NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



NASA Contractor Report 15900i

Jnclas

14549

A Computational Model for the
Prediction of Jet Entrainment in
the Vicinity of Nozzle Boattails

. :
£ - (The BOAT Code)
SRS
(=] —_ "
o Program Users Manual
4 o}
Y b
--0 -
=
c=§” Sanford M. Dash and Harold S. Pergament
— :_.. ! .
T o pd =T
s = Aeronautical Research Associates of Princeton, Inc.
fde fow Princeton, New Jersey 08540
B &
Sk Contract NAS1-14794
oo D November 1978
- NE ,
s n (NASA-CL-159JU1) A CUMPUTATIUNAL MOUEL FrUR N31=-27045
S‘ ru 2 [HE PhcuICIIUN OF JET ENTRAINMENT IN THE
"'\,’C‘-'.'. ULL;L.IL:“’ JF A'Ju;;‘; Ub;\;Al\LA:' (;.ZL; L)‘.):.\'L C'J.)...)
s (Aeronautical wesearch AssoCirates ot Unclidas
o grinceton) 136 p dC AJT/MF AJ1 CSCL V1A G3/ud  29ubB)Y
raagere
: QU O
Z X O
>0 T N
p LITIN
[ )
' 4
® R
'/
[ J
National Aeronautics and
v Space Administration
Langley Research Center

Hampton. Virginia 23665
AC B804 827-3966




N

In what follows we first discuss the basic code structure, including
the overall program flow and a brief description of all subroutines. This
is followed by instructions on the preparation of input data, definitions
of key Fo;tran variables, sample input and output, and a complete listing
of the code.

3. BASIC CODE STRUCTURE

3.1 Overall Subroutine Flow Chart*

Fig. 3.1 shows the overall program flow, which is divided into input
(S1) and integration (M) routines. Input is via cards or from a restart
file (RS) which is automatically created as the calculation proceeds. If
an output flowfield file is being created for input to the A.R.A.P. radia- 3
tion code (STARAD), LU will either set up the file for starting a run or !
read the file which already contains flowfield information, for a restart t
run. IF, II, and LI are used for inputting and processing inviscid flow-
field data maps, while IP establishes initial profiles of velocity, temper-
ature, etc. for program-calculated profiles. IN prints all input data.

In the integration routine, S3 solves the finite difference equations,
utilizing output from VI for the turbulent viscosity, CC for the chemical
reaction rates, and SL to invert the matrix formulated in the implicit
solution of the species continuity equation. OT is the output routine and
all the resetting of variables, and step size controls are performed in M2.
EN calculates the mass entrained at each integration step while DS calculates
the displacement thickness and position o the "effective plume boundary"
for use in NASA/LRC boattail pressure calculations. TK and LP are inter-
polation routines while CP is used to save common and the flowfield files
for use in restarting the program.

Additional details on these subroutines are given below.

3.2 Subroutine Description

BOATCC Uses input on chemical reaction rates from S2 to set up appro-
priate terms in the matrix, which is to be inverted for solution
of the species continuity equations.

BOATCP Saves common and flowfield files (if created) for use in
restarting calculations.

an subroutine names contain BOAT followed by two alpha-numeric quanti-
fiers. The BOAT precedent is deleted in the descriptive paragraphs below.
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BOATLU(1)

BOATRS

BOATLU(O)

BOATIF

BOATIP

BOAT II

BOATLI

BOATIN

Figure 3.1

BOAT (MAIN)
INPUT INTEGRATION
BOATS 1 BOATMI1

BOATI1I

—{ BOATTK

BOATLP

BOATVI

BOATS 2

— BOATOT

4 BOATM2

BOATCP

BOAT code subroutine flow chart
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BOATDS

BOATEN

BOATIF

BOATII

BOATIN

BOATIP

Calculates "effective" plume shape (due to jet entrainment
effects) for use in external inviscid subsonic/transonic
flowfield calculations.

Calculates shear layer orowth rates from entrainment rules
yielding values of yy (PSII) and vz (PSIE) at the new
station, x + Ax.

Generates vector arrays VJOET (J, K, L) and VEXT (J, K, L),
containing the user-specified inviscid exhaust solutions,

in mapped streamline coordinates. The J index refers to the
dependent variable (1 =Y, 2=P, 3=T, and 4 = U); the K
index to the radial grid point (for the jet exhaust, K = 1

is the axis and K = KMAXJ is the plume interface; for the
external flow, K = 1 is the plume interface and K = KMAXE

i3 an arbitrary upper boundary); the L index refers to the
axial station XJET(L) for the jet and XEXT(L) for the external
flow.

Yields properties from the mapped vector arrays VJET and VEXT
by interpolative procedures. BOATII has the calling sequence
BOATII (ITYP, XX, PSIX, IMAXV, KMAXvV, IV, VECT, XV, PSV, V1,
V2, V3, V4, PSJ, FID, NREC). ITYP =1 or 2 indicates that a
standard jet or external flow interpolation for a local
propert will be made, while ITYP = 3 or 4 indicates that an
1nterpo‘ation for axial gradients of the jet or external flow
variables will be made.

XX is the value of X at which the properties are desired and
PSIX is the value of the streamfunction, {.

IMAXV is the total number of jet (IJET) or external flow
(IEXT) stations and KMAX the number of processed data points
at these stations (KJET or KEXT).

IV is the index of the inviscid mapped station such that
XV(IV-1) < XX < XV(IV) where XV is either XJET or XEXT.

VECT is either VJET or VEXT while PSV is either the jet
exhaust mass flow, ¥ j(PSJET), or the external flow value of
ve(PSEXT).

V1, V2, V3, and V4 are Y, P, T, and U respectively.

Prints all pertinent initial data, the chemical reaction
mechanism, etc.

Calculates initial shear layer or boundary layer prefiles
if the user does not specify initial data profiles.
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BOATLI
BOATLP

BOATLU

BOATMI

BOATMZ2

Interpolates in mapped vector arrays for property values

Interpolates for thermodynamic properties at the local
temperature

Used in setting up or reading flowfield files for input
to the STARAD code (only for NRAD = 1)

Controls the overall integration process via the following
sequence of calls and operations:

o The auxiliary dependent variables CPBAR, HSTAT, and Y
are determined.

o The turbulent viscosity is determined via a call to
BOATVI.

The allowable step size, Ax, is established.

o Edge conditions at the new station are determined
from the inviscid data map via calls to BOATII.

o The integration procedure is initiated via a call
to BOATS2.

o BOATOT is called to print flowfield profiles at
the user specified print intervals.

o The program is terminated if the axial station
exceeds XMAX.

o The main dependent variable arrays are reset into
the initial profile locations via a call to BOATM2.

0 Run and job times are compared with user specified
times and the above sequence is repeated if no time
limits are exceeded.

Primary functions are to perform step size checks and to reset
dependent variables after an integration step has been taken.
The following specific operations are performed:

o A check is per<ormed to determine whether the temperature
change along each streamline has exceeded the maximum
allowable change, TCONT. If so, the step-size, Ax, is
halved and the integration process is repeated.

o A check is performed to determine whether any mole
fractions become negative in the integration step. If
so, the integration process is repeated with a halved
step-size as above.

o The mass entrainment for the next integration step is
determined from the newly calculated profiles via a
call to BOATEN.

o The calculated dependent variables RU, RT, and RALPHA
are reset into the initial arrays U, T, and ALPHA in
an interval extended by the mass to be entrained in
the next integration step.

-5 -
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BOATOT

BOATRS

BOATSL

BOATS

BOATS2

BOATS3

BOATVI

Prints out properties at all radial points at print inter-
vals, PRNT or PRNTXC.

Reads in common and flowfield file (for STARAD radiation
gode input), via call to BOATLU, for restarting a calcu-
ation.

Solves the system of linear equations generated by the
implicit chemistry calculational procedure using a Gauss-
Gordon reduction algorithm with diagonal pivot strategy.

Main initialization routine which establishes profiles of
the dependent variables U, T, and ALPHA in evenly spaced
streamfunction coordinates; also reads and processes
thermochemical and inviscid flowfield data. The following
sequence of operations is performed:

o Parameters controlling the run type, grid resolution,
print interval, etc., and array of the dependent
variables and/or edge conditions at the initial
station are read.

o Inviscid flowfield data are read and processed into
mapped evenly spaced arrays via a call to BOATIF.

o If initial profiles are not read, a call to BOATIP
yields either shear layer or boundary layer starting
profiles.

o The dependent variable arrays are recast into evenly
spaced arrays in streamfunction coordinates.

o BOATIN is called, which prints pertinent initial data
and lists the chemical reactions considered in the
calculation.

Together with the subsidiary subroutines BOATCC, BOATEF,
and BOATTK, this routine comprises the chemical integration
package. BOATSZ2 additionally calls BOATS3 for each grid
point to integrate the flowfield equations.

Contains the finite-difference formulation of the axial momentum,
energy, and species diffusion equations. BOATS3 integrates the
momentum and energy equations by an explicit procedure and the
species diffusion equation by an implicit procedure, calling
BOATSL to solve the resulting system of linear equations.

Calculates the turbulent viscosity, XMU, for all grid points
using either: (1) the Prandtl Mixing Length Model with duel
length scale provisions for velocity maxima or minima at
interior points, (2) the 2-equation, ke2, turbulent kinetic

?nergy model or (3) the Donaldson/Gray eddy viscosity formu-
ation.
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Column

(1)

3-8
(3A2)

10-15
(3A2)

17-26
(F10.0)

27-36
(F10.0)

Column
1-72
(18A4)
Column

1-5
(15)

4.

Fortran Name

ITYPE

IFNAM

NAMAS

RTMAX

RTJOB

Fortran Name

TITLE(I)

Fortran Name

MPSI

NMPSI

NS

INPUT DATA PREPARATION

CARD 1

= (0 restart, = 1 new run

restart file name

flowfield file name - used for
input to STARAD radiation code

overall run time (minutes)

job time (minutes)

CARD 2

job identification

CARD 3

number of radial data points in user
specified initiel profile (IDELP = 1);
number of points for run in other
initialization options (IDELP = 0, -1)
(maximum of 50)

number of points for run if initial
profile is user specified (maximum of
50); for other options set NMPSI = MPSI

nu?ber of gaseous species (maximum of
25
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Column
16-20
(15)

21-25
(15)

26-30
(15)

31-35
(15)

36-40
(15)

41-45
(15)

46-50
(15)

Fortran Name

NR

NT

IDELP

IPRESS

IVIS

IMAXJ

KMAXJ

CARD 3 (continued)

number of chemical reactions (maximum
of 25)

number of temperatures at which thermo-
dynamic data (Card 15) are defined
(usually, NT = 22, maximum of 30)

indicator for specifying initial

radial profiles

= 0; shear layer profile calculated
internally

= 1; user specified profile

=-1; boundary layer profiles calculated
internally

jnviscid structure indicator
= 0; constant pressure mixing

= 2; BOAT overlaid on inviscid solution;
inviscid property data maps of
plume and external flow must be
input on Cards 17 and 18

turbulence model indicator
= 0; Prandt] Mixing Length Mocel

= 1; Donaldson/Gray Model

=-1; ke2 two-equation model (initial
turbulent kinetic energy profile
calculated internally)

=-2; ke2 two-equation model (initial
turbulent kinetic energy profile
specified on Card 13)

number of axial stations input for jet
ex?aust inviscid data map (maximum cf
50

rusber of mapped radial stations desired
in jet map (maximum of 25)




Column

51-55
(15)

56-60
(15)

61-65
(15)

66-70
(15)

71-75
(15)

Column

1-10
(£10.3)

11-20
(E10.3)

21-30
(e10.3)

31-40
(£10.3)

Fortran Name

IMAXE

KMAXE

I0UT1

I0uT2

NRAD

Fortran Name

RJ

XMAX

PRIT

CARD 3 (continued)

number of axial stations input for
external flow inviscid data map
(maximum of 50)

number of mapped radial stations
desired in external flow map (maximum
of 25)

chemical production terms (w) output
indicator
= 0 no output

= 1 w terms output for each species

production/depletion (RP/RM) terms
output indicator
= 0 no output

= 1 RP/RM output for each reaction

flag to generate radiation output
tape
= 0 no output file for radiation code

= 1 flowfield output file generated
for input to STARAD radiation code
(file name on Card 1)

CARD 4

initial axial station (ft), cannot he
0 for IDELP = 0, typically X = 0.7 RJ

nozzle exit radius (ft)

total length of run (ft)

i

print interval (ft)

R+ i
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41-50
(E10.3)

51-60
(£10.3)

61-70
(£10.3)

71-80
(€10.3)

Column
1-10
(E10.3)

11-20
(€10.3)

21-30
(E10.3)

31-40
(£10.3)

41-50
(£10.3)

Fortran Name

XCHANG

PRNTXC

FDL

DFOL

Fortran Name

XLE(1)

SIGMA(1)

TCONT

TKINET

CARBON

CARD 4 (continued)

change print interval at this axial
location (ft)

new print interval (ft)

multiplies program calculated step size,
Ax, in order to reduce step size. Useful
in initial regions with steep radients
(e.g., initial boundary 1ayersg; typical
value for initial boundary layers; FOL =
0.2, to supress oscillations. For smooth
initial profiles set FOL = 1.0

at each step, DFDL is added to FDL until
FDL = 1.0. In problems with initial
boundary layers, FOL = .2 and DFDL = .05
should prove adequate

CARD 5

turbulent Lewis number
turbulent Prandtl number

maximum allowable temperature change
permitted in an integration step (°K)s
typically, 5° % TCONT £ 10°K

chemical kinetics cut-off temperature-
chemistry assumed frozen below this value.
(1f TKINET = O, the default value of
400°K will be used.)

use only if writing output to file for use

in radiation calculations with solid carbon
in plume. If CARBON = 1.0, program will
calculate normalized radial distributions

of inert species for input to radiation code.

- 10 -




Column

51-60
(€10.3)

SRR T T T T W

61-70
(E10.3)

Column

1-10
(£10.3)

11-20
(£10.3)

21-30
(E10.3)

31-40
(£10.3)

41-50
(£10.3)

Column
1-10
(E10.3)

11-20
(£10.3)

Fortran Name

CNZINT

Cvisc

Fortran Name

p

u(1)

U(MPSI)

T(1)

T(MPSI)

Fortran Name

FFF

GGG

CARD 5 (continued)

mole fraction of Ny at jet exit (only
needed 1f CARBON = 1,0). If using this
option, set mole fraction of Ny in free
stream, XNZ e " .78973

multiplies values of turbulent viscosity

at initial station (default, CVISC = 1.0)

CARD 67

pressure (atm) for constant pressure
mixing solution

jet velocity (ft/sec)

external flow velocity (ft/sec)

Jet exhaust temperaturs (°K)

external stream temperature (°K)

CARD 7 (must always input this card even

if none of the parameters are used)

ratio of 2/6 in Prandt] Mixing Length

Model in nearfield shear layer region;
use FFF = ,065; must also be input for
ke2 initialization procedure

ratio of £/6 in Mixing Length Model in
fully developed region; use GGG = .08

; tIn overlaid procedure (IPRESS = 2) these values are redundant.

-1 -
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Column

21-30
(£10.3)

31-40

(E10.3)

41-50
(£10.3)

51-60
(E10.3)

61-70
(E10.3)

71-80
(E10.3)

Fortran Name

PSID

DELJ

DELE

usTd

USTE

RBUOY

CARD 7 (continued)

input PSID = 1.0 1if "effective" plune
boundary is to be calculated. Can only
be used {f IPRESS = 2; PSID must be set
= 0 {f IPRESS = 0

Jjet side boundary 'ayer displacement
thickness at nozzle exit plane (ft)

external boundary layer displacement
thickness at nozzle exit plane (ft)

jet side frictional velocity ratio
(default value of 1/30 built in)

external frictional velocity ratio
(default value of 1/30 built in)

bouyancy indicator; set RBUOY = 1.0 to

include buoyancy term in momentum equation.

w** Cards 8 and 9 are required only if IDELP < 0 (i.e., they are not
required for a user specified initial profile)

Column

1-10
(E10.3)

11-20
(£10.3)

Column

1-10
(£10.3)

11-20

Fortran Name

ALPHA(1,1)

ALPHA(2,1)

Fortran Name

ALPHA(1,MPSI)

ALPHA(2,MPSI)

CARD 8

mole fraction of first jet exhaust species

2nd species, etc. Total of eight species
per card

CARD 9

mole fraction of first external stream
species

2rd species, etc.

S———
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*e* Cards 10-i4 are re

initial profiles)

Column

1-10
(£10.3(

11-20
(£10.3)

Column

1-10
(£10.3)

11-20

Column

1-10
(E10.3)

11-20
(€10.3)

Fortran Name

RIN(1)

RIN(2)

Fortran Name

T(1)

T(2)
Fortran Name

u(1)

u(2)

quired only if IDELP = 1 (i.e., for user specified

CARD i0
nondimensional radial location (r/RJ) of
first grid point out of MPSI user specified
points. This point can be the lower edge
of a shear layer. Do not input RIN(1) = 0
for axis, start with RIN(1) = .0
radial location of 2nd grid point, etc.
continue with a total of eight values per
card

CARD 11
temperature of first grid point (°K)
temperature at 2nd grid point (°K), etc.
eight values per card

CARD 12
velocity at first arid point (ft/sec)

velocity at 2nd grid point (ft/sec), etc.,
eight values per card

*** Card 13 is reguired only when IVIS = -2 (i.e., when the TKE option is
selected with a known initial turbulent kinetic energy profile)

Column

1-10
(E10.3)

11-20
(€10.3)

Column

1-10
(E10.3)

Fortran Name

XK(1)

XK/?2)

Fortran Name

ALPHA(1,1)

CARD 13

turbulent kiretic energy at first orid
point (ft?/sec?)

turbulent kinetic energy at 2nd grid point
(ft?/sec?), etc., eight values per card

CARD 140

mole fraction of 1st species at st point

- 13 -




Column

11-20
(€10.3)

Column

1-10
(£.10.3)

Column

1-4
(A4)

7-16
(E10.3)

17-26
(£10.3)

CO] umn
1-10
(F10.4)

11-20
(F10.4)

21-30
(F10.4)

Fortran Name

ALPHA(2,1)

Fortran Name

ALPHA(1,2)

Fortran Name

AID(1)

WTMOLE(1)

HF(1)

Fortran Name

TT8(1)

CPTB(1)

GTB(1)

CARD 14.1 (continued)

mole fraction of 2nd species at 1st point;
continue to NS species, eight per card
CARD 14.2

mole fraction of 1st species at 2nd point,
etc.

continue to Card 14.MPSI in a similar
manner

*** The next group of cards contain the thermodynamic data. The order of
the species must be consistent with that on Cards 9 or 14. For each
specie:, the first card contains its name, molecular weight and heat
of formation; the second and subsequent cards contain the temperature,

gibbs free energy and static enthalpy, input exactly as presented in
the JANNAF tables.

CARD 15.1.1

name of 1st species (H20, COp, etc.)

molecular weight of 1st species

98

heat of formation (AHf2 - kcal/mole)

CARD 15.1.2

temperature of 1st species at 1st date
point (°K)

Cp of 1st species at 1st point, (cal/mole-°K)

Gibbs free energy of 1st species at Ist
point -(F°-H°298)/T, {cal/mole-°K)

- 14 -




Column Fortran Name CARD 15.1.2 (continued)
31-40 HTB(1) static enthalpy of 1st species at 1st
(F10.4) point, (H°-H°,g0), Tkcal/mole)
41-50 TTB(2) temperature of 1st species at 2nd point ;
(F10.4) |
51-60 CPTB(2) 4
(F10.4)
61-70 GTB(2) < same as above at 2nd point
(F10.4) ;
71-80 HTB(2)
(F10.4) \_
Column Fortran Name CARD 15.1.3
1-10 TTB(3) temperature of 1st species at 3rd data
(F10.4) point, etc. This is continued until the

data at all NT points (input on Card 3)
is specified for the 1st species

Column Fortran Name CARD 15.2.1
1-4 AID(2) name of second species, etc. Repeat the
(A4) sequence of cards 15.1.1---15.1.(NT/2)

for each of the NS species

*** The next group of cards contain the chemical reaction mechanism, the
reaction type indicator and associated rate coefficient data. The
order here is arbitrary.

Column Fortran Name CARD 16.1 - First Reaction
1-6 210(1) snecies A
(R6)
7 + sign

- 15 -




8-13
(A6)

14

et At A R L Al

e RN

15-20
(R6)

21

22-27
(A6)

28

29-34
(R6)

35

36-41
(R6)

42-48

49-50
(12)

51
' (1)

52-59
(E8.2)

(F&.1)

64-72
(F9.1)

Column

Fortran Name

21D(2)

+ sign

ZID(3)

= sign

ZID(3 or 4)

+ sign

210{4 or 5)

+ sign

Blank or ZID(5)

leave blank

IRR(1)

IRT(1)

RC(1,1)

RC(1,2)

RC(1,3)

CARD 16.1 (continued)

species B (or M)

(if needed)

(Blank or M)

species C i-

(if needed)

species D (or M)

(if needed)

species E (or M)

reaction type, 1 to 10 (see NASA CR-3075)

rate coefficient type, 1 to 8 (see NASA |
CR-3075) q

pre-exponential factor, A, (cm-molecule-sec
units); note that k¢ = AT-N exp (B/RT)

temperature exponent, N
activation energy, B (cal/mole)

- 16 -




*+* The next group of cards comprise the inviscid flowfield data and
required only if IPRESS = 2

are

Column
1-2
(12

6-15
(E10.3)

Column
1-10
(E10.3)

11-20
(E10.3)

Column
1-10
(E10.3)

11-20
(E10.3)

Column

1-10
(E10.3)

11-20

repeat procedure of Card 16.1 for each reaction

Fortran Name

LMAP

XJET(1)

Fortran Name

VIET(1,1,1)

VJIET(1,2,1)

Fortran Name

VIET(2,1,1)

VIET(2,2,1)

Fortran Name

VJET(3,1,1)

VJOET(3,2,1)

CARD 16.2 - Second Reaction

CARD 17.1.1

number of data points for Ist jet station
(maximum of 25)

axial location of 1st jet data station (ft)

CARD 17.1.2
radial location (ft) of 1st point at 1st
station (must be axis point)

radial location (ft) of 2nd point at 1st
station, etc.

