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SECTION 1
LNTRODUCT | ON

This report describes a parametric numerical procedure permitting the rapid
determination of the performance of a class of scramjet nozzle configurations
The geometric complexity of these configurations rules out attempts to employ
conventional nozzle design procedures, Reference (1)}, wherein properties at
the nozzle exit plane are specified and wave cancellation techniques are

then employed to design the wall surfaces. 1t is not feasible to stipulate
exit conditions a priori and wave cancellation techniques employing three di-

mensional characteristics are beyond the current state of the art.

The current approach is an extension of work discussed in Reference (2) and
employs a characteristic grid network with Riemann invariants as variables.
Lateral expansion effects are incorporated via one dimensional approximations
as suggested in Reference {(3).

The numerical program developed permits the parametric variation of cowl
length, turning angles on the cowl and vehicle undersurface and lateral ex-
pansion and is subject to fixed constraints such as the vehicle length and
nozzle exit height. The program requires uniform initial conditions at thu
burner exit station and yields the location of all predominant wave zones,
accounting for lateral expansion effects. |In addition, the program yields
the detailed pressure distribution on the cowl, vehicle undersurface and
fences, if any, and calculates the nozzle thrust, 1ift and pitching moments.
Viscous effects are included in the latter via the Spalding-Chi method des-
cribed in Reference (4). Llocal heat transfer coefficients are computed from
a modified Reynoids' analogy. Local vehicle external flow interaction and/or
plume boundary effects-are computed insofar as they affect vehicle under

surface pressure distributions.

Due to the differing techniques required for the calculation of ideal gas
flows as compared to equilibrium flows, two separate numerical programs
have been developed. The first program analyzes constant'y "ideal gas flow

fields and a listing of this program is provided in Appendix Il. The second
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program analyzes equilibrium hydrogen-air flow fields viarequilibrium curve
fits and its listing is provided in Appendix Ill. A complete program

description is provided in Appendix 1.
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SECTION 11
NUMERICAL PROCEDURES

Consider a typical nozzle configuration as depicted in Figure (1), where

the lateral expansion distribution Z(x) may result froma combination of

several nozzles merging into a single nozzle. It is assumed in this pre-
= - Timinary analysis that the jets after merging are bounded by sidewails

which extend downstream of the merged section. The initial flow (at the

burner exit) is represented as an average uniform flow. The assessment
of nonuniformities at the entrance station may be cobtained applying the

numerical procedure described.in Reference (5).

A. \ldeal Gas Grid Point Calculation ~ Consider the calculational

procedure required to determine the location and properties of a point 3

(as shown in Figure 2) where properties at 1 and 2 are known and 1-3 and
o 2-3 are characteristic surfaces. Along these surfaces the Riemann invariants
are defined as

= Ct =v 7 8 (1)
™
13 where v is the Prandtl-Meyer function and 8 the local flow defliections. Then
9B
at point 3
v, = l-(v +v,) + 1 (e, - 6,) {2a)
3 2 1 2 2 1 2
6, = 1-(v - v,) +.l- {8, +.8,) - (2b)
3 2 1 2 2 1 2

Employing the two dimensional value of expansion A“3 (from initial condi-

tion i) the Mach number M, is obtained via the Prandtl-Meyer relation (where
4
i denotes uniform initial flow properties at the burner exit)

YEL " -1 -1 =1
by = vymvy = AL (tan” YD) -1 - otan YR (1))

(3)

- (t:an"1 /H% -1 - tan | ¢H§-1)

T

éﬁ

-3_
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employing an iterative procedure to solve this transcendental equation for

H3. Then, with the Mach angle determined

By = sin (-M& ' ()

Equations (7a) and (7b) vield a tentative location for point 3, and the area
ratio (A/A")3 is calculated based on two dimensional considerations.

)

G = 2 (5)
SRS 1 ()

h

2

This ratio is corrected for lateral expansion by multiplying it by the ratio
23/2i where the lateral expansion variable is expressed by a suitable pon-

nomial curve fit

Z(x) = Ax® + Bx + C (6)

where Z3 = Z(x3) and Z, denotes the lateral extent of the nozzle at the

initial station. The location (x,y)3 ts determined from

Yo=Y
_._____x;_x:’z - % [tan{s, jtu ,) + tan(8y = uj)] (7a,b)
then
]
A =. (A % '
(A_*)3“ &, * /% (®)

The three dimensional corrected Mach number is obtained by replacing the two
dimensional area ratio in Equation (5) by the three dimensional value given

by Equation {(8), and solving Equation (5) for M3BD by an Iterative process.
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Equations (7a) and (7b) are resolved using the corrected Mach angle u330
and the entire procedure is repeated until two successive values of x5 agree

to within a prescribed tolerance.

A similar procedure is used to determine properties at grid points on bound-
aries with Equation {(7a) or (7b) replaced with an equation describing the
body geometry. Desired variables (P, T etc.) are then simply obtained by

isentropic, constant vy expansions from initial conditions.’

B. Equilibrium Flow Grid Point Calculation - The geometric loca-

tion of point 3 is obtained employing Equations (7a) and (7b) and properties
(v,8)3 are ‘obtained using Equations (2a,b) just as for the frozen calculation.

The known two dimensional value of expansion Av3 = v is subdivided into

- v
3 2
a series of small Avj increments. The initial vaiue of isentropic exponent

is obtained from
r = T (P, ¢, h) (9)

where Equation (9) has been curve fit for equilibrium hydrogen-air as
described in Reference (5).

The characteristic compatibility relation

dInP d v
7 +

sinu cosu = 0 (10)

applied across the interval Avj yields the pressure, holding ! andT equal to
their value at the start of the increment. The density is obtained from the

isentropic pressure-density relation

P/pr = constant . {11)
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The velocity is obtained from the Bernoulli relation;

where I' has been reevaluated employing Equation {9). This procedure is re-

peated in small steps Avj until the fuil wave Av

3

has been dintegrated.

(13)

(14)

Having

the two dimensional value of M3, point 3 can be tentétively located employing

Equations {7a) and (7b). Then, the two dimensional area ratio can be com-

puted from mass flow considerations

(A3/Ai) ini/93V3

2D

Since the effective area based on three dimensional considerations.is

(A,/A.) (A, /A,y % Z,/Z.
37 3D 3 1, 377
the product P3 U3 must be divided by 23/2i to conserve mass flow
by V) = (o, V) . o+
373 3D 3 3, Z3

Then an iteration procedure is performed to determine the value of three

dimensional expansion (Av

3" 3p

) Thé cofrect value being that which yields

{15)

(16)

(i7)

(p,Vv after application of the integration procedure of Equations (9) thru
3"373p
(1%4), ‘and_ag undate of the location of point 3 using Equations (7a) and (7b)

[
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SECTION 11! .
DETERMINATION OF NOZZLE FLOW FIELDS

A nozzle calculation is performed subject to the following constraints:

1.

8.

The initial profile is uniform. For the frozen flow {con-
stant y) calculation this requires specification of the pres-
sure p;, flow deflection angle Bi, Mach number Hi’ and
specific heat ratio y. Fo the equilibrium calculation

one must specify Pi’ ei, Mi’ the temperatuire Ti and the

fuel-air equivalence ratio @t.

The initial turning at the vehicle undersurface (Avv) and

cowl (Avc) occur via sharp corners as depicted in Figure

(1).

The wall segments downstream of these sharp corners remain
straight until the expansion waves emanating from the cowl

and vehicle undersurface reach the walls (points V, and C

3 3

of Figure 1).

The nozzle exit height is specified (yv ~y ).
‘ 2 €2

The recompression on the vehicle undersurface (between V

3

and Uz) is parabolic while the cowl between Is straight,

{i.e., constant slope from C; to 63).

The lateral expansion Z{x) is specified via a geometric

curve fit.
The cowl length and vehicle length are specified.

local cowl external flow properties are specified.

The numerical logic employed in the parametric design procedure is to treat

the cowl length (ch—x51) and the vehicle undersurface expansion Auv as

...9'-
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parametric variables for fixed values of cowl turning Auc, nozzle exit
height, lateral expansion and vehicle length. Initially, a short cowl
length should be chosen such that the expansion waves from the vehicle
expansion fan miss the cowl. For this cowl length, the vaiue of the vehicle
undersurface expansion wave is varied in small increments, the minimum amount

of turning being that which introduces no recompression in the region V., to

) 3
Uz (i.e., the undersurface has no curvature) to a value for which the re-
compression produces zero deflection at the end of the vehicle. This is
illustrated in Figure (3). Then the cowl length is increased in specified

increments and the entire procedure is repeated.

For a given nozzle configuration, the calculational procedure is as follows:
Point V2 is located and vehicle expansion (A”v)min is determined and semented
into small increments (Avi)v. The cowl expansion array is swept out by seg-
menting Avc into small segments (A.vi)C and the interaction of each ray with
the vehicle expansion is determined upto the vehicle surface {or exit plane)

as discussed in Section I1.

After completing the cowl expansion, it must be determined wheiher the first
ray from the vehicle expansion intersects the cowl surface. If not, proper-
ties at C2 are determined by inserting a data pointB. (Figurel) on the final
cowl ray such that the characteristic BC2 intersects point Cz. . The reflected
ray at Cz is computed upto the vehicle surface or until the exit plane is
crossed. If the first vehicle ray does intersect the cowl before C2 the in-
tersection is determined and the reflected ray computed up to the vehicle
undersurface or upto the exit plane. The calculation proceeds to the next
vehicle expansion ray and the above repeated until Point C, is reached. Note
if the vehicle surface is chosen sufficiently long all cowl rays may be
"captured'’ on the vehicle. In this case the local external flow and/or plume
éhape may affect the vehicle undersurface pressure distribution. The program
automatically determines if such a calculation is to be performed. Figures
(&) through (9 ) illustrate typical exit conditions.

Upon completion of the minimum vehicle turning configuration, the vehicle ex-

pansion is incremented by a specified amount and the above process repeated

-10-
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until zero flow deflection results at point Vz. The cowl length is now in-
cremented by a specified amount and the complete process repeated. In this
manner a parametric map of 1ift, thrust and pitching moment is generated as
depicted in Figures (10) and (11). The dotted lines are the present analysis
for a ocow! length of 5 and the solid lines were taken from the previous work
described in Reference (2 ).

_13_
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SECTION [V B
THRUST, LIFT AND PITCHING MOMENT

The following definitions are used in this report for thrust, l1ift, pitching

moment {

T o= ﬁp-p,,,) e AL+ T (18) |
A f}

,q,w
:
I

(19)

U
I
—
5
L
8
el
— )
<
o3
=
=
+
-
<
n

|
f f 1

My = + x-dL + y+dT (20)
|

Figure (2) gives the orientation of the vectors with respect to the vehicle.
Internally the integrals range over all the vehicle surface areas. Ex- ‘?
ternally they range over the complete vehicle undersurface as defined by

the bounding stream surface and/or flow fence.

LIFT VEH1CLE

UNDERSURFACE f]

THRUSTi ;23251// 7

COMBUSTOR END OF
EXIT MODULE

ORIGIN OF NOZZLE
COORDINATE SYSTEM

FIGURE t2. THRUST, L{FT, MOMENT
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As defined above the nozzle thrust, 1ift and pitching may include viscous

forces. These effects will be discussed below. However, we define Tvis’ Lvis
as
e s T
Tvis = - (=) Cf ix -dAS (21)
local
A
' qz “ + -
= =- L. T .- da 2
Lyis {¢ > ) Ce iy dAs (22)
local
A
Surface Area Computation - Internally the nozzle surfaces are

defined as the cowl internal surface, vehicle undersurface, and the nozzie
sidewall. Externally the surfaces are defined as the nozzle undersurface
and/or flow fences. The lateral extent of the cowl surface and nozzle under-

surface is defined by the degree of lateral expansion desired.

1t is assumed that the nozzle area can be approximated by a series of ele-
mental quadrilaterals, as shown in Figure (13). From Reference (7) the unit
normal for an elemental area may be obtained by defining twn surface tangent

vectors from the diagonals of the quadilateral.

n

z -dﬂlllgﬁil!HiIll
257

2 1

FIGURE 13. ELEMENTAL SURFACE AREA

#37-
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That is

+ ~ ™ -~

T, = Ty i, + TW » + T 0 (23a)

+ R N R

T2‘= sz i, ¥ sz ny + T?_Z i, {23b)
where

Tix = X3V Ty = Y37V Ty = 2377

Tox = %y = Yoo TZy = Yy T Ve Ty, T T

->

and the normal N is defined as

>
N=T

2 *Ty
and the unit normal as
) N (24)
n = =
b N

A tangent plane is constructed using the normal vector and the two tangent

vectors Té, T The corners of the surface element are projected onto this

1°
plane and the area and centroid of the quadilateral are calculated as described

in Reference (7).

Typical nozzle elemental areas are shown in Figures (14) and (15)

ey, 8...



TR 213

(o B s

3 Sidewall
L / y L&

gfjji2;>/ Lentroid
i - e
— Lo \‘-‘

3 A 7 .
1 177 ——

E- 2
z LOWER SURFACE UPPER SURFACE
4 FIGURE 1%. UPPER OR LOWER SURFACE AREA ELEMENTS
r

Y Upper

Surface ?’3
5 -
i v
é& Centroid
0
g; nitial Data

Line )

T v Y
& y |

FIGURE 15. SIDEWALL AREA ELEMENTS

151

(i

- -19-_

O




TR 215
SECTLON V
VISCOUS EFFECTS

*

Local skin friction and heat transfer coefficients are computed via curve

fit data supplied from Reference (7). These fits are based:on the Spalding
and Chi method of Reference (&). That is a suitably transformed skin-frictioun
coefficient is given by incompressible formulas based on a suitably trans-

formed Reynolds number, 1.e.:

LIF6 = Cfi/Fc ’ (25)
cfi = f(Rx;), Rx; = Fp - Rx (26)
where
cf = Jlocal skin friction coefficient
Rx = Reynolds number
( )i = findicates incompressible |
( )6 = indicates campressible

Now for in > 2540 the local skin friction is given from Reference (8) as

N

3 (o)

Cg. = .088 (log Rx,; = 2.3686)/(1og Rx, = 1.5) (27)
i

and from Reference (7}

2

F = A/ | ARSIN (5;59 + ARSIN (5199) (28)

c c c -
]

H ~

A = H‘(ﬁi" - 1 (293) Gi}\f

v | i

T atas M LR
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H R
B = o - 1 (29b)
8
5 1/2
£ = ((A+B)° + 4A) (29¢)
Hag . P
Fre = (ﬁg—a /(Fc ‘ﬁg)’ , @ =0.772, p = 0.702 (30)

The local properties external to the boundary layer are the local data com-
puted by frozen (NOZD) or equilibrium (NOZDE)} programs and are assumed to act
through the -centroid of the elemental area computed above. The computation
requires that a boundary layer origin be specified since the nozzle is assumed
to be an extension of the combustor. in addition, a recovery factor for an
adiabatic wall calculation is required. However, as a user option wall tem-
perature distributions may be specifiex.

Local heat transfer coefficients are computed from a modified Reynolds analogy
for turbuient flow

St = Sh - C./2 ) ' (31}

The program requires "Sh'' as an input item.

-71-




TR. 215,
SECTION VI
CONCLUS I ONS

The numerical program developed shouid be a useful tool in rapidly assessing
the affects of varying dominant parameters on scramjet exhaust nozzles. The
program has the capability of analyzing a general class of scramjet nozzle con-
figurétions. Sophisticated force and moment calculations allow for the inciu-
sion of local viscous affects and accurate computation of lateral forces. In
addition, the effects of external flow conditions on nozzle performance may

be rapidly assessed as part of the overall procedure. These features make tha

current program a valuable tool in designing scramjet nozzle configurations.

I
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APPENL !X I
PROGRAM DESCRIPTION

g

NOZD - Frozen Nozzle Design
NOZDE - Equilibrium Nozzle Design

A. INPUT

Card 1 (Format 8E10.0)

T Column  1-10 Pi (initial pressure, Ib/th)
éi 11-20 TI (initial pressure, °R)
_ 21-30 wl  (initial molecular wt - frozen)
X (initial fuel/air equivalence ratio
Eit o]
equilibrium)
5 31-40 THI (initial flow deflection angie, degrees)
ab 41-50 EMI (initial Mach number)
i *Frozen Deck
- 51-60 , GAMI (initial ratio of specific heats)
ig 61-70 PINF (free stream pressure, ib/th)

*Equilibrium Deck
51-60 PiNF (free stream pressure, Ib/ftz)

Card 2 (Format 8E10.0)}

Eé Column  1-10 PF  (externmal pressure, Ib/th)

= 11-20 . TF  (external temperature °R)

2 21-30 o wf {external molecular weight)

2 31-40 THF  (external flow deflection angle, degrees)}
41-50 EMF (external Mach number)
51-60 - GF  (external ratio of specific heats)

Card 3 (Format 8E10.0)

Column 1-10 XV! (axial location of throat on vehicle under-
surface ft)
11-20 YVI (throat height on vehicle undersurface, ft)
21-30 XV2 (axial location of vehicle end, ft)

Al-1




Column

Card 4

Column

Card 5.

