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ABSTRACT

A computer code is described which yields accurate
solutions for a broad range of laminar, nonsimilar boundary layers,
providing the inviscid flow field is known. The boundary layer may
be subject to mass injection for perfect-gas, nonreacting flows. If
no mass injection is present, the code can be used with either per-
fect-gas or real-gas thermodynamic models. Solutions, ranging from
two-dimensional similarity solutions to solutions for the boundary
layer on the Space Shuttle Orbiter during reentry conditions, have
been obtained with the code. Comparisons of these solutions, and
others, with solutions presented in the literature; and with
solutions obtained from other codes, demonstrate the accuracy of

the present code.
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INTRODUCTION

Calculation of the convective heat-transfer-rate distri-
bution for a given configuration requires information abolt the
character of the vic.ous boundary layer. The present work discusses
a numerical procedure which provides solutions of a thin, laminar
boundary layer bounded by a specified inviscid flow field. The
inviscid flow field i: required as input to the present code. This
code can be used as a tool for analysis of data from wind tunnels and
for the extrapolation of the correlations to flight conditions.
Furthermore, it will serve as an instructional aid for courses in
boundary layer theory and convective heat transfer at the University
cf Texas at Austin,

For compressible flow problems, where the wall temperature
is constant and the static pressure at the edge of the boundary layer
is constant, the convective heat-transfer rate can be calculated using
the Eckert reference temperature relations [1]. The heating rates
calculated using this method, which does not require the comp® -te
solution of the viscc - equations, compare favorably with experimental
measurements even for flows with moderate, favorable pressure
gradients [2]. However, this technique cannot be applied for nu-
merous problems of interest, e.g., those involving gas injection at

the surface, nonuniform surface temperatures, real gas effects, etc.
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A more rigrrous calculation of the heat transfer rates
could be obtained from a solution of the viscous equations, as-
suming the similarity conditions are satisfied [3]. As noted by
Hayes and Probstein [4], these conditions are satisfied in the
following cases:

(a) for flow with a uniform free stream (i.e., constant
pressure solutions), and a constant surface
temperature,

(b) near a stagnation point, if the fluid properties in
the stagnation region are assumed approximately
constant, and

(c) for the %imiting case of locally hypersonic flow,

e

where — + 2,

H

e
For other flow problems, approximate solutions can be obtained, if
the flow is assumed to be locally similar. Special cases involving
mass injection can also be treated assuming similarity. One such
example would be:

.. const
(pv)in. =

N 3
where the injectant is the same gas as the free stream.

The procedures described above are still too limited to be
of use in analyzing heat transfer data from many experimental pro-
grams. With these requirements in mind, Bertin and Byrd [5]
developed a finite difference scheme (NONSIMBL) to obtain sclutions
for a iaminar boundary layer for a flow which is:

£ 18
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(a)
(b)

(c)

(d)
(e)

(£f)

either compressible or incompressible,

possibly subject to a pressure gradient in the
external flow,

either two-dimensional or axisymmetric,

of arbitrary free-stream gas,

possibly subjected to an arbitrary injectant,
injection rate, and injection-rate distribution,
and

bounded by an arbitrary wall temperature

distribution.

The original code was limited to a mixture of perfect-gas, nonre-

acting flows having a constant stagnation temperature. Their

solution technique closely follows that developed by Marvin and

Sheaffer [6].

The NONSIMBL code was later modified to handle real-gas

flows as well as perfect-gas flows for either variable entropy or

isentropic flow conditions at the edge of the boundary layer. It

has been used extensively with good success but the computed

solutions exhibited probiems in certain applicatiuns, specifically

accelerating flow past a highly cooled body [7]. The problems which

occurred in these cases were due to the relation used to evaluate the

transformed y-coordinate,

l-e

-an

(;ngAﬂng!K}Eils
Egng(ij,CﬂJAljﬂri
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where 1 is the transformed y-coordinate using the standard Lees-
Dorodnitsyn transformation and a is a scale factor which was
assumed constant. This transformation allowed numerical
integrations to be carried out over a fixed interval (zero to one)
rather than the usual interval in the n-coordinate system (zero
to infinity). Therefore, the need for an iteration to define the
boundary layer edge was elminated. However, the coding procedure
also eliminated the iterative procedure which required that zero
velocity and temperature gradients exist at the edge of the bound-
ary layer. Note that if the scale factor a is assumed a
constant for every station, as it was in [5], there is a unique

relation between n and n. As a result, is forced to

nedge
be a constant. However, the Faulkner-Skan solution shows that,
for a boundary layer in the presence of a given pressure gradient,
nedge is not a constant but depends on the value of the pressure
gradient parameter B [8]. For small streamwise variations of

B , a constant value of the scale factor is not a bad assumption,
but for accelerating flows past highly cooled walls, such as in
[7], it is unrealistic.

For flow conditions such as those discussed in [7], the
solutions generated by the NONSIMBL code had relatively large
velocity and temperature gradients at the boundary layer edge due
to the constant a assumption. Although these gradients had only

a small effect on the heat transfer and skin friction (which were

of primary importance at that time) they had a significant effect

ORIGINAL PAGE I8
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on the temperature and the velocity distributions. Subsequent
applications have required that the code be capable of providing
accurate calculations of displacement and momentum thicknesses
which are very sensitive to the velocity and temperature profiles.
The present code includes an iterative procedure in which a is
varied so that the velocity gradient at the edge of the boundary
layer is essentially zero. There is still no restriction on the
temperature gradient at the edge of the boundary layer, but for
most cases computed to date it is small.

Another refinement added to the code removes the need to
input velocity and temperatu = profiles at the initial station.
The code now calculates the initial profile using a Faulkner-Skan
solution for a perfect gas with Pr = 0.7. The initial guesses
for f£"(0) and g'(0) needed to obtain the Faulkner-Skan
solution are calculated using a correlation of these parameters as
functions of g(0) and B. Thus, a large range of flow conditions
can be solved with a minimum of external calculations.

The modified NONSIMBL code which is called NSBL, i
coded in FORTRAN IV for the CDC 6600 at the University of Texas at
Austin and is described herein along with a discussion of .its us:s

and limitations.
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NOMENCLATURE

matrices, equation 31

(o5

e e

Chapman-Rubesin factor

local skin friction coefficient
mass fraction for species i
specific heat of species i

specific heat, Z CiC

1 Pl

displacement thickness including mass injection,
equation 42

diffusion coefficient for species i

dimensionless streamwise component of the local

[ u
velocity o
e

stream function, equation 7

matrix, equation 35

matrix, equation 34

total enthalpy

mesh point coordinate normal to the wall
thermal conductivity

length of the Space Shuttle Orbiter

12
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Mach number

molecular wei. it of species i

mesh point coordinate in streamwise direction
number of mesh points normal to the wall
transformed y-coordinate, equation 11
pressure

uC
Prandtl number, _ER

local convective heat-transfer rate

universal gas constant

distance from surface of body to axis of symmetry,
measured normal to the axis of symmetry

transformed x-coordinate, equation 6

u

Schmidt number, oD,

2

q
Stanton number, S C (T =T
eep r 'w

temperature

velocity in streamwise direction

velocity normal to the wall

physical streamwise wetted distance from the
stagnation point

axial distance from the nose of the Space Shuttle
Orbiter

physical distance normal to the wall

S e e
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a scale factor, equation 11

28 du
B pressure gradient parameter, —- E's_e'

e
&% displacement thickness
n transformed y-coordinate, equation 6
nedge that point in the boundary layer where u = 0.99ue
;) non-dimensional temperature, TI-

te
0 momentum thickness, equation 48
u viscosity
o] density
w column matrix representing the unknowns, equation 31
T local skin friction
¥ stream function, equation 7

Subscripts

a,b,c,d,e,f mesh points, sketch 1
e edge value
i species i
inj properties of the injected species
N evaluated at boundary layer edge when used

with matrices only

r denotes recovery temperature
t stagnation value
v wall value

14
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properties of stream species
evaluated at the wall (which is the first node)
when used with matrices only

injectant species

Superscripts
body geometry factor, k=0, for two-dimensional

flow; and k=1 for axisymmetric flow
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THEORETICAL ANALYSIS

Governing Equations

Solutions are sought for the laminar boundary layer for an
axisymmetric or a two-dimensional configuration with possible
ablation or transpiration cooling. To model this flow, the present
analysis is not restricted to the requirements for a similar,
laminar boundary layer with mass injection. The injected gas may
differ from the stream species and a general injection-rate distribu-
tion may be specified. The body may be either axisymmetric or two-
dimensional providing the radius of curvature is large in
comparison to the boundary layer thickness, i.e., centrifugal forces
are neglected. Approximate solutions for a three-dimensional
boundary layer with small cross flow can be obtained using the
axisymmetric analog [9] in which an effective radius of curvature is
used to describe the streamline divergence. For flow with no mass
injection at the wall, the thermodynamic properties of the free-
stream gas may be modeled with the ideal gas relations [10] or
with real gas properties using the thermodynamic subroutine,
"MOLIER." For flows with mass injection, the thermodynamic
properties of the mixture of injectant and stream gases are ap-

proximated with the ideal gas relations. Chemical reactions between

ORI 16
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F PooR QUALITY




PPPI Pew DUW N DU DWN OwW ol Gaad BN GEE UEE GEN DS OB MEs  Se o

p—

the species are not considered. The governing equations applicable

to the flow model are as follows:

a(purk) N a(pvrk)

™ 5y =0 (1)

continuity:

where k=1 for axisymmetric flows and k=0 for two-dimensional

flow.
3Ci aci 3 aci
species: pu m—=+ pv 3y = 3y p Di Iy (2)

x-component of momentum:

Ip
pu%:— ovg—;—-ax—eJri-(ua—u) (3)

y-component of momentum:

p .
55-— 0 (%)

which represents the standard boundary-layer assumption regarding

the pressure gradients normal to the wall.

energy:
dp aC, 2
oh oh _ e 9 aT i ‘du
pu-§;+pvw-uw+aykay+pDZh. 5 +u(ay) (s)

The governing equations which describe the nonsimilar, possibly
compressibie, flow in physical coordinates are nonlinear, partial

differential equations. Therefore, a transformation is sought to

;AGE 15
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simplify the solution procedures. Using the standard Lee-

Dorodnitsyn coordinate transformation [11]:

X
_ 2k
s = [ PH U T dx (6)
o
p u rk y
e e
n = I %—dy
V2s o e

where the stream function is defined as:
0.5
Y = (2s) f (7)
one obtains the following equations:

species:

'
C ! ' s ! s !
(gz Cl) + f Cl = 2s (Cl f -f Cl) (8)

X- omentum:

" "o (Y y 2 ] ' "
£f + (Cf ) +B(53- (f ) ): 2s (f (f )S-fsf)(g)

energy:
v Ce ¢ ' C“e2 n2 1 fe - )
fo +— —~ [C -C 6 C, + (f) +— [=—TC ©
- Sc P ) 1 = = \Prp
1 2 CT C
P p te P
2 Bf'
p u ' '
- == — =25 (£0% -0 £ (10)
pCthe



|

where superscript prime denotes differentiation with respect to n
and superscript s, with respect to s. Having introduced the
stream function, which automatically satisfies the overall
continuity equation, the new set of governing equations contains

one less dependent variable. Except for a limited number of
injection-rate distributions, it is not possible to reduce the
governing equations to a form analogous for similar solutions, as
discussed in the Introduction. An additicnal coordinate transforma-
tion can be made, as suggested in [12] and as mentioned in the
Introduction:

-an

n=1-e¢e (11)

This transformation is for numerical purposes. Numerical integra-
tions can now be carried out over a fixed interval (zero to one)
rather than the usual interval in the n-coordinate system (zero to
infinity). This coordinate system eliminates the need for an
iteration to define the boundary layer edge. Note that in the
present approach it is assumed that the edge of the viscous boundary
layer, the edge of the thermal boundary layer, and the edge of the
species concentration layer, all occur at the same 1.

Also, the transformation affects nodal point spacing in
the physical-coordinate plane. Points which are evenly spaced with
respect to the n-coordinate are not evenly spaced in physical space.
Spacing of the y-coordinates of the nodal locations varies with
position, such that Ay increases with distance from the wall.

GINAL PAGE Ie
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This results in more nodal points in the region near the wall, where
gradients are large, and fewer points in the region away from the
wall, where gradients are smaller. The scale factor a will be
treated as a constant for any two adjacent streamwise stations.

The resultant governing equations in the transformed system with

]
F = %—- replacing f , are as follows.

e
species: 1
a2(1-m)? (&) ¢+ o2-m) ((-m) e, - ¢, & 4 ata-n) £ o
Sc n 1in 1lnn 1nj Sc in
= 2s (ClsP - a(l-n) Ps Cln) (12)
momentum: =
2 2 2
an a(l-n) + a“(1-n) cnPn + Ca*(1-n) ((l-n) an - Fn)
+B -p-‘i-r’ =25 ([FF_ - £ F_ a(l-n) (13)
p S s s n
energy:

cC.
1 2.2 | P C ) ,2(1- - -
- a*(1-n) e 0 + (Pr)a (1-n) ((1 n)em Gn) + a(l-n) f en

n
p n
C Cu 2 i
de € - 2(1.n)2 2 .2 2 i
t— % (Cp Cp )a (1-n)* 8.C, + = F a?(1-n) ‘
C 1 2 CT .
2 p te i
ue2 Pe
- — B o F=12 (Fes - a(l-n) enfs) (14)
p te




. . . - < - - K 4 W - -

—

where the subscripts n and s denote differentiation with respect
to n and s, respectively.
Boundary Conditions
In the previous section, the governing equations were
written in terms of three dimensionless, dependent variables, F,
Cl’ and 6. Since the surface temperature and the inviscid flow
field are known a priori, values for F and 6 are immediately
determined at both boundaries.
At the wall, i.e., n =0
F=0,0-= Tw/Tte (15)
At the boundary layer edge, i.e., n =1
F=1, 08 = Te/Tte (16)
Also, it is possible to readily define the species concentrations
at n=1
¢, = 1, 02 =0 (17)
The values of the concentration fractions at the wall, however,
are not explicitly known. The appropriate wall boundary condition
is obtained from the conservation of species equation:
BCl
(pv), Clw = P4 P12 |3y . (18)
GE I8
ORIGINAL P4y
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Physically, this boundary condition specifies the balance between
the convective flux away from the wall and the diffusive flux
toward the surface for the free-stream species. Written for the
n,s coordinate system in terms of nondimensional parameters, this
boundary condition becomes

; _ (OV)W Ciy 5%, }’E (1)

Inw k
Gowuwuer

In addition to the dependent variables Cl’ 0, and F, the govern-

ing equations also contain the stream function, f. By definition:

*

£ =F

111
_ F
f = Io mdﬂ + £(0) (20)

From the continuity equation it follows that

X
£(0) = - 2= J (o), r~ dx (21)
2s 0

In summary, the boundary conditions for C, and f£(0) at

1l
n = 0 are determined by substituting the specified injection-rate

distribution into the appropriate equations. The other boundary
conditions are determined from the usual physical constraints. A h

complete listing of the boundary conditions is as follows:

e 8d,
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At the wall, n = O:

0
T
—_

Tte

(pv)w Clw Scw V2s

a u I‘k
pw uw e

C1n =

X
£(0) = - L I (Dv)w rk dx

Y2s ‘o

At the boundary layer edge, n = 1:

F=1
Te
0 =T—.
te
Cl =1
C2 =0

Formulation of the Solution Algorithm
The governing partial differential equations, and the
appropriate boundary conditions have been developed. However, to
obtain a solution it will be necessary to use the finite difference
form of the equations. These finite difference approximations are

computed using the nodal scheme shown in Sketch 1.

proe B
‘00“ Qﬂﬂm
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Sketch 1. - il
Nodal Pattern

The finite difference approximations for the partial derivatives
of the dependent variables are functions of their values at the
streamwise coordinate, m + 1, where the solutions are to be
calculated; and at the station, m, where the flow field is

already known.

G represents a particular dependent variable

e
G =i-(G -G) (22)
s 8 G -G
G =2 (G -G +G,.-G,)
n 4An c a f d
n - -—3'------((;c - 26, + G, +G; - 26, + Gy)
2(An)? a

The approximations for the thermodynamic properties are evaluated

only in terms of their values at streamwise coordinate, m:

R represents a thermodynamic property

1

_ i

Rn  5hn (RC - Ra) (23)
- l -

nn (An)z (Rc 2Rb * Ra)
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Difference approximations for wartial derivatives involving products
are defined so that the dependent varjable. at the m + 1 stream-
wise coordinate appear linearly in the resulring equation.
GM_=3G (M -M)
s "B % Me - M
_ 1
GM = - (6, - 6 )(M: - M3) + (G - G (M - M )]
8(An)
2 .
" =G, G (24)
GM =G (M - M +M_-M)
n Gb 4hn ‘e a f d
G2 = 1 (6, - 6_)(Gg - Gy)
4(4n)?
Substitution of the appropriate approximations into the momentum
equation, using & = a(l-n), results in the following:
§2C + 5 (F -F +F -F)+83f 2 (F -F +F,-F,)
n 4An ¢ a b d 4An "¢ a f d
+C g2 -2 (F, - 2F + F_+ F. - 2F_ + F,)
2(An)? a ©
~Cad ——(F -F +F,-F,) (25)
4An "¢ a f d
o] F -F
e _ e b
+8 (p - FbFe) =25 F —=
-8 (28) f =~ (F. -F +F_-F,)
s UAn "¢ a f d
B I8
ORIGINAL PAS-
OF POOR Q
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In the above cquation, fs is evaluated using the relations for the
thermodynamic properties. Although the derivatives of the properties
are not represented in finite difference forms, it is understood
that the values are to be obtained in this manner. The finite

difference form of the momentum equation takes on the form

~2 ~
e laf, e ¢, ,d8¢c _dac 2s o £
£ | 4ln L4An 2(An)? 44n 4An
R S 8 F - 2s Fy
e 2(An)2 b KS
a2 ¢ ~2 ~ 2s a f
+F af n + a® C + ae C S ( )
- - = 26
d yhn uAn 2(An)? uAn 4ln
~ ~2 ~2
. af (FC - Fa) ] a cn(rc - Fa) _ a c(Fc - 2Fb + Pa)
2 -~
, aa C(Fc - F.) - 22 ) 2s Ty ] 2s a fs (rc - F))
4lin p As 44n

The quantities enclosed in brackets depend only upon properties
and dependent variables evaluated at the streamwise coordinate m,

where the solution is already known. The equation can be rewritten:
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Conservation of momentum:

All Fd + Bll re + cll Fe = Dl (27)

Conservation of energy:

21 Fa ¥ Byy Fo # Cyy Fp ¥ Agp O # Byp O + Cop O 4+ 85 Ciy

C D

*Cy3 G 5 0, (2¢)

Conservation of species:

A c Cc,, C

33 C1q * B33 Cio * C33 Cie = D4 (29)

The following matrix equation can be used to represent these three

equations, where the A, B, and C matrix elements are Aefined in

Appendix A.

A, 00 Fy B, 0 O F
Bap Byp Byl [8a | * [Byy By O O
o 0 A33J €14 0 0 Byl |C,

¢, 0 0 F D,
* o 1Cr G2 Coa| (% | = (D

o o c c D

43 1fJ 3 (30)
DRIGINAYL, PAGE ™

OF POOR QUALYI

R T N




M= ™

| oo |

| e |

et |

| oy |

.

— R

-®
ey
ONY

.

28

Replace

Noting that d corresponds to i-1, e to i, and f to itl,

the matr’x equation can be rewritten in more compact notation:

A + B, w,

. w, + C. w, = D,
~i,m <i-1l,m+l ~i,m ~i,m+l ~i,m ~i+l,mt+l ~

i,m (31)
The subscripts i,m refer to the nodal point at which the matrix

is evaluated. The terms in the A, B, C and D matrices depend
only upon quantities at station m. Since these quantities are
known, the A, B, C and D matrices can be evaluated. As the value
~f i1 wvaries from 1 at the wall to N at the boundary-layer edge,
N-2 matrix equations of the form shown above are produced. The
eguation is not valid at izl or i=N because the values of the
elements in the A, B, C and D matrices for any point n,m also
depend upon properties at points i+l,m and i-1,m, At the wall
and at the boundary layer edge, the boundary condi+ions will be used
to evaluate the flow variables. In general, the set of matrix
equations for all N points can be represented using still another

matrix representation:

EB
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r§1 ¢, o 0 - - - 0 r@l r?l
A, B G 00 - - -0 w, )
6 - - A B G -0 2T Bl B4 (32)
o0 - = - = Ay By SNe1] |%N-: On-1
LO - = = - it éN EN J “E’N J L?N J

To solve this set of linear matrix equations, the Gauss-Jordan

method of elimination is used as described in [13]. Briefly,

= - < i < N-
W, H w, . + 91 1<i<N-1 (33)
where
- -1
By = By -8 B 78 (34
and

i

-1
Gy = (B; - A, H, )71 (D, - A, G,

< i -
B, - A i) 251 < N1 (39)

Equations (34) and (35) do not provide the values of G1

and Hl which are necessary to compute Wy using equation (33),

These values are obtained using the boundary conditions at the wall.

Recall that, at the wall:

and
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Y2s clw (pv)" Sc"
C =
1n

L uet‘
Following the method outlined in [6], one can write
. - s s - 2 s
C,(i=2) = ¢, (i=1) + An[C (i=1)] + (&n) te, (4 l)]nn

where Cl(i=2) is the value of C, at the i=2 node in the
direction normal to the surface. The value of [Cl(i-rl)]n can be
determined using equation (19). The value of [Cl(i=1)]nn can be
obtained, after some manipulation, from the species equation for

i=l. The above equation results in the relation:

cl(i=2)

¢, (3=1) = s (36)

1

where

V?s Sc (pv) 2 Se o)
ENS = ¥ k"' An+9‘2‘—) 1--C-—"- 5';'—
a(pu)w u, r w W

. 12s Scw (pv)w

k
a(ou)w u, r

Using this expression for the boundary condition, the appropriate

values for Hl and Gl are:
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(0 0 0
H = |0 0 0 (37)
1
0 0 1+ DN
\
0
91 = ew (38)
L0

The solution for the w-vector at each of the N-stations
of the boundary layer for a given streamwise coordinate, mt+l ,

begins at the outer edge of the boundary layer. Using the known

boundary conditions:
F=1, 0 = ee, and Cl =1

one finds that:

1

w _ {6

= e (39)
1

The solution proceeds inward, i.e., toward the wall, applying
equation (33) sequentially to determine t..e velocity, the tempera-
ture, and the species profiles. Having obtained numerical values
for these parameters, a convergence check is made. The convergence
criteria is satisfied if consecutive solutions of the boundary

layer have the slope of the velocity function at the wall within
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0.05% of each other. For reference, this term is titled "CONVG"

in the Fortran listing of the program. Should the convergence
criteria not be satisfied, the elements of the A, B, C and D
matrices are reevaluated using the average of the newly calculated
value of F (or 6 or Cl) and its value at the previous streamwise
station. Tne iteration process c.atinues until consecutive values
of tiue velocity gradient agree. Once the convergence criteria is
satisfied, the y-gradient of velocity at the edge of the boundary
layer is checked to see if it is within a specified tolerance. Only
if the value of the edge shear, which is defined as

Fy - Py

&

is greater than zero and less than 0.2, is the solution considered
to be the desired one. Otherwise, a is changed by 5% and a linear
extrapolation method is used to recalculate the boundary layer until
the edge shear criteria is met. In addition to the viscous profiles,
numerical values are obtained for the heat-transfer rate, the skin-
friction, the displacement thickness, etc. The procedure is then
repeated to obtain the boundary layer profiles at the next streamwise
station, until solutions are obtained at all stations for which the
inviscid flow has been specified.