CARD 17.1.3

pressure {atm) at 1st point

pressure (atm) at 2nd point, etc.

CARD 17.1.4

temperature (°K) at 1st point

temperature (°K) at 2nd point, etc.



Column
1-10
(E10.3)

11-20
(€10.3)

Column
1-2
(12)

6-15
(£10.3)

Column
1-2
(12)

6-15
(£10.3)

folumn

1-10
(£10.3)

11-20
(€10.3)

Column

1-10
(10.3)

Fortran Name

VJET(4,1,1)

VJET(4,2,1)

Fortran Name

LMAP

XJET(2)

Continue supplying
all IMAXJ stations.

Fortran Name

LMAP

XEXT(1)

Fortran Name

VEXT(1,1,1)

VEXT(1,2,1)

Fortran Name

VEXT(2,1,1)

CARD 17.1.5

velocity (ft/sec) at 1st point

velocity (ft/sec) at 2nd point, etc.

CARD 17.2.1

number of data points for 2nd jet
station

axial location of 2nd jet station (ft)

jet data in this sequence for

CARD 18.1.1

number of data points for 1st external
flow station (maximum of 25)

axial location of Ist external stream
data station (ft)

CARD 18.1.2

radial location (ft) of 1st point at
1st station (must be at inviscid plume
interface)

radial location (ft) of 2nd point, etc.

CARD 18.1.3

pressure (atm) at 1st point, etc.

-18 -




Column Fortran Name CARD 18.1.4

1-10 VEXT(3,1,1) temperature (°K) at 1st point, etc.
(€10.3)
; Column Fortran Name CARD 18.1.5
f 1-10 VEXT(4,1,1) velocity (ft/sec) at 1st point, etc.
(E10.3)

... Continue supplying external flow data in this
sequence for all IMAXE stations.




ALPHA(J,T)T

CPBAR

HSTAT

PSI

RHO

SIGMA

WDOT(J,I)

WTMIX

XE

XK

DEFINITIONS OF KEY FORTRAN VARIABLES
AND PROGRAM WORKING UNITS

mole fraction of species J (input at
grid point I); redefined in BOATS)
as ALPHA(J,I) = ALPHA(J,I)/WTVR where
WTVR = mixture molecular weight

specific heat of mixture, ft?/sec?/°K
static enthalpy of mixture, ft?/sec?
pressure, lbf/ft2 (input in atm)

mass flow (radial) coordinate,
(slug/sec)s

density, gm/cm?
turbulent Prandtl number
temperature, K°
velocity, ft/sec

chemical reaction rate of species J at
grid point I, mole/cm®-sec

reciprocal of mixture molecular weight
axial distance, ft.
turbulent dissipation, (ft/sec)?/sec

turbulent kinetic energy, ft?/sec?

*Note that RALPHA, RT, RU, RXE, RXK are values of these dependent
variables at the end of an integration step.
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turbulent Lewis number

turbulent viscosity, slug/ft-sec

radial distance from axis, ft




6. TEST CASE

Input and output for a sample case are given in this section. The case
is a nearly perfectly expanded cold air jet, with a total to exit static
pressure ratio of 2.0, and is one of the cases analyzed in NASA CR-3075.
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6.2 Sample Output

Some terms that appear on the output and are not defined elsewhere, or
whose definition is not obvious, are defined below.

PSIBAR Nondimensional mass flow parameter.

MASS FLOW PARAMETER for JET, Inviscid map, = PSI (JET)
for EXT, Inviscid map, = PSI (EXT).

ENTH-TKE  If ke2 turbulence option used, this column prints the turbulent
kinetic energy, XK, in ft?/sec? - for all other options it
prints static enthalpy in cal/gm.

PR-XE If ke2 turbulenc: option is used, this column prints turbulent
dissipation, XE, in (ft/sec)?/sec - for all other options it
prints static pressure, in atm.

XBAR Axial distance/jet radius.

PSID Value of PSI at dividing streamline.

PSI(X) Value of PSI at edge of shear layer.

Y(MPSI) value of Y at edge of shear layer.

SLOPE dY/dx at edge of shear layer.

v/u Ratin of normal to axial velocity at edge of shear layer.

DEL*(X) Local value of 8"

DEL*(X-DX) 6* at previous station.

ROIV Radius of viscous dividing streamline/jet radius.

REFF Radius of effective body/jet radius.
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STATION NUMRER 1

P

S W,

\{
«177649E4+00
«18910E+09
«24082L+00
«28758F£+00
«33185F+00
«37666E+00

STATIUN NUMBER ’

P

OV W -

Y
«129580E+00
« 18649 +00
«23B27TE+V0
«?28533E400
+32991€+00
«37298L400

STATIUN NUMBER 3

4

NS W e -

STATIUN

P

[« N RN N

Y
«12223+00
«18271€+00
e 23446400
«281580L+00
+32623E+00
«316938E00C

NUMBER 4

Y
«12025L+00
+18B088E+0Q)
«?73295RE 00U
«2T7TI64L 00
e ¥32N2HE4D)
167601 00D

Exis INVISCIO MAP

AXTAL LOCATION =

4
+ICHRALE 400
2 ANHKNAF 200
«RA300F +00
«RAH2 7t 400
«BA456R2F 400
«HA3]156L 400

AYTAL

P
<9031 7F 400
« 90105t ¢0Q0
+B9R12E+N0O
«RIKOTE 400
+RG4L54E N0
+HIZILF ¢NO

AXIAL

P
«B979AF +90
«R9T7T35F 400
+«B89610E+00
+R9%91F 00
+«PYILARF 00
«B89299F +00

Aviat

4
+RIHHTE 0O
«BA572t 400
«A045RF +00
«PAYTIE +00
«P2302[ 0D
«PQ2191 +00

]
«?9H26E+0])
«29781E+9)
«29733E40)
«2970RE+03
«?9691€E+03
«2967HE+D]

LOCATION =

T
«29773E+03
«29752E+013
e 29725E20)
«29705E+03
«29691E+03)
« 296 80E+0)

LOCATION =

1
«29723E+3)
«29718{+0)
+29706E+03
«29694E+03
«29685€4+01
«29676E+0)

LICATION =

1
«29710€E+03
«29702E+013
«?29691E+03
«29683E+01)
« 786 77E+01
«29671F+03)

0.

u
«396644E403
«@0RBI4E+0)
«42198BE+03
«42888E4+03
«©3337E+0)
«43663E4+0)

«HP065E-01

U
«41295E4013
«41796E401
«42490E¢0)
«42982F 401
«43350E403
«43638E+03

«14706E+00

U
«429514E+03
«+&52680E+0)
+&29BRE+0)
«*3275E+0)
+43520E+¢0)
«%3730L+03

«23638E+00

u
042895E40)
«63096E+03
«h3364E+0)
e43564E¢03
«*3731F+03
«HINTRI 40

MASS FLOW PARIMETFR »

PSI1BAR

0.
«20000E+00
«%0000E+00
+60000E+00
+B0000E+00
+10000E+01

MASS FLOW PARANMETF? =

PS IBAR

0.
«+20000E+00
«20000€£+00
«60000F +00
+80000F +00
+10000E+01

MASS FLDW PARAMECTEFR =

P IBAR

«20000€+00
+40000E+Q0
+« 6GO00E +00
+B80000E+00
«10000€E+01

MASS FLOW PARAMETER »

PSIBAR

0.
«20000€+00
«%0000E +00
«60000¢E+00
«80000L+00
«+10000€+C]

« 191 7SE+00

«39142E400

+« 3976 6E+00

«+ 39N16E+00




STATION NUMBER 5

P

WS WA -y

Y
«11322F+00
«17966E+0N
«23133E+00
0278"“5"00
«32314¢400
«366375+0G0

STATION NUMBER b

4

WS WA e

1o,
"

Y
«11835E+00
«17881F+00
«23045E+400
«27755E4+00
«32225E40D
«36550E+00

STATIGON NUMBER I4

p

v WA -y

Y
«11791E+00
«17835E400
«22997E4+00
«27707E+090
«32179E+00
+36506E400

STATION NUMBER 8

P

W N -

Y
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«30011E+00
«04556E4+00
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p
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1
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« 29675403
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T
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U
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«44919E+403

MASS FLUW PARAMETER «

PSIBAR
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0.
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MASS FLOW PARAMETFR

tSIBAR

0.
«20000E+00
«40000E+00
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0.
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«40000E+00
«60000E+00
«BOOO0OE+CO
«10000E+401
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JET SIDE BNUNDARY LAYER PROFILE FROM | = 1 13 3
ENTHALPY ce ML Wl GAS CONST GAMMA SOUND SPEED MACH .
~«BB6HI2E +04 « 10893 +0DS5 o ?BRGOF 40?2 «31040E+04 «13985¢€+01 «10169C+04 «10999F4+01
kKIN U T TERM Ux ™ DUMA NUMB
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PHYSICAL Y DISTRIBUTIUN
«11993€¢€+00
«12252E+00
+12511E+00
EXTERNAL AUUNDARY LAYER PROFILE FROM [ = 4 TN 49
ENTHALPY cPp MOL WT GAS CONSY GAMMA SOUND SPEED MACH
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ﬂ «20000E+Q0 «33670E+03 «307131€4+n3 e 22949E+0) «©2901E+03 «29707E+03 ¢e53869E-02 «eHhhHh699E-01
f « 222228400 «36127E+012 «3JO017E+03 «21816E+00 «42901E4013 «29707€+012 «6409NF~-02 «7T1548E-01
} W 2464644 E400 +34555E+401 «30003F+013 +20759€6+00 «42901E+012 «29707€+03 e T4841F~-0? «75161E~01
{ «2666TE+00 «34962E+03 «29390F +03 «19761€E+00 «e42901F+03 e 29707€+403 «e86051F~-0> «ANS552E-01
| «2888B9E+00 «353649E+03 «+?9378E+013 «18810E+00 «42901t+03 «29707E+013 e376%1E-02 «BLT32E~01
F +31111E+00 «357272E+03 «279966E+013 «178B98E+00 +42901E+03 «29707F+03 «10957<-01 «38709E-01
| «33333E+00 «360382F+03 «29756E401) «17019E+00 «42901E+03 +29707E+403 :12175€-01 +V2491E-01
V «39556L+00 ¢ 3h431E+03 «”7994272F 403 «16167E+00 +972901€403 «29707E+013 «13411F-01 « 360841 ~-01
[ «37778F+00 «36770L+013 «e?79931¢+03 «15339E+00 +42901E+03 «e29707€E+013 ¢« 14660F=01 eV7493E-01
! « GO0VO00E+00 «37100E+01 e 2992NE+03 145336+ 00 «42901F£4+03 «29707E4+03 «15915F-01 «10272E400
‘1 42222400 « 37473E+01 «729307%E+013 «13745E+00 4?2301 E+013 «79707FE+03 «e1717NE=-N1 +»1057THE+00
Ml WlhbL OGN +00 «3773IHESO3 «279HIRE +]] «12976E+00 «42901€E+03 e 29707E+03 «18418F-01 «17866E+00
-




« 46667 +00
+488B9E+00
«51111E+00
«53333F+00
«995956E+00
«5777HE+00
«60000E+00
«62222E+00
s 644644LE+00
«66667E+00
«68883E+00
«71111E+00
«73333E+00
«75556E+00
«77778E+00
«80000Lt+00
«82222E4+00
«B4444E+00
«B6667E+00
«8HHBIE+00
«91111E+00
«33333E+00
«35556E+400
«97778E+00
«10000E+01

«38045E+01
«3R346E4+03
+3B640E+03
« 38926t +013
+ 39206L+013
e 374 7RE+0)
«39743E4+03
« 40000F +03
«40249E+03
«404B9E+01
+40721E+01)
«40943E+403
«41157E+03
«41360E+03
«%]1554L4013
«41738L+013
¢41911E+03
«420746E+03
+42225E+01
«42366E4013
«424956E+03
042616E+03
«42721E403
«42816E+03
«42901¢E+03

PHYSICAL Y DISTRIBUTINN

«12530E+00
«12909tE+00
«13306E+00
«13703E400
«14099E£+00
«16496F+00
«164893E+00
«15290E+00
+15687E+¢00
«16084E+00
«e16481€+00
«16877¢+00
«17274E+00
+17671E+00
«18068E+00
«18465E+00
«18862F+00
«19259E400
«19656¢t+00
«20052E+00
e20643L+0N

«798B7F4+03
«?9877F 403
«29365F4+01
« 298564013
« 2984 6F +03
+7983AF+013
« 2992 7F403
029917F+03
«?9830PRF+03
«”?9739F+03
e 29791E+03
~729782F +01
«29774E 403
e 29767F+03
«29759E+03
« 29752 +013
«29746KE4+01)
«?79739F+03
«29734E403
«29728E+03
«”?9723F+03
229719E+03
«29714F+03
«29711E4013
«?9707F+03

«12223E+00
«116487E+00
«10768E+00
«10064E+00
«93768E-01
«B87065E-01
«80537€-01
¢ 74190E-01
+686030E-01
«62065E-01
«956304t-01
«50754E~01
«40320E£~01
+35452E-01
«30827E-01
+266451E-01
22332t-01
«18474E~01
»14882E-01
«11562E-01
«85150£~-02
e57447E~02
«32521E-02
«10377¢-02

¢47901E+03
«42901¢E+03
«42901E+03
«42901€£+03
+42901E+013
¢92301£+03
«42901E+013
+42901E+01
«42971E+403
«42901E+03
«42701E+03
«62901E+03
«42901E+03
«42901E+03
«42901E+03
«42901E+03
«42901E+03
«42901€+03
+42901E+03
«42901E+03
«4290iE+01]
+42901E+03
«42901 €403
«42901E+03
«42901€+03

+29707E+01)
«29707E+403
«29707E+03
«29707F+03
«29707E+03
+129707E+403
«29707E+403
+29707F+03
«29707€+03
«29707€+03
«29707€403
«29707E+403
«29707€4+403
«29707€E+03
«29707E¢03
«29707€+03
«29707E+03
«29707£403
¢29707€+03
«29707€401
«29707€+03
«29707E+03
«29707£¢03
«e29707E+03
«29707E+03

«19655F-01
«208764F~-0D1
«2?20K9E-01
«23236F-01
«2413170E~-D1
+254H5F=01
«26519F-n1
0 27525E-01
«2B4R2F=01
«29386F-01
«30233€~-01
«31022F-01
«31750F-01
«33020F=-01
«335K0F-N1
«36036F=01
¢+ 346449€-01
«34800%FE-01
«35090F=01
+353?21E-01
«35495E-N1
+35615F-01
¢35%6R5€E=-01
«35707F-01

«11138E+00
e11393E+00
«11632E+00
«11856€E+00
«12064E4¢00
«12258E+00
«12437€E+400
«172602F+00
«12753E+00
«17891E+00
«13016E+00
«13129€E+00
«13230F+00
«13319E+00
«13398E+00
«13466E+400
«13525E400
«11575E+400
«17616E+00
«13649E+00
«13675E4+00
e13694¢+00
«11706E+00
«13714E+400
«13716E+00




«20846E+00
e212631400
«21640¢+00
«22037E400
«224364£+00
«22830E+00
«23227E+00
+23624E+00
«24021E+00
«264418F+00
«24815E+400 f
«25212E+00 )
«25608E+00
«26005E+00
+26402E+00
«26799E+00
«27196E400
«27593E+00
«27990E+00
«283B6E+00
«28B783E400
+29180E+00
«29577E+00
| <299 74E+00
; +30371E+00




AERONAUTICAL RESEARCH ASSOCIATES OF PRINCETON
AXISYMMETRIC MIXING WITH NON-EQUILIRBRIUM CHEMISTRY

TEST CASE 1 - WITH INVISCID FLOW MAPS

INITIALIZATION OF BUAT RUN» RESTART FILE - » BOAT-SPECRA FILF - 78709720,
PPESSURE(INTITIAL) = +B961563E+00 ATMOSPHERES

NGCZZLE PADIUS= «1250000E+00 FEFT BUOYANCY FACTOR = O,

LEWIS NUMRBEP(CUNSTANT)+ . 1000000E+01 PRANDTL NUMBER(CONSTANT)# «1700000€+01

X INIVIAL(FEFT)= »1000000E-01 X FINAL(FEET)= « 3000000F+91

PRINT TNCREMENT= «5000000F+00 MINIMUM STEP SIZE= «109200NF~09

KEZ2 TUPRULENCE MODFL

JET EOGE
TEMPEPATURFIDEG. KELVIN) «2382354E+01 «2970733E+03
VELNCTITY (FEET/SECOND) +1118556E404 «4290072E+03
MOLF FRACTION 02 «2100000E+00 «2100000E+00
MOLF FRACTINN N2 « 7900000E+00 + 7900000t +90




i

X

h -
-

QI NPT IAES W\

« 1000000E-01 FFET

| WA

« 3020008 -01

Y/R

«I594

717

«IBG?
1.2268
1.0872¢
l.1311
L.l 7h9
1.2203
1.7617
1.3015
1.36400
1.3773
15135
1.4488
l1.4812
1.5169
1.9498
l.o9%21
l1.6138
1.6450
16756
1.7058
1.735%
1.7668
1. 7937
1.3227213
1.9505%
l.378%
1.92060
1.4333
1.9603
1.987])
2.0137
?2.0400
2.0661
2.0920

QFLTA x FEFT
«924131F-03

vFLacity

FEETZSEC

«11LlH56FK206
«104B77E 8N4
«934494E 403
W ?71170Ee0)
«2FANLKHLINY
«31221410M)
«322009F ¢ 03
« 3281 4L 0D
«34HAT2E¢N)
«342020F +M
D IQTIDTTEAND
«351705t+03
«395994L 40
«369006L 401
+3537Q@7F 0
»3J67373L40)
« 372 7H3E + Y
«3740520 03
«377180F+0)
+3JB0184E+D]
PELEDYETI XS]
+30585%4L¢0)
«344533E+03
«3791114F+03
« 33360284013
+3960001 ¢01
«39A311L403
«%09530t +03
«4026THF &N
%049 7320+0)
«40h697EeN)
«%J1582L 40
s4l039NESN)
«4l1?2121F+03
1377760
1934} 4003

VEST CASE 1 - Wi

TEMPFRATUOL
"

«?3823151403
«?49CYINES0}
«2 TNRGOL+0)
23021244 0
«301423¢ ¢02
«301N0346¢ 402
+100T749E 402
«300517c+03
«310N318€4+03
«INN142E+03
e 29998 3E 403
«?99835L+03
«279696E403
«?39564E403
«?99439¢ +0)
12993196401
+?299204F+03
+79707%1E 023
»2902R5E 403
«7QABN] L +0)
»?99780F + 03
«?90KA2L +0)
A LLL N RYE ]
2+ 2984095 40)
«FRGO0AE D)
«299319¢ 403
«239215F40)
+2981%4F+03
«299075E 403
«?37399¢L +03
«?97026(+C)
«?9785HL+0)
«2977HHF 403
«?97723E403
«?97HH1L 01
22976011 40

PRESS(..TM)
«H3H6106E£400

DFNSITTY
6MICC

«132775%E-02
«12K617L-02
«119338E~02
«103551¢E=-02
«105988¢E~-02
« 105991F -02
«10635HE~02
«106102E-02
«106137¢ 02
«106166F-02
«10h184F=-02
»1067201F-02
«106215€~02
«106225€-02
«1062340-07
«10K62418-02
«106266E-02
«106250E-02
+10Hh252E-02
«10K6251E-02
+ 1062 60F~-02
» 1062 64F-0?
«106219E-02
«106233E-02
+106226F-02
«106218€-02
«10h?209F~-07
«1UB1LYYE-02
« 1061 FHE-0D2
« 1061 77E-02
elUDLbGE-0?2
«106150F-02
«10A115F-02
«106130F-0?
«106131E-02
10K 30F=02

MACH NO.

«109392€401
«101691€+01
49T 74E+00
«?236953E4+00
+260731L+00
«273303k+00
«2820645F 400
«2HP9S6E+00
«296798¢ 400
«299R35E+00
« 10413469t ¢+00
+«30B4BIELO0
+312316E+400
+3)5305E40Q0
+«319290E+00
«322501E+00
«325561E+00
«328487E400
+»331294E4+00
«333990¢+00
«336584E400
«339083E+00
«36149]1E+00
«343413E400
«346051E400
«348210E¢00
«3950290L+00
« 352235k 400
+3564226E+00
» 3156078k +00
+357850E 400
+»359551E400
«3bllE2E+00
e 162765E 400
«3h6241E4QU
« 3h5660F 200

INVISCID FLUW MAPS

ENTH-TKE
CAL/G™
0.

«324673E205
«126812L¢05
«258583E4013
+4936T3I7E400
«175393E404
«1062864E004
«7TT6454E403
«h13695F403
«508089E+01
«444330L403
«399834E+03
«366008E¢03
«339437¢403
«317898(+403
«299900E+03
«2B64]16F003
«270721€403
«258309E+03
+246R00F+03
«235948E4+013
«225567E+03
+?215526E€E403
«205736E403
«196119E40)
«186698F+03
«177395€6+03
«168220F¢0}
«158616t+0)
«14B3I97E¢0)
«138829E¢012
«130115€+03
«121%96 403
»113309t+0)
«1L06688E+03
2 7522958402

visenstTy

LA/FT/SFEL

N,

L 41ISHARE-02
2264283002
.3111534r-03
«?69780F=9]
171131 =n)
13112931201
L11355-9)
L101151€-01
225608202
SRA2I1IE-02
ALAKIGE-D2
. 7R3179€-02
2 754575F=0N2
. 7302345202
,7N01n7E-02
cAANTASFE .02
Wh7I174E-n2
WHSRISTE=N2
54351 4F =02
FELIELY Y
A1S179F-n2
H01274F-02
S SAT44RED
25715436202
.5595%aF-02
. 545141F =02
«S11I24%E-02
+515530€-02
$498450F=92
WHRN2240F-N2
M LLLD L
2 451294F-02
+ 435534
H1R243F 202
,‘QQ’Q??—Q?