Column

Card 6

Column

31-h40

41-50
51-60
61-70
71-80

XCl

YCI
Xc2
DYv
DNUC

(Format 8E10.0)

1-10

XFI

(Format 8E10.0)

1-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80

1-5
6-15
16-20

.21-30
31-35

36-40

Format

15

E10.0 -

15

E10.0
5

15

XTHX
XLET
XMOM
XVTHX
XVLFT
XVMOM
XSHFT
YSHFT

ICF
DXC
JFT

DTH
1vis

IT

TR 215

(ax;al location of throat on cowl surface,
ft

(throat height on cowl surface, ft)
(1ength to end oF cowl,-Ft)
(vehicle exit height, Yoo = Yc2’ fr)

(Avc - cowl turning angle, degrees)

(axial location of vehicle fence on
vehicle undersurface, ft)

{total initial thrust, Tbs)

{total initiaj 1ift, 1bs)

(total initial pitching moment, Tb-ft)
(initial viscous thrust, 1bs)

(initial viscous 1ift, 1bs)

{initial viscous pitching mcment, 1b-ft)
(x-moment axis, ft)

(y-moment axis, ft)

number of different cowl lengths to be
executed

inérement to be added to original cowl
length xc, :

number of vehicle turning angles to be
run for each cowl length

increment for vehicle turning angle in degrees

option for viscous calculation - 0
if no calculation, 1 for calculation

option for wall témperature caiculation;
O-calculate Tﬁall’ T-adiabatic wall

Al-2
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TR 215

{1¥ VIS is equal to 1 read this card)

Card 6a (Format 8£10.0)

Column 1-10 XSTR {virtual origin of boundary layer, ft}
11-20 Rec (recovery factor)
31-40 SH  {constant for Stanton number calculation
' St = SH - CF/2.)
150 RT {throat height, ft)

(1f 1T is equal to 0 read this card)

Card 6b (Format 8£10.0)

Column 1-10 AH(1) coefficients in equation

11-20 BH(1) T ., = AH » X> + BH « X + CH
wall »

21-30 cH(1)

Card 7 (Format 8E10.0) |

Column 1-10 AZ coefficients in equétion
11-20 BZ Z=AZ+»X>+BZ-X+CZ
21-30 cZ '

QUTPUT

Qutput variables are printed for each uprunning characteristics (C+)
from cowl to vehicle surface or exit plane. In addition, values of

thrust, 1ift and pitching moment are printed as well as the viscous

contributions to these values. The value of ideal thrust printed is
based on a one dimensional area considerations, assuming

A i = (yvz-vc2) (zc +zv2)/2.

ex 2
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€. SUBROUTINES

o

1.

2.

6.
7.
z 8.
arm 3.
10.
% 1.
12.
13.
I 14,
B 15.
16.
‘% 17.
18.

Ez 1.

CWALL

ENDD

-INT -

THM -

EM3D

SWITCH-

VwALL
GEM -

FIX -

PM -

GNURE

vis -

SNARF

LTrM

ERROR -
CNT -
cowL -

PMI -

D. FUNCTIONS

GETZ -

TR 215

boundary calculation for cowl surface
houndary point for vehicle end (XV2)
interpolation subroutine

computes ideal! thrust

computes Mach number correction for lateral expansion
ideal gas only

resets initial calculational line

- boundary calculation for vehicle surface

locations intersection of straight lines

computes general interior point properties as described in
Section i!l

calculates Prandtl-Meyer expansion for given Av
computes skin Triction and heat transfer coefficients
computes viscosity

computes elemental area and centroid

computes 1ift, thrust and pitching moment for cowl, vehicle
and fence surfaces

Newton-Raphson method for finding roots
Commutes local plume shape
computes underexpansion interaction

ideal gas Prandti-Meyer expansion - equilibrium program
only .

computes z location via curve z = A-Xz +B - X+¢C

(The following are incorporated only into the equilibrium deck)

Al-5



TR 215

FH - computes static enthalpy of equilibrium mixture,
H=FH (Ps $, T)

FT - computes static temperature from inversion of function, FH
T = FT (P, ¢,H)

FGAM~ computes equilibrium isentropic component, I'=FGAM(T,P,¢)

RHEQ- computes equilibrium mixture density,
p = RHEQ{H;P,¢,T)

Al-6
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APPENDIX I}

LISTING OF FROZEN FLOW PROGRAM




=

et

Eisd

i

1o
[2 50

e

1]

I

H
H

TPROGRAA NUZDTInPUT,OLTPUT, TAPESS IuPU1:TAPtb =0UTPUT)

!

/w_

. COMMON/IN/PT,T1, 41, TH],EvI, GAR] e 21

CUMMUN/&HF/XOﬁFT:YSHFT
COMMON/PDL/, IPR, IPGLY

TEOMMON/ THARMAR/ THR ALY
COMMON/X/2(2:50),Y(2,50),72(2,50),TH(2,50),%XNU(2,50),

TTAP(R2,50) . T(2,50),EM(2,50), XNU(2,50),6(2,50)
COMMON/ZC/DNUV,DNUC, XC1,¥C1 XYL YV, UNUL

T COAWONTCAL XCE, YEE T
COMMDN/P/PINF,PTOT, T10T

T L0mMOnN/DE/ AZ,HZ,C7
COMMUN/V/ZAY BV CV, XV, XV2,YV2

T TEDYMMUNZHDTZAHTS)  8H(3),EH(3), XSTR, REC, RT,8H,1T,IVIS
COMMUNZVISF/XVTHX, YVLFT , Xy ikDM

CUMMDN/CP7CPL,GI ,KGAS
COMMUN/FRIC/CH(50),8T(50)

T COMMON/ZF ZPF, TF, %F, THF , EMF , GF
CUMMDN/CMTCITTL;PTcAw(,GC,PE THC , xNUE, 20, EMC

DIMENSION ddL(ll),HULt(b)pouttlﬂJ
DATA HOLE/2HEQ,2HEL ,2HE2.2HE3,2HE U, 2HES/

DATA HOL/24v1, 2001, 202 ,2HB ,2HC ,2HD ,2HV3,2HL3,2KF ,2HG ,2HV4/

97 FORMAT(1I5,8E12.4)

THE FORMAT(/)

; 100 FORMAT(BE]0,0)

D=0,
EPS=1,E~05

V DU 25 =L, 3

1
t

AH(L) =0,

TUTTBALY=0.
23 Cd(L)=0.

T LhRsy
READ(S,100) PL,TI,0f THI,EMI GAM]L,PINF

T TREADUS,TU0IPF, TF, AF, THE JENF,GF
READ(5,100) XV1,YVi,XV2,%XCi,YC1,xC2,DYV,DHUC

TTTTTREAD(S, 100)XF T

READ(S, 100X FHX, YLFT, XMOM, Xy THX, YVLF T, XyMOM, xSHF T, YSHET

T TREAD(S, 59210 ICF,OXC, JTF,OTHIVIS, IT

IFCIVISLERLLIIREAD(S,100)X8TR, REC, SHsRT

TFIVIS,. EG, T AR T EG L OIREAD TS TUOTARTT) A BHIT), CH (1)

5921 FORMAT(IS,EL0,.0,15,E10,0,315)

P TTTTTTTRMOMIER MO
ST VR TIEY VLR

X T T DNUCEDAUC/STLS

TTTTXTHRATEXTHY
YLETI=YLFT

AVTHXI=XvTHX

AVMOMI=XVYmIW

THI=THI/ST?.3

TTTTTDTMEOTH/STOS T

READ(S,100) AZ,BZ,CZ

”""”_"251 GEfoXCl)

ZYLI=GETZ{XV1)

T 2=6ETZ(XC2)

Zi=2v}

TBI=GAMT T
wRITE(5,5922)

YT FORMAT(IRI/Z77777

1020 FORMAT( PUXKF R u z t m”‘“?”t“ﬁ“ﬁ‘ N ZUE D ESsSTE

nRl1TEC(a1020)

D ) .. Dol P § a g 199 00

Ky

L




-- —_—— | i

NRITE(6,5930) XVievvisxVe,xC1,¥C1,xC2,0YYV
_wggso FORMAT(///5X4aXV]1210%x*YV1x10X*xxV2*]uX*xxClx10X*xYC1#10X4XC2*j0X*DYV*/
17E15.5//7) .
1800 FORMAT (% THRUST=E xp12,5,7X2L1FT = x013,5,7XsM0RENT= =E13,9) .
WRITEC(O, 1800 ATHY, YLFT,XMD™ :
1900 FORMAT(% VISCOUS THRUST= *E13,5,7x*xvISCOUS LI1FT= %F13,5,7x%
1vISCOUS MOVMENT=S %E13.9)
ARITE(6,1900) XY THX  YVLF T, A y¥OM ﬂ[
WRITE(6,5923)XSHFT,YSHFT
5923 FORMAT(9X&MUMENT AXIS*/12x*xX =*xE13,5/12X*Y =%xE13,5///)
WRITE(e,1001) a2,82,C2Z ?
1001 FURMAT(9x%LATERAL EXPAMSION EQUATION*/79Xx,22rZ(X) = AZ#X**x2+BZ4X+(7 "
1/712XxAZ =*xE13,5/12xxH7 =#xE13,5/12%X%C7 =xE13,5) )
. DuM=] G+ (Gl=1.)/2 ., xEMTx%2 L

T PTOTEPTADUVAX(BL/(GI=1.))
TTOT=TI%DyY
RG=d9800,
RGASZRG/ W] l
CPISCAMI*R3AS/(GAYI~1,)
XC22=xce ‘
THCLETHI=D VUL [
DO 5000 IxZ=1,ICF -
XC2=XC22+FLOAT(IXC=1)%DXC

CALL THM(EVMI,PI,GI,PI1MF,YV1,YCLl,0DYV,xV2, THRMAX,XC2,Z1) '
. ARITE(b,6304) THRAYX S
6564 FORMAT(1H]L31X*IDEAL THRUST =*E12.4)
YC2=YC1+TAN(THCL) % (XCa=XC1) -
YV2ZYC24DYV 1,

: THCEATANC(YC2=YC1)/(XC2=-%C1))
| DO 6000 JT=1,JTF .
XTrAX=XTHY] ‘
YLFT=YLFTI -
XXMMz XMOM L
XVTHXSXVIHX] ‘
, YVLFTEYVLFTI a
; XVMOMSXUMOVI
KSTPZ59 | -
18TP=50 |
IEND=0
IEXT=0 s
TFLGE0 - .l
IND=0 ‘ -
TAX=1.E+10 )
THJT=FLOAT(JT=1)4DTH EP
T ORUVEATAN T (YVESYVI I 7 RV - kVIJI=THIFTHJT i
 AWRITE(6,1834)0NUY )

L894 FORMAT{* VEHICLE ExPAMSIDN = %E13,5) 3
| XY=XY1 g
i AV=Yy1l '
' BY=TAN({THI +DNUV)

Cv=0. {

_ YFi=Av+Byx(XF1=Xv)

, TIDUNMEZONUY %57 .3 _

\__ IF(IDUM,GT,11) 1PUM=11 ?f
IF(TDUM ER,0) louu=si .
L DELNUSDHUY/FLDAT(IDUM)

TTTTioUumM=InUv+ L ' éi
e

IMAX=IDUS
TRMAXRIMAATD

DO 10 I=1,IMAX .

i X1, Iy=xvi Zl

v Y{1,1)=Yvi H

ASUESLINAVACTED)
TH(L, 1)STHI+FLIAT(I=1) #DEL MY




E 10 CONTIWUE
. 1DUM=RWUC*57.3
IFCIDLUYM,.GT.11) IbuN=tl
g IF(1DUM,EQ,u) [DyM=y
T DELNUSDNUC/FLOAT(IDUM)
' IouUM=IQUY+]
2 2 X{2:1}=XC1
EE Y(2,1)=YCl
, Z02,1Y=6ETZ(XC1)
ICwL=v
I=1
THII=THI
) xnUI=0,
T 20 CONTINUE
£ A2, 1) 2TRII~FLOAT(I=1) *DELNY
XNU(2,1)=FLOAT(1~1)*DELU+XNUT
CALL PHM({2,1)
22 CONTINUE
Ks2
36 CONMTINUE
IF{(K.LT.KMax) GO TD 41
IF(IEND,ER,. 1360 TO 53
CALL VaALL (TWMAX, KMAX)

it MM K]
& ELCH
IF(ICWL . ,ERQ.13L=R
g IF(X(2,K) LT AVe~EPSIGO 10 24
g CALL EwDD (L, MM, KMAX)
X(2,K)=XV¢2
" IF(KSTP.GE ,KMAX)IKSTP=KMAX
i INDET ‘
< GO 1O 17
TRAIFCILVGYL Y Gu 7O O30
T AVEY (2, KNAX)
EAN BVETAN(TA(27 KMAX))
CVS(YVOmAYmBYVA(XV2mX (2, KMAXI) I/ {XV2mX (2, KMAX) ) &%
- TAVESATAN(SVTC ACVA(ZVo=X (2, KMAX) D)
% XVEX(2,KWMAX)

TIF(RKF I GT XVIYFISAVIBV* (XF i~ va+CV*LxF1 =XV)xxg

" SLES(YF1=YC2)/(xF1-~%xC2) -
o T IFTTRVZLLT. 0. GO TU déee2
& D0 16 KT=2,K9AX
T XK TERR I SXR IERRUSTL 25

M=KT=1

JEKT=T

n=J ,
T T IF(RT L ER RVMAX ) JERT=2
. IF(KT L EQ.2.0R KT EQ,KMAXIN=Y
e I F R T L EW . P e UR R EG, KA X IXR3=0,

IF(KTLEQ,2.0R. KT EQKMAKIXKI=XKE=E XKa*.33%335

CALTLTHM{XT(Z, T_Y(E MY, Z(E:‘)rXfirh3rY(1rNJr2(1 MY pX(1:d) s

1Y(1 J) Z(lrdJ:X(E KT),Y (2, KTY»Z7(2:K7), Pl2,~), PCLatt)s P(I,J),

ZPTE;MJNZ!(Bf«“J;@(l Ny, Gl1,Jd3y BRI T s M) 1 CT, MY, T(L,d),
g;' ST(Z,NT),TH(ErMJrIH(I.&);TH(I:JJrTH(E KT) X1 XK2pXR3, Xkd 1.,
X OXTHY YOF T X0, CF V), ST (V)7 3)
‘ IF(R1.EQ,KVAX)

AL LTRMT T I Y (1, Iy 7 2C1 7 d3 ¢ XT1,J)hY(1,Jd) 0 O eXx(2sKTY, Y(2,KT) 0.

ErX (2 RTY Y 2/ KTYZ(2,KT),P(1,0), P(I,J),F(B KT)» P(E'KTJrU(lrd)r S
T TR (I Y Ry KT QRTRTY T (T, T T, ueKn,n2m1hn4u3h
ATHCL pJ) s TH(R s RT) hTHL2 KT ) p a251 4251425742521 XTHX, YLFT, XMUw,
SCFI,5Tu, 1)
; i6 CONTINUE
O TTTTTEDTTO 53

| LA C O T T it

‘!J v 7 . i , . 2 LT SN



4 IF(ICNL EQ.1.AND K, tu CAMND G IEXT.EGa1)CALL LWT
L=K ) _

TIF(ICWL.EGL, T)LER+1 - -
IFC1.EG,1) L =K={

TLM= -~}
LESK+ICwL=1

IF(L  .GT.ISTP,AND,IEND.EQ,1)GD 1O 30
MM=K=1]

"“““““thLL”?lxcé'K”Til L s2:K)
1F(L.ER, 1350 TO 30

TIF(K, GT JISLAS(V (2, K)mY (P2, MM)I/(X(2,K) =X (2, +M)) ?
CALL GEM(X(2,M4),Y{2,MM),8LA,XC2,YC2, 8Lk, XC,YC)
J TFTXUVBE,X(27R) LOR.XC.LT.X(2,M¥)=EFSIGO TO 30
o KSTP=K . v ;
WRITE(6,88)KSTP, ISTP,KNAX, IMAX i
88 FORMAT(1X,415) i
T30 CONTINUE T }
SO St ol . i
TF(I.E0.1)G0 TO33
- IF(IEXT.EQ,1)G0 10 32
IFCICAL.EN, U ORWK.GT.2)G0 TD 32
CALL LTmM(X ()oY Q1 g1), 200 p 13 s %0210, ¥( 201372025 1)eX(2510, B
AV (2, 1), 0. XL 1) Y (1 1,0, P 1) P(2h1),PL2,10,PCL 1) 680,10,
dm(&:ll;ﬂ(e,l)-htl 1)eTC1r1), T02r1)sT(2s1), 101 1 ) TH(1,1),Ih(2,1), )
TR I rTHCL 1) 7 u25,a25, 0257 e25s1 0s XTHX, YLFT, XMOM,CFL,SIL,2) !
CALL LTHM(XCLp )Y Q1s1),ZCHo 1) s X0 o@) s YC1o2) ZCie2) s X (22100 (201),
THZ2 ) X2, 1) e Y L2, 1) 202 1) PCL 1) PCL Y P2, 10 ,P(2,1),0C1,1), ,
C2A01,2), (21,02 13, T, 1) s TCE,2) 0 T2 1), 702, 1) THUL,1),TH(1,2), 0
"""" 3rn(a,13,raca,1),.53333..33333,.33355 OurlorXTHX, YLFT, XN0M, :
' UCF(1)481(13,3) . :
TTETTCONTINGE f

XK SAKZ2oXKI=XxKU=,Ph

LT TTIF (LENDLEQ, 0 AND R EC KMAXIGD 10 17
AvG=4,

TELBE(Y (2, K) =Y (1, L)) /(X (2 K mX (1 ,L))
CALL GEM(X(1,L)rY(1, L) SLB,XCR,YC2,8LE,XC,YC)