The solution of the initial station is obtained using a
Faulkner-Skan formulation for a compressible, laminary boundary layer

for a perfect gas with Pr = 0.7. This initlal profile is calculated



-
o - ‘

in the NSBL code by the subroutine entitled PIGYBAK. A linear
double interpolation routine is used to calculate reasonable first
guesses for f"(0) and g'(0) based on the values of g(0) and
B, as determined from the boundary conditioms.

The numerical routine described herein computes the
viscous-~layer profile of the velocity function F, the temperature
function 6, and the stream species concentration Cl. Values are
also obtained for the following parameters:

CF: the local skin-friction coefficient

T

2
0.50e ug (40)

Cf =

DELST: the displacement thickness, feet

_ y u - 12s B [Pe u dn
5*‘f0( 'BET)dY'"—‘T fo(a"r)m (1)

e e u r
pee

DSTAR: a thickness which represents the free-stream mass

flow entrained in the boundary layer with injection

1 x (sw)wx'k

Dt = g% 4 L j it Tl
k

r

dx (u2)
0 pe ue

This equation corresponds to the definition of

Hayasi [14].
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HCOEF: the local heat-transfer coefficient, Btu/ft? sec °R

h =5 T
te w (43}

HRATIO: the ratio of the local heat-transfer coefficient to

the reference heat-transfer coefficient

HRATIO = :

ref (44)

QDOT: the local convective heat-transfer rate, Btu/ft? sec

k .
. AT\ _ K, Py U Tee T a(1-n) a6
qg = {k 3w n (u5)
Y/ 12s W
STNO: the Stanton number
St = 1 (46)

Pe Yo Cp (Tr - Tw)

TAU: the local skin friction, 1lbs/ft?

2k
- wl Pyt a(l-n) ryp
T = uﬁ-— = 3;)' (47)
Y/ 12s w

THMOM: the momentum thickness, feet
o - IY _ou (1 ) R_) ay = Y25 I“ F(1-F) dn

0 Pe Ye u, o u rk 0 a(1l-n) (48)

e e

TREC: the recovery temperature, °R
Tp = 2(Tee - T + Ty (49)
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DISCUSSION OF RESULTS

The NSBL code has been used to generate numerical solutions
for a variety of problems. Presented herein are the solutions for
some representative flows. Specifically, there are two flows where
the similarity conditions are satisfied and two flows where they are
not. The two flows where the similarity conditions are satisfied
are: (1) incompressible flow over a flat plate (the Blasius problem);
and (2) supersonic flow past a sharp cone. The two flows which do
not satisfy the similarity conditions are reentry flight conditions
of the Space Shuttle Orbiter at (1) a relatively low Mach number

(M = 9.49); and (2) a very high Mach number (M = 29.86).

Incompressible, Laminar Boundary Layer
on a Flat Plate

A solution of the incompressible, laminar boundary layer
was obtained with the NSBL code for flow past a flat plate at zero
angle of attack. The free-stream velocity was 167 ft/sec; the stag-
nation pressure was 1.0 atmosphere. Both the stagnation temperature
and the wall temperature were 540°R. The skin-friction coefficient,
the displacement thickness, and the momentum thickness as calculated
using the NSBL code are compared in Table 1 with the results reported
by Schlichting [15], and the values calculated using the BLAST code

[3]. The values obtained using the NSBL code are in close agreement

35
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with the values from the other solutions. The velocity profile
computed using the NSBL code is presented in Figure 1. Included
for comparison are the velocity profile presented in [15] and that
obtained using the BLAST code. The NSBL profile is that calculated
for x = 1.0 ft, i.~., for a distance of 1.0 ft from the leading
edge. It should be noted that the y-transformation used in [15]
differs by a factor of fE' from that used in the two codes
developed at the University of Texas and in the earlier reference
of Blasius [16]. However, the solution given in [15] has been con-
verted to the present definition for n. The velocity profiles

calculated by the three methods are in excellent agreement.

Laminar boundary Layer for Supersonic Flow -
Past a Sharp Cone ¥

The NSBL code was also used to obtain a solution for the
laminar boundary layer on a sharp cone which had a half angle of 12°.
The cone was at zero angle of attack in a supersonic stream. The
free-stream Mach number was such that the flow downstream of the
shock was supersonic and the flow properties were constant along the
surface of the cone. At the edge of the boundary layer the static
pressure was 0.05 atmosphere, the static temperature was 1000°R,
and the Mach number was 4.84. The wall temperature of the cone was
S40°R. The velocity profile at a distance of 1.0 ft from the apex

of the cone as calculated with the NSBL code is compared in Figure 2

— ———— et — — -
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with that computed using the BLAST code. The temperature profiles
obtained from the two codes are compared in Figure 3, Note that the
maximum temperature in the boundary layer is greater than either

the wall temperature or the static temperature at the edge of the
boundary layer. This region of elevated temperature within the
boundary layer is due to the effect of viscous dissipation. Once
again, the agreement between the different calculation procedures

is excellent. The convective heat-transfer-rate distributions as
calculated by the two codes are presented in Figure 4. Included

for comparison is the distribution calculated using Eckert's reference
temperature technique (as discussed briefly in the Introduction).
The heat-transfer rates were nondimensioralized with the thecretical
heat-transfer rate to the stagnation point of a 1.0 ft radius sphere
under the same fiow conditions as calculated using the theory of
Detra, Kemp, and Riddell [17]. The agreement between these three

solutions is very good.

Compressible, Laminar Boundary Layers

for Reentry Flow Conditions
As was mentioned in the Introduction, it was desired to
write a code that could accurately solve for the boundary layer on
a highly cooled wall in an accelerating,high-speed flow. The

NSBL code was used to solve for the boundary layer on the Space
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Shuttle Orbiter for two flight conditions from the reentry
trajectory. These conditions included a relatively low Mach number
(M = 9.49) and a very high Mach number (M = 29.86). The inviscid
flow fields for these two flight conditions, which were provided by
Dr. W. D. Goodrich of NASA Johnson Space Flight Center [18], are
presented in Table 2., Additional points were added to those in
(18] to improve the accuracy of the NSBL solution. Velocity and
temperature profiles, displacement-thickness distributions, heat-
transfer-rate distributions, and skin-friction coefficient distri-
butions for these two flight cases, as calculatcd by the NSBL code,
are presented in Figures 5 through 14. Alsc shown for comparison
purposes are the solutions obtained using the BLIMP code [19], as
provided by JSC.

For the first flight condition, the free-stream Mach
number was 9.49 and the angle of attack was 30.8 degrees. The
conditions at the stagnation point and the streamwise distributions
for the static pressure, the wall temperature, the entropy at the
edge of the boundary layer, and the radius of the equivalent body
of revolution are presented in Table 2(a). These conditions were
used as the input boundary conditions for the NSBL code and for the
BLIMP code. Solutions using the NSBL ccde were obtained for two
thermodynamic flow models: (1) for air that behaves as a thermally
perfect (p = pRT) and a calorically perfect (Cp = constant) gas;

and (2) for air that behaves as a real gas. For the perfect-gas

s ——— -—
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model the viscosity was computed using Sutherland's equation,

1.5

u - 2.270 Y SR 10”8 1bf sec
T + 198.6 ft?

Furthermore, the Prandtl number was assumed a constant, Pr = 0.70.
The thermal conductivity was calculated using the definition of

ucC
the Prandtl number, k = -2, For the real-gas model, thermo-

Pr

dynamic properties were calculated using the tabulated values of
[20]. The viscosity, thermal conductivity, and Prandtl number
were calculated using linear, double-interpolation of the properties
tabulated by Hansen [21]. The specific heat was calculated using
the definition of the Prandtl number. In the BLIMP solutions the
real-gas model for air was used both for the thermodynamic properties
and for the transport properties.

The velocity profiles as calculated by the NSBL code are
compared to the BLIMP calculations in Figure 5. Figure 5(a)
presents the velocity profiles at x = 0.10L and Figure 5(b)
presents the profiles at X, = 0.498L. At both streamwise loca-
tions, the agreement between the NSBL real-gas calculations and the
BLIMP calculations is very ~ood. However, the solutions obtained
for the perfect-gas model differ substantially from those obtained
for the real-gas mode_.. The temperature profiles at these same two

streamwise locations are compared in Figure 6. Again, the agreement

between the NSBL real-gas and the BLIMP calculations is very good.
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The NSBL perfect-gas calculations differ significantly, especially
at the downstream location. Note that, at x, = 0.498L, T = 0.385Te
at the wall for the real-gas solution, whereis the corresponding
temperature irs 0.685Te for the perfect-gas solution. Since the wall
temperature is specified as 1500°F for both gas models (see Table
2a), the differenc . in the two dimensionless values of Tw/Te indi-
cates a difference hetween the values of Te. The same inviscid flow
field, as defined by the pressure ratio (pe/th), the local entropy
(se/R), and the streamline divergence metric (RDS), was used for both
gas property models. Therefore, it is clear that the thermodynamic
model used in the calculations can have a significant effect cn
the resultant solutions.

The displacement-thickness distributions are compared in
Figure 7. The BLIMP and the NC3L real-gas distributions are in
good agreement. The displacement-thickness distribution calculated
using the NSBL perfect-gas model compares reasonably well with the
other two.

The heat-transfer-rate distributions are compared in
Figure 8. The local neat-transfer rates were divided by the theo-
retical heat-transfer rate to the stagnation point of a 1.0 ft radius
sphere as calculated using the theory in [17]. The NSBL real-gas
distribution compares very well with the BLIMP results. However,

the values for the NSBL perfect-gas solution are substantially lower

D, e —— — a—— -
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than those for the other two models. The skin-friction-coefficient
distributions are compared in Figure 9. The agreement between the
NSBL real-gas solution and the BLIMP sclution is very good. Although
the values from the NSBL perfect-gas solution are below those of the
other two models, the differences are not as great as they are for
the heat-transfer-rate distributions. In summary, the NSBL real-gas
calculations and the BLIMP calculations compare very favorably for
this flight case. The NSBL nerfect-gas calculations, however,
differ significaatly from those of the other two models and demon-
strate the error that could be introduced by using perfect-gas
assumptions for a real-gas situation.

For the second flight condition, the free-~stream Mach
number was 29.86 and the angle of attack was u41.4°. The input
boundary conditions for the NSBL code and the BLIMP code are pre-
sented in Table 2(b). The NSBL code was used to o.o..in . solution
for the real-gas model only. The velocity profiles at X = 0.107L
and at X, = 0.uuu], as calculated by the NSBL code are compared to
the BLIMP solutions in Figures 1lUia) and 10(b), respectively. The
agreement between the profiles calculated by the two codes 1is
excellent at both streamwise locations. The temperature profiles at
the same two streamwise locations are compared in Figures 11(s) and
11(b). Again, the agreement between the solutions provided by the
two codes 1is excellent. It is interesting to note that both codes

indicate an inflection point in the temperature profiles at the two
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streamwise locations. In both cases the physical temperature in

the boundary layer in the region of th: inflection point was on

the order of 4500 to 5000°R. In this temperature range, the oxygen
molecules begin to dissociate at the static pressure of this flow
(which is approximately 0.01 atm). In this temperature range, the
thermal conductivity changes rapidly with temperature. Further-
more, the value of the thermal conductivity at a specific temperature
also depends on the static pressure.

The displacement-thickness, the heat-transfer-rate (non-
dimensionalized as before), and the skin-friction-coefficient
distributions as calculated by the two codes are compared in
Figures 12, 13 and 14, respectively. Once again, the real-gas
calculations of the NSBL code compare very well with those of the

BLIMP code.
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CONCLUDING REMARKS

The agreement between the sample calculations made using
the NSBL code and the results available in the literature, along
with the calculations of other codes, demonstrates the validity of
the solution algorithm of the NSBL code. It should be noted,
however, that the equations employed in the code incorporate the
assumptions typically applied to thin boundary layers. Furthermore,
it is assumed that the viscous boundary layer, the thermal boundary
layer, and the species concentration all have the same thicknes:
Thus, because the iterative solution procedure requires that only the
shear be negliglbe at the edge of the boundary layer, the code should
be applied with caution to flows where the Prandtl number and the
Schmidt number are significantly different than unity. It should
also ~ noted that the NSBL code is applicable only to laminar
boundary layers. Therefore, comparisons between experimental results
and the solutions obtained with the code are valid only when the

physical boundary layer actually is laminar.
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Table 1. - The laminar boundary layer for incompressible
flow over a flat plate.

BLAST Schlichting
NSBL (Ref.3) (Ref. 15)
Cf 0.6816 0.6644 0.6641
J Rex J Rex J Re
ﬁ 1.7206 1.7963 1.7208
x

x|®

e,
0.6541 0.6633 0.664
4 Rex J Rex IRex ~

4y
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Table 2. - The input boundary conditions for Space Shuttle Orbiter
Flight Design Trajectory.

(a) M, = 9.49; altitude = 162,000 ft; angle of attack = 30.83°;

P,, = 215.8 1bf/ft?; T,, = SSOE°R.
M x(ft) pe/pw Tw(°R) Se/R RDS(ft)
1 0.8325  0.9164  2265. 37.24 0.8225
2 1.0113  0.8300  2251. 37.23 0.99C0
3 1.1900  0.8595  2238. 37.22 1.1500
¥  1.5188  0.8120  2211. 37.19 1.4600
S  1.8475  0.7687  2182. 37.15 1.7500
6  2.1450  0,7310  215u4. 37.10 2.0100
7 2.4425  0.6992  212u. 37.07 2.2500
8  2.7088  0.6710  2097. 37.06 2.5000
9  2,9750  0.6475  2071. 37.05 2.7100
10  3.2875  0.6190  20u4l. 37.04 2.9600
11 3.6000  0.5930  2012. 37.03 3.1800
12 4,1625  0.5540  1964. 36.99 3.6100
13 4.7250  0.5227 1923, 36.95 4.0230
45,2875  0.4990  1887. 36.91 4.4250
15  5.8500  0.4780 1859, 36.88 4.8000
16  6.3875  0.4600 1834, 36.85 5.1800
17  6.9250  0.4u454 1815, 36.82 5.5480
18 7.4750  0.4310  17S9. 36.79 5.9000
19  8.0250  0.4182 1784, 36.77 6.2600
20  8.6000  0.4060  1770. 36.74 6.6300
21  9.1000  0.3968  1760. 36.72 6.9450
22  $.6500  0.3870  1750. 36.69 7.2800
23 10.2000  0.3770  1740. 36.68 7.6200
24 10,7380  0.3690  1733. 36.65 7.9450
25 11.275 0.3610  1727. 36.63 8.2700
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Table 2. - (a) Continued.

26
27
28
29
30
31
32
33
34
35

37
38
39
40
41

43
gy
45
46
47
u8
49
50

x(ft)

11.813
12.350
12.888
13.425
13.963
14,500
15.575
16.650
17.713
18.775
20,388
22.000
24.680
27.360
30.030
32.700
35.385
38.070
40,735
43.400
46,085
48.770
51.435
54,100
56.785

pe/th

0.3540
0.3u477
0.3415
0.3360
0.3300
0.3255
0.3170
0.3086
0.3020
0.2955
0.2880
0.2819
0.2770
0.2751
2,2760
0.2772
0.2780
0.2795
0.2800
0.2810
0.2820
0.2835
0.2843
0.2850
0.2860

- M ———

T (°R)
w

1723.
1720.
1717.
1715.
1712.
1710.
1706.
1701.
1691.
1675.
1612.
1557.
1537.
1530.
1526.
1522.
1518.
1515.
1512.
1510.
1507.
1508.
1502.
1500.
1493,

S /R
e

36.60
36.58
36.56
36.53
36.51
36.49
36. 44
36.40
36.36
36.31
36.25
36.19
36.07
36.96
35.85
35.76
35.68
35.62
35.56
35.50
35.uy
35.39
35.3u4
35.29
35.24

RDS(ft)

8.5890
8.907S
9.2160
9.5250
9.8340
10. 143
10.738
11.333
11.925
12.518
13.363
14,208
15.599
16.990
18.399
19.808
21.174
22.540
23.920
25.300
26.695
28.090
29.480
30.870
32.250

46
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Table 2. - Continued

(b) M_ = 29.86; altitude = 246,000 ft; angle of attack = 41.4°;

Py, = 46.26 1bf/ft?; T,, = 10,798°R.

M x(ft) P./Py, T, °R)  S/R RDS(ft)
1 1.9500 0.8950  3095. 54.13 1.8900
2 2.0470 0.0890  3076. 54.09 1.9800
3 2.1430 0.8840  3061. 54,03 2.0600
4%  2.2u400 0.8780  30u48. 53.97 2.1500
5  2,3370 0.8740  3037. 53.92 2.2300
6  2.5300 0.8640  3016. 53.81 2.4100
72,7230 0.8540  2996. 53.70 2.5900
8  2.9200 0.8440  2977. 53.60 2.7700
9  3.1100 0.8355  2960. 53.50 2.9300

10  3.3000 0.8260 2942, 53.39 3.1000

11 3.4900 0.8170  2927. 53.29 3.2700

12 3.6800 0.8090  2912. 53.20 3.4300

13 3.8700 0.8000  2897. 53.10 3.6000

14 4.0600 0.7920  2883. 53.01 3.7500

15  4.2500 0.7837  2869. 52.92 3.9100

16  u4.6170 0.7680  2839. 52.76 4.2300

17  4.9830 0,7530  2812. 52.61 4.5300

18  5.3500 0,7390  278u. 52,48 4, 8400

19  5.7170 0.7250  2758. 52.36 5.1500

20 6.0830 0.7125  2732. 52.26 5.4300

21 6.4500 0.7006  2707. 52.19 5.7300

22 6.8100 0.6900  268u. 52.11 6.0200

23 7.1700 0.6790  2660. 52.05 6.3200

24 7.5300 0.6677  2637. 51.99 6.5900

25  7.8970 0.6590 2614, 51.93 6.8800
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Table 2. - (b) Conclusion.

M

26
27
28
29
30
31
32
33
3u
35
36
37
38
39
40
41
42
43
4y
us
u6
47
48
49
50
51
52
53
S5y

x(ft)

8.2630
8.6300
9.1700
9.7100
10.255
10.800
11.350
11.900
12.400
12.900
13.450
14.000
15.050
16.100
17.200
18.300
19.900
21.500
24,200
26.900
29.550
32.200
34.900
37.600
40.250
42.900
45.600
48.300
50.950

pe/pt2

0.6500
0.6u411
0.6290
0.6175
0.6080
0.5990
0.5900
0.5815
0.57u40
0.5667
0.5603
0.5540
0.5425
0.5313
0.5210
0.5128
0.4990
0.43812
0.4880
0.4874
0.u4874
0.4874
0.4874
0.u4874
0.4874
0.4874
0.u487u
0.4874
0.u4874

T"(°R)

2595,
2577.
2552,
2535.
2522.
2511.
2499,
2u88,
2479,
2470.
2460,
2450.
2433.
2419.
2403.
2388.
2365.
2345.
2311.
2281.
2259.
2237.
2218.
2200.
2182.
2165,
2151,
2137.
2122,

Se/R

51.87
51.82
51.75
51.68
51.61
51.5u4
51.46
51.37
51.30
51.24
51.18
51.13
51.05
51.02
50.95
50.88
50.77
50.68
50.55
50.45
50.36
50.25
50.10
49.95
49.80
49.65
49,52
49.39
49.25

RDS(ft)

7.1700
7.4300
7.8300
8.2500
8.6500
9.0300
9.4600
9.8400
10.230
10.600
11.100
11.600
12.250
12.900
13.610
14.400
15.600
16.700
18.400
20.300
22.100
23.900
25.700
27.500
29.300
31.200
32.900
34.800
36.600
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Figure 1. - Velocity profile for incompressible, laminar
flow past a flat plate; angle of attack = 0°,
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angle of attack = 30.83°.
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appear in

The individual elements of the coefficient matrices which

equations (28), (29) and (30) are as follows:
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APPENDIX B
NSBL USERS GUIDE

Program Contents
The NSBL code is made up of the following blocks:

Program NSBL: calculates conditions at the edge of the
bourdery layer as well as Rex, s, B, finj’ f".

Subroutine PIGYBAK: called by NLSBL - calculates the initial
boundary layer profile using a Faulkner-Skan
sclution technique.

Subroutine NUMIN: called by PIGYBAK - solves ordinary differeutial
equations using a multi-step method with a
Runge-Xutta starter.

Subroutine DERIV: calied by NUMIN - calculates derivatives

Sutbroutine FGES: called by PIGYBAK - calculates first guesses for
f"(O) and g'(O).

Function TWOVAR: called by FGES and EJOYCE - does linear double
interpolation.

Subroutine EJOYCE: called by NSBL - ca.culates the downstream
boundary layer profiles using finite

difference methods.
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Subroutine MOLIER: called by EJOYCE - calculates thermodynamic

properties for air as a real gas.

Subroutine DINT2: called by MOLIER - does double interpolation.

Subroutine DINTl: called by DINT2 - does double irterpolation.

Description of Input

The definitions of the input parameters are given below.

Figure B-1 presents a flowchart of the input sequence with the

formats used.