PA

PS1

«202797£4+00
»205285E+00
«207773€400
«210262€4+00
«212750E4+00
«215238E+00
«217726E400
«?220214E400
«222702F+00
»225191E400
«2276731 400
«230167E400
«232655E+00
¢235163€400
«237631E+00
«?640120E4+00
«242608E+00
«245096E¢00
«?267584E400
«2%50072E+00
«252561E400
«255049E¢00
«257537£+00
+260025E+00
«262513€4¢00
«263001E+00
«267490E+00
« 2699 78E+00
«2724606E400
«276954E 400
«277642€+00
«279931E+00
«2824)19E+00
+2R6Q07E+00
+?B7395E 400
«?R9BAB3E+00

r

1 78/09/720.

PR-XF

0.

«175652€E¢10
«478769E+09
«126854F 07
«420566E407
«107029€407
«506876E+06
«315252€4+06
«221412€400
« 166876006
«136471E+06
«116496E+06
+102028E+06
«911217€¢05
»825B78E¢0%
« 79567426405
«698032€+05
+ 6490326405
«60491 /€405
«564939€+405
+»52800Q0€E+05
«493624E405
«4561034E+05
«4299B2E+05
«400249€E+05
«3717028905
«344266L 405
«317908E+05
«2910T4E*05
o 263404E405
«238344E¢05
«216260L+05
«1953718+09%
e 1757464E¢05
«155627€405
«135407€+05

|
|
|
§




37
3%
319
&0
61
&7
L%}
(Y
“5
“h
.7
LY ]
49

2.1177
?el1632
2.1688
2.193K
7.2188
?e2%37
2e?bRB5
2.7911
2.3177
?2.3621
2 VRhhHG
243906
20167

REICLERI N
wG1H26 T 4N
«H14993E 401
«6?2Mbne 0}
42209598403
231595 400
262094401
629146k +0]
W 2H06F 401
426918403
2 THTINEAN3
YL ERSER IS
24007

W 297544F 407
e2QT690F+CY
«2974639¢403
«2973904 4013
«?973%4E401
«?97371E4013
«?97261F4C3
2972236401
«297187£+03
+?9715%E4071
«29712hEeC)
« 7297098 +0 3
«?297NT73H 403

.106121E-07
1061276 =02
DKl 26F-02
1061720802
«1060115F-07
.106108(-02
.1CHh101F-~02
L10H03E-02
J0OKDBGCE-02
« 1062 76E-02
106763802
«1060%21-02
«1060647F-02

+ 1A T7004F 400
«I6H282L 400
«1h94697F 400
«370669E4060
«371724L400
+ 372729400
»373673F ¢00
« 374 558E 400
. 179380E£400
+3176124E400
«376811E+00
217764628400
»3178019L¢00C

«BHIRIOESO2
« 7953501 402
«777003F402
«h91721E4+02
e 749611402
«510094F402
4HINR220 402
«3990A2E+02
«3V1BT40E¢N2
«2H5081E402
«?244083€6402
«206553L¢02

0.

«JAIHILF-N2
CVASI54F -2
RTLLYS I ¥
119273602
.1101n9€-n7
J2I2165E=02
«?2755K1F-02
.?5A3280-02
?IRIINE-02
221234 7F=N2
W 2N201 7702
1R6a1IF=N2
n.

«292371E+00
+2948B5H0E 400
+?9734HE4+00
2»299836E400
«302324f+00
«304R12E+D0
«307301E400
«JO97HIE+0D0
«31227TE+00
+314765€490
«317253E+00
+319761E+00
«322230E400

+118217E405
«103664E405
+903209E +04
e THH61GE 04
«635211f +04
»530636£404
s h54664E 208
«367347E4+06
«2BT7266E 404
«2217BTE 406
«175708F¢06
« 136783 +06
o.




L L17070008-01 FFFY Te51 CASE | - Wil [HVISCID FLOW MAPS RAGE 1 78/09420.

MULE FRACTIONG

P11 11 a2 "2 e Ty
R ER] ] oY
] P L L2108 609 L79000F N O, Ve 0. 0. ",
? LQ715h L21009F 00 L7900NEe0) 0. ). U 0. 9.
3 « I H $210008 ¢ 0 L7905 8N 0. e G, O v,
i 0 1.07677T  L210U00ESD0  L790791+00 L. 0 C. 0. a2,
5 1.0R1%4 «21000¢ 30 L79N00F 00 0, 0. n. 0. n.
¢ 1.13110 L21UN9Esu0 .79007Fen9 0, 0. 0. 0. Ve
7T 1.17687 L2100 N0 L790MF 600 O, 7. 0. n. .
¥ 1.22027 210008400 <7I090E+0) O, 0. 0. 0. 1.
G 1.26171 210077400 L.19000Fe00 0, 0. 0. 0. .
16 1.3019%% .21000F +0C .79000°409 C. 0. 0. 0. L
11 1.3091 210096490 .77000: N0 O, n. 0. 0. ",
12 1.37729 219908 400 . 790005800 O, V. 0. 0. .
13 1.61351 21009k 496G .7990084N0 0D, 0. 0. 0. e
16 1.64R79 AL PIXBL .790007 00 O, 0. 0. 0. T
1 19 1.693722 210008620 .7A000F 400 O,
16 1.51687 «21000€¢)0D . 790NGF+N0 O,
17 1.59%7 «21000F ¢ UU .T90N0F+20 0.
Iy 1.94213 «?21007€ 400 L.79000E800 0O,
19 1.6138) L21000E €00 .79000F+09 0,
20 lebutno <2 1000F s010) L79000F 90 0,
21 1.6754) .21000k 400 .T79C0NF8N0 €.
22 1.70949 «2 10008400 . 790005 +00 O,
23 1.73%9%2 «?2100NE+00 L79000€690 U,
26 1.75%93 21000t 400 L790NC" + 33 O,
2% 1.79376 «?10N0F ¢ 00 L. 79090FsN) O,
?h 1.827230 210008 en0 .790INF420 O,
2T 1.R5051 210008400 .790N0FeN0 O,
28 1.87H40 +210072F ¢ 00 .79000F+N0 0.
27 1.89059 2100860 .72090E4D0 0O,
310 1.931329 21009k 400 L. 79090F400 O,
31 1.96033 L21009E 90 790907800 D,
32 1.9A711 «21000¢ 400 L73000F 400 C.
11 2.0C135¢ «21000Es00 .79000F400 O.
16 2.01998 210Ut 97 L. TI00NFeN) O,
1Y 7.0m8608 «21000F +00 .770N93€490 0.
36 2.0713R 7 1000E+ DD L 79000F 4073 O
17 2.11759 22100778 800 LTUNINFeN ) G,




38
39
40
41
42
43
44
45
Hho
47
48
49

¢.14322
2:16858
2.13378
2.21882
2424373
2.26850
2.29314
231767
2.364208
2436639
2.39060
2.41472

«21000t+00
«21009t +00
«21000E+00
«21000¢ +00
+71000E400
«2 1000t +00
«21000E+00
«21000E+00
«21000E+00
«2100JE+0Q0Q
«21000F +0Q0
«21000E+00

«79000F+N0
+» 79000F+00
« 73000F +00
« 79000F +00
« 7C0D0E+DO
«79000L+00
« 79000F +00
+ 790N0F +00
« 7900NE 400
« 79000k +00
«790N0L+00
« 7T3000E+00

XBAR

«2089732
«461243

« 7173669
1.087471
1.401920
1.71731319
2.033670
2.350822
2.668825
2.98790¢4
3.308306
3.630079
3.9533613

PSID

«208797
« 208797
«208797
«208797
« 208797
« 208737
«20R 797
«208797
« 208737
«208797
« 208797
« 208797
«208797

Pl (X))

«32502F
«32R132R
«379420
«329999
»33013191
«330777
«331134
e331471
«331794
«332106
«332409
«332705
332995

Y(MPSI) -

«3013357)
«30554895
«305563
«1049146
« 306577
«INL3K0
«304109
«303778
«303430
«303284%
«303121
«302346
«31028640

SLO?t

«012500

«04535%
-.017112
-¢017985
-.005355
-.0081135
-+00850)
-+ 008B6HA
~+003912
-.004223
‘0002‘40"1
-.002721%

0.
0.
Oo
0.
Do
Oo
0.
0.
D
0.
0.
0.

vsiy

-.2952026
-.062037
~-.0631613
~.032826
-.017017
-+0156760
-.018777
-.018602
-«0181368
-.013257
-.013290
-.011231
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7. LISTING OF BOAT CODE

A complete Fortran listing of BOAT, as presently used on the NASA/
Langley COC CYBER series is given in this section.




TS a0 v b R e Ll e o S . -/ A
i Mg IR N g s '

PROGRAM BUAT (INPUT,OUTPUT, TAPELs TAPE2,TAFES, TAPEGsQUTPUT) BUAT 1
C BOAT 2
C MAIN PROGRAM FDR BDAT BUAT 3
C BOAT 4
c BUATCM - BOAT CUMMNN ROAT )
DIMENSION A(50)s AID(25), ALOCUIS50»6)s ALPHA(25550)s CGHV(750,3), B8OAT 6
1 CM(25,25), CPBAR(50), CPTBVI7%0)» ECC(50)s G(25)s GIRV(750), 80NAT ?
2 HCP(2525)s HSTAT(50)s HTAV(750)» IRR(40)s IRRR(40s5)s IRT(40}» BOAT 8 ;
3 ISAVEIG6), J12345(5)s PSEXT(SO0), PSI(50), QX¥(25), RALPHA(25,50)y BUAT 9
4 RCU40s3)y RHN(50)s RHDOUT(S0), RT(50)s RUL50)s RXE{90)s RXK(50), BUAT 10
5 SIGMA(S0), START(1), T(SO)s TITLE(L8)s U(50)s VEXT(4,2552)» BOAT 11
6 VJET(452552)» WDOT(25550)s WM(25)s WP(25)s WTMIX(50)s WIKDLE(25),BUAT 12
7 XF(S0), XEXTUS0)s XJET(59), XK(50)s XLE(50), XMU(50), Y{(50), BNAT 13
B YOUT(SO0), ZID(5) BOAT 14
C BOAT 15
LOGICAL LHALF,LSWON BOAT 16
o BOAT 17
EQUIVALENCE (J1s J12345(1)) BUAT 18
EQUIVALENCE (ALDC(151), CM(1,1)) BOAT 19
EQUIVALENCE (ECC»s CM(1913)), (YOUT, CM(1,15)) BUAT 20
EQUIVALENCE (CPTBVy CGHV) BOAT 21
EQUIVALENCE (HCP(1,1)s WMI1)) BOAT 22
EQUIVALENCE (START, TTR(1)) BOAT 23
C BUAT 24
COMMON TTB(30)» HF(25) » CPTBY , GTBV » HTBV BUAT 25 5
COMMON A » AID » ALPHA » CARB » CM » CPBAR ,BOAT 26 g
1 CRR s CVISC » DELPSI » OFDOL s  DPDX » DX »BOAT 27 i
2 OXMIN » FOL » FFF y G » GGG » HSTAT ,LBOAT 28
3 IDELP , IFCC » TIFINIS » 1I0QUT » IDUTY » 1UUT2 ,BOUAT 29
4 IPAGE » IPRESS » IRR » IRRR » IRT » ISAVE »BOAY 30
5 ITFLG » IVIS y J1 y J2 s J3 » Jo » B0AT 31
6 J5 » LHALF » MMOD ,» MPSI s  MXNPT , MXNP1 ,»BOAT 32
7 NPSI s NP » NRAD » NRAS » NS s NT »BOAT 133
8 P s PCNT » PRNT » PRNTXC » PSI » PSID  »BOAT 36
9 Qx s FKFALPHA » RAUNDY » RC » RHO » RHOOUT ,B0AY 35
: 1 RJ » PRT » RTACU » RTJAC » RTJOB » RIMAX ,B0AT 36
' 2 RU » RXF y PXK » SIGE » SIGK 5 SIGMA ,»BDAT 237
; 3 1 » TCONT , TFDGE » TEMRM , TEMRP » TITLE ,»BOAT 38
; A TKINET » U » UNLT » wou?v » WM » "] 4 »B0AT 39
% 5 WTMIX » WTMDPLE , X s XCHANG » XD » XE »BNAT 40
;| 6 XINIT , XK y  XK2 » XLE s XMAX » XMU »BOAT 4]
| 7 Y » 11D BOAT 42
3 COMMUN FLJTEX(10000)s NAMAS(3)y, RPRM(2400), SPACR(10) BIAT 43
: C BUAT &4
C JET/EXT FLGW FIELD COMMNH SECTION BOAT 4%
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1
2
3

COMMON DELJ »
KMAXYS »
Pl ’
VJET ’

CUMMON  ENDCM

DELE »
KMAXE »
P2 »
VFEXT »

T1JET ’ IEXT
NRJET » NREXT
p3 » P4y

XJIET »  XEXT

END OF CUMMON TU BE COPIED TO RESTART FILE

COMMCN  FID(355),
CALL BOATS]
CALL BOATM]

STue
END

IFNAML3),

LSWONLt16)

BJAT

»80ATY
»BOAT
»BOAT

BOAY
BUAT
BOAT
BOAT
BOAT
B80AT
BUAT
BOAT
BJAY
BUAT
BOAT
80AT
BIAY
BUAT

46
47
o4
49
50
51
52
53
564
55
56
57
58
59
60
61
62
63

muummzmmuwwmmuwm‘ i i
" il
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SUBROUTINE BOATCC (x» I» Ls NJ» NEQs» QSIGHs RMFAC) 8ccC 1

C BCC 2

o BOATCC = CM CALCULATIONS = GENERALIZED (ALSO 0OX) 8CC 3

C BCC 4

LoGICAL L510 8CC 5

3 C BOATCM ~ BOUAT CUMMDN 8CC 6
t DIMENSION A(50), AID(?5)s ALNC(50»,6)s ALPHALZ25550)s CGHV{(750,3)y BCC 7
‘ 1 CM(25,25)s CPBAR(50), CPTBVI(T750)y ECCILS50)y G(25), GTBVIT750), s8CC 8
2 HCP(252%) s HSTAT(50), HTRVI(750)y IPR(40)» IRRRL405s5)s [RT(4Q))» 8CC 9

: 3 [SAVE(B))y J12345(5)y PSEXTI(50)s PSI(H0)» QX(25)s RALPHA(25»50), 8BCC 10
] 4 RC(G0»3)y RHILS0)s PHODUT(S50), RTI(50), RUCS0O)» RXEL(S50)s RXK{50)s BCC 11
» 5 SIGMA(S0), START(1), T(SO)y TITLE(18)» U(50)» VEXT(4525,2)» 6ccC 12
2 6 VIET(4»2552)» WDOTI25:50)s WMI2S)s WP(25)r WTMIX(50)s WTIMOLE(2S5)»8CC 13
7 XE(S50)s XEXT(50)s XJFT(S0)}p, XK(S50)» XLEC(H0)y XMU(S50)s Y{50), 8cC 14

8 YOUT(50), 210(5) 8CC 1%

C BCC 16

LOGICAL LHALF»LSWON 8CcC 17

C 3CC 18

EQUIVALENCE (J1y J12345(1)) 8CC 19

EQUIVALENCE (ALOCI(151)y CML1,1)) 8CC 20

EQUIVALENCE (ECC» CMU1»13))s (YOUT» CM(1»15)) 8CC 21

EQUIVALENCE (CPTBV, CGHV) 8CC 22

EQUIVALENCE (HCP(1l»1)s wWMIiI)) BCC 23

EQUIVALENCE (START, TTB(13) 8CC 2%

C BCC 25

COMMON TTB(30)y HFI(25) » CPTBV » GTBYV y HTAY B8CC 26

COMMON A » ALID ’ ALPHA CARSB » cM » CPBAR ,»8CC 27

1 CRR » CVISC » DELPSI » OFDL s DOPODX s DX »8CC 28

2 OXMIN , FCL » FFF y G » GGG » HSTAT s8CC 29

3 IDELP » TECC » IFINIS » I0UT » I0UT1 » Igutr2 »BCC 30

4 IPAGE » IPRESS » IRR » IRRR » IRT » ISAVE »8BCC 31

b ITFLG » 1VIS ’ J1 ’ Je » J3 » Jé sBCC 32

6 J5 » LHALF » MMOY » MPSI » PFXINPT » MXNP1 »8CC 33

7 NPSI » NP » . NRAD » NRAS » NS s NT »8BCC 34

8 4 » PCNTY ’ PRNT » PRNTIXC » PSSt » PSID »BCC 35

‘ 9 ax » PALPHA » PBUOY » RC » RHO » RHOOUT ,8CC 36
i 1 RJ » RTY » RTACU » RTJAC » RTJOB RTMAX ,8BCC 37
] 2 RU » PXE » PRXX » SIGE s SIGK » SIGMA ,BCC 38
3 T » TCONT » TYEDGE » TEMPM , TEMRP » TITLE »s8BCC 39

i & TK INET » U » UNIT » woorT » WM » WP »BCC 40

; 5 WTMIX » WIMQOLF , X » XCHANG » XD » XE »8CC 41
i 6 XINIT ,» XK y XK2 » XLE »  XMAX » XMy »8CC 42
7 Y » 210 BCC 43

; COMMON FLJTEX(10000)» NAMAS (3 ) RPRM(2400), SPACRI(10) 8CC L1

. c BCC 45

R At AR RE——
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o JET/ZEXT FLOW FIELD CNMMON SECTLIONM BCC 46
C BCC 47
COMMON  DELJ » DELF » IJET , 1EXT > IMAXS » IMAXE »BCC 48
1 RMAXS » KPAXE » NRJET , NRLXT , PSJET , PSEXT »BCC 49
2 P1 » P2 » P3 » P4 » USTJ » USTE »8CC 50
3 VJET »  VFXT » XJET »  XEXT BCC 51
c BCC 52
COMMON  ENDCHM BCC 53
C BCC 56
C END OF COMMON Tu HF COPIED TO RESTART FILE 8CC 55
C BCC 56
COMMON  FID(3,5), [IFNAM(3), LSWON(]16) BCC 57
c BCC 58
C BCC 59
SIGN = 1,0 8CC 60
L510 = (K/5)#5 .EQ, K BCC 61
DU 100 J = 1, M) BCC 62
lF tJ .G'o Z2) SIGN L -1.0 BLC 63
IROW = IRRR(I,J) 8CC 66
IF (J.EQ.2 +AND. L510) IRIW = 25 BCC 65
DO 80 1€0 = !, NEO BCC 66
GO TO (10, 20, 30, %0, 50), ItQ BCC 67
10 IF (L510) GU TO 15 BCC 68 :
IF (ALPHA(J]1,L).EQ. 0.0) GO TC 80 8cC 69 |
TEMP = SIGN®TEMRPZALPHA(J],L) BCC 70 ﬁ
6N TO 60 BCC 71 .
15 TEMP = SIGN#CRR 8CC 72
GU TO o0 8CC 73
20 IF {(L510) GO T0 80 BCC 76
IF (ALPHAUJ2,L).E0., 0.0) GO TU 80 8CC 75
TEMP = SIGN®TEMRP/ALPHA(JZ,L ) BCC 76
GU TO 60 8CC 77
30  CUNTINUE 8cc 78
IF (ALPHA(J3,1L1.E0.0.0) GN 1O €0 8CC 79
TEMP = ~SIGN*TEMRM/ALPHA(J3,L) BCC 80
GU TO 60 BCC 81
5 40  CONTINUE BCC 82
1 IF (ALPHA(J4»L).E0.0.0) GD TO 80 8cc 83
j TEMP = —SIGNSTEMRM/ALPHALJG,L) BCC 84
GO TD 60 8CC 85 .
SO  CINTINUE BCC 86 |
IF (ALPHA(JS5,L).EQ. 0.0) GO TG 80 8CcC 87 %
TEMP s ~SIGN®TEMRAM/ALPHALJIS,L) 8CC 88
60 IJ = J12345(1€Q) 8CcC 89
CHMUTRPOW,T1J) = CMITODW,TJ) + TEMP 8CcC 90
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80 CONTINUE 8ccC 91

IF (X.€0. 10) GO TO 100 BCC 92

IF (K .EQ. 5) GU TN 85 BCC 93

QX(IROW) = AX(IRUW) + QOSIGNSSIGN®(TEMRP ¢ RMFAC® TEMRM) BCC 94

60 Tu 90 BCC 95 |
85 OX(IROW) = QX(IROW) + OSIGN®SIGN®#TEMRM BCC 96 3
90  CONTINUE 8CC 97 |
100 CONTINUE BCC 98 :

RETURN BCC 99 |

END BCC 100
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SUBROUTINE BOATCP

BDATCP - BOAT CHECK POINT/RESTART SUBROUTINEF

BCATCF -~ BOAT COMPODN

DIMENSION A(50), AID(29),
CMI25,25)» CPBAK(S50),
HCP(2,25), HSTATISO),
ISAVE(G6)s J12365(5)s PSEXT(50), PSI(50), QX(2%5)s RALPHA(25,50),
RCU&40»3)y PHO(S50), RHOOUT(S50), RT(50), RUISO), RXE(50),
SIGMAL(S50), STARTI(L),
VIET(6525,52)» WDOT(25+50), WMI25)s WPU25)y WIMIX(S0)y WIMOLE(25),8BCP

XK(500s XLE(50G)s XMU(50)s Y{(50),

[- BN N N N

XE{50), XEXT(50),
YCUT(50), 210(5)