RaT={X¢~ xc1,LJJ/cx(a,hJ X(1s0))
IFCRAT,.GT.0.99)G0 TO 144

’“IF(RAT}CT;OliGU"Tﬁ”Tﬁ3
AVG=Z,

TGOTTO iay
145 AVG=AVG=),

CLEGTLONLT INGE
IF((X(2,MM)=X(1,LM)), k0,0, )GOTD 148

TSLB=(Y (2 W)=Y (17LR) )7 (X (&, F ) =¥ (1, LFT)
 CALL GEM(X(L,L%),Y(1,LM),SLB,XC2,Y02,8LE, 20, Y0)

TRAT 2(XCax (1, LMY/ IX(2, 40 Y=k (1,LM))

L AF(RAT,GT, UL )60 T0 145
AVG=AVG-2,

T 6010 fus”
145 AVG=AVG-1,

VIABT COMTLWUE ™
-AVG=AVG/Y,

CBELL CTRMINT e M) Y (2, MM, Z (2 PV) e XL LM) p Y UL LMY 201, L), X030y
1vy(ie LY, 201, LJ X(E KlsY (2, K),Z(E;K)rP(E.“hertl;L*):P(I,LJ P(Er“)n

EQ(auNM),u(I: %535 Qtl-L) Q[E KJ!I(E;“MJIT(]th}rIfirL) T(d “Jr

BTH(2, M%), TH(L LMY THOL, L), TH(2,8) (XK1, XK2, XK3, XKU, AVG, XTHX, YLFT,

T UXMOM,CF (L), STCLLY 73
IF(TEND £, 1,0R K, LT KMAX)GOD TD 33

STTTTTONTTRUET
: M=K=1

“Cam

! ; IF(ICHL,EN, 1)L=K - o




e

Ayt iy s

R Y]

s

]
L
f
i
£

FE
e
A
¥
24

4
E

R
P

- IF(1Cel . r.'i D)KAAXSKRNMAY ]

i CALL GEM(X{2,™),¥(2:%),5LA, X(.? Y[drSL[‘_ XCrYC)
B HAT [X[“X(ar_"')]/(x(a K)ex(2:,M))
(RAT ECTLo.O0MYCD T 177
% AUt:: AUG-I. —
177 SLB=(Y(2, M=y (1, W)/ (X(2, M)~x(L,L))
q;) CALL BE “(x(lil‘)_Y_E}__L)rSLB XC2:.¥C2,5LE,XC,¥YC)

iﬁ TTTTRATE(XC-A (T, L7 (R 2, MY XL, L))
IF(RAT,GT.0,99)60 TU 178
TIF(RAT,6T.0.)6U TU 173
I AVG=AVG~P,
173 7AvE=AavE=-1,
178 CUONTINUE
Tl”"“ﬁGL“EUG7?”_
L0 CALL Linv(x{2,M),Y(2:M),2(2,M)sX{hoL)p Y (1 L3, 201 L) X(2,8)s Y (2 )0
1202 R R (2 K P Y (2, 8) 2(2e 8 P27 )P P L) P(2,K), P2, K 0(2,M),
autlL)ﬁua,Kimtam)'HEAMpT{hL).uj_ﬁhTtPnginw.')THpugJ,
I T BTH{2,K)  TH(2,K) p . 3333, ,45333,,358335,0,, VG, XTHL, YLFT, VQM!
& 4CF (LL),ST(LL),3)
“ﬁ?”tﬁﬁfiﬁ%ﬁtiﬂjla;vt1AJ,2(1 LIsxCLpl) r YO el ) h 0urX(2,K)2Y(2¢K),
i""‘ 1Ue /X (2,K)pY(2pK),Z02,K), PLL, L) PCL L3, P(2,R),P2,K), 0C1o el pl)yr
é ERU2,R) (2, %), 101, T(]rL) T2, K)r](arﬂ)rTﬁ(1 L}sTH{L LY} IH(2,K),
ITH(E!K)t;ESE'abI'ESr-EB l.pXTHX: YLET, XmOM,CRU,3TU,1)
e AT IR (LEND L EG, 1IRUARSISTR
& K=Rt1
TTTTTIEUKLLELKWARIGO 10 36
- 93 KP=KMAY

4

T T IFUIEND, BRI KPERMARST-TCRL

=y 1F(IND,ED, 15 1ENDSY o
CTTTTTINOEDTT T

. WRITE(6,6835)

4 68857 FORMAT (I XAPT , *oX %X 5| | X kY *B X *PRESSURE*SXAANGLE *8X*waCAs4X* TEMPERATY
! 1R&*1X*Pw FUuCTIUw*SX*VtLDCITY*) _ _
r DO 50 L=f, ke T T
I WRITE(6,97) L:X(&,L) Y(2r LYsPC2L) TH{2, L) EW(2,L),T(2,L) ANU(Z, B
R 1S PR < 1 =PRI I
50 CALL SwiiCH(2,bL,1,L)
I TTTTTARITE (6, 200 1YCFULSTU,CFL,STL
2001 FORWAT(x VEM, FRIC, COFF= %E13,5,2x*VEH, STANTON WUM,= %E13.5,2X% L
T T1C0aL FRIC, "rutF.E”}EIE;sizxtcaht sTAm1nu“HUM;£ *Ei13,5Y
lelF(bfusa)

Do lnb K=1,iwPR1
E""'""“’Kl"’-'K$K2"=K‘T?QPR1‘3R'3"=K2+ FFRTSR A=K I+ NPRIFRS=RA+ PR

KDONE=KS
T T RRITECE Y SO0V CF KLY TR L) CFIKZY ST (KZT, CF(RIIFST(R3IY,
LICH(KA) ST (<4),CF(R5),S51(KE)

1eE T CONTINUE ™
IF (KODNE EQ.IMAXIGO TO 5%
e PR PSR NPRTHT
i] DO 414 K=NPRZ, [Mmax L

TARITECBTS5S9YCF (XY, 5TIKY
T 414 CONTIMUE .
55 CONTIWNUE
2] 450 FORMAT(1X,506%r%CF *,9%,% ST #,3X))
SO0 FORMAT (I X, IOETS.S)
550 FORWAT(105%,2E13.9) o
zl —TUWRITE(6,9B)Y° T T

WRITE(O,1B00)XTHYE, YLFT, XXMM
WRITEC(H, 1900 )XVTHX, YVLF T Xymgw —
IMAXSKMAR e

R
IF(L.6T,I0IM)ICaL=]




1T

99¢2

EF(IEXT EW.0oAND X(1r1)4GE.

CIF(ICwL . El, 136U 10 22

)

XCo=EPS)GL TD 5900

TG0 TO 20
CONTT 1yt o

WRITE(6,992)
FORMAT (ATHV 2oL T 0k)

5900

GO T0 w000
Cu4TIdUE

TF(PC1,1).LE.PFIGO TU 5396
_CALL COwL{ANUE)

TTbumze

i=2

— e e

FONEITIENED

CTHII=TH(1,1)

TTICwL=0
KMAX KVAX+1

DELNUZONUE /FLUAT (TDUM)
1DUMSTOUM4

IEXT=1
GO_T0 20

5396
60090

CONTINUE
CUMTINYE

5000

CONTINUE
END

e e

i




e e e v e o

o

TTUSUBROUTINE CwALLCIMAX, KivAX,KSTPR,IS1P)
COMMON/X/X(2,50),Y(2,50),2(2,50),Tr(2,50),XMU(2,50), .
TP l2, 0 T2 S0 EM (2 BN s AMULL 50 s RL2,D0)

CO““DN/C.’DVJV '.)‘IUC- XC]IYC1ng1 YVI;DNUL

CDAAJN/CnL/xca'vLa

2
Eiv:"_t'g

1§ IADU=U
LUOOP=y

XA ETHL, D) =X001, 1)

b QEEXNU(L,))=THOL 1)

! TCALL INT (0. rKC1,2) Y (1,23, 2C1,2) s ThUL 2), XMUICT, alrp(ira]rT(I 2)e
TEM(L1,2) pX®U(142),0,0,0,0,0,D0,0,0,D,XA,YA,ZA, THA;xvuﬂ PA,TA, -

"_étvm,a( 'UAr"l )
Ge=xXnl{l1,2)=TH(1,2)
T K THARETHASYN A
IR {LUOP, EQ, 03 X TrAMI=xTHMD ~
T S LA (TAN(XTANEYFTAN(XTHM3)) /2,
SLB=(Y(C2~ YCl)/(xLa -xC1)

g

]

e
l

= CALL GEM(Xa YA »SLA,XC2, Y02, 5LB,XC,YC)
i IF(XC.LE,XZ2)uD TO 43
1 TADD=T
- Dx=x(1,2)=%(1,1)
{ SLOE(Y (1, 21~V (17177707
= 17=1
' XA (KO, 27X (1, 1)) 72,
T 24 RATS{XA=X(1,1))/0X
L T L ERTHAT PRV R (AT AN =X TAMT )

i Si.B=TAN{SLE)
T IR LOOR BT SCE = (SUEFTAN (X TRMEY Y /2,
CaLl GEM(XCLs1) ¥YC(1,1),8LU,XC2,YL2,SLB,XAT,YA)
T TER=ABST(LASYATYZONY
: IF(ERL LT 1 LE=U04)GD TG 63
IR
IF(IT.GTL10}60 TO o8
TR ASXAY
= GO TO 24
b —BEERITETE 35
38 FORMAT (% TIJ MANY ITER IN ClALL *)
- WRITE(S Y 39T LOOPY B, 8L, v, XAY
z 3G FORMAT(1A,I%5,5E13.5)
T TS TORT
: 63 CONTIWUE
i T XCaRoe
YC=YC2
TMETHAYFY
X(1,IM)=XA )
TTTTTTY (L Iy YR
Z(1,IM=GETZ(XA) N
e T TTTRNY O TR X NUTT Y O R RATA (CAND(T , 2) = ANl , 1)) . .
i QAZWLH+RAT X (D2=01)
TR T EE N (T, T A 04
CALIL, PM(1,IM) .
T CALLTINTCA N O Iy, Y (T, TRy, 2T T, TR I ENU (T, TN, P (1 I M)
lT(lrll"‘)l "I(III”ier\:"Ul.llI"l)ru D, Dy0s0:D,0, D, U;XHJ\,YIMZ[\{I}:M,Xf‘iUl\_-_

~2PA,TAFEMA; XNMUA, IY

ot

firn)

?} 45 RAZTHA+XYUA

IR ABS (kL= XCY L CELL U001 AL =XC2
1 X(2,1)=xC

IRV 4 -8 D L3 1 R

~ -




T CALL PM(2,1)
_XTHMASTH(Z2, 1) ~XMU( 2 ) -
TIF(LUUPL.EQL1)GD TO 6
L. Lbop= S L I
GO TD 44 :
6 IF(IADD,EG,0)RETURN .
IMAXS IMAX+] |
KMAXSKMAX+] 1.
T KSTP=ASTP+1
ISTP=ISTP+} ) 3
D0 e JJ=3, VAKX !
LJ=IMAX=JJ+3
LT=LU-1 A
_ 46 CALL SwITCH(1,L1,1,LJ) ' |
T WRITECA,IB1YIADD, KR, X1, 1), xC1,2)
181 FURMAT(1X,15,3€13,5) )
CaLL INT(O.pXI\ YA,ZA THA, XNUA,PA, TAEMA, XxMUAD,0,0,0,0,D,0,D,0, J
1X€1r2), Y(1,2)02(1,2),10(1,2) / XHUCT,3), P(;,aa TCle2)s Emtx.aJ, A
2XAU(1,21,=1.)
RETURN —_—1
END [




TTBUBROUTTINE ENDO(L,KK,K6)
COMMUN/ZV/AV, BV CV, XV, XV2,YV2

T COMAUN X/ K250 Y (2,500 4 202,500, THLZ,50) , xivU(2,50),

IP(2,50),1(2,50),EM(2,50),XMU(2,50),6(2,50) N

; - RS
] s

& AMI=TH(L,L J)4+X4UC1,L 3
3 RMZETH (2 KR Y FXAU(2,/K)
‘ Ay=1dCt, Ly +xN0(1, L)

D ee=THe, Rk sxau(2 kK] B
3 XAS (X (1,0 )+x(2,8K)) /2,
M DXSX(2,KK) =X (1,L ) )
F SUME(Y (2, K =¥{1,L ))/DX
T 12 RAT=(XA=X(1,L_))/DX
} TTTTTTTBLPEXIL FRAT A (kM2 AXMT)
; i? SLP A*SLP{-j*Xms L
oE TTTTTERLL TGEMTKL o U I V(I L ) SLM XVEFYVE, SLP, XAT,YA)
i : ERZABS ({XA=xAT) /0X)
R TFERLLT.ILE=03)60 10 14
Y IT=1T+y B
i TTTTTIFITLLEL 060 10 B
[ ARITE(6,33)
o TTTTZIETFORMAT (ATTI0 ANY TITERTIN ERD *)
;oo WRITE(6,34) L KK Ko, XA, XAT, 8 (2,KK) (X (1, L), 8LP, XKD
T RETFORMET(TN, 315, 6E19.8)
[ 510P B
VL TTEUXAZRAT T
? GO TO 12
Do LU OAEQTYRATE (925017
CA TH(L L +2)=TH{L,L J+RAT# (TH(2,XKK)=TH(1,L ))
[ XNU{TsL +2)SQA=TH({, L 423
. ZQ1,L +2)=GETZ(XA) B
o T TTTTUACLTPMOT, T+
o RAZXNU(1,L +2)=TH(1,L +2)
i T XTZA Ry =XV2
T2 Y{2:Kb)=YV2
x 2T RKETEGETZ KV
' TH{2,K0)=ATAN (Bu+2,xCVx (XVe=iXV)) B
m T XWUTZTREYERASTA(2, Ke)
[ CALL PM(2,46) _
= TTTUIENDET
IT=1
B=,5 )
- A=,
£ ' AMISTH(Z2,86)+X4U(2,K6)
& TTTTUTBOTYIO 18
I END




T SUBROUTIMNE TNT(RAT,X1,Y1,21,THIXNUL,P1,T1,EML, XMy,
1X2 4 Y2722, TH2, XNUR,F2, T2, EM2, XuiU2, X3, ¥Y3,73, TH3 XNU3,P3,T3,

e A ey iy arass

CEMS, XUZ,UPT)
G1axnuy +0PT*THL

T @2=XNUZHOPTATH
X3=x1+RATx(X2=x1)

YizY14+RAT&A(Y2=Y1)
Q3=Ri+RATx{(32=31)

| PAZPI+RAT®(P2%P1)
T3=2TL+RAT*(Ta=11)

EMIZEML+RAT & (EV2=EMT)
XNUZSXNUT+RATH (Xd2=Xvl 1)

T3S U SSXI U3 /0PT
XMU3SAS LW (] . /EM3)

I3=GETZ(X3)
RETURN

Eni

e

i

,...l
l<

‘. ,,,....11

i

TRt B a B
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g
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gz
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Brsd  ReERR

et

TS UBROUTINE CTHM(E L ,Pl, G PINF YV, YC1,0YV, XV2, THRMAX, XC2,21)
Al=yvl=~yCl

Aj=ai*z1
Z1=GETZ(xv2)

T Ze=GRT2(XC2)
A2z=DYve(Z1+£2)72,

T RMIEL L4 (61,072, ¥ EMT KR
DUME (2, #FME/(G+1 ) ) *x((G+1,.)}/2.,/(G=1,))

RS TERUREWT /DU
PTOTSPL/FML#%(5/(1.=6))

T EMA2ZEMI 4 SORTLAZ/AL)
IF(EML 6T 3, )E2=(A2/A1) 2%, 3%EN]

AFTA2/48T
I17M=0

10 CUWTINUE
Frg=lo+(Gm1l,)/2 %EMP*%2

— o= et

DUMZ (2, %F 27 (41 ) )2 ((G+1.)/2.7(G=1,))
AF T=DUM/EMR

T ERAS(AFI-AF)/AF
IF (ABS(ERA) LT.1,£~03) GO 10 20

CALL ERROR(2V0U,IINM EMD  ERA,1ulsEM2] ,ERAL)
GO 10 10

20 CUNTINUE
F1=P1xA1x(1,+G*EN]*%2)

T PEERM2R A (G/ (1 <G ) XPICT

FespPesa2x (1 .+GxEM2%22)

]HRI“'IAX::F 2=F I"Pl*\!f;*(ﬁ—éﬂﬂlj
RETURMN

F= END




—— e

T T USUBROUTINE EM3D(EM, EMX,X,G,2,21)
GNZ(G+1.)/(6=1.)72,

Y2 (1. #(Gm].) /2 kEVKEM) R RGN
YSY/EM/((G+1,)72,) %2GN

T A=Yx2/71
CEMX=Evx89RT(2Z)

T ITm=1
10 AT=(l.+(G=1.)/72, *EVX*ENX)ikGN

” AT = EI/&Mx/((u+1 Y724 ) x%GN
ERM=(AT=A) /A

TiF(ABS(ER4) LT, L.EIEE) GO 10 20
CALL ERRUK({10, ITM,ENMX,ERM,1,1,EMXI,ERML)

TBOTO 10
20 COMTINUE

RETURN
END

[ yp— —

[ ———— |



E; CTTUUTTSUBRUUTINE SwITCH(IZ,K,11,L)

COM;-‘:UN/X/X(E:‘JO)r‘f_[AE_{_S_O_)‘JWZ(?:::7}}) s TH{2:50) s x0NU(2,50), .