MM

KK

ISEN

IPERF

NTEMy

NPRES

DDSTR

number of x-points to be calculated

number of y-points in the boundary layer

equals zero for two-dimensional flow; equals one for
axisymmetric flow

equals zero for variable entropy flow; equals one for
isentropic flow

equals zero for real-gas properties; equals one for
perfect-gas progparties

number of elements in the transport property temperature
vector

number of elements in the transport property pressure
vector

displacement thickness due to injection at the first

station

ORIGINAL PAGE I8
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FLCW

FINJ

WMI

WMS

TEMP(M)

PRES{M)

VISS(I1,J)

TCS(I,J)

CPS(I1,J)

VISI(I,J)

TCI(I,J)

CPI(I,J)

72

value of the stream function at the wall at the first
station

value of the stream function of the injectant species at
the first station

molecular weight of the injectant species

molecular weight of the stream species

Mth temperature of the transport property temperature
vector, °R (temperatures must be in increasing order)
Mth pressure of the transport property pressure vector,
log, o (1bf/ft?), (pressures must be in increasing order)
viscosity of the stream species at TEMP(I) and PRES(J),
1bf sec/ft?

thermal conductivity of the stream species at TEMP(I) and
PRES(J), Btu/ft sec °R

specific heat of the stream species at TEMP(I) and
PRES(J), Btu/slug °R

viscosity of the injectant species at TEMP(I) and
PRES(J), 1bf sec/ft?

thermal cconductivity of the injectant species of TEMP(I)
and PRES(J), Btu/ft sec °R

specific heat of the injectant species at TEMP(I) and
PRES(J), Btu/slug °R

convergence criterion on a boundary condition

(typically 0.0005)



DELT
EPS
PTE(1)
TTE(1)

HTREE

RGAS

GK

PRATIO

ROVIN

RDS

SELT

IINIT

ALF1

73

step size in the y-direction (typically .05)

convergence criterion when a variable step size is used
total pressure behind the shock, 1bf/£t?

total temperature behind the shock, °R

reference value of the heat transfer coefficient,
Btu/ft? sec °R

gas constant of the stream species, ft 1bf/lbm °R

ratio of the specific heats of the stream species

ratio of the local edge pressure to PTE(1)

wall temperature, °R

density of the injectant species, slug/ft?

radius of the equivalent body of revolution, ft
streamwise wetted distance from the stagnation point, ft
local entropy at the edge of the boundary layer divided by
the stream species gas constant, Se/RGAS

total entropy behind the shock minus the local entropy at
the edge of the boundary layer, Btu/lbm °R

total entropy behind the shock, Btu/lbm °R

equals zero if the initial profile is to be caiculated
in the code; equals one if the initial profile is to

br input

initial value of the scale factor, a, at the x-location

of the input profile
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REXINT(1) integrated value of the Reynolds number at the x-location
of the input profile

S(1) transformed x-coordinate at the x-location of the input
profile

BETA(1) pressure gradient parameter at the x-location of the
input profile

F(I) nondimensional velocity (u/ue) at the Ith point in the
boundary ~ayer

THETA(I) nondimensional temperature (T/Tte) at the Ith point in
the boundary layer

CsS(I) mass fraction of the stream species at the th point in

the boundary layer

Description of Output
The output for the NSBL code includes the input parameters,
the free-stream parameters, the boundary layer profiles, and the

boundary layer parameters. The output for the free-stream flow

includes:
M staticn number in the x-direction
PE(M) static pressure at the edge of the boundary layer, 1bf/ft?

PTE(M) total pressure at the edge cf the boundary layer, 1bf/ft?
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THETAE(M) temperature ratio (Te/Tte) at the edge of the boundary
layer

TTE(M) total temperature at the edge of the boundary layer, °R

EMACH(M) Mach number at the edge of the boundary layer

UE(M) velocity at the edge of the boundary layer, ft/sec

URENOE(M) unit Reynolds number at the edge of the boundary layer,
1/ft

REXINT(M) Reynolds number at the edge of the boundary layer inte-
grated over the wetted distance from the stagnation point

SEL(M) local entropy at the edge of the boundary layer divided
by the stream species gas constant

S(M) transformed x-c.orc.nate

ROVIN(M) density of the injectant species, slug/ft?

BETA(M) pressure gradient parameter, B

FLCW(M) value of the stream function at the wall
The output for the boundary layer profiles and parameters

for M-1 x-stations includes:

M station number in the x-direction

X(M) physical wetted distance from the stagnation point, ft

I station number in the y-direction

YN(I) transformed n-coordinate, n, at the Ith point in the
boundary layer
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Y(I)

ETA(I)

F(I)

THETA(I)

Cs(1)

TAU
CF
HCOEF
TREC
QDOT
STNO
HRATIO
DELST
THMOM

DSTAR

physical y-coordinate at the Ith point in the boundary
layer, ft

transformed y-coordinate, n, at the Ith point in the
boundary layer

nondimensional velocity at the Ith point in the boundary
layer, u(I)/ue(M)

nondimensional temperature at the Ith point in the
boundary layer, T(I)/Tte(M)

mass fraction of the stream species at the Ith point in
the boundary layer

local skin friction, 1bf/ft?

local skin-friction coefficient

local heat-transfer coefficient

recovery temperature, °R

local convective heat-transfer rate, Btu/ft? sec

local Stanton number

HCOEF /HTREF

local displacement thickness, ft

local momentum thicknessz, ft

local displacement thickness with mass injection, ft

76

e —



" TSNP ARG TSNP ST Wy H A AT A I S AT S0 43 D70 SN Y AR YOV Py IO R AR N PN STV ORI AN DI

" MMM "M M W Pem R e =

| e |

e |

2]

Figure B-1.
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{ Start ’

Format (7I110)
MM, N,KK, ISEN, IPERF ,NTEMP ,NPRES

Format (3E12.5)
DDSTR,FLCW, FINJ

Format (2E12.5)
WMI,WMS

Format (6E12.5)
(TEMP(M),M=1,NTEMP)

Format (6E12.5)
(PRES(M),M=2 NPRES)

Format (4E12.5)
((viss(1,J),J=1,NPRES),I=1,NTEMP)

Format (4E12.5)
((TCS(I,J),J=l,NPRES),I=l,NTEMP)

Format (4E12.5) :
((cpPsS(1,J),J=1,NPRES),I=1,NTLMP)

|

- Flowchart of the input sequence and

FORMATS for the NSBL code.
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WMI=WMS? e

no

Format (6E12.5)
(TEMP(M) ,M=1,NTEMP)

Format (6E12.5)
(PRES(M) ,M=1,NPRES)

Format (4E12.5)
((v1s1(1,J),J=1,NPRES),I=1,NTEMP)

Format (4E12.5)
((rci(1,J),J=1,NPRES),I=1,NTENMP)

Format (4E12.5)
((cp1(1,J),J=1,NPRES),I=1,NTEMP)

Format (3E12.5)
E,DELT, EPS

Format (3E12.5)
PTE(1), TTE(2),HTREF

Figure B-1. - Continued
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|

Format (2E12.5)
RGAS, GK

(PRATIO(M),TW(M),ROVIN(M) ,RDS(M) ,X(M) ,M=1,MM)

Format (5E12.5)

n yes

°¢ ISEN=1?

IPREF=17?

yes

Format (6E12.5)
(SLE(M),M=1,MM)

Format (E12.5)
SELT

Format (6E12.5)
(SEL(M),M=1,MM)

Figure B-1. - Continued
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|

Format (I10,4E12.5) .
IINIT,ALF1,REXINT(1),S(1),BETA(1) :

IINIT=1? D—mo

yes

Format (3F10.0)
(F(I),THETA(I),CS(I),I=1,N)

End of the input sequence

e

Figure B-1. - Conclusion.

PR T Py - e e — — e -



v

AN NN WM SuEN N ER e e el

s~ B -~ B —— BN B B B

'

APPENDIX C

THERMODYNAMIC AND TRANSPORT PROPERTIES

Calculation Procedures for a Perfect Gas

Before one can solve equations (12), (13), and (14) for
the independent variables F, 6, and Cl’ it is necessary to
evaluate the thermodynamic properties which appear in the coeffi-
cients. The thermodynamic properties of the individual species are
readily computed as a function of pressure and temperature. For
cases of mass injection or when the free stream is assumed to be a
perfect gas, the properties of the mixture are approximated with

the ideal gas relations [10] once the relative concentrations of the

stream species and of the injectant species are known.

DENSITY: The density of the mixture is calculated using the

relatinn
p = £ (C-1a)
RT
which can be written for a mixture of two gases as:
M. M
_ P 172
p = (C-1b)
RTM +C/(M, - M)

where, to have consistent units, the value of the universal gas

constant, R, is

ft 1bf

1545 1b mo.e °K .
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The transport properties (specific heat, viscosity, and
thermal conductivity) for a given component are computed by linearly
interpolating the input tables as a function of temperature (the

transport properties are independent of pressure for a perfect gas).

SPECIFIC HEAT: The specific heat of the mixture is computed usiug

o

= sz + Cl(Cpl - Cp2) (c-2)

VISCOSI"Y: The viscosity of the mixture is computed using the

relation [11]:

u u
2
= 1 T * 3 (C-3)
2 "1
1+G =— 1+ G, ==
12 X 21 X,
where
< = €M,
17 W+ C (M, - M)
Xy =1-X
2
[1 , (ﬁ)o.S( &)0.25]
m M
o = 2 1
12 ¥, 10.5
2.828 1 +E——
2
and
(u 0.5 M. \0.25 ]2
1+ [(— 1
¥y M,
Gy * ‘ M. 0.5 1
GE
2.828 [ 1 + ﬁg (”£KEBQA1}§GEAA
1 OF P
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THERMAL CONDUCTIVIT.: The thermal conductivity of the mixture is

computed using:

k k
k = 1 + 2 (C-u)
s Xy
1+ 1.u55 612 T 1+ 1.065 G21 X
1 2
wucre G:., G21, Xl’ and X2 have been defined above.

DIFFUSION COEFFICIENT: The binary diffusion coeffici~nt is com-
puted using the procedure outlined in [22] for diffusion in a

multicomponent mixture:

D.. = (C-5a)

Where D 1is a reference coet..cient which can be aprroximated by:

- S
p (c-=")
Further,
y \0.u6l
F. = | —
i 26 (C-5¢)
and
m \0-461
F. = | =4
j 26 (c-5d)

The constant of equation (C-5b) was evaluated by fitting

the equation to the tabulated values for binary diffusion ceoefficients.

Specifically, the diffusion coefficients for mistures of NQ:CHQ.
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H, :CO_,, N

2:C0ys 2:H2, Air:CO

2 N2:N2, for tenperatures from 520°R to
12,000°R, as tapuiated in [22]. Using a value of ¢ = 2.64 x 10-%,
the calculated values were within 22% of the tabulated values over

the entire range of pressure and temperaturc< considered. Thus, the

equation used in the numerical code is:

D,., = 2 it (c-6)
p( ;! Fé)

DIMENSTIONLESS PARAMETERS: CTnce the dinmensional thermodynamics of

the mixture »ave been ¢ *ed, it is a simple matter to compute

us,
the Chapman-Rubesin facter, ppﬁ . the Prandtl number, ‘iﬁ R
ce

OD12

and the Schmidc¢ number, "
Calculation Procedures for a Real Gas
For cases where there is no mass injection, the free-
stream species may, at the user's option, be assumed to behave as
a real gas. When this is the case, the density of the gas is
calcvlated by the subroutine MOLT™R. The transport properties are

computed by linearly interpolating the input tables as a function

of temperature and rressure.

ORIGINAL PAGE IS
OF POOR QUALITY

PRSTOR—,

Cnerod s e M e B A8

Bl A L s i et G B0 e 4




Rt Tpem—— e S L LR L R L L el L

S s it ' -k
g 3 d
-3y ey GRS QN JENE UN) WY SGEN SER DU SGE SN WD R EE S e

=

a8

REFERENCES

Eckert, E.R.G.: "Engineering Relations for Friction and Heat

Transfer to Surfaces in High Velocity Flow," Journal of the

égronautical Sciences, Aug 1955, Vol 22, No 8, pp 585-587.

Bertin, J.J.: “The Effects of Protuberances, Cavities, and
Angle of Attack on the Wind-Tunnel Pressure and Heat-Transfer
Distribution for the Apollo Command Module," NASA TMX-1243,

Oct 1966.
Bertin, J.J.: ‘“Boundary Layer Analysis with Simiiar Transpi-
ration -- A Computer Code," 'erospace Engineering Report 70001,

Fel 1970, University of Texas at Austin.

Hayes, W.D., and Probstein, R.F.: Hypersonic flow Theory,

Academic Press, New York, 1969.
vertin, J.J., and Byrd, O0.E.,Jr.: "The Anlaysis of a Nonsimilar

Boundary Laycr - A Computer Code (NCNSIMBL)," Aerospace Engi-

neering Report 70002, Aug 1570, University of Texas at Austin.

85



SO ———— Y T T TR (L L AT LRI AR T SN IO U AL ONEMRARE: &,

ﬁﬂlﬂ"_—-ﬁ——---—‘ﬂﬂ‘

=

10.

11.

86

Marvin, J.G., and Sheaffer, Y.5.: "A Method for Solving the

Nensimilar Laminar Boundary-Layer Equations Including Foreign

Gas Injection," NASA TND-5516, Nov 1969.

Bertin, J.J., .nd Goodrich, /.D.: "Effects of Surface
Temperature anda Reynolds Number on Leeward Shuttle Heating,"

Journal of Spacecraft and Reckets, Aug 1976, Vol 13, No 3,

PP #73-480.

White, F.M.: Viscous Fluid Flow, McGraw-Hill 3ook Cor_.any,

New York, 13974.

Cooke, J.C.: "An Axially Symmetric Analogue for General
Three-Dimensional boundary Layers," British Aeronautical

Research Council, REM 3200, 196l.

van Wylen, G.J.: Thermodynamics, John Wiley and Sons, Inc.,

New York, 1958,

Dorrance, W.H.: Viscous Hypersonic Flow, McGraw--'11 Book

Company, New York, 1962.

-~ -



= s . . NP . . . R e N W o 3 A = ,
- - . L] o L] ] L oy [ ] ] [ — o [ oun ol

= =

12,

13.

14.

15.

6.

17.

18.

€ills, J.A.: "Transformations for Infinite Regions and Their
Applications to Flow Problems," AIAA Journal, Jan 1969, Vol 7,

No 1, pp i17-123.
Becker, E.B. and Brisbane, J.J.: "Application of the Finite
Element Method to Stress Analysis of Solid Propellant Rocket

Grains,™" Vol 1, Rohm and Haas Company Report No S5-76, Nov 1965.

Hayasi, N.: ™"Displacement Thickness of the Boundary Layer with

Blowing," AIA2 Journal, Dec 1965, Vol 3, Mo 12, np 2348-23u9.

Schlichting, H.: Boundary Layer Theory, McGraw-Hill Book

Company, New York 1960.

Blasius, H.: "Boundary Layers in Fluids with Small Friction,"

English translation, NACA Technical Memorandum 1256, 1950.

Detra, R.W., Kemp, N.H., and R.udell, F.R.: "Addendum to> Heat
Transfer to Satellite Vehirles Re-entering thLe Atmosphere,”

Jet Propulsion, Dec 1957, Vol 27, No 12, pp 1256-1257.

Goodrich, W.D.: Private communication, Aug 1977.

| e pae WAann e s ol



88

19. Bartlett, E.P., and Kendall, R.M.: "An Analysis of the
Coupled Chemically Reacting Boundary Layer and Charring Ablator,
Part III, Nonsimilar Solution of the Multicomponent Laminar

Boundary Layer by an Integral Matrix Method,” NASA CR-1062,

June 1968.

20. Moeckel, W.E., and Weston, X.C.: "Composition and Thermodynamic
Fropertvies of Air in Chemical Equilibrium," NACA Technical

Note 4265, Apr 1958.

21. Hansen, C.F.: ‘“Approximations for the Thermodynamic and Trans-

port Properties of High-Temperature Air," NASA TR R-50, 1959.

ot n ceet vy

22. 3Bartlett, E.P., Kendall, R.M., and Rindal, R.A.: "Arn Analysis
of the Coupled Chemically Reacting Boundary Layer and Charring

Ablator, Part IV - A Unified Approximation for Mixture of

Transport Properties for Mvlti-component Boundary -Layer :

%
i
i
{

Applications," NASA CR-1063, June 1968,

e N PEN OWN (o PNy AN SNy DN SN SES SON A N e EE o

: ,‘,mmmmwmmwwrﬂwmamm:&mwpmmm; VR

RERAETE

e
' .

“ervmsc
'~

|



4

E
<
g
E

[aNalaNala N o N aNa e N Rn N e e Ne e R NaNaRaNaNa N aNa Nal

PROGHAM NSR[ (INPUT,UUTPUTL)

PRIGHAM NSBL waS wRITTEN FUR TRE CNC bbUY AT THE
UNTVERSITY (OF TEXAS AT AUSTIN, THIS PROGRAM nay
MONTFLIEN FROM gn BaRLIER vENRSION (NONSIMHOL) TO ITS§
P SENT FORM RY DENNIS STapL ™Al DURING ThE FALL NF
1977,

THIS PRUGRAM SOLVED FOR THE | AMINAR NONSIMTLANW
RUUNDARY LAYER ON & 2eD SuylRFaCt 'R & ALDY 0F
WEVULUTION USING & FINITE DIFFFWENCE TFECHNTUUE,
IT CAN SOLVE FOW CUMPRESHInLE OR INCOmPKRESSIHLE,
ISENTRQRIC (W VARIARLE ENTRUPY, REAL DR PERFECT
GAS FLNwS wlTh ARBITHAWY wall TE“PERATUNES ANU AN
ANRITHARY FREF SThFAm GAS, THE PRiuRAM Can ALSO
TaKE INTO qCCOUNT “ASS [*JFCTINN w]TH ARB]TRARY
INJECTANT, INJECTION RATE, AND INJECTION RaTE
NISTRIAUTIUN JF BUTH TwE FREE STweaM ANDL INJECTe
AMT AKWE PF&FrCl1 GaSES,

THE INITLIAL VELOCLITY AND TEMPENATUNE DISTNTHBUTIUNS
MAY HE INPUT, NTHEWW]|SE SuRKOUTINE PIGYHAX SOLVES

FUR THEM, PIGYBAK USES PERFECT GAS RELATINNS ann

ASSUMES Pz 7,

UIMENSTUN STF ('), HAMYAIRA), Z(6ai, SLE(RDY, SEL(8d), GAMTE(ov),
1 OTE88), 2T (nr)

CT“EvSTON »TE (oY, MTE(B), kH(6d), DELX(AA), DOSTW(AA), Ta{ag), P
19aTlu(na)

DI“ENSTUN PE(KI), ROVINCaW), THETA=(on), RNS(6A), EYACH(AA), TFCav
1), VISE(on), WmOE(an), THETAE(®&W), UE(en), URENUE(AW), RFXINT(84A),
2 StoM), 18062y, AFTAler), K(6d), FLCa(6E), FINIfoW), EA(AA)

DIrESSTON xb€R), xDATA(2,1.,4)

COMMON /PHIP/ Tp™MB(4A) ,PRES (U], NTEMP, N HES

COMMON /NEn/ F(SA) o THETACS) ALK N, KK, MM, CS (5], 5, [PENF ,NTENP]

COMMNY JNEmd/ TTEIOA) yaM] ,w™MS, Wl ,N)STH

CUMMIN /NEmS/ FLEmo THETAE, nvIN RETA,0S,S,1E,AH0E

CUMmUN /NEmd/ Pe,THETAR , TE,vISF ,~TREF

COmmian /NBalAs kFY VISSCIAM),VISI(164),1CS0100),TCT(164),CPI(1064),
1CBS(10d)

COMMON JCUNST/ a1,02,A3,A4,F ,ERS,UELT, TLHR

CuMmON /9aftn/ Tal,oel,TT1

CuvMDN /NDDSY/ HETA)

KEvYan

READ 279, M N, kKK, ISEN, JPERF ,NTEMP ,NPWES
READ 421 NDSTRE1Y,FLCm (), FINI(L)
READ 424, aM], amS

IF (AnS{wnmiawms) {T,1,6=R) apvs]
READ 420, (TEMP(™), M3) , NTFuDR)

HEAD 42w, (MRES(M),Mat,NPRES)
NTPaNTEMPoNPRES

READ 3vd, (VISS(I),1xf,NnTP)

WEAD 3a, (TCS(IY,Im),r1P)

READ 30, (CPS(]),Im1,NTP)

IF (REY ,eN,1) GO TN 19

READ 3av, (VISI(D),I®1,NTH)

wFAl Y, (TCICI),1m],NTPR)

READ 3244, (CPI(I),1=L,NTP)

Iv WEAD 42w, E,NELT,EPS
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av
S
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LTVt LTS
PRINT 244
PRINT 290
NSPACES(unemmy/p
IF (NSPACE.LT.¥) NSPACERY
NO 2w 1P=y ,NSPACE
PRINT 29¢
CUNTINUE
PRINT 320
PRINT 314, mu,n
IF (%R, FI,0) 60 Tu 3w
IF (®x e, 1Y GO TO 4@
PRINT 344
STp
PRINT 34w
LU Tu 9@
PRINT 3Yput
PRINT 371, wH],wm5
It (IVENF _EN,1) GO TU &4
PRINT 340
sU 10
PRINT 390
PRINT ddv, ONSTw (1) ,FLCWILY,FINJ(1)
PRINT uiA, E,DELT,EPS

CALCULATION OF CONDITIONS AT TrE EDGE OF THE ANUNDARY LAYEWH

READ 42y PTE (1), ITE(1),"THEF
READ 424, WNGAS,LK
READ 31V, (PRATIO(M),Ta (M), ANVIN(®) ,RDS(M) ,X("),m8]1,Mn)

IfF (T9EN,FU, &) LN TU t1K
I1F (IPERF BU.1) GU TO 94
CALL MOUTFR (WTE (1) ePTEC1Y) 22, TTE(1Y,Z2,STE(1)onunU,GAMMA)
By B Mg, e
SLE(M)ar o
TTe()=TTF (1)
HIE (M) (1)

SEL wMECrasTE (1)

84

Qs

PTE(M)ZOTE (1)
PE(™)Spuwalfo(mrepTF(v) SE!

