

13

I3

13

13

13

13

AS

13
413
413
413
413
El4.6
Eléet
El4eb
El‘-b
El4e6
El4eb
a3
Fl4.6
F5.3
El6.6
A2
El4.6
El‘.b
F5.3
A3
El4.6
Eléeb
A3

a2
£l4.06
AS

84
El4.6
El4e6
El4ed
El4.b
£14.6
El4.6

cGL
coL
coL
coL
ccL
CCL
CCL
coL
coL
cCL
coL
coL
coL
ceoL
cct
coL
ccL
coL
coL
coL
cGL
cCL
coL
coL
CcGL
coL
cCL
coL
cCL
coL
cCL
coL
coL
CoL
coL
CGL
CCL
CcCL
coL
cCL
caoL
CGL
CCL
cCct
cCL
coL
cCL

102

ARGCN

50-52
50-52
50-52
50~52
50-52
50-52
50-52
50-52
50-52
50-52
5C-52
50-52
50-52
50-54
50-52
50-6l
5C~-61
50-61
SC-61
5G~63
50-63
50-63
50-63
50~-63
50-63
50-52
50-63
5C-54
50-63
53-51
58-63
50-63
50~54
5C=-52
53-63
50-63
5¢-52
50-51
50-63
50-54
50-53
50~63
50-63
50-63
59-63
50-63
5C-63

INJECT 1ON

U5l

001

200

a0l

0092

003

oco

o0l

0ol

305

o1

220

009

BLUNT
003

001 23C0000000
00100000339)
203910003002
001030L00009
J.001
0.435
0.09

1.0

0.0

26.9
ABLATION
0.0284
1.0

%.01

NO

J.04
0.10
002
RETCHARDT
leJ4

12.0
ARGON
YES

0.7
ROTIA
PINF
Je06582
2909
8204.0
J.00135
22
J.083333
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APPENDIX V
DESCRIPTION OF OUTPUT DATA

As explained in Appendix III there are two major types of output from
the program. The first 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 listing the variable
name as it appears in the output, along with a definition of the variable.
Printed output will be covered first, 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. 1In
blunt cone cases all distances are initially in a wind-fixed coordinate
system. At the end of the spherical wedge section (the sonic 1ine) the
coordinates are converted to a body-fixed system.

Line 1

S 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 Tength 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 nondimensional local body radius.

DX aX, streamwise step size, in feet.

NIT number of iterations to obtain the solution.

Line 3

XI £, transformed streamwise coordinate.

DXI AE, streamwise step size in the transformed coordinate, &.

DXDXI ax/ k.
CWALL local.injection rate, described in Appendix 1V.

Line 4

PE Pes edge pressure in PSF.

TE te, edge temperature in °R.

UE ue, streamwise edge velocity in FPS.
VE ve, cross flow edge velocity in FPS.
MACHE Me, edge Mach number.

Line 5

DPEDX aPe/3k.

DTEDX ate/dE.

DUEDX dug/3E.

DVEDX ave/ 9.

RHOE Pes edge density in slugs per cubic foot.
Line 6

DPEDW aPe/3¢.

DTEDW ate/36.

DUEDW due/3¢.

DVEDW ave/36.

ROEMUE Pele, density viscosity product at the edge.
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Line 7
PeleX
LOCAL EDGE REYNOLDS NUMBER = Ve
Line 8 sz
CFXINF  Cf = xz , streamwise skin friction coefficient
o P u
2T
CFXEDG Cfx = _"x ., streamwise skin friction coefficient based on
€ p,u
ele

edge conditions.

2t
CFWINF Cf¢ = wg » transverse skin friction coefficient based on free-
conditions.
21
CFWEDG Cf¢e = Y5, transverse skin friction coefficient based on edge
2
Pale
conditions.
LINE 9
CHEDGE Ch. = Aw » heat transfer coefficient based on edge
e Deue (Hw‘Haw)
properties.
Qw
CHINF C, = , heat transfer coefficient based on free-
hw paouuo (HW-Hawj '
stream conditions.
STEDGE St = Gw » local Stanton number based on edge conditions.
e pele (Hy-Ho)
- Gw local Stanton number based on free-st
STINF st°° i R fia) ocal Stanton number ed o ee-stream
conditions.
Line 10
Qu ——SW§ » wall heat transfer coefficient
P,
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2
CHIMAX  Ypax, maximum vorticity Reynolds number, where ¥ = %— gg-'

Line 11
LONGITUDINAL SKIN FRICTION Twy in PSF.

DELTA™(X) 8,* , streamwise boundary-layer displacement
thickness in feet.

THETA(X) 8y , streamwise boundary-layer momentum
thickness in feet.

Line 12

TRANSVERSE SKIN FRICTION Tw¢ » in PSF.

DELTA™(PHI) 6¢* » transverse boundary-layer displacement
thickness in feet.

THETA(PHI) 8¢, transverse boundary-layer momentum
thickness in feet.

Line 13

WALL HEAT TRANSFER RATE Qys in BTU/ft2/sec.

DELTA (Ft) 8, the boundary-layer thickness in feet.

Line 14

TRANSITION INTERMITTENCY FACTOR I¢, percentage of full turbulent achieved.
1.2 Profile Data

Three groups of profile data are printed by the program. Every other
point is printed in the profile arrays.

Group I

ETA n, the transformed normal coordinate.

Y Y, the physical normal distance in feet.

F u/ug, the nondimensional streamwise velocity profile.
FN 9F/on.
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G w/ug, the nondimensional crossflow velocity profile.

GN 2G/2n.

H H/Hg, the nondimensional stagnation enthalpy profile.

HN 9H/an.

c pu/paugs the nondimensional density-viscosity product profile.
CN 3C/an.

v transformed normal velocity profile.

Group II

ETA n, transformed normal coordinate.

Y/L y/XSTA(NSOLVE), nondimensional physical normal distance profile.
ROROE p/pa, the nondimensional density profile.

XMU W, viscosity profile.

Et et, ratio of eddy viscosity to the laminar viscosity.

CHI ¥, profile of the vorticity Reynolds number.

LEL Le, laminar Lewis number profile.

LET Let, turbulent Lewis number profile.

PRL Pr, laminar Prandtl number profile.

PRT Pri, turbulent Prandtl number profile.

SPHT Cp, specific heat at constant pressure.

Group III

ETA n, transformed normal coordinate.

Y/L y/XSTA(NSOLVE), nondimensional physical normal distance profile.
Z Cf/Cfe, free-stream mass fraction profile.

IN 9Z/9n,

TEMP t, the dimensional temperature profile in °R.

T/TE t/tes the nondimensional temperature profile.
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TN 3T/TE/an.
CP/CV Cp/Cv, ratio of specific heats.
RHO ps 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 will be described below by
presenting an example of the machine drawn plot.

Streamwise Surface Plots at a constant ¢
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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 linear or 1ogaritﬂ-
mic depending on the particular variable being plotted.
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Transverse Surface Plots at a Constant S
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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 ¢
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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 = 0.0001.

Profile Plots versus ¢ at a Constant S
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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 full 3-D problem having both turbulence and mass
transfer. The plots which are built into the program are as follows:

Eight surface plots, Po, Mg, 6, C¢, , St., q,/qy.» Cf. » and §* in each
direction for a total of 16 plots.X= W' "W fou

Five profile plots, u/u,, w/ug, t/te, C¢/Ce , and e at each of four con-
stant x and four constafit ¢ locations; ?or § maximum of 40 plots.

SECTION III: 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 indicating the beginning of
transition or mass transfer. Included in the messages are the values of X
and the particular integer counter involved. A similar 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. If this should occur three consecutive times, a message will be
printed indicating that execution is terminating.

If a particular boundary-layer problem drops all of its circumferential
solution planes due to convergence problems, a message 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 printer in the job controt
language, subroutines DISKIN and WEDGE generate printed output showing the
fourier coefficient 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 first station data and is printed by
BLUNT1. It lists 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 te. edge temperature in °R,

XMB Me» 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 will 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 1inkage editor control cards for the overlay structure.

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

FTO6FO01 printer output unit for station and profile data.

FTO3F0O01 grinter output unit for the summary of windward plane surface
ata.

FTO4FOO01 direct access unit for storing the solutions of a blunt cone's
spherical wedge section for later use as starting data for the
afterbody solution.

FTO8FOO!1 direct access unit for storing current solutions.

FTIOFO01  tape or disk unit for storing the edge data for a vehicle-
inviscid flow field combination.

FT13F001 plotter data set; tape or disk unit for storing streamwise
surface data versus x at a constant ¢.

FT14F001 plotter data set; tape or disk unit for storing profiles
versus ¢ at a constant Xx.

FT15F001 plotter data set; tape or disk unit for storing profiles
versus x at a constant ¢.

FT16F001 plotter data set; tape or disk unit for storing streamwise
data versus ¢ at a constant X.

FT25F001 tape or disk unit corresponding to unit 30 in the Black and
Lewis inviscid program; used for first run of a problem to
establish edge data on unit 10.

FT30F001 printer output unit from subroutines DISKIN and WEDGE showing
edge data coefficients.

FT69F001 tape or disk unit for storing the input data cards in card
image format.
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The user should note that units 10, 13, 14, 15, 16, 25, and 69 in
Table I are coded as on-line disk data sets. Any one or all of them can
be used as tape or off-1ine disk data sets with the appropriate changes
in the JCL.
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TABLE VI-1
JOB CONTROL LANGUAGE

JPRICRITY [DLE

J*MAIN TIME=190,LINES=506,REGICN=3CCK

JSFORMAT PL4PEN=XFINE,COLGR=BLACKyCCANAMESCALCOMP

#/ EXEC FURTGCLG PARV.LKED='LIST OVLY*LIE1=PLOTLIB,
17 PARM.GO='DEST=PLTL,PAPER=40,PTIME=L19"*
J/FORT.SYSIN DD »

FORTRAN SOURCE STATEMENIS

/e |
#/LKED.SYSIN DD

INSERTYT DERIV3I.FC3,DERIV

INSERT ASSVAR,BLUNT,CCAVRG,DEPVAR FINDIF, FRSTRM,GEOMs INTEGR »PDECOF, X

STAG, TKPRTR ,UNITL10shSCLVE 4 X ICORD, XSOLVE  ZCOORD, POLY

INSERT INJECT,SURFAS

INSERT 1RBLNT,TRANSK, PLOTS

OVERLAY CONE

INSERT AERO,IMIT,INPUT,,CUT]

INSERT REF,THERMO

OVERLAY CNE

INSERY CISKIN,FORIERyWEDGE

INSERT FLUDAT

OVERLAY CAE .

ENSERT CCNTRL (GMTRYJMIXTUR, INTER3

INSERT CONICL(EDGE¢EOG2y 1ECCEF s CLDyGLOEDG »OUTPUT, SOLPNT GASPRP
INSERT EDGA

OVERLAY Twd

INSERY EDYVIS,TRBPRL

OVERLAY TWO

INSERT ABCOE s SOLVE ¢ XMOP 4ENERGY

QVERLAY TkO

INSERT PHIMOM

OVERLAY TwQ

INSERT SPECIE,SPECBC

OVERLAY ThO

INSERT CHANGX

QGVERLAY Tho

INSERT VCALC,WALL

QOVERLAY Tw9

INSERT EGPROP

OVERLAY THREE

INSERT SHAP1

QVERLAY THREE

INSERT EDGCCF

OVERLAY THREE

INSERT ELUNT1,BLUNT2, INTERS.FOS

OVEFLAY Two

INSERT PROPTY,OUT2

OVERLAY Twd

INSERT ADCETA

OVERLAY CNE

INSERYT PLOTERGAERCPTyMAXyMINgLEGEMNDy SUBLEL

F i

77GO.FTC6FCOL DD SYSCUT=A,DCExBLKS[ZEr133
#/GO.FYC3IFCOL DD SYSOUT=A,CCR={RECFF=FA,BLKSIZE=133)
J7GD.FTG4FCI1 DD UNIT=SYSDA,01SP={NER(DELETE] s SPACE=(6464,(861,10)]
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4/GO.FTGBFOD) DD UMNIT=SYSNA,CISP=(NEW,DELETE), SPACE=(6464,4614+101)
J7G0.FTI0FQUL DD OSN=SHARP JADAMS ,AS05F3,UNIT=SYSCA,

" VCL=SER=USERPK,

1”7 DISP={0OLU,KEEP) +NCB=(RECFM=VBS,LRECL=492,8LKSIZE=12796)
//GOJFT13F00L DD UNIT=S5YSDA,DCR=(RECFM=FR,LRECL=120,8LKS1ZE=3000),
4/ SPACE=(TRK,y2C)

£7G0.FT141CO1 DU UNIT=SYSDA,DCB= (RECFMcFB,LRECL=T224BLKSIZE=7224),
17 SPACE=(TRK,20})

/7GO.FT 15001 DO UNIT=SYSDA,0CB= (RECFM=FByLRECL=2T7224+BLKSI2ZE=T7224),
7" SPACE=(TRK,20)

J/7G0.FT16FOCL DD UNIT=SYSDA,CCB=(RECFM=FB,LRECL=120,BLKSIZE=3000),
'l SPACE=(TRK,20}

£/60.FT25+001 DD DUMMY

f760.FT30F001 0D DUMMY

£7GD.FT69FGOL DO UNIT=SYSDA,DISP=(NEW,DELETE)y SPACE=(TRK+3),

i7” DCB=({RECFM=FB,LRECL=BO,BLKSIZE=1600)

#/G0.SYSIN DD *

EAPUT DATA CARDS

r¢
"
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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) Full three-dimensional solution of Cleary' s blunt cone (Ref. 40)
at 5 degrees angle of attack, and with Re_=1.2 x 105/ft. and
= 1.1 inches.
"nose
2) 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. 10.

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 first for each case. This output
includes a complete 1ist of the input data, and for blunt cones it also
contains the updated XSTA array. Following the input data is a station
by station 1isting of the results including profiles where called for
by the user.

Qutput from unit 3 is presented after unit 6 for each case. Unit 3
presents the tabulated resu1ts for some boundary-layer parameters along
the windward streamline (¢ = 0°).

Due to space limitations 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 checking -his copy of the computer program after conversion at another
machine installation.

Each unit's output is preceded by the header page for that unit as
printed by the computer.
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I. Full Three-Dimensional Solution of a Blunt Cone at Angle of Attack.
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THREE=DIMENS IONAL BOUNDARY LAYER PROGRAM

FOR

LAMINAR CR TURBULENT FLOW

NITH

.

BINARY GAS INJECTION
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AFROSPACE ENGINEERING DEPARTMENT

BLAC

INPUT DATA CARDS ARE AS FOLLOWS:

CARD
CARD
cAD
CARD
CARD
CARD
CARD
CARD
cazn
CARD
CaRD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CaRD
CARD
CARD
CARD
CARD
CARD
caD
CARD

BLUNT CONE LAMINAR ALPHA=S REINF=1,2D06/FT NASA TN D-5430

001
0n2
003
(-1
095
[1]+].3
007
oor
a9
o010
Qll
c12
o013
014
015
o016
017
ois
ci9
020
021
022
023
024
025
026
027

CARD>028

CARD
CA2D
carp
CARD
CaARD
CAPD
CARD
CARD
CARD
caARD
CARD

029
01c
031
032
033
034
035
036
037
038
039

1F
INJCT
KADETA
KEND2
KONSET
KPRT
KTRANS
LANTRSA
LPRT
NITL
NIT2
NIT?
NPINS
NNSF
NSOLVE
KPLOTY
KPRFL
LPLOY
LPRFL
ADTEST
AKSTAR
ALAMDA
ALET
ALPHA
ASTAR
cnoL
Cwarl
CR1
CONY
DISK
DXINVS
DXMAX
bX1
EDYLAW
ETAFAC
ETAINF
GAS2
PLOY
PRL

13

13

13

I3

13

I3

I3

I3

I3

13

13

13

13

A5

13
413
413
413
413
El4.6
El4.6
El4.6
Fl4.6
El4.6
El4.6
A3
Fl4.6
F5.3
Elae.b
A2
El4.6
Elé.6
FS5.3
A3
El4.b
El4e.6
A3

A2
E14.6

cotL
coL
coL
coL
coL
oL
coL
coL
coL
cotL
coL
coL
coL
oL
(4418
coL
coL
L
cCcL
coL
coL
oL
coL
oL
coL
coL
coL
coL
coL
colL
caL
coL
coL
oL
cnL
coL
coL
cot
cot

KSBURG,

50-52
50-52
50-52
50-52
50=-%2
50-52
50-52
50-52
50-52
50-52
50-52
50-52
50=52
50-54
50=-52
50-61
50-61
50-61
50-61
50~63
50-63
50-63
50=63
50~63
50-63
5052
50-63
50-54
50-63
50-51
50~63
50-63
50-54
50-52
50-63
50-63
50~-52
50-51
50-63

101

000

ool

013

000

003

000

001 R
001

005

010

020

a0o0

BLUNT

o013
001004007000
001002000000
004006012000
001003900220
0.001

0.435

0.09
1.0
5.0
26.0
ARLATION
0.0

l.o

0.001

NO

0.04

o.l

0.01
REICHARDT
1.04

6.0

AIR

NO

0.71

L ]
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CARD 040 PRY
CARD Cé1 PROP
CARD 042 RTW
CARD €43 1FS
CARD (44 TSTAG
CARD C&5 VALUE
CARD C46 XAAR
CARD €47 RNOSE
0.0

€.01

0.177745

0.260806

0.3%43867

0.511921

0.678043

0.786215

1.010287

1.176409

14344463

1.510583

1.7978

AS COoL 50=-34 ROTTA
As coL 50-53 PSTAG
El4.6 coL 50-63 0.27
E14.6 COL 50-43 0.0
El6.6 COL 50=-63 2000.0
El14.6 COL 50-43 1200.0
Elé.6 coL 50-63 2.0
El4.6 COL 50-63 0.091586

FREE STREAM, STAGNATION, AND VEHICLE DATAS

PSTAG = 0.1200000
TSTAG = 0.200000D
HSTAG = 0.1202370

04 PSIA
Q4 DEG.R
08 FT=02/SECH*2

PINF = 0.1915380=-01 PSIA
RHOINFz 0,188451D-04 SLUGS/FT#*3

TINF = 0.8520790
UINF = 0.479822D
MINF = 0.1067000
cP/CV = 0.140000D
R = 0.1717670
TH/TO = 0.2700000
ALPHA = 0.500000D

THETAC= 0.1500300

POINTS AT WHICH A

XSTAtl)

0.0

0.010000
0,0068364
0.068661
0.069524
0.070879
0.072615
0.074597
0.076680
0.078720
0.080587

OO ~NOWVISWN -

-

02 DEG.R

04 FT/SEC

02

a1

04 FT*x2/SEC**2/DEG.R
o]y

01 DEG.

02 NEG.

SOLUTION 1S TO BE OBTAINED:

§9-9L-41-0Q3v
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"12
13
14
15
16
17
18
19
20
21
22
23
2%
25
26

0,082166
0.083363
0.084109
0,084362
0.177745
0.260806
0.343867
0.511921
0.678043
0.786215
1.010287
1.176409
1.3644463
1.510583
1.750800

BLUNT CONE EDGE DATA

0.0

0.523874D~04
0.199451D0-03
0.445258D-)3
0.7908150n-03
0.1238430-02
0.172677D-02
0.2442900-02
0.3206090-02
0.407723D-02
0.5061510-02
0.6164700-32
0.7390850-02
0.876317D-22
0.1023C0D-01
0.118589D-01
0.136374D-01
0.155726D0=-01
0.1768170-01
0.1997490-01
0.2247470-01
0.243345D-01
0.245359D~-01
0.2512650-01
0.2606600-01
G.2729340-71
0.2871620-01
0.3024630-01
0.317764D-01
0.3320220-01
0.3442660-01
0.3536610-01
0.3595670-01
0.3615820-01

XB8(1)

0.0

0+3099130-02
0.6047860~-02
0.9038300-02
0.1204910-01
0.150845D0-01
0.1812790-01
0.212093D=-01
0.2431460-C1
0.2744170-01
0.3067300-01
0.3380850-01
0.3706080=-01
0.4036020-01
0.4371880-01
0.471439D0-01
0.5064170-01
0.5421700-01
0.5789080-01
0.6166940-01
0.6557740=01
0.683643D-01
0.686696D-01
0.695235D=-01
0.708789D0-01
0.7261510-01
0.7459690-01
0.766T7T96D0-01
0.7872050=01
0.8058750-01
0,8216600-01
0.833626D-01
0.8410860~-01
0.8436200-01

RB(I)

0.0

0.3098530-02
0.604347D-02
0.9023660-02
0.1201440-01
0.1501650-01
0.180100D=01
0.2102060-01
0.2493040-01
0.270336D-01
0.30037460-01
0.3304710-~01
0.3605°2D0-01
0.3906R60=-01
0.420792D-01
0.4509260-01
0.4810430-01
0.511104D=-01
0.541181D-01
0.571210D-01
1.6012450~01
0.6219990-01
0.6241720=01
0.6304640-01
0.640233D-01
0.652542D-01
0.666306N-01
0.680435D0-01
0.693939D-01
0.705992D-01
0.715954D-01
0.7233640-01
0.7279220-01
0.7294590-01

PEB(1)

04003460
0.3998300
0.3982830
0.3957060
0.392102D0
0.3875170
0.381829D
0,3752070
0.3676090
0.359236D
043495040
0.339354D
Qe327738D
0.315569D
0.302613D
0.289021D
0.2746590
0.259528D
0.244022D
0.227807D
0.211218D
041993180
0.197692D
0.193650D
0.188074D
0.1809390
0.172754D
0.164426D
0.156405D
0.149185D
0.1432810
0.138871D
0.136133D
0.135219D

UEB(I)

0.0

0.9411290
0.1883300
0.2827740
0.3775410
0.4719560
0.5684830
0.6644290
0.7609520
0.8583360
0.9566900
0.1055950
0.1156010
0,1257200
0.135943D
0.146207D
0156655D
0.167366D
0.178C970
0.1891560
0.2013850
0.2084370
0.2095380
0.2122810
0.216273D
0.2209480
0.226573D
0.2323500
0.2379750
0.243101D
0.24T7343D
0.2505450
0.2525490
0.2532210

02
03
03
03
03

03
03
03
03
04
0%
04
04
04
04
04
04
04
04
04
0%
04
04
04
04
04
04
0s
04
04
064
04

TEB(I)

0.2000000
0.1999260
0.1997050
0.1993350
0.1988150
0.1981479
0.1973120
0.,1963280
0.1951840
0.193873D
0.192388D
0.190726D
0.1388860
0.,1868550
0.1846300
0.1822210
0.179587D
0.1767030
0.1736200
0.1702420
0.166604D
0.1633660
0.1634R4D
0.1625210
0.1611700
0.159399D
0.157305D
0.1551000
0.152900n
0.157849D
0.1491180
0.1477920
0.1469540
0.1466710

04
04
04
04
04
C4
04
04
04
04
04
C4
04
04
04
[
04
04
04
04
04
04
0%
04
04
04
[\
04
04
04
04
04
04
04

0.0

0.4292200-01
0.859393D0-01
0.129156D0 00
C.172666D0 00
0.2162090 00
0.2609800 00
0.3057900 00
0.351238D0 00
0.397526D 00
C.444783D0 00
C.493064D 00
0.5426410D0 00
0.593087D 00
0.6451670 00
G.6984456D €O
0.7538T710 00
0.811919D0 00
0.8716120 00
0.9348700 00
0.100113D 01
0.1050010 01
0.1nS5680D 01
0.1073790 ot
0.1097550 01
0.112852D0 01
0.116494D 01
0.1203100 01
0.124107TD 01
0.1276390 01
0.1306170 O1
0.1329000 01
0.134345D 01
0.134832D 01

S5-SL-HL1-2Q3V



S * 0.0 S/REF= 0.0 z = 0.0 2/REF= 0.0

R = 0.0 R/REF= 0.0 OX = 0.100000-01 NIT = & PHT = 0.0 DEG.

X1 = 0.9 OXI = 0,0 DXDXIw 0.0 CHALL= 0.0

DIMENSIONAL EDGE PROPERTIES

PE = 0.4003460 03 TE = 0.2000000 O& UE = 0.0 VE = 0,0 MACHE = 0.0

OPEOX= 0.0 DTEDX= 0,0 DUEDX= 0.0 DVEDX= 0.0 RHOE = 0.116538D=93
OPEOW= 0.0 OTEOW= 0.0 DUEDW=> 0.0 DVEDW= 0.0 RHOEMUEs 0,1134540-09

LOCAL EDGE REYNOLDS NUMBER =0,0

NONDIMENSIONAL BOUNDARY LAYERS PARAMETERS

CFWEDG* 0.0
STINF = 0,1881400-01

CFXEDG= 0.0
CHINF = 0.,2474400-01
CHIMAX= 0.0

CFWINFa 0,0
STEOGE= 0.0

CFXINFs (0.0
CHEDGE= (.0
oW =-0.768619D=92

DIMENSIONAL BOUNDARY LAYER PARAMETERS

THETAIX) = 0,16664790=03
THETA(PHI)= 0.0

DELTA*(X) = 0.4249430-04
DELTA*(PHI )= 0.186914D-02
DELTA [FT) = 0,976163D=-03

LONGITUDINAL SKIN FRICTIGN= 0,0 PSF
TRANSVERSE SKIN FRICTION = 0.0 PSF
WALL HEAT TRANSFER RATE ==0.205774D0 02 BYU

85-§4-H1-0Q3V

(44

Y F FN 6 GN HN c CN v
0.0 0.0 0.54581% 0.0 0.0 0.256579 D.267124 1.334317 =0.202861 0.0
0.C29890 C.1200-05 0.005397 0.545625 0.0 0.0 0.259223 0.267537 1332316 =0.201683 =0.2670-04
0.220587 0.2090=05% 0.011233 0.545405 0.0 0.0 0.262087 0.267983 12330166 =0.200436 ~0.1160=-03
0.032157 0.3290-05 0.017541 0.545145 0.0 0.0 0.265190 0.268664 1.327854 <~0.199124 =-0.2820-03
0.044671 0.4600-05 0.024361 0.544R41 0.0 0.0 0.268553 0.268983 1.325371 =0.197745 =0.5440=03
0.058206 0.603D0=05 0.031733 0.544484 0.9 0.0 0.272198 0.269544 12322705 =C.196297 -0.9240-03
0.072845 0.761D-05 0.039701 0.544065 0.0 0.0 0.276148 0.270148 1319842 -0.194781 -0.145N-02
0.088679 0.933D-05 0.048312 0.543573 0.0 0.0 0.280431 0.270799 12316770 =C.193154 =-0.214D-C2
0.105805 0.1120-04 0.057617 0.542997 0.0 0.0 0.285075 0.271501 1.313476 -0.191538 -0,3050-02
0.124329 0.133D-04 0.067689 0.542322 0.0 0.0 0.290111 0.272256 1309944 =0.185811 ~0.421D-02
0.144364% 0.156D-04 0.078527 0.541531 0.0 0.0 0.295574 0.273068 1.306160 <-0,188213 ~0.5580-02
0.166034 0.1820-N4 0.090252 G.5406C3 0.0 0.0 0.321500 0.273940 1.302106 =0.1861645 =0.75CD~02
0.189472 0.213D-04 0.1C2910 0.539517 0.2 0.0 0.307932 0.274875 1297766 =0.184205 -0.577D-902
C.214823 0.2400-04 0.116572 C.538245 2.0 0.0 0.314913 0.275875 14293122 -0.182194 =0n,126D=01}
0,242243 0.275D-C4 0.131310 0.536754 2.0 0.0 0.322492 0.276944 1.288155 =0.187111 =-0.156D-01
0.27190% 0.313D0-04 0.167203 9.5352707 J.0 0.0 0.330723 0.278082 1.,282846 =0.177953 -0.201D-01
0.303977 0.355D0-04 0.164332 0.532961 0.0 0.0 0.339662 0.279292 1.277174 =0.175718 =0.251D-01
0.338671 0.4320-04 0.182782 0.5305563 0.0 0.0 0.349374 0.280565 1.271118 -0.173403 -0.3110-01
0.376197 0.454D-04 0.202640C 0527752 0.0 0.0 0.359928 0.281904 1.264657 ~-0.171CC1 ~0.3030-01
0.416784 0.5120-04 0.723995 0.524457 0.0 0.0 0.371398 0.283298 1.257767 =0.168504 ~0.47CD-01
0.460584% 0.577C-04 0.240935 0.520594 0.0 0.0 0.383867 0.284735 1.250428 -0.165902 -0.573D0-01
0.503165 0.4490-04 0.271548 0.516263 0.0 0.0 0.397422 0.286196 12242615 =0.183180 -0.6%6N=-01
0.559522 0.7320-04 0.297918 0.510749 0.0 0.0 0.412158 0.287653 1.234309 -0.1£0320 -0.843N-01
0.615569 0.2220-04 0.326119 0.504517 0.0 0.0 0.428177 0.289064 1.225488 -0.157299 -0.1020 00
0.675148 0.924D-04 0.356215 0.497208 0.0 0.0 0.445585 0.290376 1.216134 =0.154C87 ~0.1220 00



€Tl

0.740130
0.810415
0.886434
0.96B657
1.057590
1.153779
1.,257317
1.373345
1.492055
1.623667
1.7656380
1.920082
2.086651
2.266812
2.461673
2.56724635
2.930396
3.146959
3.4134640
3.7C2283
%.J14063
4.351501
L.71564173
5.111227
5.538193
6.200300

ETA

0.3
0.32989)
‘0.020587
0.332157
0.3644671
9.€58206
0.272845
0.088579
0.105305
0.124329
D.144364
0.1646234
0.189472
0.214323
0.242243
0.271900
0.3239717
0.338671
2.376197
0.416784
0.462684
0.578165
0.559522
0.615069
0.675148
0:7640130

0.1040-03
0.1170-03
0.1320-03
0.1480-03
0.1470=03
0.1880-03
0.,2120-03
0.2430-03
0.271n-03
0.3060-03
0.3450-03
0.3910-03
0.4420-03
0.499D-03
0.564D0-03
0.6360-03
0,715C-03
0.8J040-03
0.9000-03
0.101D-02
0.,1120-02
0.1250=-02
0.138p-02
0.153D-02
0.1690-02
0.1860~02

Y/L

0.0

0.5530-06
0.117D=-05
0.134D=-05
0.2570-05
0,337D-05
0.4250-05
0.5210-05
0.6270-05
0.744D-05
0.8720-05
0.1010-04
0.117D-04
0.134D-04
0.1530-04
0.175n-04
0.1930-04
0.224D-04
0.253D0-04
0.236D-04
0.322D-04
0.362D0-04
0.4280-04
0.459D-06
0.516D-04
0.5830-04

0.388252
0.422250
0.458195

- 0496029

0.535630
0.576805
0.619263
0.5862602
0.706295
0749567
0,791913
0.332109
0.869266
0.902420
0.930752
0.951724
0.971207
0.983540
0.99149¢C
0.9956093
0.99R442
C.99947S
0.999856
0.999969
0.999996
1.00X9a¢

ROROE

3. T7037C
3.66595
3,62591
3.58352
3.53e7C
3.49138
3.44152
3.38906
3.33298
3.27626
3.21590
3.15291
3.08734
3.01523
2.94867
2.87576
2.800¢3
2.72243
2.64435
2.56358
2.48135
239754
2.31360
2.22866
2.14343
2.05826

0.4885640
0.478403
0.466859
Cet53143
0.437168
0.418633
0.397242
0.37273%
0.344935
0.3138C6
0,279537
0.242632
0.203987
0.164929
C.127153
0.092562
C.062845
0.139289
0.022265
C.011234
0.004942
0.001849
0.000571
0.000140
C.0CC026

=0.000000

XMy

0.35070-06
0.353AD-06
0.35710-08
0.36070-06
0.36460=06
0.3688D-0&
0.3734D-06
0.3783D-06
0,.38350-06
0.3892C~06
0.,3954N=06
0.40210D-06
0.40920=06
N.417CDH-06
0.42530=06
0053530‘06
0.4440D-06
0.45440=-06
0.4656N~06
0.47760=-06
0.47960-06
C.50450-06
0.5194D0-06
0.53530-06
C.5524D=06
0.5705D0-06

« s s e
0000000000

' EEEEEEEREER
COQOO0O0O0O0VAOOOOS00

COO00VUDO02000000VUOCTO0OOVOO0

0.0

e
L X-R-J-y-X-Y.N-¥-N-R-J-N-¥-N.¥-¥-X-Y.¥-¥-X-]

~E-R-X-N-E-JX-R-N-R-F-R-N-N-N-1-N.N-F-N-2.¥.]

“s e
-2-X-

- X-E-K-X- X

..
0200000000000 000DCO0CO000

0000000000000 0000

- X-B-L-N-N-¥-N-J-N-N-J-N-J-N-R-X-N-X-N-F.Y-N.¥.¥-F.1

~E-A-d-N-N-F-N-X-E-N-X-N-N-N-N-F-N-F N -K.-Y-N.-¥.¥.¥.)

0,464493
0.485016
0.507263
3.531339
0.557330
0.585295
0.615248
0.564T136
0.630812
0. 716092
0.752274
0.789008
5.825386
0.862408
0.892958
0.921919
0.944358
0.965696
0.979861
0.989325
0.994993
0,997973
0.999315
0.999817
0.999968
1.0000%0

LEL

1.000000
1.000000
1.000000
1.200020
1.000000
1.200000
1290002
1.000000
1.002000
1.000000
1.0C0020
12230030
1.000000
1.00C220
1.000003
1.000000
1.000020
1.0C7000
1.00002)
1.000000
1.000030
14230009
1.000200
1.090000
1.000000
1.00n000

0.291511
0.292343
0.292803
0.292642
0,291650
0.289533
0.285928
N.280401
0.272461
0.261585
0.2467277
0.229157
0,207092
0.181345
0.152709
0.122564
0.092790
0.(65476
0.042673
0.024924
0.012984
0.025870
0.002240
0.000697
€.000169
0.000012

LEY

1.000000
1.000000
1.000000
1.000000
1.000000
1.09¢000¢
1.200200
1.000000
1.000900
1.000000
1.900000
1.003000
1.000€00
1.797000
1.000000
1.10700¢
1.0790C0
1.002200
1.000000
1.000000
1.900000
1.030000
1.000200
1.0097000
1.000000
1.002000

1.206234
1.19577S
1.184758
1.1732187
1.161084
1.14B8484
1.135446
1.122052
1.10R418
1.094696
1.081077
1.067793
1.055111
1.043320
1.032710
1.023538
1.0159a8
1.010134
1.005910
1.003119
1.001459
1.9C0590
1.000200
1.00005%
1.000010
1.000000

=0. 150649
=0.146942
=0.142915
-C.138509
=-0.133458
~0.128298
=0.122322
=0, 115484
=-0.1082723
-0.100129
=0.091143
=0.0813A2
=-0.070956
=0.06C0 74
=0, 069055
-0.039123
-0.02%366
=0.019662
=0.012589
-0.007223
~0.003794%
=0.001710
-0.000451
-0.000223
=-0.0CCr49
=-0.00C0006

PRL

0.737008
0.737122
0.737160
0.7372)3
0.737251
N,737306
0.737348
0.737439
0.737519
0.737611
0. 731115
0.73783%
C.737971
0.7308127
0.738397
0.738513
0.738759
0.739022
0.739335
0.735695
0.740107
0.74053%9
0.741120
0.741737
0.742437
0.743229

=0.1460
~0.1750
«0.2020
-0.2670
=0.2930
=0.3670
=0.4090
-0.4810
=0.5650
=-0.6600
=0.7700
~0.8950
-0.1040
-0.1200
-0.138D
=0.1570
=0,1790
~0.2C30
=0.2300
-0.2580
~0.2900
-0.3230
-0.3¢600
-0.399D
-0.4420
-0.4R80

PRY

0.900000
0.90Cr00
0.920CC0
0«SCCCTO
0.900000
C.9rN000
0.9C0000
0.9ccco0
0.9C2C00
0.900C00
0,9C2000
0.900C00
c.s00C00
0.92CCo0
C.900C20
0,50n0NC
0.900000
0.900C00
g.9CCC00
0.9cCC00
0.9
0.900000
0.9012020
0.9cC0CC0
0.900000
0.900C00

ceeae

SP Y

0.69190
0.6021D
0.62220
0.60230
0.60250
0.60260
0.69%28ED
0.6%3CD
0.6932D
0.60360
0.60390
0.6043D
0.6247D
0.6352D
0.60580
0.60640
0.6971D
0.678C0
0.639°00
0.6101C
0.6114D
0.61290
0.8164T0
0.81640
0.61890
0.62150

cs
04
ca
(L)
04
0s
06
04
04
0%
Cé
04
(1]
C4
(L]
ce
04
()
0%
c4
04
06
cé
04
c4
0%

§6-54-41-003v



144!

0.810413
0.886434
0.968657
1.057590
1.153779
1.257817
1.370345
1.492055
1.623687
1.766C 80
1.922082
2.085651
2.266812
2.461673
2.6T72436
2.900396
3.146959
3.413640
3.702083
4.014063
94351501
4.T16413
S.111227
5.538193%'
6.00930)

ETA

o.o I
0.909890
0.020587
0.232157
0.044671
0.053206
0.072845
0.288679
0.105805
0.124329
0.1464364
0.16603%
0.189472
0.214823
0.242243
0.271900
0.303977
0.333671
0.376197
0.416784
0.460684
0.508165
0.559522
0.615069
0.675148
0.742130
0.910415

0.6530-04
0.735D-04
0.827D=-04
009320'0‘
0.1050~03
0.1190-03
0.134D-03
0.151D-03
0.1710-03
0.1930-03
0.218n-03
0.26470-03
0.2790-03
0.315D-03
0.,355N-03
0.3990-03
0.4490-03
0.5030-03
0.5620-03
G.6260~03
0.696D-03
0.7720-03
0.854N-03
0.9430-03
0.1040-02

Y/L

0.0

0.5580-06
0.1170-05
0.1840=-05
0.2570-05
0.3370-0S
0,4250-05
0.521D0-05
0.6270-95
3.T7440-05
0-8720-05
0.1710-04
0.1170-04
0.134D-04
0.1530-04
0.1750-04
0.198D0-04
0.2240-04%
0.2530-04
0.2846D-04
0.3220-04
0.3620-04
0.403D-04
0.4590-04
0.5160-04
0.587D0-04
0.6530-04

1.9735%3
1.88962
1.80693
1.72589
1.64694
1.57054
1.49715
1.42726
1.36137
1.3000C
1.24364
1l.19279
1.1479C
1.10932
1.07726
1.05173
1.03242
1.01876
1.09985
1.00459
1.00185
1.00063
1.00017
1.00003
1.00000

z

1.00C920
1.000000
1.00JC00
1.0C0000
1.000000
l1.00000C
1.000000
1.000000
1.90000¢C
1.002000
1.00000C
1.000000
1.00000C
1.302000
1.000000
1.00000¢C
1.002%000
1.000000
1.000C0C
1.G00000
1.000000
1.000000
1.000000
1.000000
1.006000
1.00070C
1.0020G0

0,5899D-06
0.6104D-06
0.63210-06
0.65490-06
0.6789D-06
0.7038D-06
0.7296D-06
0.75610-06
0.78280-06
0.8096D-056
0.8359D-06
0.8612D-06
0,88480~-06
0.9063D-06
0.9250D-06
0.94050-06
0.95250=-06
0.96130-06
0.,9670D=96
0.97050-06
0.97230-06
0.9731D-06
0.97340-06
0.97350-06
0.9735D=-06

s & 5 » @
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OOC0O00000000O00O2000000000NDVD

OC00O00000UOOO0OLO2000000000000
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O000AOOC 0000020002000 0D0O
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0.5400000
0.545561D
0.5515850
0.558110D
0.565180D
0.572839D
0-5811390
0.5901340
0.599883D
0.610452D
0.6219100
0.56343340
0.647808D
0.662421D
0.6782730
0.695469D
0.714125D
0.734368D
0.7563310
0.7801600D
0,8C6011D
0.8340510
0.864453D
0.8974010
0.93304850
0.971693D
0.1913410

03
03
03
Q3
03
03
03
03
03
03
03
03
03
03

c3
03
03
03
03
03
03
03
03
03
03
04
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T/TE

0.2700000
0.2727810
0.2757930
0.2790550
0.2825900
0.2864200
0.2905690
0.2950670
0.299942D
0.3052260
0.310955n
0.317167D
0.32390640
0.3312110
03391360
0.3477340
0.357063D
0.367184D
0.378165D
0.390080N
0.403006D
04170250
0.4322260
0.4487010
0.4665420
0.,4858470
0.5067060

oo
00
00
0o
00
00
00
00
2]}
00
0o
00
00
00
00
00
00
00
00
[+]1}
00
00
00
00
00
09
00

1.000000
1.000032
1.000000
1.000000
1.000520
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.C00000
1.000000
1.000000
1.000020
1.000000
1.0000%0
1000000
1.000C20
1.300000
1.000000
1.000030
1.300020
1.000030
1.000000

TN

0.280974D
0.2813550D
0.2817730
0.2822170
0.282692D0
0.283291D
0.283745D
0.284325D
0.284943D
0.285601D
0.2862980
0.287035D
0.2878110
0.2886250
0. 2894740
0. 2903530
0. 2912560
0.292174D
042930910
0.2939920
0.2948510
0.2956350
0, 2963040
0.296803D0
0.2970620
0.2959880
0.296472D

00
00
00
00
00
00
00
0oc
00
00
00
00
00
00
00
00
00

00
00
00
00
[+]}
(41}
00
00
00

1.000000
1.000000
1.000000
1.005000
1.003900
1.000000
1.000000
1.000000
1. 000200
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.00000
1.000000
1.000000
1.000000
1.001000
1.000000
1.000000
1.000000
1.000000

CP/CY

1+399289
1.399192
1.399083
1.398959
1.398820
1.398662
1.398483
1.398280
1.398049
1.397786
1.397487
1.397144
1396752
1.396304
1.395790
1.395201
1.394525
1.393750
1.392861
1.391842
1390675
1.389342
1.387823
1.386097
1.3R4146
1.381950
1.379497

0.,T44118
0.745111
0.746207
0.747406
0.748700
0.750075
0,751509
0.752975
0.754439
0.755866
0.757218
CeT58466
0.759588
0,.760569
0.761404
0.762088
0.762623
0.763013
0.763275
0.763433
N.763516
0.763553
0.763567
0.763571
0.763572

0,9€0C00
0.900000
0.900000
0.900C00
0900000
0.900000
0.900(9%0
0.900000
0,900000
0.900000
0.900000
0.9823C00
0.9C0000
0.900000
0.900C00
0.900C00
0.900000
0.900000
te.9r 0000
0.900000
c.90cCr0
0.900000
0. 900000
0.900070
0.900000

RHO

0.46316200-03
0,4272210-03
0.4225550-03
0.4176150-03
0.4123910-03
2.4068770-03
0.4010660-03
J.3949530-03
0.388534P-03
0.381807N=03
0.3747730=-03
043674330-03
0.3597900r=03
0.351853D0-03
0-3436300-03
0.335134D-03
0.3263780=03
0.3173820-03
0.,3081650-03
0.2987530-03
0.289171D0-03
0.,2794500-03
0.2696220-03
0.2597220-03
0.26497900~03
0.2398650-03
0.229990n~03

0.62440
062770
0.6313D
0.6353D
0.6397D
0,6444D
0.64930
0.65450
0.6597D
D.6648D
0,6697N
0.67420
0.6784D
0.6R70D
0.68520
0.4878D
0.68980
0.69130
0.6923D
069290
0.69320
0.6934D
0.6934D
0.6934D
0.69340

04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
06
04
04
04
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0.1058420 06 0,329298D 09 0,295371D 00 1376778 0.2202110-03
0.110685D 04 0.353425D0 00 0.293507D0 00 1.373793 0.210575C=03
2.1158820 04 0.5794100 02 0.290665D 00 13705546 %.2011310-03
0.1214370 04 0.607186D 00 0.2865830 00 1.367089 0.1919310-03
0.1273450 C4 0.6367250 00 0.280954D 090 14363439 0.1830260-03
0.133588D 04 0.4667938D0 00 0.273423D 00 1.359665 0.1744T4D-03
0.1401290 04 0.700645D 00 0.2635603D 00 1.355845 0.1663290~03
0.146911D 04 0.734554D 00 0,.251096D 00 1.352064 0.1586510-03
0.153R847D 046 0.7692340 00 0.235542D 00 1.3648416 0.1514%980-03
0.16CR18D 04 DN.8174092D 00 0.216689D 00 1.344988 0.1449210-03
0.167674D0 04 0.8383690 00 0.1944990 00 1.341850 0.1390050-03
0.1742310 04 0.9711560 00 0.1692730 00 1.339051 0.1337730-03
0,18029C0 04 0.921452D 00 0.1417830 00 1.336619 0.129278C-03
N.1856560 04 0.9232780 05 0.113275D0 00 1.334562 0.1255420-03
0.190164D 04 0.950819D 03 (C.8543450-01 1.332884 0.122565D-03
041937190 04 0.968595D 00 (0.631077D-01 1.331578 0.12031¢60-03
0.196317D 04 0.981583N 00 0.3890570-01 1.330626 0.1187240-03
0.1980490 04 0.990245D 00 0.227974D-01 1.326990 0.11768560-03
0.199085D0 04 0.9954260 CO 0.1186540~01 1.329608 0.1170730~03
0.1996300 04 0.9981490 00 0.5346154D-02 1.,329497 0.115754n=-03
0.1908750 04 0.999375D0 03 0.204549D-02 1.329316 0.1166100-03
041999660 C&¢ 0.999832D 00 0,.636269D-03 1.3292802 0.1165570-03
0.1997940 04 0.999949D 03 0.1543567D-03 1.3209272 0.1165410-03
0.2200000 04 0.100000D0 01 0.112090D-04 1.329270 0.1155380-03

0.836434 0.735D-04 1.009000
04968657 0.827D=04 1.00%000
1.05759) 0.9320-04 1.900020
16153779 0.1050-03 1.¢000C0
1.257317 0.1190=03 1.000000
12370345 0.1340-03 1.90003C
1,492755 0.1510-03 1.03C00C
1.6236S7 0.)710-03 1.500090C
1.76638) 0.193D-03 1.002000
1.923982 0.2130-03 1.00010¢
2.J856651 0.2470~03 1.0ccn00
2.266812 C.2790=03 1.702000
2.461673 0.315D-03 1.009020
2.572436 0.355D-03 1.90000C
2.900396 0.3990-03 1.300C00
3.146959 0.4490-03 1.0€3CC0
3.6413640 0.5030-903 1.5C3000
3.702183 0.562n-03 1.209€00
4.31647%3 0.£260-03 1.700¢00
4.351501 0.696D=03 1.0Cc09C
4.716473 0,7720-03 1.003600
5.111227 0.854D-03 1.000C0C
5.538193 0.9430-03 1.0C€3(00
6,970320 0.1)4D-02 1.700C09¢

O3729I0000000D0D0CT0O0ONOO0O00LO
% 2 6 8 % 5 8 & 48 8 0% o0 9 a0t 0 s B e
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(A1) skhdk ShbkE

S = 0.1390000-01 S/REF= 0.1090990 00 12 = 0.5449530-03 1/REF= 0.594538D-02
R = C.998017D0-02 R/REF= 0.1088830 00 0x = 0.10000D0~01 NIT = &
X1 s 0.872444D-14 DXI = 0.872444D-14 OXDXI= 0.286197D 12 CHWALL= 0.0

PHY = 0.0 DEG.