ST (250 T (2500, EM(2, 50, xMU(2,50),3(2,50)
X (Li,L)=X (12,8)

T I L L)RY O (L2en)
Z (Ii,Li=z (I2,K)

TTUTTTRRTIL,U)SETH (12,/K)
XNUCLL,L)SXAUCIZ2,K)

T TP LTS ETEPTTIT2 KT

} T (I1,L)=T  (12,K)
| TTTUEMCIT, L) RER (12K)
XMUCIE,L)=xJ(12,K)
(11, h=n{le,x)
RE TUKRN
EnND

o+ _ .




TTFUNCTION GETZ(X)
COMMON/DS/ AZ,B2,C2

CETZEAZ#x%x62+07Z4X+C2Z
RE TURN

END




TTBUBROUTINE VWALL (IMAX,KMAX)
COMMON/X/XK(2,50),Y(2,50),2(2,50) TH(afso),XNU(afsoJf

TP(2,50),T(2:,50),EM(2,50),%x4MU(2,50),0(2,50)
COMMONZV/AV ,BY,CV XV, Xxy2,YV/?

3 comnum/cxovuv,oNuC,fc1 YC1 2V, Yvi,DivuL
z IBEG=0

TTITA=d
SL2=TH (1, IvaX)

SLI2TAN(TH (e RMAR=T ) +XMU (2, nMAX=1]))

c SL13=5L1
x CALL GEM(X(2,KMaX=1),Y (2, KMAX=1),8L1,XC1, IMAX) Y (1,1%8%),5L2,
o X6, VG

18 YHZAV+BY X { XB=XV)+CVs (XGmXV )% %2

ERAS(fweYG) /(YVI=vC1)
IF(ABS(ER®) LT 1,E=02) GO TO 10

CALL ERROR(1, 1T, xG,ERw, .9, 201, ERuL)
YBEY (2, KMAX =1 ) +8L13% (XGmX {2, KMAX~1))

10 THca,ﬁﬂax}'ATAn(aV+a *LVx (XG=XV))
XNUC2 KMAX)STH( 2, KMAX ) m TH(2 ,KitAX =1 )+ Xl (2, WMAX~])

5 X(2,RMAX)=XG
Y(2,K¥AX)=Y6

T (A RIS EETZUNG)
CALL Pu(2,4vAX)

'“““”“*IFIIBEG Ed. 1) HKETURN
1BEGS1

e B LTS SR (ST TAN(TH( 2  RMAX ) + X MU (2, KMAX ] ) )
GO 1O 12

END

i
v
i
T
Y
1
=2

g STy

Rornetred

Gy - -

TR

YW ey




TTTTSUBROUTINE GEM({XA,YA,SLA,XB,YR,SLB,XC,YC)

XC=(YBwYA+SLAXXA=SLE*XB)/ (SLA=SLB) -
YCEYA+SLAX{(XL=XA) f.

RE TURN
EWND




i) ]
3 e o
AT TBUBROUTINE ERROR (I,I1T, X, ER,FrX1,ER1)
IT=1T+1
] TFEYT.LT.157 GO 10 12
i WRITE(B,1S)
TR FURMAT(*ERRUR TEST NUNMBER %)
, WRITE (6,20) 1
CUTTR0TFORMAT(LSY
= sSTne
TTTTRTIF(ITIET Y B0 VD 14
i ERL=ER
ST URiEX T
X=x*F L _
T TF{KLED, XT) X=x+,0¢2
o RE TURN
) (0 RU=KIERTF (X=K1) /7 (ER=ER1)
- ER1=LK —_—
3§ XT=x
i K= Xy
RETURN
ﬁ END
T
EH
&
¢

[ RN .




suanuurwa‘?T?(11,sl 12,K2, 13{E3J

lP(E;BUJ T(é:B“J:Ed(E:Sﬂ) XNUCB;SUJ:u(drSOJ

bumMi=0,

DUWEZ0,
A=1,

B=g¢,
DUMISTAN(TAH(ILI R1)+XMUCT1,K1))

10

BUASETAN (TR IS Re)~XRU (12, K2))
IF (B46T,0.) DUYSZTANCTH(13,K3)+XMUCI3,K3))

TF(B.GT,0,) DUMAZTAN(TH(IZ,n3)=XYMUCL4,43))
SL1=AxDYM +B*0UY3

Sl.2= A*DUﬂ2+d*DUnq

TYCI5,%31)
Z(I3,K3)3GE1Z(X(13,K3))

ANUCIA, K3 = 5% (AU (I, K1)+ XnU(I2, ned+TH(I2,K2)=TH(T1,K1))
THOIZ K33 = 5% (XNUI2,K2)mXNU(TE K1)+ TH{T2,K2)+TH(T1,K1))

CALL PmM(I3,K3;
IF(Bs6T,0,) RETURN

A=,5
B=,.5

GO T 190
END

| EAES




v
gl

SUBROUTINE Pa(IX,KX)
COMMON/IN/PT T ul, Thl kM1, GAMI,2]

COMMUN/X/N (2, 50) Y (2,500 4Z(2,50),TH{2,50), 4MU(2,50),
1P(2+¢50),T(2,50) EM(2,50), XMUI(2,50),6(2,50)

CUMﬂUN/P/PI FePIOT, 10T
COIMUN/CP/CPL,GI  ,RGAS

TTDNUSXNY (I X, KX)
G=G1

EMl=EN]

T— GO=SWRT((G+1.)/(6G=1.))
¥ T XML SSURT(EML AR 2t L)
= XNUT=BG*ATAN(X ML /GE)=ATANCXMT)

EWMeRDNU/ (1 o5=XNUl) % (0a=EM])+EMI
I173=1

o

““““TU”*HE BAdRT(EMgAxa=1,)
DNUTSGEA(ATAN(XM2/GG)~ATAN(XHI/ZBE) ) +ATANIX ALY =ATAN(XY2)

5T T T ERWUSDAU=DNUT
] IF(ABS(ERVU) JLTL1.E~04) GO TO 20

CKEE“EﬁRUetsiiTSi&ﬁé,EHEU,1.zi,Emai.ERwu1J
. GO TO 19

1 20 CUNTINGF

- CALL EW3D(EM2,EMX, X (1X,KX),6,2 (IX,%X),Z1)
L PUIXeRXYEPTUT/TL 4 (G=1 ) /2 #thix k%) %4 (G/ (G~1.))
i TCIXR,KX)=TTOT/(1.4(Cm1,)/2.2k0Xx%2)
T EM(TXFKX)SEMY T
‘ Xy (IX,KX)ISASINCL,,/7BMX)
TE AXTS LQGHTE—G-JE?G—:\“SF*MT—( IXyx))
ﬁ B{IX, KXISEVXHAYX
TTTTTTRETURNS o
- END
i
i
“_
it
b
-

e
LN




TSUBROUTINE GNURE(RH, G, P»Tr Ry %, X1,CF,5T,L)

Ny
48

COMrMON/CP/CPI,GI (RGAS

COamYN/HOT/7ad(8), bH(3),CH(3),X8TR, REC, RTSH, IT,IVIS
HDELSER=GAN/ 2.

T HAWS) L +RECxI*W/ 2, /HUEL

IFCIT JEQLO)TA=AH(L) X (X=X1)*#2+4BH(L)*(Xx=X1)+CH (L)

IFCIT JEQ,1)60 70 Ge T
HN:CPI* Tv“

TTTHHEHA/HDEL

GO 70 48 } ' L

R ELEY
A= Hati"‘l .

B“Hﬂ-i
C=SART((A+B)x%2+d xA)

FCza/(ASTM((A=S)Y/C)+ASIN((A+B)/C) ) a%e
_ FRX=RAAM%k (L, T72)/(FCHx(Hw)xx(1,474))

T CALL VIS(T,xMHu)
REX=RH*xQx (X+X8TR)ART /Xty

TREXL1=FRX4REX

CF1=,0885(ALUG1O0(RFX1)=2, 3686)/(ALOGIO(REXT)=1,3)%43

LF=CFL/FC
ST=CF*5H/2.

TRETJRNT
END.




R ATl b TR L T e s

TTSUBROUTINE VISTT, XMULY
XMUU=2. 2/ Tx2} 0%  E~08/(T+198,06) .
TTTTTTTTTRETURN
EnD

|
|

-l
i
|

Bt
}

-
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ot

sa

“e
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TTEURKOUTINE SNARF (X1eYlrZ1sXP: 72221 %3sY3, 23, X8, Yd, 20, AVX, AVY AVZ,
LXMXp XY g XNZ, A5 %0, Y0,720,10)

DIMENSION XPA(UY), YPA{A),Z2PACL}, XI(4),ETACY)
XPA(1)=X1

TTTTTYPA() =YL
ZPA(1)=21

TTIra(2)=z2
YPa(ayzye

TTTTTTTTXPA{2 =Xe
XPA(3)=X3

T YPA(R)=YE
ZPA(3)=73

T iPAld)=Z4
YPA(U}=Yd

XPA(4)=xy
TiX=43~%1

TIV=Y3eY1
11222571

TeXx=xd4m=xg
Téy=yd~YZ2

Tei=id=72
XNX=T12Y+117=T1Y*T27

XKNYSTIXAT2Z=T244T1Z
ANZ=T2X*TLYoTIX*TAY

UNSSART(XNX R *2+kNYAx 24 XNZ%%2)
IFEVN l.E.1. E=13)G0 Tu &

XNX=ANK/ZVN
ANYSXNY/VN

KNZZANZ /YN
DEXNA+ {(AVX=X])+XNYXx (AVY~ Y1)+xNZ*(AVZ 21}

P —

PO=ZABS (D)
TESART(TIX& TIXETEYATIYSTIZ%T12Z2)

TIX=11X/7
Tiy=TivY/AT

T122112/7
[AX=XHYXTLZ=XNZ*TLY

TEYEXIZR T =X NX*T 2
T2ZEXNX*T1Y=XIRY*TX

DUIU00 J=1 .4
XPA{J)=XPA(J)+X XD

YPRTIY=YPA(J)FANYRD
ZPACI)= ZPA(JJ+xuz*o

BE=D
XDIF2XPA(J)=AVX

T Y U R EVPA T <AV Y
ZDIF=ZPAC(J) =AVZ

T TR IGIYETIXAXDLF Y TIYRYDIF+ 12420 1F
1000 ETA(JI=T2X*XDIF+T2Y#YD1F+122%ZD1F

T ——

TTRIOE XTI (U) * (ETACTY=ETA(2I) +XT (Y% (ETA(Q)=ETACL)))/(ETA(2)=ETACA))
i 173,

o ETAUiTETAclzxs.
‘ DU 1020 J=1,#4

TTXI(IY=EXT I =% 10
1020 ETA(J)=ETA(J)=ETAD

T T XU AV A+ TI XA X IO+ 12X *%ETAD
YUSAVY+TIYAXIU+TYXETAD

Z0=6VZETIZ#X 10+ 2Z%¥ETAD
A3z (EiA(&JDETﬁtd)]*(XI(ﬁl =xI(1))/e.
-J, ' TRE=ARQLARY

Y



- e e P e men &

AS=0,
RETURN

FND e e

m@UGQDﬂ?TNE LTHICYY Y1221 X2, Y2222, X3, Y23, 23,XU, YU ;28,P1,P2,P3,Pd;
1@1 Qa,”_’;;ﬂ-‘ T1;, Td,[:‘: Tﬂ TH[;rHe;T“}:TH’J:)‘Klrx“ar’\KB;XKﬂ;-‘\VG’

_ LO9MON/P/PINF, PTUT«TTU:

E’ Exerx vaF1,xx»Ju,[F-,bI,LHJ

T CUMMON/CP/PILGL T, RGAS
COMMQN/BHF /XSHFT,YSHFT

TTCUMAMDN/HUTZAM(3) ,BH(3),CH(3)  x8TR, REC, RT,SH,IT,IV1S

; Cgﬂ@pv/q£§5!inHA,YVLﬁlﬁXVWUM
l'”“" PEXRATAPTHXA2%P2t X 3xP 3+ XKuxP Y
: Q2XKI*xG1+AK25NE+XRBR 3+ XKA*TY

XKL AT 14 XA2* T2+ XK3I2xT3+XKLAT
TH= Xni*TH1+XK2*fH2+kK3*TH:+XK~ , Hd

RECPIxTHGIx/2.

I T RHASP/RGAS/T

AVKEUKL AXT + XK * X2+ XK3X KA+ XKUx XY
AVY=SXA L xY1 +XKOXY2+XKI&AYI+XRAdAYY

f AVZEXRI %714 XKOH 22+ KRS R 72+ XRU K24
1 CﬂLL SNARF (XL Y s 21, %20 Y2022 %34 Y3:73, %4, Y, 24,8yX,AVY, AV, XX,

TTTUKNY . XNZ,aSb,xU;Yu,ZO,LH)

% CFF=v,
5 XdP=g,
IFCIVIS.Ed,1)CALL GHMURE(RH,Q:P,T,R, XQ, XBP,CFF,8T,1 )
- TR ERHA QR G2,
i PAY=P=PINF
S T TGN THAESPAVA XX KAET
DYLFT= PAVEXNY®ASS
E_ KNZZET,
g IF(LHLEQ, 3)XxNZZ=XNZ
T DX THEVESCF R *COS(THIRASS*RHE
T DYLFTV=CFF *SIME{THY*ASS*RHG
T DRTHRVEDX THRKVRAVE
PDYLFTV=DYLFTyxAVG
- XMSEXU=XSHF T
i YMEZY(wYS5HFT
B TTTTTTTTTUOMUMYEYMS A DX THAVIXMSADYLFTV
XYTHASXVIHX+OXTHXVY
T T YVLFTEYVLFIFUTLF TV
i XVHOMS X yMOM+04diMy '

T UK THREDA THREFAVEF X THXV
DYLFT=DYLFT#AVG4DYLFTY

TOUMOMEYHMS*xDXTHY+XMSHTYUFT
XAXTHX=X ATHX+DXTHX

T XYLFTRXYLFTREYLFT
XXADMEX X M0+ DMDY

RETURN
End

[ists]
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T USUBROUTINE CNT

COMMON/ INZPT T1e 8l THI,EMI,GAVI,Z]

COMMUN/ZCNTC/TTC, PTC, 0L/ GC, PC, THC, XNUC, 7C,ENC
COMMON/ZP/PINF,PTOT,TTOT

TTCOAMDN/CP/CPL,GL L RGAS
COMMON/ZX/RK(2,90) Y 2,503 ,2(2,50),TH(2,50) 248U (2,50),

CAP(2,50),T(2,50)EM(2,50) ¢ XMUl2,50),9(2,50)

20

———

TRB=RAUCL, 2)+TH(1, 2)

Azl, & HB=0,

TUTSEIT0T 3 PUTS=PTO] & G1S=G1 $Z1S=Z13EMISZENMT
11=1

TH(2,1)=TH(1,s1)

TELASAXTAN(TH(2, 1)) +B*TANCTH(1,1))
SLB=Tn(i,2)~x1Ul1,2)

SLBSA*TANCSLD)

AF(B.GT.0,)SLr=SLB4B*TAN(TH(Z2,1)~XFU(2,13)

TUCALL GEM{XCLs2)sYC01,2) s 8LB, K01, 1) Y UL ), SLAXL2,1),Y(2,1))

Zﬁiﬁliﬂﬁﬁléixﬁ@mllJ

X2, 1)=RS»TH(2,1)
CALL PM(2e1)

i6

I ) 5

TG0 10 20

TTOTZTIC & PIUTEPTC & GI=GC $21=2C SEMI=EMC
RE=XNUG=THC

T TH(2f2)= sTH(2,1)
XNU(E:E]-RC+Tﬁ(2rE)

TX(2,2)=x02,1)
Y(2,2)=Y(2,1)

AN E S A VACTETESS)

CALL PM(2,2)

TER3I=(P(2,1)=P(2,2Y)/PC
IF(ABS(ER3).LT.1.E=0M)G0 _TO 18

TCALL ERRORCIER,IT,TH(2,1),ER3, 1,01, TH23,ER23)
TTOT=T0TS & PTJUT=P0OTS § GI=G1S »71=718 $EMI=EMIS

CUNTINUE

TTOT=TOTS & PTOI=PDTS % GI=GIS HZI=2185 HEMI=ENLS

IF (B.GT,0. JRETURN

A=,5 % B=,% )
GD TD 20 - a
END




!
,
-

-

R

ST
e e

|"'“*""bUBRUUTr\E"cﬁatfdﬁUET'H
COMMOM/X/X(2,50) /Y (2,500, 22,502, 1H(2,90),XNU(2,50),

foid

TP (27500 e 1 (2,500 4 EM(2,50), XMU(2,50),8(2,50)
COMMON/CaL/XC2, YC2

-

T COMMONZPZRINF , PTOT, TTGT

i COMMON/E/PF, ThnF  THF ERE ) GF —

S CDMMUN/CP/TPT BT KGAS

1 COMON/CNTC/TTC, PTC, wC, GC, PC, THE, XWUC, 7€, EMC

TTTTTUPCCE(REER (11)5 720

.2 GMI1=GF~1, ) - —

T BP1s6Re1,

I EMF27LMFxEMF
L T TpuMS L seR R ERERT2,
PTFSPFxOUM* (GF/GMY)
;{" TIFETFRx0UM
o CTOTS=TTOT _SPOTS=PIUT _$618=G1
~s TXMUF=ASTIN (L, ZENF)
— S
T T T U BETS(THE=XMGF A TH (T, 1)) 51 1~ THF
i 20 VUM (EMF*SINIBET))+%2