XJFT{(50),

LOGICAL LHALF,»LSWON

1(50),

ALOCE50,6)s ALPHAL25550)» CGHVY(T75053),

CPTBAVIT750),
HTRVI750),

EQUIVALENCE (J1, J12345(1))
EQUIVALENCE (ALOC(1,1)s CM(151))

EQUIVALENCE (ECC, CM(1,13)),
EQUIVALENCE (CPTRV,

CGHY )

EQUIVALENCF (HCPI1,1), WM(1))
EQUIVALENCE (START, TTAR(1M)

COMMON  TT8(30),

CONNON A
CRR
DXMIN
10€LP
1PAGE
ITFLG
45
NP5 1
| 4
ox
RJ
RU
T
TKINET
WTNIX
NINIT
 §

NOWVWLPIWwNETOD TR, W™

® W Y% 9 VY ¥ % 9 9 Y W WY B

HF(25)
AID
cvIsSC
FDL
T1FCC
TPPESS
VIS
LHALF
NR
PCNT
RALPHA
LA |

PXE
TCONTY
U
LAR N 4
X

210

COMMON FLJTEX(10000),

14

¥ @ W w W ¢ W @ w Y 9w e wewee®w

LY
ALPHA
DELPSI
FFF
IFINIS
IRR

a1
nMOD
NRAD
PRNT
RAUNDY
RTACU
RXK
TEDGE
UNIT

X

x2

NAMASL(3),

JET/ZEXT FLOW FIELO CMMON SECTION

ECCU50)s GU25)s
IRRL 40},

TITLELLB)» ULS50),

(YOUT, CMI1,15))

6Tav
CARB
DFOL

6

igut
IRRR
J2
MPS1
NRAS
PRNTXC
RC
RTJAC
SIGE
TEMNRNM
woo7v
XCHANG
XLE

w W % W W e W % % W e WY 9 € wew
e % ® 9w W e ¥ ¥ 9P Y W We W e ®we

RPRML26400),

HTBY
cn
OPOX
GGG
foutt
IRT
J3
MXNPT
NS
PS1
RHO
RTJOB
SIGK
TEMRP
L L

XD
XMAX

SPACR(10)

GIBVIT50),
IRRR(40s5),»

IRT(40),

»
1 4
’
| 4
»
»
4
[
»
»
’
[ 4
»
’
14

RXK(50),
VEXT(%92502)»

CPBAR
Dx
HSTAT
10UT2
ISAVE
J&
MXNP1
NT
PSIO
RHOOUT
RTHAX
SIGMaA
TITLE
L 14

XE
xnu

ace
sce
ace
ace
BCP
8CceP
ece
sce
BCP
ece
BCe

8ce
[, 1ol J
ece
BCP
8ce
gecp
BLY
BCcy
[ Tl 4
I
sCce
sce
sCcep
»BCP
»BCP
»BCP
28CP
» BCP
s8CP
2 BCP
»8CP
»8CP
s BCP
28BCP
2BCP
sBCP
»BCP
»BCP
» BCP
ace
. Lo 4
1o 4
ace

CENPWLS W~
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[ X el al

10
20
30
40

50
60

70

1
2
3

COMMON DEL) » DELE » I1JET r  [TEXT
KMAX) » XMAYE » NRJET » NREXTY
Pl s P? » P} » P&
VJET » VIXT » XJET » XEXT

COMMON ENDCH
END OF COMMON TO B8F CNPIEND TN RESTART FILE

COMMON  FIOD(3,5)s IFNAM{3), LSWUNCL6)

TJAC=ETIME(TSTRT)
RTACU=RTACU+TIAC

SAVE CuMNON
NWCM=NFWAB{START,ENDCM)I+]
POSITION PAST RPRM SEGMENT IN FILE

REWIND 1
WRITE (1) (START(1)s1=1,NWC™)

CLEAR GUT BUFFERS 'K RPRM/PESTART FILE

END FILE 1
IF (NRAD.GT.0) END FILE 2

WRITE (6»70) RIMAX,PTACU,RTJOB,TJAC
GO TO (10,30,20,%0,500» [TFLG
WRITE (6,80)

GO T0 60

WRITE (6,90)

Gu Tu 60

WRITE (65,100)

6u 10 60

WRITE (651100 NAMAS,NPAS

GU 7O 60

WRITE (65120)

sree

» INnAXJ) » IMAXE sBCP
» PSJET » PSEXT sBCP
UstJ » USTL 2BCP
[, Tl 4
[ 1o 4
ace
8CP
[ 1of 4
1o 4
Bce
BCce
acy
ace
ece
acp
BCP
ace
BceP
acy
8cp
sce
ace
ace
ace
scr
ace
[ 1o 4
BcCe
scr
ace
ace
[ 1of 4
acr
[ of
ace
ace
BCe
8ce
BCe
.14 4
Bcp
ece
Bce

FORMAT (/7154 MAX PUN TI“E =,F0.255X»22HACCUNYLATED RUN TINE =,F8.28CP




1 80
¥ 90
3 100
: 110

120

g
b e o e, R

17154 MaX JOB
FORMAT (723H4
FORMAT (/434
FORMAT (/43H
FORMAT (/4&4H

TINE =,F8.2»5X»22HACCUNULATED JUR TIME =,F8.2//7) ace

RUN TEPMINATED BY 5w 0O} ace

MAX RUM TIME EXCEEDED, BUAT RUN TERMINATED) BCy

NAX JOR TIME EXCFEDEDs» BOAT JOB TERMINATED) BCcP

RUN TEPWIMATED DUE TG INSUFFICIENT RUGM IN »3A2,9Hs NBCP

LIREC = » 155, 10H, NWPR = 1/25H EXPAND FILE AND RESTART ) scp
FURMAT (/76494 XMAX EXCEFDED, XMAX WILL BE DJUBLED,» RESTART TO ,12HCBCP
ace

ace

LONTINUE RUN)
ENO

91
92
93
94
95
96
97
99
99




SUBROUT INE BUATDS (PSNEW) BOS ] ]
C a0s 2 1
c DELSTAR QUTPUT RIUTINE . BDS 3 |
C B80S [} %
C BOATCH - BGAT CUMPON a0s 5 :
DINENSION A(S0)s AIDI25), ALDCU50,6)s ALPHAL25,50)» CGHV(750,3), BODS ' i
1 Crt25,25)s CPBARISO), CPTBVIT750), ECCt50)» GI25) GTBVI750), [ [13 7 :
2 HCPI12925)9 H3TAT(S50)s HTRVIT?50), IRR(40), IRRR(40»5)s IRT(&0), B80S 8
3 ISAVEUGE, J123645(5)s PSEXTISO)s FSI(50)» QX(25)s RALPHA(25550)s BDS 9
& RC(%093)s RHOUIS0)» PHOOUT(50), RT(50), RUCS0), RXE(S50), RXK(50), 8DS 10
S SIGMA(S0), STARTI(1)s TU(SO), VITLECLB) s UIS0D), VEXTI4525,2), 80S 11
6 VIET(&22952)s MONTI25950)s WM(25), WP (250, WIMIX(50)s WINULE(25),80S 12
7 XE(S50), XEXT(S0), XJET(SO)s XK(50)}, XLE(S0)s XMUL50)s Y(50),» B80S 13
8 YLUT(S0)y 210(5) 113 16
C BDS 15
LOGICAL LHALF,LSWON B80S 106
C ADS 17
EQUIVALENCE (J1, J412385(1)) 80S 18 :
EQUIVALENCE (ALOC(1s1)s CMIL01)) RDS 19 |
EQUIVALENCE (eCCy C™{1513)), (YDUT, CHLLHY1ISN) BDS 20 ‘
EQUIVALENCE (CPTBY, CGHV) 80S 21 |
EQUIVALENCE (HCPILle1)y wnid)) 80S 22 |
EQUIVALENCE (START, TTA(1)} 30S 23 ;
c B0S 24
COMMUN  TTB(30)» 'tF(25) + CPTBY , GTBY » HTBY 8DS 2% :
COMMRDN A » AID » ALPHA , CARB » Cn » CPBAR ,BDS 26 |
1 CRR » CVISC » OFLPSI » DFOL » DPOX » OX »B8DS 27 ]
2 DXMIN , FOL » FFF » G » GGG » HSTAT ,80S 20 5
3 IDELP » IFCC » IFINIS , 1OUT s IUUT1 » 10UT2 ,»BODS 29 “
& IPAGE » IPRESS » PR » IRRR » IRY ’ ISAVE 808 30 4
5 ITFLG » 1VIS s Jil s J2 » 33 »  JI6 » B80S 31 1
6 J5 » LHALF » MmDD » MPSI s> MANPT , MXNP1 ,805% 32 ‘
14 nesl s NP » NRAD » NRAS » NS s NI »80S 33
.} P » PCNT y PENT » PRNTXC » PSI s PSIO »80S 36
9 QX s PALPHA o PRAYVY , RC » RHO » RHUOUT ,BDS 3%
) | RJ » P17 s RTACU o, RTIJAC » RTJOB » RINAX »8BDS 36
2 RY » RIXF » RIXK » SIGF » SIGK » SIGNA ,BDS 37
3 T » TCONT , TEDGE » TEMRM , TEMRP , TIILE B80S 38
: Y IKINEY » U s UNMITY » WDOT » WM s WP »BDS 39
i; ] WINIX , WIMOLE » X » XCHANG , XD s XE »BDS %0
? 6 XINIT » XK ’» XK2 » XLE > XMAX s 2MU »RDS 61
? 7 Y » 210 80S &2
| CUMMON  FLJTEX(10000)y, NAMAS(3)s RPRM(2400), SPACR(10) 80s 43
i C 530S 44
% C JETZEXT FLOW FLELD CNPHUNN SECTION n0S 45




(aXal (2N aXa (2]

20

40

|
2
3

O W e

TEXT »  IMAXY

COMMON  DELY » DELE e [JTJET ’
KMax; KEMAXE » NRJET » NREXTY » PSJET
el » P2 s Py s P& » USTY
VJET! ’ VEXT ’ XJET » XEXT

COMMON  ENOCH
END OF COMANN TO BE COPIED TO RESTART FILL

COMNON  FIDU3,5)s IFNAM(YI), L SWON(16)

IF (PSID.EQ.0) GO TD 230

00 10 I=2,npS]

IF (PSICI).GE.PSID) %D TD 0

CONT INUE
RAT=(PSID-FSECI-10D/(PSICLI)-PSICI-1))
ROIVaY([=1)eRATOIY([)=-Y(]-1))
RHOOIV=RHOCI-L)SRATS(RHU(T )=-RHOCI-1))
CONT INUE

TERNSLePSNEWS O 2-PS T (NPST }ee)
Vﬂuﬁ—'ERHSlIZ.IPHU(HPSI)IUCHPSIIIY(HPSIlIDlGKIZ
VauPs=vOu

VOU=VOUSY (NPST ) /RDIY

VOU=VOUSRHOIMPS] ) 7/RHODI Y
DELE=DELJeVOUSDX/PY

ROIVeRDIV/IRY

PEFF=]1.0¢DELE

XBAR=K/PY

IPRT=10

ICT=[CTs]

IF (ICT.EQ.IPRT) JCT=0

IF (ICT.GT.0) GU TN &0

WRITF (6,550) lBARpPSIDoPSWEV-VIHPSl)p!KZoVJUP’DElE'DELJ'IDleREFF 803

CONT INUE
OELJ=DELE
RETURN

FORMAT (10F10.6)
END

30s

46
&7
&8
49
50
51
52
53
54
55
56

58
59
60
61
62
63
.2
65
66
67
60
69
70
71

73
74
75
76
17
78
79
80
a1
82
83
04
85
86
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SUBROUTINE BOATEN (PSII,PSIF)

ENTRAINMENT FOR SHEAR LAYER GRUWTH

BOATCM -~ BUAT CUMMRN
DIMENSION A(S50)» AID(25),

CM(25525)s CPBAR(50),
HCP(2,25)s HSTATLI50),

RCL4053)» RHULSO)»
SIGMA(S0), START(1),

RHOQUT (50
T(50),

ALOC(50,61)»
CPTBVIT750),
HTSV(750),

IRR(%0)>»

ALPHA(25550)

CGHV(750,3)»

ECCL50)» G(25)» GTBVI(T50),
IRT(40),
ISAVE(G6)» J12345(5)s PSEXT(50), PSL(50), QAX(25), RALPHA(25550)
RXE (5D ),

RT(50)» RULSO)»
TITLE(1B)» UL50),

IRRR (40951

RXK(50)»
VEXT(&y 2592)»

8EN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN

VIET(4525,2)s WDOT{25+50)5 WM(25)s WP(25)s WTMIX{50)» WTMOLE(25),»BEN

XE(50)s XEXT(50), XJET{(50),

YOUT(50), Z2ID(5)

LOGICAL LHALF,LSWON

EQUIVALENCE (J1, J12345(1))

EQUIVALENCE (aLO0CI(1,1),
EQUIVALENCE (ECC», CMI(1,13))»

EQUIVALENCE (CPTBV, CGHV)
EQUIVALENCE (HCP(1,1), WM(1))

CMil, 1))

EQUIVALENCE (5TART, TTB(1))

COMMON TTR(30)» HF(25) » CPTBYV

COMMON A » AID » ALPHA
CRR » CVISC » DELPSI
ODXMIN FDL » FFF
IDELP » [ECC s IFINIS
IPAGE » IPRESS » IRR
ITFLG » IVIS y J1
J5 ’ LHALYF » MMQAD
NP ST s NP » NRAD
4 » FCONT » PRNT
ox » RALPHA RBUDY
RJ » KT » RTACU
RU » RXE » RXK
T s TCNNT , TEDGE
TKINET » U »  UNIT
WTMIX » WTMOLF » X
XINIT » XK »  XK2
Y s 11D

COMMON FLJTEX(10000)» NAMAS (3 ),

JET/EXT FLUW FIELD COMMNN SFCTION

{vyaul, CM(1s15))

GTBYv
CARB
DFOL

6

10UT
IRRR
32
MPSI
NRAS
PRNTXC
RC
RTJAC
SIGE
TEMRM
wourt
XCHANG
XLE

w % W W W w ® WY W W Y W eV @O e ©w
w % 9 % W 9 W ® W e wew ® e wwewd©w

RPRM (250010,

XK(50), XLE(50)» XMU(50),

Y{50),
HTBY
cH s CPBAR
pPDX r OX
GGG s HSTAT
IoUT1 > I0UT2
IRY » ISAVE
J3 y J&
MXNPTY » MXANP 1
NS s NT
PSL » PSID
RHO ’ RHOOUT
RTJOB » RTMAX
SIGK » SIGMA
TEMRP » TITLE
WM > WP
X0 » Xt
XMAX » XMU
SPACR(10)

BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
BEN
» BEN
»BEN
» BEN
» BEN
» BEN
s BEN
»BEN
» BEN
»BEN
»BEN
s BEN
» BEN
» BEN
s BEN
» BEN
»BEN
BEN
BEN
EEN
BEN

-3 JENE- BN N N

w "’ W i
WM
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c BEN 46

COPMON  DELY  » DELE  » TJET » TEXT » IMAXJ » IMAXE LBEN 47

1 KMAXS » KRAXF 5 NRJET » NREXT » PSJIET » PSEXT »BEN 48

2 k1l » P2 » P3 » P& s USTJ » USTE  »BEN 49

3 VIET  » VFXT  , XJET  » XEXJ BEN 50

C BEN 51

: COMMON ENDCM BEN 52
1 c BEN 53
C END OF COUMMON TU BF CNPIED TN RESTART FILE BEN 54

o BEN 55

COMMON FID(3,5)s IFNAM(3), LSWON(16) BEN 56

C BEN 57

r C BEN 58

| IL=ISAVE(]) BEN 59

2 XL=SPACR(3) BEN 60

IF (PSI(1).EQ.0) GO TO 30 BEN 61
PSIX=(XMUL2)4XMUL3))®(Y(2)+YU3)D/(YU3)=Y(2))/2,/PSIL1) BEN 62

IF (IVIS.LT.0) PSIX=3,6Y(3)OXMU(2)S(Y(I)=-Y{1))I/(Y(2)=-Y(1))*42/PSI(BEN 63

11) BEN 64

1F (IVIS.LT.1) GO TO 10 BEN 65
RAT=(U(1)=UT12))7(UL1)=-UIMPST))I*(Y(MPSL)=Y(1))/(Y(2)=-Y{1)) B8EN 606

IF (ABS(RAT) LT..1) PSIX=0, BEN 67

10 CUNTINUE BEN 68

IF (IVIS.NE.O) GU TO 20 BEN 69

IF (ILJNE.O) XLsSPACR(1) BEN 70

PSIX=4 ¢RHD(LI*Y(L)/PSICLI®XL4#24ABSIUI2)-UCL)I/(Y(2)-Y(1))2e2 BEN 71

20 CUNTINUE BEN 72
PS1I=PSI(L)=-PSIX*DX BEN 73

C BEN 74

C STEP SIZE REDUCED WHMEN MIXING HITS AXIS BEN 75

c BEN 76

IF (PSII.LT.0.) FDL=,1 BEN 77

, c BEN 79
5 IF (PSIT.LE.O.) PSII=0, BEN 80
; 30 CONTINUE BEN 81
{ L=MPST-2 BEN 82
| K=MPSI-1 BEN 83
k PSIX=(XMUCK)¢XMULL)II®CYIKISY (L) IZ(Y(K)=Y(L))I/2.7PST(MPST) BEN B4
| IF CIVIS.LT.0) PSIX=3,eY(L)SXMUIK)I®(Y(MPSII=Y(L)I/(Y{MPSTI)=Y(K)I#4BEN 85
ﬁ 12/PSTINPST) BEN 86
3 IF (IVIS.LT.1) GO TP 40 BEN 87
: RAT= (UIMPSI)=UINPSI))Z(UCL)I=-UIMPST)I®(Y(MPSI)=-Y(L1))/(Y(MPSI)~-Y(NPSBEN 88
; 111} BEN 89

# IF (ABS(RAT).LT..1) PSIX=0, BEN 90




66 N38 an3

86 N38 NANL 3N
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96 N38 INNT INDD 0§
66 N38 Coe( (ISANIA=(ISdUHIT
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1) N38 (2)dIvdS=1x (0*3N°*T1) d1
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C
C
C
C
|
2
3
4
5
6
7
8
C
C
C
1
2
3
4
S
6
4
8
9
1 ) |
i 2
: 3
4
B 5
& 6
2 7
fm c
; C

SUBRUOUTINE BOATIF

INVISCID FLOW MAP FROUTINE

BOATCK - BOAT COMMON
DIMENSINON A(50),

CM(25925)» CPBARI(50),
HCP(2»25)y HSTAT(50),
ISAVE(6)» J1234H515)
RC(4053)s RPHIL50),
SIGMALS0)s START(1),
VIET(4,52%92)s WOUT(25550)s WM(25)), WPL25)s
XEC50), XEXTU(50),
YOUT(50), Z21ID(5)

ATDU25), ALDC(5056),
CPTBV(750),
HTBV(750),

LOGICAL LHALFSLSWOM

EQUIVALENCE (J1, J12345(1))

EQUIVALENCE (ALUC(1,51)»

FQUIVALENCE (ECC,

CP(1,513)),

XJET(50)»

RHOOQUTIS0)» RTL
TE50),

50), RU(50),

TITLELLB), U(50),

XK(50)

CM(ls1))

EQUIVALENCE (CPTBV, CGHV)
EQUIVALENCE (HCP(1,1), WMI1))

EQUIVALENCE (START, TTR{1))

COMMON TTB(30),

COMMUN A
CRR
DXMIN
IDELP
IPAGE
ITFLG
45
NPS1
4
ox
rJ
RU
]
TKINET
WTMIX
XINIT
Y

»
»
’
’
14
1 4
’
»
»
1 4
»
»
’
14
[ 4
»

HF{25)
AlID
cvisc
FOL
T1ECC
IPRPESS
IVIS
LHALF
MR
PCNT
RALPHA
PT

RYF
TCONT
v
WTMDLF
XK

Z10

COMMUN FLJTEX(10000),»

W ® ® W ¢ w * W ¥ W W O W v w we

(YOUT,

cPTBY
ALPHA
DELPSI
FFF
IFINIS
1PR

J1
MMQD
NRAD
PANT
RBUOY
RTACU
PXK
TEDGE
UNTT

X

XK 2

NAMAS(3),

JET/ZEXT FLOW FIELD CIMMNON SFCTION

» XLE(S50)»

CMI1,15))

AL\
CARS
OFDL

6

10UT
IRRP
J2
MPSI
NRAS
PRHTXC
RC
RTJAC
SIGE
TEMRM
wonr
XCHANG
XLE

® W % W W W e ® WY WY e W Y W
® W % % W g e w W Y W Y ®W W R we

RPPR%(2400)

IPRR(40,5),
PSEXT(50)s PSI(50)s AX(25)s RALPHA(Z25950)»
RXE(50)y RXK(50),
VEXT(492552)»
wIMIX(50))

ALPHAI25950) CGHV(T75053),
ECC(50)» GL25)»
IRR(40),

GIBVL750),
IRT(40),

XMULS0)» YI(50),
HTBV
M » CPBAR
OPDX » DX
GGG » HSTAY
10Ut » I0UT?
IRT » ISAVE
J3 » Jb
MAXNPT » MXNP]
N3 » NI
PS1 » PSID
RHO » RHOQUT
RTJUS » RTMAX
SIGK » SIGMA
TEMRP TITLE
WM » WP
XD » XE
XMAX » XMU
SPACRI10)

BIF
8IF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF

WTMOLE (25)»BIF

BiF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
»BIF
sBIF
»BI1F
»BIF
»BIF
»BIF
»BIF
»BIF
»BIF
»BIF
»BIF
»BIF
»BIF
v BIF
»BIF
vyBIF
8IF
BIF
BIF
BIF

ST OWN S wN -
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BIF 46
CUMMON DELJ » DELE ’ IJET ’ TEXT » IMAX) » IMAXE »BIF 47
1 KMAXJ) » WHMAXE 5, NRJET » NREXT » PSJET » PSEXYT ,BIF Y.}
2 f1l s P2 y P13 » P4 » USTJ » USTE »BI1F 49
3 VJET » VEXT s XJET » XEXT BIF 50
C BIF 51
COMMON ENDCM BIF 52
C BIF 53
C END OF COMMON TO BE COPIED TO RESTART FILE BI1F 564
C BIF 595
COMMON FIO(3s5) IFMAM(3), LSWONCL16) BIF 56
c BIF 57
C BIF 58
C INVISCID FILE CREATION ROUTINF B1F 59
DIMENSIUN HOLD125)s HOLDL1(25), IFLOWIL2) BIF 60
OIMENSION IMAXV(2)» NRECVI2)» XJEV(50,2) BIF 61
EQUIVALENCE (IMAXV,IMAXJ)y (NRECVINRJIET))y (XJEVsXJET) 8IF 62
C BIF 63
DATA IFLOW/2HJE» 2HEX/ BIF 64
C 25 RADIAL LOCATIUNS,»S0 AXIAL LUOCATIONS BIF 65
C BIF 66
o STARTING RECORD ND. NF FLNW FIELDS FNOR JET/ZEXT (NWPR=1) BIF 67
C BIF 68
MREC =1 BIF 69
C BIF 70
C READ INVISCILID DATA ARPAYS BIF 71
C BIF 72
DD 100 IP=}1,]IPRESS 8IF 73
IMAX=IMAXVLIP) BIF 74
NRECV{IP)=sNREC BIF 75
WRITE (65,150) IFLOW(IP) BIF 76
00 90 I=1,IMAX BIF 77
IF (IP.EQ.1) READ (5,140) LMAP, XJETI(I) BIF 78
IF (IP.EQs2) READ (55140) LMAPXEXT(I) BIF 79
i 00 10 J=l,4% BIF 80
; - READ (55160) (VILT(JsKs1)pk2l,,LMAP) ‘ BILF 81
: 10 CONTINUE BIF ez
i C VIETULsK» 1))=Y VIETU25Ke 1) =P VIETI3,Ks 1) =T VIET(4,K, 1)U 8IF 83
f C BIF B84
- C PASS FLOW INTEGRATICN BIF 85
i C BiF 86
| HOLD(1)=0, BIF 87
I IfF (IP.EQ.2) HULD(1)sPSJUET#4? : BLF 88
ﬂ IF (IP.EQ.1) YWOUM=SMPR2(NS,ALPHA(1,1)s wWTMOLE) BIF 89
: IF (IP.FQ.2) WDUM=SMPR2INS,ALPHA(L)MPSI)yWITMOLE) BIF 90
i
e
-
i
!