DIMENSIONAL EDGE PROPERTIES
PE = 0.39456580 03 TE = 0.199184D 04 UE = 0.313249D0 03 VE = 0.0 MACHE = 0.1431290 00

DPEDX»=0.3264810 15 NTEDX==0.4711350 1S5 DUEDX= 0.9035290 16 DVEDX= 0.0 RHOE = 0,115352D=03
DPEDY= 0.0 DTEDw= 0.0 DUEDW= 0.0 DVEDW= 0.0 RHOEMUE= 0,1119370-09

LOCAL EDGE REYNOLDS NUMBER =0,3721980 03

NONDIMENSIONAL BCUNDARY LAYERS PARAMETERS

CFXINF= 0,536694D-02 CFXEDG= 0.2057210 00 CFHINFa 0.0 CFWEDG= 0.0
CHEDGE= 0.728024D-01 CHINF = 0,2909270~0} STEDGE= 0,53535300-01 STINF = 0,2212050~01
ow ==0.903702D-02 CHIMAX= 0.3987000 01

DIMENSTONAL BOUNDARY LAYER PARAMETERS

LONGITUDINAL SKIN FRICTION= 0.1164270 01 PSF DELTA*(X) ==0,2856064D=04 THETA(X) = 0.139T790=03
TRANSVERSE SKIN FRICTION = 0,0 PSF DELTA*(PHl)» 0.187774D-02 THETA(PHI)= 0.0
WALL HEAT TRANSFER RATE  =-~0.241938D 02 BTU DELTA (FT) = 0.916414D=03

' §6-9£-41-Da3v



ETA 4 F FN G GN H HN c CN v

2.9 0.0 2.0 1.051773 - 0.0 0.256579 0,3100%0 1.333307 -0.23%5281 0.0

0.909890 0,.987D=-06 0.010371 1.045401 . 0.0 0259648 0.310629 12330988 =0.233653 -0.1010-03
0.020587 0.207D=-05 0.021516 1.03838S . 0.0 0.262974 0.311254 1.328498 =0.231938 =0.4340=-03
2.332157 0.325D-05 94333485 1.03C6690 . 0.0 0.266579 0.311926 1,325825% =0,223014C -0.106D~02
0.064671 0.4550-0Q5 0.0456329 1.022092 - 0.0 0.270487 0.312651 1322957 =9.220259 -C.2030-02
"0.9582G6 ~ 9.59380=95 0.760100 1.812654 0.0 0.274724 0.313430 1.319881 =0,226293 -0.3630=-02
0.072845 0. 755N=05 0.0T74845 1.002244 0.0 0.279319  0.314267 1.316583 =0.224244 ~0.535D0-02

0.284302 0.315166 1.313050 =0.222110 -0.7829D-02
0.289708 0.316129 1.309265 -0.217893 -0.1120-01
0.295574 0.317159 1.305213 -0.217591 -0.153D-01
0.3019139 0.318257 1.,300878 =-0.215206 -0.2050-01
0.308848 0.319425 1.296241 =0.212735 =-N.265D-21)
0.316350 C.320663 1.291286 =-0.21C178 ~0.3480~01
0.324495 0.321968 1.285991 -9.207524 =0.442D-01
D.333343 0.323336 1.282339  =0.2047¢7 -0.5570-01
0.3642953 0.324760 1.274308 =-0.201662 =0.£940-01
0.353394 0.326229 1.267877 -0,1%6222 ~C.856N-01
0.3564739 0.3271724 1.261025 =0.1959465 =0.1050 00
0.377064 0.329222 1.253732 -0.162776 -0.1270 00
0.390459 0.330688 1,245976 =0.189436 =0.,154D 00
0.405007 0.332077 1237738 -2.1859?1 =0.1840 09
0.420806 0.333327 1.,22R998 -0.182178 -n.220D0 50
0.437953. 0.334359 1.219744% =2.178273 -0.2610 0
04456549 0.335068 1.205962 =0.17397@ -0.3070 00
0.476691 0.335321 1.19964T7 <~0.169387 -0.36CD 00
0.498474 0.334951 1.188802 ~0.164299 -0.4210 00
0.521982 0.333750 1,177638 =~0.158952 ~0.4880 030
0.547276 0.331468 1165580 =-0.152983 -0.564D 09
0.574393 0.327R07 1.153270 =0.14£425 -0.648D0 00
0.603323 0.322423 1140567 =0.139220 ~0.7420C 00
0.633997 0.314938 1.127555 =-0.131320 -0.945%50 CO
0.646268 0.304957 1.114341 =0, 12269 ~0.957D 00
0.699890 0.292099 1.101060 =-0.113347 -C.108D 01
0.736496 0.276047 1.087878 ~=0.103308 -0.1210 01
0.769587 0.256606 1.G74983 =0.092662 ~0a13¢0 21
0.804525 0.233783 1062590 -0.021544 ~0.151D 01
0.838548 0.207861 1.050923 =0.97"152 -0.167D 01
0.870802 0.17%464 1.€4C210 =-0.052742 -0.185D O1
0. 900409 0.149578 1.030658 =0.047625 «0.2CaD C1
0.9265586 0.119520 1.022439 =92.077148 -0.224D 01
N.948606 0.090R12 1.0156459 «0.027563 ~0.246D 01
0.9656203 0.064983 1.010345 <~0.019481 -0.26SD 01
0.979357 0.043296 1.006428 <0.0120826 -0.294D 01
0.988451 0.026499 1.003746 =0.927786 =0.3210 01
0.994181 0.014659 1.00206T7 -0.004285 -0.3490 01
0.997414 0.007189 1.001124 =0.0C2055 -0.3€1D0 Ot
0.9999013 c.00305? 1.000658 =~0,0008P8 ~0.4140 01
0.999687 0.001089 1.0004%2 =-0.020317 -0.4510 01
0,999922 0.000314 1.C0C394 ~0.GOCZ91 -0.47CD 01
0.999987 0.000069 1.000375 -0,0C2020 -0.5330 01
1.000000 0.000002 1.00C0C9 -C.G0238C -0.5790 01

0.2488679 0.92170-0% 0.090628 0.991766
0.105805 0.112D0-04 0.107488 0.978123
0.124329 0.1330=0C4% 0.125478 0.964210
0.14436% 0.156D-04 Daldb04s C.948220
0.186034 0.1810-04 0.165C26 0.932146
0.1872472 0.210-34 0.186659 0.913782
0.214823 0.2410-04 0.20570 0.293724
0.2642243 0.276D-C4 9.2337117 C.871881
0.271900 0.3150-04 0.259283 0.848171
0.333977 0.358N-04 0.286C78 G.822534
0.338071 0.2760~04 0.314]136 0.794934
0.375157 0.460D-04 0.343410 0.765%9
0.%15784 0.5270-04 0.373632 0.733878
0.460684 0.537N=-04 0.4C5313 0.760544
0.528165 0.6620-0% 0.437737 0.66%5C8
0.559522 0.T47D~04 0.470967 0.628966
0.615169 C.8420-N4 0.504842 0.591177
0.675148 0.950N-04% 04539179 0.55245%
0.743132 0.1770-03 0.573780 0.513160
V.310415 0.1210-03 0.5608433 J.4T3657
0.836434 0.136N=-03 0.642919 0.434477
0.9863657 Ne1%40-03 0.677C17 0.395906
1.957599 0.174N=-03 0.710510 0.358349
1.153779 0.1960-23 0.743185 0.322102
1,257817 0.22720-03 0.774%33 0.207369
1.375345 2.2510-03 0.805247 0.254251
1.4922355 0.2840-03 0.334214 0.222752
1.623697 0.321C-03 0.861503 0.192810
1. 7645289 0.363C~03 Q.386R64 0.164349
1.92J)82 0.410M-03 0.919C25 0.137346
2.9R6451 0e453D-903 0.930727 0.111897
2.2561312 0.52?20=-03 0.948651 0.088258
2,461673 0.587D-03 0.963661 0.066838
2.5724 36 0.66IN-23 0.975640 0.04P134
2.90039%6 0.741D0-012 N.9864732 0.032599
3.1461359 C.829n-03 0.991142 0.020499
3.413640 0.925n-03 0.995316 C.CL1794
3.702)783 0.103D0-02 0.997783 0.396102
4.,C14063 0.114D~-02 0.999081 0.002782
4,351501 0.127D-02 0.999675 0.001¢90
4.T16473 0.143N=-02 0.799206 0.00G356
S.111227 0.,1550-02 0.999979 0.000C93
5.538193 C.1720-02 0.,99¢997 0.000018
6.000200 0.187D-02 1.020000 =0.000000
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Lel

°.°

0.209399
0.J20587
0.232157
0.344571
0.058206
0.772845
0.088679
0.1€5395
9.124329
0.144364
Ge1660364
0.1232472
0.2164823
0.262243
0.271922
0.303277
0.339571
0.376197
D.416784
0.469584
0.5281865
0.559522
0.615u69
0.675148
0.740139
0.317415
0.866434
0.968457
1.95759)
1.153779
1.257417
1.3701345
1.492355
1.623697
1.766)8)
1.92€)382
2.C846651
2.266812
2.461673
2.672436
2+9C0396
3.146959
3.41354)
3.702083
4.014263
4.351501
4.716473
S.111227
5.538193
6.002753

ETA

0.0

0.5510=06
0.1160-0%
0.1820-05
0.2540=C5
0e334D-0%
N.4220-05
0.518n-05
0.624N-05
0.741D-05
0.8700-05
0.191D0=-n4
0.1170=06
0.1350-04
0.1540-06
0.1760-04
0.2730-04
0.2270-04
0.2570-04
0.270D0-04
0.3230-04
0.3730-0%
0.4170-04
0.470N-04
0.5310-04
0.598D-04
0.6T50-04
0.762D0-0%
0.86)0-04
0.9710-04
0.110C-03
0.1240-03
0.149n-03
0.158D-03
0.1790~-03
0.203D-03
0.2290-03
0.2580-03
€.2910-03
0.328n-03
0.369D-03
0.4140-03
0.463Nn-93
0.515n-03
0.575n-03
0.639n-03
0.7970~03
0.7820-03
0.8630-03
0.9590-03
0.104D-02

Y/L

3.69060
3.64700
3.6C093
3.55231
3.59110
3.44726
3.39075
3.3315¢
3.2697C
3.20518
3.13805
3.C6837
293623
2.921173
2.84501
2. 76626
2. 68560
2.60330
2.51959
2.43474
2.34904
2.26281
2.17640
2.00017
2.0C450
1.91580
1.83650
1. 75502
1.67%80
1.59$3¢C
1.52595
1.45619
1.39046
1.32916
1.27268
1.22135
1.17548
1.13528
1.10090
1.C7234
1.04947
1.03195
1.01926
1.01068
1.00535
1.00237
1.C00%0
1.00029
1.C0007
1. 00001
1.00C00

033070=06
0.35430-06
0.35820-06
0.3623D-06
0.3668D-06
0.37170-06
0.3770n-06
0.38260-08
0.3887D-06
0.39530-06
0.4C250-06
0.4101D~-06
0,41A84D=-06
D.42130-06
0.43670-06
0.44720-06
0,45830=06
C.4TC30=-06
0.4831D-06
0.49680-06
0.51150-26
0.52730-C6
0.5441M=06
0.56200-%¢
0.52100=-06
0.6G120-06
0.6224D-06
0.6448N=-0&
0.66810-06
0.69240-06
0.7l 74D~-06
0.74290=-06
0.76880=-08
0.7946N-06
0.8200N-06
0.844&N-08
0.86800=-06
C.8R950-06
C.50€°D-06
0.9256M-06
0.9396D-06
0.75C5D-C6
0.9586M-06
0.9642D~06
0.96770-06
0.96960-C6
0.9704D=08
C.9710D-06
0.,97110=-06
C.97T120-N%
0.9108D-06

IN

JO0000J300000Q

(R -R-N-N-3-N -A-N.N-N.¥.¥.¥-]

®  a 1 ® 8 ¢ 0 8 5 00 B8 68 8 a0
QOO IJ0ODO0D0T000HBOODOO

0000000000000 0QODO00

- A~ N-J-R-J-N-X-N.-N-N-N-¥-N-N-N.]
QOO 00I0VVOVOO0IOVO000

TEMP

°.°

0.37750~02
0.15870-01
0.3748D-01
0.60850-01

0.11420
0.1718D
0.24390
N.33140
0.4353D
055640
0.6949n
0.85190
0.10240
0.1214D0
0.14180
0.1635D
0.1862D
0.2C 960
0.,233290
D.2567T0
0.2796D
0.30150
0.32120
0.3402D
N.35630
0.3693D
0.38080
0.3890n
0.39470
0.3978D
0.239870
0.39730
0.3934D
0.3868D
0.374670
0.16220
0.%423D
0431600
0.28260
0.24260
0.19760
0.157%0
0.1C540
0.6667D
%,37190
0.1782n0

00
co
00
Go
00
00
00
00
o1
01
ot
ot
01
01
01
(131
01
01
01
ol
o1
01
01
01
01
o1
01
01
o1
ol
[:23
o1
01
o1
o1
01
01
ol
o1
00
00
00

J.71C20-01
0.22570=01
N.5328n-902

-.68920-

T/TE

04

1.000000
% 000030
1.000000
1.000000
1.000002
1.200000
1.000000
1.000000
1.00000C
1.009CJ9
1.000270
1.009720
1.000000
1.020000
1.000070
1.000000
1.000%30
1.000000
1.000000
1.000000
1.000000
1.60002)
1.000000
1.000000
1.000000
1.00009)
1.000000
1.000239
1.000030
1.000000
1.000030
1.300000
1.002000
1.300003
1.000000
1,000000
1.000000
1.000010
1.00C000
1.C00000
1.000700
1.000090
1.000000
1.00C020
1.000000
1.000030
1.000000
1.000070
1.000000
1.002900
1.000030

™

1.00C000
1.000000
1.00%020
1.000C00

1.000000

1.0000C0
1.700000
1.000000
1.000C00
1.000000
1.Cc0ncoe
1.C00000
1.9000C0
1.90¢ceC
1.000C00
1.000000
1.€02¢C0
1.000000
1.Cn000p
1.000000
1.c0%000
1.000000
1.000030
1.079000
1.000000
1.009000
1.000000
1.0N000C
1.CnocCo0
1.000000
1.¢00000
1.000000
1.00000C
1.000000
1.000000
1.€020C0
1.000000
1.009C0C
1.600000
1.002C00
1.000000
1.000000
1.¢N0200
1.000000
1. 000000
1.C00000
1.000CC0O
1.00C000
1.000000
1.090C00
1.000000

cp/cy

0.737088 0.900000
0.T737128 0.9C0C00
0737172 €.900000
0737223 C.9CCC00
0.737280 0.°C0000
0.737345 C.502000
0,737420 0.98rC00
0.737505 0.900000
0.737602 0.92€C020
0.737714 0.900C00
0.737862 C.9CoCo0
0.737929 C.9CCc000
9.739158 0.900C00
0.7381352 0,900000
0.73R576 0.920000
0.730833 C.8C0CIC
0.739132 ¢.9C0CCo
0.739472 0.909000
0.739R64 C. 500
0.750315 Cc.ec0000
0.740831 0.9CcGen
0.741421 9.900000
0.742092 0.9000C00
0.74285]1 . 900020
0.743705 0.900000
0.T44659 €.900020
0.745713 0.9CnCco0
0.746868 0.9%0C0C
0.748114 C.900r00
0.7494%0 0.920000
0.750826 c.scocn0
0.752248 C. 900000
0.753674 0.900C20
0.755071 0.920000
0.756408 C.9CCCI0
0,757656 C.900CCC
0.758793 0. 90000
0.75%825 £. 900000
0.760686 0.9C0009
0.761433 0.900C00
0.762048 f.930000
0.762533 C.900000
0,762895 0.5CON90
0.763145 0.900000
0.763303 0.900000
0.763392 0. 900000
0.7T63437 0.900000
0.763455 0.900000
0.763452 0.920000
0.763464 €.2060%0
0.763448 0.900000
RHO

0.60190
0.62210
0.60220
0.6924n
0.60250
0.63227D
0.6230D
0.60320
0.62350
0.69390
0.6343D
C.6049D
0,63530
0.6059D
0.6066D
0.623740
0.6282D
0.6094N
0.61070
0.6121D
C.61370
0.615&D
0.6178D
0.62020
0.6230n
0.62620
0.6296D
0.63350
0.63770
0.64220
0.£47CD
0.65190
¢.6569D
0.66190
C.06667D
0.6713D
0.6754D
0.67920
0465250
0.,68530
0.6%7¢D
0.6895D
0.69T8D
0.6918D
0.8924D
0.69270
0.69290
0.46930D
0.69300
0.69300
0.6929D

$9-94-H1i-0Q3vY



8C1

0.9

0.009890
0.020587
0.332157
0.044671
0.0582006
0.272345
0.0838579
0.1C5%0%
0.124329
0.144364
J.16603%
0.1836472
0.214823
0.242243
0,27193)
0,3033977
0.338671
0.376197
0.416784
0.463684
J.508165
0.559522
0.615769
0.5675148
0.740130
0.810415
0.886434
0.968657
1.057590
1.153779
1.757317
1.370345
1.402055
1.623697
1.766289
1.92¢082
2.0860651
2.265812
2.461673
2.672436
2.320396
3.146959
3.413540
3.702083
4.214J63
4.351501
4.716473
5.111227
5.538193
6.063500

0.0

0.5510-06
0.1160-05
0.1820~0%
0.254D-CS
0.3340=05
0.4220-0%
9.518D-05
0.6240-05
0.7410-05
0.8720-05
0.1010-04
0.1170-04
0.1350-04
0.1540-04
0,1760-04
0.2020-04
0.2270-04
0.2570-04
0.2900=~04
0.228D-04
0.370D=-04
0.4170-04
0.470D-04
0.5310-04
0.5980-04
0.£750-04
0.7620-04
0.86JD-04
0.9710-04
0.1100-03
0.124D-07
0.14230-03
0.1530-C13
0.1790-03
0.2030-03
0.2290=-03
0.2580-03
0.2910-03
0- ’2“0'03
0.357D=-03
0.4140-03
0.45630-03
G.516C-03
0.5750-03
0.6390-03
0.7270-03
0.7820n=03
0.R63D0-03
0.9530-03
0.1940-02

= 0.3000000-01

1.00%000
1.00000C
1.C00C0C
1.000000
1.000000
1.20GCGIC
1200010
1.cconae
1.0cc00C
1.00000C
1.7€0000
1.2C2C0G
L.000000
1.000000
1.200000

+SCIC000
1.200006
l.co0070
1.C00000
1.000000
1.00r020
1.060C0C
1.009000
1.00000C
1.00000C
1.0CI000
1.092000
1.700070
1.000000
1.000C00
1.0C000C
1.00C000
1.000000
1.000000
1.000000Q
1.00003¢
1.00C000
1.00902C
1.70¢03C
1.90003C
1.00230C
1.025000
1.0007°0C
1.007000
1.00000C
1.0¢236C
1.000000
1.30000C
1.030000
1.00010C
1.00C500

COoODWOCO0O0ODO000O0000000000000000VOO000O00000CONCO0D000

02009000 MNM0O0CO0NA000VDA0N0CO00DINOODO0N000O00DV0O0NNOD000D0O0N00

0.5400000
045464550
0.55344T0
0.561022D0
N.5692270
0.5781190
0.587753D
0.5981950
0,6095130
0.,6217820
0.5635N0830
0.649505D
N0.6651440
0.6272104D
N.720497D
0.720445D
0.742078D
0.7655370
0.7909700
0.8185350
0.848398D0
0.880727D
0.9156960D
0.9534 750
0.9942240
0.1038090
0.,108518D
0.1135560
0.1189240
0.,1246130
0.1396020
0.136858D
0.143328D0
0.14991380
0.156593D
Da.1631740
0.1695420
0a175544D
0.1810270
0.185R480
0.18789FD
0.1931220
0.14955270
0.197187D
0.1982320
01988210
0.1991120
0.1992350
0.199278D
0.1992900
0.1991840

RN

S/REF= 0,327297D 00 4

0.2711060
0.2743470
0.277857D
0.28166CD
0.285780D
Ce2902440
0.2950810
0.300323D
0.3060050
0.3121650
0.3188430
0.326083D
0.3339350
0.36472449D
0.3516840
0.3616980
0.3725590
0.3843370
0.3971050
0.410944n
0.425937D
0.442168D
0.459724D
0.4TR6910
0.49914%0
0.5211720
0.544811D
0.5701350
0.5270540D
0.6256150
0.6556R7D
0.687096D
0.71951TD
0.752762D
0.7861720
0.819211D0
0.8511810
0.3813170
0.908842D
0.933045D
0.9533830
0.9695680
0.9816390
0.9899730
0.995219D
0.99R81780
0.,999641D
0.100226D
0.100047D
0.100(53D
0.1000000

LI LR

= 0.486578D0-02

0.3274630 00
0.327919D 00
0.328403D0 00
0.328933D 00
0.3294950 0C
C.3300°60 00
0.3307360 00
0,3314170 00
0.332140D0 00
0.332903D0 00
0.333706D 00
0.3345450 00
0,7335416D0 02
C.336312D0 00
0.3372230 00
0.338133D0 00
0.3390230 00
0,3398660 00
0.340627D0 00
0.3412620 00
0.3417060 00
0.341870D 00
0,3417170 00
0.3410720 00
0.3398120 00
0.3377660 0C
0.3347330 00
0.3304790 00
0.324743D 00
0.3172380 00
0.3976650 00
0.2957280 00
0.281165D 00
0.2631710 00
0.2434830 00
0.220371D0 00
0.194T7610 00
0.1672530 00
0.1387510 00
0.11C4310 00
0.836%690-01
0.5969850=-01
0.3972310-01
0.2427050-01
0.1341730-01
0.6577820-02
0,279235D-02
0.9964730-03
0.28T77070-03
0.6351720-04
~e3486210-02

12399289
1.399176
1.399048
1.398902
1.398737
1.398549
1.398335
1.398090
14397810
1.397490
1.397123
14396702
1.398218
14395662
1.395023
1.394288
1.393443
1.392474
1.391361
1.39C088
1.38F5634
1.386980
1.3851C7
1.,382996
1.380635
1.37R014
1.375134
1.3720C6
1.368655
1.365120
1.361457
1.357735
1.354036
1.35044%4
1.347037
1.343084
1.341033
1.338512
1.336332
1334490
1.3329¢2
1.331797
1.330916
1.330307
1329923
1.329706
1.329598
1.329553
1.329537
1.329533
1.329572

1/REF= 0,5308510-01

0.4254880-03
0.4204510-03
0.4151490-03
0.409544D~03
0.4736410-C3
0.3974330-03
0.390918n-03
0.384794C0~C3
0.3769520-03
0.36%524N-03
0.3617865C-03
0.3537510-03
0.3454240-03
0.336845N-03
0a32200°1-03
0.31891t90-03
0.3096210~03
0.3701340-03
0.2904P30-03
0.2807210=-03
0.2722220-03
0.2608791-03
0.2509160-03
0.240975C-03
0.23109%"-03
0.2213330-03
0.2117250-03
0.2223350-03
0.1232020-03
0.1843820~03
0.17592¢0-03
0.167284N-03
0.1601060-03
0.153237n-03
0.1467270~03
0.1408C90-03
0.1355200-03
0.1308850-03
0.1269220-03
0.1236370=-03
0.1209930-03
0.1189730-03
0.117%17D-03
0.1165210=-03
0.1159760-03
0.115563N-03
0.1153950-C3
0.1153230-03
0.1152980-03
0.1152°10-03
0.1152900-03

55-G4-41-003V



6C1

R = 0.2946720-01 R/REF= 0,321484D 00
X1 = 0.648152D~12 DXI = 0.6394270-12
DIMENSIONAL EOGE PROPERTIES

PE = 0.3513850 03 YE = 0.192683D C4
DPEDOX®=Q,377159D0 14 DTEDX==N,590884D 14
DPEDW= 0,0 DTEDW= 0.0

LOCAL EDGE REYNOLDS NUMBER =0.314796D 04

NONDIMENSIONAL BCUNDARY LAYERS PARAMETERS

CFXINF= 0.1108800-01
CHEOGE= 0.2201020-01
L ==0,7529570~-02

CFXEDG= 0.515047D=01
CHINF = 0.2423980-01
CHIMAX= 0.]151828D0 02

DIMENSIONAL BOUNDARY LAYER PAPAMETERS
LONGITUNINAL SKIN FRICTIONs 0.240538D 01 PSF

TRANSVERSE SKIN FRICTION = 0.0 PSE
WALL HEAT TRANSFER RATE ==0.2015810 02 8TU

ETA Y F FN G
0.9 0.0 2.0 0.791140 0.0
0.309899 0.108D-05 0.007814é 0.788986 0.0
0.020587 0.225D0-05 0.016241 0.786604 0.0
0.J)32157 0.354D~05 0.325326 90,.783961 0.0
0.944671 0.4950-95 0.035119 0.781224 0.0
0.25826 0.6500-C5 0.045668 0.777758 0.0
0,072845 0.8200-05 0.057027 0.T74125 0.0
0.288679 0.101D-04 0.069253 0.770078 0.0
0.105805 G.1210-24 0.082403 0.765569 0.0
0.124329 0.1544D-C4 0.£96538 0.760541% 0.2
0.164356 0.1690=04 0.111720 0.754933 0.0
0.166C 34 0.1960-04 0.128012 0.748676 0.0
0.137472  0.226Nn-C4 0.145479 N.741693 0.0
0.214£23 0.2620-04 J.164183 0.733930 2.0
0.242243 0.2970-N4% J.164188 0,725207 3.0
0.271930 0.33RD-04 0.205553 0.715512 1.9
0.333977 0.334D-04 0.229332 0.7047C9 0.0
0.338671 0.435D0-04 0.252575 0.6°2684 0,0
0.376167 0.4920-04% 0.279316  0.679319 0.0
0.%15784 (0.5550-04 0.3C5592 0.664490 0.0
0.450584 0.626D-04 0.334404 1.648075 0.0
0.528L65 0.7750~04 0.364748 (0.629955 0.0
0.559522 0.793D-04 0.396590 0.610020 0.0
0.,615959 0.8920-04 0.425369 0.588176 1.0
0.675148 0.1030-03  0.464492 0.564354 0.0
0.7%713) 0.113n-93 04507325 0.53851% 1.7
0.4913415 0.,1270-03 0.537194 0.510664 0.0

= 0.200000~-01
DXDXI= 0,1218410 11}

CFWINF= 0.0
STEOGE= C.167354D-01

IEEREEEXERI
[~ X+ X-N-R-N.¥. ¥

CO0O00NO0OO00O

[-X-E-E-N-N-N.¥. Q"
P

S g-R-R-N-E-R.N-F-X-3.¥. ¥ . ¥- ¥ ¥ .0

- E-X-2-N-E-N-N-X.

= 0.9379580 03
DUEDX= 0.3787410 15

==0,7639240-05
DELTA*{PHI )= 0,1972350=02
DELTA (FT) = 0.981965D-03

0.256579
0.259379
0.262415
D.265705
0.269273
0.273142
0.277338
0.231890
0.286830
0.292191
0.293011
0.304330
J.311193
0,318649
0326751
0.335556
Je345129
0.355538
0.366858
0.379171
0,392564
0.437132
0422975
0.440198
0.458911
0.479224
0.501244

NIT
CMALL= 0,0

VE

= 0,0
DVEDX= 0.0
OVEDWs 0.0

CFREDG» 0.0
STINF = 0.1843060-01

HN

0.282872
0.283447
0.284067
0,284735
0.,285454
0.286226
0.287057
0.287948
0.288904
0,289928
0.291024%
0.292193
0.293440
0.294764
0.296167
0.297547
0.299290
0.300820
0. 3N2495
0.304209
0.305936
0.307642
0.309279
0.313781
0.312061
0.313001
0.313449

THETA(X)
THETA(PHI )= 0.0

c

1.325264
1.323161
1.320904
1.318483
1.315885
1.3131C1
1.310117
1.306922
1.303502
1.299843
1.295931
1.291750
1.2872%¢4
1.282517
1.277432
1.272010
1.266212
1.260079
1.253532
1.246549
1.239170
1.231314
1.222983
1.214158
1.204823
1.194965
1.184579

PHI =

MACHME = 0.4357400 00
RHCE = 0.106169D-03
RHOEMUE= 0,1007570-09

= 0,1552930-03

CN

-0.213362
-0.211816
-0.210185
-0.2084T1
=-0.2065673
=0.2C4792
-0.202827
~0.200777
=0.198645
-C.19¢431
~0.194136
=J2.191762
-0.,189311
~0.1B6785
~0.104185
~D. 181512
=-0.178768
=0.175952
=0.173060
=0.170090
=0.167031
~0.163874
-0.16%7601
=0.157188
-0.153604
=-0.145809
=0.145753

v

0.0
=0.13C0-04
=0.5670-04
=0.1400-03
=0.2720-03
=~0.4670~03
~C.74CD-03
-0.1110-02
~0.16C0-02
-0.2240-02
-0.2370-02
=0.414D-02
=-0,54£0-02
-0.718Nn-02
-0.9320-C2
-0,1200-01
=-0.153D-01
~0.1950~01
-\12460'01
=0.3100-01
~0.388D=-C1
=0.4950-01
=0.6C4D-91
~0.749D-01
-0.9270-01
=0.1140 00
-0.140D 00

89-S4-H1-003VY



0€l

02242243 0.340D~-04 1.00009¢C
0.27190) 0.3870-04 1.009090
0.303977 0.438N=04 1.000028
0.338671 0.495N=9%4% 1.00000C
0.376197 0.55RD-04 1.0C0000
0.416784 0.56280~14 1.700000
04525684 0.7950-94% 1.2C9C00
0.509165 0.791N-04 1.000000
0.559522 0.437N-04 1.0195CI5C
0.615249 0.37930N-% 1.060600
T.675144 2.1110-01 1.70002C
0.76313) 0.124Nn-03 1.000CC0
0.81J415 0.129n-03 1.30000C
0.RA5434 0.155n=n3 1.20n00C
0.368557 0.174N-93 1.009L00
1.05759) D,19%N=02 1.00909C
1.15377% 0.2170-03 1.J02000
1.257317 0.243M-23 1.2G000
1372345 2.2110-03 1.0CC000
1622055 0.393D-013 1.C0TM00
14623557 0.3390-93 1.0000C0
1.766289 0.3790-03 1.0C€J016C
1.920082 0.424D-03 1.000090
2.286L551 0.475N=C3 1.90906C
2,265312 0.531N0-23 1.000000
2.451673 0.5940-93 1.0021700
2.672436 0.5630-33 1.202200
24933396 0.T7420=01 1.9C000¢
. 3.1456959 D.8240-02 1.0CC00C
3413540 2.917h=-03 1.000€00
3.702083 0.1720-02 1.7C0CIC
4.214J63 Q.113D-32 1.000C00
40351591 0.125N-02 1.J0n00¢C
4.T16473 0.132D0=-02 1.001000
5.111227 0.1520=02 1.0¢200C
5.538193 0.1670-32 1.3C€3C00
6.70020) 0.193D-0Q2 1.000020

0.6876420 03 0.4551960 00 0,337457D 00 1.396138 0.1179110-03
0.68221207 03 0.4651390 00 0.332476D0 09 1.395658 0.1153930=03
0.58977300 03 0.475710D0 00 0.327233D 00O 1.395121 0.1128270-03
0.714241D 03 0.4869670 00 0.321725D 0) 12394521 0.1102180-03
0.7317880 03 0.498931D 00 0.315975D 00 1.393851 0.1275750=-03
0.75C4190 €3 0:511633D 02 0.3099960 00 1.393105 2.104905D0-03
0.7701770 03 0.525104D 00 0.3038130 00 1.392275 0.102213n-03
0.7911110 03 0.539377D 00 .2974550 00 1.391355 0.9952P7D-04
0.8132690 03 0.554484N 00 0.290959D 00 1.390337 0.9579740=-04
0.8367000 03 0.570459D Q0 0.2R%367D 00 1.3R9213 0.940868N-04
N.861460" N3 0.587341D0 0% 0,2777124D 09 1.387976 N.91382nD-04
0.837607D 03 0.6051670 00 (0.271074D 00 1.386619 0.8349070-04
0.91520%0 03 0.523982n 00 0, 2644580 00 1.385134 0.850164N-06
0.944316D 03 0.643632D 20 0.257902D 20 1.383515 0.8336450-04
0.975019D 03 0.664764D 00 0.251414D 00 1.381758 0.807394C-04
0.1307380 C6¢ 0.586R31D 00 0.264958D 09 14379856 0.7814550-04%
0.104148D 04 0.710C75D 00 0.238449D 00 1.3778C9 0.7558740=-C6
C.1C7735D0 04 - C.734531D 00 0,231723D 00 14375617 0. 7327281 ~0%
2.1115000 04 0.7602020 00 0,224521D0 00 1.373286 0.7260320-04
0.1154370 04 0.787045D 00 0.2164700 00 1.370832 0.6419520-04
0.119528D0 04 (.814S3680 02 C.207086D ON 1.268278 0.6586110=C4
0.1237380 04 0.8436440 09 0.1958000 00 1.365660 0.6362210-04
2.1280100 04 0.87277CH 03 0.1820390 00 1.363C32 06149770 =C4
0.1322590 C4 0.9717390 00 0.165359D 00 1360459 0.5952170=-04
0.1363730 04 0,9297A5D 00 041456310 00 1.358020 0.57172590~04
0.140217D0 C4 0.955994D 00 0.123236D 00 1.355794% 0.56143%N-064
0.143451D 04 0.9794080 00 0.991834D=01 1.353856 0.548C12MN-C4
0.146552D0 4 0.9991890 00 0.75C%430-01 1352259 0.5371630-04
0.14R8843C 04 0.1014800 01 0.5272330-01 1.351025 0.52¢90r0=04
0.1505290 06 0.102616N 01 0.338924D-01 1.350143 0.5230420-C4
0.151609D 04 0.1033670 GL 0.1961450-01 1.369569 0.519245n=-04
0.152258D0 04 0,1038090 01 0.1002620-01 1.349232 0.517034Nn=04
7.1525910 04 D0.104D36D 01 0.442358D-02 1.349C59 0.5159240-04
0.152737D 04 0.104136D 0! 0.1636500=02 1.348984%4 0.5154100-04&
0.152790D0 04 0.1041720 01 0.487367D-03 1.348957 D.51523=064
0.1528050 04 0.1041820 01 0.106968D0-02 1.348949 0,5151R30=C4
0.1466710 04 ©.1000000 01 =.268301D 0N 1.352194 92.5151C20-C4

OO0 I00OUOOIONODDVO0O00COLOHONDTI0ODVOOODIDOND

[-3-4-R-R-F-R-R-N-REL-N-F-N-F-R-N-N-N-F-X-N-N-N-N-X-J ¥-N- .- pLY-N. ¥. Xo F.

xhny xRErk A2l L

S = 0.9536310-0} S/REF= 0.105131D0 01 4 = 0.4615690-01 I/REF= 0.503566D0 00
R = 0.7956770~01 R/REF= 0.868CT40 00 DX = 0,200000-01 NIT = 3 PHI = 0.0 DEG.
X1 = 0.3225180-10 DXl = 0.1241990-10 Dx0xi= 0.1574000 10 CHALL= 0.0

DIMENSIONAL EDGE PROPERTIES

PE = 0.1218750 03 TE = 0.1424390 04 UE = 0.2632530 04 VE = 0.0 MACHE = 0,16422410 01
OPEDX=-0.565725D0 13 DTEDX==0,168633D 14 DUEDX= 0.%31407D 14 DVEDX= 0.0 RHOE = 0.4981330=-04
DPEDON= 0.0 DTEOW= 0.0 OVEDW= 0.0 OVEOW= 0.2812820 03 RHOEMUE= 0.3811960-10

LOCAL EDGE REYNOLDS NUMBER =0,165130D 05

NONDIMENSIONAL BQUNDARY LAYERS PARAMETERS
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L€l

CEXINF= 0.119588D=-01
CHEDGE= 0.606729D=02
==0.2733240-02

aw

DIMENSIONAL BNUNDARY LAYER PARAMETERS
LONGITUDINAL SKIN FRICTION= 0.259428D

TRANSVERSE SKIN FRICTION
WALL MWEAT TRANSFER RATE

ETA

0.0

0.00989)
0.020587
0.732157
0.044671
0.358206
0.072845
0.288679
J.105395

T 0.126329

0.144364
0.1656034
0.189672
0.214823
0.24224)
0.271909
0.333377
2.3386171
0.376197
0.41578%
0.460684
0.508165
0.559522
0.515369
N.675148
0.74213)
0.919415
0.826434
0.968557
1.057590
le153779
1.257317
1.375345
1.6492955
1.623697
1.76698)
1.920082
2.)E665]
2.266812
2.5615173
2.571243%

i
0.0
0,277D0-05
0.5810=05
0.9130-05
0.1230-04
0.167D=-24
0.2110-04
0e2590-04
0.2120-04
0.3690r-04
0.433D-04
0.5030~04

.0.580D-04

0. 6450=-04
0.7590-04
0.862D0-94
0.9770-94
0.1120C~03
0.1240-03
0.1430~-03
J.157D0-03
0.1760-03
0.1970-93
0.2210-03
0.2470-03
0.2760-03
0.3J8D~03
0.3440-03
0.384D-03
0.429n=03
0.4790~03
0.535n-03
0.5980=93
0.6€£90-03
0.7470-03
0.835p0-0%
0.934D0-0%
0.1040-02
0.1170-02
€.1320-02
0.166D-02

s 0.0
==0.7317390
F FN

0.9 0.784221
0.007746 , 1.782247
0.916102 0.780054
0.225113 0.777610
0.034827 0.774883
0.04529% 2.771837
0.056569 Ce768433
0.268707 D.764628
0.081766 C. 760372
0.095897 0.755609
0.110893 D.75C279
0.127087 N.744314
0.144455 D.737638
0.163061 0.730169
0.1829&69 0.721A18
0.204238 0.712487
2.226927 0.7132972
0.251085 0.400461
0.276754 0,677539
03C3664 0.663187
0.332731 0.6472R3
0.363C59 0.629710
02394394 0.610358
0.428210 0.589127
04462929 C.5459133
N«4588467 0.540739
0.535914¢ C€,513512
0.573837 0.484284
0.61237¢C 0.453137
0.651195 0,420215
0.639941 2.335730
0.723190 03649975
0.765478  2,313317
0.901313 0.2762C9
0.8235192 0.239177
J.r60580 (0.2n2822
0.895033 0.167804
0.920134 0.13482%
9.941578 0.104604
0.959209 0.077R14
V173049 0.055025

CFXEDG= 0.1502980~0}
CHINF = 0,8799950-02
CHIMAX= 0.56254T0 02

0l PSF
PSE
01 aTU

o.o

0.000278
5.000576
0.C00894
0.101234
0.301596
0.001982
0.092392
0.002826
0.0n3285
0.003769
0.,0064278
0.00481}
0.095368
0.705%946
0.006543
0,007157
0.007783
0.0C8417
0.009055
0.009688
0.C10312
0.010917
0.011497
0.012043
0.012547
0.013003
0.013405
J.C13751
0.014040
0.014274
0.014459
0.014605
0.014723
0.014827
N.014931
7.015050
0.015196
0.01%383
N.315625
0.015947

CFWINF= 0.0

STEOGE= D.4613240-02

DELTA®{X)

= 0.81884T0=-04
DELTA*(PHI )= 0,280447D0=02

CFUEDG= 0.5417330-03
STINF = 0.6690320-02

DELTA (FT) = 0.200869D-02

GN

0.028266
0.027987
0.027680
0.027343
0.0269TL
0.026563
0.026114
0.025622
0.025081
0.024489
0.023841
0.023134
0.0223545
0.021530
0.C20626
0.019654
0.018611
0.0175C0
0.016124
0.015088
0.0113802
0.012476
0.011126
0.009770
0.008429
0.007127
0.0C5899
0.004T46
€.003717
0.0M2828
0.7C2094
0.0C1524
0.0N1117
¢. 00865
C.0C"748
c.00N741
c.0C0816
0.000950
0.001131
o.cot37n
0.701707

0256579
0.259311
0.26228%
0265528
C.,269019
0.,272840
0.276997
0.281524
0.286455
0.2918217
0.297683
0.374068
C-311032
0.318630
0.325922
0.335974
04345855
0.356643
0.368421
0.331275
0.395301
0.410595
0. 427258
0s445393
0, 465099
0.48064T74
0.509601
0.534547
0.5511355
0.591027
C.620516
0.652705
0.696289
G.721251
0.756847
0.79258)
0.827717
0.861379
0.892620
0.92059%6
0.940264

0.275%560
0.276869
0.278272
0.279775
0.281381
0.283096
0.2864924
0.286R68
0.288931}
0.291115
0.293420
0.295844%
0.2983R)
0.301030
0.303771
€.306592
0.309469
0.312372
0.315263
0.318090
0.327793
0.323295
0. 325501
0.327299%
0.328550
0,329097
0.328749
0.327289
0.324463
0,1319987
0.313546
0.304797
0.291399
0.278986
0.261309

0.249299

0,215T747
0.188306
0.158674
0.128186
0.073154

THRETA(X)

c

1.262972
1262026
1.259953
1.257748
1.255405
1.252917
1.250279
1.24T7485
1.244530
l.2541410
1.238119
1.234654
1.231C10
1.227183
1.223172
1.218973
1.214584
1.210003
1.205227
1.200253
1.195079
1.189499
1.184109
1.17829%
1.172256
1.16597)
1.159623
1.152595
l.1454¢8
1.138023
1.130247
1.122139
1.112717
1.105023
1.096138
1.0871¢23
1.07r326
1.0697758
1.061772
1.054558
1.04R35)

= 0.3032680-03
THETA(PHI )= 0.6610150-03

CN

-0,198230
-0,195310
-0.192229
=0.,1809°5
~0.18%607
-0.182066
=-0.178372
~Cal174528
=-0,170538
~-0.166478
=0.162145
=N.157159
=0.153261
=0. 148667
=0.143993
=0.139259
«0.1344%9
=0.129708
~0.124946
=-0.120235
=C.115609
-0.111104
~C.106756
-0.107596
~0.29R55%5
=C.(94950
=0.091487
-0.088254
-0.0R5215
=0.082304
-0.079426
=0.37¢45]
-0.073224
=0.069573
-N.065330
-0.960358
-0. 054581
-0.069226
=0.040840
-0.133306
-0.025818

0.0
=0.3200-04
=0.1390-03
=0.3380-03
=0.6530-03
=0,1110~02
=0.1740-02
=0.2570=02
=0.367N-02
-0.5C60-02
=0.683N=-02
=0.9C3N-02
~0.1180-01
-0.1510-01
=0.1920-01
-0.2420-01
=0.3C30-01
~0.3750-01
=0.463D-01
-0.5680-01
-0-6939-01
~0.8420M=01
-¢.1020 29
-041230 20
=C.1470 00
-C.177D 0O
=0.2110 00
=0.2510 00
=0.2970 00
=0.351D 00
-0.414n 00
=0.4R60 00
-0.5690 00
~0.664D 00
-0.7710 00O
=0.9%30 00
-0.1030 01
-0.1180 01
=0.1350 01
=0e154D 21
~0.,1750 01
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43}

2.,900396
3.146959
3.4135640
3.732383
4.016063
4.3515)1
4.T16473
S.111227
5.538193
6.2C992)

ETA

0.2

0.009890
0.020587
0.032157
2.0645T1
0.758206
0.072845
0.728579
0.105805
0.124329
0.144364
0.165034
0.183472
0.214823
0.242243
0.271902
0.303377
0.338671
0.376197
Q.416784
0.56)684
0.5C316%
0.559522
0.615009
J.675148
0.742139
0.819415
0.886434
0.968557
1.957592
1.153779
1.257817
1.379345
1.4922558
1.623697
1.7660280
1.920282
2.7086¢5]
2.266812
2.461573
2.672436
2.900396

04162002
0.1810-02
0.201D0-02
0.2230=-02
Qe2470~02
0.273n-02
0.3010-02
0.3310~-02
0.3264N-02
0.4000n-02

Y7L

0.0

0.155n-0%
0.324P-09
0.5130-05
0.713D=-05
0.9350=-05
0.118n=-04
0.1450-04
0.174D-04
0.2060-04
0.2420-064
0.2810-04
0.3240-04
0.3710-04
N,.424D0-04
0.482C~-04
0. 5‘!5‘.“'06
0.£16D=04
0.694D-064
0.TH1N=N%
0,8770-04
0.9830-04
0.1100-03
0.1230-03
0.1380-33
0.154D-03
0.1720-03
0.1920-03
0.2150-03
0.249D~03
0.26R80-03
0.,2990-03
0.3340-03
0.2730-03
0.417C-03
0.4b650=03
0.5210-03
0.5830-03
0.6520-03
001250-03
0.€130-03
6.5070-03

0.983324
0.990456
0.995021
0.997671
0.999039
0.999653
0.999887
0.999562
0.999986
1.000C00

ROFOE

2.75781
2.T72R94%
2.69863
2.66686'
2.62363
2.5983S
2.56283
2.52531
2.48642
2.64622
2.43477
2.36214
2.31842
2.27371
2.22810
2.18170
213464
2.08702
2.03895
1.59054
1.9¢190
1.89310
1.84423
1,79533
1. T4644%
1.69759
1.664819
1.60003
1.55132
1.50271
1.45425
1.40610
1.35849
1.31173
1.26£30
1.22275
1.18173
le14396
1.11C11
1.C8079
1.05541
1.63712

0.036602
%.022616
0.012788
2.006497
0.002906
0.001115
0.000360
0.(C0102
0.000036
0.000C29

XMy

0.35070-06
0.35390=-06
N.35730=-06
0.3600°0=08
0.36480~06
0.36890-08
0.37330-06
0.3787D=-06
C.3R300-96
0.3883D-0s
0.39400-0&
0.4000D0-0%
0.40630-06
0.413C0-06
C.42210-06
0.6276N-06
0.4354D-06
0.4437D=-08
0.45230=-06
0.46140~06
0,47090-06
C.48090-06
0.4913D~06
0.5022n-06
0.51370-06
0.52560-06
0.53810-06
C.5513D-06
0.56500=06
0.57950-96
0.59480=06
0.6107D-C6
0.62740=-06
0.5447TD-06
0.6624D-06
0.63040D-06
0.69830-06
0.7) 56D-06
0.73190-06
0.746T70-06
0.75940=06
0.7693D-06

0.016389
0.017030
0.N1R007
0.019568
0022143
26026475
0.033857
0.046548
0.068499
0.106848

Ee

R
000000 O

EEEEEEREEEREEREX
[-2-R-E-N-R-E-N-J-E-N<3-R-F-5-N-N-N-T-N-F-J-F-¥-N-F-N. - ¥ N-F- - ¥ 0]