CALL MLLIFW (nB (M), PEIMY, J,TE(M),2(M), B0 (M), HKOF(4),GANMA(M))

HECHYZSORT (2, 0 (HTE (MY mHE (M) )Y02503] ,4)
EA(MIZSURT (GAMMA(M )N SR 1 TURRGADEATE(M)NZ2 (™))
EMACH(M)SIE (MY /8 A (M)
PLOGZ AL OGIV(RPE (M) )
VISE(MISTaOVAR (NPRHES , NTEMP , PLOG, TE(™),PRES, TEMP,VISS)
THETAA(MYSTW(m)/TTR (]
TETAR(MIZYE(M)/TTE(Y)
URENNE (=) SWmHOE (MY XUE (M) /VISFI(¥)

CUNTINUE

60 10 tewn

CUNT INUE

N0 §AV Mz MM
SLEtMIZY, ¢
SEL(M)ev v
NTE(MISTTE (1)14CPS(1)/732,176
PIE(MISPTF (1)
TTE()sTYR(])
PE(M)ZPWATTO(M)APTE ()Y

ERACHIMISSORT (I (1, /PRNATTNIM) ) en((iKe) 1 /GR)el )0 (2,/7(GKe],)))
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144

119

124

13

14

TE(M)IZTTF(1Y/7() 4+ (GRet ,YaEMACH(MYRe2/2 )
TrETAR(M)ISYF(M)/TTIECLY
THETAA(MIZTW(M)/TTE(L)
HE(M)STE(M)aCPS(1)/732,174
RNQE(MIBPE (M) /(TE(M)e32,174deNLAS)
EA(M)ISSUNT(GRa32,1T7UsRGASSTE(M))
UE(M)IZFAIMInEMACKH(™)
PLUGSALOGIW(PF (™))
VISE(M)ZBTuUVAR(HPRES ,NTEYP ,PLNG,TE(M),PRES, TEMP,VISS)
UNENDE () .R=OF () eyF (M) /VISE (™)

CunTINUE

U TU 1o

CuntINut

PTEL=PTE())

TTe1=TTECY))

IF (IPERFE0,1) GU TO 1380

WEAD 424, (SFL(M),“E|,MM)
SEL(™) 1S REAl Iv IN TERMS OF S/i

CALL MOLIEN (HTE,PTEL,2,TTEL,2TEL1,STE1,R=NTE],GAMTEL)

M) 12v MS ] MM
HTIE(H)ZnTE
PE(M)IZPRATINI)ePTEY
CAL L MOLTER (nELMY,PE(MY, 1, TE(M),2(F),SFLIM) ,HHOE (1) ,GAMMA(M))
EA(MIZSSURT(LAMMA(MYICT2 1TUaRGASETE(¥)InZ(M))
UE(MIBSHRT(INTE lemE M) )aS54.462,8)
EMACH(MYSUF (MY /EA(M)
PLURSALOGIV(PE(M))
VISE(M)STaHOIVARINPNE S L TEMP ,PLOG,TE (M) ,PRES, TE"P,VISS)
URENNE(MISRHNE(M)ISOE(MY/VISF (M)
Ca . MDLTER (HMTF (M), PTE(M) 3, TTECM) 2T (M) ,SFEL(™M),WrHOTE(M),GAMTE
(™))
THETAN(MISTwW(MY/TIF (M)
THETAE (MYSTF (M) /TTh (™)

C NTINE

LU T fou

COr TINUIF

SLE(™) IS wean IN UMTTS UF wT/LAM W

wE AU 42, (SLF (M), ME1 M)
QEAD 420, SELY

N 14N M3, mn
SFLIMYIS(SELTes F(™))1eTTA {0/GAS
SLE(MISSLE(“ =253 ,u

CONTINUE

SLFE (™) UNTTS aNk NUw [N FT L BF/7SLUG W
SEL(™) 1S Twe LOCAL SE/R

HTELo"PS(1)VaTTFL1/32,174
DU 1. ) MEy, MM
TTe(m)aTTE Y
HTE(MImHTP ]
PE(MISPRATIO(Yep, ,
THETAE(M)IZEAR (1, /7(CPOSI1VaTT7B 10)0(eSLE(M)*32,174aRGASHALUG(PNAY
[at«)Hr
TE(M)STHETAE (™)1l
PLNGBALNGIA(PE(“))
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124
125
126
127
124
129
130
131
132
133
134
115
130
137
138
139
tuwv
141
142
144
144
149
tue
1a7
148
149
15¢»
151
152
193
15«
15%
150
157
158
159
1h1
101
10
10}
16d
165
{éo
te7
168
1n9
179
171
172
173
174
175
17¢
177
178
179
184
181
18¢
183
184
1AS
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154
164

174

1“.‘

194

1
2

1
2vv

1
214

VISE(M)STWAVAR(NPRES )NTEMP,PLUG,TE(™),PRES, TEMP,V]SS)
HE(M)STE(M)eCPS(1)/32,174
EA(M)IBSURT (GRe32,1TueRGASSTE(M)Y)
THETAW(MIRTW(M)/TTFY
UB(M)IBSORTC(RTEIoME (M) ) e8§nYe2,0)
EMACH(MIBUF (MY/EA (M)
PTE(MIBPE(M)I R ((1,0(6Kal V1 /2, «EMACH(MIREMACH(M) ) e (GKR/(GRel )))
RHOE(MYS(PHATIO(M)ISPTEL)/(TE(M)eRGAS®32 174)
URENOE (MY aRMUE (M) SUE (M) /VISE (M)
CUNTINUE
CONTINUE
PRINT 434
PRINT 444
PRINT 480, (MYE(M)PRATICI™),Ta(m), ROS(R),x(M) ROVIN(M),ua],MM)
FRINT 244
NSPACES(STeMM) /0
16 (NSPACI LT w) NSPACESY
DO 179 1=1,NSPACE
PRINT 29¢
CONTINUE
PRINT apv
PRINT 470
PRINT 480, (M, X (M), PE(M) ,PTE(M), THETAE(M) ,TTE (%), ,EMACH (M) ;M2 ,%n)
PRINT 244
NSPACESfa2emM) /o
IF (NSPACE ,LT,*) NSPACEs=W®
) 18w I=y ,NSPACE
PRINT 29
CONTINVE
PRINT 49

MEAD S34, T ~IT,aLF1,REXINTC1),8(1),8ETA(D)

IF CTINIT,FL 1) GO O 194

REXINT(1IZURENNE (1)eX (1)
S(1)SRHDE(1IAVISE(I)eUE (1) e (NNS( ) oakn)an2)ax(1)/7(3,d0axn)
L]

PRINT 9404, m (M) UE (M) ,URENDE (M) ,REXIANT (M), SEL (™)

NOWNSTHEAM STATINNS

NG 20¥ M2 ,um
VELX(MyZXx(M)ex(Metl)
REXINT(MIZREXINT (Mol )¢ (L.RENNE (Ma]l)olikFNNE (M) ADELX(™) /2,9
PRINT §0A, M2 (M), UE (M), IRENODE(M) ,REX NT(V),SEL (M)
DNSTR(MIZ(ROVIN(MI (KPS (MInaK) 7 (RRUE(MIMUE (M) )eRUVINIMe] )& (RN]
(M1 ) aakK Y/ (kHUE (Me) ) aUE (Mo ) ))RDELXN(M) /(2,00 (RNS(MIneKK))eDLST
R(Me}])

EVALUATION OF §

S{M)2S(Ma])eb S5 (RHOE(Mal) 0UE(Me]) eVISE(M=1)# ((ROS(Me])naxK)nn?
YoRHUE (MY aUE (MIAVISE (M) ((ROS(M)aaxn)wa?) )sDELA(M)
CUNTINUE
DS(11385(2)=S (1)
IF (TINIT,FQ,1) G} YO 21V
BETA(L)R(2,00(5(¢2)+SU1IV/ZCUECRYSUBLLIINI e E(RQ)=UE(1))/7(S(2)=8(1))
)
RETAISHBETA(Y)
00 224 ™m32,MmMpx
DS(MIB(S(Mu1)eS(Mel) ) /2,0
META(MIE(2 2aS(™)e (U (Me)elUF (Ma1)))/(UE(MIN{S Me])eS(Mel)))
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186
187
188
189
199
191
192
193
194
199
190
19?7
198
199
2¥
2M
v
243
204
295
2ve
2e7
248
209
214
211
212
213
214
215
2le
e1?
218
219
eew
221
222
2e3
eed
22%
2éee
227
228
229
e3¢
23t
232
233
2%
¢3S
23e
237
258
239
24é
241
242
24}
244
24s
2ub
247

-
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229¥ CONTINUE
EVALUALTION OF FLC AT THE waLl

DO 234 Ma2,MM
FINJ(MIBFINS (Mol ) (ROVIN(Met )0 (HDS(Mo] )auwkK)SRUVINIM)#(RDS(M)ure
1 KK))eDELX (M) /2,6
FLCW(MIBF INJ(M)/(SURT (P NeS(M)))
234 CONYINUE

PRINT 2894
NSPACES(b2eMM) /b
IF (NSPACE,LT,9¥) NSPACESV
DO 24w IS ,NSPACE
PRINT 290
24y CONTINUE
PRINT Sqv
PRINT 5204, (M, x(4),SIM),RUVIN(M) ,BETA(M),FLCn(M), M) ,MMAYX)

CALCULATING THF FLUw PANAMETENS AT THE INITIAL STATINON

IF (LINTIT EG ) GO Th 264
A FBALFY

HEAD Sdv, (F(IY,THETA(1),CSC(I),I31,N)

U T 264
259 =1t
BELBHE (1)
RTEISHTE (1)
Twizin(l)
TTI=TTE(L)
CALL PIGYBAK (RTF])
2oy CALL EJUYCE

272 FURMAT (771

284 FORMAT (1mM1)

29 FURMAT (.)

JU2 FORMAT (4E12,5)

31u FOR4LT (%E12,5)

320 FORMAT (96X,24(1He),7,5% X,24Hn THE INPUT PANAMETERS #,/,5%0X,2d(1ne
1,7/

331 FURMAY (48X ,9-THERE AWE,13,28mn STATIONS IN THE X DIRECTION,/,4RX,9
INTHERE AWF, 13,284 STATIUNS TN THE Y DINECTTION,/Z)

340 FURMAT (SX,1480118),1164YNU HAVE INPUT AN ERRUONEUUS ¥, KX MYST EQu
1AL ¢ FUOR A Tw(OeDIMENSTINONAL CONFIGURATION, OR | FOR A 80DY OF eREVD
2LUTION=)

359 FORMAT (SoX,43uTut BODY 1S A TweDIMENSIONAL CONFIGURATION)

364 FOURMAT (S2X,32nTHE BUDY IS A BUDY OF REVOLUTION)

374 FORMAT (/,372,0uHTHE MOLFCHLAR wElGLHT 0OF THE INJECTANT IS,F8,2,13H
1 LeM/LuMeMOLE , /,38K, SANTHE MOLFCULAR wEJGHT OF THe SPECIFS 1S,Fo,2
2r13F LBM/LhMamOLE,”)

380 FORMAT (5TX,21HTRE GAS ]IS a4 WNEAL LAS,/)

39R FORMAT (95X ,2uNTHE GAS 1S & PERFECT GAS,/)

40 FORMAT (42X, 9HD0STRIT1IB,F12,5,104, FLCw(1)3,612,5,141, FINJ(1)3,E}
12,5,7)

419 FORMAT (u3xX,2HES,E12,5,7R, NELTS,E12,5,6M, EPSS,E12,5,/)

42V FORMAT (8F12,%)

434 FOWMAT (1X,134(1ne))

4N PORMAT (1M0, 1T X, bRHTECM) 1 AKX, INPRATIO(M) 511 X,5HTm (M), 14X, 6HRDS (M),

113X,amX (™), 15X, BHROVINIMY)

450 FORMAT

(1010512'505(3'0l"’..s'cﬁlegs’)
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240
249
25¢
251
2%2
2%3
254
2595
258
257
254
259
FLY
261
262
20
204
265
260
267
2n8
209
2
et
272
213
2lud
275
eTe
217
278
o1y
ELY)
281
P4 P4
2R3
rd X'}
285
2ne
2R7
ony
289
29v
291
292
293
294
299
296
297
298
299
3u
3nl
302
3
3da
3vs
340
3a7
v
3¢9

s e

R e e )
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Py ey puaq ouN¢ PWQ OWN SWE GEN EEF GO0 sew  ese A8

NLEe;

PRV

PR TR Ao Lt DA ER ]

1

s’ FURMAT (S8X,1IHNUTPIT DATA,///)

QTR FURMAT (21X, LHM B p I HX 11X, SHPE(M) 8X,6HPTE (M), TX ,OHTHETAE (M), 06X,8
AHTTECM) 8K, 8REMAC: It D)

48R FORMAT (17x,16,8F14,9)

4O FORMAT (29, 1WM, TX, 4MX (M) 213X, SRUE(M),TX, 9NURENDE (M), S5X, 9NREXINT (M
1),8X,0HSELIMY)

SHY FURMAT (26X,185,5%14,5)

SIV FURMAT (29K, (M, 6X,URK(M), 1NK, 4nS (M), 9K, BHROVINIM) 60X, THBETA(Y),7
I1X, THECu (M), /)

520 FONMAT (26x,15,5%k14,95)

534 FURMaT (I11n,4€12,%)

Sdd FURMAT (3F1i,u)

(4]

PN R A R o 2

3
31
332
313
34
315
31»
317
51
N9
3ev
323
3ee
323
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SUBRUUTINE PIGYBAK (HTEI)

SURROUTINE PIGYBAR CALCULATES THE INITIAL PROFILE
USING THE HLAST PRUCEDIRE,

DIMENSION F(%50), GISP), FN(SW), GNIPS¥), YN(SP), ETAD(SW), ETA(SH),
t THTITA(S®)

UIMENSION Y(S), EPA(D3), GAC(D)

DIMENSION DV(S), PIS), TE(S), VYPR{S,4), DEP(S)

DIMENSTIUN EN(S), DMSAVEL(S), FPR(20¢)

EXTERNAL DERIV

CUMMON /NEW/ F,THETAISU) JALF ,NY KK, MM, CS{SA) ,x(08), IPERF.NTEMP]
COMMON /CONST, Ay,A2,A8,AU,E,EPS,DELT, ~F"

COMMON /MAIN/ TWI UEL,TTI

CAUTIUN PRz Te INJTLIAL PROFILE USES Peni €CT GAS RELATIONS

ILRR3y¥

({32 1)
ALBUEL#UET/(2,UaHTE232,174aTT78,)
A2%] Mol

PR3 4,7

A=l W/PR

AYBUEL#UE]I#(PRe) W)/ (HTET#PR#32, ¢, o)
PRINT 249, 41,42,43,44

AAzd 0

Bz, B

ODsTwl/TT]

CaLL FGES ¢DU,CL,EE}

GC TN 2w

CCs,999eCC

I1tSRay

PRINT 210, Ad,HB,CC,NN,EE

NCNUNTS Y

INSNVYe

Y(1)3AA

Y(2)sB8H

Y(3)=CC

Y(4)SPD

Y(S5)=EE

GPSavearv($S)

FPPSAVRY(S)

FPPuisy(d)

GPALBY(S)

FPPOSEY(Y)

LPOSBY(S)

1%}

NES

CALL NUMIN (N, DELT,T,0V,P,TE,ER,YPR, Y, EPS,NESAVE,KEY,VER]IV,Y)
Tao,

NSS

Iy

CALL NUMIN (N,DELToTyDV,P,TE,ER,YPR,Y,EPS,NPSAVE,KEY,0ERIV,2)
CALL NUMIN (N,DELT,T,0Vv,P,TE,ER,YPR,Y,EPS,DPSAVE ,KFY,DER]IV,3)
IF (1ERR.EN,1) GN TU ¥

1F CARS(Y(3)1,LT,E) GO TO &v

Isle}

G0 TV S¥

IF (ABS(1,9000eY(2)),6T,E) GU TO T7¢
IF (ARS(1,UPReY (U)) LT .E) GU TO 1v¢
FPa(Il)av(2)
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it

Glli1)BY (W)
(AFVISRESL 3

. GA(lI)sY () 8 (¥
i B 1isllel B 63
IF (11,Eu,2) GO Tu & P
IF (1I,NE,3) GO YO 9¥ [} (1]
Y(1)8AA 6 66
l Y(2)sdB 8 o7
Y(3)upPPSaAYV [} o8
Y(4)8D0 H 69
4 Y(S)S] ,VASeGFSAVE ) 7o
FPPA3aY(3) (] n
GPA3BY(S) 8 7
FPPUSEY () 8 73
GPOSEY(S) [} T4
Xt GU 10 4y -] 7%
% [ 8Y Y(1)saaA [[] Te
4' Y(2)ud8 (] 77
¥ Y(3)=1,405¢FPPSAV ] 78
%, Y(4)=0D 6 719
ks Y(S)SGPSAVE 8 a8
FPPU2EY(3) [ 81
¥ GPU2BY(S) 8 82
. FRPOSEY(S) 0} 83
;; GPOSEY(S) R ay
[ 60 10 4w R as
‘ 94 DFPABFPA(1)FPAC(2) 8 (T3
DGASGA(})=GA(2) [} a7
DFPALBFRA(L)eFPA(S) " &8
[ LVGALBGA(1)=GA(S) H o9
VFPPUBFPPU ) oF PPU2 8 o9
DGPUB5PUleiPAY 8 91
AGSDFPA/DFPPM 3 92
A18DFPAL/DNGPY 8 98
[ Ci8),AvaveFPa(]) [ LT
DIZNGA/DEPPY. 9 95
E120GA1/DGPY 8 (TY
B F13],40d4=GA(Y) H 97
p DEFPPI(CInkjeF{wH1)/(AbaE jeDaB]) T
k DEGPB(AbeFleDIrC1)/(A02E @D nnY) 8 99
] FPPEFPPY) +DES PP B 1dm
3 GP3LPALSDEGP o1

i Y(1)=Ad 8 14 1
3 !. Y(2)3an LI YK
3 §. Y($)sFPe B 1vau
: Y{4)SDD R 19S
1 Y(S)3GP 8 {ne
GO TO 3o LYY
; 109 LINTINUE R 14y
- Y(1)3A4A 6 109
Y 2V8dR 8 11v
Y(3)sFPPOS o1
if Y(4)IZDN) ] 112

: Y(5)=GPOS 8 113 .
CALL NUMIN (N DELT»T,DV, P, TE kR, YPR,Y,EPS,NPSAVE ,XEY,VER]IV,}) 8 1t
Tsa, R 118
NBS B 118
I~ ULSTIS(Y(U)oaga(Y(2)9e23)/A2eY(2) 8 117
- THTALS(Y(2))a(1,0eY(2)) B 118
THTELIS(Y(2))n () Ne(Y(2)0n2)} B 319
- It} 8 12¢
FPR(I11)8Y(2) 8121
k.
"

—————— s . - - : A.Q,a-——.—....a...ﬁ-



e e b .

S BRI AR 3 T SR

o R

SN

P pemq e e U Mme ea Gmm S naw el

L MR A

U

P A L R

e

¥

s

. |

-

[aNalal

aNala

CALL NUmIN (N,DELT, T, DV,P, 'E'E","’R, chps’f‘ps‘VE.lEV'l)EHIV,z)
DLST2u(Y(4ronja(v(2)%e2))/42=Y(2)

THIA2B(Y(2))e (], AeY(2)"

THTER2E . /(2))e (1, ve(V(2)09¢))

AVELSTa (1 Se0LST1e0LSTR2)RDELT

ATHETAS (A SeTHTAL¢THTA2)RDELY

ATHETES (0, SeTHTELeTHTEZ)DELT

110 CALL NU: IN (NDELYsToDV, P TE,ER, YER Y, EPS,DPSAVE,KEY,VERIV,3)

124

134

140

152

1ad
174

1hv
190

2vv

UDELSTE((Y(U)eata(Y(2)202))/A2=Y(2))2DELT
DIHETAR( (Y (2))8(]),9oY(2)))aDELT
DYHETES(LY(2))n (] M=(Y(2)222)))aDE T
ADELSTSADELSTONDELSY
ATHETABATHETAGDTHE (A
ATHETESAVHETESULTHETE

111811t

ETADI11) =Y

FPaclItlyay ()

G(I11)8Y(4)

1F INCUUNT Ng W) GO Ty 13

IF (FPH1[11)en,99) 130,124,124

CALCULAT]I 1N UF ALF

ALFBeALOG() ,/FLUAT(IN,Y/FTADIT1Y)
NCOUNT Y

CUNTINUE

IF CARSCY(3V) LT, E) GO TO f44

it TO 134

CUNTINUE

CPNaS ST aM STATION TRANSFUWM w|Tr elNe NN, UF SYTATIUNS

OU 1S¢ [Ei,NY
YNCIYSFLOAT(I=1)/FLUB (IN)

CONTINUE

Js

ETACJISALNG(Y ¥/ () VMoYN(IIVI/ALF

DU 194 I=31,111¢
LF CETAC))egTAD(]I))Y iTn,199,19¢
1131}
AFS(ETAC=FTAD(IIV)/Z(ETAL(I)=ETADI(]I]))
FAJISFPR(L . )$(FPR(])atPR(TTIYIxAF
GN(JISGIII)elG(I)aG(T]) ) naAF
CS(Ji=g ¢
THETa (I Y2GNIJYed 1 aF (1) eF (D)
JaJel
IF (J,6T,INY By TO 184
ETACIIRALOGY /(3 Ve YN(J)))/ALF
N0 1) jo4
tTatJ)sy veLn

CUNTINUE

F(INet)m]

CNCINGLIBGLTLY)

THETA Inel)st Neay

CSCINe1YBL ¥

WE TURN

FURMAT {2k, 2 1A88,F9,5,2%,3HA28,F4,5,2%,34%478,59,5,2X,3-448,F9,5)
21V FORMAT (2X,3HAaB,E12,5,2%, 34K 2,£12,5,2Y,34Lis, E12,%,2%,}0D3,t32,

15,2%, 3HEES,E12,5)

END

T IETIIIEITII L IIITITLITISTTITIITIORIETITLTITTIIYLUTLITTTIIIIT TRITTITTITEXTIASTTED
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126
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128
129
150
131
132
133
134
195
1306
137
138
130
Luv
141
1ue
143
(X'
i1s5
fue
147
1do
149
154
131
15¢
193
154
155
158
157
155
199
o0
jo}
16
163
104
165
160
107
oAl
19
174
(R A
17¢
17
174
175
176
177
178
179
184
181
182
163
184
18%
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SUMRQUTINGE PUES (DU,LCCotE)

Cemman /NpS/ wETal

DIMENSIUN RETAS(S)Y, G(4), FPP(S,u), GP(S5,4)

ValTa GI.QG.,S..“..“SI

vaTa GEYASI.GSa.l,.l:.S..HI

DATA KPP/ 4179121,,60745072,,5763587, ,0045224,,7451,,4355791,,49203
147, ,594135S,,6837839, ,70:.7843, 4586703, ,5159473,,6178080,,74794841,
247894819, . 4oB1784,,5254897, ,0274183,,7174269,,798901)/

Oata GP/, 2419834, ,24T4uY1,, 25014553, ,2020474,,20820A, ,2335142,,238S
1798, 240049, 2528482,,2581825,,2121744,,210491%,,2235%41,,4287302,
242331344, 1988117, 2028812, ,24919), ,21413286,,218102Y/

LIt 1

NORd

CCRTRUVAR(NU NG RETAL,D0,HFTAS,G,FPP)
EEaTAOVAR(NR NG, HETAL,DL,RETAS,G,06P)

RETURY

EN:

[aEzNalasXakaEalaNaNaXeNsEeXaNaNaXaNal

[
S OF NO VLW~

N
N TN~
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[aNalalal
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laBzRalal

[aNaXp

14

24

34

4

59

SUHROUYIN[ NUMEIN (N,DGLT,!.OV.P.!E.ER.VPR.DEP.EPS,D’SAVE.KEV.DERIV
JoINDX)
COMMON /CONST/ AL, A2,A3,04,E,EP,JERR

cvoareGENERAL NUMENICAL INTEGRATION w]lTH SINGLESSTERP ERROWR ANALYS]

DIMENSTIUN aCQ), R(S), DvINY, PIN), TEIN), EWIN)
DImMENSION YPR(IN,4u) s VEP(N), DUPSAVEIN)

EXTERNAL DERIV

snecnsecsccsas DATA

GO TU (14,20,50), INOX
Sjum2u ¥

PAL DT

Al(1)=eq a/STX
A(2)237 A/S1X
A(3)=e59 4/SIN
ALu)3SS A/STX
B(1)8] A5 X
H(2)ze5 ,n/STX
d(3)m19 a/8]IXx
d{4)zer( 1)
HATTURLQ /2700, ¢
Sjxse ¢

Twoz2,4

“izd

ezl

»3z2

M4z

RE TURN

cascascw SET UP Fud IANTEGRATION
eowecvace EnNTRY RESET

ASSIGN B84 TN IPLS
KOPE4
KQuUNT2Y
DELBYOSDELT/SIX
DELBY23UELT/ TR0
DG 3¢ Jmi N
DPSAVE(JVyEpER ()
pveIIEnER (D)
COMTINUE
CALL DERIV (T,Cv,P,6,N)
IF (TERNLENG1) RETURN
00 d44a Iz,
YRR (J "1 18P (J)Y
ER(JIBIERD
CONTINUE
RE TURN

sosesaen EU’“'-QUIN' F (IR ONE NU"EN[C‘L INTEGRATION STEP
ve?