DUMLSsVJET(251s1 )oWDUMSVIET(4,151)/VIET(3,151) RIF 91 ﬁ

D0 20 K=2,LMAP 8LF 92 g
DUMZsVIET(ZoKs L) SWDUMOVIET U, K, 1 1/VIET( 39Ky 1) BIF 93 j
TERM=,54¢{DUM]1+DUM2) nIF 94 3
TERM=TERM/ 42,285 BIF 95
HOLD (K} =HOLD(K=1 )¢ TFRM*(VIFT(1,Ky1)042-VJET(LlsK-1s1)%%2) BLF 96
oUM1=DUM2 BIF 97
20 CONT INUE 8IF 99
DU 30 K=]l,LMAP BIF 99
30 HOLDIK) =SORT(HOLD(K)) BIF 100 L
IF (IP.FQ.1.AND.I.EQ.1) PSJET=HOLD (LMAP) BIF 101 ;
IF (IP.EQ.2) PSEXT(I)=HDLOD(LMAP) BIF 102 i
C BIF 103 |
C NONDIMENSIONALTIZF MASS FLOW 8IF 104 b
C BIF 105 H
HOLDS=HOLD (1) BLF 106 i
DU 40 K=1,LMAP BIF 107 t
HOLO(K) = (HOLDIK)~HNLDS )/ (HOLD(LMAP )-HULDS) BIF 108
%0 CONTINUE BIF 109
C 8IF 110 E
c INTERPOLATE ONTO EVENLY SPACED ARRAY BIF 111 5
c BIF 112 .
IF (IP.EQ.l) XMAX=NMAXJ BIF 113 1
IF (IP.EQ.2) KMAX=KMAXF BIF 116
00 70 LiL=1,4 BIF 115
00 50 K=]1,LMAP BIF 116
HOLD1(K)eaVJIETILL,K,» 1) BIF 117
%0 CONTINUE BIF 114
D0 60 K=1,KMAX BIF 119 e
PSOUM=FLOATIK=1)/FLUAT{KMAX~]) BIF 120 {
CALL BOATLI (PSDUMy VEXTILL»X»1)sHOLOWHUOLDL1»LMAP) BIF 121
i 60 CONT INUE 8IF 122
1 70 CONT INUE BIF 1213
? C BIF 124
PHFLO=PSJET BIF 125
IF (IP.EQ.s2) PMFLO=PSEXTI(I) BIF 126
WRITE (65170) [ XJEVII,IP),PMFLD BIF 127 ']
D0 80 K=1sKMAX BIF 128 B
l PSDUNM=FLOATIK—-1)/FLOAT(KMAX-1) BILF 129 5
3 WRITE (651B0) Ky (VEXT(JsKs1)pJunlr&)sPSOUM BIf 130
80 CONTINUE BIF 131
C : BIF 132
C WRITE ON DISC ’ 8IF 133
C BIF 13%
CALL PBFDW (FIOD»RECo&*XMAXSVEXT) BIF 135

o oI i




90
100

120
130
140
150

160
170

180

e i o b G LR B i el U L
i
:

CONTINUE
CONTINUE

READ INITIAL TWO STATINNS OF JET MAP

00 110 I=1»,2

CALL PBFDR (FIDyNRJET,GeKMAXJ»VIET(]15i51))
CONT INUE

1JET=2

IF (IPRESS.EQ.1) GO TO 130

READ INITIAL TWO STATIOMS OF EXT MAP

00 120 I=1,2 ,

CALL PBFOR (FIDsNRFXT, 4$KMAXE,VEXT(15151))
CUNT INUE

TEXT=2

CONTINUE

RE TURN

FIJRMAT (12,3X,7€E10.3)
FURMAT (1H1,40XsA2516HT, INVISCID MAP)
FORMAT (B8E10.3)

BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIF
BIf
BIF
BIF

FORMAT (/7/715H STATION NUMBER,14»10Xs16HAXIAL LOCATION =5E13.5,10XBIF
1521HMASS FLOW PARAMETEP =,F13,5//74X%X»2HPT514X,1HY»12X,1HP»12X»1HT»1BIF

22Xs1HU» TX» 6HPS IR AR)
FORMAT (1H ,15,2X»B8F13.5)
END

TR S

BIF
BIF
BIF
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160
161
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SUBROUTINE BOATI] (ITYP:XXpPSIKtlﬂAXV:KHlKVpleVECT’XV’PSV’VI’VZ
l]-VﬁnPSJpFlDDNPECI

INVISCID INTERPOLATINN POUTINE

DIMENSION VECT(4,25,2), XVIS0)s PSV(50), VVis)
IF (xx.LE.xVILIVY)) GO Tn 10

CALL SFvmy lVECT(ln1’2!-V€CT(lplall-100)

READ IN NEXT FILE STATION AND yP |y COUNTER

CALL PBFOR (F[DpNREC-k‘KHAXV’VECT(I;I:Z))

IVelve)
IF CIV.LE. IMAXY) G TN 10

WRITE (6,30)

STOP

CONT INUE

Rlll'(lx-XV(Iv-ll’llXV‘lV’-XV(Iv-l))

IF (llYP.EQ-l.UR.ITYP.EOo3) PSVV=pSY(])
1}

DS!'I.IF[U!T(KHIXV‘I)

1F (l'YP.EQ.l-DR.lYYP.EO-}) SIBAR=PSIX/PSYY

1F (lTVPoEQoZoURol'YD.‘Q.Q’ S[BAR'(PSIX-PSJ’lfPSVV’PSJ)
KV=SIBAR/DS[+]

IF (KV.LT.1) V=]

RlTSl'lSlBlR*FlUAT(VV—l"DSI)/DSI

DD 20 M=],4
DUHI'VEC'(H;KV:I"P!TS!‘(VECT(H;KV’I’I)‘VECTI";KV’Il)
DUHZ'VECT(H’KVDZ)4PATSI‘(VECT(HvKV0l’ZD’VECT(HDKV’Z”
VV(H)'DUHI*R!'X‘(DUPZ'DUHIl

IF (ITYP,GT.2) VV(H"(DUH?-DUHI’IllV(lV)‘XV(lV’l,’
CONTINUE

Vl'V;VZ'P!VJ'T;VG’U

Vievy(1)

V2=¥V(2)e2117.

V3i=VV(3)

Véevvig)

RETURN

FORMAT (234 B0ATI] - IV 6T, ImMaxv)
END

sVBI]
BIlI
BII
8r1
B11l
Bl
8I1
Bl
Bl1i
811
817
BII
BII
811
811
81l
811
811
Bl
1)811
Bl
811
811
81l
811
8I1I
BII
811
811
811
811
811
B8I1
BII
811
BI1]
BI1
811
8I!
8I1
611
8f1

OQNO‘UJ‘NN"‘
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SUBROUTINE BODATIN 8IN

BIN

INITIAL OATA QUTPUT 8IN
BIN

BOATCM - BOAT CUOmMMON 8IM

DIMENSION AUS50)s AID(2S5), ALODCU(SND,6), ALPHAL25,50), CGHVI750,3), BIN
CM(25,25)» CPBAR(S0), CPTAVIT750)y ECC(50)s G(25)s GTBVIT750),» 8IN

HCP1(2525)» HSTAT(50), HTIAVI(T750), IRR(4D)y IRRR(4055)y IRT(40)» BIN

ISAVE(S), JL1234515)s PSEXTISC), FSI(50), OX(25), RALPHA(25,50), BIN

RCU4053)y RHI{(50), RHONUTIS0)s RT(50)s RULS0)s RXE(50)s RXK(50)» BIN

SIGMALSO)s STARTUI )y TU(50)y TITLE(LB))y U(50)s VEAT(%525,2]), BIN

VIET(4,2552) MDUTU(25550)s WMIZ25)s WPL25)s WIMIX(S50)s WTMULE(25),BIN

XKEIS50), XEXTVI(S0)s XJFTUSO)s XK{S50)» XLEC(5G), XMU{S0)» Y(50), BIN

YOUTISD)s 21D(5) BIN

BIN

LOGICAL LHALF,LSWON BIN
BIN

CEQUIVALENCE (J1, J123451(1)) BIN
EQUIVALENCE (ALDCIL1»1)y CHMU1,1)) BIN
EQUIVALENCE (ECC»s CMU1,130), (YOUUT, CMI1,15)) BIN
EQUIVALENCE (CPTBV, CGHV) BIN
EQUIVALENCE (HCP(1»1), WNMI1)) BIN
CQUIVALENCE (START, TTB(1)) BIN
BIN

COMMON  TTB(30)p HF(2S) , CPTBY » GTIBYV » HIBYV BIN
COMMON A » AlID » ALPHA , CARB s CHM » CPBAR ,8IN
CRR » CVISC » DELPSI » OFODL » OPDX » DX »BIN

OXMIN FDL » FFF s G » GGG » HSTAT ,LBIN

IDELP » [TECC » IFINIS » 10OUT » 10UT)Y » 10UT2 ,»BIN

IPAGE , [IPRESS » IRR #» IRRR s IRT » ISAVE ,»BIN

ITFLG » 1VIS s J1 s J2 r J3 »  J& sBIN

45 » LHALF » MMOD s NPSI » MXNPT , MXINP1 ,8IN

NPSI » NP s NRAD » NRAS » NS » NT »8IN

P » PCNTY » PRNT » PRNIXC » PSI1 » PSID »BIN

ox » PALPHA , RBUOY , RC » RHD » RHOOUT ,BIN

RJ » RrRY . RTIACU » RTJAC s RTJOR RIMAX »BIN

RY » RXF y RXK » SIGE » SIGK » SIGMA ,BIN

| s TCNNT , TFDGE , TEMRM 4, TEMRP , TITLE HBIN

TKINET » U » UNIT » w0DT » WM s WP »BIN

WITMEIX , WIMIWLE » X » XCHANG s XD s XE »BIN

XINIT ) L y  XK2 » XLE » XMAX » xny »BIN

Y » 710 BIN

COMMON  FLJTEX(10000), NamaASt3), RPRM (2400}, SPACRI10) BIN
BIN

JET/ZEXT FLOUW FIELD COMMNN SECTION BIN
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bt Pt
WNEO ODYO T, WA -

[
»

N b s =t Pt e
COoOe~NOWV

NN N
PN e

N
-

NN
O o~

www
~N-0

w W
> w

w o W
&~

S rrPWw
WO 0

» o
LU )




o T S B SHRT AL T T S T T

C BIN &6 |
CUMMON DELJ » DELE o IJET » IEXT 5 IMAXJ » IMAXE »BIN &7 |
1 KMAXJ » KMAXE 5 NRJET » NREXT 5 PSJET » PSEXT »BIN &8 |
2 Pl » g » P3 » P& s UST) » USTE sRBIN 49
3 VIET  , VEXT , XJET , XEXT BIN S0
c BIN 51
COMMON  ENDCM BIN 52
c BIN 53
C END F COMMUN TD BF CDPIED TN RESTART FILE BIN 54
C BIN 55
COMMON FID(3,5), IFNMAF(3), LSWON(16) BIN 56
C BIN 57
C 8IN 58
CALL DATE (RDATE) BIN 59
WRITE (6,300) RIN 60
WRITE (65,310) BIN 61
WRITE (65320) (TITLE{TI)»1=1,18) BIN 62
WRITE (651500 IFMAM,NAMAS.RDATE BIN 63
IF (IPRESS.NE.O) WRITE (6,330) P BIN 64
IF (IPRESS.EQ.0) WRITE (65,340) P BIN 65
WRITE (6,370) RJ,RBUNY BIN 66
WRITE (6,380) XLE(1)sSIGMA(]) BIN 67
WRITE (6s410) X, XMAX BIN 68
WRITE (694200 PRNT,DXMIM BIN 69
IF (IVIS«LT.0) WRITE (6,150) BIN 70
IF (IVIS.E0.0) WRITE (6,170) BIN 71
IF (IVIS.EQ.1) WRITE (6,180) BIN 72
WRITE (65390) BIN 73
WRITE (55350) T(1),T(MPSI) BIN 74
WRITE (6»,360) ULL)UINPST) BIN 7%
WINMIX(1)=0.0 BIN 76
WTNIX{MPSI)=0.0 8IN 77
DO 10 Js=1,NS BIN 78
WTMIX(1 ) =WTRIX(L)¢ALPHALI,1) BIN 79
10 WIMIX{MPST) =W TMIX(PPSTI*ALPHACJS MPST) BIN 80
DO 20 Je=1,NS 8IN 81
; RALPHA( Jr1 ) sALPHA(JIS 1) /WTMIX(]) BIN 82
i RALPHA[JsMPST)=ALPHALJI»MPST)/WINIX(MPST) BIN ©3
; 20 WRITE (6+s4600) AID(J))RALPHALI 1 ), RALPHALISMPS]) BIN 8¢
: If (NR,LE.O) GO TO 140 BIN B85
| WRITE 165,190) BIN 86
| 00 130 E=1,NR BIN 87
| L=IRR(I) BIN 88
- GO0 TN (30,405,50,60,705,%0590,100,110»120)» L BIN 89

- 30 J1=IRRR (]I, 1) BIN 90

ﬁ', “ . " )




J2IRRR(1,2) BIN 91
J3=IRRR( 1, 3) BIN 92
JAIRRR (1 ,4) BIN 93
WRITE (65200) I,AID(JLI)AID(J2),AID(I3),ALDCIG) s (RT(LsIDsd=ls3) BIK 94
G0 T0 130 BIN 95
40 JI=IRRP(I,1) 8IN 96
J2eIRRR ([52) BIN 97
J3=IRPR(1,3) BIN 98
WRITE (6,210) I,AID(J1)»AIDCJ2),A100I3),(RCETIJINpd=ls3) BIN 99
0 TO 130 BIN 100
50 J1[RRR([,1) BIN 101
J2=IRAR([,2) BIN 102
J3sIRRR(1,3) BIN 103
JEs[RRR (2 %) BIN 104 I
J5=IRRR(]s5) BIN 105 \
WRITE (65220) 1,AID(J1),ARD0J2)»ATDIJI3),AIDIG)sALD(I5)»(RCUL,JI)9JBIN 106
1=1,3) BIN 107
GO 70 130 BIN 108
60 J1=IRRR{I,1) BIN 109
J2=IRRR(I,2) 8IN 110
JI=[RRR(I,3) BIN 111
WRITE (65230) 1,A100J1)5A101042)5A100J03)15(RC(I»J)pJ=1»3) BIN 112
G0 TC 130 BIN 113
70 Ji1=IRRRI]I,»1) BIN 114
J25IRRR(1,3) RIN 115
J3=IRRR(I»%) BIN 116
WRITE (6,240) I,AID(J1)ATD0I2),AI00d3),(RCUIsJInd=ls3) BIN 117
G6U Tu 130 BIN 118
80 J1IRRR(I,1) BIN 119
J2=IRRR(I,2) BIN 120 !
JI=IPRR{1.3) BIN 121
JOSIRRR (I, &) BIN 122 ‘
WRITE (65250) I,AID(J1),A10002),A100J3),AIDCI4)»(RC(IoJIIrI=153) BIN 123
GO 7O 130 BIN 126
90 JI=IRRR(I,1) BIN 125
J2oIRRR (1,2} BIN 126
JI=IRRRIL,3) BIN 127
WRITE (65260) IsAIDCJL)»ATD(JI2)oAT00I3)(RCIsIDpd=1p D) BIN 128
G0 TU 130 BIN 129
100 JleIRRR{I,s1) BIN 130
J2=IRRR(I,2) BIN 131
JIIRRR([,3) BIN 132
i JOIRRR (1, &) BIN 133
¢ J5=IRRR(1,5) BIN 13%
| WRITE (6,270) 1,AINCJLI,AID(I2),AID0J3),AID(J%)sAJDEIS)»(RCUISJD»IBIN 135
]
u
.




1=1,3) BIN

G0 Y0 130 BIN

110 J1=IRRR{1+1) RIN

J2=[RRR(I,2) BIN

JIsIRRR{I,I) BIN

MRITE (55280) 1,AIDIIYI,ATDUI2)sATDII3)»IRCIISJ)I=1,n3) BIN

G0 10 130 BIN

120 Ji=IRRP{I» 1) BIN

J2oIRRR(],2) BIN

JI3I=IRRRI» I) BIN

WRITE (65290) 1,AINDMJ1 0 ALDCJ2)sAIDEIIIS{RC TSI ed=lr ) BIN

130 CONTINUE BIN

140 CUNTINUE BIN

RETURN BIN

C BIN

150 FORMAT (1HO0» 22X, 43HINITIALIZATION OF RUAT RUN, RESTART FILE - »3A2BIN

192]1Hy BOAT-SPECRA FILE = ,342,5X,A10) BIN

160 FORMAT (1HO»22X»20HKE? TURPBULENCE MODEL) BIN

179 FORMAT (1HO»22Xs27THPRANDTL MIXING LENGTH MODEL) BIN

180 FORMAT (1HO» 22X 20HDONALDSONZGRAY MODEL) BIN

190 FORNAT (1HO» 19X, 26HPEACTINNS BEING CONSIDERED»6X»ISHKR=A®EXPIB/RTIBIN

1790 QHTOON, TXy LHABX» IHN 9N, IHB» TX 92 IHIMILECULE ML ~-SEC UNITS)) 8IN

200 FORMATY (I9,9XpA01p2H® LML 98X s2Ha S Abp2HS JAG10Xs1E10.%92N9F4,.1,2XBIN

1F10.1) BIN

210 FORMAT (I999XsAb»2H® »AGIHE MyS5Xs2H® sAbsIHE Mo 23X 1E10.%92X»F& . 1BIN

192X»Fl0.1) SIN

220 FORMAT CI9,9XpA092H* s AG»AXe2H® 2 A06p2H sAbPZHY JAG910XE9.3,2XsF&4BIN

1.192X5F10.1) BIN

230 FORMAT C19,9XsA692He JA6RX2Hs JAG226X9E9.39 2XsF&,.192XsF10.1) BIN

240 FURMAT (I9s9XsA653H¢ Myl3Xs2He 5 A692H sAGp3IH* MplS5X,E9.3,2X,F4.158IN

12X,F10.1) BIN

250 FORMAT (1959KoA0»2H* sAHp0N92Hs SAG2HS SAG21BX9ED.392XsFb.1,2XsF1BIN

10.1» 3IXp L6HUNE WAY REACTION) BIN

260 FORMAT (I9,9XsAbs2H® s A6 IHE MyS5Xp2H= »AG»>3HE Mp 23X E9.3,2XsFb.1,2BIN

1XpFl0.1s 3Xs 16HUNE WAY REACTION) 8IN

270 FURRAT (19,9XsA602H® s AbsAXe2He A6 7H® »A692H sA6910XsED.392XsF4BIN

16192X9F10.1p3Xp 16HGNE WAY § aCTION) BIN

280 FORMAT (I19,9XsAb92H4 s AL AXe2HE A6 26XK0E9.392NsFh 102X F10.,153Xs18IN

16HUNE WAY REACTINON) BIN

290 FARMAT (19+9UsA6o3HS Ro13X,2Hs , A6 2H® pAL»3HS Myl15XsE9.392XF&.1,BIN

12X 5F10.153Xs 1 6HONE WAY PEACTION) 8IN

$ 300 FORNAT (QHL»37Xp&4S5HAERNMAUTICAL RESEARCH ASSUCIATES OF PRINCETUN) BIN

‘ 310 FORMAT (35X,SOHAXISYMRETRIC MIXING WITH NON-FQUILIBRIUM CHENISTRY)IBIN

‘ 320 FORMAT (1HO» 24X, 194%) 8IN

ﬂ 330 FORMAT (1HO, 22X 19HFPRPESSUREIINITIAL) =E15.7912H ATHOSPHERES ) 8IN
: i

b o

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180




340
350
360
370

380
390
%00
410

420

FORMAT C(1HO» 22X 20MPRESSUREICONSTANT) +E15.7»12H ATROSPHERES) BN
FORMAT {23X»24HTEPIRATURELDEG: KELVINISIXsEL1SeTs4XsFEL15.7) BiN
FORMAT (23X» 264HVELITY (FEET/SECONDI»IXNsE1Se 7oK ELS5.T) 8IN
FORMAT (1HO»22X» 14:. "7 TZLE RADIUS=t15.7»5H FLET»9IX, 1 7THBUOYANCY FACTBIN
10R =,E15.7) BIN
FORMAT (1HO»22X,23HLEWIS NUMBFRICUNSTANTI®E]L1S5.7»5Xs 11HPRANDTL NUM,BIN
114HBERICONSTANT)I*ELS5. 7) 8IN
FORMAT (1HO»S54X» IHJETH» 16X, 4HEDGE) BIN
FORMAT (23X, 13HNULE FRACTION, IX>AG»SXeELS5.To4XsEL15.7) BiN
FORMAT (1HO»22X» 16HX INTTIALCFEET)=EL1S5.7»12Xs 16HX FINALIFEFT)=EL15.BIN
17 BIN
FORMAT (1HO»22X» 16MHPRINT INCRFIMENT=ELS.7,12X, 17THNININUN STEP SIZE,BIN
11H=E15.7) 8IN