CO0000O0000I000CVO0000NO00D0000000C0O00000VDD

0.002223 0.943330
0.00305%  0.977637
0.004416 0,987569
0.006634 0.993793
0.C19228  0.997276
0.016023  0.,998977
0.025363  0,999682
0.0406441 0.999923
0.064838  0.999987
0.1€3479  1.001090
cHe LEL
0.0 1.000
0.2160N0-01  1.000
0.9141p-01 1,000
0.21760 00 1.090
0.40890 00  1.000
0.6751D 00  1.000
0.10270 01  1.€00
0.1474D 01 1.930
0.2031D 01  1.000
0.2708n 01 1.%00
0.3518D 01  1.900
0.4476n0 01  1.000
0.55950 01 1.200
0.68980 01  1.000
0.83690 01 1,200
0.10050 02 1.000
0.11940 02  1.000
0.14060 02 1.000
0.1640D 02  1.000
0.18980 02 1.000
0.21780 02 1.009
0.26479D 02 1.009
0.28010 02 1.000
0.31390 02 1,000
€.34900 02  1.000
0.38460 02 1.000
0.42070 02  1.000
0.456420 02  1.000
D.4H61D 02 1,000
0.51420 02 1.000
0.53710 02 1.000
0.5534D0 02  1.000
0.5617n 02 1.000
0.5612D0 02 1,000
0.55030 02 1.000
0.52950 02 1.000
0.49840 02 1,000
0.45780 02  1.020
0.40870 02 1.009
0.35270 02  1.000
0.2920n 02 1.07C
0.22970 02 1.090

0.073656 1.043298 -0.018828 -0.1980
0.047198 1.039452 =0,2127648 ~0.2230
0.028848 1.036749 =0,007931 -0.2500
0.015868 1.035023 =0.004442 «0.2790
0.007702 1.034038 ~0.002198 =-C.3110
0203221 1.033548 =0.0009°37 =0.3460D
0.091127 1.033341 =0.000333 -0.3240
9.700318 1.033269 -0.00C094& =-0.425D
0.0302069 1.033251 =0.020018 -0.471C
0.990003 1.000000 ~0.213220 -0.5220
LET PRL PRY
000 1.000000 0.737038 0.900020
000 1.000070 0.737123 0.900T0C
000 1.090000 0.737182 0.90000C
000 1.000000 0.737205 0.9200000
000 1.020000 0.737253  o.9hocCOC
03 1.090900 0.737307 0.900000
299 1.020%00 £.737368 0.90n202
0Jn 1.9907990 0.7376435 C.90903530
009 1.0929000 0.737511 0.929000
000 1,100000 N.T737598 C.904C00
009 1.000000 0.737691 0-902C20
030 1.002000 0.737796 0.900CCO
230 1.007000 0.737915 ¢.902C20
000 1.002000 0.73804T7 C.9C0C00
000 1.090000 0.73819%4 O.9ccren
320 1.070090 0.738358 0. 900000
€20 1.022001 0.738540  O.90cCCCO
030 1.000000 0.73P743 0.°00000
000 1.000000 0.738968 0.9C0000
030 1.000C00 0.73921T7 0.9C0"CO
a0) 1.009000 0.739492 0.220000
032 1.0296G%0 0.739796 C.9r0000
032 1.000000 0.740131 0.900C00
000 1.000%00 0.T74C531 C.900C0
039 1.03In00 0.740998 Ca. G000
000 1.000000 0,T41356 0.90000¢C
€20 1.070900 0.741P49 0.S000N0
033 1.029000 0.742390 0.900000
€93 1.0%0170¢ 0.742935 0.9C0CC0
009 1.007000 0.743537 0.°00C00
090 1.027000 C.T44350 0.900000
000 1.00)%0 0.745126 0.90CC20
000 1.001%000 0.765955 0. 902000
070 1.009000 N.T46%2 ¢.90CCc0C
030 1.00000C D.747207 0.900000
030 1.0300000 0.T4RT723 0.902¢00
(s |] 1.030¢00 0.749767 C.9CCCOO
000 1.020000 0.750730 0.90C000
030 1.030000 0.751637 C€,9C0000
009 1.030000 0.752456 0.902000
nlo 1.030010 0.752160 n.9c0CcC0
022 1.007000 0.753731 0.906C2C

o1
01
o1
o1
o1
01
o1
ol
01
01

SO NT

0.80190 04
0.87210 €&
0.60270 04
0.60230 04
0.69250 04
0.60260 04
0.6228D €4
0.6030D 04
0.6032D 04
0.6%35D 0%
0.6033D 04
0.6342D 04
0.6045D 04
0.60490 04
0.6"54D C4
0.60590 C4
0.6265D 04
0.63T71D 0%
0.607ED C4&
0.6336D 04
0.6095D 04
0.6104D0 C&
0.61150 04
0.6127D C4
C.6140D 04
0.6154D 04
0.6170D 04
0.6188D 04
0.6227D 04
0.6228D 04
0.6251D 04
0.6277D 04
0.6305D0 04
C.6335D0 04
0.63670 04
0.6400D Cé4
0.6433D C4
0.66660 04
0.64980 04
0.6526D 04
0.65510 C4
0.65710 04
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EEl

3.146959
3.413649
3.702583
4.014063
4.351501
4.T716473
5.111227
5.538193
6.002200

ETA

0'3

0.0098%)
0.3?70587
0.032157
0.044671
0.3158206
0.072345
0.78854679
0.1253805
0.124329
0.1443564%
0.166034
0.189472
0.214823%
0.242243
0.271900
0.303977
0.338571
0.376197
0.41678%
0.452584
0.508145
0.559522
0.615269
0.675148
0.T43130
0.810415
0.886434
0.96865T7
1.057590
1.153779
1.257317
12370345
1.492055
1.623587
1.765608)
1.920)82
2.286651
2.266812
2.461673
2.672436
2.900396
3.146559

0.101D-02
0.1120-02
0.125p-02
0.1380~-02
0.1520-02
0.1680-92
J.1350-02
0.2030-02
0.2230=-02

Y/L

0.0

0.1550-05
0.3240-05
0.5100-05
J.7130-0%
0.935D-05
0. llﬂf‘-ok
0.1450-04
0.174r=04
0.2260-04
0.26420-04
0.2310-04
0.324D=-04
0.3710=04
0.4240-04
0.4920-04
0.5450-04
0.6160~04
0.£7%40~04
0.781r=04
0.877D-04
0.983D0-04
0.11320-03
0.1230=-03
0. 1380-03
0.15640-03
0.1720-03
J.1920-03
0.2150=-03
0.2430-03
0.2630-03
0.2930-03
9.334P=-03
0.3730-03
0.4170=-03
0.46560-03
0.5210-03
0.583n-03
0.6520-03
0.7230-013
0.2130-03
0.9270-C2
0.101D0-92

1.02276
1.01283
1.00685
1.00300
1.C0124
1.C0CC49
1.00024
1.00017
1.702%00

z

1.C00000
1.00000¢
1.000000
1902000
1.00930¢C
1.50005Q
1.00009¢C
1.1000000
1.6¢2000
1.000000
1.00J000
1.70000¢
1.0C0C00
1.900600
1.9¢cCo0C
1.007000C
1.900000
1.00905¢C
1.00000C
1.700000
1.000000
1.00000C
1.5¢1000
1.000000
1.00000C
1.70000C
1.000000
1.30C000
1.00C00C
1.000C2G
1.907000
1.00000C
1.007000
1.002090
1.0C0790
1.0C200C
1.00009C
1.2¢c00C
1.000C00
1.20000¢
1.0CnN000
1.0C0¢nC
1.000200

0.TTTTD=06
0.78330=08
€.78690-06
0.78890=-06
0.7899D=06
0.79040~-04
0.79050=-06
0.79060-26
C.7652D0-08

~
z

* ° o5 0 8
[~ N> N~ K- ¥-N-No Q-]

QOO0 000000

IR EEREEEEEREE
[-X-A R-2-N-Y-N-N-Y-N-X-¥-¥-¥-N-¥)

DO0O0O00070000000

R R X-N-2- K- K- F-N.¥ X -N-Y.X-N-X]
L]
=X N-N-N-X-X-¥-¥-¥-¥-X.¥-F-r-F-P- ¥

s 0 0
000000000

0000000220

TENP

0.5400000
0.5457120
0.5518420
0.558416D
0.565462D
¢.5730080
0.581083D
£.585718D0
0.5989410D
0.608784D
0.6192170
0.6304530
0.5642341D
0.5654973D
0.668381D
0.682594D
0.697644D
0.713563D
0.7303850
0.7481450
0.7668870D
C.786654D
0.8075020
0.829496D
0.352714D
0.877252D
0.9032200
0.930745D
0.959967D
0.991C240
0.102404D
0.105911D
0.1796230
0.1135300
0.117604D
0.121793D
0.126020D
0.1301810
0.1341500
N.137789D
0.140069D
€.143591D
0.145607D

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
3
03
03
03
C3
G3
03
03
c3
03
03

03
C4
04
04
04
N4
04
C4
04
04

0%
%
04

0.16940
0.11520
0..70850
0.3845D
017930
0.70330
0.2406D
0.10370
0.1024D

T/7TE

0.3791090
0.3831190
0.3874210
0.3920350
0.3965850
0.402283D
0.4079520
0.414014D
0.420489D
0.4273990
0.434766D
0.4426120
0.4509580
0.4598270
0.4692490
0.4792190
0.4897840
0.5009600
0.512770D
€.5252390
0.538397D
0.552274n
0.56691C0
0.582351D
0.598652D
0.615878D
0.634110D
0.6536340
0.673949D
0.6957%2D
0.718933D
D.743552n
0.7696150
0.797046D
0.825644D
0.0550520
0.R847280
0.9139420
0.9418060
0.9673560
0.9089682D
0.1008090
0.1022240

02
02
ot
01
o1
on
00

00

00
0o
0o
00
00
Q0
00
00
00
00
00
oo
(+])
00
00
00
0o
00
00
00
00
Q0
00

00
00
00
00
00
0o
00
00
00
00
0o
00
00
00
00
00
00
01
o1

1.000000
14500090
1.000000
1.000000
1.000000
1.200000
1.0000)2
1.007079
1.9000%0

TN

0.4069750 00
0.403942D 00
0.400681D 00
0.3971820 00
0.3934370 00
0.389413D 00
0.3851199 00
0.3805370 00
0.3756580 00
0.3704730 00
0.3649780 00
0.3591730 00
023530620 00
0.346654D 00
0.3399660 00
003332220 00
0.3258570 00
0.3185150 00
0.311053D 00
0.303538D 00
0.296049) 00
0.288676D0 00
0.2815150 00
0.2746£20 00
0.2682110 00
0.262237D 00
0.256782D 00
0.2518420 00
0.247344D 00
0.2431230 00
0.238904D 00
0.2342870 00
0.228751D 00
0.221&686D 00
0.212356D 09
0.200179D 00
0.18B4656D 09
0.1656300 00
0.1434130 00
0.118884D 00
0.934695n-01
0.689520n-01
0.471701D-01

1.000000 0.754163 0.900C00
1.000000 0.754466 0.900000
1.000000 0.754658 0.,900000
1.000000 0.754768 0.909000
1.000000 0.754822 0.900000
1.000000 0.754846 €, 900000
1.009000 0.754853 €.900000
1.000000 0.754855 0.900C00
1.000000 0.753481 0.900C00
cP/CY RHO
1.399289 0.131396D-03
1.399189 0.1300200-03
1.399078 0.128%76D=-03
1.398953  0.1270620-03
1.398814 0.1254790-03
1.398658 0.123R260-03
1.398484 0.1221060-03
1.398290 0.1203130-03
1.398072 0.118465n=-03
1.397829 0.1165520-03
1397557  0.114575n=~03
14397253  0.112%5449-03
1.396914 0.1124610-03
1.396536 0.1083320-03
1.396114 0.106157ND-03
1395645 2.123947D-03
1.395124 0.101705D-03
1394546 0.995357D-04
1.393906 0.9714550-06
1393198  9.9483920-04
1.392416 0.9252150=-04
1.391554 03.57195670=064
1.39C606 0.8TR6R0D-04
1.389563  0.8553820-04
1.388418 0.832C910=-04
1.387162 0.8)8B170-06
1.385785 0.785563D-C6
1384276 0.7623310-04
1.382626 D.739126D-C6
1.380823 0.T15%961N-C4
1.378861 0,692R770=04
1376735 0.£69937D-04
12374451  0.64T249D-04
1.372022 0.624974D-04
1.369479 0.6333270~-04
12366867 0.5325760-04
13664252 0.5630350-06
12361712 9,5450370-04
1.359331  0.528912n-04
1.357193 0.514542D-C4
1355365 0.503326D=0¢4
1.353889 0.4941360~04
1.352775% 0.487294D-04

0.65870
0.65970
0.6604D
0.6698D
0.66100
0.66110
0.656110
0.66110
0.65630

04
04
04
06
(23
06
04
04
cs
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Vel

3.413640 0.1120=-02 1.00:000 0.0 0.147035n0 04 0,1032270 01 0,294957D-01 1.351997 0.4825620-04
3.722083 041250=02 1.000000 0.0 01479520 €4 0.103270D0 01 0.1658710-01 1.351502 0.4T9572D-04
4.014043 0.,1330-02 l.000M00 0.9 0.1486476D 04 0,1042380 01 0.822614D=92 1.3510221 0.4778780-04
4.351501 0.1520=02 1.20002C 0.0 01487380 04 0.1044220 01 0.351204D-02 1.351081 0.4770380-04
4.T16473 d.1680=02 1.20C00C C.0 0.148848D 04 0.1045000 01 0.1250400-02 1.351022 0.4766839-04
5111227 0.135N=-02 1.202C0C C.D 0.1488A70 04 0.1045260 01 0.3522950-93 1.351001 0.4765610-04
5.538193 0.2030-02 l.000"C 0.0 0.148896N 04 C.104533n 01 0.6571070-04 1350998 N.47565300-04
6.20200 0.2230-02 1.3¢CN00 0.0 0.1424390 C4 0.100700D 01 =.29078&D 00 1.354534 0,476449C0-04

shatg eknk ko

S = (.9636310~01 S/REF= 0.1051310 01 1 = 0.461569N-01 I/REF= 0.503568D 00
R = 0.7956770-01 R/REF= 0,868074D0 00 DX = 0,200000-01 NIT = & PHI = 15,00 DEG.
x1 ® 0.3225130-10 DX1 = 2.1241990-10 0XDXI= 0,157400D0 10 CWALL= 0.0

DIMENSIONAL EDGE PROPERTIES

PE = 0.120883D0 03 TE = 0.142107D 04 UE s 0.263911D0 04 VE s 0.,7281020 02 MACHE = 0.142763D O}
DPEDX==0.5592690 13 DTENX==0,.16A2320 14 DUEDX= 0,427913D 14 OVEDX= 045730160 13 RHCE = 0.,4952310-04
OPEDW=-0,751539n 01 DTEDW=~0.252073D0 02 OUEDW= 0.500144D 02 DVEDW= 0.2718360 03 RHOEMUE= 0,3783230-10

LOCAL EDGE REYNOLDS NUMRER =0,1648620 05

NONDIMENSIONAL BOUNDARY LAYERS PARAMETERS

CFXINF= 0.119375D0-01 CFXEOG= 0.1501590-01 CFWINF= 0.,64747350=-03 CFWEDG= 0.8144400-03
CHEDGE= 0.6C97000-02 CHINF = 0.8812570-02 STEDGE= 0.4635830-02 STINF = 0.6700600-02
Qw u=0,273744D-02 CHIMAX= 0,5623110 02

DIMENSIONAL BOUNDARY LAYER PARAMETERS

LONGITUDINAL SKIN FRICTION= 0.258966D C1 PSF DELTA*(X) = 0.84458TD~04 THETA(X) = 0.3044180-03
TRANSVERSE SKIN FRICTIOM = 0.14046CD C OSF DELTAs(PHI )= 0.3252690-03 THETA(PHI)= 0.62%52910-03
WALL HEAT TRANSFER RATE ==0.732864D 01 ATY DELTA (FT) = 0.200640D=02

sesnk ShaNk Lo bl

S = 0.9636310-01 S/RFF= 0.1051310 01} 4 = 0.4615690-01 L/REF= 0,593566D 00
R = 0.795677D-01 R/REF= 0,868074D 00 DX = 0.200000-01 NIT = 3 PHI = 30.00 DEG.
X1 = 0.3225180-19 DXI = 0.1241990-10 DXDXt= 0.1574000 10 CwaLL= 0.0

DIMENSIONAL FOGE PROPERTIES

PE = 0.11800%D 03 TE = 0.,1411350 04 UE = 0.265R4TD 04 VE = 0.1407980 03 MACHME = 0.1443050 O1
DPEDX==0,545558D 13 DTFDX==0,1683130 14 DUEDX= 0.4215710 14 DVEDX= 0.110808D 14 RHOE = 0,484T785D-04
DPEDW=-0.142523D 02 DTEDW==-0,.486352D 02 DUFDW= 0.971929D 02 DVEDW= 0.244825D0 03 RHOEMUEs 0.3699900~10

LOCAL EDGE REYNOLDS NUMBER =0,164070D 05
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9¢l

S/REF

0.9

0.1092990
0.3272970
0.7453460
047492799

0.7584940

0.7732810
0.7922220
0.8138440
6.836566D
0.858831D
0.879220D
0.89E4210
0.929476D
2.9176150
0.9203790
G.1051310
0.1487710

0e0

0,10000C0~01
0.33000CD-01
0.5£3643D=-01
0.6866C6D-01
0.695235D-N1
0.708789D0-921
0.7261510-01
0.7459690-01
0.7667960-01
0.73872050-01
0.8C5875D0-21
0.821660D-01
0.8336260-01
0.841086D-01
0.843620n-01
0.9636310-01
0.136363D 00

CFXINF

0.0

0.536694N=-02
0.1108800-01
0.1656310-01
0.,1547900-01
0.1451480-01
D0.138676D-01
0.135493D-01
0.132965n=-01
0.137726D-C1
0.129981p=-01
0.1274310-01
0.126904D-C1
0.1251610=01
0.1244771D-01
0.124155D-01
0.1195%380~-01
0.203033D=-02

STINF

0.1881400-01
0,2212059=~01
0.1843C60-01
0.1169330=01
C.1138270-01
0.109856D-01
0.1059560-01
0.102256D0-C1
0.582829N-02
0.9432920-02
0.9062410-02
0.872688D-C2
0.R6484030-C2
0.8243C050=-02
0.P1138RD=02
0.806943D-02
0.t690320-02
0.337096D~-02

PROPERTIES AT THE WINOWARD STREAMLINE

=0,2057740
~0.241938D
-0.,2015810
=3,127893D
=0.124495D
=0.1201530
=0.115887D
-0.111841D
«0.107495D
-0.1031710
=0.9912910
~0.954483D
=0.924026D
=0.901565D
=0.887438D
-0.882577D
=0.731739D
=0.368691D

QW/QuSTAG

0,100000D
0-1175750
0.9796230
06215230
0.6050110
0.,5839070
0.562175D
0.5435130
0.522393D
0,501378D
0.481738D
0.463851D
0.44%9049D
0.438134D
0.431269D
0.4289060
0.3556040
0.179173D

o1
o1
20
00
00

IWALL

1.000000
1.0000C0
1.0000CH
1.000000
1.0000C0Q
1.0000C0
1.CCC000
1.0000C0
1.000000
1.0000C0
1.000000
1.0C0000
1.00C000
1.000000
1.0CCOC0
1.000N00
1.000000
1.00%000
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IT. Full Three-Dimensional Solution of a Sharp Cone at Angle of Attack.
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9
99
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ogoccon
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00 00
0" 0o
00 N
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|88
LL
L
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LL
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(ARESRARRAREE
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
24060

THPEE-OIMENSIONAL BOUNCARY LAYER PROGRAM
FOR

LAMINAR OR TURBULENT FLOW

WITH

BINARY GAS INJECTION

DEVELOPED BY
M.C. FRILDERS

AEROSPACE ENGINEERING UEPARTMENT

BLAC!

INPUT CATA CARDS ARE AS FOLLOWS:

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CA3D
CARD
CARD
CARD
CARD
CARD
CAXD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARY
CARD
Cand
CARD
CARD
CARD
CAKD
CARD
CARD

SHARP CONE LAMINAR ALPHAsS

¢o1
002
003
004
<05
006
ca1
cee
Go9
010
cll
012

013.

0lé
015
ulse
017
ol8
ole
€20
(73]
[T}
023
C24
G25
C26
027
028
<29
G0
3l
632
033
G4
0is
036
N
038
€39

1€
INJCT
KADETA
KEND2
KUNSET
KPRT
KTRANS
LAMTRS
LPKT
HITL
NIT2
NiT3
NCINJ
NUSE
NSOLVE
KPLOT
KPRFL
LPLOT
LPRFL
ADTEST
AKSTAR
ALAMDA
ALET
ALPHA
ASTAR
coulL
CwnALL
CRI
CCNY
OISK
LXINVS
DXMAX
bxt
EDYLAW
ETAFAC
ETAINF
GAS2
PLOT
PHL

13

13

13

13

13

13

13

13

13

13

13

13

13

AS

13
413
413
413
413
El4.8
El%.6
El4.6
Ele.b
El4.0
E14.6
A3
Fl4a.6
F5.3
Elé.b
A2
Elk.0
Ele.d
F5.3
A3
El4a.6
Ele.6
A3

LY
El4.6

cot
coL
(448
coL
coL
coL
coL
coL
cot
coL
coL
cot
coL
caoL
coL
ceL
cL
CGL
cot
coL
coL
coL
cuL
cotL
coL
(478
coL
coL
cot
CccL
cuL
coL
coL
coL
coL
cot
coL
coL
Cut

KSBURG, VA.

REINFu1,2006/FT NASA TN D~5450

50-52
50-52
50-52
50-52
56-52
5¢=52
50-52
50-52
Su=52
50-52
50-52
5u-52
50-52
50-54
50-52
SV-61
S0-61
S50-61
FLETY
20-63
53-63
50-63
50-63
50-63
50-63
50=-52
50~-63
50=54
50-63
50=51
50-63
50~-63
50=54
50-52
50-63
50-63
50-52
5G=-51
50-63

101

ouo

Qo1

o013

U0

003

(Helo)

Qol

vol

035

710

020

ovo

SHARP

013
091904007010
0319004300500
003005209012
JU 1004960000
0.001

0.435

0.v9

1.0

5.09

26.0
ABLATION

a.o

1.0

0.001

NU

0.04

0.1

0.01
REICHARDTY
1.04

6.0

AIR

NO

J.71

00002200
000202290
00000300
OCL 2310
GCC0I320
00000330
€01132340
C0023350
00339360
CGT 0370
00002380
€GJ9ais0
00202450
0029v510
GGJ05420
Q00CI430
0000%440
66udls5
0LV02460
(S IVVDEY 1Y)
000JV48D
COCoLAe90
C003v500
C0o%u510
063923512
00200520
L0C2u230
00JC 540
00002550
02230562
COQ0v5T0
00200580

€0C 25590

00200600
CO0LCJs10
00030620
C02J0630
60230640
000C0650
GJC 660

96-G4-41-2Q3v
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CARD 040 PRY AS COL 50=54 ROTTA
CARD C4l PROP A4 CoL 50-53 PSTAG
CARD C42 RTW El4.6 COL 50-63 0.27
CARD (43 TFS E14.6 cCL 50-63 0.0
CARD C44 TSTAG Elé.6 CoL 50-63 2000.0
CARD Co5 VALUE El&é.6 coL S0-63 1200.0
CARD G4 XbaAR tl4.0 coL 50-63 2.0
0.0

Vedl

C.3998

0.4629

Ge2660

C.7340

C.9C01

1.0603

1.2324

1.3985

125600

1.7327

1.9316

FREE STREAMy STAGNATION, AND VEMICLE CATA?

PSTAG = 0.1200000 04 fS1A
TSTAG = 0.2000000 04 DEG.R
HSTAG = 0.1202370 08 FTwe2/SECs®2
PINF = 0.1915380-01 PSIA
RRUINFs 0.1884510-04 SLUGS/FTas3
TINF = 0.852079D 02 DEG.R

UINF = 0.479822D O& FT/SEC

MINF = 0,1060000 02

CP/CY = 0.140000LD 01

R s 0.1717670 04 FT1%92/SEC**2/DEG.R
Th/T0 = 0,2700240 VO

ALPHA = C.5C0J0CGD C) DEG.

THETAC= 0.150000D0 02 DtG,

POINTS AT WHICH A SOLUTION 1S TO BE OBTAINED:
I XSTALD)

0.0

€C.0106C0
€. 239980C0
0.482900
0.566000
0.734000
€.900100
1.066300
1.,232400
1.398500
1.5666C0
1.73270C0

r
OV NOT VNI WN-

P e
N -

00000670
00000689
00500690
C00C0710
00000712
002J07290
GOCIC130
00006740
GOGII750
65002700
0003C770
CCGUlTed
€0GI790
0020J800
003¢J812
00138208
0069J)830
00013840
€0CCYa50
00302860

SS-SL-41-0Q3av
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13 1.931600

s = 0,0 S/REF= 0.0 4 = 0.0 Z/REF= 0,0
R = 0.0 R/REF= 0.0 0X = 0.100000-01 NIT = § PHEL = 0.0 DEG.
X1 = 0.9 DXI = 0.0 DXOXI= 0.0 CWALL= 0,0

OIMENSIONAL EDGE PROPERTIES

PE = 0.5558050 02 TE = 0.3557680 03 UE = 0,4446320 04 VE = 0.0 MACHE = 0.4807100 01
OPEDX= 9.0 DTEDX= 0.0 DUEDX= 0.C OVEDX= 0.0 RHOE = 0.9095270-04
OPEDN= 0.0 CTEOW= 0.0 OUEDW= 0.0 OVEOWs= 0.2140670 03 RHOEMUE= 0.222444D-10

LCCAL EOGE REYACLDS NUMBER =0.0

ETA Y F FN 1) GN H HN C CN v
1

0.0 0.0 0.0 0.5420647 0.0 0.,100383 0.,2701355 0.298667 0.944810 =0.152531 0.0

0.909890 0.0 0.005371 0.543505 0.C00991 0.C9993F 0.273117 0.300415 04943315 =0.149878 =0.3920~04
0.020587 0.0 0.011190 0,544420 0.9€2057 0.€99432 0.276341 0.302305 0.941728 ~0.146915 =0,1700-03
0.032157 0.0 0.017494 0.545393 0.003204 0.C93878 0.279850 0.304347 0.940046 =~0.143851 -0.4140-03
0.044671 0.0 0.0264326 0.54642) 0.004438 0.098262 0.2836T2 0.306552 0.938266 =0.140609 ~0,7950-03
0.0582¢6 0.0 0.031729 0547511 0.005763 0.097578 0.287838 0.3)8935 0.936387 ~0.137182 -0.1360D-02
0.072845 0.0 0.039753 0.548658 0.007186 0.0506817 0.292379 0.311506 0.934405 =0.133560 ~0.2120-02
0.088679 0.0 0.048450 0.549560 0.008712 0.€95968 0.297334  0.314279 0.932321 =0.129735 -0.3150-92
0.105805 0.0 0.057878 0.551115 0.010348 0.€95023 0.302742 0.317269 0.93C13% =0.12%57 =C,448D~02
0.124329 0.C 0.068068 0.552416 0.012098 0.G93948 0.303648 0.320489 0.5278645 =0.121438 ~0.6180-02
0.1443¢4 0.0 0.07918C 0.553755 0.013969 0.C92750 0.315104 0.323952 0.925457 -0.116945 -0.833D-02
V,166034 0.0 0.J391195 0,555119 0.215966 0.691475 0.322165 0.327612 0.9229715 =0.112208 =0.11GD~-01
0.1894172 0.0 0.104222 0.556492 0,C1lE093 0.C92006 0.329892 0.331660 0.920403 =0.107214 -0.1430-01
0.214323 2.0 0.11€6347 0.557848 0,020135¢4 0.0883¢63 0.333354 0.335926 0.917753 =3.1G1948 ~0.1840-01
0.262243 0.0 V.133662 0.5591517 0.022752 C.C8ub528 0.367627 0.3406T74 0.91%034 ~0.096395 =-0.234D-01
0.271909 0.0 0.153264 C.500377 0,.,025288 C.08447T 0.357T7197 0.345305 0.912263 <0.090540 -0.2940-01
0.3C3977 0.0 0.168257 0.561453 0.027561 0.C82187 0.368955 0.350411 0.909458 =0.CB4345 =-0.3670-01
0.338671 0.0 0.187753 0.562313 0.03CG 789 0.C79632 0.301207 0.355774 0.906645 =C.077852 =-0.4550=01
0.376197 0.0 0.208366 0.562866 J.033704 0.076785 0.394663 0.361359 0.903A53 =0.073982 =-0.5610-01
0.4167604 0.0 0.231717 0.562955 0.C36756 C.073617 0.409448 0.367113 0.90112) -0.063735 -0.4870~-G1
0.45G684 0.0 0.256425 0.562551 04339912 0.872102 0.425695 0.37295% 0.8986491 =0.056C96 =-G.8380-J1
0.508145 0.0 0.283112 0.561348 0.043148 C.Ceb214 0.443564 0.37b761 0.896020 -0.04R049 -0.1C2D 00
0.559522 Q.0 0.311891 C.559153 0.246439 0.C61929 C.463145 0.384370 0.693771 =0.0395RA7 -0.123D 00
0.6150469 0.0 0.342662 C.555685 0.0491749 0.057232 0.484046 0.389552 0.691820 -0.030709 -0.1480 00
0.675148 0.0 0.376105 0.552599 0.C53034 0.052115 0.508194 (.394005 0.89C257 =0.021429 =-0.,1770 0O
0.742130 0.0 0.4116467 0.543489 0.(50241 0.C%6586 0.533918 0.397332 0.889181 =0.011720 ~0.2120 00
0.810415 0.0 0.4495486 0.533u88 0.359306 C.CaI6TC  0.561922 0.399032 0.888708 -0.CCl1825 =0.2530 00
0.8580434 2.0 J.489674 0.521272 0.062158 0.034418 0.592260 G.398488 0.888961 0.6CP336 =0.3C10 €O
0.968657 0.0 0.531665 0.535085 0.064718 0.027914 0.624912 0.394968 0.890075 £.218556 -0.3560 CO
1.357590 0.0 0.575542 0.484777 0.v66920 0.021275 0.659753 C.3a7649 0.892185 0.528626 =-0.42CD0 Q0
1.1537719 0.0 0.6214C8 0.459858 0.068021 0.014660 0.695514 0.375669 0.895419 0.038265 -0.495D 00
1.257317 0.0 0.667732 0,429985 . 0.069802 0.C08205 0.734748 0.353221 0.895882 0,047125 ~0.56CD 00
1.37C345 0.0 0.714184 0.395063 0.070383 0.002319 0.773797 0.334097 0.905645 0.054787 =-0.6790 00
1.492055 0.0 0.759873 0.355358 0.07v327 =C.002937 0.812777 0.304869 0.912714 0.06C79T -0.750D 00
1.623657 0.0 C.8037174 C.3115% 0.,269633 =0.2C7266 C.850601 C.269096 0.521018 0.J64703 -0.9170 00
1.766380 0.0 0.8447%5 0.265020 0.068344 =0.010478 0.886040 0.228492 0.930381 0.0606122 -0.1060 01
1.9223282 0.0 0.581869 0.217373 0.066551 =0.012455 0.917845 0.184986 0.940514 0.064812 -0.1220 01
23806510 0.0 0.914073 G.170772 0,064339 -0.013186 0.94491% 0.141200 0.951021 0.C60742 =0.14C0 01
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24266812
2.461673
2.672438
24902356
3.166659
3.413540
3.702083
4.0149063
4.351501
4.716473
5.111227
5.538193
6.903G30

ETA

0.0

0.0C9890
0.020587
0.032157
0.0446T1
0.0582C6
V.072845
0.088679
0.1053C5
0.124329
0.144364%
0.166034
0.189472
V.214823
0.242243
0.271900
0.303977
0.333671
0.376187
0.416784
0.462684%
0.5C8165
9.559522
0.615369
0.6T5148
0.740130
0.810415
0.886434
0.968657
1.057590
1.153779
1.257817
1.379345
1.492)55
1.6230657
14766089
1.923C82
2.086651
2.266812

[~
.
[-Z-X-N-X-¥-N-¥-¥-F.¥.Y.)

CCO0OCO0O0OCOD

Y/L

0.0

CO0O0OCO0O0OO00O00DO00DONOC0CDOODOOC0O00D0
00000000000 NOO0NOO0OOOCODOONOOOLOOO

0940763
0.961682
0.977G24
0.987418
0.993821
0.997340
0.969023
0,9997C¢5
0.95993C
0.995588
0.995998
1.0009350
1.000900

RURQE

0.65883
0.65174
0.64433
0.63659
0.62854
0.62C17
0.61152
0.60258
0.59340
0.53398
0.57438
0.56462
0.556474

+£4481
0.53488
0.52501
0.51528
0.505717
0.49657
0.48779
0.4795¢
0.47199
0.45526
0.4595)
0.4550C
0.45193
0.45C5S
0.45131
0.45448
0.46059
0.47018
0.48389
0.50244
0.5266C
0.55708
0459443
0.63874
0.6893¢
0.74451

0.127473
0.C89542
0.058505
0.035054
0.018927
0.uC9C1l4
0.003689
0.001255
0.000341
€.000CT0
C.CoL010
0.00C001
-0.030000

XMU

0.35070-06
0.35400-06
0.35750=-Cé6
0.36120-06
0.356510-Cs
0.,36930-C6
0.37370-06
0.37840-06
0.38340-C6
0.38860-C6
0.39410-06
0.39980-06
0.40530-086
0.41200-06
0.41840-C6
0.42500-06
0.43170-06
G.4384D-06
0.44520~-06
0.45130-06
0.4582D0-06
0.4643C-06
0.46980-C6
0.47400=-06
0.47850-06
0.48120-06
0.4824D-~C6
0.48170-06
0.47900~-06
0.47370-06
0.46580=-06
0.45480-06
0.44030-06
0.42390~06
0.4C%30-06
0.3628D0-06
0.36010-0G6
0.33740-06
0.3158D-06

0.062027
0.059646
0.057416
0.0556446
0.0538¢68
0.C5262¢6
0.051683
0.05G957
0.05u356
0.0458C9
0.04€270
0.048719
9.068145

Ee

[-X-X-N-E-X-N-N-N.N-N.¥-X-N-]
[-X-X-¥-N-N-N-¥-F-N-N_N-¥-¥.]

00000000V 000000000000O0000
¢ & 8
000000000000 00000000000

=0,012786
=0.011488
=0.009614
=0.007523
=0.2C5545
=0.003918
=-0.002749
-0.0C€2017
-0.001618
~C.001421
=0.001325
~0.0G1267
=-0.001220

- X-X-]
e @
- X-X-]

[-X-R-X-X-F-N-N-X-N-N-N-N-Y-¥-¥.)

X -R-X-N-N-N-N-¥-N-¥-)
EEEREEEREEEREEREER

8 5 ® 2 6 8 5 P S 8 B O L 8 et o &
[-N-J-X-R-X-J-N-¥-N-F-N-N-X.N-¥.N-N-¥-¥-1

= X-N-X-N-N-E-N-N-N-N NN N NN RN N Y- X-X-R-K=

CHl

0.966A87 0.100141
0.982307 0.064610
0.992704 0.036648
C.9938554 0.C1T7T137
1.001090 0.005448
1.C21621 =0.002100
1.001251 =0,001737
1L.000T0% =0.001524
1.0Ju305 «0,000852
1.700101 <~C.000345
1.000025 <=0.000102
1.000006 =0.003022
1.022000 =-0.000001

LEL

1.000000
1.000000
1.00€020
1.020000
1.Co00CoC
1.006000
1.020000
1.C00C00
1.020020
1.C2G000
1.000060
1.000000
1.069020
1.600000
1.0006000
1.000000
1.00CL00
1.000000
1.000000
1.0C0cC0¢
1.000000
1.060000
1.0JC0J0
1.(00C00
1.0J00C0
1.900000
1.000C00
1.000090
1.00G000
1.00C€000
1.000000
1.000020
1.0C00J0
1.000000
1.00C200
1.000000
1.000030
1.000000
1.000000

0.981410

0.971151
0.979735
0.986774
0.992081
0.995713
0.997938
0.9991137
0.599695
0,999912
0.999980
0.599997
1.000000
LET PRL
1.000000 0.T37088
1.000000 0.737124
1.000000 CaT37164
1.0000CC 0.737228
1.C22C0C 0.737257
1.000000 0.737312
1.0J0uC0 0.737373
1.000C00 0.737441
1.000000 0.737516
1.C00C20 0.737620
1.000000 0.737692
1.000000 0.737793
1.000000 0.737204
1.00CC00 0.73€026
1.2C0200 0.T3El58
1.003000 0.738330
1.000C00 0.730452
1.390000 0.7385613
1.0C0000 0.738781
1.000000 0.738553
1.009000 0.739127
1.G¢ 0000 0.739298
1.000000 C.T739459
1.00000C 0.7395)3
1.09C000 0.7397122
1.000000 0.739805
1.002000 0.739842
1.000000 0.739822
1.003000 0.739736
1.060000 C.739576
1.000000 0.739340
1.000000 0.739034
1.000900 0.738672
1.000000 0.738276
1.000000 0.737377
1.000000 0.737508
1.0000C0 0.737195
1.000000 0.736958
1.000000 0.736797

0.054151 -0.159D
0.045589 -0.1810
0.035907 ~0.2050
0.026165 =0.2300
0.017424 =0.258D
0.010461 ~0.28F0
0.005577 ~0.3210
0.002592 -0.356D
0.001025 -0.3%5D
0.00C335 ~0.436D
0.0000£7 ~0.4800
0.002017 -0.528D
0.000C00 ~0.5800D

PRT

0.900000
0.90C000
€.9G0000
0.992CCC
0.sCCco0e
0.900000
0.,90C000
0.900000
0.900C2C
C.9CCCN0
0.90CC00
G.900L00
0.9C0C00
C.920:20
0.90CCC0
0.966000
0.50CC00
0.500600
0.9¢0CoC
0.900000
0.500000
0.500C00
0.90CC00
C.9C0CCO
€.900000
0.930C00
0.902C00
0.900000
0.9C0C50
0.902C00
0.500000
G.500C0C
0.900600
0.9CCCO0
0.990C00
0.900000
0.9CCC00
0.900000
0.900006

ol
o1
ol
01
o1
o0l
01
o1
ol
0l
ol
o1
01

SP NT

0.60190
0.40210
0.60220
0.6)230
0.6C250
0.60260
0.65780
0.623CD
0.6033D
0.6335D
0.62380
0.60410
0.6045C
0.562490
0.6553C
0.60570
0.60620
0,6067D
0.60720
0.50780
0.60830
0.¢0490
0.60940
C.6798D
0.6162D
0.61C50
0.01C6D
0.61950
0.6103D
C.60970
0.60900
G.60800
0.60690
0.6057D
0.6044D
0.6033D
0.48023D
0.60150D
¢.60150

04
aé
04
04
G4
{3
(2
04
04
06
'L
(1)
04
0é
C4
D&
[
o0&
04
04
04
Cé
04
04
04
04
Ce
04
04
06
04
G4
04
C4
04
04
04
04
csé
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Evl

2.461673
2.672636
2900396
3.146959
3.413640
3,7C2283
4,0145¢3
4.351501
4716413
S.i11227
5.538193
6.CL0uUCOo

ETA

0.0

0.2C9490
0.020587
0.,032157
0.044671
0.053296
0.072d845
0.038079
0.1C53885
0.124329
Oul44364
0.166J34
0.,189472
v.214823
0.262243
0.27150)
0.303377
0.3343671
0.376167
0.416784
0.46J0d4
V.508165
0.956522
0.615369
0.675148
0.74J13)
0.81J415
0.8686434
0.968557
1.057590
1.133779
1.257817
1.370345
1.492355
1.623657
1.766389
1.920082
2.,0864651
2.266812
2,4616173

(- X-N-N-N-N-N-

- N-N-N-N-N-

CLUCOOCOUOO00OLOCOO

IREEEREEER)
0000000000000 0O00ODNCCO0C00CC00000

COOUCOCOO00LO00COO0GOO

0.80119
0.85537
0.90289
0. 94062
0.$6739
0.58418
0.59335
0.99764
0.99932
0.99985
0,99998
1.CC0u0

4

1.00003¢C
1.00000C
1.0C000¢
1.90Jv0¢
1.000020
1.0CJico0e
13CC0QC
1.0CC0%¢C
l.C0cuC(
1.00000C
1.00000C
1.0CJ9Co
1.0CCO3GC
1.0%500¢C
1.0C000C
1.20005¢
1.0CT0C(C
1.0CuG3C
1.3200CC
1.0C002¢C
1.3CJ)uCC
1.0CCccCa0
1.0C000C
1.CCc0cC
1.00003¢G
1.C3QCC
1.2CC¢2C0
1.90cCCG
1.98CC3C
1.06000C
1.CC0JC0
1.00083

1.00C0CGC
1.CCCOCC
1.0C0C000
1.00G00C
1.0C000¢
1.0C900C
1.0C0C0G
1.00020¢

0.29650-06 0.0

0.28010-06 0.0

0.26730~-06 0.0

0.25800-06 0.0

0.25170-06 0.0

0.264800=C6 0.0

0.245600-06 0.0

0.24510-006 0.0

0.2447D-06 0.0

Cu24460-006 0.0

0.24460-06 0.0

0.26460-06 0.0

IN TEMP

0.0 0.,5400000
0.0 0.5458710
.0 0.5521520
0.0 0.5588630
0.0 0.5660260
C.0 0.5736590D
0.0 0.5817800
0.0 0.59C4C5D
0.0 0.599546D
0.0 0.60921C0
0.0 0.6193990
0.0 0.6301C8D
.0 0.6413210
0.0 0.653G13D
0.0 0.6651410
0.0 C.6776450
0.0 0.6904430
0.0 C.7034250
0.0 0.7164510D
0.0 0.7293400
0.0 C.7T41867D
0.0 0.7537550
c.C 0.7646070
0.0 0.7742C5C
0.0 0.7819C10
C.0 C.7872220
0.0 0.7395%680
0.0 0.7883100
0.0 0.7827960
0.0 0.7724150
O.C 0.7566620
0.0 0.7352210
C.0 0.7060G 740
0.0 0.67%5960
0.0 0.6386300
Q0.0 0.5985030
0.0 0.55698%90
.0 0.5166920
0.0 0.4TT78560
C.0 0.4440510

0.0
0.0
0.0
0.0
o.o
0.0
o'o
o.o
0.0
0.0
0.0
0.0

T/TE

0.1517840
0.1534340
0.1552000
0.15703690
0.159100D
0.1612450
0.16135280
0.1659520
0.168521D
0.1712380
0.1741020
0.1771120
G.18C264D
0.1835500
G.186959D
0.1524740
0.1940710
9.19772G60
0.2013810
0.205304D
0.2085250
0.2118670D
6.2149340
0.2176150
0.215778D0
0.2212730
0.2219330
0.22158CD
0.2200300
0.2171120
0.212684D
C.20L6570
Q.199C270
0.1898980
0.179507D
0.1682320
0.156559D
C.145C640
0.1343170
0.1248150

1.000000
1.000000
1.000C00
1.000000
1.020030
1.000000
1.000000
1.220022
1.000020
1.009C20
1.000G00
1.000020

N

0.167732D
0.1655860
0.1640850
0.1620110
0. 1557480
0.1572770
0.1564578D
0.1516280
0:1484020
0.144873D0
0.1410120
0.1367860
0.1321580
0.12709%0
0.1215390
0.115462D0
0.1088100
0.101535D
0.9358650
0.,8491790
0.7548580
0.,6525600
0.5420980
0.4235150
0.2971%8D
0.164C10

00

0.2545550-01

=« 1161450
=+2574990D
~+394191D
=+5207140
=« 6306460
=e7171310
~e773692D
-« 7953310
-« 7797620
= 7284230
-.6‘588’!0
=+5443500
=+4322190

J0
00
00
00
00
00
00
00
00
00
00
00
90

1.000000
1.C00000
1.000000
1.000s0¢C
1.000000
1.000000
1.700000
1.0€CCU0
1.000000
1.200C30
1.000000
1.000C00

CP/CV

1.399289
1.399187
1.396072
1.396945
1.398803
1.398645
1.378469
1.398274
1.398058
1.397818
1.397554
1.397263
1.396944
1.396598
1.396218
1.395811
1.395377
1.3564918
1.394438
1.393947
1.393452
1.3929¢48
1.392510
1.392161
1.391765
1.391529
1.391424
1.391480
1.391725%
1.392179
12392847

1.393716-

1.394749
1.395879
1.397022
1.398083
1.396921
1.395666
1.40C131
1.4004C6

0.7367T02
0.736458
0«T36638
0.736636
0.736639
0.736642
Ga 736644
0.736645
0.730646
0.73664%6
0.T360646
0.736646

RHO

0.900000
0.900C00
0.900000
0.902¢C0
0.969C00
0.900C00
0.500000
0.900C00
0.9v0C006
0.90C39%0
0.900000
0.5000600

0.5992240~C4
0.5927790-04
0.5860360-04
0.5789°%D-04
0.5716720-04
0.5640650-04
0.556191D-04
0.5480660~04
0.539710D0-04
0.5311490-04
0.5224110-04
0.5135330-04
D.5C04554D~G4
0.4955200-04
0.436435D-04
0.477508D-04
0.4656570~C4
0.460L38D-04
0.4516540-04
0.4436630-04
0.4361710-C4
0.429292C=-04
0.4231660-04
Qa41T7552D0~-C4
0.4138390-04
0.4110430-04
0.4398200-04
0.4104740-04
0.413364D~04
0.4189210-04
2-4276430-C4

0.4401160-04

0.4569870-04
0.478956D-04
0.5066P2D-04
0.5406460-04
0.5809470-04
0.6265830-G4
0.6771510~-04
0.7287020-04

0.60070
0.60060
0.60089
C.6C250
0.63040
0.50060

0.60C60

0.60060
0.6206D
0.62060
0.632460
0.6006D

0s
cs
04
04
0%
04
04
04
04
04
Cé
04
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2.672436 Q.0 1.00000¢ 0.0 0.4159220 03 0.116908D0 01 =.322065D 00 1.400540 O0.7779840-04
2.900396 0.0 1.00000C 0.0 0.3940310 03 Q.1107530 01 =-.223618D0 00 1.40C590 0,.8212060-04
3,146959 0.0 1.0C0CCC 0.0 0.3782280 03 (0.1063130 01 ~,143316D 00 1.400596 0.8555180-04
3.413640 0.0 1.00000C 0.0 0.3677600 03 (0.1033710 01 ~-,8372870-01 1.400588 0.8798710~-C4
3,702383 0.0 1.02C¢006 0.0 043614870 03 0.1C16)7D0 01 =.438714D-01 1.400578 0.8951380-04
4.014363 0.0 1.0C0C3C 0.0 0.358150D0 03 0.1006690 01 =.2019250-01 14400572 Q0.9034T790-C4
4.3515C1 6.0 1.0C0C0C 0.0 0.3566100 03 0.10€2370 01 ~-.7952580-)2 1.400568 0.907381D0-04
4.T06473 0.0 1.3CcCCC G.0 0,356C11D0 03 0.100C68D 01 =.2592720-02 1430567 C.908B5G70~04
S.111227 0.0 1.0C0000 C.0 0.3558220 €3 0.100C150 01 =.67CT18D-03 1.40C567 0.9093950~-C4
5.538193 0.0 1.02C32C 0.0 0.3557740 €3 06.1000020 0L ~-.133244D-03 1.400567 3.9)95060-04
6.000300 0.0 1.000¢0C 0.0 0.355768D 03 0.100000D0 01 ~.2558060-GS 1.40C566 0.9)95270-04
L2 Ir]] Lrrrl] L X1 1] ]
S = 0.0 S/REF= 0.0 S = 0.0 L/REF= 0.0
R = 0.0 R/REF= 04,0 DX s 0,100000~0} NIT = 6 PHI = 15.00 DEG.
Xl = 0.0 0Xl = 0.0 OXDXI= 0.0 CwaLL= 0.0
DIMENSIONAL EDGE PROPERTIES
PE = 0.,546T910 02 TE = 0.,3541010 03 (V13 = 0.46448220 04 VE s 0.5565440 02 MACHE = 0.4820470 01
OPEOX= Q.0 OTEOXe 0.0 QUSDX= 0.0 OVEDX= 0.0 RHCE * 0.0989890-04
0PIDN==0,6812T76D 01 DTEDW==0.1265280 02 DUECW= 0.144778D0 02/ OVEDW= 0.2095960D 03 RHOEMUE= 0,2186690-10
LGCAL EOGE REYNCLDS NUMBER =0,0
L2 21 1] L1 Ll ]2 ]
s = 0.0 S/REF= 0,0 4 = 0,0 1/REF= 0.0
R = 0.0 R/REF= 0.0 0x = 0.100300~-01 NIT = 7 PHNI = 30.00 DEG.
 § a 0.0 CX} = 0.0 OXDXI= 0.0 CWALL®s 0.0
DIMENSIONAL EDGE PROPERTIES
PE = 0.5208860 02 TE = 0.349222D0 03 UE = 0.445383D0 04 VE = 0,108931D 03 MACHE = 0.4860140 O1
DPEDX= 0,0 DTEDX= 0.0 DUEDX= 0.0 OVEDX= 0.0 RHOE = 0.8683630-04
OPEDW=~0,12T694D 02 DTEDWH==~0.2442020 02 DUECHW= 0.2816870 02 OVEOW= 0.195838D 03 RHOEMUE= 0.2089690~10
LOCAL EDGE REYNOLDS NUMBER =20.0
ETA Y F FN [ GN M HN [4 CN v
0.0 0.0 0.0 0.549969 0.0 0.049160 0.270155 0.301813 0.942531 -0.153766 0.0
0.0293890 0.0 0.005444 0.550848 0.000485 C.048927 0.2T73148 0.303621 0.941024 +~0.150961 =-0.3880-04
0.020587 0.0 0.011341 C.551784 2.001097 0.048628 0.276407 04305576 04939425 =0.147982 =-0.1680-03
0.232157 0.0 0.017731 0.552779 0.001567 0.048318 0.279954 0.3J7687 02937731 =0.144829 -0.,41C0-03
0.0446T) 0.0 0.026655 0.5530833 0.002170 0.04T7974 0.,283819 0.309969 0.935940 =0.141493 -0.791C-03
0.0582C6 0.0 0.032159 0.554945 0.002817 0.0467592 0.288031 0.312432 0.934069 ~0.137967 -0.134D-02
0.072845 0.0 0.040291 C.5506116 0.003510 0.04T167 0.292624 0.315090 0.932956 =0.134242 =-0.2100-02
0.083679 0.0 0.049107 0.557343 0.004253 0.C46695 0.297636 0.317958 0.929962 =-0.130310 -0,3110-02
0.1C54C5 0.0 0.058663 C.558621 V205049 0.Ca6169 0,3J25108 0.321048 0.927766 =0.126162 =-0.4430-02

SS-GL-H1-2A3v
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2.900366 0.0 1.00C00¢C 0.0 0:.2640870 03 0.1021590 01 <.849539D~01 1.400043 0.4008050=04
3.146959 0.0 1.000006 0.0 0.2605420 03 C.1007880 O1 =~.3544060-01 1.400013 9.406257D=-04
3.413640 0.0 1.0C0C0C 0,0 0.2590860 €3 C.1002250 Q1 =.1217420-01 1.40CG00  0.4085400-04
3.702083 0.0 1.0CCCG6C 0.0 0.2586040 €3 C.100038D0 01 =,3300490=-02 1.399996 0.4093020-04
4.0149063 0.0 1.00)06C 0.0 0.2564810 €3 C.999906D 00 <~.6773320-03 1399994 0.4394970-04
4.351501 0.0 1.02C030C 0.0 0.258457D C3 0.,999814D 00 =-.1103600-93 1.399954 0.4)9534D=-04
4.716473 Q.0 1.0C000C 0,0 0.2584530 €3 GoS99797D 00 «.2590870-04 1.359994  0.4095410-04
5.111227 0.0 1.00000C 0.0 0.2584510 03 0.999789D 00 =-,160919D-04 1,399994 0.4C95450-04
5.538163 0.0 1.00000C 0.0 0.258449D 03 0.99973830 00 =-,1339830-04 1.369994  0.4095470-04
6.000000 0.0 1.€¢00C9C 0.0 0.2585C50 €3 (.107C000 O1 0.141680D-02 1.399995 0.4095490-04
LTI 7] (1131 LLL 1] ]
FAILED TO GET A CONVERGED SOLUTION AT K= 13 te 1 NiTe 21

S = 0.1000000-01 S/REFs 0.5177060-02 4 = 0.9659260-02 L/REF= 0.500065D-02
7

R = 0.2588190-02 R/REF= 0.,1339920-02 Dx = 0.100(0N-01 NIT = PHI & 0.0 ODEG.