TR LR (2 KGR R DUM=GRT ) /G

3 TC=PCx (GMYxDUMs 2, ) /0UNM/GPY
0T T EMCE(EMFRR LGP LAPLHGM1) =2 ok (PCHPL=1.) )/ (GMURFL4GPL) /PC

EMC=SQURT(EMC) ) —
—~ TPCapPCkpF T T T T T
i THCSTAN (BET)# (GPL*ERF2/ (DUM=1,)/2, =1, )
T Y HC AT AR (LT TREOYIRFT
_ PIC=(2.xTC/(LmlkEMF 242, 1) xx (GH/GM]) -
T UPTCEPC/PTETT T
H TIC=TIF N

e TCETCATE T
RA= XNU(l,lJ+TH(l;1)

"”””“”"x(a 1y=xco EY(2,1)=vC2 sTH(2,1)=THC
2C2,L)=GETZ(XC2)

T URMU 2, 1) SRA-TH{ 2, 1)
caLy PM(2,1)

T ERd=(PC-P (2, 1Y /PCT
IF (ABS(ER4) (LT.1.E~0U)GO TD 16

CTTTTTTTCALL ERROR (AT T T BE T ERATTVOSTRETT /ERAT)
GO TO 20

"16° DHUE=ABRS (XNJ (2, 1Y=XmU(1, 177
_TT0T=THTS »PTOT=PUTS §GI= =613

On
e CEWE stLUliVEL PAG .
CC=0F OF PooR QUAF 10 b I&‘

- TICRLZ, 1)
Xiug=0,

TTTTTTTTTRETURN
_EnD
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3

28,97
15,

10,
0,

(W o= (P
e« = B
I~ e
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APPENDIX 111

LISTING OF EQUILIBRIUM FLOW PROGRAM




PROGRAM NOZUE(IwPUT, OUIFUT, TAFES=INFUT, TAFEE=LUTPLT)
COMMON/TN/PI 11,81, THT,EMI,GT,ZI,HI,FHI, U]

CHMMUN/SHF/XbHFT YSHFT
COMMDMN/ THRVAX/THRAAY

COMMON/ZX/X(2,50),Y(2,50),2(2,50),TH{2,50),XN0(2,50),
1P(2 1501, T(2,50),EM(2,50), xMU(2,50),9(2,50),H(2,50),kH{2,50),

fred

o £6(2:50)
4 COMMON/ZD/PHT

COMMON/HOT/AH(3) Bm(3),CH(3),XSTR, REC, RT,SH, IT,IVIS

_ COMMON/ZC/ZDNUYDNUC, %C1,YC1 , XV, YV, BNUL E
COM“‘TUN/CWL/ XC&: €2
COMMON/P/PINF,PTOT,TTOT
COMMON/D3/, ALeBZ2,C12
~? COMMON/Y AV, By, OV, XV, XV2, V2 B
1 COMMON/VISF/XVTHL, YVLFT, XVMOM 4
COMMON/CP/CPL, RGAS i
m  COMMON/ZFRIC/CF(50),8T(50)
% COMMON/F /PF, TFyaF, THF , EMF, GF
< COMMON/CNIC/TTC,PTC,wC,GC,PC, THC, XNUC, 2L, EMC i
_ DIMENSION HOL(11),h0LE(&),DANUF(10)
. DATA HOLE/2MEO,2HEL,2HE2,2RE3,2hE4, 2HES/
o DATA HOL/24V1,2nC1,2HA ,2HB ,2HC ,2HD ,2Hv3,2HC3,2HF ,2HG ,2HV4/
97 FORMAT(I5,8E12,.4)
298 FORMAT (/)
IS0 FORMAT(BE1D.0) |
©_Db=o0, 4;
.. EFS=1.E-05 X
j? PO 23 L=i,3
e TAH(LI=0. _
BEH(L)=0, i
P23 CH(LI=0. E
i LH=1 .
READ(S5,100) PL,01,%I,THI,EM], PINF :
7T REAO(Sy1UU)PFITF3WF7THF;EMF'GF
4 READ(S,100) Avi,YVLI,XV2,XC1,YC1,XC2,0YV,DhUC
T READ(S,100)XF1
. READ(S, TOUIXTHX, YUF T, XMW, XVTHX, YVLF T, XVVO¥, XSHFT, Y8HF T
;" READ(S,5921) 1CF,DXC,J1F,LTH,IVIS,IT
~f_”TFTTVTSTY?_TTWEWUT§;IOOJXSTR REC, SHe R
IF(IVIS. S4, 1, ANV, IT,EG,0)READ(S,100)AM(1),RH({1),CH{I)

T  FORMAT{IS,ET0. 0, I5,E10.6,315)
,  HI=FH(PI,wl,T1)

e

_v_hmPHI"—‘hl
GI=FGAM(TI,PL, A1)

; RmﬁgE(ﬂHIrPIJNI:DUMj
= AI=SART(GI*xPI/RAL}

UI=E VMY *AT
XTHXI=SXTHX

YLFTI=YLFT
XMOM] = XM

F XVIAXIZEXVIAK
; YVLFTI=YVLFT

T TXVMOMIERY A T
DNUCZDNUC/5743

T THISTHI/ST7.3
DTH=DTH/S57.3

READ(S,100) AZ,BZ,CZ
ZC1=GETZ(xC]}

TZVI=GETZ(xv1)
2C2=GETZ(xC2)

SR A &~ A1 WA

m____._:;..aw—-w-—-——ﬁkmu - T e

L~




- N
 WRITE(6,1020)

1020 FORMAT( 1ldX*E U T 1L I B8R I UM FLOW N0 ZZLE D E

» 1. 81 G nx)
WRITE(b ago) PI,THI, EHI T1,G1, MI PINF )
00 MORsnig r b FouAr*THTITIAL FRUFILEX//3XAPRESSURE*7X* THETAXBX&#MECHX '

lbkatMPERATURE*bX*GAHNA*7X*PHI*bX*P1NF*/7F13 5)
_WRITE(6,5930) XV1,YV1,XxV2,XC1,YC1,XC2,DYV

{
4
|

5930 FURMAT(///bx*XVI*IOX*YV1*IOX*XVZ*IOXtXCI*IUX*VCl*IOX*XCB*XOX*DYV*/
17€13.5/777)

[ 1800 | FORMAT (x  THRUST= *E13,5,7X*LIFT = AE13,5,7TX*kMOMENT= #E13,5)
ARITE(6,1800)XTHX, YLFT, xMOM

1900 FORMAT (x VISCOUS THRUST= *E13.5,7X*VISCOUS LIFT= *E13,5,7X»
1VISCOUS ¥OMENT= #xE13,%)

| WRITEC6,1900)XVTHX, YVLFT,XVMOM
i WRITE(6,5923) XSHFT, YSHFT

15923 FORMAT (9X*MOMENT AXIS4/12XAX =xE13.5/12XxY =x£13,5///)
WRITE(6,1001) 472,87,CZ

1001 FURVAT(QX*LATERAL EXPANSION EQUATION®/9X,22HZ(X) = AZaXx*24BZ%xX+C2
A/VeX*xAZ =*E13.,5/12X*BZ =*x£13,5/12%X*C7 =%xE13,5)

“RG= 49800,
RGAS:RG/WF

CPI=G F*RGAS/(G F=1,)
XC22=xC2

THCI=THI=DNUC
DO 5000 IxC=1,ICF

XC2=XC22+FLOAT(IXC=1)%DXC
YC2=YC1+TAN(THC1) 2 (XC2=XC1)

YV2=YC2+DYV
DNUVEATANC(YVC=YVL)/(XVReXV]))= THI

CALL THM(RAT,UL,PT,HI, TI,EMI,G1,PINF,YV1,YC1,0YV,XVe, THRMAX,DNUV,
_10NUC, XC2)

— WRITE(6,6364) THRMAX
6364 FORMAT (1H131X*IDEAL THRUST '*El? 4)

YC2=YC1+TAN(THCT) A (XC2=xC1)
YvesyCe+pDyy

THC=ATAW((YC2=YC1)/(XCa2=XxC1))
D0 6000 J1=1,JTF

TOXTAXEXTHXT
YLFTSYLFTI

TOxMOMEXMOM]
XVTHXEXVTHX]

YVLFTEYVIFT]
XVHOMEXVMOMT

KSTP=50
I8TP=50

TEND=EO
IEXT=0

TFLEET
IND=0

THXE1 E+T0
THIT=FLOAT (JT=1)*DTH

- DNUVEATANT(YVZ=YVI) / (XV2=XVI) )= THI+THJT
1 WRITE(6,1R94)DNUV

aBQH FUﬁMﬂT(* VEHICLE EXPANSIUN = ~E13,5)

STAN(THI+DNUV)

CV=07
YF]s AV+BYR(XF1=XV)

IDUM DNUV*ST, 3
IF(IDUM.GT 11) IDbuM=11

TIF(IDUML R, 0) TDUMET
DELNU= DNUV/FLOAT(IDUM)

IDUM-IDUW+1 N
TMAYTDIIN .

S
A 5



DO 10 _1I=1,1IMAX

X1, 13=xvi
YCi,I)=YVY

ZU1,1I=GETZ{xVv1)
TH(L, I)=THISFLCAT(I=1)%xDELNUY

M=l=1
XNUCL,1)=FLOAT(]=])*xDELMY

T TIF(ILRELNYGY TO 8

1; P(1,1)SPIST(1,1)=TISH(1,I)=HISEMC(L,T)=EMIS6(1,1)=6150(1,1)3UI
TIRATL, DY=RRI
GO 10 9

T B LALL PM(DELNU,PCL, 1), T (1, 1), A0, 1), EMCL, 10,601, 1), 801, 1) RH(1,1),
CH AP, T MO Y ER L M) BUL, M), GLL M) REEL,Y))

TOTXMO( IV =ASIN(Y L /EM(TL, 1))
e 10 C 10 COnTINUE

W IDUMSDNUCK57.3
b IF{IDUM,GT,11) Ihum=11

B “IFTIOUM.EQ.0) LOU%E{
DELNUSDNUC/FLUATCIDUM)

& IDUM=TI0UM+ L
X(2,1)=xC1

Y2 TIEVC
2(2,1)=2GETZ(XC1)

TCALE0
cn I=1
T TRITETHI
@ ANUI=U,

T 20TCOWTINUE
TH(2¢1)STHII=FLOAT(I=1)*DELNU

TR TSR COAT(T=1)*OELNGF RWU T
IF(1.REL1I30 13 86

By Pl271) =P181 (2, I=TISR(2, 1) =RISEM(Z, 1ISEMISG(2,1)=61%0(2,1)=Uly
i IRH(Z2y1)=RA1

“SE %0 T0 19
we B0 CALL PM{DELWULP(2,1),71(2,1),H(2,1),EM(2,13,G(2,1),60(2,1),RH{2,1),

-—-f’: TPTY, ), T s 1) e (L 13 EMUL, 1) GO LY 1, 1) REEL,1))
s 19 XMU(2,1)=ASIN(L/EM(2,1))

T ég CONTINUDE
:4.‘5 R=g2

w35 CONTINUE
IF{KeLTKMAX) GO TO 4

= TF{TEND EGSTICU 10 53
I caLL vwALL(IMAX/KMAX)

~MHzK=1
LaK=1

IF{ICARL L EG.ITL=ER
& IF(X(2,K).LT.Xv2=EFSIGN TO 24

Y Y E\UD(L,MW RMa%y
¥ X{2, )1=xye

LT IF (RS TR, GECRIENTKSTPER A
IND=1

Tm TGO T0 17
4 24 IF(1.6T.1) GO 70 30

TTTTTRVEY (2, KA
BV=Tan(TH(Z2,vMAX))

T VS (Y 2=AY=BY Rk (KRR (E S RMAN Y NI/ RV =X (2 RMAX ] ) %%
THYR2=ATAN{BVI2 A CVR(XV2=X (2, KNMAXK)))

TTTRVEX (2, KMAYY
IF(XF1,6T.XxVIYFi= AVHEBVY R (XF1=XV)+CVx (XF1=XV] %2

& SLES(YFI=YTR2Y7 (RFT=¥C2)
IF(THV2,LT.0.) GO TO 4o

DO {6 KT=2,Kuax 7~
XK1SXK2=XK3=xK4=0,25

CMEK R .




N IF(KT EQ.KMAX) J=KT=2
T IF (KT eEQ.2.0R KT EWKMAX NS
IF (KT QEQ,2 e DRaKT JENKMAXIXK3=0,
IF(RKT.EQD.2. IR, AT EQ.KMAY) XK1 =XK2=XK4T , 333333
CaLL LTwax(EnW)}Y(E;M}pZ(EnM).th.h},Yti,Nj.ﬁtlth;XCI;JJr }"_
LYCLrpd) s 2Ci ) s X2 K1) Y (2,KTYZ(R24KT),P(2,M),PLL,N),P(L,d)y :
eP(2,KT) Q2 M) e (L, ), 001, JJ;I{EfKT) T2 M) TC1, M), TCYpd)y
ST(EfKTJ!TH(ElﬂJ TH(I MY, TR s J) s TH(2,08T), XK1, XKZ2e XRS5, XKd, 1 o9
L UXTHXYLET,xMO0M,CF(M),5T(),3)
IF(KTLER.KYAX)
1CALL LTHA(XCE, ) YO, d) 200 d) r X {1,d)s ¥ (1ed) e 0as¥(2,8T),¥(2,KT), 0.
D R (B rRTI P Y(2rRTI 7 (2, KT, P(L1,J)sPL1,J),P(2,KT),P(2,KT),R(12J],
o 30(1,J),0(2,KT) 4 G(2,KT), T(E,d),TCL, J) T2, 07X, T(2,nT2,T108C1,d),
ATHCL,J) s TH(2,KT), TH(E:KTJ:.ES:.ES,.EB;.ES 1. XTHX, YLFT, X¥0M,
. SCFU,STU,L)
16 CONTINUE
GD TD 53
41 CONTINUE
IF¢ICHL EQ. 1 4AND K. ER, P2, AND,TEXT,EQ,0)CALL CwALL{INMAX, KMAX,
I1XKSTP,ISTP)
. IF(ICAL ,FQul JAND K EQ. P, AND IEXT.EQ,1JCALL CNT
L=K
IF(ICAL ,EQ,1)L=K+]
IF(I.EQ,1) L =«=1
LL=K+ICmbw] P—-
‘ L¥=L=-1 ‘
IF(L L.GT.ISTP,AND,IEMD,EG,1)G0O TO 30

“r

“r;

T T

MM=K=] ,
CALL FIX(2,K=1,1,L 12eK) Lp
IF(L.EG.1360 Td 39

IF(K BTL1)SLAS(Y(2,K)=Y(2,MM)]/(X(2, p)mX{2,MM])) an
CALL GEM(X(2,™M),Y(2,MN),5LA,XC2,YL2,5LEXC,YC) ‘

IF (XCuGE L X(2,K) L ORLXC,LT.X(2,MM)=EFS)GO TG 30
KSTPzk ]
WRITE(6,85)KSTP,ISTP,KMAX, IMAX L,
BB FURMAT(L1X,415) |
30 CONTINUE
L=t =] i
IF(1.EQ,1)60 TD33 |
IF(IEXT.EG,1)60 TO 32
IF(ICWLLEN,.0.,ORK.GT,2)G0 TU 32 -~
CAL L LT HRY{R T s I0s Y 1 s 107 2C17 10, %C2s10¢Y(2+1),202,1)¢%(2+1)y }
1Y(25,10,0.,%CEs1)sYC1,1),0.sPC1203,P(2,1),P(2,1),PC1,1),0C1,1), :
20T Y ule, i, a0, 10, T, 1,72, 10 T (2,10, 7(1, 1), THIL, 1), TH(Z2, 1] -
3Tr(2s1), TH(ItlJf-ZSr.251-251-85 1asXTHX, YLFT, xwoOM,CFL, STL,2) L“
CAttthH“(XflrlJlY(lfl)tfflti)rX(l!E);Y(lfEJrZ(ItiJIﬂ(E:l]rV(d;l]! !
1202, )  XC2r1) Y (2,10,2(2,1),PUL, 1),/ FC1,2),P(2,1),P(2,1),8(1,1),
SOl 2 0 iE, 10730210 sT(1lsl)sTCLscdsT (s, T o), TR{1,1),T0C1,2)0
3Iﬁ£§11)mjﬂ£§rl)p.33353:.35555..33533 ¢0urlerXTHX, YLFT, xMOM,
UCFC1L),ST(1),5)
32 CONTINUE -
AKI=ZXKP=xKs3sXK4d=,25
IFCIENDJEUL 0 AUD KJEQ KMAXIGD 10 17
AVG=4.
SLBS(Y(2,k)=Y(1,L))/(X(2,K)=%({,L))
CALL GEMIXCI L)Y (1 ,L),SLB, XxC2,YC2,8LE,XC,rYCD
RATS(XC= X(1sL)I/Z(X(2rKI=X014s1))

IF(RAT,GT.0,)60 TO 143 il
AVG=2.
60 TO 144 _ .