TaveDELTY
XKOQPs: 1Pe

CITICOVUOTIOLUOCLCOIIIPDIVOYICOUSUISIUTCIITOULIDTZOODOCOUOOC D00CO00000000

[
COC N0 VE N =

L e s 2 e



[aNaNal

[N alalal

1]

Te

A

L1

1.0¢

110

124

134

144

159

100

174

G0 YO 1PL5%
Spense RUNGE=XUTTA PROCEUURE

vyvsveDELBYR

00 74 Jsi,wN
OVEJIBDEP(J)eYPRIJ, M) esELUYE

CONTINUE

CaLL DERLIV (Vv,0v,P,3,N)

IP (LERR EQ,1) RETUNN

D0 84 Js, N
DV(JIBDEP(J1eP(J)DELRYR

CONTINUE

Catl DERIy (Vv DveTEu,NY

IF (IERAR pU, 1) WeTURN

DU M JEi,N
OV(IIZDER(JISTE(JIRDELT
Te(Jra2 e (TE(J)eP(U))

CUNTINUE

CaLL DEXRIV (T,Dv,P,5,N)

IF C(IEWNHLEW 1) RETURN

00 184 Jag,w
DEP(IIZNEPII)eNELUYOR(P(JISTECIISYPR(J,M1))
oveJIZDER (D)

CONT INUE

CALL DERIV (T1,0v,P,%9,N)

If C(IENR,EG,1) HETURN

DO 1Y J=2q,N
YRRl maY2P ()

CUNTINUE

KOUNTSKQUNT @1

woeees (HECK THE NUYRER UF INTEGRATION STEPS MADE RY kex
FROCEUHIRE

IF (ROUNT LT,3) GO 10 12w

ASSIGN 2v0 TO IPLS

MUSMU

UMl

“yEm2

“2zmy

“izMB

LF (%Ey ,El,n) RETuWN

IfF (Y0P LE,3) RETURN

LY lNCIB

Du 134 Jui,wn
IF (ER(JI,GT.EPS) GO 10 1SV
TF (EN(JIC1AMIU, A LT EPS) KINCIKINCe]

CONTINUE

IF (KINCLEQ N GO T 190

DO f4n Jeg,N
OPSAVE(J)I=PER(J)

CONTINUE

WETURN

CONTINUE

IF (XOP,EG,4) Gu Tu 18¢

T2TaDELT

DELTSW, S#pELT

00 179 J2),N
DEP(JIBDPSAVEC())

CUNT INUE

GU TO 2w

I IIVTUCICTI2CITIVOIOIDDNIV0OSOIDTTIIVCOIIOQCOOOOOCCT

TCO0O0UOoUDITSIVOOIDICCO

o2
a3
[ 1]
[}
(1]
ol
o8
]
Te
14
72
73
T4
7%
78
117

79
-1
8l
ne
83

”o

o
[3.)

[
9N
92
93
4
95
90
97

99
fna
1l
142
1v3
1vd
195
1ve
te?
[
1v9
114
111
112
13
114
115
110
117
118
119
iev
121
122
123
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LAY T3Tau, eF T
LO Ty 1o

198 DELTS2, ot f T
GO YU 2.

cSeosvecaa -
ADAYS Pt ICTONaCimNEC T e PeUl b DUWE

2a8 0 214 Jzy,a

TEl T 2RV wrpal
1e™1)1 6 (2Y eV Pk
(AANSAE]S . (Jev2)e
dv()):ﬁic("'"Lr.(‘(q""*(J.ﬂ;\oltgillszpa(J'”’,
(J‘°”'LT'(“e“'°“(J.'5\0A(!)-vpu(;J:"e))
JeMa))

cecacean SaVE OREDICTEL vapob

[ XRAE AR IND
21 CONT N
CALL DENLV €1,nv,b, 1,00
[P (lewagb o otY weliw,

“e ODHsLE RNECDSTon a0AS MOOLTOr BECEC

224 1xy,N
pom ((.?;Lﬂ::‘fPfllo“ELVﬁ("(u)oP(l)oTP(J))
YRR J,mavsE (1Y
+ -
S;Tg:;;:g:ﬂ;)o“lTtlﬂ(u\gﬁ(l).tt(J',

ememva Stfeslr STHEE Fowiw £ T mafé

e~{ "yanaTy ' N
ex e al e T ieAMSlpnl Yo n (1)
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SURKUIUTINE eIV (T,Y,0Y,L0C,4)

DIMENSTON Y(S), DY(H)

COMMON 70NS/ wFTaA)

CUMMON 2CUNST/ A1, 02,h3,84,F,ePS,urLT, 1EkN
A2((YC(a)ola oY (2)082))/22)

TF (X, LE.»,) GO Tu ¢

Kla(xaeger,29))

X2 (@ 2S)arhuw(m] 29 V0 ((Y(S)/L2)m2 a(h1 /a2 a1/} ur Iy
NYLLYBY ()

nY(218Y(3)

DY (3VBall, /% )Y (e ey 3)ent Talwlajey (2 oY {2V
ny(dyzyrsy

DYCS)Ee(1,/(A3ex 1)) a((Y(1)oa30n)arin)el(xynv(S)aaliorii av(P)av(}
1))xad)

WETURN

IE ARz

RE Tuw™

EMD
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c et . - v e e

P T o T . Y S A N

T~ u i

3
x
]
i
}
g.

S L

"t St i

POPIOT




>3 VAN BN N N W o el aeN e eE s GaN S Gl o

ada

s

I'l e

\ -
&1

x

e W . Jram

laEaBalal

[l d

3w

(14

SURKROUTINE FJOVYLF

SUBRGUTINE FIUYCE USES FINTTE L IRREREN(E 4FTroud
TO CALCULATE THE DUaNSTWEAM PuaBILts

DIMENSTUN F1(SH), THETAL(SUu), CS1I54), F2LSuY, DELCDS(S4), OFLESEL
190), TE9u), FF(S%), FILC(95n), FLCIISW), TRETAZ(Sv), C52(9), FLC2(S
2v), Yn(SM)

DIMENSTNG CRIESPY, CPSES¢Y, vISTISG Y, VvISSIS), TLuNitSe), TCONS(S
14), OIFFCES8), CPMISV)Y, ul20184), L21(5), 25054, ¥x1(54), v1IS*(>")
2o TCUNMEYY, HROMISKY, CuFlad, alnu (5], Bkt a(Ss)

DIMENSTION FTACSKHY, DETALSAY, YIS, LELOTISe), Frmem(he), 2(ns)

Ul lON DSTARIRA), NNGTw(s4)

DIMEHNSTOUN €90, 3,3), =50, 3,3, ((Se,8,38), e~(Sa, 3,3, ~(52,5, 0y,
1HAm(9Y, 3,30, AARINVISH, 3,31, andranihe, 5,8, ALES 1, 3,13, Livv,8,1)
2r DAGISA, 3,11, LISV, 3,1), Halh ', 3,13, alh,3,1)

DIMENSLON Taw(Sin), WDUTTISa), STraT{va), SPELmI{S), C(TCISY, ot
tM(SY)

DIMENSTINN TENI(SA), DMl (S.4)

DIMENSTUN RMGE(SAY, 2 (2)

FOMMIN /PRIP/ TEMPIUANY ,PRES(U),HTIENP ,NFRES

COMMUN INEAS FISAY ) THETALSA) JALF oN me MM, (SIS, X, [PERE NTHwEY

CUMMUN /NFwD/ TIE(OA) ,uMT,,aMS,kDS(RA),DHDSTR

CUMMON /NEAS/ FLEW(DP )y THETAE(AW) ,MOVIN(ARY R TA(OW) ,uS(8A),5(86 "),
TUE (W) ,RHUE (W)

COMMION /NFwd/ PECANY o THE TAA(A) , TELOr ), VISE (A1), HTuff

CUMMUN /ANFal i/ REY,yS0 0100}, v Etac )y 10818, 001 ttn ), L[l (1n
1.0PSC(1039)

e LYEL W/FLUAT(NeY)
nALbP2d

RUNIVSTIS4S,

Flz{w™T/26,u) 00 401

FOZ(mMS /a0 Alen,dnl
Mg‘

NS Ne
DIUES A &3 P

YNCIISFLUAT (Tt whELT
FlLchi=sk(1)

THE TATCIYS=THETACT)
cs1cpr=csily

CunTliniig
XIS RELBURN
F2(2)SF1(2)
ny 249 [s1,N

NFLENSIIYI=v 0
DELCSIcL)EDELCOSCD)
TCIISTTEA)aTHETALD)

0T INUE

D 3 31NN
FFOOISFOIY/(ALPR() ,veFL0AT (@t aut 1Y)
CUNTINIIE

EVALIATEIN UF THE STwFam FLNCTTON,HLE)

FLCCLISRLCRM)
FLOC(EISFLEOI o (F (1) /ZaLFoF (P)Z7(ALFR {1 vt LTI I®0RLT 2, "
LG v TE3, NN, Q2
FLCCI)BFLC (o) (FF (o2 od, AaFi (el YekF(I) 00k 1/,
IF CCTa1),GT,NN) Gil T a4
FLCCIOtIZF I C (Tl ) (kR (Joldou ek (1YebF 1ol a0k T/ Y,
Cu~TINUE
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DO 99 IB1,NN
FLCLCYBFLL D)
CONTENUE
NSPACEE(SdeN) /e
IF (NSPACE L T,4) NSPACESS
PRINT 694
V0 o4 J=21,NSPaCE
PRINT 7wn
CONTINUE
PRINT 714
PRINT 720
PRINT 73¢, (1,FC1)sTHETACTI),CS(I),I81,N)
Ist
PLOGZALLGIV(PF ™))
CPSCIIZTAnVARCNPRES ,NTEMP ,PLOL,TEL),PhES, TEMP,CPSC)
VISS(IISTWUVARINPRES ,NTEWMP,PL LG, T(IY,PrES, TEYP,VSC)
TCONSEIIZTWOVAR(NPRES )NTEMP ,PLG, T(1),PRES, TEMP,T(SC)
IF (KEY ,EQ,1) GU TO 7
CPICIISTROVARCNPRES,NTEMP,LELOG, 1 (]),PRES,TEMP,CPIC)Y
TUONTCIYSTWOVAR(NPRES (NIEMP  PLOG,T(L),PRES, TP, TCIC)
VISI(IVITWOVARINPRES )NTEMP,PLUG,T(LY,PrHES, TEMP,VIC)
G YO Ay
Cer(l)=CPscly
TCONTICIVSTCNNS (D)
VISIC(IVSVISS(])
IF (IPERF EN,1) GU TO 94
CALL MOLTER (H,ME(MY 2, T01),Z,FNT,mAn§01),0)
HHOM (] )2RHOSC YD
by T 144

RANM (1 )SPE (MIRrMSewM] /IRUNTvEIP 1740 T (1) (aMbelS(1)0{am]a<u§)))

CONTINUE
CPMIIIZCPIN)eCSIIIN(CPS(1)alPICI )

IF (CSC1)e),u) 11ve12U,12¢

XS(11ZT(CS (1) 2AM] )/ (WMSICS(1)n(mM]en4s))
Xp(ire] exSC1)

IF (X[(1) 6u,¥,0) GU TO 12v

LI2(1)3( (1, NeSARTIVISSIII/VISIII) )l (am]l/wv3dand 25))ex2) /(2,284

ISHRT(1 qoaMmS/uMl))

GRICLIISC(Y naeSURTIVISTOII/ZVISS{I) I el (wS/aM]Yand 29))aa2) /(2 A2Rdn

1SuRT(L g0aM]/umMS))

VISM{LISVISS{11/701,ve61201 X (1) /7XS (1)1 4VINI(1)/ (1,462 (1 )na5(1)

17x1(1))

TCUNMEL)ZTCOLS (1) /7 (1 el (4058612 (11 ex](3)/xST1I)eTCUNI(LI/Z (3, A0, @

165021 (11 2xS0LY/XI (1))
s TN 138
vISM())3vISS(1)
TCONWCT)ISTCUNS (L)
CONTINUE

TAUSRHOMI I Y aVISHOIIRUF () a £ (MY IRUSIMINaRK)INALP R (F(2)mF (1))/(DELT

10(02,428(M))nad,5))
CFIYAU/Z (A OPRHOF (MINUF (MYSE(Y)

HEATS@TCUNMILYRTTEIMIRUE (MY AMUM{ I @iNt . S(MY22an)aA Fo(THETA(2)eTHE

ITaCIN/ZMNFLIN( (2,025 (M) nen S

WD T3aMEAT

Iz~

PLOGSALUGIR(PE(M))
CPSII)STAQVARINPRES ,NTEMP ,PLUG, T(1),PRES,TFMP,CPSC)
VISS(IISTWOVARINPRES  NTEMP ,PLOG, T(1),PRES, TEMP,VSC)
TCONSCIISTHOVARINPRES ,NTEMP ,PLNG, T(1),PHES, TEMI, TLSC)
TCONM(T)STCONSI])Y

VISM(I)IBVISS(]I)

CPM(lYsCPS(])

12w
121
122
123
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ey

[a el

[a¥aK al

PHN
REC
TRE
SN
PRI
Pr1
[} ¥.]

OCI)BVISMITIRCPM(L)/7TCUNMCTY

3SQART (PRNO(NM))

CERECRITTF(M)aTE(MY)OTE (M)

OBYNAT/(RNOE (M) aUE (HYSCPMINIS [ TRECeTHETAW(M)eTTF(M)))
NY 74w, TAU,CF

NY 754, TREC,yYDOT,STND

KLOUP3W

tas CUN

TINUE

154 CONTINUE
KLNOPERLOUP ]

IF

(RLNOP,GT,152) GU T &AMy

PLOGEALOGI(PE(MY)

nu

Eva

1o

170
1844 CON
oo

| 1]

PLK

a1

220
23
24% CON

1N

184 12)1,N
LUATION OF Twg THERMH PRuPERTIe~ (F Ynk LunPuve 1§

cPS(]l:Y-OVAR(NBHES.htEﬂP.PLnu.l(l).P“E€.7L”PaCPSF1
VISSCIISTAUVARINPRES ;o TEUR , PL L, T, PrFS, 18P, v ()
TCONS{IVRIWOVAR (NPRES  NTEYP,PLUK, T(]),PPLES, TERP,TISC)

16 (XEY,FR,1) GO Tu jewn
CPICINIETWOVARINGNES ,NTED, Pl ths ) T(T),PRES, TH4P,(PIC)
TCUNTIIISTWOVARINPRES , NTEMP,PLUG,T(1),PREN, TER, TCIC)Y
VISTCIISTWOVARINPRES yNTEUP 0L 006, T (1Y,RPwES, TP, VvIC)

Gu TH (Tw

CoreEI=CPsSet)

TCuNqIOIIZTIOONS(D)Y

VISIC(I)=vVISSi)

VDIFFC(IIS2 muddb=Ba(T(1)ea] 5102110,/ (PF{M)ab]uks)

TItuE

2da 1zt ,nN

IF (CSC(1)e1 ) 20, 191,194

CONT INUE

cPMII=resSet)

VISMEDYsvISSID)

TCun4 ()Y ONSC(T])

GO T 21

CONT INUE

CPMIII=CpICDIaCSIIVR(CPS(I)=CPLI]I)

L12( 1)1 [ AeSUNTIVISSITIZVISTI(L) Il ~11/aM8)eaht 29))awp)/ (2, ¢
BUs3YRT (1 ,emMS/uM] )Y

2L OLIS (L aSWRTIVISTI(TIZVISSCININ((aMS/ar])and 23) ) ase)/(2,~¢
HutSURT (] ¢aM[/WMSY)

ASCTIS(CS(TIaAmM]Y/ (AMDefS (1) {n fonms))

X10przy »wxS(1)

TP CXICTY b Mg¥) ) T Jue
VISMEIIEVISSCII/Z 01 AeC 2 CI YL lT}/ZnS0 1 YevIN]lTY /0 hec2i (1) elN
FISRNASEARRE
TCUNMCIIZTLONSCINZ (L et vnSeLI20 et (1)745C1)))TICANTIC(I)/ (Y,
Vel M652021 (1Y (XSCIY/7RLCIIYY

CUNTINUE

IF (IPERF.FNL1) GU T 224

CALL MOLTIFR (H,PE (M) 2, TOT), ZobNToqUSIT),00)

RHOMETYBeHOS(T)

GO Tu 23¢

RROM(TIYBPE (MY awMSewM] /(NI Ve A2 1 TUs T{IIN(wHSACS(])0(nam]anMs)))
CONTINUE

TINUE

®oaCOMPUTATION UF FLOw PRNPERTIES AT Twe n, L , EUGLE

TPV Y T VR TV TR ATRNT N LTI VPR T T AT T AT VNN TV AN PTAN P AN NN ARAENTE TR RN
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130
157
13m
149
19w
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1u4s
juv
151
1951
122
154
15«
154
Y
18/
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1%v
1~
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1ol
1ha
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1o~
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259
264

27e
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TCONM(1)STCONS(])

VISMIT)avISS(])

cpM(l)sCPS(l)

IF (IPERF EN,1) GU T 2S¢

CALL MOLIEW (MH,PE(M)2,TCIY,2,FNY,RHOSC(]),6)
LERLESSE LUT @8]

U TU 208
RHOM(TISPE (M) awMS/ (RUNTV®3I2 17usT(1))
CONTINUE

ROMUEZRHODE (MY RVISE (M)

274 lag,n
CRECLIIEBRMOMITINVISM(]T)/ZROMUE
SCNOCIIBVISM(II/Z(RHOMCIIWDLIFFCLI))
PRND(I)SVISM(TIRCPM(])/TCUNM(T)

CUNTINUE
COMPHTATION OF THE MATRIX ELEYENTS

DO 284 I=32,NN

ALFTaALR# (] UaFLOAT([=1)4DELT)

ACT o1, 1)8CRE(II @ (ALFTa2)/(2,00(DELTaa2) ) (ALFT/ (4 eDELT))e(
ALPACRF (I aFLC(I ) wALFTa(CRF(T¢1)eChF(lal) /{2, VeDELT) 02, a5 (M)
DFLCHSCIYY)

A(Islp2)30,0

A(I,1,3)30 0

AL 22s8)RCRFCIIFLUEIMIRa2InCALFTaa2 Y (F (o )mF (La])})/(CPM(TI8TTY
E(M 2l ,0a(DFLTR*2)2777 ,9)
A(102,2)180(CREIIIN(ALFTRa2) /(2,02 (DELTow2)#PRNOCL) )¢ CALFT/ (4, e
DELTII#(ALFoCRF(ID)/PRNO(I Y lALFT/CPMITIIIn((CRF(I®L)IRCPM(]e1)/Pk
NOCI+1)=CRF Jel)aCPM(Ta))/ INU(le1))/(2,VeNELT))eFLL(])e2,80S(H
JeDFLCDS(IYCRFITIIN(CPS(I)=CPI(I)InalFTe(CO(141)elS5(]al))/(CPM(
IYASCNU(TI)a2,A¢DELT) )Y

Al oo 3VER(ALFTH#2) 0 RF(IIN(CPSIIVOCLPI(IIIN(THETA(l® )aTHETA(=]
IZCCPM(TIIaSCNOIId (B MV a(NFLTRe2))

Al1.3,1)130 0

Al],3,2)30 @

AlI,3,3 180 ((ALFTo#2)eCRF(]) /(2,00 (DELTow2)aSCANOCII)S(ALFT/ (U, A0
DELT))# (ALFACRF(I)/SCNOIT Vb LC(T )2, neSCM)IanFLEDS (I mALFTH{CNF(
Te1)/SCNOCT 1 )YaCWE (1) /SCNGI( Tt Y Y2 (2, 000kl T)))

RUT o1 o1 )SCALFT#a2) wCRF (IY/(DELT o2l o HETAIM)SF(T) 02, A0S( )aF(1)/
VS (™)

B{ls1,2)20 0

R{I,1,3)en 0
RETp@rIIZBETAIMIN(UE (M) ea2)wRRUE(MY/Z(LPM(IIATIE (M) 2RNON(IICTT T,
9)
B{L,2,2)8CALFT#e2)aCHF(IY/(PRNOCIIR(DELTRR2) )2 AaSIM)2F (1)/0S(
M)