XI = 0,220847D-14 DXI = 0.2208470-14 OXOXI= 0.150934D 13 CHALL= 0.0

DIMENSIONAL EDGE PROPERTIES

PE = 0.5558C50 02 TE = 0.353768D 03 UE = 0.4446320 04 VE = 0.0 MACHE = 0.,480710D 0}
DPEDX= 0.0 DTEDX= 0.0 DUEDX= 0.0 OVEDX= 0.0 RHOE = 0.9095270=-04
DPEDN= 0.0 CTEQW=s 0.0 DUEDW= 0.0 OVEDW= 0.2140670 03 RHOEMUE= 0.222444D-10

LOCAL EDGE REYNOLDS NUMBER =0.165353D 03

NCNOIMENSIGNAL BOUNDARY LAYERS PARAMETERS

CFNEDG= 0.18C670D-02
STINF = 0,2235820-01

CFWINF= 0,0
STEDGE= 0.4999170=02

CFXEDG= 0.9764600-02
CHINF = 0,2741760-01
CHIMAX= 0,1C5455D 03

CFXINF= 0.4046810-01
CHEDGE= 0.6130450-02
L] »=0.8516700-02

DIMENSIONAL BOUNCARY LAYER PARAMETERS

THETA{X) = 0.250679D=04
THETA(PHI )»~0.682360D=-04

DELTA®(X) = 0,204144D=03
DELTA*(PH])= 0.975775D-04
DELTA (FT) = 0.3427180-03

LCNGITUDINAL SKIN FRICTICN= 0.3778920 Ol PSF
TRANSVERSE SK[N FRICTION = (.0 PSF
WALL HEAT TRANSFER RATE ==0,228008D 02 BTU

ETA Y F FN G GN " HN c CN v
0.0 0.0 0.0 0.542550 0.0 0.100386  0.270155 0.298591 0.944810 -0.152692 0.0
0.009690  0.958D-06  0.00337C  0.5434C8  0.000991  0.C99936 0.273116 0.300337 0.9433L5 =0.149770 =0.3920-04
0.020587  0.2010-05  0.011188  0.544323  0.002057  0.099435 0.276339 0.302225 0.941729 =0.146877 -0.1760-03
0.032157  0.3150-05  0.017491  0.545295 0.003204 C.C93880 0.279848 0.304266 0.940047 =0.143815 =0.414D-03
0.044671  0.4410-05 04024321  0.546325 0.004438  0.C93265 0.283669 0.306470 0.938268 ~0.140574 -C.7990-03
0.€34206. 0.5790-05  0.031723  0.547413  0.C05763  C.C97581 0.287833  0.308850 0.936389 -0.137147 -0.1360-02
0.072845  0.7300-35  0.039746  0.548559 0.007186 0.CS6819 0.292373  0.311419  0.934408 ~0.133526 -0.2120-02
0.088579  0.8950-05  0.048441  0.549761 0.008713  0.C95971 04297326 0.314191 0.932324¢ =0.1297C2 -0.314D-02
0.1¢5865  0.1680-C4  0.057867  0.551015  0.010348  0.(95025 0.302733  0.317179  0.930137 =0.125666 -0.448C-02
0.126329  0,12dD-04  0.068C86 0.552316 0.012099 0.($3970 0.308638 0,320397 0.927849 -0.121408 =0.6180-02
0-144364  0.1550-04  0.077166 C.55J654 0.013970 C.C92793  0.315072 0.323858  0.925462 =0.116916 —0.8320-02

§5-54-H1-0Q3v
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0.166034
0.189672
0.214823
04262243
0.271900
0.303977
0.338671
0.376197
0.6156734%
0.460084%
0.5C3165
0.559522
0.615069
0.675)148
0.743130
0.810415
0.88643%
0.263657
1.057590
1.153719
1.257u117
1370345
1.492V55
1.623087
1.766080
1.920082
2.0860651
2.2066812
2.4018673
2.672436
2.500356
3.146959
3.413640
3.762083
§.014063
4.3515901
4.716473
5.111227
5.538193
6.0CI3CO

ETA

0.0

0.009890
0.029587
0.032157
0.C%46171
0.C53206
0.072845
0.083679
0.105305
0.124329
0.1443060
0.1660136

0.174D=04
0.2000=04
0.2300~C4
0.2620-04
0.297D-06
0.3370-04
0,3800~C4
0.4270-04
0.4890=04
0.5310-04
0.6010~-04
0.67G0L~C4
0.7470=-04
0.832C-04
0.9210-04
0.1020-03
0.1130-013
0.12640-03
0.1370-03
0.1500-013
0.1564D-03
0.11780-03
0.1930-03
0.2090~03
0.2240-03
0.2420-03
Ve2560-03
0.2720-03
0,2380-03
0.204D-03
0.3210-03
0.3330-03
0.3550~-03
0,374D-03
063540-03
0.4160-C3
0.4390-03
0.4640-3
0.4910-23

«£200-Q3

v/L

0.0

0.4960-06
0.104D~05
0.163L-05
0.2280-05
0.3020-05
0.373D-C5
Q.4830-05
0.5580-05
0.6610-05
0.7750=U5
0.5530-C5

0.,091178
0106203
0.118326
0.133638
0.150236
0.168227
0.187719
0.208e28
0.231675
0.25&38C
0.283C¢62
0.311L3¢
0.342802
0.37054C
0.411557
0.4494171
0.453595
J.531813
0.575857
0.6721322
0061048
0.7141¢0
0755751
0.803658
De.344727
0.381810
0.914025
0.940726
0.961655
D.977CGCS
Je9874C7
0.963815
0.9617337
J.999022
0.999704
0.99693C
0.964588
0.959568
100033

1.J09C00

RORGE

D.65883
0.65175
0.64433
0.63660
0.62854
0.c2018
0.61153
0.6026C
0.59341
0.58426
0.57440
0.504¢4

0.555018
0.556390
0.557747
0.559056
0.56Q276
0.5612352
0.562213
0.562767
0.562897
0.562455
0.561255
0.5597¢+4
0.555¢00
0.5%0520
0.543418
0.533826
0.521221
0.505048
0.434753
C.459849
0.429%92
C.394in8
0.355395
0.311644
0.2650177
0.217434
0.170833
0.127529
0,089590
0.058562
0.G35280
C.018943
0.0C9023
0.003693
0.001257
0.000342
0.6u00730
0.0ul010
0.000001
=0.0000CY

XMU

0.35070-06
0.35400-06
0.35750=06
0.36120-06
0.36510-06
0.36%10-06
0.37370-06
0.3784D-C6
0.38340~06
C+3330D-06
C.39410=06
0.39980-06

0.015966
0.018093
C.020354
0.022752
0.025289
0.027962
0.030770
0.033735
0.030758
J.039913
0.04315C
0.04644]
0.049751
0.093036
0.050243
0.059309
0.202162
0.0641722
2.066904
CeNHNA2S
0.069807
0.070388
0.07v332
0.C66638
0.068348
0.066555
0.064392
0.062029
0.0590648
0.057417
0.,055467
0.£53968
0.052625
0.051683
0.050857
0.050357
J.049899
0.049271
0.0681719
0.048145

Ee

s o8 9 a o O
000000000000

L X-N-N-N-¥.¥-R-N-X-¥.¥-]

0.C91478  0.322150 0.327576 0.922980 ~0.112181 ~0.1100-01
0. €90008 0329875 0.331562 0.920410 +=0.107187 =0.1430-01
0.C88366 0.338334 0.335825 0.917759 ~C.101923 =-0.1840-01
0.CR6531 C.347605 0.340371 0.515041 =0.096373 =0.234D-01
0.C84480 04357771 0.345200 0.912271 =0.090520 =0.294D-01
0.C82191 0369927 0.350305 0.905467 -0.084347 =0,3670-01
0.€79636 0.381174 0.355667 0.906654 =0.077836 =0.4550-01
0.C76788 C.394627 0.361252 0.903863 =0.070968 -0.561D-01
0.G73621 0.409407 0.307006 0.901130 -0.0€¢3725 -0.687D0-01
0.G70106 0.425649 C.372848 0.894501 <«0.056089 ~0.8370-01
0.C66218 0.443494 0.378659 0.896030 =0.048046 -0.102D0 00
0.C61934 0.463090 0.334272 0.693782 ~-0.C3¢538 -0.1230 CO
C.CH7236 Ce404585 0.389461 0.891831 =0.G30715 ~0.1460 00
0.C52120 0.5Co128 0.393923 0.890267 -0.C21439 ~C.1770 00
€.C46590 0.5313847 0.397262 0,R89191 ~0.011796 =-0.2120 00
0.040675 0.561847 ©0.39E217 0.888716 =-0.001847 -0.2530 00
0.G34423 0.592181 C.398450 0.RBBI6T 0.008309 -0.3C0D 00
0.C27918 0.624831 04394949 0.899079 0.018524 -0.35¢0 00
0.C21279 0.659671 0.387652 0.892186 0.026588 ~C.62CD0 00
013663 0.696433 0.375693 0.89%415 0.02R225 ~0.4%50 00
0.CCn2e67 Q.734011 0.358265 0.89%875 0.C47083 -0.5%8CDH 00
0.5¢2319 0.713726 0.334756 0.90%5633 0.054747 =-0.67TRD 00
~0.002937 0.812714 ©0.304938 0.912698 0.0L0761 =0.79C0 00
~-0.007268 0.850547 0.269169 0.92C9917 0.064675 -0.9170 00
-0.C10481 0.885996 0.228562 0.9303%6 0.066105 =-0.106D 01
-0.012458 0.917811 €.185047 0.94C488 0.C648C7 -0.1220 01
=0.013190 0.944890 0.141255 0.950945 C.060748 -0,14CD 01
-0.012789 0.966471 0.100178 0.961387 0.0541067 ~0.1550 21
-0.011491 0.982296 0.064635 0.971131 0.G45611 -0.181D 01}
=0.C03616 0.952698 0.036685 0.979720 0.035529 ~0.205D 01
=-0.0C07525 0.958551 0.017147 0.986763 0.026184 =0.23C0 01
~Q.CC5547 1.901089 0.005453 0.992015 0.017438 -0.258D 01
-C.C03919 1.001620 =-0.000098 0.995710 C.010570 -0.2860 01
-0.002749 1.001251 =0.C01737 0.997937 0.005581 -0.3210 01
-0.CC2017 1.000704 -0.001524 0.995137 0.C02594 -0.3560D 01
-C.001618 1.003395 =~0.000852 0.9996%4 0.C01026 -C.395D C1
~C.0C14622 1.600191 =0.CJu345 0.999912 0.CQ0335 -0.436D O1
=0.021325% 1.023025 =-0.000102 0.999980 0.CO3CEB7 -0.480D 01
-0.C01267 1.000004 =0.200022 0.999997 0.053017 -0.5280 01
=0.J01220 1.00¢000 ~0.000001 1.0C¢G020 0.000CN0 -0.58CD O1
CHI LEL LEY PRL PRT SP HY
0.0 1.000000 1.000000 0.737088 0.900000 0.560190D
0.3814D=02 1.000000 1.000000 0.737124 G.900000 0.52210
0.16210-01 1.00CC20 1.009000 0.737164 0.900C00 0.860220
0.38760-01 1.000000 1.000000 0.737208 0.900000 0.40230
0.73220-31 1.000000 1.000000 0.737257 0.5000C0 0.60250
0.12160 00 1.000020 1.000000 0.737312 0.900C00 0.6024D
0.18610 00 1.000000 1.000000 0.737373 0.900C00 0.602SD
0.26930 00 1.000C00 1.202020 0.737441 0.900C00 0.6030D
0.37400 00 1.000000 1.000000 0.737516 0.900C00 0.6033D
0.5C34D 00 1.000000 1.000000 0.737599 C.900(C0 0.60350
0.6€120 00 1.000000 1.000000 0.737691 0.900000 0.63360
0.85170 00 1.C00G00 1.000000 0.737793 0.900000 C.50410D

04
04
04
06
04
04
04
0%
04
0%
04
06
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0.189472
0.214823
0.262243
0.2719C0
0.3C39177
0.333671
V376187
V.616784%
0.46C5d%
0.5231¢5
0.559522
D.615J69
0.675148
0.740130
C.310415
0.886434
0.568257
1,0%759)
1.153779
1.251317
1.37034%
1.492055
1.6023587
1.7€63E0
1.923)82
2.086651
2.2664412
2.481573
2.672436
2.92J03%8
3.1464959
3.413540
3.762383
h.0145¢€3
4.351501
4.7164173
S5.111227
5.538183
6.0CCvCO

ETA

0.0

0.009890
0.0203€7
0.032157
0.0445671
0.053206
0.072645
0.088579
0.105805
0.124329
0.1443¢&0
0.166034%
C.1894172

0+1040=04
Ca119C-04
0.136D0-04
0.1540-06
0.1740~-046
0.1970-04
0.2210-04
0a.244D-04
0.274D-04
0.311C-0¢
0. 347D-06
0.3370-04%
Oe%300-04
0e%?77D~-04

«5200=-04
0.5830-04
0.6430-04
0.70TC-04
Q. T750-04
0.8470-04
0.9220-04
Ca12e0=-23
0.1080-03
G.1148D-C3
0.1240-013
0.1330-03
9.1410-03
C.1490-03
0.1530-C3
J.166D-03
0.175C-03
0.184D-03
0.1940-03
0.2J340:-03
C.2150-03
0.2270-C3
Q. 2430-03
0.254D-03
0.2690-03

Y/L

0.0

0.4960-06
0.1040-05
0.1630-05
0.2280-05
0.3200-05
0.3780-05
0.463D-C5
0.5580-05
0.6610-05
0.7750-35
0.9000-05
0.1J4D-04

0.5%5477
Qe56484
0.5369¢
0.525064
0.51531
0.5058¢
0.49660
U.40783
Q.47959
0.47293
0.465¢9
0.43556
€.455C3
045156
0.45CH1
0.451132
0.65449
0.46C58
0.47C17
0.439387
0.5C240
0.592654%
0.557CC
0.59432
0.63882
0.68922
0.74438
0.8C1C7
0.85521
0.%3282
0.54057
0.56737
0.58417
0.99334
C.65764
0.99632
0. 99585
C.596%8
1.CuC00

1.06200C
1.0CC000
1.3C0GCC
1.000600C
1.300C¢0C
1.uCCCGC
l.9CC50C
1.0C0CG0
1.03000C
1.00020C
1.06003C
1.00CCCO
1.5C0u0C

0.40580-06
0.41200-06
0.41840-Cé
0.4250C-06
0.43160~-06
C.43840-06
0.4451C-06
0.4516D-06
0.45820-C6
0.4643N=-26
0.4696C~-06
Q.4T74LD=06
0.47850-06
0.461¢C-06
Co4BZ24L-06
C.4817C-06
0.47900D~06
C.6T3T0-Co
0.46580-06
0.454°L=-06
0.464050=C6
0,423901-06
0.40440~-06
0.34290-26
J.36020-06
0.33750-0¢
G.31590-06
0.2965D0-06
0.2802C-006
0.2673D0-06
0.25800-06
C.25170~06
0.264BGD=-C6
€.24600-06
0.24510-06
0.2447C~-06
0.2446D-06
0.24460-06
0.24460-06

~
&

00000000 WOOOGO

)
=R~ A-2-2-X-N-F-F-N-F. NN ¥.-¥-T-¥-

[cReN-N-E-N-N-N-N N .N-N NN X~

=2-R-X-X-N-¥-X-F-¥-¥-F.¥.]

EEEEEREEREE
[~ X-R-N-N-R-¥-y-¥-¥-N.N.¥-)

0000000000000

0.5400000
0.5458690
0.552149C
05588580
0.5660190
0.5730500
0.5817690
0.5903520
€.5995300
0.6391910
0.619374D
0.630084C
0.6412940

03
03
03
03
G3
cl
03
03
03
c3
c3
G3
03

0.10800 01
0.13500 01
0.16710 01
9.20480 01
0.,2493D 01
0.3014D 01
J0.36260 01
0.4346D 01
0.51920 01
0.61910 01
0.7373D0 01
0.87770 01
Je 106450 02
0.1248D 02
0.1%489D 02
0.1783D0 02
J.21410 J2
0.2579D0 02
0.3116D 02
0.37712D 02
0.45680 02
0.5%200 02
0.6¢.23D 02
J.76340 02
9.9C430 02
0.10040 03
J.1055%0 03
9.10250 33
0.9C100 02
0.7C060 02
0.4718D 02
0.2658D 02
0.12860 02
0.4990D 01
0.15280 01
0.35290 00
0.57620-01
2.6C340-02
-.50850-03

T/TE

0.151784D
0.1534340
0.1551590
0.1570850
0.1597930
0.1612430
0.1635250
G.1655480
0.1085170
0.1712330
C.17409560
0.17710%0
€.14V2560D

01
ot
01
ol
01
o1
ol
vl
ol
o1
0l
01
/D }

1.000000
1.000C00
1.£00000
1.600CG0
1.000000
1.000000
1.€00€C20
1.000000
1.000000
1.002CJ0
1.000C00
1.00¢cCO0
1.0200)0
1.00uLLND0
1.000030
1.0300LJ0
1.000C20
1.0000J0
1.000Co0
1.090C20
1.0000)0
1.0C0800
1.0000J0
L.0C0C00
1.02CCCo
1.00CCI0
1.00CC00
1.000C00
1.000020
1.006CJ0
1.006GC20
1.000C20
1.000000
1.000500
1.000000
1.0%¢C00
1.CCCGID
1.000C000
1.000000

N

0.1676890
0. 1659440
0.1643430
0.1619690
0. 1557000
0.157236D
0.1545370
0.1515870
0.1%83620
0. 1440340
0.1409740
0.136749D
C.1321220

ol
01
0l
01
o1
01
01
01
ol
01
01
o1
o1

1.000000 0,7379084 0.900000
1.0CCC00 0.T73802S 0.90C000
1.000000 0.738157 0.900000
1.006000 0.738299 0.50CCCO
1.C0%000 0732451 0.900000
1.€00C00 0.738612 0.9CCC00
1.0C0000 0.738780 C.920C09
1.000900 0.738953 0.9GCC00
1.000000 0.739126 Cc.900cC0
1.CC000C 0.733297 C.500C00
1.000000 0.73%4658 c.9c0CCe
«230{00 0.739¢02 €.SC0C006
1.000960 0.7357121 0.903C00
1.000CG0 0.735t04 0.5C0CC0
1.600C00 0.734¢4] 0.900600
1.609006 0.739622 0.900C00
1.J00290 G.73713% 0.90CCC0
1.002000 0.739576 0.900000
1.000C000 0.735340 C.530C00
1.C00CI0 0.732C35 0.90C0C00
1.00C00C 0.738673 0.9C0600
1.29000C 0.738277 0.9CCCCO
1.000020 0.737878 0.900C00
1.0006100 0.737508 c.9(cCcco
1.000C00 0.737196 0.902¢00
1.030000 0.736958 0.902€00
1.00CC20 C.T736797 0.9C0CCO
1-.0000C0 0.736732 0.90¢020
1.00C000 0.73¢6€55 €.9C €00
1.090200 0.736638 0.90C0v0
1.00CG00 0.7360636 0.908C20
1.820000 N.736639 0.900C0
1.000000 0.736642 C.900000
1.0000C0 0.73060644 0.9000C0
1.000000 0.736645 0.9C0C00
1.000C00 G.T3Lb45 0.93CC20
1.09CCCO 0.735666 C.9CCCCO
1.002000 0.736646 0.900C00
1.000C0C 0.T726646 €. 900000
CpP/Cv RHO
1.399289 0.599224D~04
1.359187 0.5927810~C4
1.399072 0.58604CD-04
1.398945 0.579004D=04
1.398803 0.5716790=-06
1.398645  0.5640740-04
1.398469 0.5562020-04
1.398274 0.548C780-04
1.398058 0.539724D-04
1.397819 0.5311¢50~04
1.397554 0.5224290-04
1.397263 0.513552p-04
1.396944 0.5064575D0-04

0.6045D
Q.,60490
0.60530
0.6057D
0.60620
0.62%670
0.60720
0.607RD
0.67230
0.6089D
0.63940
0.£298D
0.8102¢C
0.61050
0.61060
0.6155D
0.,e1C3D
0.6C970
0.6090D
0.608C0
0.6265N
0.60570
0463440
0.6532C
0.60230
0.62150
0.¢01¢Cn
0.60370
0.6(T60
0.60360
0.60350
0.620¢D
0.6CC60
0,60G60
0.63260
C.62%76D
0.460062
0.60060
0.6006D
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0.6529830 03 0.1835420 01 0.1270550 O1 1.396596 0,4955430-04
0.6651070 03 0,186950D0 01 0.121507D O1 14396219 0.4865100-04
0.6776C60 03 (.1904630 01 0.1154320 01 1.395812 0.4T77534D-04
0.6904030 ¢3 0.1940600 01 0.1087820 01 1.395378 0.468685D-04
0.7033820 €3 0.197708D 01 0.1015100 01 1.394919 0.4600360~-04
0.7164050 03 0.201368D 01 0.935654D 00 14394440 0.4516730-04
0.7292910 03 0.2049900 01 0.8490090 00 1.393948 0.4436920-04
0.741816D 03 0.208511D0 01 0.7547350 00 1393454 0.4362010~04
0.753702D0 €3 0.211852D0 01 0.6524920 00 1.392970 0.4293220-04
0.764614D C3 0.2149190 01 0.542092D 00 1.392513 0.4231950-04
0.774152D 03 0.2176000 01 0.423579D0 00 1392104 0.417981D0-04
0.7818500 03 0.219764D0 01 0.297338D0 00 1.391767 0.4138660-04
0.787173D 03 0.2212600 01 0.1642310 00 1.391531 0.4110670-04
0.7895280 03 0.2219220 01 0.2575970-01 1.361426 0.4098410-04
0.788279D 03 0.221571D 01 =-.115763D 00 1.391482 0.4104900-04
0.782778D0 03 0.220025D0 01 =.257041D 00 1.391726 0.413375D-04
0.7724130 03 0.217111D 01 -.3936760 00 12392179 0.4189220-04
0.7566770 €3 0.212688D 01 -.5201690 00 1.292846 0.427634D-04
0.7352570 03 0.206667D0 01 -.630106D 00 1.393715 0.4400920-04
0.7081310 03 C.199043D 01 =.7166390 00 1.39474T 0.4569510-04
0.6756720 03 0.189519D0 01 =-.773291D 00 1.395877 0.478902D-04
0.638721D0 €3 0.179533D 0L =.795061D 00 1.397019 0.5066070-04
0.5986100 03 0.168258D 01 ~-.779645D 00 1.358080 0.540554D-04
0.557052D 03 0.156589D 01 =.T28457D 00 1.398979 0.5808390-04
0.,5161900 03 0.145092D 01 ~=.647043D 00 1.399665 0.4626864D-046
0.4779410 03 0.1343410 01 =~.544586D0 00 1.400131 0.6770310-04
0.4441180 03 0.124833D 01 =-.432476D 00 1.400405 0.7285920-04
0.,4159710 03 0.1169220 b1 -.3222970 00 1.400540 0.777894D~04
0.394063D 03 01107640 01 =.2237970 00 1.400589 0.8211400-04
0.3782470 03 0.1063180 01 =-.143436D 00 1.400556 0.855476D-04
0e36T77690 03 0.1033730 0! =~-,837983D0~01 1.400588 0.8798480-04
0,3614920 C3 C.l01609D 01 -.4390710-01 1.400578 0.8951270-04
0.3581520 03 0.1006700 01 -.202083D-01 1.400572 0.9034T40-04
0.356611D0 03 0.1l00237D 01 -.795862D~-02 1.400568 0.9073790-04
0.356G110 03 (€.100068D 01 =-.259471D-02 1.400567 0.9089060-04
0.355823D0 03 0.1000150 01 ~-.6712710-03 1.400567 0.9053890-04
0.3557760 €3 0.10300020 01 =.1303690-03 1.400567 0.909506D~-04
0.355768D 03 C.l1000000 Ol =.256621D0-05 1.400566 0.9)9527D0-04

0.2140823 0.119D0=-04 1060000
0.262243 0.1360-04 1.00000C
0.271900 0.1540=04 1.,00600¢
03039177 0.1740-04 1.00000¢
0.3386T1 0.1970-04% 1.003000
0.3761987 0.2210-04 1.000000
0.416784 0.2480-04 1.000000
0.460684 0.2780-04 1.060C00
0.5081¢&5 0.3110-04 1.000000
0.559522 G.3470-04 1.00000C
0.615C69 0.3870-C4 1.0000JC
0.675148 0.4300-04 1.20C0CC
0.740130 9.47T70-04 1.000000
0.810415 0.528D-C4 1.00090C
0.8864%3% 0.583D~-04 1.000000
0.968057 0.6430-04 1.00000C
1.057590 0,7070-04 1.000GC0C
1.1537719 0.7750-04 1.,00060C
1.257317 0.847D-04% 1.000000
1.370345 0.9220-04 1.030200
1.492955 0.1090-03 1.00000¢C
1.623697 0.1080-03 1.00000C
1.766080 0.1160-03 1.00000C
1.92C082 0.1240-03 1.00C000
2.086651 0.1330-03 1.000000
2.266812 0,141D-03 1.0J0000
2.4616173 0.1490~03 1.00000C
2.6724306 0.1580-03 1.00000¢8
2.900396 0.1660-03  1.00000C
3.146959 0.1750-03 1.00000¢
3.413640 0.1840-03 1..00090¢C
3.7G2083 0.,1940-03 1.00000C
4.014263 G.204D-03 1200000
4.351501 0.2150-03 1 «00000C
4.716473 0.2270-03 1.00000G
5.111227 0.2400-03 1.00000C
5.538193 0.2540-03 1.00000C
6.C00000 0.2690=03 1.000000

CO0O00O0O00O00O000
L) R EEEENEEEEEEE N EEE R EERE R R RN
CO0O0OO000O00

EEREEREEX
Y- X-X-X-X-F--X-N-N-F-N-R-N-N-N-N_-J-N-N-F-R-No NN~

OOOOQOOOOOOOOOOOO_OODOOOOO
»

hEERE shFEkY FEXEE

s s 0.1000000-01 S/REF= 0.517706D-02 L = 0.9659260-02 L/REF= 0.5000650-02
R = 0,253819D~-02 R/REF= 0,1335920-02 0x s 0.100000-01 NIT = 4 PHI = 15.00 DEG.
X1 = 0.2208470-14 DXI = 0.2208470-14 DXDXI= C.150934D 13 CWALL= 0.0

DIMENSIONAL EDGE PROPERTIES

PE s 0.544791D 02 TE = 0.354101D 03 UE = 0.4448220 04 VE = 0.5565440 02 MACHE = Q.482047D 0L
DPEDX= 0.0 DTEDX= 0.0 OUEDX= 0.0 DVEDX= 0.0 RHOE = 0.8989890-04
DPEDW=-0.681276D OL DVEOW=-0,.1265280 02 DUECW= Q.144778D0 02 DVEDW= 0.2095960 03 RHOEMUE= 0.2189690-10

LOCAL EDGE REYNOLDS NUMBER =0,1641770 05

€5-S4-H1-D0Q3V
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NGNDIMENSIONAL BCUNDARY LAYERS PARAMETERS

CFXINF= 0,3969980-01 CFXEDG= 0.9683210-02 CFWINF= 0-179}280-02 CFNEDG= 0.438374D-03
CHEDGE= 0.6C74649D0-02 CHINF = 0.2686410-01 STEDGE= 0.495354D~02 STINF = 0.2190680~01
aw 5=0.08344760=-02 CHIMAX= 0.1066160 03

DIMENSIONAL BCUNDARY LAYER PARAMETERS

LCNGITUDINAL SKIN FRICTION= 0.8612260 OL PSF DELTA*IX) = 0.2082330-03 THETAC(X) = 0.2545130=~04
TRANSVERSE SKIN FRICTION = 0.389891D 00 PSF DELTA*{PH] )= 0.1313040-03 THETA(PH] )==-0.2639090-04
WALL HEAT TRANSFER RATE ==0.2234050 02 BTV DELTA (FT) = 0.3488080-03

(1T 11 ashen EXIT T

$ = 0.1000000-01 S/REF= 0.517706D-02 4 s 0,9659260~02 I/REF= 0.,5000650-02
3

R = 0.2588190-02 R/REF= 0.133992D0-02 OX = 0.109000-01 NIT = PHI =
X1 = 0.220847D-14 OX! ®» 0.2208470-14 OXDXI= 0.150934D 13 CWALL= 0.0
DIMENSIONAL EOGE PROPERTIES
»
PE = 0.52C6860 02 TE = 0.3492220 03 UE = 0.4453830 04 VE = 0.108931D0 03 MACHE
DPEOX= 0.0 OTEDX= C.0 DUEDX= 0.0 DVEDX= 0.0 RHOE
DPEDW=-0.127694D0 02 DTEOW==0.26442020 02 OUEDW= 0.2816870 02 OVEDW= 0.195838D0 03 RHDEMUE
LOCAL EDGE REYNOLDS NUMBER =0,160714D 03
NONDIMENSIONAL BCUNDARY LAYERS PARAMETERS
CFXINFs 0,385021C~01 CFXEDG= 0.9697830-02 CFWINF= 0.3451900~02 CFWEDG= 0.8569458D-03
CHEDGE= 0.6071270-02 CHINF = (,2596730-01 STEOGE= 0.495092D-02 STINF = 0.2117590=01
("] ] ==0.806635C-02 CHIMAX= 0.107349D0 03
DIMENSIONAL BCUNDARY LAYER PARAMETERS
LONGITUDINAL SKIN FRICTICA= 0.835242D Q1 PSF DELTA®(X) = 0.2149830-03 THETA(X) = 0.2591C80-04
TRANSVERSE SKIN FRICTION = 0.748835D 00 PSF DELTA*({PHI)= 0.1355210-03 THETA(PHI )==0.2817140-04
WALL HEAT TRANSFER RATE ==0,2159510 02 BTY DELTA (FT) = 0,3579330-03
Y F FN 6 GN H HN C CN
0.0 0.0 0.54895¢ 0.0 0.049216 0.270155 0.301251 0.942531 <~0.153479
0.009890 ©.1020-05 0.,0C5433 0.549826 0.000485 0.043963 0.273143  0.303053 (.941026 =9.15C685
0.020587 0.2140-05 0,011320 0.550759 0.001008 0.043683 0.276395 0.304999 0.939431 =0.147717
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0.750044D0 03 0.,214776D 01 =-.50G9310 00 1.393120 0.634312D-04
0.7275320 03 (€.208329D 01 =-.670713D 00 1.394017 0,46162220-C4
0.6993380 €3 €.200256D 01 =,7553540 00 1.395C¢64 Q.4330260'=04
0.565658980 93 0.19C¢370 01 ~-.80¢460D QO 1.396164 0.4554020-04
0.6281240 €3 C.179864D 01 -.£25050D0 00 1.397318 0.4327700~C4
0.537415D0 €3 C.168207D OL ~-.803251D 720 1.358343 0.516248D-C4
0.5455820 03 0.,156228D0 01 =-,745075D 00 1.399192 0.5558320-04
0.5C4673D0 €3 0.144513D 01 -.6567510 00 1.399823 0.620°P0N=-04
0.4667170 03 0,133645D 01 =-,5648291D 00 1.400236 0. 5437550D=04
0.4334390 03 C.1241160 01 =~-.4315130 00 1.40C406 0.659400-04
0.40600S0 03 C.l1162610 01 =-.,3183200 00 1.40C569 047406509006
0.384893D0 C3 0.1102140 01 =,21844CD 00 1.400596 0.787886D=-04
0.3693420 03 0.105905D0 01 ~,1380470 30 1.4CC550 0.81%%480-04
0.363026D €3 0.1033940 01 =,7928520-01 1.400576 0.8%2305D-04
0.3542550 G3 Cel101441D V1 =~,4C6T¢CD-D1 1.4005¢63 0, 8562270-04
0.3512560 03 C.1005822 01 =.1823¢5D-C1 1.400555 0.£533760=C4
0.349912D0 €3 C.1CC1970 01 -.6950858C-02 1.4005%52 0.860£52N~04
0.349408D 03 0.1670530 01 =.217415D-02 1.406550 0.8679000-04
043492570 €3 C.1Cu012D 01 =,53375%0-03 1.4CC550 D.8632770-C4
0.3492220 03 0.9999990 00 -.9669150-04 1.400550 0.8683640-C4
0.3492220 €3 (€.1000000 31 0.1108490=03 1.400550 0.8683780-04

0,214823 0.127C-04 1.0008CC
0.242243 0.14650-04% 1.00G200
0.271900 0.164C-C4 1.00000C
0.303977 0.18060-0D4 1.030¢9¢C
0.333071 0.2100-064 1.0C0C2C
0.376167 0.236D0=C4 1,0C003¢C
0.4106784% 0.2650L-0% 1.000J3C
0.46Vbb4 0.2970-24 1.06003G
0.508165 0.3310-04 1,9390CC
0.559522 0.373D0-04 1.20608C
0.0615069 0.,412C-C4 1.00003C
0.675148 0.4530-v4% 1.00023¢
0.74313) 0.5080-04 1.00002C
0.819415 0.5620-94 1.€6J02C
C.885434 0.6210-7%% 1.930829
C.963657 G.6840-04 1.0Cca3cal
1.057590 0.752D-04 1.70C2CC
1.1531719 0.824D-04 1.03200C
1.257217 0.899D0-C4 1.6CC23C
1370345 J.9790-04 1.00063C
1.4G2355 0.,1C6C-03 1.00223C
1623657 0.1140-93 1.02(C06
leT66ua0 0.1230-03 1.r00uCC
1.920J82 0.1320-03 1.033C30
2.034251 0.1400-03 1.0CZCIC
2+266312 0.1490-03 1.0C5€20
2.4616173 0.1570~-03 1.06ICCC
2.672436 0.1l6060-03 1.05622C
2.90039%6 0.1750-C3 1.23252

3.166959 €.1840-C3 1.60035C
J.413540 0.194(:-03 1.035C0Co¢C
3.7C25¢3 0.2040-23 1.02005C
4.014063 0.2150-33 1.0CC23C
4.3515C1 0.2200-03 1.68520C
4.T16473 0.2390-33 1.JC3C0¢
5.111227 0.252C-03 1.06000C
5.536163 0.207D0-03 1.0C5C2¢C
600020 0.2830-C3 1.0€383¢

OC0O0COCODOLOVO0OROO0VO00VWOO00O000DO0OD00O00O00000

ONNONNOO00OO0000O00ONO00LLOCO00O0O0NDDOO0OCO00000

FEXE Y] sehgh 2805k

S = 0.1000000-01 S/REF=2 0.517706D=-02 z = 0.9659260-02 I/REF= 0.5000650-02
R = 0,2588190~-02 R/REF= 0.1339920-02 ox = 0.100¢90-01 NIT = 3 PHI = 45,00 DEG.
X1 = 0.2208470~14 OXI = 0.2208470-14 OXOXI= C.1509340 13 CWALL= 0.0

DIMENSIONAL EDGE PROPERTIES
PE = 0.481284D0 02 TE = 0.3414360 03 UE s 0.4462880 04 VE s 0.1574010 03 MACHE = 0.4925230 01

DPEDX= 0.0 CTEOX= C.0 DUECX= 0.0 OVEDX= 0.0 RHOE = 0.82064500-04
DPEDW==~0.171845D0 02 DYEDW==~0.34T7811D0 02 DUEDW= 0.40T604D 02 DVEDW= 0.1729990 03 RHOEMUE= 0.193644C-10

§9-S4-H1-003V



sl

e P P VP UV P R N R PR TS Ey v s

Y ITTETLEY.LY

7885338938933

89 a8

aa 1

83 33

A9R93ARRGBAE

39p333893834

L1] As

Ra LT

83 RR

BBAA4ABBBIABA

BBREA3983BA8

so033scL
(X]
3
J4
39
J
Iy
3
34

3 Y

Y] 3

JUIIIIIIIIIIS

JIIIIIIIIII

FEFFFFFFEFFEE

FFFFEEEFFFREF

FF

FF

FF

FFFEEFFEF

FEFFF=FFF

Fr

FF

FF

FF

FF

2000000
3300900 CH
co [s 0]
oo 29
oc 0
02 090
20 00
00 20
00 00
03 0
070301300
0020000

00200020002
t0J3J000C0C000
0o 90
oe 20
o] Q0
2o} 20
o]1] 290
oc 20
oo oo
on mn
0032000"CC0J0

00300020C00

TTTTITITYITTY
TITTITITITYTY
T
TT
T
TT
TT
Tr
T
TY
T7
T

e RrP PP e wr TR Eme v

€C00030

falabelab B dule o)
co co
00 a0
20 on
a¢ 00

9 oc

20 re
0% 00
00 n0
00002300
0700000

ARBBBEBBABANR
SRARSBRBBBRABE
ae L]
as ae
a8 .1
BARAEIBRBARE
AARAARBRARAA
AR AR
L1 i1}
B8 68
2938803RRRARA
ACRPARBABBERY

0097330
0000C2000
00 09
oc 00
oc oe
00 00
00 02
0% 00
20 00
00 00
000000900
0000200

33333333333
3333333333333
32 33

33

33

333

3

13

33

33 33
3333113313333

3333333332
3333333333
3333333333333
3 33

33

33
N
333

33

33,

32 33
333333323233
3333333333

33333333333
3333333333333
33 33

33

33

X))

3

3

3

3 n
333333333333
3333333333

TITTTTITITITNY
mrrIrTITITY
77 17
T7
17
7
17
17
ka4
77
77
17

FEFEFFFFEFFEF
EEFFEEFFFFEFF
FF

FF

FE

FFFFEFEFE
FEEEFEFFE

FF

FF

FF

FF

FF

§$555555SSSS
S$555558555SSS
Ss Ss

S58558£55555S
$895558555SS

SS

ss
L $S
$58555588S58S
$855585585SS

0000239
033002000
00 00
00 00
00 00
00 00
03 20
02 bl
0d 00
09 L)
929092390
0000300

ceceecceecte
cecceeeeccaee
144 cc
cC cc
ce
cc
cc
cc
cc ce
cc ce
cccerececccee
tcececeeeeece
33333333333
3333333233133
33 33
33
33
. 313
a33
33
3
33 33
3333233331333
3333333333
ocorsng
000909209
00 09
00 20
00 09
00 90
3 00
20 00
00 00
09 99
000000000
0000000

LA L L LI YT EL T L T DY VYT N
-..-......i-....i‘..t.l.-.l.i.‘.---......ti-.‘-lﬁtﬁilﬁiﬁtt...--l........‘.........'....-i.ttt.‘..ttttlI-tﬁt.i‘.-......-.

L
i
w
|88
L
w
L
Lt -
w
W
LLLLLLeLLLett
LLLeLLLtLett
99999299¢99
9909990090099
99 99
ag °9
99 o9
§ea099a9q9909
999999999999
ae
99
90
9996996990990
990999999594
11
1
1111
11
11
11
11
11
1n
1
11
11

§9-S.-H1-003v



143

S/REF

0.0
0.517706D=02
0.1553120-01

PROPERTIES AT THE wINDWARD STREAMLINE

H . CFXINF STINF ON(DIN)
0.0 0.0 0.0 0.0
0.1000000-01 0.4046810-01 0.2235820-01 =~0.2280080 02

0.306€000-01 0.233¢540-01 0-129088D=01 —=0.131644D 02

ON/QUSTAG

0.0
0.1000000 01
0.577366D 00

THALL

1.000000
1.0000C0
1.000000

§9-94-H1-003V
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II1. Solution of a Sharp Cone at Zero Incidence and with Mass Transfer.
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

THREE=DIMENSIONAL BOUNDARY LAYER PROGRAN

FOR

LAMINAR OR TURRULENT FLOW
WiITH

BINARY GAS INJFCTION

DEVELOPED BY
M.C. FRIEDERS

AEROSPACE ENGINEFRING DECARTMENT

BLACKSRURG, VA. 24060

INPUT DATA CARDS ARE AS FOLLOWS:

CARD
CARD
CA0
caARD
Caop
caqn
CARD
CARD
carp
carp
CARD
cAep
caRD
casp
CARD
CARD
caep
a0
CARD
CARD
CARD
CAPD
carn
CA2D
caap
CARD
CARD
[o.C1 e}
CARN
CA2D
CARD
4 E1]
CARD
CAeD
CARD
CARD
cAan
can
can

JLS SHA
0ot

302
002
004
ons
o6
co?
COR
co9
ol0
011
012
c13
c14
e15
016
o1
(3 1]
19
n20
021
022
023
024
025
026
027
028
029
30
031
032
033
034
035
nig
037
c3s
019

RP CONE, LAMINAR, CO2 INJECTION, ALPHA=Q

1E
INJCT
KADFTA
KEND2
KCNSET
KPRT
KTRANS
LAVTRA
LPRT
N1T]
NIT2
NiT3
NOINY
NDSE
NSTLVE
KPLOTY
KDRFL
LteLer
LPREL
ADTEST
AKSTAR
ALAMDA
ALET
ALPHA
ASTAP
et
CwWALL
cRY
cenv
o] £14
DXINVS
DXMAX
ox1
ENYLANW
ETAFAC
ETAINF
GAS?2
PLIT
PRL

cotL
coL
coL
cot
coeL
coL
coL
coL
coL
coL
coL
coL
coL
ceL
ceL
coL
o
et
coL
coL
coL
ceL
coL
coL
ceL
oL
coL
tm
oL
col
coL
ceL
cot
coL
coL
o
coL
ceL
coL

50-52
50-52
50=-52
50-52
50-52
50-52
50-52
§9~52
50-52
50-52
50-52
50-52
50-52
50~54
5C-52
50-61
SC-61
SC-61
50-61
50-63
50-63
50-63
50-63
50-63
S5C-63
50-52
50-63
5C=54
50-63
50-~51
50-¢3
50~63
SC=-54
50-52
50-63
50-63
50-52
50-51
50-43

051

003

ado

001

9200

003

001 .