TG ITAVGEAVG-T .,
144 CUNTINUE A
IF(cx(a.wM) XTT, L9717 ,EC.0,3G0T0 148 \

[P A N I Y X S
J -




IF(RAT,GT,0.99)YG0 TG 148
IF(RAT,GT,0,)G0 T0 145

.,i,{i RAT =(xC=X(1,L¥))/(X(2,MM)mX(1,L¥))
I

é AVGSAVG=2,
1; GO 70 148

45 AVGSAVG=|,
148 CUNTINUE

TAVGEAVG/Y,
CALL LTHM(X(2,MM),Y(2,MM) s Z(2eMMY o XCLobM) Y (1 LMY, 201 LMY, X(1sL)s

1v{1.,L3}, l(l L) K(E KJ:Y(E;KJ;Z(E:K);P(B,“M) POl LY FCL,L) P(2,K),
T BQ(EIVMJIG(I'L“J CClpL) s G2, K) T2 N0), T M), TC1, L), TL2,K]y

I STHCZ2 M), TH(L ;LMJ.THtl,L),TH(E,K);XKl;xKE;XHS:XKH,AVG,XTHX; YLFET,

4XM0OM, CF(LLJ:ST(L’);3)

”'E: TFCIEND  EQ, 1o UR Ko LT KMAXIGO T0 33

- 17 CONTINUE

MSKm1
LE=M

e 5
» IF(ICwL,.,EQG,1)L=K

& AVG=3,

SLA=(Y(2,K)=Y(2,M))/(X(2,K)=~X(2,M))
r CALL GEM(X(2,M)pY{(2,M),SLA,XC2,YC2,SLE,XC,YC)

3 RATS(XC=X(2,M) )/ (X(2,K)=X(2,M))

IF(RAT,.GT.0,99)G0 10 177

—

s AVG=AVG=1,
PLTT SLes(Y (2, M) =Y (1, L))/ (X2, M)¥mx{1,L))

TTCALL GEmM(X(1sLYev(1,L),SLB,%xC2,YC2,8LE,XC,YC)
- RAT=(AC=X(1,L)) /7 (X{2,¥)=%¢1,L))

it IF(RAT.GT.0.99)G0 70O 178
55 IF(RAT,GT,a,)6U 70 173

EVGEAVG-2,
fl?s _AVEEAVG-1,

AVG=AVG/3,

= CALL LTHATK (2, MI, Y (2,F), ZC2 M) o XCL L), YCL LY ZCL, L) e X(2,K)2Y(EsK),
i 1ZC2,K) o X(2,K)p Y 24K) 1 202,KI,P(2:M),F(1,L),P(2,K),P(2,K),U(2sM),

A1 sL ) pH(2sR) s B (2pR)sT(2rrdsTCLeL)rTC2+K),T(2sK),TH{Z2,M)}, TH{1,L),
ZTH{2,K), TH(2sK)y,3333%,,33333,,3833%,0,,AVvG,xTHX, YLFT, X40M,

T GCFTLLY, STY{LL), 3)
= 43 CALL LTHY(XC(1sL),Y(1,L5,ZC L)X U L) Y (1, L) s 00/ X (2K, Y (2/K),

T0 e s X2 K Y (CrRIZZ(E/RI,PUL LY PUL, LY P(2,eRn) P(2,R)sL(1,L),6(1,L),
2RL2 K U2, K) T L) T (L, L), T(2,K)2T(2,K),TH(LSL),TH{1,LY,TH(Z2,K]),

STHU G T R 7 o291 2207 a0 s a1l g AT HX, YLF 1, XMOM,CFU,STUL1)
33 IF(IEND.ERQ,.1)KMAX=]STP

K=K+1
IF(K.LE.KMAXIGO T() 36

53 KP=KMAY
IFCIENDEG, 1 JKP2KMAX= el CiulL

f TF{INVEu, 1) IEnD=]

<t InND=D

WRITE(E,6885)
885 FORMAT(IX*PT.xOX*X+1IXAY*BX*PRESSURE*SX*ANGLE#BX*MACH*4X X TEMPERATU
T IREXIX*PY FINCTION*3X*VELOCTTY*)

DO 50 L=1,KP

RRITELS,97) L X2, Y2y LY :PC2ellein(2,L), EM(e, L), T(2sL)rA0U(2,
1L),8(2,L)
TS CALLE T SwITCH (L TL LD
WRITE(6,2001)CFU,STU,CFL,STL
de00T FURMAT (% VEH, FRIC, COEF= *xE13,5,2X*xVEH, STANTUN nUM.,= *xE13,5,2%X*
s 1C0aL FRIC, COEF,= *E13,.5,2X%C0On0 STANTON NUM,= *E£13,5) i
WR1TE(6,450)
s 4 NPR1I=IMAX/S )
& 7T D0 {ob R=1,NPRT
K1=KSK2=R ] +MPR1 K SSK2+MPRISKUSKI+NPR] SKO=KA+NPR]Y o
ADONESKS T

@ﬁ%




abg)] K" T & F ot ¥ b VT F W8 Ry 13" " =9

166 CDNTINUE

TTIF(KDUNELEQ.IMAXIGO TO 5%
NPR2=SxNPR1+1

DO U148 K=mMPR2, IMAX
WRETE(6,550)JCF(R),S3T(K)

— 414 CONTINUE
55 CONTINUE

TTHS) FURMATC1%,5(6X,*CF #,9X%,* ST *,3X))
500 FORMAT(1X,10E13,5)

B850 FORMAT (105X, 2E13,5)
ARITE(6,98)

WRITE (b5, 1B00)XTHX, YLF T, XMOM
WRITE(6,1900)XVTHX, YVLF T, XVMOM

IMAXSKMAX
I=l+l

IF(I.6T.IDUM)ICw.=1
IF{ICHWL JEQ,U)KVAXERMAX+]

IF(IEND.EQ. L) ISTP=KSTP+ICKL
IF(IENDLEJ. 1 4ANDKPL,EQ, 1360 _TO 6000

IFCIENMDLEG, 1.AND IEXTEG,1)60 TO 6000
IF(IEXT.EL,0,AND, X (3,1).6E.xC2=EPS)CO TO 5900

IF(ICWL.ER.1)GD TO 22
GO TU 20

]

562 TONTINUE
 WRITE(6,992)

997 FORMAT (ATHVZLT,0%)
60 TU &000

—

T59G0 CUNTIHNUE
IF(P(1,1}.LEPFIGI} TO 5396

CALL COwL (OVUE)D
IDUM=6

I=¢
XNUI=XNUC(L,1)

THII=ETH(1,1)
ICaL=0

KMAXSKMAX+]
DELNU=DMUE/FLOAT (IDUM)

TTrouM=iogMel
IEXT=1

GO TO 20
5396 CONTINUE

000 CUNTINUE
5000 CONTINUE

- eEND

-




T TEUBRDUTINE CLALLIIMAX, nMAR, W531P,I5TP
. COMMO"~/X/A(R:50),Y(2,+50), Z(E:SOJ.THraubn) XMU(2,50)

AP (2,50, T2, 50) , EM(2,50) , xmU(Z2,50),8(2,50),H(2,50), RH(2,50),
2G(2,50) .

COMMON/CaL/XC2y YC2

'?“?F'“fﬁhhomft?ouuvpnmuc P %C1,YC1, XVi,YVl,DRUL

DR,
I1ADD=0

P —TUOPE0
5 XTHMISTH(L,1)=XMU(1,1)

L TTTTTTEXNG (L, 1Y = THOTL 1)
ANOCL,2Y Pl 2),TC1h2)

! ?
) L)

l_
€

1¢2)

T CALL INTCO,,XxCL1e2), YEI-Z):Z(ly?}:TH 3
%
4y

(
“TRUT, 89, EM (1,237 61,23, 001,20, AN (1s2)
2DyDyDs0yDsD,0,2,0,0,0,0,0,

T KA YA I, THA R NUALPA, TA,HA,EMA, GA,UA,RHA, XMUA, =1,)
pZaXnu(l,2)-TH01,2)

» e =

TG X THMZSTHA=XVUA
IF (LUOPL,EQ.0) XTHMB=XTHM2

?“‘? SURSCTAN(XTRMRI+TAI(XTRNE) 72,

&% SLB=(YC2=YC1)/(xC2=XC1)
- CALL GEM(XA P YA ,GLA, XCesYCRrSLB, xC,YC)
' T IF(XC.LE.XC2IG0 TO 43
T TADD=d

DX=X(1,2)=xX(1,1)

3“w SLUZ (Y (1, 2)=Y ([, 17770%
I IT=1

b X (T YRR T TV 75,
24 RAT=(XA=X(151))/D¥

3' } 7 SLB=XThml+RAT A (XTHMZ=XTHFT)

S St.esTAn(SL3) _
S4TTTTTTUIF(LDOR JEG L, L) SLBS(SLBY TANMIXTHMI) ) /2,

i T ERSABS((XE=XATY/UX)
IF(ERLT.1LE=04)GD TO 63

E’ 7 CALL GEM(X{1,1)e¥(1,1),5LU,XC2,YC2,SLB,XAT,YA)
|
i

LTETTITEITL T
] 1F(17.87.10)60 10 68

S K ASKAT T
GO TO 24

:EEB*WRTTEcs.sar*
38 FORMAT(x TDO MANY ITER IM CwALL *)

TTTTTRWRITE (6, 39 YLOUPY ST, SLET XA, XAT

- 239 FORMAT(1X,15,5E13,5)
"4 STOP
o 63 COnNTINUE
Ry CAUL INTRAT X Ty Y (T 13,7 CE, LY, Th{T, 1) XPUCL, 1), PC1, 1), TC1/ 1)y

{ LHOL, L), EM(L, 1) 601,113,000 ,1) 0 Rﬂ(i 1J:XVU(1 1)eX(1,2),¥(1,23

RZITR2)THOL 2 xR, 2Y, P (1,23, T(T, 2Ty A1 ,23,E%C(T,2),6C1,2)y
30CLp2) pRA(12) o XMUCL,2) g XA, YA, ZA, THA, XNUA,PA, TA,HA,EMA,GA,UA,

?f““aRHA;xMUA,érii
¥ 43 RASTHA+XUA

5 TF(RBS (2= KCY TLE T 00T XCEXED

oY (2, 0= T
2(2,1)=6ETZ(XC)

z" X(2s1)=%C

TTUTH(2:1)=TH(T, 1Y

B xwu@ =rasTniz, 1) )
WTTTRNG= U (2, T =XNDA
CALL PM{Dny fP{ErIJ:T(e;1)gﬁ_gggl_l_ﬂg__g_f‘m(h?_g___l_)rG{?r 1),Q(2,1),RH(2,1),

1PA, TA,HA,EMA,GA, YA, RHA)
RA3D=RH(2,1)*n(2,1)/72(2,1)

FNUB Geo™ - 7T T




o - - . N - - - o *

ERT=,001 -
_ 1y CONTINUE
CALL PM{DNUS,P(2,13,T(2,1),H(27107EM(2,1),6(2,1),6C(2,1),KH(2,1),
1PA, TA,HALEMA,GA,UA,RHA)
RUT=RH(2,1)#0(2r1)
ERB=(RYT=RIZL) /RGID ' . —
IF(ITT.GE,10)ERT=,009
_IF{ABS(ERG).LT.ERT)GO TU 20 ‘ _
CALL ERRUR(L,ITT,UNU3,ERG,1.1,DNUZL,ERNZLY
60 T0 10
T20 CONTImwuUE
XMU(2y, 1 )ZAST (1. /EMI2,1))
T XTRMAETh(2, 1) =xM0(2, 1)
IF(LOOP,EW.1IG0 TO 6
LOOP=1 .
GU 1O 44 L
& IF(IAODL.EWQ,0)RETURN -
IMAXS IMAX+Y
KMAXZSKMAX+1 L“
KSTP=KSTP+1
ISTP=ISTP+1
DO 46 JJ=3,1MAX -
LJ=IMAX=JJ+3 t_
List.J=1 _
46 CALL SwITCh(i,L1,1,Ld) .
WRITE 6, 181)IADL, XA, X(1,1),X(1,2) F_

18T FORMAY ¢1%,15,3E14,.5)
CALL InNT(0.rX%A, Yﬂ,zﬁpTHA XNUA,PA, TA,HA,EMA,GA, LA, HHA, XMUIA,

TTTI0 0,0, D,0,0,D,0,0,0,0,D,0,%01,2),YC1, 23,1(1,2).1n(1,a) XNU(L1,2), -L_
EP(LBQL‘T(]!EJ H{l,2), Ehflrejrb(iral O(1,2) e KH{L,2) e XMULL,2)0=1,13
RETURN
END




SUBROUTINE ENUD(L (KK, K&)
COMMDJ/V!uv:hU:CV-xV AT R AN~

- CUMMUN/ZX/X(2,50),Y(2,507,2(2,50)5TH(2,50),XMU(2,50),
IP(2+50),T7(2,50),EM(2,50),XMU(2,50),6(2,50),H(2,50}RH(2,50),

G(2,30)
1TT=1

B=0,
A=1.

AMISTH(L,L J+¥XvUCLl,L )
XM2ZTH (2, KK +X4U(2,KK)

XM3=0,
@l=TH{1,L J+xXNUC(C1,L ) :

wr
LTTTUEETH(Z, KK FXNU (2, KK)
XAS(X(1,L J+X(2sKK))/2,

o PDXEX(2,KK)=X(1,L )
SLM=(Y(2,KR)=Y(1,L ))/DX

"’*%a RAT=(XA=X(Li,L ))/70X
SLP=XMI+RATA{XM2mXM] )

SLP=A*S| P+3xXN3
CALL GEMCXCI,L dpYC1,L ), SLM, XV2,YVZ2,SLP,XAT,YA)

ERSABS ((XA=XAT) /0X)
IF(ER.LT,1.E=03%)GO 10 14

ITT=1T1+1
IFCITTLLE.10)GO TO 8

wﬁiff[o,SS’
ﬁj3 53 FURMAT (% T30 MAwY ITER IN END *)

AR I TE (6, ST L RRr KO XA, XAT, X (2rRRIsX(1sL)s8LP,XV3
FORMAT(1X,3I5,6E13,5)

STOP
XA=XAT

GO TU {2
WASQLI4+RAT*(42=31)

CALL InT(RAT,XC1,LY,YC1, LY, ,ZCL L2, 0HCI L) Xn0(1,L),PCL,L),
ITEL L), W1, LY PEMLL,L) 6L, L), 001, LY, FROL,L), AMUCL,L)X(2,KR),

Y T2 KR, Z (2 KK s TH(E KK s XU (2 hK) s P(2,KKY, T (2,KK) H(2,KK),
SEM{2,KK) G2/ KK) Q{2 KK, RH{Z,KK) ,XMU(2,KK) XA, YA, ZA,THA, XNUA,

ST P A, TATRA, EMA, GAy UA, RHATXMUA, 1)
RASXNUA=THA

"*3:*‘XTE"h6§ =XVZ
Y{2,Kb)=YV?

2 (2rRBYEGETZIXV ]
TH{Z,R6)I=ATAN (Bv+2.2Cvx(Xy2=XV))

—"* XN (2, KB SREFTHTZ, KB)
Duyg=Xny(e pRB)=XNUA

CATL PRTONT 3P T2y KeT s T (2, K6T+HIZ,KE),EVi{2:K6) L2, RE),Q(2,K0),
IRH{2,KE),PA,TA,HA,EMA,GA,UA,RRA)

T RU3BDSRA(Z,X6)r J(2,R0)/7Z(2,KH)
Onu3=DNU

T=1
: ERT=.001
10 CUNTINUE

CALL PM{DYU3,P(2,KB),T(2:,Kb)H(2,KE) ,EV(2,KE),G(2,86),0(2,Kb),

“’*f‘TRH(Q,ﬂbj”PK}Tﬂ HA G EMA, GA, UR,RRA)
RQT‘HH(E:Kb}*D(B,Kbl

ERQ=(RET~RIZID)/RAZD
IF(IT.GE.10)ERT=,005

e TF (ABS (BRI TLTTERTICO T 15
CALL ERROR(2sI1T,04U3,ERO,1,1,DNUZ1,ERRZT)

¥~ B0 YO 10
Yo xmuca, Ko)=ASINCI,. JENMLZ, 1K6))

TTTTEWD=EET
LF(B.GT.0a)RETURN R

i



“Ted L

Az, h
'XM3=TH(aqﬁ§J+X“U(E,Kbl_

GO TO 12
END




-y

T SUBROUTINE INT(RAT X1,Y1sZ1,TH174NUT, P, TL,H1,EMI+GI,Ul,RRL,XMUL,
| IXE!Y?rZE:T“Err\idE PR, T M2, EM2, G202 M2, XMU2, X3,75,23,1H3,

CANUS, P, T5, M3 Eis, b4, Ub, RAS, XMUS,0PT)
ﬂ’ HTi=Hn1+Ut*xJ1/£.

 HTZ2=H2+ulxjdse.
= Ql=XvUi+OPT*xTr1

AT UREXWNUIFUPTRTRZ
i X3=X1+RATR(X2=X1)

BE V3=V [+RAT*(Y2-v1)

L_;g Q3=Q1+RAT*(QR2=-Q1)

E PRSPPI ERATR(P2=PL)

o T3ETL4RATx(T2-T1)
B XNUS=EXWUT+3ATA(XNUZ=XNUL)
=o TH3=(Q3«x1U3)/0P1

E

HT3=ATT+RATX (HT2=AT1)
B U3SUL4RATX(U2~UL)

;“‘ir—‘“as Gi+RATx(GR=51)
HisMI+RATA(ME=rt])

s RAZERHIA(P3/PIT*x(1./63)
: EMISUZ/SART(GI*P3/Rh3)

XMU3I=ASTN(I,7EM3)
233GETZ(X3)

~ RETURN
END




SUBRDUTIME THM(RHI,UI,PI,HI,TI,EMI,GI,PINF,YVI,YC1,0YV,XV2, THRMAY,
ioOwLY sUNUC,AC2)

COMMON/ZD3/ 82,882,027
Al=yvie=y(}

F1=RAIxUIxA1
22=AZxXy24xxva+B8ixXve+C7

ZSEA2Z*xXCo*XC2+dZ*xXC2+C7
A= {72+75)/2.%0YV

IT=1
DNU=(DNUV+INUC I *SQRT ((Z22+75)/2,)

e D

10 CALL PM(O\iu,PE;TE,HZ,EME,GE;UE,RHE:PI,TI.HI,EMI.»GI,UI;RHI) )
F2sRH2%xU2x42 L
ERT=(Fe2=F1)/F} S
IF(ABS(ERT) LTL1,E=04) GO TO 20
CALL ERROR(99,IT,0NU,ERT,9,0NULl,ERT1) i
GO TO 10 e

20

THI=(PI=PIVF+RHI*UI*Ul ) %A1
TH2=(P2~PINF+RH2*U2*U2)*AD

THRMAX=TH2=THI ‘r
RETURN .