END

181
182
183
104
185
186
187
188
189
190
191
192
193
194
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SUBRUUTINE BOATIP

(RIN)

INITIAL PRUFILE FCR SHEAR LAYER DR BOUNDARY LAYER

BCATCPM - BOAT CUMRNN
DIMENSION A(50)s ALIDI29),

XEU50), XEXT(50),
YQUTL5D),» 21Dt5)

B NIV E N

SIGHALS50), START(]1),

T150),

ALDCIS0:6),

XJET(5D)s XK{50)

LOGICAL LHALF,LSWON

EQUIVALENCE (J1, J1236511))
crtl,l))
C™tl1s13)), (YDUTY,
EQUIVALENCE (CPIBY, CGHY)
EQUIVALENRCE (HCP (1,10, WM(]l))
EQUIVALENCE (START, TTR(1))

EQUIVALENCE t(ALOCH
EQUIVALENCE (ECC,

COMMON  TTBL3D),
CUNMION A
CRR
DxMIN
IOELP
IPAGE
ITFLG
45
NPS]
P
ax
RJ
RU
 §
TCINE?Y
WTNIX
XINIT
Y ’

W % % W W 9 ® W Y W e W W w wew

WPV L WS QD YO WS W

121

HF(25)
ATID
cvisc
FeL
IFCC
IPRESS
IvIsS
LHALF
NP
PCNT
RALPHA
LA

e xc
TCOANT
V)
WINNLE
xK

110

COMNON FLJITEX(20000),

% W ¥ % ¥ @ % 9 % 9 v e ¢ @ 9 ew

cPIAav
ALPHA
DELPSI
FFF
IFINIS
IR

J1
nnopD
NRAD
PRNT
RBUQY
RTACY
RXK
TEOGE
UNELT

X

K2

NARAS L 3D,

JETZEXT FLOW FIELD CYMMON SFCTIUN

IRR{GO),
PSEXT(S5D)s PSILS0),

» XLE(50),

cntl, 15N

GTeYv
CArB
DFDL

6

10Ut
[RRR
Jz
nPSt
NRAS
PRNTXC
RC
RTJAC
SIGE
TENRN
woor
XCHANG
XLE

W W W % W Y VW Y S 9P W W e B ww
" % % % 9 % Y w W v e W e 9w ww

PPRM(24001),

ALPHAL 255, 50),
CMU25925)s CPBARIS0), CPTBVIT50), ECC{50)s G(25), GIBVI750),
HCP (25 25)y HSTLTISO), HTBVIT750),
ISAVELGH)» J12365(5),

HTIsY
(o}
DPOX
666
10uT1
IRT
J3
nXNPT
NS
PS1
RHO
RT1JOB
SIGK
TENRP
L[]

X0
XnAX

SPacrilO)

[ 4
14
[
»
1
»
»
»
1 4
1 4
»
»
| ]
»
»

CGHVYIT750,3),

IRRR (40,51, IRT(40),
GX(25)s RALPHA(25»50)>»
RCU%0»3))y RHJ(50)y RHOOQUT(50), RTI50), RULS0), RXELS50), RIK(S0),
TITLELLIB)s UES50)s VEXT(4e2502)»
VIET(452552)9 WOUT(25950), WMI25), WPI25), WTNIX(50), WYPOLEL(25),B1F
XMULS0)» YL50)»

CPBAR
DX

HSTATY
10UT2
ISAVE

NXNP]
NT
PSID
RHOOUT
RTNAX
SIGHA
TITLE
ue

RE

xnu

slr
Bip
Blp
ai1e
[ 39 4
sir
s1e
L34 4
BIp
gie
e1r

Blp
aIr
8ip
aLlp
air
aIp
sipP
alr
L1844
BIr
alp
BIP
) R4
2B1IP
oBIP
»BIP
+B1P
e BIP
oBIP
»8BIP
o BIP
»BIP
sBIP
»81P
»BIP
'y 144
sBIP
oB1P
s BIP
.14 4
14 4
atle
sir
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L

c BIP 46

COMMON DELJ  » DELE » IJET , [EXT , 1IMAXS » IMAXE »BIP 47

1 KMAXJ »  KMAXE , NRJET » NREXT 5, PSJET , PSEXT »8IP 48

2 Pl » P2 s P3 » P4 > USTY 5, USTE L8P 49

3 VIET  » VEXT  , XJET , XEXT BIP 50

C BIP 51

COMMON  ENDCM BIP 52

c BIP 53

c END UF COMMON TO BE COPIED TO RESTART FILE BIP 54

C BIP 55

COMMUN  FID(3,5), IFNAM(3), LSWON(16) BIP 56

c BIP 57

C BIP 58

DIMENSION RIN(50) BIP 59

RSAV=RJ 8IP 60

I8L=0 BIP 61

PSA=PSJET BIP 62

PSB*PSJET BIP 63

IF (IPRESS.NE.O) GP TO 10 BIP 64

UA=U (1) BIP 65

UB=U(MPST) BIP 66

TA=T(1) BIP 67

TB=T (MPSI) BIP 68

10 CONT INUE 8IP 69

IF (IPRESS.EQ.0) GD TO 40 BIP 70

20 CUNTINUE BIP 71

CALL BOATIT (1,X,PSAsIMAXSKMAXIS IJETS VIETs XIETSPSIEToRISPoT(1),ULBIP 72

11)5PSJET,FIDSNRJIET) BIP 73

CALL BOATIL (2,X,PSByIMAXE,KMAXES IEXT, VEXTs XEXT,PSEXT, DUNs DUM, T(MPBIP 74
1SI)sUCMPST)»PSIET,FIDSNREXT) BIP 75

IF (DELPSI.NE.-1) GO TN 30 BIP 76

IF (IBL.EQ.1) GO TO 30 BIP 77

UAsU (1) BIP 78

UB=U(MPST) BIP 79

| TA=T(1) BIP 80
3 TB=T (MPSI) BIP 81
| PSB=PSJET#SORTIL1.+UB/UASTA/TB® ((5.69DELESRI )42 /RIe42-1.)) BIP B2
; I8L=1 8IP 83
: G0 TO 20 BIP 8¢
- 30 CONTINUE BIP 85
| 40 CONT INUE . BIP B6
| MPSINL=MPSE-1 BRIP 87
DO 80 I=1;MPSI,MPSIM] BIP 88

WTVR=0, 8IP 89

DO 50 J=1,NS BIP 90

P S .

............




50

60

70

80

90

100

110

120

WTVR=WTVR+ALPHALJ, 1 )*WTMOLE L))

DO 60 . *1sNS
ALPHALJ, 1) =ALPHALJYI)/WTVR

TXsT(I)

HX»0,

CP!'O'

CALL BOATTIK (TX, TTPoITKFYsSNTsHOT,NT)
IF (ITKEY.EQ.0) CALL FXIT

DU 70 J®]lyeNS

CALL BOATLP (TTKEY»J»2sSDTs»HDT, AX)
CPX=CPX+AX#65055.31%ALPHA(J»IT)

CALL BOATLP (ITKEY»Js4sSDTH,HDT,AX)
HXzHX+AX*45055,31%ALPHACY, I

IF (I.EQ.1) HJ=HX

IF (1.EQ.MPSI) HE=HX

IF (1EQsMP31) CPE=CPX

IF (T1.EQMPSI) WME=WTVR

CONTINUE

IF (DELPSI.EQ.~-1.) GO TO 120

SHEAR LAYER INITIALIZATION ARASEDO ON CUBIC PROFILE
HTJsH)+ . 5*U(])#¢2

HTE=HE4 5U(NPS] ) #n2

DO 100 I=2,NPS51
RR=FLOATU(I-1)/FLOATINPSI)

TERM=3 ,*RR*#2¢ (] .-, 6HT*RR)

UCTI)osUCL)+ (UMPST)I~UC1))I*TERM

DU 90 J=]1,NS

ALPHAIJI» I =ALPHA( Y, 1)+ LALPHA(J,MPSI)—~ALPHALJ» 1) )*TERM
TUI)eT(L)+ (T (MPSTI)~-T{1))STERM

CONT INUE
DYMIX=2,22¢X¢{U(1)-UCMPST)I)IZ(U(1)+U(MPSI))
DO 110 I=1,MPSI
RINCIDI=FLODAT(I-1)/FLOAT(NPSTII+DYMIX+RJI-0OYMIX/?.
G0 TO 190

CNONTINUE

WRITE (6,230)

BOUNDARY LAYER INITIALIZATION

IF (USTJ.EQ.0.) USTY=.0333

IF (USTELEQ.0.) USTF=,033)

IPASS=0

DELT=DELJ+DELE

IGOT=DELJ/DELTVEMPS]+]

JET SIDE BOUNDARY LAYER

Bl1P
BIP
8Ip
BIP
BIP
s1e
8IP
8IF
sip
erp
BIP
BIP
8Ip
BIP
BIP
BIe
BIP
e8rp
BIP
sIp
BIP
BIP
eIP
aIp
BIP
BIe
BIP
BIP
aIe
ere
Bl1P
BIP
8Ip
8IpP
BIP
BIP
alIp
BIP
aIp
BIP
sIp
BIeP
BIP
BIP
sIpP

91

92

93

94

S5

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
*7
110
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135




130

140

150

WMXs WMy

CPx=CPJ

TX=T(1)

UX=y{l)

USTAR=USTY

GO TO 140

CUNTINUE

EXTERNAL BOUNDARY LAYER

WM X WME

CPX=CPE

TX=T(MPSI])

UX=U (MPST)

USTAR=USTE

IPASS =1

CONTINUE

11s=]

12=1G0O7

IF (IPASS.EQ.1) I1=1G6NT+1

IF (IPASS.EQ.1) 12=mpS|
$$51289517.50L7wWMx

$S2=CPX/7(CPX~-551)
SS=SQRT(552*551*TX)

XMX=2UX/SS

IF (IPASS.EQ.0) WRITE (69240) 11,12
IF (IPASSEQel) WRITE (695250) I1,12
WRITE (65270)

WRITE (695260) HXsCPXsWMX,S$SS15552»5Ss XMX
DUMA=Q,

OUmMB =0,

WRITE (65,280)

00 170 I=I1l,s12
YXsFLOAT(I-11)/FLOAT(IZ2-11)

IF (IPASS.EQ.0) VYX=2]1,-YX

IF (YX.EQ.04) YX=,001

RIN(I)=YX

UBAR=1  ¢USTAR® (2. 52AL0G(YX)~1e38¢(1.~SIN((2.8YX~1.)*3,14272.)))
IF (RIN(I)sLE..001) UBAR=O,
TCI)eTXS() o4(552-1)/2.%XMX22%(]1,-UBAR®4?))
UCI)=UBAR®UX

00 150 J=1,NS

Ix=]

IF ‘lP‘SSQEQOI) IX’MPSI

ALPHA(J» I)=ALPHALJSIX)

CUONTINUE

DELTA CALCULATION

BIP
eIpP
eIep
Bi1P
eLe
sIpP
8IP
BIP
8IpP
sIp
BIP
RIP
sIp
air
BIpP
sIP
BIP
BIP
BIP
eIp
sLe
BIP
BIP
BIP
sIpP
eIe
8Ip
eIP
384
BIP
sip
BIP
BIP
eIp
8ipP
arp
BIP
BIP
sIep
BIP
BiP
8Ip
eIp
8IP
elp

136
137
138
139
140
141
142

143

164
145
146
147
148
149
150
151
152
153
154
155
156
157
18
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180




f : A R ST T A TR e TR Dk . o Tl T, it gt

TERM2=U (1) 7UXSTX/TLI) BIP 181 |
ATERM2=(1.-TERM2)I4RINIT) BIP 182 ]
IF (1.EQ.I1) GU TU 160 BIP 183 J
TERMs(TERMI+TERM2) /2. BIP 184 |
ATERMa (ATERM14ATERM2) /2, BIP 185 |
TERM=1 ,~TERM BIP 186
DYB=ABS (RIN(I)-RIN(I-1)) BIP 187
DUMA=DUMA+ATERMSDYR BIP 188 |
DUMB=DUMB+ TERMSDYB sIP 189 3
160  CUNTINUE BIP 190
WRITE (652600 RINC(IIsUCT)»TCI),TERM)UX, TX,0UMA,DUMB 8IP 191
ATERML=ATERM? BIP 192
TERML =TERM2 BIP 193
170  CONTINUE BIP 194
IF (IPASS.EQ.0) DELSTAR==DELJ/RJ BIP 195
IF (IPASS.EQ.1) DELSTAR=DELE/RJ eIP 196
DELBL=(-DUMB+SORT(DUMB®% 244 ,4DUMA® ( . SODELSTAR®S24DELSTAR))I)/2./DUMBIP 197
14 8IP 198
IF (IPASS.EQ.0) DELBL=-DELBL BIP 199
DELBL=DELBL*RJ BIP 200
C PHYSICAL Y DISTRIBUTION 8IP 201
DO 180 I=11,12 gBIP 202
IF (IPASS.EQ.0) RIN(I)=RJ-RIN(I)*DELBL BIP 203
IF (IPASS.EQ.1) RIN(I)=PJsRIN(I)*DELBL BIP 204
IF (1.EQ.I1) WRITE (64+290) BIP 205
WRITE (65260) RINCT) BIP 206
180  CONTINUE BIP 207
IF (IPASS.EQ.O0) GO TO 130 BIP 208
190 CONTINUE ‘ : BIP 209
0N 220 I=1,MPSI BIP 210
WIVR=0, BIP 211
D0 200 Jes1,NS giP 212
200 WTVR=WTVRAALPHA(J,1) 8IP 213
WIVR21l,/WTVR 8IP 214
DO 210 J=1,NS BIP 215
210  ALPHA(J,1)=ALPHA(J, T)®WTVR BIP 216
220  CONTINUE BIP 217
RJ*RSAV BIP 218
RE TURN BIP 219
C 8IP 220
i 230  FORMAT (1H1) BIP 221
; 2640 FORMAT (1HO,%1HJET STDF RADUNDARY LAYER PROUFILE FROM I = ,15,4H TD BIP 222
w 1,15) BIP 223
w 250 FORMAT (1HO»41HEXTERNAL BAUNDARY LAYER PROFILE FROM I = »15s4H TO BIP 224
B 1,15) BIP 225
»
-
h it




260
270

280

290

B L il oaalt SR AR

FORMAT (BE13.5) BIP
FURMAT (1HO, T4sBHENTHALPY,T19,2HCPsT3196HMOL WT, T42»9HGAS CONST»T5BIP
17o5HGAMMA, T67511HSOUND SPEED» T84, 4HMACH, /) sLP
FORMAT (1HOs T6» IHRIN,T205 1HUs T33, 1HT,» T4 55 4HTERM T59 2ZHUX» T7152HTX, BIP
17845 GHOUNMA, 197, 4HOUMB, /) B1e
FORMAT (1HO»24H PHYSICAL Y DISTRIBUTION, /) gie

END eIP

T T T T T R

226
227
228
229
230
231
232




SUBRUOUTINE BOATLICXIN, YOUT, XXXs YYY,N) BLI 1
DIMENSION XXX(50),YYY(50) BLI 2
Ka2 BLI 3
20 IF(XIN.LE.XXX(K)) G TD 10 BLI 4
KeKe]l BLI 5 ;
IFIK.GT.N) WRITE(6,100) sLI 6 %
IFIK.GT.N) CALL EXIT BLI 7
G0 710 20 BLI 8
10 RATS(XIN=XXX{K=1))/7{XXX(K)}=AXX{K=1)) oLl 9
YOUT=YYY(K=1)+RAT&(YYY(K)=-YYY(K=-1)) 8Ll 10
RETURN LI 11
100 FURMAT(#® co0cee K «6T+. N 1IN BOATLI seccest) BLI 12
END BLI 13
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1

SUBRDUT INE BOATLP (ITKFY,I,IFILE,SDT,HDT,AX)

QUATCM = BUAT CUMFMPN

OIMENSION A(50), AID(25), ALOC(50,6), ALPHA {25,500, CGHVI750s3),
ECCL50), G(25)s GTBVIT750),

CM(25,25)s CPBAR(50)s CPTRAVI?50),

HCP(252%)» H3TAT(50), HTAV(750)s IRR{4O0),
JSAVE(L)y J1234515), PSEXTIS50), PSI(50)s QX(25),
RCL40s3)» RHO(50), RHNOUT(50)s RT(50), RUL50)»

IRRR {402 5)»

IRT(40)>
RALPHALZ25,50),
RXE(50)s RXK(50),

SIGMALS0)», START(I)y TU(S50), TITLE(1B), UIS0)s VEXT(64,25,2),

VJET(4,2552)» WODUTI(25»50), WM(25),
XE(50)y XEXTU(50)y XJFT(50), XK(50)
YOUT{50), ZID(5)

LOGICAL LHALF,LSWUN

EQUYVALENCE (J1, J12345(1))
EQUIVALENCE (ALOCC(],1)» CM(1s1))
EQUIVALENCE (ECC» CM(1513))s (YOUT,
EQUIVALENCE (CPTBV, CGHV)
EQUIVALENCE (HCP(1»r1)s wWMN(1l))
EQUIVALENCE (START, TTB(1))

cepisy

COMMON  TTB(30)» HFI(25) »

COMMON A » AID » ALPHA
CRR » CVISC » DELPSI
OXMIN » FDL » FFF
IDELP IECC » IFINIS
IPAGE IPRESS » IRR
ITFLG » Ivis y J1
J5 » LHALF » MM(GD
NPSI s NPR » MNRAD
(4 » PCNTY ¢+ PRNT
ox » RALPHA RAUJY
RJ » PT s RTACU
RU » RXE » RIXK
T » TCNNT , TEOGE
TKINET » U » UNITY
WIMIX » WTMOLF » X
XINIT » XK ’ Xx2
Y » 210

COMMUN FLJTEX(10000), NAMAS(3),
JET/EXT FLOW FIELD COMMON SECTION

COMMDN DELJ » DELE s  LJET
KMAXJ) » KMAXF » NPJET

WP(25)r WIMIX(50),

» XLE(50),

CMl1,151))

GTI8YV
CARB
DFDL

G

1gur
IRRR
J2
MPS1
NRAS
PRNTXC
RC
RTJAC
SIGE
TEMRM
wDor
XCHANG
XLE

W v W W ¥ W 9 WY WY we w W eo®©w
C W W 9 w € 9w W Y W W e ®w W w we

RPRM(2400)»

» TEXY
» NREXT

. w

XMU(50)y Y(50),
HTBY
cHM » CPBAR
oPDX » DX
GGG » HSTAY
Ioutl » I6UT2
IRT » ISAVE
43 s J&
MXNPT » MINPIL
NS » N7
PSI » PSID
RHO » RHOOQUT
RTJOB » RINAX
SIGK » SIGMA
TEMRP » TITLE
WM » wp
XD ’ Xe
XMAX » XMU
SPACR(10)
IMAXJ » IMAXE
PSJET PSEXT

BLP
BLP
BLP
aLP
aLP
BLP
BLP
BLP

WTMOLE(Z25),8BLP

gLP
BLP
aLp
BLP
BLP
aLP
BLP
BLP
BLP
BLP
BLP
BLP
BLP
» BLP
»8LP
»BLP
s BLP
2BLP
2 BLP
»BLP
sBLP
»BLP
»8LP
s BLP
»BLP
sBLP
28LP
»BLP
»BLP
eLe
BLP
eLP
eLP
B P
»BLP
»BLP

QNN S WA




7 Pl » P2 » P13 » P& » USTJ » USTE
3 VJET » VEXT ’ XJET » XEXT

‘ COMMON ENDCH

E END OF COMMON TO BE COPIED TOD RESTART FILE
‘ COMMON FID(3,5)s IFNAM(D), LSWON(16)

¢

DIMENSION ATB{2)