001

901

003

010

029

004

SHAR®

024
001000002000
091902200900
002003¢04000
001052003000
0.001

0.435

0.09

l.o

000

26,0
ARLATION
0.03974

1.0

0.031

NO

o.o

0.01

0.01

RE [CHARDT
1.04

6.0

cn2

YES

0.71

SS-G.-H1-0Q3v
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CARD 040 PRT AS COoL 50-54
CARD 041 pROP A4 ccL 50-53
CARD C42 PV E14,6 €oL 50-63
cAaD 0s3 TFS Flb.b oL 50-63
CA3D 044 TSTAG Fl4.6 coL SO-63
CAIN 045 VALUF Elh.6 rny S0-63
CARD €44 XRAR Fl4.6 coL S0-63
CARD C47 G El4.6 reL 50-63
CARD D4R R Fl4.6 coL 50-63
CARD 049 THETAC Flé.6 coL 50-63
CA3D 05¢C XMA El4.6 ceL 50-63
CAD 051 PEDG Fléd.b coL SC-63
CARD €52 UFDG Etl4.6 coL 50-63
CARD 053 TEDG Fl4,6 coL 50-63
CARD 054 RHOFDG El4.6 coL 50-63
nla
0.2031
0,18425
0.199175
FREE STREAM, STAGNATION, AND VEHMICLE DATA:2
PSTAG = 0.1693620 02 PSIA
TSTAG = 0,5655220 04 OEG.R
MSTAG = 0.339983D 08 FT*e2/SEC*A2
PINF = 0.3990690-03 °SIA
RHOINFs (.1262340-06 SLUGS/FT**)
TINF = 0.2¢92960 €3 DEC.R
UINE = 0.8047280 04 FT/SEC
MINF = 5,1CC20CO 02
cP/CYy = 0.140C000 01
R = 0,1717670 04 FT282/SEC**2/DEG.R
TW/TO = 0.1974460 0O
ALPHA = 0.0 NEG.
THETAC= C.9000C0D0 C1 DFG.
POINTS AT WHICH A SOLUTION IS TO BE OBTAINED:
H XSTALI)
1 0.0
2 c.2001C0
3 0.084250
L) 0.199750
S = 0.0 S/REF=s 0.0 T = 0.0
R = 0.0 R/9EFs 0.C nx = 0.100000~-01
X1 = 0.0 0X1 = 0.0 DXDXI= 0.0

DIMENSIONAL EDGE PROPERTIFS

ROTTA
PSTA
0.197446
269,2964

0.0
16.9362
2.0
l.‘
1716.0
’.o
10.7
0.2749
7897.0
460.09
3,4850=-07

2/REF= 0.0
NIT = §
CHALL= 0.0

§5-6/-41-003V
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Pe

DPENW= 0.0

= 0,2749000 00 TE
NPEDXe C .0

= 0.46C09C0 03

DTEDX= 0.0
OTEOW= 0.0

LOCAL EDGE' REYNOLDS NUMAER =0.0

ETA

0.0

0.J80174
0,156891
0.260684
0.352132
0.471854
0.%5992532
0.718394
0.85773)
1.307896
1.173314
1.3453788
1.53599)
1.741595
1.963785
2294208
2464243
2.74550)
3.0649727
3.,314738
3.733617
4.119536
©.535865
4.9861656
5.473211
6.0C330

ETA

0.2

0.380174
01556891
0.26069%4
0.362130
0.471856
0.590532
C.719394
0.957730
1.0378%6
1.170314
1.345986
1.535993
1.7415C5
1.963786
2.2(:64206
2.464243
2.T45509

- -N-R-N-X-N-N-N-N-N-J-F_F-N-N-N-N-N-N-N-N-¥.%-F-]
QOQ0O0OVOO0OONOO0OCONIIVOONOOO0O0

YL

[-X-K-]
o e 8
(-2 N

000
s 0
(-2~ N -]

OQOOO')OO?OOO
'R DK
NOONOVOODVLOOO

£

0.0

5.039%24
J.083284
0.131641
0.1849N6
0.243292
7.306931
0.375274
0.447964
0.5237T12
0.500716
0.676578
0.748491
C.813594
D.869449
0.914486
0.948286
0.971602
0.986142
04994157
0.997947
0.969427
0.999880
0.929983
0.999999
1.000000

ROROE

0,41204
0.37139
0.33843
Ce21183
0.,29C67
0,27439
0.26269
0.25557
0.25328
0.25641
0.26593
0.28328
0.31047
0.35013
0.4N529
0.47853
0.569%8
0.67451

FN

0.487041
0. 498749
0.510126
C.527456
0.528295
0.534289 .
©,535122
0.529540
0.515692
0.691039
0.454868
0.406942
C.349032
0.284829
0.210402
C.158121
C.105483
0.064171
€.034928
0.016587
C.006638
0.002143
¢.0C0528
©.020292
0.000010

=0.000301

XMU

0,6364D-06
0.68930-06
C.73920-06
0.7853N-06
0.82640-06
C.86120-06
0.88810-06
0.20540-C6
0.9111D0~06
C.9033n-06
¢.8805N-06
C.84180-06
0.7878N-06
0.7207N=-06
0.664460-06
0,56570=06
0.49120-06
0.427T30-06

(- N-1-¥-N-3-N-X-J.3-F-F-N-N-F-RE-N-N-N-N-J-X-X.7. ¥ Q-]

T EREEE
QOO0 VO0OTIINQEOOOITO0VLOoVD IO
MR EEREEEEEE

000D VYWNOO0OIOI0OVVOONOVOI00ROVO
D00 0O020M000020DD00NONODIAINO

.
m
*

ONUVUYOVIOUVLOOO0O0DVWOO0000
2000000000000 0O0D000

GN

0.0

Q000000 OO0000 D

00000000V OLVLO0OV

= 0, 7897000 %
DUEDX= 0.0
DUECW= 0.0

0.200002
0.224366
0.252273
0.236217
5.320707
0.3562238
Q.409222
0.461887
0.52116
0.58325¢6
0.549923
0.717879
0,7864112
0.845170
0.897764
0.939469
0.969310
0.988001
0.9974699
1.001338
1.091777
1.001125
1.00%481
1,007142
1.000026
1.00%030

VE = 0.0
OVEDX= 0,0
OVEON= 0.0

0.295166
0.312559
0.330918
0.369937
0.359011
0.387293
0.603454%
0.415576
0.421126
0.417126
0.400691
0.3498%)
C.324801
0.2569221
0.205548
0.143716
0.089497
0,047716
0.020075
0.005110
-0.002804
-0.001817
-0.001159
-0.030451
=0.000117
-0.000007

LEL

1000030
1.900020
1092000
1.000000
1 .000000
1.000000
1.000000
1.000830
1.0000C0
1.202020
1.00CC00
1,000000
1.000020
1.000000
1.000C20
1.000000
1.000200
1.920029

LEY

MACHNE w 0,7507T0D 01
= 0.3485090-9%
RHOEMUE= 0.1065290=12

RHOE

c

v

0.857866 =0.2723T72 0.0

0.837460 =9.237151
0,81£443 «0.,202297
0.R801114 -0.167986
0.785835 -0.123967
0.773033 -0,100C37
0.76321% =0.0660T71

0.756959 =0.032n78 =-0.1330
0.754904 0.001716 -0.1°COD
0,757713 0.034742 =0,2620
0.765990 0.085910 =-0.3540
0.7P0149 0.0934864 =C.h6T0
C.e0C173 0.115162 -0.6220
0.82%5479  0,128475 ~C.762D
0.B54682 0.131528 -0.9500
0.B85667 0.123£27 -C.1160
0,915892 0.107063 -0.1410
0.942907 0.084539 -0.15620
O.QGQBOT 0.0602‘2 -0.1980
0.980780 0.037985 -0.230D
0.590895 0.C20681 -0.2640
0,996268 C. 200471 ~0.3040
Nn.998823 €.003544 -C.%460
0.999707 0.001043 -0.3910
0.999951 0.000228 =0+4350
1.000000 0,000009 =-0,4920

PRL

1.000000 0.746431
1.000C20  0,749271
12000000 0.752043
1.000000 0.754573
1.002000 0.756736
1.,000000 0Q.758467
1.000070 0.759739
1.000020 C.760528
1.000C00 0.76C784
1.000000 N,760433
1.000090 0.759384
1.000000 0.757516
1.000000 0.754709
1.00009%0 0.751911
1.0n2C0C D.T46859
1.000000 0.743015
L.000000 C.750127
1.009000 0.738352

~0.1580-02

=0.6900-02

-0.17C0-01

=-0.33C0=-91

=0.5650-01

-0.8920-01

00

oo

00

oo

00

00

00

co

01

o1

01

o1l

01

01

01

01

01

o1

o1

PRT SP HT

0.9C0CCO  0.6320D 04
0.902070 0.6416D 04
0.900000 0.63512D0 04
0.200000 0.6621D 04
0.900000 0.6679D C4
0.900000 0.6742D 04
C.900C00 0.6789D 04
0.900000 0.6619D 04
C.20C00D 0.6828D 04
C.9C0C00 0.6715D 04
0.920000 0.67746D 04
0.90CCC0  0.67070 04
0.900000 0.6608D 04
0.500C00 0.5476D 04
« 0.90NC00 0463350 04
-0.900000 0.6208D0 04
C.9n0000 0.8115D0 04
0.900000 0.6359D 04

§9-SL-HL1-003Vv



091

3.949707
3.373738
3.734517
4.119526
4.535365
4.9861866
5.473211
6.202200

r X-N-2-N-N-N.¥.]
s
QO0VO00C

ETA h (48

o.o
0.282174
0.166891
0.260684
0.362132
0.471854
0.590532
0.71E889%
0.857732
«217336
1.17J3314
1.345986
1.5359393
1.7641305
1.963785
2.234206
2.464243
2.745500
3.049707
3.376738
3.7345617
4.119536
4.535965
4,926166
5.473211
6.300000

00000000000V OOMODVLDODOODOOOONO
PP EEEEEEEEEEEREEEEEEEEEREEEEEES
DUOO00O0ROOOO0UO022009000000D00

S = 0.102C900-03
R a 0,1564340-04

0.78018
0.87126
0.,93627
0.97396
C. 99147
0.99787
0.99965
1.¢0000

4

1.000099
1.00C00C
1.02000C
1.2¢060C
L.00°N0C
1.202002C
1.020(00
1.000CNC
1.000200
1.0C02¢0
1.002000
1.2¢0060C
1.00290C
1.0002CC
1.7¢¢e2e
1.002000
1.020720
1.09¢")C
1.000€20
1.600000
1.9¢£000
1.000000
1.00000C
1.700200
1.90000€
1.200C00

X1 ® 0,686234D-23 ox}

DIMENSIONAL FOGE PROPERTIES

0.17800-06
D.3441D=06
0.32350-06
0.3127n=06
~.30T9N-06
0.30620-06
C.3058P-06
0.39570-06

a s s 8 0
[l
z

OO NOOND IVODODIICOONDOOODIVO0O
.
[-E-N-N-R-N-R-F-F-N-X-R-E-R- N+ N-R-N-T-RrF-E~N-JT- XN

» 0.6862340

PE = 0,2749C0D 00 TE = 0.460090
DPEOX= C.0 OTEDX= 0.0
DPEDW= 0.0 DTEDWHs 0.0

[- NN N- X5 N X T. ]

[-X-N-N-N. N Fo ¥

TEMP

0.1116600
0,123884D
0.1359490
0.147545D
C.153284D
041676780
0.1751440
0.180027D
0.,181653D
0.1794330D
0.173010"
0.1626160
0.1481930
0.131497D
0.113520D
0.961459D
0,2272090
0.5821090
n.5837260
0.523274D
0.54914C7D
0.6723900
0.46406470D
0.4511720
0.44AC253D
0, 4600900

S/REF= 0,5006260-23 4
P/REF= 0,783151D-04 DX

T/TE

0.2426920 01
0.2692610 01
0.295483D 01
0.3206890 01
0.344C280 01
0.3¢444%0 01
0.3RC6740 01
0.391287D0 01
0.3948210 01
0.3489907D0 01
0.3760236N 01
C.353C 10D Q1
0.322C960 01
0.2856110 01
0.2467350 01
0.233972D0 01
N.175446D 01
0.14R255D O1
C.1281760 01
N.1164776" C1
0.1J6E07D 01
0.1026730 01
0.100860D 01
N.100213D C1L
0.1000359 01
o.100CcC0D 01

ake ke

= 0,7768AND-NG
= 0.10C0nN=-03

-23 DXOXI= 0.4857430 19

003 UE
QUEDX= 0.0

LOCAL EDGE REYNOLDS NUMRER =0.9003300 00

= 9,7897000 04
DUEDW= 0.0

1.000000 1.000000 0.737436  0.900000 0.60300
1.000000 1.00000¢ 0.737020 0,900000 0.6017D
1.000090  1.000000 C.736847 0.900000 0.63120
1.000030  1.000000 0.735778  €,900C00 0.8318C
1.90009C  1.090000 0.736753  0.900C00  0.£00SD
1.000000 1.00C000 0.736764  0.900000 0.60090
1.000600 1.000000 0.736742 0,$20C00 0.£009D
1.000030  1.00000C C.73A741  £,900000 0.60090
™ cp/CY RHO
003467660 01 1.373187  0.1433300-06
03177349 01 1.34557T0 0.1291870-Cé6
0.2R6493D 01} 1.35F268 0.117722M-06
0.250429D 01 1.351721 0.1084700-06
0.2C9177D 01  1.346206 0.191111C-06
0.1625430 01  1.341R48  0.9544650-07
0.1107670 01  1.338676 0,9137740-07
0.54%°P11D 00 12336722 D.28%9p0N=07
-.2955470-01 1.33€089  0.8A10330-07
-.5927770 00 1.336955 0.8919310-07
=.109477D 01 1.379558 0.925C45C~07
- 1485160 01 1.344276  2.9853IR4N-CT
21721770 01 1.351372  0.17799%-06
-.178354D 01 14360971 0.1217920-C6
-.1678067 01 1.372028  0.1409820-06
-2 1441920 01 1.392549 0.166458N=08
-.1132460 01 1.390620 0.1982660-06
=.8115350 00 1.395662 0.2346700-06
-.5279310 N0  1.396200  9.2713P4D-C6
-.3085390 03  1.39986 0.3)3C680-Ch
-.1591530 00 1.399986  0.3256P20-06
=, 7060810=01 1.40C1B4 0.338793D-06
~.2602010-01  1.400259  0.3448840-06
=.7611430-02  1.470283  0.3371100-06
~.1664A5N=02  1.470290 9.347727D-C6
-.6603820-06  1.40C291  9.347850D-06
- @
I/REF= 0.4944620-03
NIT = 2 PHI = 0.0 DEG.
CWALL=® 0.0
VE = 0.0 MACHE = 0.7307700 01
OVEDX= 0.0 RHNE = 0.3485000=06
DVEDW= 0.0 RHOEMUE= 0,1065290=-12

04
c4
04
s
ce
os
04
04
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NONDTMENSI1ONAL BCUNDARY LAYERS PARAMETERS

CFXINF= 0.291326D 01 CFXEDG= 0.1078430 01
CHEDGE= 0.6172%60 00 CHINF = 0.16991RD 01
aw ==0.6306060 00 CHIMAXs 0.107760D O1

DIMENSTIONAL ROUNDARY LAYER PARAMFTERS
LONGITUDINAL SKIN FRICTION= 0.1171890 02 PSF

TRANSVERSE SKIN FRICTICN = 0.0 PSF
WALL HEAT TPANSFER RATE 5=0,5250340 02 BTU

€TA Y F FN G
9.9 0.0 0.0 0.486963 0.0
0.080174 0.1770-04 0.039517 0.698667 0.0
0.165891 0.3880-04 2.083271 0.510C41 ¢.0
0.2605084 0.6360-04 0.131619 0.52¢370 0.9
0.362137 0.927TN=-04 9.184876 0.52881S 0.9
0.471856 0.1260-03 0.242254 0.534217 0.0
0.597532 Gal640-03 0.306785 Ca535%262 2.9
0.71539¢6 0.2070=-03 0.375222 0.5294909 0.0
0.857732 0.2540-03 0.4475C7 0515473 0.0
1.727396 0.3750-03 0.5236%4 0.491043 0.0
1.172316 2.3530=01 0.6C0660 C.6454894% 0.0
1.3655886 Ja4130-03 0.676528 0.40698) 0.0
1.535993 0.4690~33 0.748450 C.349078 0.0
1. 7415C5 0.522D-03 0.813563 0,2R4972 0.9
1.263785 0.5730-03 0.769427 0.219437 0.0
2.2042906 0.62C0-03 0914471 Cal58146 0.0
2656243 0.6630-03 0.948275 Q. 105689 2.9
2.74550) 0.7720-93 0.97159% 0.064182 0.0
3e2497GT 0.7330-03 0.776138 0.0349645 C.0
3.734517T 0,0060-0) 0.997946 C.0Q6640 0.0
4.119536 0.841C-03 0.999427 C.CC2144 0.0
4.535365 0.8730-73 9.99938¢C t.000528 0.0
4.98616% 0.9160-93 0.999q83 C.000092 0.0
5.673211 0.953=-33  0.999999  C.CAN0lA Q.0
6,002020 0.1020-22 1.000700 =9.000301 0.0

ETA Y7L RIROF X4y
0.2 0.0 0.41204 0.63640-086 .

0.787176 (0.£85D-04 0.37140 0.£8930-~08
0.166991 0.194D-03 0.33844 0.7392n-06
0.26368% 0.3190-03 C.31185 0.78530-06
0.36213) 0.464D-73 0.29079 D.82630n-06
0.471856¢ 0.631D-03 0.27442 0.R86110-06
0.593532 0. 822n0-03 0.26272 0.88800-068
0.718894 0.104D-92 0.255%9 0.9053n=-06
0.857133 0.1270-02 0.25331 €.81100-06
1.,737396 0.1530=-92 0.25643 0.90320-06

000000000
»
[-N-X-N-N-N-¥-¥-N-¥-]

m
*

CFWINFe 0,0

STEDGE= 0.5466910 00

DELTA={X)

CFVEDGs 0.0

= 0.,3803400-03

NELTA*(PHI )= 0.9918340-03
DELYA (FT) = 0.778884D~03

o0
o .
- X ]

OOO0.00',OO

s 9 0 0 3 L]
QO0O0OoO0o0OVYNY

020000000000 NC

0000000020000

THETAIX)

STINF = 0.1504930 01

® 0.357204D-04
THETALPHI)= 0.0

GN CcN 4
0.200002 0.295107 0.857866 =~0.27231T7 0.0
0224360 04312679  C.837464 <~0,237097 =0.1520=02
0.252260 0.330839 0.018452 «0.20224% =~0,690D=02
0.284193 0.349823 0.8C1128 =0.167940 ~0,1700-01
C.3230671 0.368838 0.785853 =-0.133929 -0,3300~-01
0.362188 0.387170 0,772055 ~0.100010 -0.5650-21
0.479159 0.493344 0.762239 «~0.06E05T7 =0,9910-01
0.461812 0.415493 0.756934 =0.032079 -0.132D 00
0.520032 0.421782 0.756928 0.CC1699 ~0.19C0 00
N.583169 0.617)34 0.757733  0.034709 -0.2620 20
0.649841 0.400750  0.766C03  0.065%3 -0,354C 002
C.717812 0.359984 0.780145 0,093430 -0.46T0 00
0.784064% 0.324905 0.,B0C167 0.115109 -92.602D 00
0.845142 0.268312 0.82%463 0.122432 =0.7630 00
0.897754 0.205s611 0.854658 0.131491 =-0,9500 00
0.937470 0.143750 0.89%639 0,123818 =-0,1i6D 0}
0.969317 0.089509 0.915864 0.107069 =0.141D 01
0.983209 0.047713 0.942882 0.084554 =0.1e&80 01
0.997707 0.022070 0.964828 0.260201 =0.1980 01
1.,001243 0,035105 €.982767 (.038n23 =5.2200 01
1.001780 =0.000809 0.990983 0.020693 ~0.266N 01
1.001126 =0.001821 0.9963646  0,009479 -0,3040 01
1.007482 =0,301152 0.998822 0,002548 =C.3456D0 01
1.000143 =0.007452 0.999707  0.CO0IN44 -0.391D 01
1.001326 =5.220117 0.999951 0.000229 -0,4390 01
1.000000 <0.000007 1.00C000 0.0000C9 -0.4920 01
CHI LEL LET PRL PRY SP HY
0.0 1.000020 1.0%000C 0.T46431 0.9C2C20  0,63200
0.9964D-03 1.20002) 1.000000 0.749270 0.900C0C 0.64618D
0.37950-02 1.000032 1.000090 0.752062 0.900000 0.65120
0.83450-02 1.002020 1.009700 C.754571 C.900000 0.68010
0.1485n-01 1.000000 1.00900C 0.756734  0.900C00  0.6679D
0.2377D-01 1.000020 1.000000 0.758464 0.900000 0.67420
9.35870-01 1.000000 1.00030C 0,759736 0,90°00 0,.67890
0.52310-01 1.02900) 1.909000 0.760525 0.900000 0.6%190
0.T4R6N=01 1.500070 1.00000C 0.760781 C,900CN0 0.68280
0.10610 00 1.00009) 1.000000 0.760431 0.90000C 0.88150

0s
04
ce
04
04
Ce
04
06
C4
04

$59-54-41-203v
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1.997896
1.179314
1.36%986
1.535993
1.741505
1.963786
2.2042C6
2.464243
2.745509
3.0697C7
3.373738
3.7364617
4.,119536
4.515365
4.986165
S.473211
©.372)309

ETA

0.3

0.30174
0.156391
0.25)684
0.352130
0.471354
0.593532
0.7133994
0.857739
1.7GT799%
1.172314
1.345286
1.535993
1.741505
1.963786
24224236
2.466243
2.745530
3.0477C7
3.378738
3.734617
4.119536
4.535365
4.90516%
5.473211
6.2G0CH

S
R
X1

0.4290-11
0.5100-01
0.6730-01
0.7280-01
0.8290-01
0.9620=-01

2.1110
9.1260
2.1420
0.1570
Je1710
0.193D
0.194D
042340
0.213C
0.2239
0.233D

YL
0.0

09
00
20
0d
co
09
00
07
09
09
oe

0.296D-02
0.623(‘-02
0.9970-22
0.1390-C1
0.1840-01
0.2350-01
J.2920-01
0.355n-01
0.4290-01
2.5130-01

0.6930~

o1

¢.7030-01
0.R28r=-01
0 .962["-0 !

0.1110
0.1260
0.1420
0.1570
0.1710
0.1930
0.1940
0.22340
0.2130
0.2230
9.2330

= 0.199757D0 00
= 0.3124780-01
= 0.5469310-13

on
(13
29
[+]o}
0n
on
00
02
00
00
09

0.38858
0.37027
0.35247
0.33612
0.32266
0.31421
0.3138F
0.32611
0.35710
0.41456
0450512
0.62706
0.76183
0.87761
0.95194
0.99722
1.0000¢

0.373106
0.383043
0.394256
0.4C6958
0.421401
0.43738)
0.456754
0.478423
0.503356
0.532077
0.565139
0.86C307C
0.645245
0.694649
0.T747498
0.8027064
0.356903
09.905318
0.943385
0.977T744
0.°86373
D.995792
2.998524
0.997666
C.999949
1.000000

nx1

0.73290~06
0.75462N=06
0.T75AN=06
0. T9610-06
0.n1210-06
C.8193n-06
0.81120-06
2.780an~06
0.72320-06
0.64050-06
0.54500=06
0.45530=-06
0.3861N-06
0.34210-06
0.3192n-06
0.3391D-06
C.3957D~-06

IN

0.121428
0.126483
J.132210
0.138722
0.146397
N.154403
2.1636F9
0.173974
c.185211
C.1972138
C.2296646
n,221690
£.231835
0,237616
N.235417
0.221119
C.192149
n,15n539)
0.103994
NeC62376
0.032020
0.013761
2.024783
2,0212a1
0.270251
0.096009

-2
s 00
o

23000NO0ONO00O0O0D2°00¢«
) .
0200000002000 0

TEMP

01116690
0.1136780
0.1159420
0 1184700
0.1212950
0.124453D
0.127979n
0,131902C
0.1362312D
N.140949D
0.1459550)
Co151026D
0.155711n
0.1592100
0.160259D
0.157181D
C.14R8339D0
0.1331500
N0.113153D
09200550
0.7370290
0.574946D
0.524516D
0,4R33760
0.4660530
0.460990D

LA LR

S/REF= 0.100C000 I} ?
R/PEF= 0.154434D0 ) nx
= 0,272796D~14

0.29650
0.40240
0.53550n
0.7C?23Nn
0.91290
C.11850
0.1552n
0.2C720
0.2042D
8,30750
0.56320
0.6603D
0.62720
0.4134D
0.,1776D
0,4908D
0,3085D

T/TE

0.2426920
0.24T7CT90
0.251999D
0.257493D
0.2636130
0.27104970
0.27R1510
0.2866860
0.2961090
0.3063510
C.3172320
Q.22825640
0.338437D
043460410
0.3483220
03416320
0.322414D
0.2894010
2.24593T0
0.1999730
0.1601920
Ce131484D
0.114003D
0.1050610
0.1912960
0.100009D

= 0.197291Nn

o1
o1
ot
o1
o1
02
2
02
02
02
c2
02
02
02
02
o1

.00

00

= 0.250000-02

NXDXI= 0,1217400 13

1,213193
1.186917
1.156286
1.12084%
1.08C439

«235399
0.986815
0.916662
0.A87621
0.844784%
0.81129%
0.790590
0.779229
0.773825
2. 771751
0.7711)2
0.770929

™

0.532128D0 00
0.5586420 00
0.575247D 00
2.5951870 00
0.615164D 00
0.615544D 00
0.6551319 00
0.6717950 22
0.6818A9D 09
0.679211N0 00
0.653R23D 99
0.5301210 00
0. 4656030 29
0,.2532050 00O
= T056660-91
-« 4989310 00
~.9645780 09
=«133243p 91
=. 1450510 01
~«128264D 01
-+ 9367920 00
~s 5767640 07
=,2975830 00
-.12R83160 N0
~e4506430-01
=.9931590=02

1/REF= 0,9
NIT = 12
CWALL= 0.3

1.00¢000
1.000000
1.0%0000
1.000000
1.00CCI0
1.00000¢0
1.002000
1.102)0c00
1.09090¢
1.000000
o b kil [o
1.000000
1.00300C
1.020200
1.000%0¢C
1.00C200
1.902000

(4744

1.0952C0
1.095962
1.096R68
12967952
1.099297
1.1°C949
1.103017
1.105640
t.109009
1.11338e8
1.119135
1.126732
1.136821
1.150240
1<168CR9
1.191738
1.222738
1.262208
1.3C760C8
12249224
1.377527
1.392030
1.397834
1.39¢698
1.490185
1.400291

876880 O

974000-01

0.946435
0.940498
£.934189
0.9256°9
0.913490
0.896942
0.875365
0.842636
C.R17845
0.786091
9.762599
0.747795
0.7%0671
0.737821
N.TITN 2
0.736788

0.90C000
0. 900000
0,900000
0.900000
0. 900C00
C.900000
0.900C00
0. ecnCoe
0.900000
0.90CC70
Ce90I020
0,900000
0, acncno
0.90n000
0. 900000
0.oc0onCo

0.736741

RHC

7.1324420-06
0.178411D0-06
0.1740820-06
0,1624400-06
0.164475D=C6
0.1591R3D=-06
2.153572n=C6
2.1476610-06
9.141499N-06
0.1351¢6D-06
0.128797N-06
0.1226050=-06
Ja116927°0-C6
0.1122380-06
0.1392991~C6h
0.109182n-06
3. 11343PN-06
2.1242170-C6
N.1442C5T~06
0.175706ND=-C6
0.2191240-06
0,265302N-C6
D.232652780-06
0.3311310-06
J.363406D-00
3.347850N~06

PHl =

0.900000

Gel8170
0213740
0.13200
0.12550
c.11780
0.10910D
0.99560
0.89680
0.82010
0.7162%
Q.8657CD
0.6239D0
0.6789°7
0.63320
0462140
0.621C0D
0.69990

0.0 DEG.

s

0s
05
05
s
04
ng
04
04
04
04
o
06
cé
ce
04
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DIMENSIONAL EOGE PROPERTIES

PE = 0.274%090 00 TE = 0.,460090N 03 UF = 0.7897000 04 VE = 0.0
NPEDX= €.0 RTEDXe C.0 OUEDX= 0.0 DVEDX= 0.0
DPEDW= 0.9 DTENW= 3.0 DUEDW= N0 OVEOW= 0.0

LOCAL EDGE REYNOLDS NUMRER =(0,1798410 04

NONDIMENSICNAL BOUNDARY LAYERS PARAMETERS

MACHE = 0.750TT0D 91
= 0.348507n-08
RHOEMUE= 0.1065290-12

RHOE

CFXINFa 0,26478600=)1 CEXEDG= 0,9175260-02 CFuINF= 0.0 CFHEDG= 0,0
CHFDGF= 0.9893740~33 CHIKF = 0,2723550-02 STEDGE= 0.3271370-02 STINF = 0,9C05430-02
Ou s=-0,2RAT719M-02 CHIMAX= 0,6THh640D 02

DIMENSIONAL BOUNCARY LAYER PARAMFTERS

LONGITUDINAL SKIN FRICTIONs 0.99T0470-01 PSF DELTA®(X) = 0.3110050-0% THETA(X) = 0.2198440-02
TRANSYERSE SKIN FRICTINN = 0,0 PSF DELTA*({OH] )= 0.462972D-01 THETALPHI )= 0.0
WALL HEAY TFANSFER RATE ==0.240384D 00 RTY OFLTA {(FT) = 0,4116680-01
Y F FN G GN H HN c CN
0.C 0.0 0.152884 9.0 0.0 0.367904 D.0759%44 1.039023 ~0.098150
0.,333174  0,.5930-03  9.0125647 (0.160154 2. 0.9 0.3%4161 0.080164 1.031357 =0,094936
0.1666891 0.125N=02 0.726788 0.1684324 0.0 c.0 N.401320 0.085041 1023020 .-0.C97325
0.262684 0.19In~-02 0.043020 D.177868 2.2 C.0 0.409558 0.090730 1.013774 -0,.0995823
0.36213) C.2790-02 0,)61607 0.188735 0.0 0.0 0.412092 0.097368 1.003515 =0.102390
0.471854 0.359D-02 0.082990 0,271222 9.9 0.0 0,437192 0,1051C4 0.992136 <«0.104958
0.593532 0.,%4709-D2 0,1C7709 C.215553 0.0 .0 C.443199 0.114100 0,979528 =0,107410
0.718994 0.5840~-02 J.135415 0.231941 0.0 0.0 N.458494 (0.12451¢ 0.965594 =0,109554
0.85773) 0.712n-0? 2.167895 0.259544 0.9 0.C - De%76600 0.1364T76 0.,950262 =0.111074
1,957356 0.8570-02 0.209072 0,27137% 0.0 0.9 0.498193  0.159041 0.933525 =0,111471
1.170314 0.1220-01 0.255000 (0.294142 0.0 0.0 0.523692 0.165108 0.915495 ~0.109975
1.345986 0.121C0-01 2.308799 €£.,317979 0,0 0.0 0.554129 0.181391 C.R96499 ~0.105044
1.535993 0.142n=-01 0.171571 .341722 0,0 .0 0.5921493 0.1974906 0.877218 ~0.098295
1.7415C5 0.1650-01 D.b43728 0.359974 0.0 0.0 C.632499 C.213170 0.85887%1 =0.090547
1.963786 0.1930-01 0.525133 N.3691¢) 0.9 0.0 0.6081369 0,225C73  0.843471 -~0.056253
2.204206 0.2220-01 0.613626 0.362199 0.0 0.0 0.736365 0.230265 0.833802 ~0.022581
2456243 0,253n-01 J.704661 C.33254] 0.0 0.0 0.795778 0.22346) 0.833197 0.018298
2.74550) 0.285n=-0} 0.79133%¢9 0.27°539 2.0 0.0 0.R55962 0.207352 0.844406 0.nce322
3.049707 0.3160-01 0.A66058 0.210717 9.0 0.C 0.911155 0.159176 0.867720 0.089106
3,373738  0.344P-0! 2.9233r9 G.1e00099 0.0 0.0 0.654912 0.106578 0.R29484 0,097948
3.734617  0.3670-01 J.261699 0.0RCASS 0.0 c.0 0.993330  0.056453 0,932921 0.085R50
4.119536 1.39)0-01 0.9838117 0.039600 0.9 0.0 0.297364 0.021454 0,56]1549 N.N61T25
4.535365 0.41M-01 D,964459 £.015492 0.0 ¢.9 1.021701} 0.C03678 0.981651 0.036221
4.985166 0.429n-01 2.993557 C.C045T7) 0.0 .0 1.001628 =-0.001739 0.993064 0.016968
5.673211 0.4480-01 0,099750 £,001141 0.2 0.0 1.000538 =~-0,201712 0.99R190 0.006240
6.,930003 0.448D-91 1.90c00¢ 0.000065 0.0 0.0 1.000030 =0.000725 1.000000 0.001431
Y/L RORNE Xvu Ee CNI LEL LEY PRL
.0 0.52504  0,60470-06 0.0 2.0 143308747 l.000000 0.949821 Ce

v

0.5000
0.5000
Ce4990
0.49RN
0.4960
0.4920
0.%8RN
0.201D
C.%72D
0.46C0
0.442D
0.419D
C.3870
0.344"0
0.2p40
0.2010

0o
00
00
oe
00
00

0.3730-01
=0.6670=-01

=0.2690
-0.,5250
=0.835n
-0.119D
=0.160n
=0.204D
=0.2530
=0.3060
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00
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Yol

0.280174
0.156891
0.263584
0.362137
0.6471854
0.590532
0.71939%
0.357713)
1.077396
1.173314
1.345988
1.535593
1.7415C5
1.963786
2.274276
2.454243
2.74559)
3.9649727
3.379738
3.734517
4,119536
4.535365
4.CP51064
5.473211
6.7 000

ETA

0.

0.780174
0.165891
0.260684
0.26213)
0.471856
0.590532
0.71899%
0.857730
1,2)7398
1.17¢31&
1.36457%86
1.535993
1.741535
1.26131786
2.20%295
2.464243
2.745590
3.0637C7
3.378738
3.736617
4.119536
4.535365
4.98h166
S5.673211
6.39022)

0.2970=02
0.6250-02
0.993n=-02
Ce1430-01
0.1A50=01
0.2350=01

C.2920-

ol

0,2560-01
0.4290=-91

2.5110-

01

0.48940h-01
0.719D0-01
0.832r-C1

G C06N-

€.111D0
D.1270
0.143D
0.154D
0.1720
0.185n
0.1950
C.205D0
0.215D
0.224D
0.234D

Y/L
o.o

N1
(o]
00
L}
0)
[+ D)
09
09
00
00
00
00

0.2910-02
0.£250-02
0.9930=-02
0.1400-01
0.1850=01
0.2360-01
0.2920-01
0.356D-01
0.,4290-01
0.5110-01
0.6040=01
0.710"=01
O.E’JOD-OI

0.9640-

0.1110
J.1270
0.1430
0.153D
0.1720
0.1850
0.1950
0.2°5D
0.2150
0.2240
C.2340

21
02
ol
M
00
on
29
oa
co
no
on
09

051431
0.5C192
0.49881
0.474317
C.45919
0.44309
0.42612
0.40842
0.397°21
9.37186
0.35398
C.31748
0.223717
0.31495
0.31407
0.32556
n.35%55
0.411A0
0.5C114
0.62238
0.7575¢C
0.87465
0.€5549
0.99677
1.02¢30

2

0.36738%
0.377545
0.388997
0.401938
V415602
0.433267
0.4522¢68
0.474001
0.478930C
0.527585
0.569537
0.598340
0.641409
0.689TRC
0.742734
2.T9R317
0.853035
0.992263
0.941T745
0.969439
0.986192
0.994786
2.9%8421
0.999638
0.999044
1.707(0¢C

0.61300=04
0.623C0=06
C.635620«06
L. 646AN=08
P.LLEC50-06
0.67C40=2
£.6927n=06
C.71120-06
C.7313P=-08
0.75260-08
0.7742M=06
C. 7946006
0.81090-08
C.81870=-06
0.91150-36
0.78230-06
CaT286°D~08
0, 64410-26
0.5481P-06
0.45820=06
0.38800=2J¢
0.36310=06
0.3194P=08
0.37920~06
0.30570-06

IN

0.124168
0.129285
N.134R86
0.141104
P 1680729
0.155798
0. 164499
n.17462%
0.184951
0,.196658
0.20R9135
€.221721
0231444
N.237T3
f. 226284
0.222889
N, 194753
C.152559
0.1C683%
C.064544
0.033385
C.N14467
0.00507%
0.CO1374
c.0rN272
0.000C10

L]
2000

020020000000 O020N0300003020

0000 VWOOVWEO0DO0IC0DICIOR

TEMP

01116600
D.11346360
041158670
0.1183600
0.1211490
0.12642700
0.1277580
N.1316420
0.135915p
7.1404170
0.145598n
0.150463D
Cs1553760
0.15P967D
n.1601T710
0.1573400D
C.148Rr )00
C.1338750
0,1139970
0.,22777180
0.742751D
C.5NR4H2D
0.5263140
C.4R6117D
04662890
0.460090N

0.17390=-01
0.769%50=01
0.18740 00
J.3654D0 09
0.6267N €O
0.9917D €O
%.14%4n C1
0.21329 oL
0.2948n 01}
9.4033D 01
0.5366N O1Y
N.777In ¢1
0.91510 01
0.1187n 02
0.1553n 02
0.2070D 02
J.2835n0 02
0.3245n 02
0.543720 G2
N bEHLD 02
D.6377D 02
0.4256D C2
0.1849D0 02
0.5160n 01
0.33639 00

T/TE

0.242692D 01
0.2469370 01
0.25183%0 01
1.2572539 ©1
0.26%2160 €1
0.270C99D 01}
0.277687%0 C1
0.2861220 o1
0.295453) 01
0.3056290 01
0.316455% 01
0.327463D 0}
0.33770%" 01
0.34%497D C1
0.3481370 01
0.3419780 01
0.3234140 O1
€.29C°769 01
0.2477720 01
9.201¢52n 01
0.161%346D 01
0.1322490 01
0.1143949 01
C.1052220 01
C.1713430 01
0.100C00n Ot

1.330966
1.32245%
1.312812
1.301847
1.287323
1.274945
1.258355
1.239117
1.716714
1.193%58
1.160C77
1.124871
1.08653%
1.039529
0.790P35
0.940366
0.897428
0.%46512
0.R120729
0.791416
9.779580
0,771969
0.,77179%
0.771111
0.770929

TN

0.514R350 00
C,559C86) 00
0.5680290 00
0.5873390 09
0.60T76TID OO
0.6284320 00
0.648367D0 00
0.6£55150 00
0.6763330 00
0.6749110 00
0.6515730 00
0.5911330 90
0.471525D 00
0.28652630 20
-51249%0-01
= 4744700 00
- 0456600 00
~«1315150 01
=+ 1448040 0]
=«1292059 01
=.949864K0 00
-.535729% 00
-+30454650 09
-=1318950 00
~«4A55120-01
~=1037360-01

1.000C00
1.000000
1.003000
1.00M0C
1.000009
1. 000C00
1.7950200
1.000000
1.090000
1.000C00
1.003C0C
t.299¢0n
1.000000
1,009000
l1.0C2C00C
1. 909000
1.nr00000
1.000000
1. 000000
1.000000
1.790000
1.07001%0Q
1.000000
t.0007 00
1.000000

0.950090
0.950326
0.950483
0.,950521
C.75%3418
0.949022
0.949035
0.947491
N.944033
0.941290
£e935254
0.925776
0.712839
0.39¢€571
D.977252
0.,R50695
0.819ra4
Q7370676
0.753672
CaT748342
0.74C8B%5
CeT27%4%
0.737030
N, T36791
0.T346741

0.900000
0.9000C0
0.900000
0.o0C0N0
0.9c0C00
2.970020
2.9r0002
C,9¢0020
o, onprNe
0.9CoCCO
C.oC0CND
Q. 970020
0.900C00
[APR-1nfalatals]
0.90CC00
c.o00C00
N.900C0N
0.900000
C. erreno
C. 900000
c.a00CcC
CaS 00

0. 9C0N00
0. 90CC00
C.900000

ce/cy

1.094381
1.095177
1.09¢114
1.097237
1.09P597
1.10026%
1.102335
1.104942
1.10R272
1.112583
1.118228
1.125686
1.135590
1.148776
1.166337
1.189651
1.220292
1.,25%6477

1.304999°

1.347302
1376469
1.391582
1.397¢86
1299660
1.400178
1.400291

RHO

0.1829140-06
0.1789C4D=~C6
0.1745920~C6
1.1699640-06
0.1650110=-C4
0.159730N=06
0.15641280-C6
0.1482250-06
2.142063D0=06
0.135734D-06
0.1293520=-06
0.123%1720-06
0.1173930=-06
N.112624D-06
2.109554N-06
0.1292490-06
0.113245n-C6
C.12367R0-06
0.1432640-06
0.174322C=-C6
0.216494C~06
0,26149PN=N4
2.324246N=C6
0.2306270-08
D.24324Th=-06
0.3478500~06

0.15360
0.1550n
0.1542n
0.15320
0.15200
0.1504D
D.1483)
0.14570
0.14230
0.13819
0.132M
0.12620
0.119%60
0.17980
0.1303D
0.90270
0,.P1570
0.72013N0
0.65940
0.6251P
0.67930
0.62340
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S/REF

0.0

0.5006260-03
0.5054320-01
0.1006206D 00
0.15C6880 N0
0.20¢751D0 99
0.2508140 30
0.30C8760 0C
0.350939n 00
0.4010J010 20
0.4217770v 00
0.42678%0 0)
0.4252870 920
0,43€5380 CC
0.%217950 N0
0.6232410 00
0.4242930 09
0.436796D0 €O
0.438248D J0
0.440551D 20
0.441322D0 30
0.4443C05D 20
C.445557D 00
0.4422500 90
9.449312n 02
0.451215D 00
0.4543180 20
0.459324D 00
0.461827D 0G
0.46¢8340 00
0.4693370 20
0.476343D0 2§
0.474846D 00
0.481352n 00
0.4843550 00
C.,4893620 2C
0.,451R650 00
0.49¢871n 00
0.49%374D 00
0.5043820 M)
0.5C48840 20
0.51189ch 20
0.521922D 00
0.5269)an 10
0.5369210 0C
0.5419270 00
0.551946D 09
0.5569440 20
0.5669590 00
0.511965N 20
0,5319770 J0

0.0

0.1000000=03
0.12106C0-01
0.2010000-01
0.30100C0-01
0.40100C0-01
f.501C3C0-01
0601000001
0.70107C0-01
0.8C1CCCN=-01
0.04250C0-01
0.8525270-01
0.8575000-01
9.8¢56CC0-01
0.4425000-01
0,3¢65CCC0-01
0.8£75000-01
2.87252¢0-01
C.875CI"D-11
C.880CCC~-0L
0.80257C0-01
c.9er5c0C-01
J.85)0300-01
0.8950000~-01
0.89753C0-01
0.9025000-01
0.6275°00-01
0.91750C0-01
0.92252¢n-01
0.9225¥MD-)31
0.93750C0-01
0.9475000-01
0.9525260-91
0.96253C0-01
0.9675300-01
0.9775CCDP-C1
0.,9925200-01
0.9925000-01
0.9975300-01
0.17075Ch 290
J.101250D0 DO
%2.1022500 OC
0.186425CD 09
0.10525C0 "0
0.,19725Ch 20
0.108250D0 00
0.11025C0 99
2.1112500 00
0.1132530 GO
Nel1425C0 90
$.11625C0 24

CEXINF

0.0

0.2913260 01
C.2878610 00
0,205467D 00
C.1679020 00
0.143657T0 00
0.1321420 OO
0.1124230 00
6.1190210 00
01029250 00
0.1003580 00
0.8%548390-01
0.8240530-01
C.8116650-01
0.£CN5950=-01
C.7915300=-01
0.7220610=01
0.76T6940-01
0,7595911=01
0.74T7364D=01
N.T414120-01
0.7308340=01
0.7251450-01
0.7157010-01
0.7186260-01
0,7020230-01
0.6920520-01
0.673243D=01
0.6734220-01
0.657415D-01
0.650475N-01
0.56388070=01
0,6325730-01
0.621949D-0]
0.6162780-01
0.69557TD=01
0.601296N=0]
0.592238n-01
0.5874120-01
0,.5739480=01
0.57%437D-01
0.5559600~-01
0.5513100-01
0.56356380-01
0530351001
0.5234370~01
0.5113260h=01
0.505017n=-01
0,4Q93870N=0]
C.483r69N=01
N,4717780-01

STIKF

0.0

C.1504930 01
0.149734D 00
0.106138D 00
0,85673290-01
0., T514310D=C1
0.672267D-01
0.6137950-01
0.5683320-C1
0.5316730-01
C.5184130-01
€.3224010-01
0.3141660-01
0.311351n-01
0.3079499-21
0-3353680-91
0.312562N=01
0.2960720=-01
0.2030210-01
0.2892529-(C1
0.295320n-01
C.2041180-01
0.28p002330-71
0.270TCL6N=-01
0.2830170-01
0.,274R020-01
0.2796C6N-01
0.2654290-01
0.2701C5N=-01
0.258534D-01
0.2621410-01
0.251639D0-01
0.2548840-01
0.2453690-01
0.24R28997=C1
0.2395480-01
0,262239n-01
0.,2341760-01
0.2366119-01
0.229629D=0N]
0.23153460-01]
0.2321350-01
0.21%24180-01
0.220992N=91
0.2101950-C1
0.212337n=31
0.202522n-n)
0.2045C7D-01
0.1952030-21