EnND




et |
' - -
[

e

T

SUSRMOIITIWE FMA3NIEVENMX, X,GrZ,21)
Gihs(G+1,)/(C=1,)/2,

é = Yo (]t (Gml )/ 24 kEMXEM)A%GN
: YSY/EM/ ((G41e)/2,) %*GN

?—‘I ASY#*Z721
EMX=EMASART(Z)

1im=}i
10 AT=(14+(bm1.)/2xEMXXEMX)I >RGN

fii ATSAT/EMX/ ((btla)/72,)%%xGN
i ERM={AT=A)/A

v IF (ABS(ERM).LT.1.E=«03) GO TO 20
I CALL ERRDR(100,ITM, EMX,ERM,1,1,EMX1,ERM])

- GO TO 10
i 20 CONTINUE

ST TTRETURN
k@B END

rE o
o ok
L e £3
& < E‘E
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5 ¥
ot
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8
bt
X s b
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T T SUBRUUTINE SAITCH(IZ2,K,11,0)
COMMON/X/X(2,50).¥Y(2,50),2(2,50), THI 2,551, XhU(2,50),

TAP(2,50),T(2,50) sEM(£,50) s XMUL2,50),6(2,50),H(2,50),KH{2,50),

2G(2,59)

¥ (I, L)X (I2.K)

Y (it,L)=y (12,K)

T2 (Ii,L)=7 (12,K)
TH (I1,L)=TH (12,K)

T (I1,LsT (12,K)

XNUCIL, O3 =xRid(I2,K)
P (I1,L)=P  (I2,K)

H(I1,L)3H(I2,K)

6(I1,L)=G(I2,K)
RH{I1,L)=R4(I2,K)

EM (Ii,L)=E4 (I2,K)
XMUCI1,L)=xwulIz2,K)

BCI1,L)=0(I2,R)
KETURN

End




.‘ §  FUACTION GETZ(X)
B COMMON/D3/ AZ,B7,CZ

ETZ2RZx8kx% 21087 %xXFC7

ENDT

_%_IW_REIURN

3
3

Fuid 3 ks oI e




SUBROUTINE vwALL (IMAX,KMAX)
COMMIN/X/X (2,500, Y(2,50),7(2:50),Th(2,50) XNUJ(2,50),

TP(2550),TC2r50) sEM(2,5G), xMU(2,50),Q(2,50),n(2,50),Kr(2,50),
26(2,50) .

COMMUN/V/AY,BY,CV,XV,XV2,YV2
COMMUN/C/DNUV,DNUC,XC1,YCL,XV1,YV1,DONUL

I8EG=0
ITa=1

SLZ2=TH(1l,I%ax)
SLI=TAN(TH( 2, KMAX=1)+XNMU(2,KMAX=1])

SL13=58L1
CALL GEM(X(2,KMAX=1),Y(2,KMAX=1),5L1,X(1,IMAX), Y (1,IMAX),SL2,

1X6,YG)

12 YHSAVHBY X (XGmXV)+CVA(XB=XV)4%2

ERW=(Yu=YG)/(YV1eYC1)
IF(ABS(ER®) LT 1.E=02) GG 7O 10

CALL ERRORC(C3,ITa,XG,ERM, .9, %G1,ERn1}
YO=Y(2,KVAX=1)+SL13*x{XGmX (2, KMAX=1])

i0

TH(2, KMAXISATAN(BV+2,2CVx(X6=XV))
XNU(2, KMAXYISTH( 2, KMAX)=TH(2,KMAX=1 )4 XM (2, AMAX~])

e

X(2,8 MAX])=R0
Y(2,KMAX]I=YG

Z{2,KMAX)=GETZ(X6)
KEKMAX

l,w;

MEKMAX=1
DNUSXNU(2,K)=XNU(2,M)

CALL Paui(DNJ ,P(2,K)T(2,K),H{2,K),EM(2,K),G(2,K),B(2,K),RH(2,K),
LP(2:,M), T(2, M) sH(2,M) yEM(2,M),G(2,M)},u(2,M),RH{Z,M))

1;“

RUIDERH(2,K)*0C2sK)/Z(2,K)
DNUZ=DNU

i.,.___

IT=1
ERT=,001

15

CONTINUE
CALL PM{ONUI,P(2,K),T(2,K),H(2KIEM{2,K},G{2:sK),0(2,K),RN(2,K],

) APTR2,MY, T(2,M) A2, M) EN(2,4),G(2,M),R(2,M),RA(2,¥))

RET=RH({(2,K)*uW(2,K)

ERGETRUT=RAZIDI/RIZD
IF{IT.GE,10)ERT=,005

TFUABS(ERQ) LLT.ERTIGO TO 16
CALL ERRORC(4,IT,DNUZ,ERQ,1.1,DNUZL,ERGZT)

lo

GO T 15
CONTINUE

XMJ(e T KI=ASIM(1le/EM(2,0))
IF(IBEG.EWG,.1) RETURN

18EG=1
SL13=,.5%x(SL1+TAN(TH(Z2,KiAX)+XMU(2,KMAX) ) )

6O 7O {2
END




SUBROUTINE GHEMO¥A.YA,SLA,¥R,YE,8LB,%X0,YC)
XC=(YB=YA+S  AxXA=-SLBxXB)/(SLA=SLE)

sf*fg YE=YA+SLA% (XC=XA)
& RETURM

i END

| ——cr
- .
& i

L e
E
H




SUBROUTINE ERROR (I,IT,XeER,F,Xx1,ERL)
IT=IT+1

IF(IT.LT.15) GO TO 12
ARITE(H,13)

T 15 FORWAT(XERRQOR TEST NUMBER %)

WRITE (6,20) 1

20 FORMAT(IS)

STOP

M

- XI=X

12 IF(IT.6T.2) GO TO 14

ER1=ER

XS X *F

IF(x,Ed. X1) Xs=X+,02
RETURN

14 XO=X1=ER1*(X=X1)/(ER~ER1)

ER1=ER

X1=X
X=xD

RETURW
EnD

Ay |

e




~ SUBHUUTINE FIX(I1,k1,12,Kk2,13,K3}
COMMON/X/R(2,503 ,Y{2rpD0J,£02e0U),int2,50) , XMy(2,50),

T IP(2s501, 1 (2,500, EM(2,50),%4U(2s00),G(2:,8G)sH(2,50),RH(2,50),
oD 26(2,5%0)

DuM3=0,

: I humy=(,
4 AZT,
B=0,

DUMTSTANITI(IL, K1)+ ¥MU(TT1,K1))
DUMSTAN(TA(I2,K2)=X¥U(I2,K2))

XNUCTE, K33, 5% (XANUCIE, K1) +xhUCI2, k) +THUIZ2,K2)=TH{I1,K1))

e, THOI3, K32, Gx(XNY(I2,K2)=XhU(T]1,K1)+TH(]2,K2I+TH(IL,R1))
CT T T0 IF(BUGT . 0.) DUWB=TAN(TH(IZ,K3)+XmU(L3,K3))
<4 IF(B.GT,0,) DUMLSTANCTIH{IS,K3)»xMU{13,K3))

SUI=A%DUMI$B%DUMS
ks SLe=A*xpUwA+B3%0UYY

3 CALL GEM(X(I1sK1),Y(I11,81),50L1,XCI12,K2),Y(12,K2),5L2,X(13,K3},
1Y(13,K3))

== ZC13,R3)EGETZ(X(13,K3))
DNUSXAUCIZ K33 =xU(I1:81)

CALL PY(DONT ,P(I3,83),T(13,K3),H(I3,K3),EM(13,K3),G(I3,K3),
1Q(I3,K3),R9C(13,K3),P(T1,K1),TCI1,K1},H(T1,R21},EM(IL,KL),

TTTRE (I, KLY WCIT KT K CTT,KT))
ab RO3D=SRH(I3,K3)*Q(13,K3)/7(13,K3)

T ERT=,001
¥ DNy 3=ony

e A
12 COTINYE

7 CALU PMONUS, PUTE K, T(I3,K3),H (I3, K3) ) EMIIZ,K3),HL(TI3,K3),
0 1QCI3,K3),RH(I3,K3),P(I1,K13,T(I1,KL1}, (i1, 01),EM(TL,K1),

SRE (T KLY LT KDY, RATTL, K1)
e RAT=RH(I3,K3)}*3(13,K3)

ST ERGE(ROT-RIZDI /RA3D
s IF(IT.GELLO)ERT=,005

TTIF(ABS(ERYYLLTLERTYGD TC 20
e CALL ERROR(S5,IT,UNU3,ERG,1,1,DNUZL,ERGZ1)

ATTROTTO L2
20 XMUCIAa,K3)=A8Iv(1./EM(I3,K3))

TF{8.bT.J.) RETJRN
AS,5

B=.5
GJd TO 10

END




SUBROUTINE PM{DNU,P2,T2,H2,E"2,62,U2,RH2,PL,T1,HI,EMI,G1,JL,RHI)
COMMON/D/Z SHIL o

DTH=1./5745 ?
IFAN=ABS(DVU) /DTH+ 1 - ‘
DUM=D U

IF CIFAN,GTa1)DUMSDNU/FLOAT (IFAN=1)

Pi=Pl
T1=71

EMisEMI
Hi=HI

G1=GI
RHlI=RHI

A1=8GRT(Z1%xP1/RHYL)
Ulsul

Ul=n1%xUl
HT=Hl+Ul/2,

Pi=ALBG(P1)
ANU=0 .,

XNULI=0,
IFC(IFANNEL1)IFAN=TFAN=]

DO 10 I=1,1FAN
XMULI=ASIN(1./EM])

BI=Gl*EML/COS(XMUL) |
P2sepixDyUM+P | :

RH2=(P2=P1)/61

RH2=RAL xEXP (RH2) ' Fﬁ
PEP=EXP (P2) :
PIP=EXP(PL)

J2sUl=~2 %G1/ (Gi=14)*(P2P/RH2=P1IP/RAL)
_HezHT=u2/2, !
Te=FT(P2P,PRI1,H2)
G=FGAM(T2,P2P,PHIi)
A2=G2xP2P /A2
EM2SSURT(UR/42)
XnUSXHUT+D 0w
INUlI=XNG
PisP2
Ti=72
ul=6Ga
EMI=SEM2
JT=uz
RHi=RH2 )
10 CONTINUE -
P2=EXP(P2) -
UZESuRT(U2) .
RETURN
o END %‘
EnD




LT B P

1P(2:5UJ T(2+50),EM(2,50),xMU(2,50),09(2,50),H(2,50),Rti(2,50],

TTSUBRUUTINE PWMI(IX,KX)

COMMONZIN/PI o TIonl, THIFMI,GT,Z2I,HT,RET, DI

TCUMMON/ X/ X2 S50) Y (2,50) 2 (2,500 ,T1(2,50),Xx50{2,507,

EOM“UN/P/PIMF;PTUT,TTUT

T LOMMON/CPZERT, RGAS

DNUSANULIX,KX)

=61
EMml1=EMI

T GGESWRTT(G+I )7 (G=1,))

)

AKMIZSORT(EMI*x2=],)

TXNUISGExaTAN(X %] /GG)~ATANM(XMT)

EM2=0NU/ (1. 5=XyUl) 4 (6. =EM])+EM]

IT3=1

m10 XM2=5ART (EMErxd~1,)

DNUTEGG* (ATAN(AM2/GG)=ATANCXML/GG)I+ATAN XML )=ATAN(XM2)

H&
ERNUSDNU=DNUT
S IF(ABS(ERNJ)LLTVT.E=04) GO TG 20
<+ CALL ERROR(5,IT3,EM2,ERNU,1,11,E421,ERVUL)
: Sg 10 10
V20 CONTINUE
o CALL EM3D(EMZ, EMX, x (IX,KXx),6,Z (IX,RX),ZI)

POIXpRX)SPTOT/ (L o+ (G=1,)/2.%EMx*x2) %2 (B/{6~1.))

TETTTEND

TUIX KX I=TTIT/ (1 +(Ge1,)/2.%EMXx%2)
EMCIXsKXYIZEWX

- _‘S("WUCTY”T&"")"KS’IMI /EVX)

AXSSIRT (G#RGAS*T(IX,HKX))

ar GLIX,RXJEEVKFAX

RETURWN




B b
SUBROUT LHE GAURE (RF,B,P, T, R, X, X1,CF,ST,L)

COMMON/CP/CPI,  RGAS )
CUMMONZD/P4H1 j
_ COMa1ON/HOT/AH(3) ,BH(3),CH(3),X8TR, REC, RT,8H,IT,IVIS :

ADELSR~G%3/2, ) o
HA&Z1 . +RECXQ*9/2, /HDEL -

TTUTIFLIT JEQ, Q) TvEAM(LY X (XmX1 ) xx2+BH(LI % (x=X1)+CH(L) |
IFCIT JEN.1)G0 TO 4e

Hws FH(P PRI, TA) ;
Riw=iHa /HDEL et e
TTBOTO 48
46 Hw=HAWN .
T 48 A=HAw=1,
Berw=1, '
CESART((A+8)x*2+u,%A)
FC=A/ (ASIN( (A= H)/C)+AbIN((A+B)/C))**2 . ‘

FRX=HAMN&%(, lTZJ/(FC*(hw)**(l a74))
CALL vIS{T,xMmJ)

REXSRHxJ* (x+XSTR)XRT /XMMU i
REXISFRX&REX !

CFI=.0088x(ALUGIO(REXI)=2,3686)/(ALOGIO(REXI) - 1 5)x%3

CF=CFI/FC /
~ 8T=CF*SH/2, B
RETURN ‘

ElD

SUBROUTINE VIS(T,Xx¥U) | .
TTXMUUSZ . 2T xTAk1 ,5%] =08/ (T+198,6) 1

RETURN




T SUBROUTINE SMABE (X, Y1, 21, X2, Y222, %3 Y3223, X4, YU I8, AVX, AVY AV,
1XNKy) XNY, X 02, A8,X0,Y0,Z0,L0)

_g ~ g OINENSTON XERCAT, YRACO), ZPA(d) XTI (4, ETACY)

XPA(1)=x1
YPA(I)=v{
e ZPA(1)=71
it “"W'MPZPA(EJ 2
LE YPA(2)=Y?2
G T XPATRYERR
o & XPA{3)=x3
[T TTVPAC3)SYS
Pl ZPA(3)=Z3
S “E IPRTEY=Z4 .
b YPA(4)=Y4d
g: XPA(d)=X4d
VU | T1Xx2X3=x1
S T1Y=Y3=v1 \
- T17=73=71
f;':% ToXSXiux2
N T2Y=Y4=Y2
& 725472
i XNXST2YX[1Z=T1Y%T22
% TNV ETIR* T T ERH T
i ANZ=Texailjy=TixX%T2Y
£ VHESUR T (AN A 2+ ANy kot XNZx*g)
: ‘% IF(VN.LE.1.E=13)60 T0 b
: WXEXNK7VS
< XNYSXNY /Y
P T T TXNZEXNZ TV
TR DSXNXK (AVX=X1) 4+ XNY* (AVY=Y1)+XNZ* (AVZ~Z1)
© T PD=ABS(DY T
NS T=SQRT(TIXATIX+TIY*TiY+T172%T17)
3 Jﬂ‘“’ TIX=TIX7T
o T1y=T1Y/1
-t T12=71Z2/7
5 E__ T2XSXNYXT1Z=XNZ4TLY

T T T RVENNZATI X XNXFT L]
T2Z2XNAXTIY=XY*T1X

= iE DI {000~ J=T, 4

R XPACJI=APA(J)+XNX%D

5 |—'—'_'*#an TIISYPATITHRNYED

H ]3 ZPACIIZZPALI Y+ XNZAD
q D==D"

XDIF=XPA(J)=AvVX

YOIFSYPA(T ) =aVY
ZDIF=ZPA(J)=AVE

I— TTTTTRI I ST KR XDIF#TIYAYCIF+T1 2% Z01F
1000 ETA(J)=T2XAXDIF+T2Y*YDIF+T2Z%2D1F
3[ ******** XT0S(AI(4Y*(ETATIY =ETA ()T +xT(EY*TETA () ~ETA (LTI /(ETA(2)~ETA(4])
173,

ETRUS=ETATTI/ 5,
DO 1920 J=1.4

A XTI =X T () = KT
1020 ETA(J)=ETA(J)=ETAD

KD AVAF TR AN IOYT2XKETAD
YU=SAVY+T1Y*XxJO+T2Y%xETAQ

wi""““*‘—zg SAVZITIZ*LIOFTZ225ETRAG ™
AS=(ETA(2)~ETA(4))*(xI(3)~XI(1)]/2,

" AS=ABS(AS)
RE Tur#N

i TS CONTTNOE T T
et XUSAVX $ YI=AvY F Z0=AVZ




Moo=y

RETURN

END

SUBRUUTINEhhTH“(XIpYI;ZHpXE:YE:22;!3:Y3:23:x“rY“rZarpiuparp3rP4r
i1 ,02,093,04, T8, 1, T%l‘UJTHIpTHEfTHS(?Hupxr\lnya]szp KU, AvG,