NREC = (1-1)%30 ¢+ ITKFY

CALL SFVMV (CGHVINREC,IFILE-1)» ATBs 2)
AX® ATB(1)*HDT+ ATB(2)e5DT

PETURN

END

»BLP
sLP
BLP
BLP
BLP
BLP
BL?
BLP
sLP
BLP
sLP
BLP
sLP
aLP
BLP
BLP

46
47
48
49
50
51
52
53
54
55
56
57
54
59
60
61




SUBROUTINE RJATLY (INIT) BLU 1
C BLU 4
C BUATLU - BOAT FILFE LNOK yp BLY 3
C BLU 4
C BOATCKE - BGAT CUMMNN sLY 5
DIMENSION A(50), AID(25)s ALNCIS0,6)s ALPHA(25,50)s CGHV(750s3)» BLU 6
1 CM(25525)» CPBAR(SC)y CPTBVIT75D), ECCI50)s GE(25)s GTBVIT750)>» BLU 7
2 HCP(25,25)y HSTAT(50), HTAVI750)s IRR(40), IRRR(40s5), IRT{40), BLU 8
3 ISAVE(G)s J12365(5), PSEXTIS0)s PSLI(50), QOX(25)s RALPHA(Z25,50)s BLU 9
& RC(40,3)» RHOL(S50), PHNCUTI(S5D), RY(S0)y RULSO)s RXE{SD), RXK(50)s BLU 10
5 SIGMA(S0)» START(l)s TUS0)s TITLE(LIB)) U(S0)s VEXT1452592)> nLu 11
6 VIET(4,2552)s WOUTI(25,50)s WM(25), WPI25)y WTMIX(S50)s WTAOLE(25),8LU 12
7 XECS50), XEXT(50), XGET(50), YK(50), XLE(50), XMU{50)» YI(50),s ALY 13
8 YOUTISO)Y, ZIDI(S) 8LU 14
C BLU 1%
LOGICAL LHALF,LSWONMN BLU 16

C . BLY 17 |
FQUIVALENCE (J]1y J12345(1)) 8LL 18
EQUIVALENCE (ALOC(1,1)s CM(1,1)) 8Ly 19
EQUIVALENCE (=CC» CM(1,13)), (YDUT, CM(1,15%5)) 8Ly 20
EQUIVALENCE (CPTBV, CGHV) BLU 21
EQUIVALENCE (HCP(ls1)y wWMIL1)) BLU 22
EJUIVALENCE (START, TTBIL1M) - 8Ly 23
C 8Ly 26
COMMON TT8(30), HF(25) » cCPTaY » GTBv » HTBY BLU 29
COMMON A s AID » ALPHA » CARB » ChH » CPBAR ,»BLU 26
1 CRR » CVISC » DELPSI » DFDL » DPDX » Dx s BLU 27
2 OXMIN » FOL s FFF » G » GGG » HSTAT ,8LU 28
3 IDELP ,» 1TFCC » IFINIS » I10UY s I0UT1 , [OUTZ ,B8LU 29
4 I1PAGE ’ IPRESS IPR » IRRR » IRT » ISAVE sBLU 30
5 ITFLG » 1IVIS sy J1 y J2 s J3 » J& »BLU 31
6 39 » LHALF ’ MMQOD » MPS I » MXNPT » MXNP1 »BLUYU 32
7 MPS 1 » MR » NRAD » NRAS » NS » NT 2BLY 33
8 P » PCNT » PPNT » PRNIXC , PSI » PSID sBLYU 3%
9 ax » PALPHA » RBUOY ,», RC s RHO s RHOOUT »BLU 35
1 RJ » PRT » RTACU » RTJAC » RTJOB » RTMAX »BLU 36
2 RU s RXF y RXK » SIGE s SIGK s SIGMA ,8BLU 37
3 ) » TCONT , TFOGE » TEMRM , TEMRP o TITLE ,»BLU 38
4 TKINET » U ’ UNLT » 4001 » WM » we »BLU 39
5 WINIX » WTMOLE , X ’ XCHANG » X0 ’ XE »BLUY 40
6 YINIT , XK »  XK2 s XLE » XMAX » XMU »BLU 41
7 Y » 210 BLU 42
COMMON FLJTEX(10000), NAMAS(3I)s, RPRM{2400)y SPACRI(]10) Ly 43
C BLU 44
C JET/ZEXT FLOW FIELD COMMON SFCTION Ly 45




aNaNm [aEaNalaNayl 2N alal [

OO -

[aXaNal

20

30

COMMON DELJ » DELF » I1JET s LEXT » IMAXJ » IMAXE
| KMAXJ » KMAXE ’ HNRJET » NREXT » P3JET » PSEXT
2 Pl v P2 y P} » P4 » USTY » USTE
3 VJET ’ VEXT ’ XJET » KEXTY

COMMON ENDCHM
END OF CUMMON TO BF COPIED TN RESTART FILE

COMMUN  FID(3,5)s IFNAM(3), LSWON{16)

REWIND RESTAQT FILE

REWIND 1
IF (INIT.GT.0) GL TN 10

ZERD RPRM FILE NN START-UP

CALL SFVFL (0.0,RPRM»30%40%?2)
CONTINUE

LONK UP  BOAT-S5PECRA NUTPUT FILE
IF (NRAD.EQ.0) GU TO 40
BOAT-SPECRA FILE, FNRMATTED SEQUENTIAL, POSITION AT END-QF-DATA

IF (INIT.EQ.0) END FILF 2
REWIND 2

READ (2,50)

IF (EQF(2)) 30,20
BACKSPACE 2

GU TU «0

WRITE (6,60) NAMAS

sToe

CONTINUE
PETUPN

FORMAT (40A2)
FIRMAT (25H QJUAT-SPLCRA FILF ERRNR )
END

L e TR R

Bty
sALU
»BLU
sBLU

BLU

BLU

BLYU

BLU

BLU

sLy

BLU

8LU

BLU

BLY

LU

sLU

8Ly
8Ly

BLVY

3LV

8Ly

BLY

sLUY

LR

BLY

8Ly

8Ly
8Ly
sLU
sLu

BLU

8LyY

BLU

BLU

8Ly

aLU

BLY

8Ly

8Ly
8Ly

BLU

8Ly

8LV

BLU

BLU

40
47
%8
49
50
51
52
53
56
55
56
57
58
59
60
61

63
64
65
66
67
68
69
10
71
T2
73
76

76
17
78
79
80
8l
ez
83
84
85
86
ez
L)
89
90




SUBROUTINE BDATM] 841 : j

C anl 2 |

C MAIN INTEGRATION CONTRNOL ROYUTINE GL D 3 }

C BY1 4 |

C BCATCFM = BOAT CuMpnNN LD | 5 |

DIMENSINN ALSD), AIRI25), ALNC{S5056)s ALPHA(25,50)s CGHV(750s3)s aM1 6 ;

1 CH(25525)» CPBAR(50), CPTAVI750), ECCI(S0)s G(25), GIBVIT750), BM1 7 |

2 HCP(2,25)), HSTATI50), HTBVI750), IRR(4O0)s IRRR(40»5)» IRT(4O0), BM1l 8 ‘
3 ISAVEL(K) J12345(9)s PSEXTI(S0), PSI(50)s QOX(25), RALPHAL(255,50), BM1 9
4 RC(%0,3)s RHOI(50)» RHONDUY(S0)» RI(50), RULS50)s RXE(50), RXKISO)s BM] 10

5 SIGMALSO), START(1)s TUS50)y TITLE(18)s, U(50), VEXT(452552)» L) 11 |
6 VIET(452552)s MDDT(25550), WMI25), WPU25), WTIMIX(ISO),s WIMOLE(251,8M1 12
7 XEC50), XEXTU500)s XJFTU5D)y XK (502 XLE(S0), XMUI50), Y{50)» sl 13
8 YOUT(50), Z21I0D(S5) BM1 16
C 811 15
LOGICAL LHALF,LSWON 8M1 16
C LB 17
EQUIVALENCE (J1, J12345(1)) an1 18
EQUIVALENCE (ALOCU] 1)y CHULp1 ) 8M1 19
EQUIVALENCE (LCC» CMI1513))s (YOUT, CMI1,15%5)) BMl 20

EQUIVALENCE (CPT8V, CGHV) 841 21 |

EQUIVALENCE (HCPI1s1), WAHI(1)) anl 22 |

EQUIVALENCE (START, Ti8(1)) BM1 23 J

C Bl 24 j

CUMMON  TTB(30), HMF(25) » CPTBY , GIBV » MTBY LL 295 1

CUOMMON A » AID » ALPHA , CARB » (N » CPBAR ,BM1 26 |
1 CRR » CVISC » OELPSI » DFDL s OPDX » DX p8M1 27
| 2 DXMIN » FDL » FFF » G » GGG » HSTAT ,8M] 28
' 3 I0OELP , 1ECC » IFINIS » 10OUT » IOUT1 , 1OUT2 ,8M] 29
i 4 IPAGE » [PRESS , 1eoR » IRRR » IRT » 1SAVE ,8nl 30
] 5 ITFLG » IvVIS r J1 » J2 P & | s J s BM]1 3
6 45 » LHALF , MmnQO » MPS] s MANPT  NMXNPL1 ,8M1 32
7 NPS T » Ne » NRAD » NRAS s NS » NT sBM1 33
8 | 4 » PCNT » PBENT » PRNIXC , pSI1 » PSID 28M1 34
9 gx » PALPHA » 2RYQY , RC » PHOD » RHOOUT ,8M] 35
| rRJ . Ry » RTACL RTJAC » F1JO8 RTnax ,841 36
; 2 RU s PXF » RXK » SIGE » SIGK » SIGMA ,BM) 37
f 3 » TJCONT , TEDGE ,» TEMRM , TEMRP , TITLE »BM1 36
: 4 TKINET » U » UNIT s WDUY » WM » WP »B8M1 39
1 5 WIMIX » WIMOLF , X s XCHANG , XD s XE 28M] 40
: 6 XINIT 4 4 » ) § 4 » XLE » XMAX » Xnu »BM1 4]
o 7 Y » 110 Bnl1 &2
f COMMON  FLJTEX(12000), NAMAS(3), RPRM(26400), SPACR(10)} anl 43
' C Av] &%
: C JEV/ZEXT FLUW FIELD CNYMON SFCTIUN 8nl 65

i
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20

30

40

50

[aNa Nl

COMNMON  DELJ » DELF ’
1 KMAXJ » KMAXE »
2 Pl » P2 ’
3 vitt »  VEXT ’

COMMON ENDCM

1JET
NRJET

XJET

- e v e

TEXT
NREXT
A
XEXTY

END OF COMMUH TO BI COPIED TO RCSTART FILE

CUMMUON FID(3«5)» IFMNAM{(3),

CONT INUE
IfF (IPRESS.F2.,0) 6O TN 20

LSWONC(16)

R e i oA

CALL BOATIL (1oXePSICL)s IMAXIKMAXI» IJETH)VIETHXIJETHPSIET»Y1»PLlo0UNBM] 6l

LoDUMSFSIETHFIDSMRIET)

CALL BOATLIE (29 XsPSI(MPST) IMAXESKMAXE » JEXTHVEXT o XEXT,PSEXT, Y2, P2y 841 63

10UM> DUNSPSIET) FIDSNPEXT)
CUNT INUE

00 50 I=1,MPSI

WINIX{])=0.0

00 30 J=1,NS
WINIXCI)=WTMIX(I)*ALPHA(I, )
IF UIPRESS.EQ.O0}! GN TN &0

IF (PSTCIDLTLPSJIET) CALL BDATIE (1oXsoPSE(1)s IMAXRI,XKMANI JJET,VIETOM] 71
Lo XJET,PSIET,OUM, PoOUM, DUMS PSJIET, FIDINRJET)
1F (PSICID.GELPSJIET) CALL RNATEL (29X PSTUT ), IRPAXE,KNAXE, TEXT, VEXTEN] 73
1o XEXToPSEXTHOUMs P DUM, DUMy PSIFT,FIDINREXT)

CONTINRUE

RHO(I) =P /78351 7.501/7T7CT ) /7uTNIX(T)

RHOOUT LI D=0 40(1)/71.94
00 70 [=1,MPSI

FREE STREAM VELOCITY WILL RE SEV TO 1.0 FPS IF ZERU IS ENTERED anl eo

Utld)=amax1(1.0,Utl)?
CPBARI(1)=0.0
H5TATI(I)=0.0

TX=T(I)

CALL BOATTX (TX,TTR,ITKFY,SDT,HOT,NY)

IF (ITKEY.EQ.O0) GD 10 250
D0 60 J=1,N5

CALL BOATLP (TTREY3Js?2sSNT,HDT, AX)

HCP{2»J)=AX®45055,13]

enl 46
» IMAXS » IMAXE »,8N] 47
» PSJET » PSEXT ,8R1 48
» USTY » USTE » 811 49

BM1 50

811 51

anl 52

BM1 53

Ml 5%

LED %5

anl %6

a1 57

8nl 56

LL DY 59

Ml 60

a4l 6?7

anl 6%

LL DY 65

anl 66

a4l 67

gl 68

L L)Y 69

ani 70

.1} 72

LYY T4

8n1 75

aM1 76

8mMl 7

BNl 78

BNl 79

Bni ol

anl 62

BNl a3

8M1 as

BM] e5

BNl a6

B4l u7

8n] a8

gn1 a9

LD 90




EL UL i L . i

CALL BOATLP (ITKEY»Jds&sSDT,HDT,AX) M1 91

HCPLL» J)=AX®4505%,31 8m1 92

HSTAT I )=HSTAT(ID*HCP (1, J)%ALOHALJS ) L1} 93

60 CPBAR(II=CPBARILDI+HCP (2, J)*ALPHALI, 1) BM1 Y&

70 CONT INUE 8nl 9%

IF (IPPESS.EQ.0) Y{1)=PSTL1)/SARTIRHOLLI®UI(T)) anl 96

IF (IPRESSWNEL.O) Y(1)=Y] Ml 97

YTUP=Y(MPS1) oMl 98

DY B0 1=22,Mp51 anl 99

DUM=(RHOCTISULT I 4RHNLTI -1 DU TI-1))72 Ml 100

80 YUID)=SORTUV(I-1)0e2+({PSI{I}¢e2-PS]t]I-1)¢¢2)/DUN) BNl 101

IF (YTOP.EW.0,) GU T 90 BM1l 102

IK2=(Y(MPSI)=-YTOP)/IDY BM] 103

90 CONTINVE 841 104

C 41 1095

C KEZ2 INITIALIZAT]IUN 8M1 106

C BM]l 107

IfF (1IVIS.GELO) GO TC 1S5S0 oMl 108

IF (XGT . XINIT) GO TN 150 841 109

IF (IVIS.EQ.=-2) GO TN 110 BM1 110

C XK NUT SPECIFIEDs, 1VISe-] BM1 111

IviS=0 anl 112

CALL BODATVI en: 113

xxtl)=0, anl 114

XK (MPSIL )e=0. BM1l 119%

XEt1)=0. enl 116

XE(MPSII=O0. smM1 117

OV 100 [=2,NPS51 : BM1 138

XK (L) XMUCT IS LUCT+ L )=-U(T=1)0/72.7DELPSISULIYISY(TI)Z2.37PSILT) 8™l 119

XX{[)=ABSIXKI])) 841 120

100 CUNTINUE anr 121

IVviSe~] M1 122

{ GO0 T0 130 aml 123
f 110 CONTINUe 8M1 124
: C XK SPECIFIEDy IVIS=-2 8l 125
E XMUl1)e=0, : aM1L 126
# XMUIMPSI)=0, SNl 127
ﬁ 00 1720 1=2,NPS1 B4l 128
: XRULL D)o 30 XK (TIPS T (L) ¢DELPSI/UILINZYCINIZIULI*1)-UIL1-1)) BMl 129
XMUGT ) =ABS (XMUL])) Ml 130

120 CUNTINUE anl 131

130 CUNT INUE anl 132

00 140 [=2,NPSI] L LISk R

XE(L)=  O9CRHOLTIISXN (T )87 XMU(]) anl 134

Rxe{ld=x(]) 841 135




RXECTIDexELD) 8™l 136

140 CONT INUE BNl 137
RXK(1)=0, 841 138
RXE(1)=0, 81 139
RXK{MPSI)=0, BM1 140
RXE(MPSTI)=n, 8nl 161

150 CONT INUE BM1 142
CALL BOATVI] 841 143

c ANl 144

d CHECX DIFFUSIUN STFP SIZ2¢ 8M1 145

C BMl 146
XD={Y(MPSI)=Y(L1))/FLOATL{MPST} BMl 147
D0 160 1=2,NPS1 8"l 149
DUMMNY=2 0 (Y{[o1)=-Y(I-1)) 8BR1 149

160 XO=AMINL (XD, DUMMY) 8"l 150
FOL=FOL+DFDL sl 151
IF (FOL.G'.I.-OR-FD[-['-.OI’ FDL-I- Bﬂl 152
XD=XDSFDL : 81 153

C Bl 156
DO 170 I[=2,NPS1 B4l 155
DUNMY=A(T¢2)eAlT=-1)ACT)oALT) BM) 156
DUMNY=DUNNY /2, BML 157
OURNY =PST(T)SDELPST®DELPSI®SIGMACT)/XLECTI)ZDUPNY /LS BM1 158

170 XD=AMINL( XD, DUMMY) anl 159
OX=AMINL(PX,XD) 8"l 160
IF (IPRFSS.EQ.0¢ GN TO 1RO 8Ml1 161
XOUNsX4DX Bl 162
CALL BOATIT (1o XDUMsPSIUID» IMARI KNAXIS LJET)VIET)XJET, PSIET,DUM»P3BM] 163

LoRTE1I,RUCL)IsPSIET,FIDSNRJIFT) Bl 164
CALL BOATII 12,XDUMPST(MPST), INAXESKMAXESTEXT)VERT,XEXT,PSEXT,OUNBN] 165 ]
LoPaoRTINPSI)oRUINPSTILPSIETFIDsNPEXT) ANl o6

160 CNONTINUE 81l 167

C Bl 168
CALL BDATS? a1l 169

C 891 170

f 1OUT=I0UT+1 8M1 171
' IF (IFINIS) 190,230,190 eM1 172
' 190 IF (X=XMAX) 200,220,220 8n: 173

u 200 IF (PRNT-PCNT) 230,230,210 Ml 174

210 CONTINUE BMl 175
GO TO 240 BMl 176

220 1FINISe2 enl1 177
XM . 222,06XMAX 8Nl 170

230 CallL BUATUT anl 179
IF (PSID.NE.O.) WKITF (6,260) 81 180




PCNT=0.0 BM1 181

2640  CONTINUE BM1 182
Te “IN=IFINIS BM1 183
{LSWON(4)) WRITE (6+270) DXy X BML 184
c AM1 185
CAL. BDATM2 BM1 186
C BM1 187
¢ CHECK FOR SWO UR MAX TIME EXCEEOED HERE BM1 1868
C 8M1 189
ITFLG=0 BM1 190
IF (LSWON(1)) ITFLG=1 BM1 191 |
TIMESETIME(TSTRT) BM1 192 ‘
IF (TIME.LT.RTJAC) TIME=TIME+24,.%60, BM1 193
TJAC=TIME-RTJIAC BM1 194 ;
1F (TJAC.GE.RTJOB) ITFLG=2 BM1 19% *
IF (ISFINJ.EQ.?) ITFLG=S BM1 196
IF (ITFLG.GT.0) CALL POATCP 8M1 197
G0 TO 10 BM1 198
250 STQOP ) BM1 199
c BM1 200

260 FORVAT (1HO» T4 4HXRAR, T14p 4HPSID»T2356HPSI(X)»T32,9H Y(MPS1),T44,0M1 201
15HSLUPE»T559 3HV/U, T62» THDOFL® (X )» V715 1OMDEL* (X-DX )y TB4» 4HRDIV,T94»4BN1 202
2HREFF, /) B®l 203

270 FORMAT (1H »2E12.5) BM1 204

END BMl1 205

NG
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SUBROUTINE BUOATM?2 AM2

BM2

RESET DEPENDENT VARIABLES AFTER IMNTEGRATIUN STEP BM2
aM2

BOATCM - BUAT CUMMON pM2

DIMENSION A(S50), AID(, "V, ALOC(50,6)s ALPHA(25,50)» CGHV(750,3), BM2
CM(255,25)s CPBAR(50), CPTBVI(750)s ECC(S50)s G(25)s GTIBVIT50), M2

HCP(2525)» HSTAT(S50)y HIBVIT50), IRR(40)s IRRR(40+5)s IRT{40), BM2
ISAVE(6), J12345(5), PSEXT(50), PSI(50)s OX(25)s RALPHA(25,50), BM2
RC{40s 3}y RHII(50), PHNNUT(50)s RT(50)» RULS50)» RXE(50)» RXK(50)» BMZ

SIGMACS0)y STARTI1)s T(50), TITLE(L1B), U(S0)s VEXT(4,2552)» M2

VIET (4925520 WOUT(25250)0 WM{25)) WP(25), WTMIX(50)» WTMOLE(Z25),BM2

XEL50)s XEXT(S50), XJETU(50)s XK({S50)s XLE{S0Q)» XMU(50)s Y50}, BM2

YOQUT(50), 2101(5) BM 2

BM2

LOGICAL LHALF,LSWON 8M2
M2

EQUIVALENCE tJ1l, J12345(1)) BM2
EQUIVALENCE (ALOC(I»1)s CM(1s1D) BmMz
EQUIVALENCE (ECC» CMU1s13)), (YOUT, CM(1,15)) gM2
EQUIVALENCE (CPTOV, CGHV) BM2
EQUIVALENCE tHCP L1, 1) WM(1)) 8M2
EQUIVALENCE (START, TT8BI(1)) BM2
8M2