T 0,1974240-01

C.1P9306N-)1}

PROPERTIES AT THME WINDWARP STREAMLINE

9.0
=0.52%0340
-0.5223860
=-0.3702480
=-0.3n25%¢0
=0.2621560
=0.,234537D
~0.21413%0
=0.1992170
-0.1854860
=0, 1808610
=0.1C61440
~0.1022330
=0,1078820
=0.9925840
=2,9823940
«0,1005230
=0.944925D
=0,9670810
=0.9169170
=0.93596490
~0,8755810
=-0.91C169D
=0.8741500
-0.8872380
=d.857°939D
-0.3726180
=0.822C24D
-0.8362770D
~0.795343D
~0.RCH15TN
=2.769%660
=D, 7790390
=0.,7459%69D
=0.T7546530D
~2.7246250
«D.7324780
=0.7C4961D
=J,T12113D
=D.6885970
=N1.6939]130
=0.695479D
=0.5491770
«0.65682CD
=0.620139D
~0.626531D
=0.59397D
=2.599643D
=0.5713350
=2.5734450
+0.5492200

02

ot
c1
cl
o1
ot
o1
ol
01
o1

el
20
co
01

00
an
00
0o
00
00
00
00
[J)
co
no
co
ce
00
00
0
0
00
00
20
oe
oo
co
no
00
00
no
00
oe
00
00
30
09

QU/QUSTAG

0.0

0.1000000 01
0.9949560-01
0.7052640-01
0.5763180-01
0.499312n-01
Ce%46T290-01
C.4CTP550-01
0.37T646D-01
0.3532370-01
0.3446767~-01
0.2021660-01
0.194718n-01
0.1921437-01
0.189051n-01
0.187T1110-C1
0.1914540=01
0.1759740-C1
0.186194M«C1
0. 1746490-01
0.178264N-21
C.1705760-01
C.173354D-01
0.166494N-C1
0.1689870~-01
0.14634040-01
0.1662020=-01
0.15¢5£60-01

' 0.159281n-01

0.1514R4N-01
0.153544p-C1
0.1465360-C1
Cea1483797=-01
0.1420870-01
0.1437350N=01
C.13R0157-01
C.1395110-01
0.134273n-01
0.1356320=-01
0,131153n=01
0.132165N-C1
0.,1326464D0-C1
0.1236457-01
0.1250820n-01
0.11810an-01
0.119331n-01
0.113129p-01
0.1142100-01
0,1088280n-C1
0.10764CD-01
C.104805D=-C1

THALL

1.000000
1.062000
1.C0000C0
1.003000
1.6COo0CO
1.0C0C00
1.2000C0
1.C000C0
1.0C00Co
1.0C20CO
l.0¢20C0
C.247900
0.819651
C.R207557
0.797816
C.7896¢4
0.7082613
0.770114
0.7692¢€1
0.753552
o.752021
0.729629
0.7284931
0.727077
C.72645]
0.716286
0.7154C9
0.697128
C.696416
0.6€1070
0.680287
0.666%30
0.665914
0.6533¢80
0.652828
N.041405
0.640894
€.620393
0.629921
0.620668
0.e2C177
0.619139
0.60C801
C.6002123
C.5R4RE4
0.584367
0.5T7C8C2
0.57C133
0.55799%
0.557526
0.546112
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0.586984D
0.5969980
0.6022230
0.6129150
0.6170210
0.627234D
0.63234C0
0.6427520
0.647359D
0.6517710
0.6623780
€.672)93)
0.677396D
0.687159D
0.652115D
C.75212R0
0.7071345
0.7171460
0.722153D
0.732155D
0.737171n
0.747184D
0.7521990
0.762213N
0.761279D
0.7772220
0.78222A80
0.792247D
0.7972470
0.8C72590
0.527234D
0.837297D
0.857322D
0.867334D
0.887355H
0.8973720
£.9173970
049274090
0.947434D
£.957447D
0.977472D
0.987434D
0.19093)00

00
09
(b
00

a0
00
00
29
20
o
[<]4)
00
00
00
0
30
o0
20
03
00
02
09
0%
00
99
no
00
oe
00
09
20

€3
00

0

no
o0
00

co
1

0.1172500 00
0.1192500 00
7.1202500 00
D.1222500 00
0.1232500 OR
0.12525¢0 00
%.1262500 00
J.128256D 09
G.1202520 00
0.131250D0 00
0.1322500 00
0.13425C0 00
0.1352%00 00
0.1372%00 30
J.1382500 0¢
0.1422500 00
J.14125C0 03
0.1422500 00
0.14425C0 02
0.1462500 00
De14725C0 02
0.1492500 00
0.15C2500 oC
n.15225CD0 09
0.15225CD on
0.1552500 00
9.1562500 01
01582500 CJ
0.15925C0 00
0.16125C0 09
0.1652500 0N
C.16725CD 00
9.17125C0 00
0.17325C0 00
0.17725C0 CO
0.1792500 00
Q.16225C0 0O
0.1852500 OC
Q.189250n0 09
0.1912500 00
0.19525¢C0 09
0.197250D QO
9.1997500 00

0.,472408D=01
0.4628280=01
9.45T8459-01
0.4498910=-01
0.4442370~01
£.4358320-01
0.4314580-01
0.4235500-01
0,.4194420-0)
0,4119630~01
0.4952810=01
0.41%)9110-01
0.297299n-01
0.3935511=01
©.3870530-01
0.3976570-01
0.377334n-01
0.3712180-01
9.26875%0-01
0.3522350-01
0.3521790-01
0.3535840-01
0.350689n-01
0.3453240-01
0.3425490-01)
0.3373980-01
9.33647360-01
0.3297430-0]
0.3272250=01
0.2222910-01
0.3132310-01
0.3086250-01
0.31009460-01
0,29%7ARD-01
0.7P7779D-01
0.2837540-01
0.2762520-01
0.2724750=01
A.26564130-01
€.2618490-01
0.2551380-01
0.2512260-01
0.2473500~01

0.1907220-01
0.1831397=01
0.1844540-01
0.177349D=C1
0.1785720=01
0.171889D0=01
0.173033n=-C1
0.166724N=01
0.1677970-011
0.1618220~01
0.1628340-01
0.1575130=-01
0.,158251n=-01
C.15303710-0]
0.153753n-01
0.148758N-01
0,1494560-C1
0.144667TD-C1
0.345341Nn-91
0.1607499%-01
0.1413990-C1
0.1367%%1N-01
0.,1376130=-C1
0.1333810-01
0,1339860~C1
0.1299530-01
0.1304930-11
C.1265640-01
0.127131n-01
0.1265940-21
0.1188]130-01
0.119660N=-91
0.1132500=01
0.1138680=-01
0.107789Nn-01
0.1083890~01
C.1726530-01
0.1032360-01
€.9781590-02
0.98326:1D0~-02
0.9325110-02
0.9383¢ZD-02
0.7"05430-02

=3.,5531870
=0,52856880
-7,5323359
«).509573D
«0.512955D
=1.,621732D
«0.49485CD
=0.474976n
~A, 4T7TRPTOD
-D.45912560
=0.461891D
-0.4453240
=-0,4472660
=%.4311780
~0.4330210
-0.4176270
=0.419456D
~0.4947690
~0.406549D
=0,3925400
=7.394253n
=0.,3808710
=-%.382%20DN
~0.3697180
=7.371398D
=D,359%%3n
=0.3605780D
=0.3¢98110
=0.350294D
=9,3487C00
-0,3254270D
-0.327440
=0.3086550
~0.31028CN
-0.,2923%2n
=0.2939450D
«0.2771320
«0.278697TH
=0.,262954D
=0,26443RD
~2.269439D
=0,2510740

0.10535%0-01
0.1006950=-01
f.1013910-01
0.970552D-02
0.976994M-02
0.9365140-02
0.942511n-02
0.9045630~C2
0.910179N-02
04874459002
0.8797350-02
G,84014649-02
0.8510R0N=02
0.£21116n-02
©.82476490-02
C.7953510-02
0.790%1 2702
0.7709390-02
0.774329)-92
C.T47641N~02
0.75r9n9p-02
0.72%4220-02
0.7285620-02
0.7041792-02
0.7C72070-02
0.68384T0-02
0.6867710-02
0.6663597-02
0.6671970=02
0.6641473-n2
0.619827D-02
€.6241190-02
0.5A7894D=02
0.5909720-02
0.556283M=02
0.559859N-02
0.5279319-C2
0.5308120-02
0.50C85271-02
0.503659N=-02
0.4754720-02
0.4732060-02
0.457844D=02

D.545672
0.535011
0.53460C0
0.524613
0.524228
0.514836
Co514473
0.505606
0.505263
0.4°6R61
0.496537
C.4PR956
C.40R611
N.4A1107
C.480R5)
CobT2697
0.473376
De4lb64SS
0.406€106
0459565
N,459267
0.452R50
C.45%2603
0.466451
C.%46179%
0.440233
0.4399¢6
C.434218
0.433960
C.437978
0.421139
0.420927
Qa%1C6P7
0.41C0386
0.400692
0.4"L 406
0.3°11¢4
0.390852
0.382064
0.381805
0.372354
0.3731C6
0.367385
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IV. Solution of a Blunt Cone at Zero Incidence and with Mass Transfer.
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YVIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
VA, 24060

THREE=-DIMENSIONAL BOUNDARY LAYER PROGRAM
FOR

LAMINAR OR TURBULENT FLOW

wlTH

BINARY GAS INJECTION
DEVELOPED BY
M.C. FRIEDERS
AEROSPACE ENGINEERING DEPARTMENT

BLAC

INPUT DATA CARDS ARE AS FOLLOMWS:

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CA3D
CARD
CAD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CarRD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
caro
CARD

KSBUPG,

LEW1S, ADANS, GILLEY, BLUNT, LAMINAR
001 1E 3 CoL 50-52
202 INJCTY 13 coL 50-52
003 KADETA 13 coL 50-52
004 KEND2 13 CoL 50-52
(b1 RCNSET 13 coL 50-52
006 KPRY 13 oL 50-52
go7 KTRANS 13 oL 50-52
008 LAMTRS 13 coL 50-52
Qo9 LPRY 13 coL 50-52
cio NIT1 13 oL 50-52
o1l NIT2 13 coL 50-52
012~ NIT3 13 coL 50-52
013 NCINJ 13 CoL 50-52
alé NCSE AS COL 50-54
a15 NSOLVE 13 cOL 50-52
c16 KPLOT 413 coL 50-61
ul7r KPRFL 413 CoL 50-61
ol8 LPLUT 413 coL 50-¢1
Ccl9 LPRFL 413 COoL 50-61
Q20 ACTEST El14,6 coL 50-63
c21 AKSTAR El4.6 CoL 59-63
022 ALAMDA El4.6 coL 50-63
623 LEWTRS El4.6 CoL 50-63
024 ALPHA El4.6 COt 59-63
025 ASTAR fl4.6 CaL 50-63
026 cooL Al coL 50-52
027 CwaLL Fla.6 CoL 50-6)
G28 CRl F5.3 coL 50-54
029 CONV El4.6 coL 50-63
c30 0ISK A2 ot 50-51
cn DXINVS El4.6 CoL 50-63
032 OxXMAX El4.é COL 50-63
033 ox1 FS5.3 CoL 50-54
034 EDYLAW A3 oL 50-52
035 ETAFAC El4.6 COL 50-63
036 ETAINF Ele.b CoL 50-63
037 GAS2 Al CCL 50-52
038 PLIT A2 caL 50-51
039 PEL Ela.o oL £9-0)

ARGON INJECTION
031

ool

000

001

000

003

000

001

001

005

oLo

020

009

BLUNT

003
001000000000
001000000900
003000000000
001000000000
0.001

0.435

0.09

1.0

0.0

26.0
ABLATION
0.0284

1.0

0.01

NJ

0.04

0.10

°|°2
REICHARDY
1.04

12.0

ARGON

NO

°l1
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-

OOV NOCVPIPUNI -

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
0.0
0.91
0.42%

040 PART
041 PROP
042 RTH
043 TES
044 TSTAG
045 VALUE
C4b XBAR
047 RNOSE

14

AS CoL 50~54 ROTTA
A4 CCL 50-53 PINF
E14.6 COL 50-63 0.06582
Eld4.b CoL 50~63 290.0
Elé.0 coL 50-63 8204.0
Elé.6 CCt 50-63 0.0013S

Elé.6 COL 50-63 2.09

FREE STREAM, STAGNATION, AND VEHICLE DATAR

PSTAG
TSTAG
HSTAG
PINF
RHAIN
TINF
UINF
MINF
CP/Cy
R

T™H/T10
ALPHA
THETA

F

C=

0.16464990 04
0.8204000 04
0.5907860 08
0.1350000~0C2
0.3902640-06
02900000 €3
0.166762D0 G5
0.1320000 02
0.1400000 01
0.1717670 04
0.6582900-01
0.0

0.750000D0 01

POINTS AT WHICH A SCLUTION IS YO BE OBTAINED:

S wN -

Xsvatl)

C.0

0.010000
0.061934
0.425140

BLUNT CONE EDGE DATA

8t

0.0

0.4790410-04
0.1802170-03
0.4013420-03
0.7121500-03
0.111383C-902
0.160914D-02
0.2196310-02
0.288217C-02
0.3666940~02
0.4352L 1D=-D2

X811}

0.0

0.2825730-~02
0.5481510-02
0.8181920-02
0.109C230-01
0.1364010-01
0.164C290-01
0.1917470=-0]
0.2198v8D-01
0.,2481310-01
0.2767100~01

El4.6 coL 50-63 0.083333

PSIaA

DEG.R

FTe2/SECen2

PSIA

SLUGS/FTee3

DEG.R

FT/S€EC

FT%#2/SEC**2/0EG.R

DEG.

DEG.

RB(1) PEB(YD) VEB(I)

0.0 064370840 02 0.0
0.2825190-02 0.4365250 02 0.189959D
0.5477550-02 0.4348480 02 0.3801150
0.8168780-02 04320540 02 0.570718D
0.1087130-01 0.4281460 02 0.7619630
0.1357930=-01 04231310 02 0.954030n
9.1629720-~-01 0.4170¢50 02 0.114566D
0.1900600-01 0.4298080 02 0.134144D
0.2172680-91 0.401563D 02 0.153630D
0.2444810-01 0.392271D 02 0.1732530
0.2716530-01 0.381954D 02 0.1930700

03
03
03
03

04
04
04
04
04

TEB(1)

0.8204000 04
0.8201000 04
0.8191980 04
0.81756910 04
0.8155710 04
0.81283G6D0 C4
C.809484D 04
0.835434D0 04
0.800770D 04
0.795435D 04
0.789398D0 04

XMB(1)

0.0

0.4277520-01
0.8564190=-01
0.128704D 00
0.1720560 00
C.215788D 00
0.25964670 00
0.304805D0 00
0.3500970 00
0.396137D €0
0.4431320 00
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Ll

12 0.5542410-02 0.3056400~01 0.2988330-01 0.3706200 02 0.2130960 04  0.7826330 04  0.4912060 00
13 0.664344D=02 0.3350030=01 0.3260520-01 0.358322D0 02 0.2333230 04  0.7751230 04  0.54C42T0 00
14 0.7858660-92 0.3648140=-01 0.3532720-01 0.3451230 02 042537310 04 0.7663560 04 0.59G8580 09
15 0.9193850-22 0.3951380-01 0.380496n~01 0.3310190 02 0.276420D0 046  0.7577680 C4  ©0.6428560 00
16 0.1065620-01 0a%4260540-01 QL4LT734D0-01 0.,3162380 Q2 0.295163D 04 0. T479420 04 0.6959750 09
17 0.122528C-v1 0.4576270-01 0.4349700-01 0.3006320 02 0.316277D 04 0. 7372050 04 0.7511720 00
18 0.1399020-01 0.48990C0-01 0.4621650-01 0.284204D 02 0.337859D 04  0.T725464D 0 0.8C8RS3D OC
19 0.1588230L-01 0.5230370-01 0,489 36 T1=01 0.267280D 02 043596060 04 0.7128490 04 0.6685490 00
20 0.1794170-g1 0.5571530-01 0.51650620-01 0.2498310 02 0.3816950 04 0.699230D 0% 0.9358340 00
21 0.2618350-01 0.5623390-01 0.5437040-01 0.2314420 02 0.4047930 04 0.6%4121D0 04 0.9980C4D 02
22 0.2197480=-21 0.6193390=-01 0.563876D-01 0.2175880 Q2 0.%22181D0 04 0.6721620 04 0,105C09D O1

s = 0.0 S/REF= 0.0 z = 0.0 Z/REFs 0.0

R = 0,0 R/REF= 0.0 0X = 0.200000-01 NIT = 10 PHl = 0.0 DEG,

Xl = 0.0 DX} = 0.0 0X0Xl= 0.0 CWALL= 0.2840000-01

DIMENSIONAL EOGE PROPERTIES

PE = 0.43T7084D 02 TE = 0.820400D 04 UE = 0.0 VE = 0.0 MACHE = 0.0

DPEDX= 0.0 DTEDX= 0.0 OUEDX= 0,0 DVEDX= 0.0 RHOE = 0.3101700-05

OPED4= 0.0 OTEON= 0.0 DUECW= 0.0 OVEDW= 0.0 RHOEMUE= 0,8127290-11

LOCAL EDGE REYNOLDS NUMBER =0.0

NCNDIMENSIONAL BOUNDARY LAYERS PARAMETERS

CEXINF= 0.0 CFXEDGs 0.0 CFWINF= 0.0 CFNEDG= 0.0

CHEOGEs 0.0

==(.720923D-01

CHINF = 0.223466D 00

CHIMAX= 0.0

DIMENSICNAL BOUNCARY LAYER PARAMETERS

LCNGITUDINAL SKIN FRICTICAN= 0.0

TRANSVERSE SKIN FRICTION
WALL HEAT TRANSFER RATE

a 0.0

=-0.4402850 02 BTV

PSE DELTA=*(X)
PSF DELTA*(PHI)= 0.264579D~01
DELTA (FT) = 0.639436D-C2

STEDGE= 0.0

STINF = 0.146900D 00

==0,2409690-03 THE

TA(X)

= 0.130198D-02
THETA(PHI)= 0.0

ETA Y FN G GN H HN c CN v
0.0 0.0 0.0 0.285576 0.0 0.0 0.051862 0.188736 2.155593 -1.01972% 0.114D 00
0160349 0.335D0=04 0.047577 0©.3078C5 0.0 0.0 0.083501 0.206249 1.995716 =0.946780 0.1100 00
0.333782 0.878D~04 (Q.102991 0.330713 0.0 0.0 0.121C43 0,226995 1.844324 <«0.812838 0.971D-01
0.521368 0.1690-03  0.167191 0.353089 0.0 0.0 0.165802 0.250266 1.702420 =-0.705930 0.T180-01
0.726260 0.2840-03 0.241019 0.373546 0.0 0.0 0.219062 0.274208 1.570068 -0.608266 0.3C40-01
0.9437C9  0.4430-03  0.324980 0,389R04 0.0 0.0 0.282005 0.299189 1.446150 =0.514466 =0.316D~-01
1.181364 0.8560-03 0.418737 0.3971C8 0.9 0.0 0.355938 0.322202 1.336638 =-0.410168 -0.1200 00
1.437788  0.9390-03 0.520278 C.389691 0.0 0.0 0.441038 0.337844 12244816 =0.309023 =-0.24CD 00
1.715461  Q.131D-02 0.625383 (€.362507 0.0 c.0 0.535707 0,339752 1.172190 ~=0.219969 =0.4C0C 00
2.015751  0.1780-02 J.7201%86 0.313911 0.9 0.0 0.635869 0.322243 1.117690 =~0.15C265 -0.6C30 00
22340629 0.2360-02 0.819170 0.247901 0.0 0.0 0.734912 0.283002 1.677695 =0.101107 -0,.8550 00
2.691573 0.3070-02 0.8%3129 0.174196 9.0 C.0 0.8246406 0.225220 1.C4€739 =C.067597 =0.116D 01
3.271387  0.3910-02 0.94549C 0.105072 0.0 0.0 0.837364 0.158075% 1.028026 =-0.043481 -0.1510 0}

$S-S.-H1-0Q3v



ELl

3.480010
3.927572
4.408411
4.928486
5.491000
5399414
6.7576175
Te469234
8.239273
9.071732
9.972332
10.946423
12.002)0)

ETA

0.0
0.162349
0.333782
0.5213¢8
0.724260
0.9437C9
1.181064
l.437788
1e715481
2415791
2343629
2.69197)
3071987
3.4813)10
3.927512
4.408411
4928468
5.491002
€.099414
6.757475
T.4569234
8.233273
9.071732
9.972332
10.946423
12.€93300

ETA

0.0

0.160349
9.333782
0.521368
0.724269
0.943709
1.181264
1.437783
1.715461

0.4870-02
0.5950-02
0.7160~02
0.8450-02
0.9830-02
0.1140-01
J.1310-01
0.1490-01
0.1630-31
0.189C0-01
0.2120-01
0.2300~vl
0.2630-21

Y/L

0.0

0.7830-04
0.2070~03
0,3910-03
0.6660-03
0+1040=-02
0.1540-22
0.221D-02
0.3J70-32
0.4180-02
0.5550-02
G.T21D-02
6.9190-02
0.1150-01
Je1400-Cl
0.1630-01
001990'31
0.2320~01
0.2680-01
0.3070-01
0.3500-01
0.3950-01
0.4450-91
0.4990-21
0.555C-01
0.6180-01

y/L

0.0

0.7380-04
0.2070-03
0.397D0-03
0.6680-03
0.1040-02
0.1540-02

0.221D-92 .

0.3070-02

V976902
0.992235
0.998043
0.999656
74959962
0.999958
1.0CJ000
1.00C0JC
1.92000C
1.C00120
1.0C0u0C
1.0CC0J¢C
1.C0020C

RORGE

15.67864
9.77804
6.82766
5.C4215
3J.5¢189
3.12508
2452582
2.08423
1.75283
1.50333
1.31990
1.16957
1.102¢9
1.C4829
1.C1921
1.CCeCY
1.00144
1.00¢23
1.02002
1.00C00
1.0008¢C
1.0263¢
1.23C90¢
l.C40¢C
1.C02cC
1.CCace

z

0.873266
0.976850
0.881379
0.886901
0.093488
0.9C1238
0.910249
0.920572
0.93213%

0.053239
0.021354
G.006473
C.001392
G.CO 2195
C.020016
€.C3001
Q. 050000
0.200000
G.C00C00
Cc.0

0.C0GCaY
€.00CCC0

XMy

0.3602D~06
0.5348D-006
0.7078D=06
0.8776D~-08
0.10440-05
0.1213D-05
0.13840D-C5
0.15630-05
0.17520-95
0.19460-05
0.21390-05
0.231C0-C5
0.24440-05
0.25350-C5
0.2537D-05
0.26100=-05
0.26180-05
U.26200-05
0.262.0-05
0.26200-05
0.26200-05
0.26200-05
0.26200~05
0.26200~-U5
0.26200~05
0.26200-05

IN

0.¢20380
0.024245
0.027791
0.030952
0.033878
0.0360649
0.039136
0.C%1650
0.041912

0.0

0.0
0.0
°l°

[~ X ~X-]
R EEERER
[-X-2-F-X-J-N-N- ¥ NP NP Y- Y-

[ X-N-N-R-N-N-N-N.-N-F-¥.}

TEMP

0.5399870
CaB584240
C.1242090
0.1¢65750
0.2144010
02698470
063324950
0.4020250
0.476942C

03
c3
04
C4
Ce
04
Cé
Ce
04

0.0 0.948527 0.094760 1,014223 -0.025390 -0,1900
0.0 0.978711 0046744 1.006111 =0.012711 =0.234D
0.0 0.993062 0.018188 14002127 =0.005190 =042820
0.0 0.998316 0.025309 1.000571 =0.001645 =0.3340
0.0 0.999T16 0.001092 1.0C0111 =0.00383 =0.39GD
.0 0.999969 0.000147 1.000015 =C.00C061 =0,451D
0.0 0.999998 0.000012 1.00C001 ~-0.00C0C6 ~0.517D
0.0 1.002000 0.000001 1.000000 =0.003C00 ~0.5880
0.0 1.000000 0.000000 1.000000 =0.0C0000 =0.6650U
0.0 1.000020 0.000090 1.006090 =-0.000000 ~0.7480D
0.0 1.000020 =0.000000 1.000000 =0.000000 -0.8380D
0.0 1.000000 0.C00200 1.C00020 =~0.006000 =0.9360
0.0 1.000000 0.000300 1.00C300 0.000000 =0.104D
CH1 LEL LET PRL PRT
0.0 1.463182 1.000000 0.730251 0.9CCCO0
0.0 1.337113 1.000GC0 0.734211 C9CIC20
0.0 1.285595 1.000000 0.742135 0.9C0C00
0.0 1.273536 1.00000C 0.750974 C.SC0COQ
0.0 12764224 1.00J000 0.755051 0.900000
0.0 l.288948 1.000C00 G.761171 C.9C0C20
0.0 1.305630 1.002000 0.756850 0.90CCn0
0.0 sl 310463 1.000000 0.771613 ¢.960CC0
0.0 1.316604 1.¢2200C C.775093 C.900¢Cn0
0.0 1.305958 1.002000 0.777209 (©.900C00
0.0 14289044 1.00)000 0.778246 0.9C5CC0
0.0 1.27188% 1.00C200 0.718107 0.9320C00
0.0 *1.258520 1.000000 0.779002 0.930C00
0.0 1.249992 1.09626C 0.771927s 0.55CC00
0.0 1.245448 1.009200 0.779533  0.90C000
0.0 1.243470 1.0C000 0.779645 0.9C0CIC
0.0 1.2424807 1.000000 0.779712 0.9C0000
0.0 1.242650 1.000000 0.779736 0.900C00
0.0 1.242628 1.00000¢C 0.779742 0.900CL0
0.0 1.242626 1.000000 0.779743 0.9C0C00
0.0 1.242626 1.000000 0.776743 0.9006C20
0.0 1.242626 1.¢00000 0.T779763 C. 902000
0-0 1.2426256 1.0060CC 0e279743  0.905€00
0.0 1.2642626 1.020900 C.779743 0.520(90
0.0 1.242626 1.009000 0.779743  0.,900C00
0.0 1.242626 1.002000 0.779743 0.9C0C00
T/TE ™™ CP/CY RHO
0.6582000-01 0.2451900 00 l.415172 3.4863040-04
€.105854D 00 0.2554830 09 1403244 0.3032850-C4
0.1514000 00 0.268899D 00 1.3800688 0.2117740-04
0.2030410 00 0.231744D 00 1.357058 0.157664D-C4
0.261337nD 00 0.296558D 00 1346905 2.1222660-04
0.3289210 00 0.3151520 00 1.332090 0.9693100-05
0.405284D 00 0.3267550 00 1.318994 0.7846760-05
0.490035D0 00 0.331010D0 00 1.308512 0.6470850-05
0.5813530 00 0.3233020 00 1.301188 0.543674D-05

SP HY

0.5651D0 04
0.57750 C4
0.6027D0 04
0.6325D €&
0.64740 04
2.67C30 C4
0.49270 04
0.7126D 04
0.72820 04
0.73330 0%
0.7453D C4
0.7496D C4
0.753C0 04
0.75590 C4
C.15€3D C4
0.7593D0 04
0.759ED 04
0.760CN 04
0.75210 24
0.76010 C4
0.76310 04
0.75010 04
0.7621D C6
0.7601D0 G4
0.76010 04
0.7601D 04

SS-9L-H4-203V



vL1

2,015791 0e418D-02 0.944676 0.041084 0.554151D0 04 0.6754650 00 0.29948350 00 1.296928 0.4662870-03
2360629 0.5550-02 0.957606 0.037956 0.6288930 04 0.7665690 00 0.257945D0 00 12294947 0.409392D-05
2.691973 0.7210-02 Q.970036 0.032308 C.6953870 04 0.847619D 00 0.2016670 00 1.294103 0.3589700-05
3.071987 0.9190=32 J.980904 0.0246R8 0.748334D 04 0.9121570 00 0.139066D 00 1.293530 0.3418350-05
3.483J10 0.1150-01 0989315 0.016466 0.7349130 C&4 0.956744D 00 0.817981D-01 1.29295¢9 0.32514aN-05
3.527572 0.1400-01 0.994911 0.0093GC0 0.806J640 04 0.9825250 00 Q.3948700-01 L.292674 2.3161290-05
4.0C8411 0.163C=~-01 V.995C13 0.0043C1 0.815882D 04 0.9944920 00 0.1494630-01 1.292168 0.312¢580-05
4.92848% 0.1990-01 J.999393 C.CC1563 0.8193590 04 0.9987310 00 0.41899200-02 1.292G622 0.31C6160~05
5.49130L) 0.2320-01 0.999366 0.C00423 2.8202390 C4 (.9998040 00 0.8067670-03 1.291970 9.310242n-05
6.09%414 0.2680-01 0.99998¢C C.C0OL79 0.8203850 C4 0.999982D 00 0.9627580-04 1.291957 0.3101770-05
6.7574175 0.3)70-21 0.96c993 0.0000CY 0.820399C 04 0.999999D 00 0.6249110-05 1.291955 0.3101710-05
T.4065236 0,3590-~01 1.0€0COC Q.0000601 $.8204C3D 04 0.10C00uD Ol 0.2139630-06 1.291955 0.310L72D-05
8.23997) 0.395n-01 1.00000C 0.0000CO 0.8204CI0 04 C.1000000 OL 0.6032930-03 14291955 0.31017Cr=-05
9.07173) . 0.46450-01 1.0C00CC  ©C.000CU0 0.8204¢0D 04 0.1CGCIOUD 01 0.8124500-10 1.291955 0.3101700~05
9.972332 0.4930-01 1.000600 0.000C00 0.8204000 04 0.1000000 QL =~.4B6278D-13 1.291955 0.3101700-C5
10.946423 0.5560-01 1.00009¢C C.000000 0.820400C C4 O©.100000D 01 0.277556D-16 1.291955 0.310170V-05
12.6€0222 0.6130-01 L.00.C0C 0.0 ©.82C4000 04 0.1600000 01 0.133227D-14 1-291955 0.310L70D-05

*eens LT snees
S = 0,1000020-01 S/REF=s 0.1200000 90 ] = 0.59920830-03 L/REF= 0.719142D-02
4

R = 0.9976020~02 R/REF= 0.119713D 00 ox = G.100000=C1L NIT =
X1 = 0.1390320~1% DX = 0.1390300-14 OXOXI= 0.179925D 13 CHALL= 0.2840000-01

PHI = 0.0 DEG.

OIMENSICNAL EDGE PROPERTIES

PE = 0.4295640D 02 TE = 0.816342D0 04 UE = 0.698523D0 03 VE = 0.0 MACHE = 0.157656D 00
"DPEOX=~0.2706190 15 DVEDX==03 1469880 17 DUEDX= 0.1264630 18 DVEOX= 0.0 . RHOE = 0.3063490-05
DPEDW= 0.0 OTEOW= 0.0 DUECW= 0.0 DVEDW= 0.0 RHOEMUE= 0.799490D0-11

LOCAL EOGE REYNOLDS NUMBER =0.819973D 01

NONDIMENSIONAL BCUNDARY LAYERS PARAMETERS

CFXINFr 0.3564510-01 CFXEDG= 0.106075D 0} CFuINF= 0,0 CFNEDG= 0.0
CHEDGE= 0.508943D 093 CHINF = 0.261392D 00 STEDGE= 0.334407D 00 STINF = 0.171751D 00
Qw ==0.8430910-01 CHIMAX= 0.644C38D 00 -

DIMENSIONAL BOUNDARY LAYER PARAMETERS

LCNGITUDINAL SKIN FRICTICA= Q.7927920 CO PSF DELTA®(X) =-0.6241550-03 THETAIX) = 0.1154520-02
TRANSVERSE SKIN FRICTICN = G.9 PSF DELTA*(PHI )= 0.2631740=-01 THETA(PHI )= 0.0
WALL HEAT TRANSFER RATE  ==0.5148940 02 BTY OELTA (FT) = 0.609684D=02

ETA Y F FN 6 GN H ’ HN c CN v

0.051622 0.216316 2,165836 =1.343459 0,1120 00
0.088234 0.240506 1.975085 <=1.065575 0.1000 00

0.0 0.0 2.0 0.495988 0.0

0.0

0.0 0.132300 0.257987 1.806207 =0.898725 0.6C00-01
0.0

0.0

0.160349 0.3400~04 0.081564 0.519049

0
0

0.333782 0.9140-04 0.172732 0.528041 0.
0 0.185404 0.297640 1.650873 =0.76C190 =0,1450=01
J

0.521368 0.1790-03 0.271452 0.520361
0.248804 0.326898 1.508846 =-0.645421 =0.1290 00

J.7264260 0.3050-03  0.374930 0.496271

§9-G.-41-0Q3V



SLI

0.943709 0.4810=-03 0.479821 0.456789
1.181064 0.7190-03 0.582204 0.404071
14377568 0.1030-02 0.678122 0.342739
1.T15461 0e144C=-02 Je764137 0.277952
2.015791 0.1950-02 0.837719 0.2123920
20340629 0.2580-02 0.897031 0.153783
2.691973 0.3320-02 V.941165 0.10€c93
3.071987 0.418C-02 2.9756C6 0.058138
3.463J13 0.5150-02 J.987612 C.028511
3.927572 0.6230-92 J.965779 0.011383
44603411 0«7410-02 2.953898 0.003521
4.923485 0.869D0-02 0.999794 0.CC0755
5.491C00 0.101C=-01 0.999915 0.000121
6099414 0.11460-01 0.999598 0.020011
6.T757475 V.1320~01 1.9€CIC0 0.000001
T.4£9234 9.1500-01 l.509¢cCC 0.0CCCCO
8.239)73 0.1690-01 1.2C395C 0.LQuG00
2.071730 0.1350-01 1.36050C =0.CC3LO0
9.972332 J.2120-01 1.06uldC  ~0.0C02CC00

0.323776  0.354486 1.381919 =0.513393 ~0.2860 00
0.410548 0.373070 1.275960 =0.384090 -0.4880D 00
0.507233 0.375123 1.193007 =0.269716 ~0.733D 00
0.609366 0.354985 14131703 ~0.182640 =0.1020 O1
0.710187 0.311911 1.087867 -0.11096% -0.1330 0}
0.891969 0.25C956 1.656578 =-0.078554 ~-0.168D 01
0.877845 0.181679 1.034315 =0.9251069 -0.2040 01
0.933664 O.115630 1.019058 =-0.031158 -0.2430 01
0.909257 0.062823 1.C39507 -~0.016933 =-0.,2850 01
0.983295 0.0238110 1.004311 <~0.007P22 =-0.330D0 01
0.996508 0.009918 1.001962 -0.002935 ~0.3780 91
0.999230 0.002615 1.001120 =0.000852 ~0.43GD O1
0.5994883 0.000482 1.002893 ~0.0C0180 ~0.486D 01
0.959989 0.C092057 1.0C0850 <=0.003026 -C.547D 01
0.997999 0.000204 1.C00844 =0.0002C2 -0.6130 01
1.¢33000 0.000000 1.000844 =-0.0CrCCO -0.664C 01
1.00.020 0.000C00 1.00084% =0.00%0C0 =J.761D 01
1.0X0000 0.CCCI00 1.¢00844 =0.0J0200 ~0.844D 01
1.002000 =0,000200 1.C00844 -0.00CCGCO ~0.9340 01

000000000000 000O000000

[~ N-R-N-NiReN Y- NN -N-R-N-X-N.N~ ¥
-
COUGCOLOO0ODOCOOUOVUOO0OD

»
Q

COOONDO00000000CO0DOAONDOH0OD

10.956423 0.2360-01 1.0€0C00 =0.02CG00 0.0 1.000000 =G.0022320 1.00C844 =0.¢00CC0 =0.1030 02
12.0C{JC0 0.2620-01 1.33C39C =0.600CCO J.0 - ! 1.070900 -0.000L000 1.C00000 =-0.0Q02372 -0.114D 02
ETA Y/L RORQE XMU E+ (#} ] LEL LET PRL PRT SP T

0.0 0.0 15.68852 0.36C30-006 2.0 0.0 1469685 1.000000 0.730229 0.900000 0.56300 04
0.160349 0.8090-04 9.22955 0.55840-06 0.0 0.79270-01 1.326576 1.000000 0.735071 0.900C00 0.5801D 04
d.333782 0.2150-03 6.,25632 C.75340-06 0.0 0.19840 00 1.279709 1.093000 0.T44562 0.900000 0.61050 04
-0.521368 0.4210-03 4,57453 0.94160-C6 0.0 0.32070 00 1274339 1.000000 0.753910 C.900000 0.6429D 06
0.724260 0.7180-03 3.45858 0.11260-95 0.0 0.4353D0 00 1.280597 1.000000 0.758019 0.S500C00 0.6583D 04

0.52930 00 1.298791 1.000000 0.764480 0.500000 0.68320 Q4
0.5972D0 00 1.313617 1.0vCGC0 0.77C015 c.90000C 0.705¢e0 04
C.63510 00 1.317808 1.900000 0.774148 0.%900C00 0.723R0 04
0.644CD 20 1.30$934 1.00000C 0.776730 0.6¢5Cce 0.7363D C4
0.6266D 00 1294156 1.052000 0.778C41 0.900000 0.74390 04
0.58200 09 1.276923 1.000010 0.778617 0.90CC00 0.76486D0 06
0.50580 09 1.262748 1.6G00000 C.778933 C.9CCC2C 0.7521D 04
0.39770 Q0 1.253135 1.€00000 0.779202 0.900(20 0.7550D 04
0.27C4D 00 1.,247570 1.0C3C00 0.779438 €.900C00 0.75730 04
0.15C50 00 14244839 1.00C000 0.779604 0.900C20 0.75890 04
0.64650-01 1.2643749 1.€Cd000 0.779636 C.900C0C  0.7597D 04
0.19950-01 1.243420 1.0G3200 0.779735 0.900C(00 0.76000 04
0.4C760-02 1.263351 1.000000 0.779747 C.9G0CO0 0.7621D 04
0.49730-03 1.243343 1.020000 0.779750 0.5CCCOC 0.76010 C%
0.32200-04 1.243342 1.C000CC 0.7197151 0.900000 0.76010 04
0.11270-05 1.243342 1.C02C00 0.7719151 C.900C20 0.7601D0 04
0.1994D0-07 1.243342 1.€0000C 0.779751 0.90ccco 0.76010 C4
-.2396D-07 1243342 1.000000 0.779151 0.900C00 0.76010 04
~«87100-07 1.243362 1.000CC0 0.779751 0.900CC0 0.76210 04
=a25590-06 l.243342 1.000000 0.779751 0.90GCI0 0.76210 04
=« 67U20-06 1.242242 1.000000C 0.779753 C.90CcCCO 0.76010 04

0.943709 0.1130-02 2.15245 0.131C0-25
1l.1810¢4 0.1690-02 2.22271) 0.1458C-95
l.437788 0.2430-02 1.83953 0.16930-05
l.715401 0.3390-02 1.5€6125% 0.18%20-05
2.715791 0.4590-02 1.36C92 G.20260-05
24340529 0. 6060-02 1.21582 0.226G0-05
2.691973 0.7810-02 1.12420 U.24010-05
3.0713987 0.983C-02 1.C6334% 0.25010-05
3.433010 0.1210-01 1.02614 0.2562C=05
3.9275172 0.147D-01 1.01C41 0.25940-05
4.4uB4all 0.174D-C1 1.CJ2303 0.26C7C~05
©.923486 0.224D-01 1.CC065 0.26110-35
5.491C09 0.2370-01 1.C2LC9 C.26120=-05
6.095414 C.2720-01 1.G0Ca1 G.26120-05
6.1576415 0.3110-01 1.0u000 0.2612(-05
T.46523% 0.3520~01 1.CC03C 0.26120-05
8.,239073 0.3970-01 1.022C0 0.26120-05
9.071730 0.445D0-01 1.0v00C 0.26120-05
9.972332 0.4980-01 1.C00%0 0.26120-05
10.946423 0.5540~01 1.00¢C0C 0.26120-05
12.2C0300 0.6150-01 1.CL00¢ 0.261G0~05

[-N-X-N-N-N-J-R-Y-N-N-N-N-N. ¥-X-N-¥- XN T

QOO COOCO0O00QOOON0COOOQD

ETA Y/L z IN TEMP T/TE TN cP/CY RHD
0.2 0.0 0.8728T7T1 0.023179 0.5399870 03 0.6614720-01 0.2764050 00 1.415224 0.4801170-04
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Ce160349 0.8000-04 0.877C22 C.028411 0.916348D0 03 0.1122500 00 0.2974400 00 1400717 0.2824450-04
0.333782 0,2150-03 0.882361 0.,032887 0.134984D0 04 0.1653520 00 0.313854D 00 le374086 0.1915630-04
0.5213¢8 0.421D-03 0888912 0.036751 0.1842070 C4 0.225T220 00 0.3279020 00 1349549 0.1399940-04
0.724260 0.7180-03 0.896733 0.049191 (.2406020 C4 0.2944870 00 0.3514900 00 1.339618 0.107C670-04
0.943709 0.1130-02 0.9G5%03 0.043166 0.3047800 06 0.3733480 00 0.3652820 00 1.324375 0.8423330-05
1.181J¢4 0.1690-02 0.916441 0.645320 0.3762950 C4 0,4609530 00 0.3692150 00 1.311971 0.6802240-05
1.437783 0.2430-02 v.928239 Ced46163 0.4531790 €4 0.5551340 00 0.3598930 00 1.303143 0.5629520=05
1.715461 0.339C-02 0.94)578 C.065060 0.532254D C4 0.651754D 00 0.3318380 00 1.297873 0.4777500-05
2.015761 0.4590-02 0.954C69 0.J4154T7 0.6)81470 C4 0.74649660 00 0.23556140 00 1.295328 0.416484N=05
2.340629 0.46%60=02 2.9¢6670 0.035591 0.6701230 04 0.8282350 00 0.2257530 00 1.294261 0.3733020=-05
2.691313 0.7810-02 0.977839 0.027613 ©0.7313¢30 04 0.895903D 00 0.1606860 00 1.293664 0.364C420-05
3.071747 0.983D-02 0.986777 0.019424 0,.7713150 04 0.94486430 00 0.1C0S1CO 0D 1.293113 0.3256150=05
3.483J10 0.1210-01 0.993CS6 0.011837 O0.7963370 €4 C.9754950 00 0.5359250~-01 1.292613 0.3146410-05
3.927572 0.1470-01 Je955942 0,006120 0.8CP54D 064 0.991563D 00 0.2344970-01 1.292255 0.3J92150-05
4.403411 0.1740-01 0.953854 0.0025S54 0.8149690 C4 0.958318D0 00 0.8025930-02 1.292057 0.3069580-05
%.928686 0.224D-01 0.96969C 0.C30B62 O.8167300 04 0.1€0048D0 01 0.201991D=-02 1.291972 0.3262290=-05
5.491300 0.2317C-01 0.999937 0.000Z12 0.8171280 04 G.10CC96D OL 0.3441660-03 1.291945 0.3160550~C5
6.0994164 0.2720-01 0.999992 0.00C535 2.8L71850 04 O0.1C01030 01 0.3547620-04 1.291939 0.3J£023D0-05
6.157475 0.311C0-01 0.959999 0.0000046 O0.8171900 04 C.1001G40 O1 0.1941660-05 1.291938 0.3J56C31D0=-05
Te469234 0.3520-01 1.0C000¢C 0.006C0C0 0.81l719G0 04 0.1001C4D 0L 0.6096610-07 1.291938 0.7060310-05
8.239)11) 0.39170-01 1.000020 0.002000 O0.817190D 04 0.100194D 01 0.1762870-28 1.2919138 0.3J60310-05
9.071730 0.4450-01 1.9003CC ~C.0000C0 0.81719C0 €4 C.10CLG4D 01 0.134834D-10 1.291938 0.3360310-05
9.972132 0.4930-01 1.5a800¢ 0.00CCQ0 ©.8171900 C4 0.100104D 01 0.4583811D0-11 1.291938 0.3060310-05
10.946423 0.554D-01 1.0C0000C 0.0(0CCO 0.817190D C4 0.10C104D OF 0.1077590-10 1.291938 0.3260310-05
12.3C0J0 0.46150-01 1.0C0008 0.0 0.816342D0 Q4 0.100000D0 0} ~-.2921670-02 1.291933 0.3060310-C5

(13 Y] sadss L i L]

$ = 0.3G00000-0L ~ $/REF= 0.3600010 00~ 2 & 0.5341950-02° "~ Z/REF= 0.6410370-01° ~ - ;
R = 0.2935620~08 R/REF= 0.352276D 00 DX = 0.2C0000-01 NIT = 5 PHI = 0.0 DEG.
Xl = 0,100928D-12  OXI = 0.99537TD-13  DXOXI= 0.793204D 11  CWALL= 0.2842000-01

DIMENSIONAL EOGE PROPERTIES

PE = 0.372894D 02 TE = 0.7840020 04 UE = 0.2091990 04 VE = 0.0 MACHME = 0.4818000 00
DPEDX»=0.317718D 14 OTEOX==0,.190850D 16 DUEDX= 0.548471D 16 OVEDXw» 0.0 RHOE = 0.2769030-0%
DPEDN= 0.0 OTEDW= 0.0 DUEDW= 0.0 DVEDW= 0.0 *  RHOEMUE= 0.6992890-11

LCCAL EDGE REYNOLDS NUMBER =0.63881450 02

NONDIMENSIONAL BCUNDARY LAYERS PARAMETERS

CFXINF= 0.7561340-01 CFXEDG= 0.277550D 00 CFWINF= 0.0 CFHEDG= 0.0
CHEDGE= 0.1547750 00 CHINF = 0.215186D GO STEDGE= 0.1013900 00 STINF = 0.1409640 30
Cw ==0.6920050-01 CHIMAX= 0,2312810 01 .