R(T,2,3)a4,0
B(Ll,3,1)sn

B(I,3,2180 0
ROEp3p312CALFTR22)«CRF(T)/(nCNUCIIN(DE| Ta22))42 VeSIMIF(]1/DS(
M)

ClIptr1)man(l, 1, 1)e(ALFT#e2)aCRFE(TI)/Z(DELTo2)

C(ltlv?)lw.ﬂ

C(l,1,3)s0,0

ClIs2rtIBeaA(T,2,1)
Clls2s2)82A(],2,2)=(ALFTa)aCRFIIN/Z(PRNO(I)IN(DELTH#2))
C(l,2,3)2=a(1,2,¥)

ClI, 8,180 0

C(l,3,2)28,0
Cl1,303)80A(],3,3) (A LFTaaIaCRF(]I)/ICNUCIINDELTHR2))

V(T e 1o 1)BCALFTRa2)wCRFCIIN(F(I®1) 2 b (T)¢F (1o )/ (2,0 (DELTeR

ORIGINAL PAGE 18
OF POOR QUALITY
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180
187
{184
149
19¢
19
192
193
194
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198
197
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199
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2
euve
oA
24
2vS
246
2l
ve
2ve
el
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2172
etd
214
215
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21é
19
L
2el
2°e
e23
224
ces
220
el
ean
2°9
23v
231
232
PEX]
234
235
23n
237
258
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A
* 1 VIS CALFTa(FlIet)aF (1ot V) /(U WeDELTI R (FLCCI)¢ALFTo(CRE(Le\)aCRF F 2ul
e (1e1))1/7(2.0aDELYICALFaCRF(1)42,24S(M)IsNFLCNS(IIISBETA()aRHOE(M F 249
4 3 Y/RHUA(T)I42,0aS(MIW(F LI an2) /DS (M) F 2%¢
DOI,2, 18 CaAlLFTReQ)aCRF(IN(THETA(T¢1 )2 ACTHETACIIOTHETA(T=]))/ F 251
: 1 2, 0n(DELTaa2)wPRNOCII Vo (ALFTH(THETALLI®1)eTRETA(LI®L)) /(4 nanELTY F 252
l 2 112 (2,48 (MISDFLCOSCINSFLC (I @A FeCKF (IV/PRNUCTIISALFTo((CHRFCLeL F 253
s 3 IACPM(To1)/PRNUCI+1)aCRF(1=1)#CPM (=] )/PRNU(I=1))/7(2,#DELTIV/C F 254
. 4 PHII))I02,PaS(MIRF(TIYeTHETA(II/DS (M) F o 29%%
. D(1,3,1)8(ALFT#e2)aCRF(I)*(CSCIe1)a2 MaCSCI)4CSII=1))/ (2, we(DEL F 250
1 Tan2)eSCNOCI) @ CALFTe(CSCIe1)eCS (1)) /U AaDELTIIn(FLC([) 0,0 + 257
2 S(MYeDFLENSCI)@ALFaCRF {IY/SCNUCT)SALFTo(CRF(I*®1)/SCNUCL#3)eCRF( F 20M
3 101)/SCNOCT@l) )/ (2,0eDELTI )42, 8aS(MISF(T)2CSLII /DS (™) F 259
28 CONTINUE F obv
' ENSS(ROVIN(MIaSCNO(IY@SURT (2, 05(M))/CALFARHOM(1IAVISH( 1) 2UE (MY (RD F 2ol
IS(O")\"KK))\t(n}_Lto.S*DELliDELT'H.-(SC~U(H/CRF(l))'(C“F(?)/SCM)le 4 PLY
' l @IwCHRF (1) /8CNDCT) Y /DELTHROVINIMIASURT (2, S (MY eSCNOCIV/(ALERUHOM(L) F 263
3aVISMEL)aUE (M)« (RDS(M)yeann)) Y)Y F 2k4
c Foo2hS
o ¢ eVALUATION OF TMg COEFFICIENTS P Pob
,%I c E 287
: Hi1,1,1)30,0 [P T
"(l.l,e)tlﬁ.w F an9
Mit1,1,3)30, 0 F 274
H(1,2,1)3n ¢ F 2N
H(1,2,2)30,4 £ 2l¢
M(1,2,38)30,0¢ F o218
H(1,3,1120,0 [ 2T
= Hl{1,3,2)20,04 F 2715
I Hi1,3,3) 8l /(1 VeENS) ¢ 21e
Gllstel)En, 0 F 2117
GULy2p1)STHETAW(M) o2l
G{l1,3,1)8u ¢ F P19
l DO 364 132,NN L
ph 294 Jsi,3 F 281
00 294 x=t,3 F ke
AH(IsJenV2H, P PHY
DU 294 (x3,} F 2mu
I AT, )JeKISAM(IoaJ ),k YeA(T, 1, )an(lat,,n) [T 1Y
294 CONTINUE 3 2ne
bl wd uet,d [SEEP Ty
DO 344 «xi,3 F 2HN
MANTT, )R )ZB(1,JeR)edH(],],%) F2RY
ng CUNTT Iyt £ 29
ALJBAMIT 1, V)BAAMIL, 2,2 %Ran(],3,3)enant],3,2)00A4(]1,2,3) 4 PAA|
ADJRAM(L,2,1)3ed3AH(T, 2,1 0¢83an(1,3,3)enan(],2,3)edan0],3,1) F 292
ADJRAR(T, 3, 1)28AH(T,2, 104044 (1, 3,2 )ebaH(T,2,2)0hANR(],58,1) Foo29d
l AI)JBAHH,1.E)B-BAH(I.1.?‘!'“““1.5.5\0“!"(1.l;!)awﬁﬂ(lpboél 4 294
ADJHAR(T,2,2)BAR(T, 1,10 erart], §,8)ehanl],1,3)eRan(],3,1) P29s
ADINARCT, 3,2 )3eBAN(T, 1,1 08am([,3,2Y¢Han{],1,2)amAn(],3,1) F 29n
AVJHAMCT ,1,3)884M(T,1,2)a8A%(],2,3)endnm(],1,8)8R4m(],2,2) 4 297
AOJBARCT, 2,3 zedAr (], 8,1 0 08an 0T, 2,3 ¢H0An(1,1,3)enan(1,2,1) F 298
- ADJHAMCT, 3, 3)2HARTT, 1,1 anaH(T1,2,2) enanll,2,1) 034K (],1,2) P29
DETAARSHAMCT 1, 1) 288 (T],2,2Y0MAR(T, 3,3 en0m(],1,8)0RAN(],2,3)00 F L XL
B 1 lH(Io’pl)QHAH(Il‘13)'.“”(1'3'?)’“"“102")'7““("1DS).HAH(1.501 [ 4 v
: 2 IRBAMCT)202)%BANC],2,30%3AH(T,8,2YeMan(T,1,1)enam(],1,2)0han(], F 342
l 3 2,1)48aM01,3,3) 343
N e 314 J=y,3 L2 Y
‘ N 31y w=y, 3 F 345
BANINVII, ), KIYZADJUARIT ) ), ¥ ) /0ETHAR # 340
: 3¢ CNONTINUE F 3
DO 32¢ J=xi,d F 3
DO 32¥ ks=1,3 F 109
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320

33n

340

35¢
o0

57

LY

3gn

L3104

aye

424
43v

M(l,J,K)Bi,
D0 329 L=i,3
HCTaJoKIBHCT oo RIEBARINV (T, J,L)aC(I,L X}
CONTINUE
DO 338 Jei,3
AG(T,Js1)34,
DO 330 L=y,3
AG‘IIJJ‘)'AG“;J.‘)0‘(‘0J0L)'G(l.1le‘)
CONTINUE
0d 34¢ Jmy,3
DAG(‘.J,l)lo(lDJ;l)"G(IrJ!‘)
CONTINUE
PO ISV J=my,3
G(I,J,1)mn ¥
DO 354 Lst,3
Gl 1)SGCT oo eRARINVIT J,L)aNAGIT,L,1)
CONTINUE
CUNTINUE

SOLUTION FNR THE w VECTOR

wiNyl1)1)31 .4
wiNg2,1)BTHETAE(M)
w(Ng 311810
FIN)BWIN,1,1)
THFTA(N)BN(N,2,1)
CSINIBN(N,3, 1)
DU 39Y Is),NN
Ian=11
00 374 Jmy,3
Hu(J,0,1)34,
90 379 L=1,3
MwfT,d,1)3mw(I,J,10en (T, ,L0na(let,,1)
CONT INUE
no 389 Jay,3
wll,dp1)26(1sds)ekatl,J,1)
CUNT INUF
FOIlaw(I,1,1)
THETA(I)=w(],2,1)
CS(1y=2w(l,3,1)
CONTINUE
CUNVOGE(F (2)mF (1) mF2(2)¢FP (1)) /(F(PYeb (1))
PRINT 764, CONVE
IF (XLOUP,LT,2) (U TU 4ua
IF (ABS(CONVG) JLF (¥, Vu¥S) GO T alv
hU 419 I®i,N
Fo({lYsF ()
THETARCI)=THETA(T)
csa2(1i1=Cs(t)
CONTINUE
DU 42U (si,N
FOIIRA,Sa(pP(I)¢FI(]I))
THETACI)® S (THETAIT)+THETAI(LY)
TCI)STTEtMYATHETACTD)
CS(I)88,5+(CS2(1)eCSICI))
CONTINUE
CONTINUE

EVALUATIUN UF THE STREAM FunCTTONFCLZ

PO 4ud 18§ ,NN
FROIIEF(T)ZUALFo(l MaFLNaT(lel)4DELT))

ORY
OF
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3y
n
3te
3.5
314
315
[3Y}
317
31y
39
320
321
Jee
32}
324
325
320
327
32w
329
338
33
33¢e
343
384
534
43
347
LR
859
3up
jai
bue
juy
344
3ud
34n
347
4n
349
LT
51
352
358
354
(1))
35s
157

e
L LT
Ist
jo2
LLX)
LY
3ob
o8
467
s68
169
37w
in

B
(}I!QINL‘IPA“}‘;
P(ij,CﬁJAIJﬂH[




.
I DELSTIIISDELST(Iw2)4FACTURS((RHNE(M)/MHNM(Je2)eF(Im2)) /(L ,eyN( F 434
’ 1 Je2))+u de (RHOE(M) /RHOM (1ol YaF (1e1)) /() MeYN(1u1)) o (HHUE(M)/RHO F 435
. 2 M{IYeF (1)) /(1 ,deYNCT)IIWDELT/ (5,404 F) F uwlo
IF C(T41),GT,NN) GO TU Su¥ Fooas?
DELST(I+1)mDELST(Jwl)eFACTORS((RHOE (M) /RHOM ([ )aF(lal)) /(1 ey F 438
- 1 NI{T®1)) el , 0% (RHOE (MY /RAGM(T)aF (1)1/(1,AaYNL]) )¢ (RHUE[(M)/RHOM(Ts F 439
2 1YeF(1e1)) /(1 HeYN(T¢IIIIRDELT/ (3, 00ALF) [T
F 544 COMTtNUE [ de
§ l OSTAR(M)ZNNSTR (M) #DELST (NN) Fouag
) TruM{1)sp, 0 F 443
THMUM (2)BFACTORN((F (1) aF (1Y F (1)) (F(2VaF (2)#F (2))/(1,4=DELTI)Ia0EL F  4dé
lT/(Z.M-ALF'I F aus
" DO S%9 T8I NN,Q F  ade
THMUM(IIETHMOM (T2 4FACTORN ([P ([a2)eb (Ta2)aF (T@2)) /(] deYN(1e2) F 447
. { Y44 da(F(lm)aF{lot)eF([at)V/ (1 AmyN(Ta1) e (F(T)aF (I)eF(]))/7 (1, F U4ub
2  UsYN(IY)IWDELT/ (S, vedlF) Foo4aQ
. F ((Ie1),6T,NNY GO T 852 Foase
: THMUOM(T @) BTHMUM (T} 4FACTURC((F (Jaf)eF(l=1)&F(T=1))/7(1,0=YN(Te F 451
l 1 1) )ed e (F(TYoF(I)ak (11 2(1 ,AaYn(IIV4(FeI+tdaF (T1)2F(Teid)/ (1, F 452
2 Ve ¥N(I1e 1)) eDELTZ (Y VaALF) F o ouS3
554 CONTINUE [N
. NSPACE3(St=N) /6 F 45y
IF (NSPACE,.LT,0) NSPACEz@ S
PRINT mYe (TS
- PO Sed 1xy,NSPACF [T Y
Bl PRINT 740 F 459
’ 564 CUNTINUE [ YY)
l PRINT 774, M, x(m) Foant
PRINT T8¢ Foane
PRINT 1948, (I,YNCI),YCLY,ETALIY,FQl),THETA(D),CSC1),151,N) F U}
CPSUIIBTWOVARINPRES )NTEMP,,PLOG, T(1),PKES, TFMP,CPSCY F 4m+d
VISSC1YETWOVAR(NPRES yNTEMP ,PLIG,T(1),PRES, TEMP,VSC) E uny
TCONS(1)BYAUVAN(NPRES,NTEMD ,PLNG, T (1), PRES, TEMP,TLSC) F oene
. TP (KEY,EL, 1) GU TO STv (TS
CPICLIBTWOIVAR(NPRESyNTEMP,PLOG, TU1) ,PRES, TEMP,CPIC) Fodby
H TCONT(1YSTYWOVAR(NPRES NTEMP,PLOG, TLL),PRES,TEMP,TLIL) Fooded
! VISI(1)STWOVARCNPRES)yNTEMP ,PLUG,T(1),PRES, TEMP,VIC) Fooulye
! LU T San 3 a1
STW CPI(1)aCPS(Y) b ur1e
TCONI(L)®TCONS (1) Fouls
VISI(1)av]IssS(1} [ A
I S8¢ CONTINUE T IS
CPM(S)ISCPI(1IeCSCL)Ia(CPS{I=CPI(IN) F o dln
IF (CSC1)el ) S90,6Vu, 0V Fooull
59U XS’ 1)B(CS(1Y2wM])/(WMSILS(1 )t (aM]mnni)) F o ou4ls
l il(ﬂ'i.“-lﬁ(i) F 479
IF (X1(1),EGeP M) GO TO 6up Y
G12C1)3CU1,eSURTIVISSCII/VIST I 0 ((wh]/wMEY AWy, 28) ) aa2) /(7 RABUw ¢ 4Ry
1SURT (1 ,ewMS/7WM]IY) £ o
G21(1)B( (1, 0eSURT(VISI(IY/VISSCII)Iw{(wmS/wuMIIna) 25))202) /(2,828 F 483
{1SART(L,ewM]l/nMg)) F 4hu
VISMOL)BVISS(1)/(1,84G120)axJ(1)/RSCIIIevIST(1)/(1,2+0620¢(1)2xS(1) F 4BS
1/x1(1)) F 4le
) TCONMCI)STCONS (1) /(1,041 ,MRSeG12(1)XT(1)/7XS(E)YSTCONI(L)/ (L e , 0 F QA7
1654621 (1) ex801)/XT (1)) £ u8s
! GD TO 614 F 4Ry
eny VISM(1)8VISS(1) F o494
YCANM(1)BTCONS (1) Foou9l
61@ CUNTINUE Foou49
TAUSAHOM (1) aVISM(IYCUE(MISUE(MIN(RDSEMInexK)#ALPa (5 (2)eF (1)) /7 (DFELT F 493
1#80RT (2, 28(M))) £ 49
CFRTAU/ (A SeFRNE (MICUE(MYSUE(M)) F 495

= == mm =

[RR NP L

AT




H
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o
4
HEATRTCONMILIIRTTE(M)RUE(MIARHOM{SIR(NDSIMIRARR)SALF(THETA(2)eTHE F 490
+ B $TACLI))/Z7(DELT#BGRT(2,28(M))) Foou97
R QOOTRaHEAT Fude
£ CPESTHOVARCNPRES,NTEMP,PLU, TE(M) ,PRES, TEMP,CPSC) F 499
i8 TCONERTWOVAR(NPRES/NTEMP.» "G TE(M),PRES,TEMP,TCSC) PS¢k
¥ l PRND(N)SVISE (M) aCPE/TCONE Foosel
RECSSGRT(PRNU(ND) P Se2
TRECERECS(TTE(M)aTE(M))&TE (M) [-TX
1R STNOSWOUT/ (RROE (MIMUE (MI4CPHINIw (TRECeTHETAWIM)IATTE(M))) F  S5Ju
; 1F (ABS(THETAWe] ) 4LT,1,EeB) GU TU 620 P S¥S
HCUEFBQDOT/Z(TTE(H) 2 (1, ,=THETANW(H))) F Sub
% GO TD o3¢ F s07
I8 - 6284 HCOEF=Q99, F  SvH
] 634 WRATIUSMCUEF/HTREF [ ]
14 l PRINT 844, TAU,CF,HCUEF Foo5tw
: PRINT A14, THEC,GDOT,8TNO,HRATID F 511
: PRINY 821, DELSTINN),THMUM(NN),DSTAR(H) F 512
DU 84 I31,NN F 513
. ' FRUIVEF(LI)Z7CALF (1 ,Nop LOAT(J=1)#DELT)) LS K
9 649 COnMTINUE F 515
IF ((Me2), T ,MM) GO TO paY F Sis
FLCCIISASa(FLCW(MISFLCH(Me1D) F 51/
13 FLCCRIZFLLCOLIGCF(1)/ALFOF(2)/(ALFR(]1,0eDFLT))IIRDELT/2,4 Fo5is
I D0 658 I23,NN,2 F o o91Y
PLECCI)SFLCtTI@2) 4 (FF (T el AeFF(Ja))eFF(T))*QELT/3,¢ P 52¢
. IF (CI41),GT,NN) GO TO 6% F 92}
! FLC(IH1IBFLCI I e(FF(Jof)eu, daFF(J)eFFILl+1)1aDELT/S, v F 522
. 650 CONTINUE Po824
| 8 PO 66U [21,NN Fobea
5 ‘A DFLECDSCIYS(FLCIL)=FLLI(I)) /NS M) [ -1
' 6oV CONTINUE F s2e
. FLCIN)ZY, ¥ o827
| l 0 679 [21,N Fooson
h F1(1)ar(1) £ 529
TeeTAIC(IISTYHETACL) PSS
R Cs1(11=CS(]) PS5 AY
I l FLCL DIFLEET) boog3e
H 67¢ CONTINUE [V &Y
i Fer1imry(y) F 534
1 F2L2)BF1 () PSS
. B MEue] S TS
i B l GO T 194 Po547
HE 68 CONTINUE 1 o bn
1 RETURN P9 49
H ¢ F Sdy
. 800 FORMAT (1H1) F sS4}
: TRN FORMAT (7) F o S4g
" 3 710 FURMAT (52X, 32RSTATIUN M31, THE INITIAL PROFILE) Fo543
' 72 FURMAT (43X, 1HT 80X, 4HF (1) ,RX, ANTHETACTY,RX,5HCS(1)) F Sun
1 734 FURM4T Xy 115,3E14,5) [ YL
l 40 FURMAT (/744X anTAUS,EL2,5, 17X, 3HCFS,E12,5) F  Subp
‘8 7SA FORMAT (/7/30%, SHTRECE,E12,5,9X,5HUDUTE,E12,9,9X,SHSTNUZ,E12,5/7) F o547
/ T FORMAT (10X, 8HCUNVGE,E§2,5) P Sup
TT8 FORMAT (SUX,2HME, [5,5X,SHX(M)IB, Fld,5,/) F 849
K T80 FORMAT (35X, 1RHT,2X,5HYNCI) p2X,4nY (D), 3X,0NFTAL]) ,5X,4nF (1), 6X,8nrTH F S5n
‘ I 16TaC]),5%,5+C8(])) F oSS
TOQ FORMAT (31X,15,2%,F5,%,2F8,5,3F12,5) F 852
2 BAD FORMAT (//3UX,uNTAUBET2,5,6X,3HCFR,E12,5,7X,6HRCOEFS,E12,5) Fo55%
) 81¥ FURMAT (//3DX,SHTRECS,E12,5,5X,SHANOTH,E12,5,5X,5HETNUB,EL2,5,5K,7 F 454
l §HHRAT I03,612,5/77) [T
820 FONMAT (80X, 6MDFILSTE,E12,5,8X%,8HTHMOME,512,5,8X,6nDSTARZ,E12,57/) F  Sbo
834 FORMAT (10X,15,2(5X,F15,R)) FoosYy?
i0 )
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FUNCTION TwOVARCITVMX,JTVMX,VALX, VALY, X,Y,FN)
DIMENSION YO(JITVMY), XCITvMXY, FPN(ITVMX,JTVMX)
D0 10 Jsl,JTVvMX
IF (YUJ)eVALY) 14,204,064
CONTINUE
DU 3¢ Isl,ITVMX
IF (X(I)eVALX) 84,41,54
CONTINUE
FNMNBFN(],J)
TWOVARSENMN
RETURN
IPts]
Iagey
TROVARZFNCL , JIe(FNTIPL,J)eFN(T, 1)) n(vaLXeX ()Y /(X(1IP1)=X(]))
RETURN
Jajey}
VDO 7Y Ist,JTvmMx
IF (x(1YevaLX) T¥,8¥,9¢
CONTINVE
FaMNeFnN(],JY
60 TO twe
IP1s]
Isle}
FNRNSEN(T, JYO(FN(IP s JVYFNCT,JY)e(VALXSX(INY/ZCX(IP1YI=X(]))
JuzjJel
DU 1t 131,1TvMx
IF (Xt evAalX) 110,124,130
CUNTINUE
FNMXSENC]L ,J0)
Gl TO t4u
IPix]
Is]e=}
FAMXEEN(E, JU) o (FNUIPL M eFN{Ll,Ju) ) e (VAL XexX(I))/Z(X(IP1)eXx(]))
CONT INUE
TROVAREFNMNG (FNPXeF NMN) (VAL YeY(J))/(Y(JUeY(J))
RE TURN

END
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SURRUUTINE MOLIER (MeP NOPT,T,2,8,%N0,G6AMMY)

NOPTSA LUOK UP PROPS BASED UN P AND o
NUPTZLl |LPDx UP PROPS RASED ON P AND §
NOPT32 LOOR (1P PRUPS RASED UN P AND T
NOPTEY LOOK UP PROPS BASED ON W AND S

DIMENSION FLP(33,29), HZ(33,2¥), TT(33,24), 2T7(33,24), Ga“t(33,2¥)
1o ENTRO(33,20); FLPO(bOW), H20(s0d), TTU(66U), 2TUC66U), GAMEO(nel
2)s ENTROO(BONY, FLPZ(20), WTAL(33), ENTROV(EW,33), FLPV(24,31)
EQUIVALENCE (FLPO,FLP), (HZD,MZ), (TTU,TT), (2T0,27), (GAMEQ,GAME)
e (ENTRUU,ENTRD)
DATA PO,CPOK, MO0, SOR, G, Ry ALE,RT1,CP/21106,,3,4R)158,117,546,23,86,32,2
1093,35,2,3v2585,33,7¢5,,23R00/
iDEAL =R
iz ,9
GaMMasy 4
IF (12,€4,3%) 60 TU 34
DU §1¢ K3],29
LLE33a(Key)

bu 10 L=1,33%
FLPOCLL*LIRFLPZ(R)
IF (X,kN,1) GO TD 1w
HZOCLL+LISHZU(L)
CONTINUE
12=33
J232¢
DL 29 [=21,12
HTIRLCI)ZHZ(1,1)

no 2w Jt=1,.12
ENTRUVEI, 1Y NTRO(T,J2=0+1)
FLPVIJ,IIBFLP(leJZelel)

CONTINUE

It (NOPT,EN,3) by TU 240

PL2ALOGIA(P/2116,)%17,

IF (NOPT=1) du,1uv,2lw

IF (R LT 1v8,) GO TO L1w

CONTINUE

CALL DINT2 (MoHZ, o2V oPL FLPZ,1ZsJZ T oTT,SSobENTRN, v, GAMMA, GAME)

IF (NOPTEQ,9) B0 TO Av

16 (AuS((SeSS)elir, oa(dePLACEN L T,1,) GO TU 94

IF (SeS5S) ev,9n,7n

PLL3PL

PLE(PLOPLUYZ2,

GO TO0 &4

PLUZPL

PL(PL+PLLY /2,

U TO S«

S28§

CONTINUE

IF (1=,2222E+34) 144,140,130

RRNZP/(32,2453,152eT)

GU TO 334

IF (R LT,0,) 60 TO (3¢

Taw/cP

RHOBEP/(GaReT)

S3(CPURRALUGIA(H/HO)@ALUGLIP(P/PO) ) 2ALF+SOR

GO TU 33

JFPay

IDEALSY

G0 TO 3380

1S
INAL PAGE
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154
Y
179
184

194
20
21w

229

|
I
|
I
I
23n
I{ 2uv
l o5
204
II 2T
II PLY
f
|
i
|
|

299

Suy

31

322
330

~!