PAXTHX y XYLF T AXMUM,CFF,8T,LH)
COMMON/Q/FHIY

COMMON/P/PINF,PTOT,TTOT
COMMUN/CP/ECPI, RGAS

COMMOM/SAF / XSHF T, YSHFT
COMMON/HDT/AH(S),BH(3),CH(3) ,X8TRy REC, RT,4SH, IT,IVIS

COMMON/VYISF/XVvTrX, YVYLFT, xVv0M
PEXK1XxP1+XK2*P2+XK3*xPI+xk4*P4

GEXK1IXGl+XA2*Q2+XK3*L 3+ XRUx(Id
TEXKI*T{4+XA2%x T2+ XxK3I+TE+XRUXTY

THEXKI * THI+ XK * TH2+ XRAATHI+ XKG* THY
H=FH(P,PHIL1,T)

RA=SRHEQR(H, 2, PHI 1 ,DuUl)
REH+Q*R/2,

RECPIXT+Ux3/2.
AVXEXKIAX I+ XK A X2+ XKIkX 3+ XKU* XU

AVYSXKIAY1+AKKXYZ2+XRAXRYR4+XKUxYU
BVZEXRLI %71 +AK2* 22+ XRA %73+ xKU*x 74

A et

CALL GNARF (X1sY1,Z21 X2+ Y2229 %54 Y3223, XU, Y0, 28,RVX,AVY AV, XNX,
1XNY¢'XNZ'A55SFXOP YO, ?“_!LH]

CFF=0. f_
XBP=0, o -
IF(IVIS.EQ.1JCALL GNURE(RM, 2,F,TsRy X0, XBP,CFF,ST,1 ) .
RHQ=RH*UJxE/ 2, L_
PAVEF=PINF :
DXTHAZ=PAV*XYX*ASS

DYLFT= PAv&axNY*ASS '}
XNZZ=1,

IF(LH.ENR.3IXNZZSaNZ

DATHXY==CFF *COS{TH)*ASS%xRHQ _
DYLFTYsCFF *SIN{TH)*ASS*RHI

DXTHXV=DATAXVXAVG

DYLFTV=DYLFTVXAVG
XM= XU=X3MFT

YMS=YU=YSHF T
DMUMYSYM3*DXTHXV+XMB*0DYLFTV

XVIHXSXVIAX+DXTHXY
YVLFT=YVLFT4OYLFTV

TR VMOM= Xy i Wy DM N Y

DX THXSOXTHY*AVE+DXTHXY

DYLFTEDYLFT*XAVGHOYLFTY
PDYMOMSYMSADX THX+XWS*0YLFT

-

TRXMUMEXX MOV DM

XXTHXSXXTHA+DXTHX
XYLFT=XYLFT+DYLFT

RETURN

ENG 3

-y




T SUBROUTIWE CwT
___COMMON/Tw/2r, TE, 2T, THI,ED 1,01 0Ll iy iI 0L

T COMMONZCNTE/TTC, Pio, aC,GC, FC, THE XNUC, 7C, ENC
COMMON/P/PINF,PTOT, TTCT

T COMMUN/CP/CFL, RGAS
COMMON/X/X(2,350)»Y(2,50),2(2,50),TH{2,50)  XMU(2,50)

TP 20y T2, 50, EM(2,50)  XxMU(2,50)6(2,50),H(2,50)  RH(2,50),
e6{2,59)

Azl,. & 820,
GIS=G]l $Z2I18=Z1%EMIS=EM]

IT1=1
RB=XNU(1,2)+TH(1,2)

1 THGZ D) =TR(T 1)
20 SLASAXTAM(TH(2,1))+BxTAN(TH(1,1))

SCB=TR{1,2)=x%0(1,2)
sSLB= A*TA\(bLb)

T IF(B.5T.0.JSLEBSSLA+BaTAN(TH(2,1)=XMU(2,1))
CALL GEM(x(1,2)s¥(4,2),5L8,%XC3,1),YC1,1},5LA,x(2,1),¥(2,1))

Z(2, T)=6R12{x(2, 1))
XNU(2s1)=RB=TA(2,1)

Ui\ld:f:\z‘U(E;l)"K'-\lU(l:l)
CALL PM(DNI ,P(2,1),T(2,1),h{2:1)},EM{2,1),G(2,1),0(2,1),RH{2,1),

f~;f"TFTTTTT;Tf1f1):H(1;1).tﬁ(1.lJrﬁtlfl):th;lJ:RH(lolJ)
4 RQ3ID=RH(2,1)%0(2,1)/2(2,1)

DNUI=0n)
. T ERT=.001
iy L1=1

10 COnTINUE

TCALL PHMEDONTS, P2, 1), T (2,100, 10,EM(2,1),6(2,13,8(2,1),RH{2,1),
IP{L1pt) o TC1, 1) o Clel) EM(1,1),6(1,1),Q8C8,1),RHCL,1))

TTTTTURATERAC, D) (1)
ERQ=(RAT~RIAIN) /RA3ID

IR IV EE IOV ERTEL 0G5
H IF(ADS(ERGY LTLERTIGG TC 14

gf‘—”“‘tﬂLL ERROFR (7, ITsONUZ, ERU, 1. 1o DNUZ1,ERGZT)
' GO TO 1o

o LT ANMT 27 TV EASTN O 7E9 (2, 1))
: TTOT2TTC 3 PTOT=PTC & GI=6C $Z1=ZC BEMI=EMC

TETTRCEXNUCSTHT
I TH(2,2)=TH(2,1)

— X NUTZ7 2 ) =RCFTH(ZTZ)
X{ges2lzsx(2,1)

b—TP—yrarar=v2, 7
Z(E:EJ:GE:TZ(&(LZ))

TTTTTTCALLTPMT (S )
ER3=(P(2,1)=FP(2,2))/FC

T TF MRS (ER Y TE T I E~C GO T 16
CALL ERROR(B ,ITT,TH{2,1),ER3,1,01,The23,ERZ23)

GIZGIS $ZI=Z7T5 HEMI=EMIS
GU T0O 20

~ & CONTINUE
' GI=GIS 3ZI=218 HEMI=EMIS

¥ 4

I~ IF(BIGTT0IRETURA
»ITT=]

TTTTRELS T BE,D

1




.

T SUBROUTINE COwL(DNUE) B
COMMON/X/X(2950), ¥ (2,50),2(2,50) 2 TH(2,50),xU(2,50),

TR, 50, T (2 5U) rEML2,50) XML {2,50),0(2, SU),H(E,50),RM (2,50},
26(2,50)

T EoMMON/ZCRLZXC2, YER
COMMON/P/PINF ,PTOT,TI0OT

T COMMON/F/PF T, AF , THF JEMF, GF
COoMMOn/CP/IP T, RGAS

T COMMUNM/ZCNTC/TIC,PTC, wC,GC,PC, THC, xNUC, ZC, EMC
_ PCC=(PF+P(1,1))/2,

GMl=GFwl,
GP1=GF+1,

EMF2SEmME xEYF
DUM=1.+6MLxEMF2/2,

T RTFEPFADUMAX (GF /GMT)
TTF2TF ADyY

GIsS=G1I
nnlJI"—»QSI N(f . FEMF)

IT=1
BETS(THF~XAGUF+TH(1,1)) %1 1 ~THF

20 DUMS(EMF*SIV(BET) I x*2
PC=(24%6GF*JuM=1v])/GP1

TICEPCA (BALROUMEE )/ DUN/GPY
EMC=(EMF2x(GPLAPC+LEM1 ) =2, x (PC*PC=1,))/7(EM1*xPC+LP1)/PC

TTTTEMCESWRT{EC)
PC=PCAPF

T R ST AN BET Y X (GPL*ENMF 2/ (DUM=] ) /24™1 )
_____ THC=ATANCL./THC) +THF

PIC=(2 *TC/(GAIXEMF 242, ) Jx*x (GF/G¥L)
PTC=PC/PTC

TTIC=TTF
TC=TC*TF

T RASXNU(T, D) FTHCL, D)
X{2,1)=XC2 5Y(2,1)=YC2 $TH(2,1)=THC

TZ(2,1)s6RT2(xL2)
XNU(2s1)ERATH(Z, 1)

TTUNUSXAU (2,1 i =XNd (1, 1)

CALL Pa(DVyY sP(2,1),T(2,1),H(2+1),EM(2,1),6(2,1)¢R(2,13,RH{2,1)~

e IO D e N S P TS M D AT R AT I L S E N N Y E B )
ER4=(PC=P(2,1))/PCC

TUTTIF(ABS (ERGTLLTJIESU3YEO TO 16
CALL ERKOR(9,1T,8ET,ERU,1,05,3ET1,ER41)

TG0TTIUT20
16 DNUE=XNII(2,1) =xXNU(1,1)

TTTTEI=GIE
nC=afF

Thl=GF
ZC=Z2(2,1)

TUTANYCSO .,
RETURN

EnND




FUNCTION FH(PI,F,T1)
PzPl*1,01323E+05/2116,

T =717/ L8
n F2=FxF

:
]
!

T IF(FLLT.0.) BU O 400
IF(T.6T,2000.) 60 10 190

TOIF(FLGT 1. 60 TO {91
120 A=l ,E=Q7x(=,1042%xF2 +,82U42%F+,987)

B, 00T% (01 1o7*F2 #.1504#F+.930)
Ca=,02B8d%F2 +,0731%F+,4293

TUTROTTOT 2907

Pl AS] E=Q7%(1,787*F2 =5,48xF+5.4)
TTHE T BT 001 % (= 18074F2 +1.11%F+,170)
) C=w UF33xF2 +3.375%F=2,808

GO 1O 290

4§70 IF(F.GT,1,) GO TO 192
: Az, 000001%x(1.792%xF2 +,39834xF+,31)
B 001% (=9, 05xF2 «,079174F+,245)

® OC=10.BbxF2 =, 1183%F+,97
GO 10 290

T G TRE 0000015 (AW BIAFE =13, 97F+11.59)
BS,001%(~23,06%F2 +66,82%F=52.61)

L TTCE27.,05%F2 =73, 7345 454, 39
EI0 HISAsTxT+HxT+C

IF(T.LEL2000.7 GO TO 370
AtQ=ALOG(P) /2,35,

Z29=7128%AT0*xAT0 = 275%A10
 HISHIA(], (1. +F)*(T/2000,=1,)%29)

FO0 rl=Alx1,E+06
T GO Ty 340

L A00TT2ETAT

EH“I T3=T2*T

TV 5%
3 TO=TU*T N
T RIS AL R T AT/ 2 AT I/ A4 X TL/4 , +ASXTS+ A6
L% HISA148314,/x991
T 0 T COWTINUE
o FH=H1%10,763¢%
TS RETURW
L 5 EMD
R




FUNCTION FIC(PLsF,HS) .
DATA 16370/, L
Ii’-L-nJ-A cl
P=P1%x1.01325E+05/2116,
HEHS /10.,7639/71.,E+06
F2=F xF
AL0=ALOG(P)/2,3=5,
195,125%410%419 -, 275*A10
=1
IF(I63.EQ.1) 6D TO 1000
Ied=1
T=1500,
T0=1500,
IF(F,9E,0,) GU TO 120
T=600.
To=T
_...000 CONTINUE
IF(F.LT.0,) GU TO 400
GO 10 120
50 EQ=(H=H1)/H
TF(ABS(EUJeLToloE~04) GO TO 340
- 500 T =T0%1,1 |
502 11=¢ =
IF{F.LT.Q,) GO T3 400 -
GO 70 120 l
100 F1=(H=H1)/4 B
IF(ABS(EL).L11.E=04) GU 10 340
IT=1T+1 e
IF{IT.LT.21) GO T0 10 ;
_IF(ABS(T=2000,),LT7,10,) GO 7O B30 ‘
TWRTTE(6,831) P1,H5,1
$31 FURMAT(* ERRUR IN FT%/% Pl = *E13,5,5%,%H] = *E13,%5,5%,%7 = *£13%.5 [;
i) o
STOP
P30 TF(IFCAG,E9.1) WU TO 504

T=2000, ' L
IF(F.LT.0,) GJ TO 400 B
GU TO 120 :
00 WRITE(e,11) ETX
11 FORMAT(x TEWPERATURKE INn FT SET TO 2000 - ERROR = 4E13.5) L
TT60TTO 340 :
10 79=T0=FEO0x(1 =TQ)/(Ei=EQ)
05 EOSET
TO=T !
17219 ' '
IF(F.LT.0.) GO TO 400 s
SUAST E=074 (= 1042%F2 +,B8242%F+,987) -
B2, 001*(,D1167%F2 +,1503%F+.936) i
L==,0284%F2 +,6731%F+,u293
_ IFtF.LE,1.) GO TO 190 j}
A=l E=07%(1,787%F2 =5, 4B%xF+5,4) ~
 BE,001x(=~,18074F2 +1,11%F+.176)
Ce= 09434F2 +3,9754F~2,808 7
"¢ IF(TLLE,2000,) GO TO 299 :
AT, 000001 *(1,7924F2 +,3983%xF+,.351)
B2,0014(=9,05%xF2 =,07917%F+,245)
C=10.804F2 =, 1183%F+,97 =
gggf.LE.l.} Gl Tu 290
000001+ (4,81%F2 =13,9%F+11,59)
, H-.oolj( 23,0842 +66,824F=52,61) S e T U




G

TR

-

TIE(TILET2000.) 6O T0 370

Hi=H1* (1, +(1.#F}%(7/2000,=1,)%2%9)

CONTIWUE
G0 TO 350

T2=(%T
T3=T2%7

T T4=T5%T
TS=Ty4%T

IF(F.LT.=1,5) GO 70O 450
AMM1=16,003

Al1=4,2497e73
A2==b,3126562E=03

TTA3E3,1602134E=05

Al==2,9715432E=08

A5=9,5103530E=12
Abs=1,0130032E+04

450

GO TO 46V
CONTINUE

-

s
&

e Pty e

Lty ot
41 mme——

(
R

1359

”““‘iﬁﬂiméémﬁéh
Gi0 HISAL*xT+A2*T2/2,+A34T3/3,+84%T4/4,+ASXTS5+A6
;__g RI=AT#B3T472MU1/T  E+06

Al=1,1202436
A2=1,3905710E=02

A%=2,.05058374E=06
Adz==1,1560272E=08

RG2S, 0380959E=12
A6G=S5,3328896E+03

IF(IT.Euw.1) GO TO 50

T O TO 100

£ P
1




FUNCTION RYEQ(H,PL,F,T)

TLSFT(P1.F,H)

T FNNZ1L,exFaF=10,64F+33,6

T=T1/1.8
P=P1x1,013%25E+05/2116.

TFIF.LT.0.) GU TO 2260
FNMS] (B3aF xF=5,399%xF+28,%965

IF(T.GT.2000.) GO TO 2030

XM=F N
IF(F,LT.1.) GO _TO 2160

XM=F AN
GO TO 2160

TP030 FF=F«F

A==2 34%FF+4 ,012F+1,73%56

BE8.61%xFF=15,02%xFwp, b6

 C3-16,.88%FF+33,21%F+14,58

Xhz= U375xFF+,00625%F+2,08
D=A% (ALOG(P)/2+3) % %1 ,5+b% (ALOG(P)/2,3)4C

XMEFNM=Dx ((T=2000,)71000,) x*XN
IF(FL LT,1,) GO 1i) 2160

o~

A= BP2AFF+0.303%F+1,905
B2 JOxkFFm] . SoxF=8 68

C=m3,0xFF+7,364F+27.15

TOEAR(ALOG(PIZE,8) %% 1, B4B%x (ALOG(P)/2.3)+4C

AMSFHNN=D&((T=2000.3/71000,)%&XN

LU Tu 216D

2260 KFSF=,5

T IF(RFLEQ, =1) AM=16. 043

IF(KF EQ,=2) x1228.054

2160 RHEQ=PxX4%/T/8314,3%x6,2u2RF=02/3%32,174

T=t%1.6 \
RETURN A
EnD
|
. i




TRUNE TTON FEARCTT, P/ F)

—

Te3T+T
PEP1%x1,0132%5E+405/2116,

XM=0.
IF(F.LT,0.) GO TO 550

TIF(TLLEL1000,) B0 TG wap
XMSe2,, 1SE=08%T2 +,000091%7-,0695

ag xN=d, E )% T2 =, 00002%T=,019

-;i IFtF LE.1.) GO TO 470
X KNS, 0339%83RT(1)=,00039ix]~, 0681
M 470 G==1.833L=07%T2 +,000075%T+[,367
E*"“ﬁ”““TFcr LT.5000) 60T 530
b G=2.E=08xT2 =,00013847+1,423
;Q TIFIT. LT, 2000.Y GO 70 520
P R Gz7,267E~08%T2 =,0004574T+1,85
T HZE GEG Y xMx (ALIG(PT /2,35 ) wxha (F=1,)
F- GO 10 530
B S0 T3TTe*T
ﬁ__; T4=T3*T

CPE A ¥A X T+R 3% To+AUXT3+AGXT 4
G2CPA (CP=1,)

“‘] 30 CONT IWGE
: FGAVI=G

. RE TURN

E 1 END

o
L7
T
.7
3 _
S
-7




ARk !

297%.2 ie Uy 2716

21,443

52.90

488.8 28,965 0. 8.636
1. 18,54 1.11 0.
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3.12

7,866
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