DIMENSIONAL BOUNDARY LAYER PARAMETERS

LONGITUDINAL SKIN FRICTICN= 0.168174D 01 PSF DELTA*(X) =w=0.5514580=03 - THETA(X)} = O-Iih3570-02
TRANSVERSE SKIN FRICTION = 0,0 PSF DELTA®{PHl )= 0.279408D-01 THETA{PHI)= 0.0
WALL MHEAT TRANSFER RATE ==0,422624D 02 BTU DELTA (FT) = 0.6595110-02

99-9L-81-203v
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S/REF

0.0

0.1200300
0.3600010
0. 7432090
0.1223210
0.1463210
0.1583210
0.17932190
0.1943210
0.2363210
v.230322D0
0.2423220
0.268322D
0.2543220
0.2663220
0.29063220

00
0
00

ol
¢l
Gl
ol
[

01
Gl
]}
o1
91

0.0

0.100€000-01
0.300€000=-01
0.61932390-01
0.101934D0 00
0.1219340 vO
0.1319340 0O
0.141634D0 90
0.161%340 CO
0.171634C Q0
0.191%34D 00
9.201634C 00
V.206534D 00
0.2119340 00
0.221%34D0 00
0.2419340 00

CFXINF

0.0

0.3564510-01
0.756134N=01
0.9255370-01
0.4612770-01
G.26J5950-01
0.1533990=C1
0.1179910-01
0.5652170-02
0.7412870-02
0.5722300-02
0.225¢380-02
0.3129320-92
G.3182370-02
G43002290-02
0.2551330-02

STINF

0.1469000 00
0.1717510 00
0.140964D 00
0.8645050-01
0.2637580-01
0.1071250-01
0-829625D~02
0.69C044D-02
0.5489660-02
0.4715320-02
0.3657580-02
0.2282820-02
0.2365530-02
0.2275700-02
0.2056620-02
0.1650340-02

PRCPERTIES AT THE WINNWARD STREAMLINE

Qw(0IN)

=0,4402850
“0.5148960
=0.4226240
=0.259254D
=0.7944990
«0,.323893D
=0.251016D
-0.2088600
=0.1660420
=0.1431650
=0.1110760D
=0.696C95D
-0.7213310
=0.693903D
=-0.6272000
-0.503389D

QN/QUSTAG

0.1000000 01
0.1169460 01
0.959888D 00
0.58838310 00
0.1804510 00
0.7356430-01
0.5701210~-01
0.4743740-01
0.3771240-01
0.3251640-01
0.2522820-01
0.1581010-01
0.1638330-01
0.1576170-01
0.1424530-01
0.1143320-01

IWALL

0.873266
0.872871
0.867531
0.856029
0.694588
0.561653
0.536180
0.524129
0.418521
0.414790
0.404446
0.263168
0.259662
0.257781
0.2541742
0.247057

§5-SL-"H41-003V
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APPENDIX VIII
LISTING OF THE COMPUTER PROGRAM

Following is a listing 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.
A1l formats are gathered at the end of each subroutine.
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1

PRCGRAM MAIN KA IN
IMPLICIT PEAL®8(A~H,0~-2) MAIN
REAL®8 NGSE MAIN
CCPMCN JASSVAR? 1FL.KAL o MAIN
CGPMUN /BLUNTY/ ZiC1Ju} +XBC10CIRACICO)PEBILO0),UEBLI00D) +TERL2I0) MAIN
LXMBCI0U) ¢ NELUNT 4 EHEDGE fARPLIE,ABLPLL MAIN
CCPFIN JCONVRGZ CTNVONITIZNITZ4,RIT3NIT MA TN

CCPHLN JDEPVERS FL241uled ) FNL2:100430,30G12410143),6M02,0G1,3),T82,MAIN
310043)¢THI2510003)e2120000e3)e70t2o10023)0,CULN13,CNUEDLD,YILOL),YCHAIN

2LC101),KCRCEC101) MATN
COPMON ZFINDSFZ ACROLD.BRELD1I,B01C1},CCI000),00(100),00101) E{I01IMALIN
13.CP1 MAIN
CCPFHCN JFRSTPMS FHOINFPINF,TFSqUFSsRyPRL ¢QyXMA MAIN
COPYEN FGEGM/ ALPHAGTHETAC shCSEFNUSE dLST o X XX WX MAIN
CCOVPHEN ZIMJECT/ LIRJCTohLINJGGAS2,CI.OL 4 MASTRN HAIN
COVMIN ZINTEGLR/ TE IV e KEND oKENC29KLX ¢ KoL e NBLNT 1o INDoKPRT4LPRT KPRy MAIN
ILPR MA 1M

CCVMCN /PLECCFZ Au(1013.200101),A2(101),A3(0010,A40101},A450101) MAIN
CCPMIN /PLOTS/ PLUTHKPLOTL &) JLPLOT(4 ) 4KPRFLI&) JLPARFLEG) JNPTS (4,2) MAIN

CCFMECN /STAGZ PSTAG,TSTAGePNCChSTAUL JHSTAG 4HE MAIN
CCPMCN /SURFAS/ CAALL oCWINDoPEWIND ¢VWALL s TRALL ¢ XTWE500) ¢ TWX{ 530) ¢ XMAIN
BCIA5CO0) ¢ CIXIS5CO) ¢ MALLL o TCOMA ¢KCI o KTHW MA IN
CCVMLN JTHMPRIR? TEMPL1IO01),TCTEC10L),TP(1D1),RTW,TB HA IN
COMMON /TRANSN/ KTRANS KCNSETeXIF CHIZ2(101),CHIMAX,XBAR MAIN
CCVMOCN /TRILITZ ASTARGAKSTAPGALAMDA, YSURL ¢EVSCTY(101),PRTLEDYLAWEMATIN
IPLUSEILY),ALET,LAUTRS RAIN
COPMCN JUNITI0/ DXINVSDISK MAIN
COPMCN /WSOLVEZ Ca MAIN
CCPHIN /XICORL/ X1oXXTCX]1XIMLD,CXDX1 .DXDXX] MAIN
CCPMON FXSULVE/ XS5TAL10C) ¢CAMAXUN,OX LD+ DXL NSOLVE MAIN
CCPHMCN FICCORG/ FTAINFLETAFAC,LTAILOL)DETVALLOL) ADTESTKADETA MA IN
DATA ARDLYES/2H Gy 2HYF/ MA TN
DEFIKE FILE 6(61464T2¢LeiFL)410Ll464T724L¢KBL) MAIN
CALL InPUY MAIN
IF (CISX.EQ.ANC) GO TD 10 MA SN
KEAD=KEND2 MAIN
CalL CISKIN MAIN
REWIAD 10 MAIN
CCAT INUE MAIN
CaALL 1In1TY MAIN
CALL AERD MAIN
CALL DuTl MA IN
CALL CCATRL MAIN
IF (PLETY.EQ.AND) GO TO 20 RAIN
EAD FILE 13 MA IN
ENC FILE 14 MAIN
END FILE 15 MA In
ENE FILE l6 MAIN
RERIAND 13 MAIN
RERIAD 14 MAIN
RENIMND 15 MA LN
PEWIKD 15 MAIN
CALL PLOTER MA TN
sI0P MAIN
END MAIN
SLBRCUTINE ABCDEF (W) ABCO
IMPLICIT REAL~JD(A=HyN=—-2) ARCO
REAL*8 NUSE ABCD

CCFMIN /FINDIF/ A(1013,88(101)4B€101),CCL10L)4DDI10L),D(101),ELL10L1ABCD
10 ¢Ck] ' ABCD
CCFFMCN JINTEGRZ 1E2I1MeKEND ¢KENT2oKLX KK oLL ¢NBLNT1 4 INDoKPRT4LPRTKPABCD

IRLLPR aBCo
COMMCN /PDECCF/ AQLION)¢AL(1010,A2(L010s031L20),A41001),A5{10L) ABCD
COPMIN ZWSOLVE/ Num ABCD
COFMCN ZXICORDZ XL oXXEoDKI +XIOLDCXDXILUXOXXI ARCD

CCPMCA FICCORE/ ETAINFGETAFACSCTAILOL)DCTACLIOL)+ADTEST ,KADETA ABCO

180
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DIMEANSION W(2,101,3)

SUBRCUTINE ABCDF CALCULATES THE COEFFICTENTS OF THE GOVERNING
EQUATICNS IN FINITE~DIFFERENCE FORM

Is]
K=2

1F (KK .EQ.1.AND.LL.EQ.1) GC TO 60
IF (KK.EQ.1) GO TU 40
1F (LL.EQ.1} GG TO 2C

COEFFICIENTS FOR THE GENERAL CASE

00 10 J=2,1IM
DETAY=ETA(JS1)=ETA(IIGETAFACO®2%(ETALJ)~ETA(I-1))
DETAZ=(ETALJ*L)=CETA(J)}S®24ETAFACLETA(J)I-ETALI=1) )02
A(J)=CR[=12,0DO*ETAFAC®AGIJ)/OETA2-E TAFALC*=25ALLJI/DETAL)
CCUJI=CRI®{2.0GUC*AJLJI/NETA+AL(I}/DETAL)

AEDC-TR-75-55

ABCO
ABCD
ABCD
ABCD
ABCD
ABRCD
ARCD
ABCD
ABCD
APCD
ABCD
ARCD
ABCL
ABCD
ABCO
ABCD
ABCD
ABCD
ABCD
ABCD

BB{JI=CRI* (-2.0C0%{)1.OCO+ETAFACI*AOLJI/DETA2-{1.0D0-ETAFACH*2)#A) (ARCD

1J)/DETALLe22(8))
BlII=HBI{J) +44(J}/DXT+A5(J)/2.C0C/0W

A3CD
ABCD

OD{JI==(1.000-CPIJ/CRI*CALIISWIT  J=] K)eRBLIISWL] I XKD ¢CCLII*RET L JACCD

141.:K))

A3CD

ClJI=DDIII=A3(JI¢A4LIIONL I 4 J K D/DXT4ASTI)ISldlI ¢l JeK=1)=WI1yJoKe1}AZCD

JeM(14JeK)1I/2.00G/70DW
CCAT INUE

RETURN

CORT INUE

COEFFICIENTS FCE THE STAGNATICAM LINE

I=2

K=}

DO 30 J=2,1IM
DETAL=ETA(J+1)~ETALJISETAFAC*2 23 (LTALJ)=-ETA(J-1]))
DETAZ=(CTAIJ41)=~STALJ)va 2¢ETAFACOLETALI)=FTALI=] ) )oe2
AfJI=CRI*({2.0D0*ETAFAC*AGIJ) /CETA2-ETAFALCH=22AL(J)/IDETAL)
CCLII=CRIF{2.COLYAQLII/LFTALZ#AL(J)/LETAL)

A3CD
ASCOD
ARCO
ABCD
ARCO
ABCD
ABCOD
ABCD
A8CD
AQCD
ABCO
Anco
ABCO
AnCOD

BBIJ}=CRI* (~2.0C02 1) . 0D0+E TAFAC)I®ADIJ) JUETA2=L 1,0DO-ETAFACH*2)=AL(ASCD

1J)/DETAL+A2(LU))
BlII=BHII}+A5(I)/Nw

43CD
4RCO

DlI)==23 (I 14250 )*NET 4JoK)/DW=(2.0DC-CRIJ/CRIS(ATII*NL ] J=1sKD)SERIANCD

1J)ewil s JeRISCCEII®NETde] K] )
CCANT TRUL

RETURN

CCATINUE

CGEFFICIENTS FOP THE WINDWARD STREAMLINE

I=1

K=2

DO 50 J=24 1M
DETANSETACJ+L)I-ETAL I ¢ETAFACSR 29 {EFTALJI-ETA(J=-1))
DETAZ2=(CTAIJe L =FTALJ))**24LTAFAC*(LTALII-ETA(J=1) )22
AfJI=CRI*{2.CCC*EVTAFAC*ACI ) /DETA2-t TAFACH 420 IJ)/NETAL)D
CClII=CRI*(2.CCO*ADTII)I/DETAZ¢ALLI)/LETAL)

ABCD
ABCO
ABCO
A3CD
ABCO
ABCO
ARCOD
ABCOD
ABCD
ARCD
ASCD
ARCD
ABCOD
ARCD

BBIJ)=CRI*{-2.C00%11.000+ETAFAC)*AO(J)/DETA2-(1.000-ETAFAC**2)*A](ABCD

1J)/DETAL¢A2U))
BlJ)=BR{J)¢A4(J)/CX]

ABCD
ABCD

DEJIo=(1.0UC=CRIN/CRISTASIIOWELyd=1K)¢BBLIIDIOWIT 4 J oKD eCCLIDN*N{1,J+ABCD

LYoKEDAGEIIsWI T4 JeKD/DXI=A3(J)
CCANT INVE

RETURN

CCNTINUE

OeCe.E. COEFFICIENTS FOR THE STAGNATION POINT

DO 70 J=2,1IM '
DETAL=ETALJSL)—ETALJI¢ETAFACS»2¢(ETA(J)~ETALJ~L))
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10

20

30

DETA2=(ETALJ*1)-ETALJID)on20ETAFAC*(ETAIJ)-ETACJ=1) )82 ARCD
A(JI=2.000¢ETAFACSAOLII/LETA2~ f!AFAr:.Z'Al(JlIDLTAI ABCD
CC(J)=2.0D0ACII) /DL TA2¢AL{II/DETAL ABCD
B(Jl--Z.ODO‘II-OD)O:!AFACI'ACGJIIDLIAZ-(l.ODO-ETAFAC"Zl'AlIJiIDETAHCD
LAL+A2¢J) ABCO
OtJi==4831J) ABCD
CChT INUE ABCO
RETURN ARCOD
END ABCD
SUBRCUTINE ADDETA (TST,ASYN,ETACLD) ADETY
IMPLICIT REAL®8LA-H,0-1) ADEV
REAL*8 NOSE ' ADEY
COFMCN /DEPVAR/ F(241G1¢3) oFN(2,10143)¢682,10043),GN(2,101+3),T{2,ANET
210143)4TNI2,100+3)0202s10043052N(2¢10193),CL1000,CNILILD4YULOL) YCAGET
2L(101),KORCELLOL) ADEY
CCPHCN JGECH/ ALPHAy THETAC JNCSESRNUSE ¢ WLST Xy XX¢ WX ADEY
CCFMCh JINTEGR/ EF g EMoKEND9KEND2 o RLX (KoL o NILNT 1 INDoKPRT 3L PRT (KPR, AGET
ILPR ADET
CCPHCN /SOLPAT/ CwillOL)sCNWELOL) o VWEIDL) 4GWEI0L)» THWIL1IL)4GWNILOL) ,ADET
LENKCLIOL) o F 100 ) o TwNCLOL Y o Zn 131D g ZWNELSL 1 o X W sDXCXIW s X o R ADET
CCPMON /XSCLVE/ XSTA(L1UU) ¢DXPAX,DX4UXOLD DXL NSCLVE ADET

COPKCN /2CCOFC/ ETAINFoETAFACSETANIIL1DY ), OETADCICL I 4ADTESTLKANDETA ADET
DIKELSION FYA20131)s USTA2{101)y Cw2(LUL)y VWZC1DL)y FA20101), GWZAOET
101010y TwW20(1C1)y F2AULOLDs F2E(IUL), F2CCLOL)y G2ACICL)y G2B(1O1),ADET

2 62C(1C1)y T24015L1, T23(1010,s Y2C(101) ADET
DEPERSION F2COLC1), T2CE1T1), G2DELCL1), ETALLDO1D ADET
DIFPENSION 2w2€101)s Z2A(101), Z2BE1GLE, Z22CE10L}s Z2CELO1L) ADETY
DATA BLUNT ;SHARP/SHBLUNT ¢ SHSHARP/ ADEY

ADET

ADEY
1€2=(1E-10/2 ADET
IF 11587.67.2.00C) GG TC 20 ADEY
IF {1S8T.EQ.2.000L} GO TO 10 ADET
ETIIN2=1.,1COSETLINF ADET
GRITE (64290) XyETAINFLETAINZ ADET
GC TC 30 ADET
EVAIN2=0.900%ETAINF ADET
WRITE (603C0) XoFTAIKFOETAIN2 ADET
60 IC 30 ADEY
ETAIN2=ETA INF ADEY
BRITE (64310) XoETADLDoETAIN2,TST ADEY
6C 1C S50 ADET
CCATINUE ADEY
IF (LTAFAC.E0.1.CC0) DETAL=ETAIN2/DFLOATIIN) ADET
IF (ETAFACOMNEL].T00) DETAL=CTAIN2%(ETAFAC~1.0D0)/C(ETAFAC®*[M=-]1,COCADET

1) ADEY
DEVA2(1)=0.0D0 ADET
DETA2(2)=DETAL ADET
E1501)=0.000 ADET
EYA2(1)=0.0D0 ADET
EVA2(2)=0CTA2{2) ADETY
D0 40 k=2, 1IM ADET
DETA2IN+1)=DETA2(N}=ETAFAC ADET
ETA2(NS1)aETA2(NDISDETA(NL) ADET
EYALL)=ETACIN) . ADETY
CCATINUE ADET
EVA2(IEI=ETAINZ ADETY
ESACLE)=FTAIKF ADET
60 TO 710 ADET
CCATINUE ADET
JF (ETAFAC.EQ.1.000) DETA)=ETACLD/OFLOATL M) ADET
BF {ETAFACNE«1.000) DETAL=ETACLD® (LTAFAC-1,000)/(ETAFAC*¢[M~]1.000A0EY

1) ADET
DETA2{1})=0.000 ADET
DEYA2L2)=DETAL ADEY
ETA211)=0.0C0 ADETY
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ETA(11=0.0D0 ADET 58
ETA(2)=DETA2(2) ADET 59

DC 60 N=2,1M ADET 60
DETAZIN®L1 )=DETA2IN)*ETAFAC ADET 61
ETA(NCL)=FTAIN)*DETA2IN]) ADET 62
ETAZ2(NI=ETAODIN) ADET 63

60 CCATINUE ADEY 64
ETACIEN=ETACLD ADET &5
EVA2UIE)=ETAINF ADET 66

70 DO 170 N=1,1E ADET 67
IF (ETA21N).CELETAGLD) GO YO 160 ADET 68

J=0 ADET 69

82 JuJel ADET 10
JF LETA2(M).GTL.ETALJ)) GO TO 8C ADET T1

IF tJelTa2) =2 ADET T2

IF (JeGTtIE~1}) J=1E~} ADET 73

If {157.67.2.00C) GO TC 100 ADEY T4

CALL INTERD (ETA2(N)+ETAIJ=1)oETACJ) JETALJI#L)oCW(J=1),CHIJ),CWIJH+1IADET 75

1) CWH2INY) ADET Teo

CALL INTER3 (ETAZIN} ETALJI=L)4ETALJIJETALI+L),VA{J=1],VW(J) ,VWIJ¢1ADET 77

1) o VH2(IN)) ADET 78
CALL INTER3 (ETA2IN)ETALJ=L)sETALJI ETALJ4L )4 FWIJ=1),FWLJ) FWIJ*IADET 179

1) oFN2(N) ) ADET 80

CALL INTER3 CETA2(NI s ETALJI=L)oETAIJ) dETALI*1 Do TulJ=1),TWIJI,THIJEIADET 81

1) TH2(N)) ADEY 82

CALL INTERI (ETA2(IN)¢ETA(J=1)oETACJ) cETACI*1)o2WIJ=-1),2HJ),ZWNIJ41ANET B3

1) ZN2IN)) ADEY a4

IF (GMtl1E2).£Q.0.0CI) &C TC SO ADEY &5

CALL INTERD (ETA2(N)oETA(JS=1)oETAIJ) JETALI#L),GulJI~1),6W(J),CHEJELIADET 86
1).:GW2IN)) | ADET 87

<0 CCATINUE ADET a8
190 IF (T15T.EQ,3.0DC) GO TC 120 ADET a9
CALL INTER3 (ETA2UNIETACI~1)oETACI) oETALI*1},FlLl,J=103)eF(13Jy3),ANET 90
BFELoJde1,3),F2CINDDY ADFT 91
CALL INTER3 (ETA2(NDoETAIJ=L1)oETALIIYGETALI4L),TULod=1,30,4T01eJy3),ADET Q2
ITULJ41,43),72CKIND) LDET 93

1F (G6{1,3E2,3}.50G.0.0D0) GO 10 110 ADET 9%

CALL INTERI (ETA2IN)¢ETA{JI=L)oETALJ)SETALI®L)4GlLod=1,3)4GEleJs3)ADET 95
JGU1eJ4143),4G2CIN)) ALET 98

110 CCATINUE ADET 97
CALL INTER3 (ETAQUIN)sETA{J=1)sETALJ) oETALI®L)o21LsJ=143)4Z80eJs3),ADET 99
JZ41¢2¢1430,22CIN)) ADET 99

120 IF (T157.GT.2.0C0) GO ¥C 150 ADET 120
CALL INTERI (LTA2IN) oy ETACI=L) ETAUY) dETELI#L) ,FU24J=01,2)9F24042),ADLT 121
QF¢ZeJ41,2),F2D(N)) ADET 102

CALL INTERI (ETA2(N)oETACI=R)oETAIS) ETALI 1} TC20J=1,234T(25J42)ANFT 103
RTC2,J¢1,2),72DLAD) ADET 104

IF (G(241F2,2).£C.3.0CC) GC TO 130 ADET 135

CALL INTER3 (ETL24R)GETACJI=1),ETALJ)oETALI®1)4Gl29J~142)9G22J92)4ANET 136
16€2+0¢1,2),G2N(N)) ADET 1C7

130 CCATINUF ADET 1308
CALL INTFR3 (ETA2(NDJETAIJ=1)oETALJD sETALICL) 0 2024J=112)021200,2)4ADCT 129
12€02,0¢1,2),220(N)) ADET 119

CALL INTEK3 (ETA2(1)sETALI=1D)sETALI) oFTACICL) o FLl2:4J=141),FU29Js1),ANET 111
LFE2:Jd¢1,1),F2A4(N)) ADET 112

CALL INTEFR3 (ETA2U(NDsETACJU=1)oETA(J) »ETALJ41) ¢ T(2,J=1,L)3T02¢Je1)4ADET 113
ITL24J40141),T2A10)) ADET 114

CALL INTER3 (ETAZ(NIyETAIJ=13,ETACIIoETALI#1D4202,0-141)42025J51)4ADET 115
1282404111 :22A1N)) ADET " 116

IF (Gi{2,1£2,1).0C.2.,0CEC) GC TG 140 ADET 117

CALL INTERZ (FTAZINIZETALJ=LloETAUJ) o ETAGJ LY sGl250=140)4G(2sJs1),ADET 118

. JGU24Jd01411,G2A10)) ALET 119
140 CCATINUE ADET 120
150 IF (TST.EQ.4.000) GO YC 170 ADET 121
CALL JATER3 (ETA2{N)oETACJI=1)}ETALY) fETAGJ41) oFl1ed=1,2)4F{1:2d,2) 4A0CT 122
IFT14J4142),F20IN) ) ADET 123
CALL IATLR3 (ETA2UN)SETALJ=1)ETALJ) oETALJ LD s TULod=-142)sT(192,2)4ANET 124
1TELeJ¢1+2]1,T2RIN)) ADET 125

CALL INTUR3 (ETA2UIN)oFTAIJ=L)oETACJ) dETAUJ#LD 2010014209201 sJs2) ADET 126

128 0ed0142),22B1iN}) ADET 127

IF (6t1,]E2,2).Eval,0D0) GO TN 170 ADET 128

CALL INTEH] (ETAZ(NIoLTALJ=1)eETA(I)aFTALI®1D4GlLed=142)+G{1,pJs2) 4ADET 129
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L1602 J¢1,2),G2BIN}} ADET 130
G0 7C 170 ADET 131
160 CW2(N)=1.0D0 ADET 132
Vw2t )=vuile) ADEY 133
FH2(N)=1,000 ADET 134
Gh2i{N)=GWLIE) ADEY 135
Tw2(N}=1.0C0 ADET 136
Iw2(N)=1.,D0 ADET 137
F2a(N)=1,.010 ADET 138
F2BIN)=1.CD5 ADET 139
F2CiN)=1.000 ADET 140
F2Ctnd=1.00C0 ADET 141}
G28INI=G(2,.1E,1) ADET 142
G2CINI=sGIL 1E,3) ADET 143
G2B(NI=GILsiEs2) ANET 144
G2CINI=GL2,41E42) ADET 145
T2BI(N)=1.0D0 ADET 146
T2CIN)=1.0C0 ADET 147
128(N)}=]1,000 ADET 148
Y2C(N)=1,000 ADET 149
12A(N)=1,.0C0 ADET 152
I2BIN)=1,0D0 ADETY 151
22CIN)=1,.GDO ADET 152
I2CIN)=1,.CCO ADET 153
170 CCNY INUE AUET 154
BF CYST.NE.2.CDC) GO TC 180 ADET 155
CN2(1E)=1.000 ADET 156
FR2(1E)=]1,C0GC ADET 157
GW2( JE)=GW(]E) ADET 1%8
Th2(IC)=1,000 ADET 159
220 1EN=1.000 ADET 160
F2A(1L)=1.000 ADET 161
F2BCIEI=]l GO0 ) ADET 162
F2CL1C)=1.0DC ADET 163
F2CL1E)=],0N0 ADET 164
G2A¢1C)=GL2,1E41) ADET 165
G2BLIc)=GU1l,1E,2) ADETY 166
G2CIIEI=Gl1,1E.3) ADEY 167
G20C 1L )=G12,1E+2) ADET 1¢9
T28(1E1=1.000 ADEY 169
T2BL1E)s1.C00 ADET L0
T2CL1E)=1.GDC ADET 171
Y2CtIE)=]1.000 ADET 172
Z2AL1EY=) . LLC ADET 17}
22BC1E)=],.CDG ADET 174
22C41€)=1 .00 ADET 175
22CL1€E)=1.000 ADET 170
189 CCOMTINUE ADET 177
EVAINF=ETYAIN2 ADEY 173
DC 230 J=1,1L ADET 176
IF t187.67.2.0UC) GU TC 190 ADET 18
EVAGLJUI=ETAZ(Y) ADET 181
DETANLJI)I=DETA2(J) ADET 182
CulJ)=Cw2( ) ADET 183
VNt I=va2(J) ADET 184
FulJI=sFu20 ) ADET 185
NI I=Tw2(J} ADET 1a6
IntJi=Zu2¢J) ADET 187
IF {Gu{IE2).EQ.0.UDQ) GO 10 190 ADET 188
GHEJII=Gu2¢ J) ADET 1aA9
190 IF (TST.EQ.4.000) GO TC 200 ADET 190
Flledo2)=F281J) ADET 191
Tl1:sd42)=212P1J) ADET 192
21 392)=2281J) ADET 193
IF (G(1,1E2.2}).{0Q.0.000) GO TO 200 ADEY 194
Glledy2)aG28LI) ADET 195
200 IF (1S7.6T7.2.0D00) GO TG 210 ADET 196
Fl24Jd,10=F2ALU) ADET 197
Tl2+d411=T2400) ADET 198
21293920 =22A0J) ADET 199
IF (G{2.1E2,1).E0.0.CD0) GO TO 210 ADETY 200
Gl2.3410=62A0J) ADET 201
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210 1F (7S7.£0.3,000) GO 10 220 ADEY 202
Fllede3)oF2CtY) . ADET 203
Tilede3)=sT2CCI) ADEY 204
241ed431=22CMY) ADET 205
IF (6t1,1€2,3).£0.3.CD0) GO TO 220 ADET 206
Glleds3)=62C1LJ) ADEY 207

220 IF (TST.GT.2.,C0C) GO ¥G 230 ADET 2903
Fl2,J+2)=F20LJ) ADET 2069
Ti24J2)=T201J) ADEY 210
2l2:d92)=220L ) ADET 211
IF (G(2+10242).89.0.G00) GC TO 230 ADET 212
GlZyJe2)=C2D00J) ADET 213

230 CCATINUE ADET 214

. IF €Y5T.67.2.000) GO TC 240 ADET 215
CALL DERIV (CwyETA2,3C,14ChW) ADETY 216
CALL DERIV (FWsETA2,1E,L4FuN) ADETY 217
CALL DERIV (TheETA2,JEsleTwAN) ADET 218
CALL DERIV (IwyFTA2/1Eyle2hN) ADET 219
IF (GWCIE2)oNE.VCUN) CALL DERIV (GwoETA2,1E4] 4GWN) ADET 220

240 IF (1ST.EC.4.COC) GU TC 250 ADET 221
CALL DERIV3 [FelecsETA2,1F¢1,FN) ADET 222
CALL DERIVI (T41,2/ETA2,1E41,TN) ADET 223
CALL DERIV3 (2¢)+24ETAZiIEsLeIMN) ADET 224
IF (GL1ly1E292)ME.O.CCI) CALL DERIVI (Gols2,ETA2, IE41,GN) ADET 225

250 IF (¥57.6T7.2.C0C) GO IC 260 ADEV 226
CALL UERIV3 (Fe291sETAZ,1EsL4FN) ADET 227
CALL DERIV3 {To2+1¢ETA2)BEL4TA) ADET 228
CALL DERIVI (24291 eETR291E41,IN) ADET 229
JF (G2, IE24))¢NE.Q.UCO) CALL CERIV3 (Ge2,1+4ETA24IC410GN) ADET 230

260 IF (TST.EQ0.3.8CL) GO TC 270 ADET 231
CALL DCRIV3I [Fy1434ETA2,1E41FN) ADETY 232
CALL DERIV3 (Tel,s3+¢CTA241E41,TN) ADET 233
CALL DERIV3I (Z41:3¢ETA2,1E91 42N} ADET 234
1F (GU311E2+3)1E.C.000) CALL DERIV3 IGyls34ETA2,IE 1 eGN) ADET 235

270 IF (T57,67.2.000) GO TC 260 ADEV 236
CALL DERIV3 (Fo2,2¢ETA2yIE 4147 N} ADEY 237
CALL DERIV3 (Te2+24ETAZ LEs],TN) ADET 238
CALL DERIV3 (Z2,2:2+ETA2,IEeleZN) ADET 239
JF (G(241E242).NE.G.0U0) CALL CERIV3 (Gy242,ETA241E91,GN) ADET 249

2860  CCM) INUE ADET 241
RETURN ADET 242

c ADET 243

c ADET 244

290  FOFMAT (10X,22HETAINF INCREASED AT X=yF1N.5,13H OLD ETAINF=,F10.5ADET 245

1s234 NEW ETAINEE,F10.57) ADET 246

300  FORMAY {10Xs22HETAINF CLCREASED AT X=4F10.5,13H OLD ETAINFe=,F10.5ADET 247

1e13H NEW CTAILFa,F16,5/) ADET 243
310 FORMAT (10X,24HETACLD INCREASEC AT X = 4F10,5¢2X, 13HOLD ETAINF = LADET 247
1F10e592Xs 1 3HNEW ETAINF = 4F10a532Xo6HTST 5 4F4,1/7) ADET 250
END ADET 251
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AODOOOOOAON

10

40

60

SUBROCUTINE AERO
INPLICIT REAL®8 (A-H,0-1}
COMMCN /FRSTKR/ RHCIRF.PINFeTFS:UFSoR.PRL 0y XYA

AERQ
AERO
AERO

CCMNCN /POLYCL/ CPALRLIGI ¢CPATRHIG) 4ENALRLIG)SENALIRHES ) CMUALIRLBYAERD
BCHMUHECG) e DIFHE (G} o CMUARCE D} yUEFAPLO ) CPCO2L L6} »CPCO2HIG) s FNCO2LEE) 4AERD

2ENCO2HLL ), CMUCD2(0 ) s JIFCL210)

CCPMON /REF/ PREFGTREF AMUREF ¢REINF

CCFMEM /STAG/ PSTAGe TSTAG»PNCeCNSTALHSTAG,HE
COVMMCN JTHERMT/ PROP,VALUE

CCOMMCA /TMPRIRZ TEMP(L1011,T0TE(L0L)}.TP{LU1}+RTH,TB
DATA ROIN/4HEHOLZ/«PINZ4HPINF/

RHCINF IS IN SLUGS

PINF IS5 IN PSIA

PSTAG IS IN PSIA

PREF IS IN PSla

CP IN FY=22/S5EC**2/DEG.R

R IN FT>»2/SEC**2/DEG.R

UFS IN FT/SEC

THALL »TREF»TSTAG IN NEG.R
AMUREF 1S IN (LB6-SEC)/FTee2

R=1717.67020C

6=1.4D0

IF (TFS.EQ0.0.0M0.0R.TSTAG.EQ.0.G00) GU TO 10
G={ISTAG/TFS-1.000)192.GDO/XMA® 241 .( DD

G0 TC 30

I1F {TFS.£Q.0.0CC) GO TC.20
TSTAG=TFS*{1.GC04{G-1.C0u}/2.0DC*XHAR®2)

60 TC 30

TFS=TSTAG/ (L GDC+(G~1.C00) /2. GD0RXHARS2)

ASQ=G*R*TFS

UFS$sDSQRT L ASCoXMAs®2}

IF (PROPAELRCIND GO TC «0

RHCINF=VALUE

PINF=RHOINF*RSTFS/ 144 .C00
PSTAG=PINF/{]1.000¢(6~1.000)72.900¢XMAT*2,000)2%(=G/(G=1.0D0))
GC 1C 60

If (PRCP.NF.PIN) GO TO 50

PINF=VALUE

RHCINF=PINF* 144.DI/R/TFS
PSTAG=PINF/(1.0D0¢(G-1.C0Q)1/2.0D0%XMAS®2,0DD)¢(=C/(GC~1,3N0))
GG TC 60

CCATINUF

PSTAG=VALUE '
PINF=PSTAGS(1.CECe{G-1.0C0)/2.0002XMASS2,000)¢*(=6/(G=1.0D0)})
RHCINF=PINF®144.D1/R/TFS

CCATINUE

HSTAG=TSTAG*(G/(G=1.0D0) %R}

PREF=RHCINFRUFS**?

TREF=UFS#%2/R
AMUREF=2,27CL0*DSIRT ITREF ) #23.000/ {1REF+198.600) %1 .0D=08
AMUINF=22,270.*DSUSTITFS )%%3,.000/{ TFS+198 .6001%1,30-36
REINFSRHOIAF*UFS FAMUINF

RETURN

END

AERD
AERQ
AERO
AERQ
AERO
AERD
AERD
AERD
AERD
AERO
AERO
AERQ
AERO
AERO
AERQ
AER)
AERN
AERD
AERO
AERQ
AERQ
AFRD
AERG
AERD
AERO
AERO
AERD
AERD
AER)
AERO
AERQ
AERY)
AERD
AER)
AERD
AERD
ACR3
AERD
AERD
AERD
AERD
AERQ
AERN
AERN
AF RO
AERD
AERJ
AERQ
AERD
AERD
AERD

SUPROUTINE AEROPT (XoVsNoNPTS o XAXLBL o NXTCHR¢NXACHR sYAXLBLy NYTCHR (NAEPRT

1YACHR ¢y NCAL Lo NCURVE s JCURVE)

CCPMCN ZAXINFO/ IXAX1IS,IVAXIS

COFMGN ZEXPUNT/ LJLLG

CCHMCN /LEGLDBLZ LGNO. ISLHLIUNIT,KTITLE

CCFMCN /TITLFZ LADEL(20)

OIPENSIUN XxAXLBEL{L)}, YAXLBLI1)

DIFEASION X(5CU), YISLO)

DIPEASION XVALNGCLIL1)e XTIC(11l3, YVALNOUISO), YTICUSO)
DIPENSION YLOGES9),y, YLUGTCI9)
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AEPT
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AEPT
AEPY
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DIFENSION XLOGG(9), XLOGTC(9) . AEPT 11
DIMERSION AL9), B{9) AEPT 12
DIFENSIUN NPISL4) AEPT 13

AEPT 14

AEPT 15
JCALL=D AEPT 16
INTCNT=NPTSI]Y) AEPT 17
JCALL=JCALL¢) AEPT 18
FPIS=NPTS(JCALL) AEPT 19
IF (JCALL.GT.}) GO TD 130 AEPT 20
IF (JCURVE JECa1) IPTS=h AEPT 21

AEPY 22
INITRALIZATION GF X AND ¥ AXIS LIMITS AND LENGTHS AEPT 23

AEPT 24
GC TO (30,4C450.7009 IXaXIS AEPT 25
GC TO (80:90)s IYAXIS AEPT 26

AEPT 27
FIXED KNOWN LINEZR SCALE~=X AXIS AEPT 28

AEPT 29
XFINSD.O AEPT 30
XMAX=]1,0 AEPT 21
XALNTH=5.0 AEPT 32
G0 Y06 20 AEPT 33

AEPT 34
UNKNCWN LINEAR SCALE~~X AXIS AEPT 35

AEPTY 36
1JLOG=D AEPT 37
CALL MAX [ XehoXPAX NEXX NEXNDX) AEPT 38
CALL FMIN IXghoXMIN) AEPT 139
KaLhTH=5,0 AEPT 40
GC 10 20 AEPT 4}

AEPT 42
SEVI=LOG SCALE==X AX]S AEPT 43

AEPT 44
1JLCG=) AEPT 45
DC 60 I=],N AEPT 44
X{I)=ALOGIDIXII)) AEPY 47
CALL MAX {XeNyXMAXyNEXXoAhEXNDX) AEPT 43
CALL MIN (X NsXMIN) AEPT 49
XALAThEeS5,.0 AEPT S0
60 T0 20 AEPT SI

AEPT 52
FIXED KNOWN ANGULAR SCALE (0~180 DEGREES)=--X AXIS AEPT 53

AEPT S&
XMAX=3JBD.0 AEPT 55
XVIN=0,.D AEPT 55
XMLKTH=5,0 AEPT 57
6C 1C 20 AEPY &

AEPT 59
UNKNDWN LINEAR SCALE=-Y AXIS AEPT 2

AEPT 61
3JLOG=0 AEPT 62
CALL MAX (YoM YFAXJNEXY,NEXNCY) AEPT 63
CALL PMIN (Y, M, YVEIN) AEPT &4
YALNIHS6.0" AEPT &5
GC T0 110 AEPT &6

AEPT &7
SEVI=LDG SCALE=-=Y AXIS AEPT 68

AEPT &9
[JLOG=1 AEPT 70
BC 10U I=1.N AEPT T1
Y1) =ALCGIOLY(L)) AEPT 72
CALL MAX (YoM, YFAX,NEXY,ANEXNDY). AEPT 73
CALL MIN (Y. N, YML) AEPT T4
YALNTH=10,0/3.02.0 AEPT 75

AEPT 76
SET PEN AT URIGIN AND FINU THE COORDINATES OF THE LIMITS OF THE AEPT 77
PLOT AEPT T8

AEPT 79
IF {MCALL.GT.1} O YO 120 AEPT BJ
CALL PLOT (3.043.5,=3) AEPT 81
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120

ann

130
140

170

[~daXalal =Oaonnn

[a N2 Kol

200
210

220

230

CALL WHERE (XCRGIN,YORGIN)
XL 1Mo XORGIN¢ XALNTH
YLIM=YORG LN YALNTH

SCALE THE X AND Y ARRAYS ANC PLOT THE CURVE

XRANGL = XMA X~XMNIN
XSCFAC=XRANGE/XALNTH
YRANGE=YMAX=YM [N
YSCHAC=YRANGEF/YALNTH

D0 140 [=1,1PTS
XE1d=A{XtE)=XFINDIXSCFAC

Y4L) =Y {1)=YFIn)/YSCFAL

CALL PLLY (x{)),Y(1),3)

DC 150 I=1,I1P1S

CALL SYMBOL (XLI1),Y(I)e0ul3sJCALLC.0,~-2)
CCANTINUE

IF {JCALL.EQ.JCURVE) GC TO 170
JPTS=NPTSLJICALL+L)

DO 160 1=1,JPTS
IRTCAT=INTCATS)

X¢Q3=XUINTCNT)

Y{1)=Y(UINTCNT)

CCATINUE

GC 10 10

DRAW AXES STARTING AT CRGIN AND GOING COUNTERCLOCKWISE

CALL PLCT {XCRGIN.YGRGIN,s3)
CALL PLOT (XLIM,YIRGIN,2}
CALL PLOT (XLIM.YLIM,2)
CALL PLOT (XLRGIN,YLIM,21}
CALL PLLT (XCRGIN,YURGINs2)
6C T0 200

DETERMINE NUPBER OF CYCLES IF PLOY IS A LCG~-PLOY
¥ AXIS

NOIVY=YMAX=-YNIN
Dxs0.G5
YICINC=YALRTHINCIVY
ICCUNT=NDIVY+L

GO TO 310

X AX1S

NRIVX=XMAY=XFIN
DY¥=L,05
XTCINC=XALATH/NGIVK
JCCUNTaND I vXe ]

GC Y0 270

X AXIS TICMARPKS AND LABELS (FOR FIXED LINEAR OR ANGULAR SCALES)

GO TC (210,26C,190,220), IXAXIS
DY=0.05

INY=]]

XVALUE=XMIN

KVAINC=0.1
XVALUE=XVALUE=-XVAINC

GG TO 230

INT=?

DY=0.05

AVALLE®RXMIN

AVAINC=3N.0
AVALLE=XVALUF=XVAINC

D0 240 J=1,1AY
AVALUESXVALUE+XVAINC 5000005
XVALNI{J)=XVALUL +0.0
XTICtJ)=XVALULT/XSCFAC
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82
a3

as

a6

ar

a8

89

90

91

92

93

94

95
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CALL PLOT IXTICIJ),YORGINSDY,3}) AEPT 153
CALL PLOT {XTICIJ)YORGIA-DY,2) AEPT 154
240  CCATINUE AEPT 155
CALL PLUY {XCRGIN,YORGIN.3) AEPT 156
DY=0.4 AEPT 157
DXs0,.2 AEPT 153
NDECPL=2 AEPT 159
IF {1XAX]1S.EC.4} NDECPLE==]} AEPT 169
1F (IXAX!S.EC.4) DX=0.1 AEPT 161
DO 250 S=1,IANT AEPT 162
CALL NUMBER (XTIC(J)-OX,YORGIN=-DY,0s11,XVALND(J)y0.0¢NDECPL) AEPT 163
250  CCONTYINUE AEPT 164
CALL PL(T (XCRGIN,YORGIN,3]} AEPT 165
60 10 2360 AEPT 166
c AEPT 167
c X AX]S TICMARKS AND LABELS {(FOR UNKNOWN LINEAR OR LCG SCALE} AEPT 1638
c AEPT 162
260 Dv=J.05 AEPT 172
ICCUKT=L] AEPT 171
XTCINC=XALNTH/1C.D AEPT 172
210 XTCVAL=XORGIA=XTCINC AEPT 173
DO 3CG0 J=1,.ICCUNTY AEPT 174
XVCVAL=XTCVAL#XTCINC AEPT 175
XTIC{J)=XTCvAL AEPT 176
XVALNO(J)=XTCVAL*XSCFACoXMIN AEPT 177
FAC=0.C05 AEPT 178 .
IF (NEXNDX.NE.O) GO TO 290 AEPT 179
PEX=NEXX+2 AEPT 180
FAC=5.0 . AEPT 181
DO 28C M=]1,MFX AEPY 182
FAC=FAC/10.0 AEPT 183
280  CCATINUE AEPT 184
290 IF §XVALNO(J).LT.J.0) FACa=FAC AEPT 185
XVALNG(J ) =XVALNC (I D ¢FAC AEPT 130
CALL PLOT (XTCVAL,YCAGINSDY,3} AEPT 187
CALL PLOT (XTCVAL,YORGIN-DY,2) AEPT 143
300 CONTINUE : AEPT 189
CALL PLOT (XCRGIN,YORGINe3) AEPT 190
DX=0.2 AEPT 191
DYsd.4 AEPY 192
NDECPL=2 AEPT 193
INC=2 AEPT 194
IF (I1XAX1IS.EC.3) INC=1 AEPT 195
IF (NEXNDX.EC.0) NDECPL=NEXX+] AEPT 196
DC 310 M=],1CCUNT, INC AEPY 187
CALL NUMBER (XTIC({M)-UXyYURGIN=DY0.1L¢XVALNUEMK) 0.0¢NDECPL) AEPT 193
310 COANVINUE AEPT 199
IF (IXAXIS.NE.3) GD TO 350 AEPT 203
0X=0.05 AEPT 201
0¥=Q.05 AEPT 252
D0 340 J=1,NCIVX AEPT 203
D0 320 K=2,9 AEPT 204
XLECG(K) =K AEPT 265
XLCGTCUIRI=ALOGLIGIXLOGIK) IeXTCINCeXTICLJ) AEPT 2G6
CALL PLOT (XLCGTCIK),YNRGIN,3) AEPT 237
CALL PLLT (XLCGTCU(K),YCRGIN=CY2) AEPT 208
CALL PLOT (XLCGIC(K}=DXysYORGIN=(UX¢042),3) AEPT 2C9
CALL wHFRE (A(K)},ALK)) AEPT 212
320 CCATIHLE . AEPT 211
DO 330 K=2,842 AEPT 212
CALL NUMRER (A(K)sBI{K))0eleXLOGIK)30.04=1) AEPT 213
330 CCATINUE AEPT 214
340 CCNTINUE AEPT 215
350 CCATVINUE AEPT 216
CALL PLOT (XCRGIN)YORGINy3) AEPT 217
¢ AEPT 218
c ORAW TICHARKS ON Y=AX1S AND LABEL ACCORDINGLY AEPT 219
c AEPT 229
360 IF (IYAXIS.FQ.2} GO TO 160 AEPT 221
DX=0.05 AEPT 222
1CCUNT=]] AEPT 223
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370

380
390

400

410
420

430

440

450
460
410

[a X 2X 2]

YTCINC=YALNTH/10.0
YTCVALeYARGIA=YTICINC

DC 420 Jel,T1CCUNT
YTCVAL=YTCVAL+YTCINC
YTICtI)=YTCVAL

YVALNDU S sYTCVALSYSCFACHYMIN
FAC»0.005

1F (NEXNDY.NE.OQ) GO TC 390
MEX=NEXY+2

FAC=5.0

DD 360 H=1,MEX

FAC=FAC/10.0

CCATINUE

IF (YVALNOUJI.LT.Co0) FAC=-FAC

IF {YVALAC(J)aGTo1030.04CRYVALNO( I} LT ~1000.0} GO TO 400

YVALHNGIJ I =YVALNOLJ) ¢FAC

G0 10 410

FFAC=1.0

IF LYVALNN(J) LY .0.0) FFACs=FFAC
1TRUNC=YVALNCLJ)
YVALNO{J )= ITRUNC#FFAC

CALL PLOT (XGRGIN+DX,YTCVAL,3)
CALL PLOT (XCRGIN-DX,YICVAL.2)
CCAT INUE

CALL PLUT (XCRGINy;YORGIN,3)
DX=0.75

DY=0.10

NGECPL=2

INC=2

IF C1VAX]IS.EQ.2) INC=]

1F (NEXNOY.FQ.0) NDECPL=NEXY+]
DO 430 P=1,41CLUNT,INRC

CALL NUMBER (XOFGIN~DX,¥T1CIMI=DY;0.11YVALNOUIM) 20,0 NDECPL)

CCANY INUE

IF (1YAXIS.NE.2) GD TC 470

DV=20.05

DX=0.05

00 460 J=1.KCIVY

DO 440 K=2,9

YLLO UKD =K

YLCGYC K= ALOGLO(YLOGIK ) ) =YTC INCeYTICII)
CALL PLUT (XCRCIN,YLOGTCIK),;I)

CALL PLOT (XCPRGIN=-DUX,YLCGTCIK) 2)

CALL PLOT (XCRGIN-(DX+0.2)¢YLOGTCIK)-DY,3)
CALL WHERE (A(R)},BIK}])

CCAT INUE

00 450 K=248,42

CALL NUMBER (A(K)}¢BIK)0.1eYLOGIK) ¢0a0,~11}
COAT INUE

CONT INUF

CCATIMUE

CALL PLUT (XCRGINoYORGIN,3)

LABEL THE X ANKD Y AXES

HGT=0.2

DX=1.25

DY=1,.0
ALBLEC(XORGINSXALATH/ 200 )=( ({3.0%HGT/ %, 3} #NXACHR )*D,5)
CALL SYMBOL (XLBL,YORGIN-DYsHUGTXAXLBL s0O0sNXTCHR]}

CALL PLUT (XCRGIAyZYCRGING ) '
YLOL=({(YCRGIN*YALNTH/240) }=(((3.0"HGT/ 4.0} *NYACHR ) *],45)
CALL SYMBUL (XDORGIN=OX,YLBLoHGToYAXLDBLs90.0¢NYTCHR)