IF (PLJLT,FLPZ(Y)] GU T 2ve
NO 154 J=2,J2
1F (PLoFLPZ2(JY) 174,104,180
CONT INUE
IF (SeENTRO(2,J)) 194,180,180
1F (SeENTRO(2,J=1)) 19¢,18%,180
CALL DINT2 (S, ENTHUS N, MZ,PLFLPZs)2odZsT,1T,2427,1,GA4Ma,GAME)
IF (He 2222E434) 14¥,2vA,244
HERTOSCPURS 1Y 2@ ((SeSNREALERALNGIY(P/PN) )/ (CPUNRALE)Y)
Ten/CP
RHOSP/(GakeT)
GO TO §34
1FP=1
IDEALS®)
GO0 T 3§33y
IF (TLT,419,) GN TD 224w
CALL OINT2 (T, VT, ,MeHZ,PL,FLPY, 1200202077 ,S5,ENTRO,L,GA%MA,GAME)
If (=, 2222 438¢) 100v,238v,234
IF (T ,LT,¢0,) gn TO 238
HECPel
HHOSP/(GekaT)
Wl YU 14
IFp=z1
10EALSY
GO TN 334
IF (M LT, 1v0,Y GU Tu 3kw
CALL OINT1 (S,FNTROV,PLFLPV,H,RTRL,IZ,T2)
If (PLe,2222E430) 254,311,310
IF (PL,RT,12,69897) GO TN 32e
IPLACE=ALOGLE(S)
Isv
[atet

IF (FLPZ(1Y1=PL) 261,277,284

PLUSFLPL(T+1)

PLLEFLPL(]=1)

6o To 299

PLUsfFLPZ(1Y

PLL2FLP2(]et)

PRIV 22 (Plalv, Ie2llb,

GO TO un

IF (R LT, é.) (0 TO 30

ALPE(SINeS)/aLE+CPURRALDLLI AN/ M)

9:9(:11‘/‘.#.“_9

Ten/CP

RANEP/(GaknT)

G TO 331y

IFPa}

InfaLs)

60 7O 33w

IDEAL22

g TURN

DaTaA (FLPZ(J),J=l:2”)/0.3%103.0,69697,7.w,7.5&!“3,7.09697,8.U,ﬂ,Sv
l1M3o5.09897.°,wo°.3“1%3.9.&0897,lﬂ.ﬂ.l“.5m1hlold.b°6°7.ll.W.ll.SHl
293,11,69897,12 #,12,30143,12,00897/

DATA ('VU(L)OLtl'2"“)/"00“191153“001016.0233".'3932.05“78..35“5.00
1025.-“175..03?6.,ﬂ“66.;ﬂbﬂﬂ..““ﬂ“..Siﬂﬁ..STSM..bl!&..oSbS.,busb..7
eMﬂS..7155..727w,,756ﬁ..7093.,791!.,bimv,,n)oz,,eﬂlﬂ.,8503,.5723.;8
36«@,.vlaw,,qﬂsw..n..01°..nsa..1010..?539.,1@32..5517..59v7,,ux;w,,
uu}nw..uaou.,agun,.u7su.,aeuu..SZoﬂ,.S7ou.,h$ww..b7n5..o°nu..7l¢s..
57356,,709w,,7590,,7927.,dl72.,8370..BSSw,,l712..6676..965“..925".o
aouou,,o7en,,u,,a1o.,03a,.1016.,2339..5v32,.ssab.-3°ou..«22“..039V.
7.&563..ulv8,,aﬂes..swov.,S}ao.,s77s..ossw,,o7°5..7u9e.,7305.,1095.
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B:T8d8,,7772,:8125,+,8388,,8595,,d8784,,H4951,,9135,,9324,,9%2¢,,975¢4,
9,105, ,9,,419,,834,,1616,,2339,,3132,,3571,,4n35,,429%,,45%00,,466
w9, U838, ,499r,,5184,,545¢,,5R9, ,04b9, ,6877,,7218,,7454,,T644,,779
w7920, , 8323, ,8604, 827, ,9018,,9216,,9405,,9594,,9784,,1¢634,,10
€hS0 0, 419, ,834,,1616,,2339,,3432,,35,0,,41¢,,4414,,403¢,,4B815,,
2HQBY, sSI5A, 09340, 195U, 599U, ,hU08,,0999,,7353,,7620,,7844,,8815,,
"’172!!'59700"9"1.lqlswol"s"“l'997007970‘:’.099“300lwl"‘.u1““2”,.]"7‘
e L0, ,419,,834,,1016,,2339,,35v32,,359,,4189,,4485,,47385,,4934,,51
1,027V, ,5URN, ,5872d,,06U5A 8580, , TASA,,TUTR,, 7764, ,8404, ,8198,,83
'Ll,.abl1.,Oluu.,QalM.,?oua,.Qnuo,,1mnoﬁ.,)MZNA,,IQSMM,,1n7uu,,1|wa
v, 0419, ,83u,,10106,,2339,,3¢%2,/

ATA (TTOCLY,LE249,4¢V AV /801K, , 428, ,uR55, ,4829,,9400,,524¢,,%4d14,,
TRl B,eSAT2,,019%,,06059,,71h8,,799,,7948,,R152,,84585,,8432,,9#%,,
LU, e INST, ,S92T7 , 110,138, , 114990, 1NBIY,,111ud, ,114000,,n,,419
F,eR3d 1616, ,2339,,3232 ,3884,,42859,,4d6055,,4964,,5242,,5uub,,59640,
GeSBUA, L 006, 6354, ,8T78¢ ,T28:4,,7T722,,8095, ,6381, ,86un, , 8725, ,937A,
5. 9796, 012N 5 13O L 1AGRA L1 Rue L 11AAR, , 113V, 11584, ,11RBV 4,
6U19,,83udy,101h,,2339,,3432,,3041,,4300,,475¢,,5¢b0,,5823,,555¢4,,%7
T98,09998,,622R,,0595,,6%9%0,,7310,,78304,,8215,,8524_,8700,,%9040,,96
B2, 0180840 139 168 1092, 11180,,11420,,11684,,1197v,,12294,
9 A pd19, ,R34,,1016,,2839,,3332,,3054,,4314,,480¢,,5154,,%445,,5083
Y 891, , 0100, h30U,, 0050, ,T A9, ,TunS, ,T7956,,4354, ,80R0,, V%Y, ,919k
8R4, 135, , 10094, 110 M, 11290, , 11550, ,11810,,12140,,1238v,,12
RV, U419, ,83d ,1010,,2839,,3232,030654,,4328,,48R4,,5295,,5594,,
RA9BA, LRI, , 5358, ,0620,,090¢,,725d,,Toby,,R118,,B954,,K910,,9214,,
PLUBE 1423/ a1 NTar 11168V, 11dR0,, 11700, ,12¢80,,12374,,12654,,1298
“‘.l153*""‘."‘..“‘9.1“3“,'1"“’. vetsq.a3“3?.,365“.-““,“.009‘45.,SSQS.,S
#726,00715,,0285,,650it, ,6R3R L T1W0,, Td%¢ L TR L0274, , 8095, ,9vH4,,9
HAL1YS 972, , 1701V, s 1IATY L1150, 11HTh 412200, , 12914 ,,12829,,13%11w,
Ry 3A50,, 13800, 4, ,419,,R34 ,1010,/

DATA (TTOCLY, L2Un1,994) /2839, 3032, 369u,,a45%5,,49R,,547%,,5839,
10)9W, ) bdSH L6738, ,7nn2,,7800,,Thd0, .80 0, , K438, ,00uR,,9245,,%0v),,
CIVI s 1M, 1 1A TIHAN, L 1224601808+ ,,1297v,,13284,,13010,,1496
3".! 1“5‘\‘.1“.009‘3."‘"‘.11“1*‘.;?‘30.'5'43?.1 5')"“.:Uub°.rs"l". $ 5548 ,5
49T r08uR L, 0055, ,0950 L 72K, 757%,,791v ,,BPT7S, 8055, ,9 14, ,94d96,,9
SHBY s 1d1AR L1120, g T 1RRY L1242, (a1 2n20,01327 ",0ol80r v, ,138960, 1431w
O, p 14694 4 13WBe L 819, 30 1A En,,2350,,30387,,3654,,04R3,,5425,,5
THOA 00 HY L 04Td, 0030 7190, , TURR L Thiy  ,R14Y o BSI0, ,BRN2, ,938,,0
BIVA 5 1ATA 1 Ud 0 1150, 122R0 1260, 133, 18772, ,1d1dn, ,145nn
D o 1URBY 18270, 15680, v, , 619, ,83d,,186106,,2339,,5v82,,86%4,,4487,,
* 3B L5878, ,4189,,0500,, 0975, T80, ,Take, ,RUCA LRISA, ,hTuw, 91948, ,
9825 ,,9980 101/, 10603, 1 ko 1205, 1828, 1381, , 14l T, ,147¢,
2,015 9% L1909 L1980, L1200, Y19, ,R30, ,181h,,2339,,3:032,,3n54,
WoUSVS GRG0 TS ,08260,,08T75 7,7 “R,,756b,,795h, ,R3A4 B80T, 9 S0,
® G000 880,126, 1R6RY , 11492 ,,12294,, 1319, ,13914,,1490¢,, 1541
"0, 10UBE, L 15930, , 16350, ,10807,,1722%,,'4,419,4R84,,1616,,2339,,3u$
*2,,3654,,4595,,5¢75,,5759,,633n,,0Rub,,7220,,7795,,61%4,,85%64, ,494
*5,,9311,,972v,, 14110, 10940 ,,1'9un,, 11344, ,12034,,13634,,14462,,15
2050, ,1501¢, 16110,/

DATA {TTUCLY L E591,000)/716040,, 17370, ,17924,, 17984, ,u,,419,,834,,1
1016,,2839,,3/32,,3054,,d4eS,,511v,,5774,,03H6,,6985,,7440,,79n%,,8
2392, /8755, ,9185,,9570,,999% ,, 144w, Ivnde,,11234,,11630,,135010,,14
3194, , 10940, 15640, . 6740, 16H3L L, 17320, ,17TRAA, ,1R3UN,,16HK2V, ,0,,01
U9, ,834d,,1016,,c33%,,3032,,3654,,4425,,%111,,5794,,644d,,713¢,, 75k,
SerBUYA, L8500, ,6. . ¥y,9U91,,99u5,, 1wl Td, , 10RMA, ,11211,,11644,,120V0v,
6113548 L1471/, ,1506R0, 1ndbd 1714V, ,1777¢,,18360,,18910,,194%4,,19
7984,/

DAYA (ZT( Va2l ,249)/001 00,1 0T, 1 ,1420,1,069,1,76,1,1V3,1,13v,1,
1156,1,180n,1 201,1,21v,1,216,1,220,1,238,1,251,1,265,1,284,1,29n,1,
2358, 1, 22,1 ,48801,551,1,617,1,081,1,7d6,1,R14,1,874,1,934,6%1,3,1,
IVBUy 20, 1 i, AT, ) MIB,1,1248,1,152,1,178,1,197,1,248,1,214,1,
22U 9 1,23%01,2uR,1,200,1,275,1,09v)1,352,1,816,1,084,1,545,1,649,1,
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124
12%
126
127
12R
129
13n
131
132
133
134
135
134
157
138
139
yun
14}
tue
143
166
148
140
147
lue
149
15¢
151
15¢
153
156
19%
1958
157
15h
159
160
1nt
162
163
164
1 nS
1h0
16?7
168
169
17
171
172
173
174
175
176
177
178
179
18y
181
182
143
1846
1RS



S674,1,738,1,802,1,865,1,925,6%1,u,1,403,1,018,1,/400,1,087,1,4994,1,
O119,1,147,1,171,1,198,1,.2v6,1,213,1,221,1,232,1,244,1,2548,1,272,]),
T287,1,348,1,011,1,4879,1,939,1,0040,1,607,1,732,1,795,1,854,1,91R,¢6%
GI.H.l.ﬂﬂl.l."lhol.¢37.l.ﬂ0“.l.ﬂéﬂol.llS.l.l“ﬂpl.le.l.!BB,l.?Uﬂ.l.
9212,1,219,1,229,1,261,1,255,1,208,1,283,1,343,1,4u6,1,478,1,534,1,
*597,1,001,1,725:1,788,1,851,1,9¢9,7#1,1,1,013,1,132,1,056,1,081,1,
*108,1,132,1,156,1,181,1,197,1,208,1,21651,226,1,237,1,249,1,264,1,
€277, 1,337,101, 39R,1,401,1,526,1,589,1,065%2,1,715,1,778,1,840,1,899,7«
0] N1 12,1,028,1,152,1,076,1,184,1,128,1,152,1,175,1,193,1,205,1,
®214,1,228,1,236,1,246,1,259,1,273,1,332,1,393,1,455,1,518,1,582,1,
B0Ud 1, TUT, [ TT0,1,831,1,891,7%1 ,4,1,411,1,P24,1,447,1,A74,1,0896,1,
#1200, 1,104,1,109,1,18R,1,201,1,211¢1,22091,231,1,262,1,296,1,269,1,
*320,1,387,1,449,)1,511,1,574,1,636,1,699,1,761,1,822,1,884,7¢1,0,1,
®014,1,022,1,04d2,1,863,1,U88,1,112,1,136,1,16%,1,1804,1,190,1,2486/

VATA (Z2TN(L),L2250,502)/1,215,1,22641,237,1,2649,1,263,i1,316,1,378,
$11,839,1,500,1,503,1,025,1,687,1,748,1 RA8,1,Ra?,7e1,¢,1,8¥9,1,017,
21,937,1,058,1 BBA,1,10U4,1,128,1,152,1,172,1,199,1,241,1,211,1,224,
31023201,204,1,25R,3,512,1,372,1,481,1,492,1,5%4,1,616,1,077,1,7358,
GLoTOB 1,855, 701,001 428, 1,019,1,432,1,192,1,976,1,¢98,1,121,1,144,
Slatbdsl (84,1,197,1,297,1,216,1,22H01,244,1,252,1,3606,1,364,1, 424,
bl.“ﬂﬂ".s“s:‘.b"bo‘.067.‘.727.l.767".l““'7'1.601.9”7.l.\*le.‘.web,
7].J“bcl.ﬁbbul.ﬁuﬂni.1‘W11.1350l.‘5“'\.‘73'1.|661'.Zﬂa".ztwul.zeuc
81035201.?0501.297,1.35311.“110'.“720‘.551.1.592'3.65301.711,‘.77“.
Q\,R&h.?t].h,t.unS.l.WGQ.l.MEZ.l.a“u.l.wbﬂ,l.wﬂﬂoi.tal:l.iéﬂal.lﬂﬂo
Tlel06)1,18W,1,193,1,240,1,215,1,227,1,238,1,289,1,345,1,443,1,402,
*1,52201,581,1,640,1,099,1,757,1,812,781,¢,1,444,1,4087,1,114,1,434,
"0“5201."7201.“921‘.l151'-|350|.|5“p‘.17ep|.15001.19701.£W“.1.21°|
*1,23193,28191,337,1,390,1,452,1,51,1,569,1,827,1,685,1,742,1,79,
-7-|.w,1.ﬁns,l.ﬂws,l,dls,I.M£7.l.ﬂﬂﬂ.l.t03,1.ﬂﬂl.l.)w?.l.l?l.l.lﬂvo
#1159, 1,174, 1 18R, 1,199,1,21¢,1,221,1,27¢,1,324,1,379,1,437,1,uv4,
'1.55201.60911.604“‘.7?1.l.777.7t1.v’nl.""?ﬂ."Whl.M?ol.t‘ZSpl.-ﬂl".
21 U85, 1 ,472,1,492,1,112,1,129,1,168,1,1600,1,177,1,149,1,24%,1,213,
#1420100,314,1,308,1,020,1,4A,1,837,1,594,1,650,1,745,1,759,7+1,1n/

DATA (ZTOMLYI,L2SVB,00M)71,001,1,303, 1 ,¢vR, 1 v19,1,084,1,0/d6,] ,n04,
ll.wBZ.I,HQR,l,ll7.l.l50.1.152.1.169.1,179,1.191»1.215:1.25!.1.Sn?.
21,395,1,419,1,000,1,522,1,577,1,n382,1,r07,1,739,Rs1,d,1,0d2,1,v5,
10101 ,024, 1,757, 1,152,1,709,1,085,1,103,1,119,1,13041,15¢,1,104,
G1176,1 189,01 ,23%,1,289, 1,830, 1,300,1,44%,1,990,1,553,1,097,1,60,
SLe712s801 351,01, 1,703, 1 /10,1, 19,1 ,130,1,244,1,089,1,475,1,491,
61,107,1,122¢1,136,1,150,1,1858,1,175,1,283,1,272,1,322:1,575,1,028,
ThedBPp 1,934 1,98601,639,1,692,001,0,1,UV1,1,v'UT,1,041%,1,124,1,0437,
L S0 00U, ATO,1,693,1,1vVR,1,102,1,138,1,148,1,161,1,748,1,25%86,
01.}&0!1.55701.“‘”,l.“bﬂ'|.SXEo‘.SQJ'l.F‘Sl‘ohOSQ‘ﬂ".'l.U\Q"ﬂ.ﬂ‘ﬂ'
L1901, 28,1 ,039,1,050,1,063,1,i07m,1,v%,1,114,1,1106,1,128,1,141,
*ln‘b7'|.?‘“rl.258'l.s;?;‘.35?,1.“3111.“5?.1.531.‘.53’nl.hs"/