PLCT THE LEGEND
IF (LGND.NE.1) GO TD 480
DLXs0.30

OLY==0.30
CALL LEGEND (JCURVE,XLIM,YLIM}
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PLCT THE SUB~LABEL AEPY

AEPY
IF CISLBLLAELL) GJ TO 490 AEPT
CALL SUBLBL (XCRGIN,YORGIN) AEPT

AEPT
PLCT THE TYITLE AEPT

AE®T
1F (KTITLE.NL.1) GO TO 500 AEPT
DY==1.0 AEPT
DX==2.0 AEPT
HGT=0.1 AEPT
CALL SYMBOL (XORGIN#DX,YORGIN®DY,HGT LABEL+90.0,80) AEPT

AEPT
FIND THE NEXT ORIGIN DR ENC THE PLOT AEPT

AEPTY
IF (NCALL.EQ.NCUPVE) GC TN 510 . AEPT
CALL PLOT (XALNTH+5.0,YORGIN,=3) AEPT
RETURN AEPT

AEPT
CALL PLOT (XALNTH¢5.0,YORGINo=4) AEPT
KRETURN AEPT
END AEPT
BLLCK DATA BLOA
TMPLICIT REAL®*B (A-M,0-2) BLDA

CCEMCN /OUTPUT/ CFmEDG)CFWINF2CFXEDGCFXINFsCHEDGE s CHINF 4 AMACHE s DERL DA
RlLeCWoOWINF o CWOOWO s S)STENGE 2 STINF TAUETAS TAUXyDELSTX,DELPHI « THCTAX ,BLDA
2THEPH] BLOA

CCEMEN /POLYCC/ CPAIRLIE) JCPAIRHIGDENATRLEGD sENATRHIG),CMUAIRIG) 4BLEA
LJCRUME(6) s DIFHECL) +CMUAR(G) sDIFARIG) CPCUZLE6) «CPCOZHIL ), ENCO2L(6),BLDA
2ENCO2KH(6) s CHUCO2(6),DIFCC215) 8LOA

CATA CFWEDGsCFAIMNFCFXECGsCFXINFoCHFDGE s CHINF ¢ AMACHE ¢ DEL 4OV, OWTNF 46LCA
LOWCOWO ¢ S+STECGE s STINF ¢ TAUETATAUX g DLLSTX s DELPHI o THETAX , THFPH1/20*CAL DA

2.0007 eL0A
DATA CPAIRL/£.035179TD#34+-9.65C9L25D=44~7.30226750-4,1.73227820~6,2L0A
3=8.7657438D-10,1.74051790~13/ BLDA
CATA CPAIRN/S5.5C28D03+3.TTCT2D0~C1+9.646490-05+-3.53769D-08,3.48567BLLA
1D-12,~1.115020-16/ BLDA
DATA CPLU2L/243317627042+7.32970820¢14=143428330=-1,41.3090637N-4,=66LDA
105728790~ 04+1.05217630~11/ 6LCA
DATA CPCU2H/). 32&491006-1-Gh99l9500l.-3-#7638280-3o6.I4895580-T.-53LDA
1.5689930~11+2.0332270-15/ BLDA
DATA CMUAIR/] 489660-0146+95936D0-03,~1.490790-06,2.37590-10,=1.7B2RLDA
1420-14,5.CT725M-16/ BLNDA
DATA CMUHE/7.20440-0147.06794D0~034=1053630-06¢2,805130=-104-2,283638LDA
W=1446.740970-19/ BLODA
DATA CMUAR/2,63154N-0118+461381C-03+-2.844220-06,3.16427D-10,-2.,4788L0A
1970-1447.1069T0D-19/ BLDA
DATA CRUCD2/-7.8153191C~2,6.7732592N=3,~1.72B69110-6,3.8702139D-1C(BLNA
14=5.1304856D-)4,2.7591024D-18/ 8L DA
DATA CIFHE/=1.988:230~01¢2+31093D-03,2. 696379 =06y-4.746110-11,~1.0C8LDA
13120~1446., 794280~ 19/ BLDA
CATA DIFAR/~6.390Z50=024€.678C3D~0%4r 1. 26081N=-065=1.028320~10,7.3915L DA
1820-15,-2.188810~-1/ BLNA
DATA DIFCO2/1.30648960N-2+=5.€62157330=5,104178492D0-6,=3.85557630~-108L0A
1¢6.8405)770-144-4.74033940-12/ BLDA
DATA ENAIRL/6.,0351T7T97D43,4-4,725456204¢~2.%434086TD~494.33069550~T7,BLDA
1-1.95314870-1C+2.91286210~-14/ BLDA
DATA ENAIRP/5.902300341.885360-01434215490-05,-8,8442250-09,6.9713ALDA
14C-13,-1.854370-17/ 8LDA
DATA ENCOZ2L/2.331762T00243.66435410¢1¢~4.4761990~2¢3.2726590-54=1.BLDA
121145750-8,1.7552770-12/ ALCA
DATA ENCO2M/1.32d397044454249597040¢~1.1586940-3,1.53723890-7,~-1.1BLDA
11379860~11,3.3887110-16/ BLCA
END BLDA
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10

[ X a X233

30
&
50

70

80

SUBROUTINC BLUNT! BLUL
IMPLICIT REAL®*8LA-H,0-2) BLUL
REAL¢A NOSE BLUL
CCPMCN /BLUNTZ 70(1G0),XB(130).RBCL00),PEB(LOC),UEBL100),TEBL(100)BLUL
1XMBL100)s NBLUNT s N EDGE (NwPLHNB ¢ ABLPL L BLUL
CCMMUN ZEDGE/ UEDSZTEDG,VFDGPECS,OTEGNDR yDTEGIW,OUEGDX , DUEGDW,DVEGBL UL
10Xy DVEGDW s DPEGDX y CPEGNR s NZPDR2 ¢ KHOE DGy AMUF NG ROMUF G sLUL
CCPMCN /FRSTRM/ PHOIMFPINF, TES,UFS R¢PRL ¢Gy XA BLUL
CCMMCN /GECM/ ALPHA,THETAC yNCSEZRNDSF o HLST y X o X XWX BLUL
CCPMON Z7INJECT/ INJCT,HGINJSIGAS2,COLLMASTRN BLUL
CCPMCN /ZINTEGRZ IEIMoKENDSKEND2sKLX o KKy Ly NOLNTL s INDyKPRTLPRT,KPRBLUL
1.LPK BLUL

CCVMMCN /POLYCU/ CPAIRLIG) sCPATRHIG) ¢ENAIRLIGD +ENATRHIES ) CMUATIRIG) yBLUL
RCMURL{O} s DEIFHELS ) »CMUARLE) (DIFARI 6} ,CPCL2LLGD,CPCO2HLO Y 4ENCO2L(E) ,BLUL

2ENCO2H{6) , CMUCD216),D1FCC216) BLUL
COMKCN /PLOTS/ PLIT,KPLCT{4)¢LPLOT(4),KPKFLES) ,LPRFLE4],NPTS(42) BLUL
COMMON /STAGZ PSTAGTSTAG:PNC oy QWSTAG JHSTAG HE stLul
CCVMCN /TRANSN/ KTRARS JKCASET ¢ XTFoChl2[1101},CHIMAX,XBAR BLUL
CCFMON /XSGLVE/ XSTA(L00) 4 DXNAX,DXsDX LD+ DXL, NSOLVE ALUL
DIFENSION 25TALLV0), XPLGCT{4) BLUL
NPLOT=4 8LUL
CP=G/(G-1.000) %R BLUL
IF (L.GT.1) GO TO 160 BLU}
READ (10) MBLUNY sLUL
DC 10 1=1,NALUNT sLUL
READ (10) ZB(I)yXBI1),RBELI,PERLT) BLUL
XBUE)=XB(1)eRNOSE sLu1
2B(1)=2011)%RNGSE BLUL
RBLLI)=Ral ] ) *RNCSE BLUI
CCATINUE BLUL
NBLPLL=ABLUNT+1 sLUl
RE2ZD (10) NWELDGE sLuUl
NWPLNB=RAL UNT ¢NWEDGE BLUL
DG 20 1=NELPLLAWPLIB sLUL
READ (10} ZB8(11eXBCI)4RDET,PEBLI) sLUL
XB{1)=XB([)*RAOSE sLU)
ZBUI)=2B(1)%KNOSE sLUl
RBI1)=RE(12*RNOSE BLUL
CONTINUE BLULL
BLUL

SAVE THE VALUES XSTACKONSET)oXSTALINJCT)(XSTACNDING)XSTACLPLCT) BLUL
BLUL

XTANSN=XSTA(KCNSET) BLUL
XINI=XSTALINJCTY LUl
XNCINJ=XSTAINCING) BLUL
0C 40 I=1,4 sLUL
IF (LPLOT(I).EQ.0) GO TO 230 BLUL
XPLOTC(I) =X STA(LPLOT(I) ] BLUIL
GC T0 40 8LUL
NPLCT=[-] BLUL
GG 10 50 BLUL
CCAT INVE . BLUL
BLUL

NSCLVL=NSOLVE sLUL
NSGLVE=hSOLVE4NWEDGE BLUL
1=A8LPLL 8LUL
J=i BLUL
K} sLUL
CONT INUE sLuL
1F (1.GT.NWPLKB) GO TC TC sLUL
IF (XBI1).LT.XSTA(J)} GC TO 80 BLUL
ZSTALK]I=XSTALJ) BLUL
JuJel BLUL
Kukel sLul
IF {K.GT.NSOLVE) GO TO 90 eLUL
1F [1.GT.NWPLNB) GO TO 70 8Lyl
1F 1J.GT.NSOLVL) GO TO 80 BLUL
G0 10 60 BLUL
ZSTAIK)I=XBIL) BLUL
I=lel BLUL
KeKel BLUL

192
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IF (K.GT.NSULVE) GO TO 90 BLUL 72

JF 11.GT.NWPLNZ) GO TG 70 FTXT I

IF {J.GT.NSOLVL) GO TO B0 BLUL 7§

G0 10 60 BLUL 75

90 CONT INUE BLUL 76
DO 110 N=1,NSCLVE BLUL 77

4 8LUI 78
c RESET THE VALUES CF KCASETJNJCT,NOINJ AND LPLOT(I)el=l.+4 8LUL 79
C BLUL B8O
IF (ZSTAUIN)EQuXTRNSN)} KOCNSFT=A aLul 8l

IF CZSTAU(NDI.EG.XINJY INJCT=N BLU1l 82

IF (ZSTAIN).EC.XNOINJ) ACINJ=M BLUL 83

00 100 I=1,NPLCT LUl 84

IF (ZSTYAUIN)LEC.XPLOT(I)) LPLCT(I)=N BLUL 85

2100 COANTINUE o BLUL 86
< eLul 87
110 XSTAINI=2STA(N) BLUl 88
DO 120 I=1,NSCLVE BLU1 89

WRITE (064220) 1,XSTALI) BLUL 90

120 CONT INUE BLUYL 9}
WRITE (6,230) BLUL 92

KRITE (6,240} BLUL 93

WRITE (6,200) BLUL 94

00 130 J=1,NWPLNB sLul 95
"PEBLJII=PEB(J)I*PINF144,0C0C BLUL 96
XVRLJ)=(2.0N0/(G=1.0D00)*C(PFBEJ)/PEB(1))22{={G=1,000)/G)=1.000))ss8LUL 97
10.500 . aLut 98
TEBLJII=TSTAG/11.000¢(G=1,0C0)/2.0DC*XMB(J)*e2]) BLUl' 99
UEB(J)=0SQRTI2.LDI*CPITSTAG-TEB(J))) stul 10
SRITE (642100 Jo2BCJ) ¢ XBEIIGRBEI)oPEDLJ) JUEBIJ) 2 TEBLI) (XMARES ) BLUL 101

130  CCATINUE 8LUL 102
IF (TERL)1).GT.2C00.0C0) GO TC 140 8LUL 103

CALL POLY (TEBEL),5,ENATRL JHE) BLUL 104

66 70 150 BLUL 105

140 CALL PCLY (TERML1),5.ENATRH.HE] 8LL: 106
150 ME=HE#TEBI1} 8Lyl 197
NRITE {0,2301 BLUL 108

160 COAT INUE BLUl 109
IF (X.LT.XB(39) GC TC 190 BLUL 112

J=0 BLUL 111

170 JaJel BLUL 112
IF (X.GT.XB(J)} GO TO 170 BLUL 113

IF (J.LT7.3) J=3 BLUL 14

IF (JOTL(ARPLAP=2)) J=NRPLNH=2 ALUL 115

CALL INTFRS (XoXBUJI=2)oXN(J=1) XBEJ) s XBLI41) o XOCJ#2),PER(I-2),PEBIBLUL 11b
1J-1)¢PEBIJI),PEBLJI+L),PERLI42)4PEDG) sLUL 117

CALL FD5 (XeXREJI=2)oXHIJ=1) s XREJID) o XREJ4) ), XB(J#2) ,UERIJ-2),UEBLJ~1BLUL 118
1D)2UEBIJIyUEEIJ*1),UEBL{J42) JRUECDX) 8LUL 119

CALL FDS5 IXosXBLJI=21oXBUI=102APTJI) o Xb1J*L1 Do XB(I+2)4TER(J=2) o TEBLJ=]IBLUL 120
DsVERTIDI o VEPIISL) . TCHEJI#2) DTELLCX) BLULl 121

180 IF (X.FQ.0.0DC] PENGEPERLL) BLU} 122
TECG=TSTAGC{PFUG/PEBIL)}®{(C~1.0D0)/G) BLUL 123
UEDG=DSORT (2.0 C*CP*{TSTAG-TEDG)) BLUl 124
RHOEDG=PEDG/R/TEDS LUl 125
DPEGDX=-RHOELG=UEDGSCUEGE X ALUL 126
DVEGDX=0.000 BLUL 127
DPEGDW=GL.CD0 8LUL 128
DVEGDN=6.000 BLU1 129
DUEGLW=0,000 8LU] 130
DVEGDW=0,000 BLULl 131
D2PDW2=0.,0L0 BLUL 132
VELG=0.0D0 BLULY 133
RETURN BLUL 134

190 CALL INTERS {X,~XB8(3),~Xt'¢2)+XBU1}.XB(2),XB{3),PEB(I).PEDI2),PEB(IBLUL 135
1).PEBI2),PERI3),PEDG) ALUl 136

CALL FD5 (Xy=X0(3),=XB(234XBU1}eXB{2)+XBI3),~UEB(3),~UEBI2),UEBLLIALUL 137

1 UEBI2),UFB{3),LUEGDX) BLUL 138

CALL FD5 (Xe=XN{31,=XBI2)sXBILIoXBEZ)oXB(3)o¢TEBL3),¢+TEDIZ), TEBCLIOLUL 23V
BoVEBI2),TF8{3),DTLGDX) BLU1 140

GO 70 180 BLUL 141

c BLUL 142
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c
c
200

210
220
230
240

o0

ha ot XX,

10

[ XaaXal o

4

aLuUL
8Lul

FORMAT IlBX-IHl.Bx-SHZSIIl-llx-bﬂxﬂlllvllX-SHRB(ll110!-6HPEBGll|IOBLUI

IXo6HUEBLI) ¢ 10X 6HTESC 1)y LOX, &HXMBLT) /)
FCRMAT (11X,13,7ELl6.6)

FCRMAT (20X, 13¢5X4F9,.61)

FCRMAT (1RO}

FCRMAT {26X¢20HRLUNT CCRE EDGE CATA/)
END

[
SUBRCUTINE BLUNT2 (ISNT)
JEPLICIT REAL*B (A=H,0-2}
REAL®*8 NOSE

sLul
BLuUL
BLUL
BLul
BLUL
8Lul

BLU2
sLuU2
BLU2

COFMCN /EDGEZ/ UEDG+TEDGyVECG s PEDGsDYEGNX 4 CTEGDW, DUEGDX o DUEGDM, DVEGRL U2

IOK-DVEGDhcCPEGDX-DPEGDH-UZPDhchHOEDG-AHUEDG-ROHUEG
CCKMCN /FRSTRM/ RHUINFsPINFoTFSoUFSRyPRL 4Gy XXMA
CCFMCN /GECH/ ALPhA, THETAC s NCSE¢RNNSE s WLST p X 9 KXo WX

sLu2
8Lu2
BLU2

CCPMGN ZINTEGK/ TEoTMoRERD¢KENDZIKLX oK oL o NBLNT 15 IND, KPRT 4 LPRT oKPk (BL U2

ILPR
CCPMEN /70LD/ TCLOUGL),VCLDE61) ,CVOLDISGL)
COFMON /XSCLVE/ XSTAL10C) ¢DXMAX4DX,DXCLD,0X1 ¢ NSOLVE

BLU2
BLU2
BLU2

DIFENSIUN AC124200 BUL2420y CUL242), D(12,2), VSUMI2), PSUM(2), RHBLU2
JOSLMI2), PHISUMI2), VASUM{2Z), PNSUM(2), PHNSUM(2), RONSUMI2), XXS(BLU2

220 ¢ PNNSUM(2)
OIFENSION APSU15)e ARFOS(15), ACFPHI(15), AVS(1S)

XNIT=X

Pl=0ARCOS(~1.0D0)

IF (ALPHA.EQ.C.CDI} KLX=7

M=2

BAAERSSEOPIEER SR LIS UISIASSERSANEAERRASRGEE

XNIT=BODY FIXED SURFACE NISTANCE

GUNCTR=80DY FIXLD SURFACL CISTANCE TO THE SPHERE CCNME JUNCTURE
XJUNCT=BOLY FIXED AXTAL CISTANCE TU THE SPHERE-CONE JUNCIURE
X=BLDY FIXEUL AXIAL DISTALCE
XJUNCT={1,0U0-DSINCTHFTAC ) J#RNCSE
GUNCTR=RNDSE*IPI/2,.5DO-THETAC)

1F (X.GT.LUNCIR) GO TO 10

A=} ,LND0~-DCUSEX /R NOSE )

GC 16 20

X=(X=GUNCTR}*DCOS(THETAC ) ¢ XJUNCT

XeX/RNOSE

CCAl INUE

BONSINSESIREBEERISILENNNANIOISNTHONENEES BN S

AX1AL DISVAKCE ANC FOURIER CCEFFICIENTS ARE READ FROM UNHIT 10

RESD (10) XS.APS ARMIS ACFPHI . AVS
IF IX.GT.X5) GO T3 4G

PACKSPACL 10

BACKSPACE 10

GC 10 30

READ (10) XS,APS ,ARHUS ACFPHI,AVS
IF [X.GT.XS) GO TC 40

00 50 J=ml KLX

AlJe2)=aPS (I}

BeJr2)=ARHGCS(J)

CCJIe2)=ACFPHI(I)

DiJ,y2)=AVS L)

CONT ENUE

XNSt2b=XS

BACKSPACE 10

BACKSPACE 10

READ (1ul XS.APS,ARHOS ,ACFPHI,AVS
DO 60 J=l,KLX

AlJo2)=APS(J)
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stu2
sLu2
BLU2
BLu2
8Lu2
BLU2
BLU2
BLU2
BLU2
BLu2
RLU2
stu2
BLu2
RLU2
BLUL2
BLU2
BLu2
8Lu2
BLU2
BLu2
BLUZ
BLU2
BLu2
ALuU2
BLUZ
hu2
BLU2
BL U2
BLU2
BLU2
8Lu2
BLu2
BLL2
BLU2
sLu2
8Lu2
BLU2
aLu2
BLU2
aLu2
sLu2
BLU2
sLu2
sLu2
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BlJo 1 I=APHCS(Y) BLU2 53
ClJel)=ACFPHILJ) ' BLUZ 5%

© DEJell=AVSLD) BLUZ &0

60 CCATINUE BLU2 61
AXSU1)=XS BLU2 62
MM=M=] BLU2 63
APHI=0,000 BLU2 &4
DEG=C.CDO , BLU2 65

IF (KEND.EQal.,0R.ALPHALEC.0.0CO0) GO YO 70 BLUZ2 o6
DEG=180.0D0/CFLUATIKENC=1} BLU2 &7
APHI==-DEG BLUZ2 68

70 CChTINGE BLUZ2 69
KKL=KLXx=-1 BLu2 0

DO 80 =1,k BLY2 71

[ ] APLI=APHI+DEG BLUZ 72
PHI=APHI*IPI/1BC.0DD} BLUZ T3

[ 4 BLuUZ 74
C FOURIER SERIES ARE USED TO CCMPUTE THE EDGE PRODPERTIES BLU2 75
c BLUZ 76
DG 110 I=l,M BLU2 77
YSuM(l)=0.000 8Lu2 718
PSUK(I)=v,.500 BLU2 79
RHCSUMET3=0,G00 BLU2 @80
PHISUM{I?=0.0D0 sLu2 81
VASUMIT)=0.0D0 BLU2 82
PNSUMLT)=2.0D0 BLUZ2 83
PMASUMII)=C. 000 BLUZ 84
RCGASUME L)=C.CCO BLU2 B85S
PHASUNI1)}=0,.0D2 BLUZ 86

00 90 J=z=1,.KLX BLU2 87

' 1=DFLOAT{J)=-1.0D0 BLU2 &8
SUKF1=ALJ,1)*0CNSCZePH] ) BLuz 89
PSUMIT)I=PSUMIT J+SUM]L BLU2 %0
SUM2=B{J, 1 1*DCOSLZ*PH{) BLY2 91
RHCSUME L )= RCSUMC [ heSUP2 pLuz 92
SUP&A=DIJ,1)=DCCStZ*PHI) BLu2 93
VSUMIT )=VSUMI T ) +SUMs BLU2 9%
SUPS==AC(I, 1) I¢DSINIT*PHI ) BLU2 95
PASUMIT I =PASUNMIT) +SUMS BLtuz 96
SUNG==HIJ, LISZs[SINLZoPH!} BLUZ 97
RCASUMET)=RCASUF L EReSUVE BLUZ2 %8
SUMB=-DIlJ, 1} Z>DSIN(Z*PH]) BLU2 99
VASUMIT Y=VNSU¥IT) eSUMRA BLU2 100
SUMG==ALJ,1)n2ex2eNCUISI7¥PH]) BLy2 101
PMASUNIE I ) =PhNASUF{T)¢SUNS BLUZ2 102

92 CCAT INVE BLu2 103
DC 100 J=1,KKL BLUZ2 104
H=CFLGAT(JS} BLU2 105
SUM3=CLJ,T1)*DSIN(H*PHT) BLUZ2 106
PHISUMUL)=PHISUML I beSUM3 ALU2 107
SUMT=C(J, 1 }*F*DCCS{HPK]) BLU2 108
PHASUHI I }aPHNSUNM{ [ b ¢SUNT BLUZ 109

100 ° CCATINUE BLuU2 112
110 CCAY INUE BLU2 111
IF (K.GTe1) CC TC 120 ALUz 112
PHISUM{MM)=0.CD0 . BLUV2 113
PHISUMIM)=0,.000 BLU2 114
RCASUMIMM) =0.00UC BLU2 115
RCASUMIM)=(,.0CO . BLU2 t1b
PKSUMIMM)=0,CC0O fLu2 117
PNSUNIM)=0,LLO BLUZ 1la

120 CCNT INUC BLUZ 119
IF tNM,LQ.M) GC TO 130 auz 120

C ' BLUZ 121
[ INTERPCLATION FOR EOGE PROPERTY VALUES AT X BLUZ 122
[ BLUZ 123
FAC=(X~XXSIMMIB/LXXSIM)~XXSEMF]) BLUZ2 124

GO YD 140 BLUZ 125

130 FAC=C.CNO BLU2 126
140 PECG=(PSUMIMM}4FACS{PSUMI{M)-PSUMIMM}) ) 7CZXXMAS &2 BLu2 127
PECG=PEDG*RHOINF *UFS¥»2 BLU2 128
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o6

150
c

ANt O

o0

RHCEDGaRHDSUM( MM } ¢ FAC* (RHOSUML M) =RHUISUMI MM ) ) sLu2
RHGEDG=RHOEDG*RHCINF aLu2
TEDG=PLOG/ P/RMNELG BLu2
VaySUM{MM) ¢FALS LVSUMEM)=VSLUMINN) ) sLt2
CFAPHISUM{MM}eFAC* [ PHISUN{M)=PH]ISUM{MM]) ) BLYU2
UEDG=veDCGCSICFA) *UFS BLU2
VEDG=V=DSINICFA)SUFS BLL2
DVEDPaVNSUMIMM )+ FAC T (VASLM(M)=VASUMLFN)) BLU2
DPHDP =PHMSUM{ MM} ¢ ACS{ FHRESUM{P ) =PHESUNINMHT ) BLU2
DRODP={HOMSUMIMF JaFAC* (KUESUN(M)=RLESUMIMME ) I sRHOINF BLU2
OVEGCR={DVIVPYLS INICH A} ev*PTCSILFA = DVIINP ) SUF S BLUZ2
DULCDW=(DVEDPSDCCSELFA=Vvo DS INI(CHA JPDPHOP) SUFS BLU2
DPEGUW={PNSUMI{MMI¢FACSIPNSUMIMI=PNSUMIMM ) ) J#cHOINFSUFS#32/G/ XXMARBL U2
12 BLU2
DTEGDW=]1.000/R*{RHOEDG*CPEGDR~PENG*CROIP ) /RHOEDGH#2 BLU2
D2POW2s [PNNSUM IMM) ¢FACS(PHNSUM(HE=PANSUMIMM) } ) /G/XXMA®SQ BLU2
D2PDKZ=02PUW2*RHCINF*UF S# 82 BLU2
IF C(ISNT.EQ.2) GO TD 150 aLv2
BLU2

CALCULATE THE X DERIVAYJVES aLu2
BL U2

DYEGCX=(TEOG-TOLDIK) )} /CX BLU2
DUEGDX={ UE DG=-VCLDIK ) } /DX ALU2
DVEGDX= I VE DG-CVOLLIK) /DX BLU2
DPEGCX2-RHGELGSUFDG*ODUEGDX BLU2
TOLLIK}I=TEDG BLU2
YOLD{K)sUEDG BLU2
CYOLDIK )= VEDG BL U2
CGATINUE BLU2
BLU2

RESTORE X TO SURFACE DISTANCE VALUE BLULZ
BLUZ2

XeakNIT sLu2
RETURN BLU2
END B8LU2
SUBRCUTINF CHANGX CHGX
EMPLICIT REAL®BlA-H,C-1) CHEX
REAL®*B NOSE CHLX
CCFMCN 7RALUNTZ ZRULOJDSXPLLNG),FBIIIC] PEBILOI)LUEBLLO0D),YEBIL1DC),CHGX
1XMBLIJ0) o MBLUNT g NaEUGE yNWPLYB o NELPLI CHGX
CCFMEN FCONVEGY CONVoAITLGNIT2 4MIT3,NIT CHGX

COFMON FUEPVARZ FU2410093) oFNL2410143),G(2000GL¢3)¢CNIE2,101¢30,T12,CHGX
1100030+ TRU241009300202510C1 4300281241013, CU1J10:CNILOL),Y(LOL)D,YLCHGX

2LL101 b RimCELLO]) CHGX
CCFECN /GFCM/ ALPPASTHETAC NUSEZRNUSE ¢ WLST ¢ X o XX, WX CHGX

CCFMCN ZINJFCTZ 1nJCT  NCINJ,CAS2,C0LL s MASTRN CHAGX

CCFHCN FIMTEGR/ IS4IMoKENDGKENC2oKLRAoKeL¢NBLNT1, INDeKPRT,LPRT s KPR 4CHGX

1LPR CHGX
CCPEGN /SOLPAT/ CutlO1 3o CNNETIOLE oVl LlOLY oGWERI1) o TWELO1HGHNITICL) sCHGX

IFWACYIJLDY o FWELOL) s TWRTLOUL ) o 2A 0001 ) o ZWNTLUL D o XTW UXOXI W e XWeRW ChGX
CCHFCN FTRAMSN/ KTRANS oNCNSEToXIF,CHIZE101),CHI%AX, XRAR ChGX

CCMHGN 7TRAOLAT/ ASTAR AKSTAH, ALAMCA,YSUBL,EVSCTYEL10) ) 4PRT,EQYLAW,ECHGY

JPLUSIICL) y ALET L AMTFS CHGX
COFMCN /XSOLVEZS XSTACLZC) +OXPAX,DXoDXTLD4DX1o¢NSILVE CHGX

DATA BLUNT ySHARP/SHHELUNT s SHSHARK/ CHGX

. CHGX

CHGX

IF INIT.GE.O)} GO TO 70 CHGX

CHGX

CUT BACK X AMND DX AND SET DXOLD=DX CHGX

CHGX

DX=DX/2.000 CHGX

X=X-DX CHEX

DXCLC=DX CHGX

CHGX

RESET COUNTERS FCR TRANSITION CHGX
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A CHGX 32
IF (X.GE.XSYA(KONSET?) GC TO 140 CHGX 33

IF (KONSET.EQ.NSOLVE} GD TO 10 CHGX 34
LAMTRUY=1 CHGX 35
X1F=0.0D0 CHGX 36

10 CONTY INVE CHGX 37
c CHGX 38
4 RESET COUNTER FCR INJECTICN CHGX 39
c CHGX &2
1F (INJCTL.EQ.NSOILVE) GC TO 6L CHGX 41

1F (X.GT.XSTAL{INJCTI} GO T0 60 CHGX &2
MASTRN=0 CHGX 43

. D0 40 I=1.2 CHGX 44
DD 30 K=1,3 CHGX 45

DD 20 J=1.1E CHGX 46

2o dex)=1.0C0 CHGX &7

INCT 4 4,4K)=0.C00 CHGX 48

20 CCATINUE CHGX 49
30 CCAT INUE CHGX 50
40, CCAT INUE CHGX 51
DO 5C J=1.1E CHGX 52
Int4)=1.00C CHGX 53
2UN(J)=0.000 CHGX 54

5) CCNT INUE CHGX 55
&0 IF (X.GE.XSTAINDINJ)) PASTRN=0 CHGX 56
RETUKN CHGX 57

0 CCATINUVE CHGX 58
c CHGX 59
c ADJUST DX USING NIT CHGX 60
c CHGX 61
1F INIT.GT.NIT1) GO YO 80 CHGX &2
DX=2.,000+DX CHGX 63

IF (DX LT .BXMAX) DX=DXPAK CHGX 64

GO 10 90 CHGX 65

80 1F INIT.LT.NIT23 GO YC 90 . CHGX 66
DX=D,50C¢NX CHGX 67

L[] CCOATINUE CHGX &8
IF (X EQ.XSTALINICY)) CX=DX/10.0N0 CHGX 69

JF (X EQ.XSTA{KONSET)) DX=DX/1C.I00 ChGX 70
CXOLD=DX CHGX 71

TF (INDeEQe2+ANDXLE.XBINWPLNR) . AND.NOSELEQ.BLUNT) GO TN 11D CHGX 72

c CHGX 73
c SET OX TOD GIVE A SOLUTION AT XSTALIXSOLVIIL)} CHGX 74
c : CHGX 75
DO 100 1=1.NSOLVE CHGX 76

J=1 ChGX 77

IF (ASTA(IDOTaXaANDXSTACI)LEL(Xe1.2500¢0X3) GO TO 123 CHGX 78

130  CCOATINUE CHGX 79
3110  COANTINUE CHGX 80
X=XeDX CHGX 81

60 TC 130 ChGX 82

120 DX=XS5TA(J)=-X CHGX 83
X=XSTA(J) CHGX B4

130 COANTINUE CHGX 85
c CHGX 86
1 4 BEGIN THE TRANSITICN REGIME IF XeXSTACKCNSET) CHGX 87
C CALCULATE THE TPANSITICA INTERMITTANCY FACTUR FOR CHGX 88
4 XeGEXSTAC(KCASET ) CHGX 89
c CHGX 90
IF (KONSET.EQ.NSCLVE) GG TO 150 CHGX 91

IF [X.LT.XSTA(KONSET)) GO TO 150 CHGX 92

IF (XGT.XSTA{KONSETI ) GO TO 140 CHGX 93
LANTRA=2 CHGX 94

GRITE (6180} X LAMTRB CHGX 95

140 CONT INUE CHGX 96
IF (KTRANS.EC.O} XIF=1.CLO CHGX 97

3F (KTRANStCel) NIFE Ll ODU-DEXP1=0.412D082,91TDO*32¢{ [ X-XSTALIKONSECHGX 98

BV DI/ UXSTAIRIANSET IS (XBAK=L1.0DC) ) )=e2} CHGX 99

IF (NIT.LT7.0) GG TO 10 CHGX 100

(4 CHGX 101
c BEGIN MASS TRANSFER IF X=XSTACINJCTI) CHGX 102
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-dakats)

170

190
200

CHGX

JF (INJCT.EQ.NSCLVE)} GG VO 140 CHGK

1F tXLESXSTALINJCT)) GU TC 160 CHGX

IF (MASTRN.EQ.1) GO TO L6O CHGX

MKASTRN=1 CHGX

WRITE (6+190) X,MASTRN CHGX

CHGX

END MASS TRANSFER 1F XaXSTAUNCIAJS) CHGX

CHGX

1IF {NCINJ.EQ.NSCLVE) GO YO 170 CHGX

IF (X.NE.XSTALMNOINJ}) GO TO 170 CHGX

MASTRN=0 CHGX

WREITE (64200) X,MASTRN CHGX

RETURN CHGX

. CHGX

. CHGX

FORMAT (1HO,10X,27FBEGIN TRAASITION REGIME, X=,E12,6¢9H LAMTRE=, ICHGX

127} CHGX
FCPMAT (1HC,1C0Xs23KREGIN MASS TRANSFER: X3,E12.6,9H4 MASTRN=,12/7) CHGX

FORMAT (1HO410Xy2)HEND MASS TRANSFERy X=E12.619H HMASTRN=,127) CHGX

END CHGX

SUBROUTINE CCATRL CNTL

JMFLICIT REALe®B(A~H,0~2} CNTL

REAL®8 NOSFILERLAY,LENTRR CNTL

CCVMCN ZASSVBR/ [FL,.KBL CNTL

CCHPON ZBLUNTZ ZHILLOD«XBUI10C)RBULCOD«PERCLOOY,UEBILOJ)TEBCL00) CNTL

LAMBE 1903 ¢ NBLUNT (NAEUGE «NWwPLNH o AHLPLY crTL
CCPPCN ZCONICLYZ PETOL) o TELELD+UFLGL),VELEL) OPEOWIBLIZOTEDWIGL ) DUCKHTL

LEORL61)NDVFDW(6L),0PEDW2I61) o ROWC (61) CNTL
CCPPEN /CONYRCYZ CONVaNITISNITZ oHTTINIT CNTL

CCFMCN JOEPVARZ FU2, 1001030 oFN(2¢101033 96024000030 ¢0NI2:¢1I1e3)T(2,CNTL
110030 oTHE2010 00309 2(2940C 03 oldbl2000193)9CH10L0eCNILGLIYELOL) o YCONTL

2LL101 ) 4RORCE(LJL) CNTL
CCPMCN FENGEZ UENGoTECCoVEDGPEPGoDTESDXDTEGDWL,DUEGDOX yDUEGDWy DVECGCATL
BOXsDVEGUW s BPEGLUIX ¢ DPEGUW e D 2POW2  RHUENG ¢ AMUL D e R 2MUYLG CNTL
CCFMCN FEDGKW/ PEWyUERsVE®R ¢ TEIW G CPEWDX y UPEWDW o U EWDX y DUL nDIW s DVEWOX p LCH TL
AVERLM DT EWCX s TERD N UPRNN2 s HHUERy AMUtE W s HOMUA CNTL
CCFMON JEDG2/ PE24TE23UF2,4,VE2:CPE2DX 4 TE2DX,OUEZDX4DVE2DXyDPE20DWLCNTL
BUE2DWoDVE20R ¢ CTE20W APUE2 ¢ PCFU24R2 JRHUE2,REXS CHYL
CCPMCN /JFINDIF/ ALLC1)eBOELIL1DAT131)0sCCE{LILD,yDDLI0OLDO(L01),ECLO0LCNTL
11,CR1I CNTL
CCVMCH ZFRSTRIP/ RECINF yPINFyTFS UFS R4 Pkl o @y XMA CNTL
COMMCN /GASPPP/ LEWLAMILUL)4LEWTRA(101},PRANCLILOL) PRANDTILIO1D,CPCNTL
JU1CY D, GAMMAILICTE ) o XMUT1CL) 4 RHCI 101 ) (HSUMLLDL) CNTL
CCHMCN /GECHZ ALPHRAGTHETACYNCSE RNCSE ¢ WLST o X9 XXgwX CHTL
COPMON ZIFCOFF/ Blel2¢8B34GLlyGReFLoF24NC AL OS5 ,CHIWINDPT UL | ChTL
CCFMCN JINJELT/ INJCTSRCINJGCGASZ,C0LL + MASTRY CNTL
COPUCN FINTEGF/ IEsIMiKENDYKENO2oeKLA s KoL ¢ NSLNT g EINDyKPRT jLPIT g KPR CHTL
ILPR . CNTL
CCMMCH /0LDZ DUMCLE(61),vILDCEL) ,CVOLDIGL) CNTL
CCMMCN /0LDFCG/ R34UE3,RIIMU3 CNTL

CCHMOR ZOUTPLY/ TFwbkCGyCFRINFCFXEDGCFXINF,CHEUGECHINF s AMACHE OECNTL
Lo CW QW INF yUNOQWD s Sy STEDGE ¢ STINF o TAUETA, TAUK yDELSTX,OSLPHI ¢ THETAX yCNTL

2VhEPHI CNTL
COMMCN /PDECCH/ AO(1D1),A1(1011,421(101),A3¢€101),A4(101),A5¢(101) CNTL
CCVMON /POEREF/ UREF,CREF CNTL
CCFMCON ZSOLPAT/ CWULOT)oCNWULCI} o VALTOLIpGWEILD o TWCLOL) GHNNCLIOL,CNTL
AFWNLIOL Y o FW( 101D o TWHEEOL ) o 7WEL0L Y o ZWniC 0L ) o KIWsOXDXTI W9 Xl oP I CNTL
CCMMON /SPWEC/ IWALLZWOLDeBICIFA s AMDOTW SINLST o ZWPUS» ZWNEGy AMWNEGCNTL
Lo AMWPUS s WALLV ¢ ZWZFRUGNITCHG CNTL
CCVMMCN /STAGZ PSTAGe TSTAG:FNCsOnSTALWHSTAG oHE CNTL
COMMON /SURFAS/ CWALL ¢CWIKDPEWINDYWALL» THALL ¢ XTW{500), THWX(500) ¢ XCNTL
1C1E5C0)4CIXI500) sHUALL o TCONW oKC o KTW CNTL
CCPMON ZTMPRTRZ TEMPULEL)«TNTELLIOL),TPLLIOL ) +&kTHW, TR CNTL
COFMON /TRALNT/ ASTARGAKSTARALAMBAYSUBLeEVSCTY(101)sPRT JENDYLAWJECNTL
1PLUS (1010 ¢ ALET JLAMTPH CNTL
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103
104
105
106
107
108
109
110
111
112
113
114
115
115
117
118
119
123
121
122
123
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CGHMGN /WSCLVE/ Cu
CCFMCN /XICORDZ X14XX1,DX1,XIOLN,DXDXIDXDXX1
COPMCN /XSCLVE/ XSTALLGU) ¢BXMAX,DXeDXCLD ¢XY o NSOLVE

CCMMCN /2CCURPD/ ETAINFETAFACSETACLILL)DETA{LOL), ADTEST,KADETA

DIFENSION FULD(101), GCLIXIROL), TOLD(LOL), ZCLOLLEOL)
DATA BLUNT ¢ SHARP/SHBLUNT ¢ YHSFARP/

DATA HEL+ARCC24AIR/IHHEL ¢ 3HARG93IHCO2,AHATR/
NITTOT=0

ASYM=1.0D0

BEGIR THE LCOP FOR STEPPING COWNSTREAM

CCAT INUE

Lal+}l

IFL=1

FIND(B*IFL)

W=C.000

JF {KEND.EC.1.0R.ALPHALEC.0.0CC) GO TO 20
DW=WLST/DF LOAT{KEND2~] )

CCAT INUE

KPR=KPRT

BF (L.EQ.1) KLAST=KEND

BEGIN THE CO-LOOP FOR STEPPING AROUND THE CONE

D0 470 K=1,XKEND
®WX=W/wlLST®*18C.0D0

JF IKLASY.GT.0) GO TO 20
BRITF {6452C)

KETURY

IF (K.GT.KLAST) GO TO 440
COAT INUE

UBTAIN EDGE,WALLAND MIXTUFE PRCPERTY VALUES AND SEY
MICPOINT VALUES TD VALULS CBYAINED FOR THIS PLANE AT
THE LAST STREAMWISE STATIQON

CALL EGPROP
CALL wALL

DO 50 J=1,1¢
FWlJI=F{1,4,2)
GWIlJI=GlL,J,2)
GVEL=GNWI(J)

IF [K.tQ.1) GVEL=0.0D0
TailddeTil e do2)
EWEII=211¢ds2)
FUNIJ)=FNtLsJ,2})
GhREJII=CNE L, D0 2)
THN(SI=TNL 1,00 2)
IulII=2NEL,J02)

TEVPIIIT(TROJISHE-UEW=2% L FW{J Io824GVEL®22}/2,000)/CP(J)

CCATINUF
IF (L.EU.1) CALL VCALC
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CNTL
CNTL
CNTL
ANTL
CNTL
CNTL
CNTL
CNTL
CRTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CHTL
CHTL
CNTL
CNTL
CNTL
CATL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CHTL
CNTL
CNTL
CNTL
CNTL
CRTL
CNTL
CNTL

CALL MIXTUR (TWNoTEWSUENPEW,LEWLAM;PRANDL yCPy GAMMA 4CW o CNW e XMUsRHG,CNTL

1RkOROE 4 2W o FW 4G HSUM)
SAVE THE PROTILES FROM THME LAST ITERATION

DC 70 J=14IF

FOLD(J)=F(2,4,2)
GOLDII)=G(2,J,2)
TOLD(SI=T(2,042)
ICLOLII=2124d,2)

CONT INUE

I1F {MASTRN.EC.0) GO TO 130

1F (GAS2.EQ.21R) GO TO 130

IF (CwALL.EQ.0.000) GO TO 130

SCLVE THE SPECIES CONSERVATICN EQUATICN
IF (LoGTo1.AND.K.EQ.1) ZWOLD=ZWZERD

199

CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
ENTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL

46
47
%8
49
50
51
52
53
54
55
56
57
58
$9
60
6l
62
63
&%
65
(1]
67
68
69
70
71
T2
73
T4
75
76
7
78
79
30
81

R3
84
BS
86

83
a9
93
9l
92
93
9%
95
96
7
98
99
100
101
102
103
124
105
1C6
107
108
109
110
111
112
113
114
115
ilé
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80
90

100
110

120
130

140
150

160
170

190

IF (L.EQ.1) CETANY=DSQRT(Z2.ODC*RNAL L }* 2 ¢DUEGDX/R DMUN)
IF (L.CT, 1) CETADY=RHGI1 ) *UEN* RN/ OSGRTI2.CDJ*XIW}

CALL SPECRC

1F (LAMTRB.EC.2) CALL ECYVIS

CALL SPECIE

CALL ARCDE (2)

CALL SOLVE (2+Zhe0.0D0¢ZWALL1.000)

IF {L.GT.1) GC 1O 99

CO 80 J=),IE

2C10J931=22102,0:2)%2.0D0=-202,d41)

INTL o e3)=2N02¢d92)%2VC0=INC24d4e])

Tl14002)=21e0d42)

INGL o Je2)=2N124J,2)

CCNT IMUE

CCAY INUE

IF (K.GT.1) GC TC 110

DO 100 J=1,1I¢

202+44211=2212,4,2)

2419 e30=211,0,2)

IR(Z24J410=2IN124J,2)

INCLoJe30=2Nl14d,2)

CCATINUE

CCATINUE

OC 220 J=1,I1E

IF {K.EQ.KLAST) Z810J03032024J52)-2020001)4211,4,2)

IF (KJEQ.KLAST) ZNCLoJdo3)SING20Je2)=2N020Jo L1¢INTL,Jd02)
ERCII=202,092)1%( P14 (1.CNC-CRID®Z(1oJ,2)
ZUNLJI)I=INE2,3,2)0C1411.CCC-CRIIS2ZN(L v J02)

1F (LeEQ.1) In(II=Z020391 )20 0a00I=CPI e212,0,2)09CR]

IF (LeFQ.1) TWNEJ)=TNUZode 1I®L1.0DO-CPII+2NT2,d,2)9CR]1
AFBUTH'-RNG(l)'BlTIFH'IN(2-1-2"05'1070“"0‘ll.HALLV'ZHALL
CCNT INUVE

SCLVE YHE ENERGY CCNSERVATION ECUATICN

JF {LAMTIRB,.£EQ.2) CALL ECYVIS

TBasHWALL/HE

CALL ENERGY

CALL ABCDE (1)

CALL SOLVE (T,TK,3.90C,TRB,1.CC0)

IF (L.GT.1) GC 1C 150

DO 140 J=1,!F

TO0ede3)=T02,4,20%2.0DC-T(25ds1)
IN(LeJde3)=TNI2:J42)%2.00C=TNL2,Jy1])
Tllede2)=T82,4,2)

TNULeJde2)=TNI2,d42)

CCATINUE

CCAT INUF

IF (K.GT.1) GC TO 170

DO 160 J=141¢

Tl24J4132T02,4,2)

Tllode3)aTll,J,2])

TR(29301)3TNI24J,2)

TN 4303 )=TNIL,0,2)

CCNT INUE

CONT INUE

00 180 J=1,1E

1F tR.EQ.KLAST) Tllode3)aTl20J02)=TU2:de13¢T01,J.2)
IF (K.FQ.KLAST) TNEL9Je30=TNC2,Jy2)=THEZ,J o L) eTIN(1¢Je2)
THESI=T(20Js2)%CRI*T(E,J,20%(].000-CRT)
THMJI=TN(2¢Jg2)*CRICTNC(L o Je2) #(1.000-CR])

IF (L.EQ.1) Thld)=TU2,Jel)* (1. 0D0-CREDOTI2,J,2)5CRY
IF (L.EQ.1) TRNLII=TNI20de 1)*L 1.0DO-CRIDETNI 2,492 )*CKE
CCATINUE

00 190 J=1,l1¢E

GVEL=GW(J}

I1F (K.CU.1) GVEL=0.00D0
TF"P(J|=|'HlJl'Hf’UEH"Z"FHlJl.‘ZOGVEL“2|IZ-°D°'ICP(J'
CCAT INUE

CALL MIXTUR ITH.TEH-UEN-PEH-lEHLAH'PHANDL.CP.GAHHA.CN.CNH.XHU.

JRORUE s ZWy FWy Gh g HSUM)

200

CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
ChTL
CNTL
CNTL
CNTL
CNTL
CHTL
CNTL
CATL
CNTL
CNTL
CNTL
CNTL
ChTL
CNTL
CRTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
ChTL
CNTL
CNTL
CNTL
CRTL
CHTL
CNTL
CHNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CAhTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
CNTL
RHO,CNTL
CNTL

117
118
119
129
121
122
123
124
125
126
127
123
129
130
131
132
133
134
135
136
137
138
139
140
161
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
1