NATA (GAaMEOCL) pL31,212)/72%1,4,1,594,1,344,1,317,1,295,1,¢96,1,143,
T1a11401410R 1, 1VR11108,1,131,1,109,1,220,1,204,1,2388,1,144,1,143,
21.\21.l.llW.l,lUS.l.WQQ;I.MOH.I.wQZ.l.M95,1.39“.l.a96ol.ﬂ9°.l.1Wu,
Sl.lllul.laao1.!38-2'1.“01.3"“.|.30“.\.317.!.295.1.21“.1.149.1.119-
“l.!llol.lll,l.llﬂpl.lll-‘.162.1.212.1.802.1.Eaﬂ.l.IQVal.lﬁ?.l.léﬁ.
S1a116s14109,1,189,1,v98,1,490,1,497,1,098,1,100,1,182,1,107,1,114,
el.l?"‘".‘3“12.‘.“01.3900‘.3““!1.!‘70'.2“5.1.22!’01.15”51.12“,1.”7'
7‘.11001.\21|1.1321’.'5°'l.’-’-’o‘.as"o1.2550'.‘°”01.15501.|55,1.1?\-
Bl,11401,109,1,1¢01,14899,1,1u,1,1¢1,1,163,1,199,1,114,1,1186,1,126,
91.13912'1.“.1.5°'ﬂ,1.5"“9l.‘l70l.29511.?27110‘0“'1.15V‘a|.12\01.‘2\0'
Tla124,1413901,15%6,3,198,1,259,1,2061,1,2¢6,1,165,1,144,1,126,1,118,
Pl tl4,1,105,1,102,1,103,1,10d,1,19m,1,1v8,1,112,1,118,1,128,1,140,
RN G Up 89V, 1 UGl 317, ,299,1,230,1,109,1,136,1,128,;1,12%,1,129,
*le13701,15U,1,1086,1,237,1,201,1,218,1,170,1,148,1,134,1,125,1,124,
*la 1ol 18T, 1,007, 1,108,1,110,1,112,1,110,1,122,1,138¢,1,142,72%1,4,
*1e390,1,340,1,317,1,295,1,2644,1,170,1,1066,1,133,1,13n,1,1383,1,144,
#la156p1,1R1,1,220,1,258,1,227,1,182,1,1506,1,16A,1,131,1,128,1,114,
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18
187
188
189
190
191
19¢2
193
194
194
196
197
1948
199
2wy
2]
eve
o<y
244
215
2uve
2e17
2v8
249
214
el
210
A%
214
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216
217
2le
219
eev
22]
22¢
PL-4]
224
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2ée
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3 L 1L U8, 112,018, a6, 1,124, 1,125, 1,133,1,145,2%1,4,1,391, » Qu8
B 34U 817,01 ,298, 1,297, 1,183,101, 151,1,130,1,134,1,137,1,1u43,1,155/ ~H 249
DATA (GAMEU(LY,L=213,278)71,179,1,218,1,292,1,230,1,191,1,163,1,14 K 254
17,0038, 1 031,11 18, 1 116,1,114,1,115,1,117,1,124,1,123,1,128,1,13 w251
2°|1.l“7'?'l.“,1.30"'1.3““0‘.5170loe"spl.25.0l.IQS‘l.]b\'I.luh,].l“ L] 252
SV, 1, 142,1,108, 1,157, 1,177,1,209,1,244,1,24d,1,207,1,177,1,159,1,1d H 253
U8,1,1389,1,124,1,12¢,1,119,1,120,1,122,1,124,1,128,1,133,1,141,1,19 ~H 254
SP,2%1 4yt 399,1,844,1,317,1,°90,1,263,1,241,1,109,1,152,1,148,1,14 ~ 255
. ot/ ® 250
¢ DATA (GAMEN(L) ,Lz2T7,424)/1,152,1,102,1,177,1,2068,1,237,1,265,1,21 rm 257
19,1,189,1,169,1,150,1,14d5,1,12R,1,124,1,12%3,1,124,1,126,1,128,1,13 ~ 258
22,1 ,137,1 1ud, 1,154,280 ,d,1,39.0,1,304d,1,317,1,295,1,207,1,210,1,17 w259
3701,15908,1082,1,192,1,150,1,1648,1,178,1,200,1,23¢,1,242,1,276,1,2¢0 H 2b6¢
. Glo1 179, 0 164, 1,152, 1,185,1,172%,1,127,1,128,1,132,1,182,1,130,1,16 n 261
' S, 1 14701 186,201,491 390,1,30d,1,817,1,295,1,271,1,223,1,168,1,16 ~ 262
bh,l.lo-".l.l‘.",1,1’11,\.!09.1,\6‘.l.l97,1,£?!A.ZS".l.BSl;l.E!U.I.!Q Lol 263
T2p 1174l 1n2pt 14 01135, 1,1886,1,183,1,136,1,130,1,142,1,148,1,15 +H 264
B2,1,101,2%1 ,04,1,390,1,344,1,3817,1,295,1,273,1,732,1,196,1,175,1,160 +H 205
O7,1,10401,166,1, 173, 1, 182,1,199,1,217,1,2%1,1,232,1,222,1,262,1,18 ¥+ 2bb
B8, 1,172, 0 147, 1,144, 1,138, 1,180, 1,140, 1,142,1,146,1,154,1,18h,1,16 H 2w
WA 2] ) 39V, 1 3, BT ,1,295,1,270,1,230,1,206,1,183,1,172,1,17 = 2eob
B, 1 171 1T7R, 1,180, 1 197,1,214,1,°2R,1,°82,1,220,1,214,1,192,1,17 » 209
*9,0,1593,1,1a%,1,148,1,143,9,145/ w274
DATA (GAMEOILY,LS62S,030)/1,14d7,1,15,1,1%4,1,16¢,1,1h0,2%21,4,1,39¢ » 27}
1o1,384,1,317,1,299%:1,275,1,24d4,1,218,1,195,1,142,1,176,1,17R,1,183 r 2712
Qo1 19,1 ,2¥0,1,213,1,225,1,231,1,207,1,21R,1,2vu,1,191,1,162,1,1538 r» 273
311501019901, 157,1,188,1,150,1,16,1,166,1,178,2¢1,4,1,390,1,34u ~n 274
Gr1317,1,295%61,27501,2497,1,2€0,1,2000,1,1P9,],184,1,184,1,1RR,1,19¢ ~ 279
501242, 1,21301,2P68,1,23001,230,1,024,1,212,1,2'021,169,1,1959,1,15%5 = 2leo
01,155, 1,156,1,158,1,16%,1,165,1,171,1,177,2%1,4,1,894,1,344,1,817 n 277
Tr14295,1,275,1,259,1,232,1,211,1,096,1,194,1,194,1,192,1,194,1,20% w 2/p
Bl ,214,1,2P2601,28001,28151,227,1,219,1,87R,0,17001,165,1,160,1,1A0 +w 279
91,1010 1,163,101 ,160,1,1690 1, 175,1,182,2¢1,0,1,394,1,34d4,1,3817,1,295 »n 2n0
21,2760 1,25301,25701,21901,295,1,199,1,19,1,199,1,244,1,210,1,¢21n h 241

51,229, 1,23M01,2%2,1,23151,220,1,210,),086,1,174,1,189,3,1n7,1,1aR n 28?2
R 1Tt T8 17T r 1R 1RT 20 () 39, 1,800, 1, 317,1,295,1,270 v ¢gnd
T 2540 1,28¢001,22801,212,1,805,1,203,1,°00, 1,8 M1 ,214,1,2°4,1,275 n R4
1,230, 1,23301,23201,220R01,221,1,1%4,1,1R1,1,176,1,178,1,174,1,176 n ¢85

Tl 17901 ,1R2, 1,180,011 12,208 4,1, 8900, 1 844, 1,817,1,295,1,274,1,255 ~ 2o
00,2410 00,22001,21700,210401,20, 1429, 1,212,1,P218,1,22%,1,276,1,°779 n 20
01,038, 1,23201,22901,22401,2°8,1 188, 1,152, 1,179,1,18.4,1,1R2,1,184 n 28
P, 107,51 ,19151,190,2%1,4,1,3940,1,844,1,317,1,295,1,27h,1,25%9,1,242 n 289
./ L] £
DATA (LAMEN (L) 1 3637,m000/71,2273,1,223,1,722,1,21d,1,217,1,219,1,°2723 H 29}
191,228, 1,22Re1,23001,288,1,288,1,229,1,227,1,214,1,198,1,191,1,1R7 » 232
€Y 1RE,1,1R9,1,192,1,19%,1,19n,1,202/ 93
DATA (ENTRUOCLY L1, 20u) /23, 6M1,31,50,33,97,8n0 493,37 97,39,v 1,39, 868 w294
Todn B7,d1 ,7T8,62,6%,438,5",4d0,33,4d5,1m,u5,94,uh,087,47,83,d7,94,48,50 w 29%
?'HQ.HM,UQ.SA,SH.10,‘,.'.59,5]'.ﬂﬂ,ﬁj'ms,su'nﬂ'f,b.7y:,5i.qg,°.ﬁ.‘b.h].Qs (o] P4
3063,61,85,22,65,05,08,dN0,22,70,30,04,83,5,39,51,37,¢4,34,¢9,3R 00 ~ 297
Gp39,93,4d0 BU,dl 7v,42,5%4,43,32,40,%8,44 ,84d,d45,50,4h,22,4h,81,47,39 n 294
SeuB al,u8 ul,uR,95,49,03,49 93,51 ,H4,53,5R,55,582,57 48,58,72,60,36 ~ 294
0r62,"0,63 SK,RR,10,66,006,22,17,29,95,32,36,34,082,36,31,37,4@,38,25 n 3Iod
Tr39,21,49 11,44,99,41,79,42,57,43,34,u0,01,40,75,45,44,45,99,48,%3 w 3§01}
BodT 10,47 S6,UR A2,6B 81,49 v 2,50 ,45,57,m1,56,32,55,99,57,64,59,2¢6 + 342
ot A, b2, 33,63,R4,65,34,21,37,29,20,31,60,34,12,35,61,36,74,37,5% + 3Ius
*o38,90,39 4v,dvt Pd, Ut 1,41, T9,42,52,388,02,43,92,44,56,4d8,15,45%,7¢ r  3ru
*pun 20,48 T Ul 17,47 ,05,dR_17,49,94,51,605,83,31,54,96,96,52,5R,16 ~ 319
®r59,61,m1 10,62,57,08,99,20,40,2R,84,34 ,75,358,21,384,70,35,79,3,63 ® 3Ire
2o37 57,35 43, 39,28,40 w14 TT,41,49,62,14,42,82,03,44,064,72,40,87 n 347
U5 ,M9,u5 S5,d6,n3,40,49,4h 3,4n,75,50,35,51,9R8,54,54,55,16,56,5%6 +H 3¢s
*:56.“4.‘59,ﬂa.mﬁ.*‘o.n?.lﬂ,19.77.27.b5,!“.v‘h,le.se,SU,h'l.Sﬁ.lﬁvl‘n."b H 3¢9
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2, 36,89,37,72,38,53,39,27,64,44,44,72,41,36,U2,3¢,42,62,43,28,43,174
#p44 23,44 T, U5, 18,45,03,46,24,47,77,49,38,54,94,52,49,53,97,5%5,42
*,56 ,87,58,23,59,6¢,60,98,19,47,26,96,29,36,31,82,33,31,34,40/

DATA C(ENTHON(L),L8205,48)/35,27,36,17,37,01,37,84,38,51,39,22,39,
199,44,57,41,17,41,80,42,37,42,99,43,39,43,P0,u44,32,44,70,45,17,40,
284,48 ,52,49,93,51,4U,52,87,54,31,55,46,57,44,58,30,59,064,18,10,26,
344,28,45,30_91,32,499,33,49,34,35,35,25,30,28,36,85,37,50,36,25, 34,
4R8,39,53,4v 12,4¢ ,04,4U1,25,01,R4,42,30,42,74,45,106,43,6]1,4d,401,4S5,
501.“7.lh‘“‘.bz,S\ﬂ.M'.Sl.00.52.“‘5:5“.13.55.00:56.68.57.9/’.17.00.25.
634,27,75,37,21,31,74,32,79,33,04,34,55,35,38,56,12,36,81,3587,5v,134,
71).35.75a59.33,39.9\0vd”.“3.d-ﬂ.95,“1.ué.ul.R9a‘42.32'“2.72,0$.!5.4“.
873, 06,19,47 ,02,49,91,5¢,13,81,64,52,97,%4,24,55,42,56,64,148,77,24,
965,27,96,29,52,31,71,32,18,32,96,33,48,34,066,35,44,38,08,30,72,37,
%37,37,97,38 54,39,11,39,63,u0,12,40,60,481,02,41,4R,4],84,42,27,43,
*T 0,45,29,ub,604,87,96,49,28,5¢0,52,51,00,53,20,54,2¢,55,32,15,K5,23,
eTHe 26,140,208 61, 311,49, 31,18,32,93,32,97,33,75,34,45,35,11,3%,70, 38,
‘3'.'30.93037.05-38.1’“0 }ﬁ.')ﬂ,39.%?,59.“5,39.90,“%.35,4\4.lS,ul.l},“?.
*06,43,99,u5,33,46,05,47 B7,49,46,54,26,51,45,52,58,53,067,15,1s,23,
"6 15,459,237 ,91,29,49,39,49,381,34,32,26,33,44,38,74,34,41,35,74,35,
*61,3¢,10,36,69,37,23,37,73,34,19,3H4,00,39,14,39,54,39,69,40,24,41,
.7"001.9‘010“.55"‘5."“'“0.5”1“7.980“9.1“;55’.?715‘.55'5?.““11“.“73e2.
*35,24,70,27,22,2R,71,29,83,3v ,67,51,57,32,35,33,72,33,68,34,28/

DATA (ENTRODCL))LB4v9,612)/734,R5,35 ,4dv,35,92,36,45,30,92,387,44,37,
JRU,3R 27,34 68,39,03,39,040,4dn,A1,U2,13,43,3b,44,56,45,75,40,R4,u7,
9B, U9,87,50,15,51,15,13,55,21,43,23,R4,20,31,27,79,2R,48,29,75, 34,
30“03’.“?:3?.1“;32.72:33.5”,55.67.3“.59,5“.9”,35.0#\, §S9.R6,3¢0,32, %6,
415,37 ,17437,57,37,9%9,30,30,39,65,49,98,42,1¢,43,27,44,3%4,45,4%,4b,
S51,47,53,4b ,53,49,5¢,12,80,24,76,23,15,25,081,27,14,28,19,29,41,29,
097,34 T1,31,39,32,/4,32,068,33,15,33,08,340,14,34,62,35,1,35,%4,135,
TS, 80,359,808, 77,37,11,37,64,30,77,4:,02,41,16,62,27,45,32,44,37,45,
6u2,46,38,47 36,UR,28,12,16,2V,1"5,02,45,24,91,26,6r,27,49,28,4%8,29,
925,31,48,3r ,08,31,3¢,3]1,80,32,41,32,93,33 _ud,38,088,34,31,84,78,35,
*18,35,53,39,91,36,27,56,02,37,94,39,14,4,22,01,31,42,%4,43,3%1,44,
*2B,U45,2T7,Uh 1R,AT A9,11,25,19,13,21,54,24,21,25,49,26,58,27,44,2h,
w3d,29 11029,77,30,37,34,95,31,16,31,90,32,41.32,88,33,44,38%,72,3«,
*11,34,50,34 84,35,19,35,53,30,77,37,9¢,30,99,40,Vv,dl v, ut, 95,42,
*8T,43,79,44,63,45,49,19,55,18 44,2n,84,23,30n,24,79,25,84,¢6,75,27,
*0H, 28 42,29 Y6,29,69,30,22,8v,70,31,22,31,68,32,12,32,54,32,95,543,
w31,83,08,34 95,34,808,34,71,35,93,37,46,38,¢5,39,u8,44,40,4*,92,41,
*RY U2 00,43, 51,000,399, 8h,17,76,20,15,22,01,24,1¢,25,19,7h,4R,26,9
.5'?7.780ZR.‘7IZ”.0H'?°|SSI3“."“03"‘.5“!3“.°§l5’ Y 31 8, 82,207

DATA (ENTRHOMI(L),LE013,606M)/782,%9,32,91,33,24,33,59,33,93,35,/9,44,
110,37, 18,30 ,12,39,0,39,94,44,78,41,57,42,37,43,18,8,95,16,83,19,2
Cdr21,7¥,23,19,24 ,2R)25,15,26,13,20,719,27,44,28,¢v5,2R,59,29,1+,729,5
30,30 ,04, 30 41,30 My 31, 18,3],54,31,89,32,23,32,54,32,84,33,94,35,¢
41,35,90,30,94,37 ,77,34,57,39,33,44,12,49,92,41,68/

DATA (HZOCL)Y 1.1 ,33)70,, V7 g2 00,880, 8 00,,10e0,,1254,,1540,
ll1750‘.!240“,0225J.185"').027SV'.13""".,3?.5"..35“"’.0375~".,‘Jr’dv‘..“?sﬂ.
250504, 4754, 5400, o8V, THUE, , 8GN, 9404 L, 1AVP, , 11y, , 124V0,,13
3uA0 L, 14UV, 1800k, /

END

11 rry1xr1rr1¥r1¥7*¥111rITrxryYrrx1rxrxIrxr1xX1ryryr1rrryYxrri1grxyx1rxrxryrrxxxrxIrzx

3t
31
312
313
314
315
31e
317
L 3T)
319
3en
321
32
323
32u
325
3o
3e7
32k
329
LR
351
332
338
334
335
33s
W37
33
339
Juu
34
dup
Ju}
144
dub
3do

64
3ol



A

SURRDUTINE DINT? (XX o XT, Y1, ¥T1,22s2V oML NL,Y2,YT2,Y3,YT3,10L,YF,vTd
1)

BOUBLE INTERPULATIUN SUNNULTINE, IF fL3t, THE SECOND INPEPENDENT
VARIJABLE IS NOT CONSTANT wlTn THE FIRST, (TME RANGE OF YHE SECOND

3
#

[a N aNaNeNal

84

faa

114
129

130

IS NUT THE SAME 4l BACH VALUE 0OF THE FIGEST )

DIMENSTON 2ZTUINLY, 2TOIML,NLY, YTIIML,NLY, YT2UML,NL)Y, YTIIML ,N)

DIMENSTON YTA(ML,NL)Y
IF (22227(3)) un,1v,1v
IF (ILLER,t1Y G TO 24
IF (XX LT ,xT71,1)) GU Tu 4a
B0 3¢ 131,NL

L=l

LLE]=y

IF (22e7701)) Sv,04, 30
CONYINUE
¥13,2222¢8439
RETURN
HATIPE( 22«2V CLLYIY/Z(2T(LYISLTLLY)
FCIL) tve,ipa,tad
NOTE I3, M

LMz

LiMs I=y

IF (XXeXT(JS,L}) 84,94,74
CUNT [ WHE
GU TO 4w
RATIOS (X X@XTLLLM LIIZ(RT (L™, i YaxT(LLM, L))
YISYTHOL LMoL eRATORIYTL L, L)Y T L LM, L))
V2EYTR2LLLMpt YARATTIORIYT20L M, Y T2(LLM, L))
YISYTROLLM L)YSRATIOCCYTR(LM, { YaYT3(LLM, L))
YESYTU(LLM,LYSRATIUSIYTA(LM, L )eYTA(LLM, L))
RETURN
Yi2YTL (LM, )
YozYT2{LM,L)
Y3aYT3( L4,
YE2YTU( ", )
R TURN
M 11 Iy ML

LM=]

LiM3Jel

1F (x2eXT(J,L)) 130,124,110
CUNTINVJE
U 10 uw
YIZYTL (LM, LL)eRATIRACY T LY, LL)eYTI(LM,L))
Y22YT2(L Y LLl)eraTIPa(YTR2(LM, LLYeYT2(LM,L))
YISYTI(LY, L LY@RATIPRCYTR(L ™, LLY=YTE(LM,L))
TESYTU (LM, LI)eRATIPRIYTAII M, LL)=YTulLM,L))
RE TURN
RATIIBCX X XTOLLM LI Z(XT (LM, LY:XTCLLM, L))
YUSYTL(LLM,LLY*RATIONCYTI(LM,LL)eYTR(LLM,LL))
YSSYTICLLM,L)aRATIUMIYTIILM,L)aY T (LLM,L))
Y1SYdeRATIP.(Yd4eY5)
YASYTR(LLM,)LLY#RATIURCYT2(LM,LL)eYT2CLLM,LLY)
YORYT2C(LLM,LIeRATION(YT2(LM,L)eYT2(LLM,L))
Y2RYUaRATIPe(YUmYS)
YUSYT SCLLM)LLY#RATIORCYTI (L™, L)Y T3 LM, LLY)
YORYTICLL ML) oRATIOR(YTI(LM, L)y T3 (LLM, L))
Y38Y4mRATIPa(YUeYS)
YUSYTUCLLMLLYSRATIURCYTU(LM,LL )oY TAlLLM,LL))
YOSYTUCLLML)aRATIUS(YTA(LM,L)eYTa(LLM,L))

CEXT~NO T EWA ~—




YESYUeRATIP#(YuaYS) ! 6
RETURN I 63

149 DU 1SH Js,m H od
IF (XX LT XT(1,L)Y GO T 44 1 L)

LMaJ I be

LLMs et ) 67

IF (XXaXT(J,L)) 178,164,150 1 L

199 CONTINUE 1 L
60 TU 4w I v

16 YSeYTi(LM,L) 1 71
YIuYT2(LM,L) 1 72
YORYT3(LM,L) 1 75
YosyTa(L 4,1 1 T4

GO YO tawv 1 5

174 RATIOR(XXaXT (L LM LIY/Z(XTOLM,L)=XT(LLY, L)) 1 70
YSIYTLCLLM L) SRATIONIYTLI(LM, )0y TI(LLM,L)) 1 17
YTRYT0LLMaLYeRATIONCYTCLM, L) YT R2(LLM,L)) ! TH
YOSYTI(LLM, L)SRATIUNCYTI (LM, L)y TI(LLM,L)) 1 Ty

184 DU 190 Jzg, ML ! He
YRBYTU( LMy )eRkATIO®(YTU(LM,L)oYTUd(LLM,L)) 1 ol

LMaJ 1 8
LLMEJel 1 L)

IF (XxeXT(J,LL)Y) 21v,204,] 9V ! Ry

193 CONTINUE 1 (1)
60 TN 4 1 so

e YdIYTILLM, L) 1 a7
YorYT2(L™,LL) 1 [}
YREYT3( M, ) 1 Av
YasYTu(L™,LL) { Ju

b TO 224 1 91

216 HATIOB(XXeXTILLM,LL) Y/ (XTCLM,LL)eXTILLM,LL)) 1 92
YURYTLOLLMLLYSRATIUS YT (LM LLYSYTLOLLM,L))) 1 9%
YORYT2(LLMoLLIGRATIOWN(YT2C(LM,LL)eYTR2CLLM,LL)D 1 94
YHEYTSOLLM,LL)ONATION(YTACL™,LL)eYTI(LIM,LL)) ! 9y
YARYTUOLLMy L) oRATIUNCYTUCLM,LL)oYTGl (™, L)) { 96

22" YIZYUalAT]IPa(YUeYS) 1 97
Y22YomRATPa(YpmyT) ! In
Y33VYR=aRATIPa(YRwYQ) 1 99
YEEYAeHAT[Pe(Yamyn) o
RETURN I 141

[d 1 {wé
END 1 148
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SUBROUTINE DINTL (XXoXT,Y1,¥YV1,22,27,ML,NLDY
DOUBLE INTERPOLATION SUbNUUTINE,

DIMENSIUN ZTINLY, XT(ML,NLY, YTL(ML,NL)
IF (222V(1)) 20v,10,10@
IF (aXexT(1,1)) 24,34,3¢4
V13,2222E«30
RETURN
D0 4 [y ,NL
Ls]
Lis]le]
IF (22«27(1)) &4,64,4¢
CONTINUF
60 TN 24
RATIPR(ZZ2T(LL))/(ZTCLI=ZT(LL)Y)
GO 10 {ua
no T3 Jmy, ML
L™=y
LiMz et
IF (xXeXT(J,L)) R4,04,70
CONTINUE
w0 10 29
RATIOB (X X@XTLLM, L))/ (XT LM, LYexT(LLM,t )
YIBYTL(LLM,L *RATIONCYTI(LM,L)eYTI(LLM,L))
HETURM
YIsYTLIQL™, L)
RETURN
DO 11¢ J=q1,ML
L4s]
LLMzTey
IF (xxexT(J,L)) 132,120,110
CONTINUE
O TO 24
YS2YTi(LM,L)
GU 197 1ud
RATINZ (XXx@XTOLLM,L)I/ZOxT LM, LY eXT(LLM, L))
YORYTL(LLML)SRATIORIYTLIIL™M, L)y T (LLM, L))
N0 154 Jzy ML

[F N}
LiM=)=
IF (xxexT(J,LL)) 174,164,150
CONTINUE
GO TO 24
yasy i (Lm,LL)
GO T0 18y

HATIOZ (XXeXTOLLM, LL))IZOXT{LM,LL)eXT(LLM,LLY)

YURYTL(LLM LL)#RATIOR (YT (LM, LI eYTICLLM, (L))

Y1SYUeRAT[PalYUueYY)
wE THRN

END
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