COMMON TTB(30), HF(25) » CPTBY » GTBV » HTBY BM2
COMMOUN A » AlID » ALPHA ’ CARB » cH » CPBAR »BM2
CRR ., CVISC » DELPSI » DFODL » DPDX vy DX s BM2

oXMIN FOL » FFF » G » GGG » HSTAT ,8M2

IDELP » IFCC » IFINIS » 10UT » I0OUTY » 10UT2 ,BM2

IPAGE » IPRESS » [IRR » IRRR » IRT » [SAVE sBM2

ITFLG s 1VIS » J1 s J2 y J3 »  Jb »BM2

35 » LHALF » MMOD » MPSI » PMXNPT » MXNP1l ,BM2

NPST » NP » NRAD s NRAS » NS » NT pBM2

P » PCNT » PRNT » PRNIXC » PSI » PSID »BM2

Q4 s RALPHA » RBUQY » RC » RHD » RHOOUT ,8M2

RJ » RT ’ RTACU » RTJAC » RTJOB » RIMAX » BM2

RU » RXE » RXK » SIGE » SIGK s SIGMA »BM2

T » TCONT » TEDGE » TEMRM » TEMRP » TITLE »BM2

TKINET » U » UNMIT s WOOT s WM s WP »BM2

WTMIX » WIMDLE , X » XCHANG » XD y XE s BM2

XINIT XK 'y XK2 s XLE » XMAX » XMU »BM2

Y s 110 Bv2

CUMMON FLJTEX(10000), NAMAS(3), RPRM{2400)» SPACR(10) M2
8M2

JETZEXT FLOW FIELD COMMPN SECTION BM2

O Do PT S WwN R
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BM2 46
COMMON DELJ s DELE s  LJET s I1EXT » IMAXY » IMAXE ,8M2 7
1 KMAXJ) » KMAXE , NRJET , NREXT » PSJET , PSEXT »8M2 &8
2 Pl » o d ’ P3 » P ’ usrty ’ USTE »BM2 49
3 VJET s  VEXT e XJET s  XEXT 8M2 50
RM2 51
COMMON ENDCM BM2 52
aM2 53
END OF CUMMON TO BE COPIED TN RESTART FILE BM2 56
BM2 55
COMMON  FIDU(3,5)y IFNAM(3), LSWON(16) BM2 56
BM2 57
BM2 58
IFINIS=] BM2 59
NTEST=PPSI-1 BM2 60
C BM2 61 s
C CHECK NEGATIVE MOLE FRACTINM BM2 62 :
C BM2 63 i
NDUM=?2 BM2 64 '
IF (PSTI(1).EQ.0.) NDUM=] 8M2 65
DD 10 I=NODUM,NTEST BM2 66
IF (ABSU(TCI)=-RT(I)}.GTL.TCOANT) GO TO 100 BM2 67
DU 10 J=1,NS BM2 68
IF (PALPHA(J»I)) 110,10,10 BM2 69
10 CINTINUE 842 70 ;
XsX+DX gBM2 71 :
PCNT=PCNT+DX BM2 72 :
: DX=XD BM2 73
4 CALL BOATEN (PSII,PSIE) BM2 74
: IF (PSID.NE.O.) CALL ROATDS (PSIE) BM2 75
Ks2 BM2 76
: DELTSI=(PSIE-PSII)/FLNATINPSI) BM2 77
‘ DJ 60 I=2,NPSI BM2 78
; PSIT=PSII+FLOATC(I-1)#DFLTSI] RM2 79
20 IF (PSIT.LE.PSI(K)) GO TO 32 842 80
: KeKe] : BM2 81
1 GO T0 20 BM2 82
30 RAT=s (PSIT~-PSI(K-1))/DELPST BM2 83
ULI)=RUIK=1)+RATH(RU(K)-RUY(K=1)) BM2 846
TCI)=2RT(K=1)+RAT*(RT(K)-RT(K=1)) BM2 85
C BM2 86
IF (IVIS.GE.O) GO TO 4O BM2 87
AK(I)=2RXK(K=1) ¢+RATS(RYKIK)=RXK(K=1)) 8M2 88
XE(I)=RXE(K=-1)4RAT#(RXE(K)-RXE(K~1)) 8mM2 89 .
IF (1.EQ.2) RATSI={PSIT-PSI(1))/DELPSI BM2 90 |
i
i
I i
b




oL . "

IF (1.€0.2) XK(2)=RXK(2)4RATS 442 842 91

IF (I1.EJ2.2) XE(2)sRXE(2)#RATS[#s2 BMNZ 92

IF (I EQ.NPSI) RATSI«(PSIT-PSI(MPSI))/DELPS] BM2 93

IF {1.€Q.2) XK(NPST)=RXK (NPST)*RATS[#42 BM2 94

IF (1.FQ.2) XE(NPST)=RXF(NPST)#RATS]es2 BH2 95

«0 CONT INUE BM2 96
C BMZ2 97
03 50 J=1,NS BM2 98

50 ALPHALJ» ) =RALPHALJ,K=1)42AT#(RALPHALS,K)=RALPHA(JsK=1)) B2 99
60 CONTINUE BY2 100
MPSIMle4PS -] B42 101

00 80 I=1,MP5I,MPSIM] BM2 102
UCT)=RUCT) BMZ 103
T(I)=RT (1) BM2 104

DD 70 J=1,NS BM2 105

70 ALPHA(J, 1) =RALPHALY,T) BM2 106
C 8M2 107
If (IVIS.GE.0) GO 70 B8O BM2 108
XKAT)=RXK () BM2 109
XELT)=RXE(T) BM2 110

c BMZ2 111
80 CONTINUE BM2 112
DELPSI=DELTSI BM2 113

D0 90 I=1,MPSI BM2 114

90 SICI)ePSTT+FLOAT(I-))4DELPST BM2 115
60 TO 140 BM2 116

100 COINTINUE BM2 117
WRITE (65150) I,T(I),RT() BM2 118

G0 TO 120 BM2 119

110  CUNTINUE BM2 120
IF (LSWON(4)) WRITE (6,150) J,1,RALPHACY,]) 842 121

120 IF (DX.LT.DXMIN) GN TO 130 BM2 122
0X=DX/2,0 BMZ2 123

60 TO 140 BM2 124

130 WRITE (6,170) BM2 125
CALL EXIT BM2 126

140 RETURN BM2 127
1 c BMZ 128
| 150 FORMAT (32H TEMPERATURF CHANGE TOG B16s I =,13,5X,6HT(]) *sE12.5,58M2 129
1o THRTUI) =, E12,5) BMZ 130

160 FORMAT (22H NEGATIVE SPECIES, [ =,13,5X,3H) *»1355Xs 13HRALPHALJ, 1)BM2 13)
1 =,E12.5) BM2 132

170 FORMAT (S6HINEGATIVE PAPAMETER - NOT CORRECTED BY REPEATED HALVINGBM2 133
1 »12HUF STEP SIZE) BM2 136

END ’ 8M2 135
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SUBROUTINE BOATOT :30) 1
o 80°F 2
C QUTPUT ROUTINE 8137 3
C BOT 4
C BGATCM - BOAT CUMPON 937 5
DIMENSION A(59), AID(25)» ALNC(5056)» ALPHA(25,50)s CGHV(T750,3))» 8OT .}
1 CMU25525)» CPBAR(S0)s ZPTBV(750)s ECC(50)» GI(25)y GTIBV(T50), BOT 7
2 HCP(2»25)» HSTAT(50), HTBVI750), IRR(40)>» IRRR(40,5), IRT140), goT 8

3 ISAVE(6)s J12345(5), PSEXT{S0)» PSI(50)s QX(25), RALPHAL125,50)s BOTY 9 i
4 RC(40s3)s RHO(50), PHOOUT(S50), RT(50), RU(S50)» RXE(50), RXK(50), 8Nt 10
5 SIGMA{(S0)s START(1)» TU(S50), TITLE(1B)» U(50), VEXT(492592)> 807 11
6 VIET(492552)s WOOT(25,50), WMI25), WP(25)s WTMIXIS50), WTMOLE(25),BUT 12
7 XE(50), XEXT(50)s XJFT(50), XK(50)s XLE(50), XMU(50), Y(50), 83T 13
B YOUTISO)y ZIDU(S) BOT 16
C 8oTv 15
LUGICAL LHALF»LSWON 807 16
C BT 17
EQUIVALENCE (Jl» J12345¢(1)) 807 18
EQUIVALENCE (ALOCI(1,1)s CM{1s1)) BOT 19
EQUIVALENCE (ECC» CMI{1,13)), (YOUT, CM(1,15)) anr 20
EQUIVALENCE (CPTBVy CGHV) 837 21
EJUIVALENCE (HCPILl,1), WMLIL1)) 817 22
EQUIVALENCE (START, TT3(1)) 8T 23
C eaT 26
COMMON TTB(30), HFI(29) » CPTBY , GTBY » HTRY 8uTt 29
CUMMON A ’ AlD ’ ALPHA CARB » M y CPBAR »B807 26
1 CRR s CVISC » DFLPSI » OFDL » DPOX » DX » B80T 27
2 DXMIN , FODL s FFF s G s GGG s HSTAT »BOT 28
3 IDELP » IECC » IFINIS » 10OUT » louTr » 10UT2 ,B07 29
4 IPAGE o TIPRESS » IRR » IRRR r  IRT » ISAVE sbBnTY 30

5 ITFLG » IVIS y J1 » J2 s J3 » Jb » 80T 3 i

6 Js ’ LHALF ’ MMOD » MPSI » MXNPT MXNP1 »BO0T 32 i

7 NPS1 » NP » NRAD » NRAS » NS » NT »BOT 33 i
8 P s PCNT ’ PRNYT ’ PRNTXC » PSSt » PSID »807 36
9 ax » RALPHA » RBUDY » RC » RHO » RHOOUT »B807 35
1 RJ » RIT » PTACU » RTJAC » RTJIB » RTMAX 807 6
2 RU » RXF s PRXK » SIGE » SIGK » SIGMA 807 37
3 | s TCOMT » TEOGE » TEMRM , TEMRP » TITLE »BO7V 38
4 TKINET U ’ UNIT [ WwoorT ’ WM » WP 2 BT 39
5 WTHNIX WTMGLE » X » XCHANG » XD ’ XE » 807 40
6 XINIT XK » XK2 » XLE » XMAX » XMU »BOT 41
7 Y » 110 8uv 42
COMMON FLJTIEX(10000)» NAMAS(]]), RPRM (2400} SPACR(10) 8arT 43
C 8J7T 44
C JET/ZEXT FLUW FIELD COMMAN SECTIUN BT 45




[aNaNe] [g]

1o

20

COMMON DELJ » ODFLE ’
1 KMAXJ » XMAXE »
2 Pl s P? ’
3 VJET » VFXT ’

COMMON  ENDCM

END UF CUMMON 70 BF COPIED Tn RESTART FILE

COMMON  FID(3,5), 1IFNAM(3),

OIMENSION RPRMV(10), DATA(7)
DATA ZCO/4HCO 7/

DATA ZCQ2/4HCY2 ¢/

OATA IHZ20/74HH20 /

DATA IN2/74HN2 ¢

CALL DATE (RDATE)

03 10 I=1,NS

IF {(ATD(I).EQ.2CU) ICNsT

IF (AID(I).EQ.2ZCU2) ICO?=T
IF (AID(I).tQ.ZH20) IM2C=]
IF tAID(I)JEQ.IN2) IN22]
CONT INVE

IF (X.GE.XCHANG) PRNT=PRNTXC
03 20 I=1,MPS1
YOUT (L )=sY(1)/Ry

PCNI=0.0

IPAGL=1PAGE+]

WRITE (65260) Xy {TITLECI)»I=1,18)s IPAGE,RDATE

WRITE (6,220)

XORJ=X/RY

POUT=P/2117.0

WRITE (65230) XORJ,DX,PRUT
WRITF (6,240)

WRITE (6»370)

0) 30 I=1,MPSI
SS1769517.50L¢WTMIX(T])
SS2=CPBAR(II/ZICPBAR(I)-SS])
SS*SORT(SS245S1%7(1))
XMACH=U(]I) /SS
XMUDUT=XMU(I)*32.176
HOUT=HSTATI(])/7645055.131

IF CIVIS.LT.0) HIUT=XK(])

[JET » 1EXT
NRJET NREXT
L) » Py

XJET » XEAT

LSWUNI(16)

’

IMAX Y
PSJED
usrtJ

14
14

IMAXE
PSEXT
USTE

BT
» 807
»BNT
» BOT
BO7Y
807
80T
8ar1
BT
LDRE
suT

B8Ny
8101
8OT
837
8OT
BOY
8371
BOT
BOT
807
BNT
8a7
BOT
BOT
BUT
807
807
BOT
807

46
47
48
49
50
51
52
53
56
55
56

58
59
60
61
62
63
66
65
66
67
68
69
70
71
72
73
74
75
76
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5
| * RATP=FLOAT(I-1)/FLOAT(MPST~-1) BOT 91 ;
W RATP=FLOAT(I-1)/FLOAT(MPST~1) BJUT 92
| PRESS=PL+RATP®(P2-P1) 807 93
| PRESS=PRESS/2117.0 _ BOT 94 ;
@ 1F (IPRESS.EQ.Q) PRFSS=POUT 80T 95 3
| IF (IVIS.LT.0) PRESS=XF(I) BOT 96 :

WRITE (65290) 1,YOUT(I),UCtI)sTCI), RHOOUT(I) ,XMACH,HOUT»XMUNUT,PSI(BOT 97 %
: 11)sPRESS 80T 98 5
k 30 CONTINUE BOT 99 ﬁ
: IRPT=(NS+6) 177 80T 100 1
DN BO KK=1,IRPT 80T 101
I1s1+(KK-1)%7 BOT 102
12274 (kK=1)%7 BUT 103
WRITE (655260) Xs (TITLE(T)»I=1,18), IPAGE,RDATE BOT 104
WRITE (6s300) BOT 105 ;
WRITE (6s250) (AIDCJ),J=11,12) BOT 106 J
D0 50 I=1,MPSI 80T 107 -3
DO 40 JI=[1,12 80T 108 i
Jisll-11¢1 BOT 109
RPRMV(JJ)=BOATAW(II,1) BOT 110
40 CONTINUE BOT 111
JI=12-11+1 BT 112
50 WRITE (65270) 1oYOUT(I), (RPRMV(J)}sJd=15dJ) 807 113
IF (IOUT1) 80,80,60 BOT 114
60 WRITE (65310) BOT 115
WRITE (65320) (AID(J)pJ=11,12) BDT 116
DO 70 Is1,MP5I 80T 117
| IF (T{I)-TKINET) 80,90,70 BOT 118 |
| 70 WRITE (65330) 1,(W00T(Js1)sd=11512)51 BAT 119 .
i‘ B8O CONTINUE BOT 120 |
: C 80T 121
C QUTPUT FOR SPECRA PROGRAPM B80T 122
C BOT 123
IF (NRAD.EQ.0) GU TOD 100 80T 124 ‘
C BOT 125 L
DATA (3)=PQUT*2117. BOT 126 |
ZRAD=X¢12,0 8aT 127 o
WRITE (2,200) ZRAD,»MPSI 82T 128
c 83T 129
DO 90 I=1,MPSI 80T 130
DATA (1)eY(1)*12.0 BOT 131
DATA (2)=T(1)¢1.R BUT 132
DATA (4)=BOATAW(IN2D,1) 80T 133
DATA (5)=BUATAWLICU2,1) BOT 134
| DATA (6)=BOATAW(ICO,I) B0OT 135
|
B e




90
100

110

120

13v

140

150

160
170

180
190

C

200
210
220
230
240

250

DATA (7)=CARDB*({.76973=-RALPHA(INZ,I)) 837
WRITE (2,210) DATA BOT
COANT INUE 80T
CONT INVUE BJ37

8nT
IfF (I10UT2) 190,190,110 BOT
IRPT=(NR+9)/10 eor
N=Q 8oTv
NNR=NR -] BOT
00 180 KKs=]l,[RPT BoOt
LL=0 8137
N=Ne) 807
WRITE (6,260) Xy (TITLE(ID)»I=1,18), IPAGE,RDATE 80T
[1=14{(N-1)¢5 807
[22s54(N=-]1)¢5 aaov
NNNle=]1] BOT
NNN2=11+1 8OT
NNN3=]]+2 807
NNN&=]1+3 80T
NNN5=12 8ot
WRITE (6,280) BurT
WRITE (65340) NNM1,NNN2,NNN3, NNN&s NNNS 80T
WRITE (6»350) BOT
D0 140 [=1,MPSI 8ov
IF (TUI)-TKINET) 150,150,130 807
NREC=(]~-1)%25+]11 807
CALL SFVHV (RPRMI(NREC)»RPRMV,10) 8O7T
WRITE (6,360) [,YOUT(I)p)RPRMV,] eor
IF (NNR/(S#N)) 180,180,160 8av
IF (LL) 180,170,180 BoT
N=Ne] 8oT
LL=1 807
GO TO 120 8ot
CONTINUE 807
COANTINUE BoT
RETURN BT

807y
FORMAT (E10.3,110,60X) BAT
FORMAT (7€10.3,19X) 8ot
FORMAT (1HO»BX»3HX/RyBX» BHDELTA X »4HFEET»4X» 1IOHPRESS(ATM)) 807
FORMAT (4X»06EL14.6) BOY

FORMAT (4HO PT»5Xs 3HY /Ry 6X»BHVELOCITY» 4X, 11HTEMPERATURE »5X» SHDENSIBOT
192HTY» TXs BHMACH NDo »5X »BHENTH-TKE» 5Xs FHVISCOS ITY 9% IHPSI»10Xs SHPRBIT

2-XE}

FORMAT (3HOPTs»3X»5H Y/P » 7(3XsAb»6X)slXs3H PT)

897
8a7v

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
17¢
171
172
173
174
175
176
177
178
179
1r0
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260 FORMAT (1H1»7777773H X=E15.755H FEET8X,18A4»8X, 4HPAGE [4»2X»A10) BOT 181
270 FORMAT (I13,F9.5,7€13.5) BOT 182
280 FORMAT (14 »/7/40X,2R4RPEACTINN RATES (MULE/ML-SEC)Z/) BaT 183
290 FURMAT ([4»Fl0,%58E14,.,6) BOT 184
300 FORMAT (1HO» 44X, 14HMNLF FRACTIUNS) 8nT 185
310 FURMAT (1HO,35X,36HNET RATE IF PRODUCTICN (W-DOT/RHO*U)) B80T 186
320 FORMAT (3HOPT,»8X,»7(3X,A4,6X)) 837 187
330 FORMAT (13,9X97€E13.5,13) BOT 188
340 FORMAT (1HO» 2HPT 54X IHY/P»BX» S (BHREACTION, 135 11X )5 2HPT ) BUT 189
350 FORMAT (9X,5(10X,2HPP,9X,2HRY)) 80T 190 {
360 FURMAT (I3,1X»11E11.4514) BOT 191 .
370 FORMAT (1BXsBHFEET/SEC»4Xs11H K »6Xs5HGM/CCr 24X GHCAL/GM,6BIT 192 ;
1X, 9HLB/FT/SEC) BOT 193
END BOT 194
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SUBROUTINE BOATRS (XTMAX,XTJOB) BRS 1

C BRS b4
C BOATRS = RESTART FNTRY PDINT B8RS 3
C BRS 4
C BUAYCM - BUAT CUmMMMH B8RS 5
ODIMENSION A{(50)» AID(25), ALOAC(50,6)y ALPHA(25,50), CGHV(750,3), BRS 6

1 CrU25,25)s CPBAR(S0), CPTBVI750), ECC(50)y G(25)» GTBVI(750)» B8RS 7

2 HCP(2,25)s H TAT(50)y HTAVITSU)s IRR{4O0)y IRRR{40,5), IRT{4%O0)}, BRS 8

3 ISAVELG)» J1234505), PSEXTU50)s FSI1(50), QAX(25), RALPHA(25550), BRS 9

& RCU40»3)» RHOIS50)s RHOCUT(S50), PT(50)s RUIS0)y RXE(S50)s RXK({50)» BRS 10

5 SIGMALS0), STARTI1), T(50), TITLE(LB) ), UL50)s VEXT(492552), 8RS 11

6 VIET(452%52)y WOOT(25050)s WMI25)s WP(25), WTMIX(SO)» WIMOLE(25), B8RS 12

7T XE(S0), XEXTU50)), XJET(50)s XK(50)s XLE(S50)» XMUL(50), Y{50), BRS 13

8 YCUT(S50), 2IDts) 8BRS 16

C eRs 15
LIGICAL LHALF JON 8RS 16

C BRS 17
EQUIVALENCE (J.» J12345(1)) BRS 18
EQUIVALENCE (ALOCt1,1), CMU1,1)) BRS 19
EQUIVALENCE (ECCs» CMI1513))s (YOUTy CM(1515)) BRS 20
EQUIVALENCE (CPTBVs CGHV) 8BRS 21
EQUIVALENCE (HCPUL1s1)» WMLLD) BRS 22
EQUIVALENCE (START, TTB(1)) B8RS 23

C 8BRS 26
COMMON TTB{32)y HF(25) » CPTIBYV , GTBV » HIBY BRS 25
COMMON A » ATD » ALPHA » CARB » W, » CPBAR »BRS 26

1 CRR » CVISC » DELPSI » DFOUL » DPDX » DX » 8RS 27

2 DXMIN » FODL » FFF » G » GGG » HSTAT ,LBRS 28

3 IDELP ,» 1ECC » IFINIS » 10UT » 10UT1 , 10OUTZ 8BRS 29

4 IPAGE » IPRPESS , IRR » IRRR > IRY » [ISAVE 8BRS 30

5 ITFLG » 1IVIS I B | r J2 » J3 » J& » BRS 31

6 35 » LHALF » MMOD » MPSI » MXNPT , MXANP) ,+BRS 32

7 NPS » NPR » NRAD » NRAS s NS » NT » BRS 33

8 P » PCNTY » PENT » PRNTXC » PS1 » PSID »BRS 34

9 Qx » PRALPHA , PRRUUY , RC » RHO » RHUOUT ,8RS 35

1 RJ » RT ’ RTACU RTJAC » R1JOB RTMAX ,BRS 36

2 RY s RYXF » RXK s SIGE » SIGK » SIGMA 8BRS 37

3 ] » TCNT , TEDGE , TEMRM , TEMRP » TITLE ,BRS 38

& TKINET » U » UNIT » WOOT » WM » WP #BRS 39

3 WTMIX , WYMOLE , X » XCHANG » XD » XE » BRS 40

6 XINIT ’ XK » XK » XLE » AMAX ’ XMy » BRS 6]

7 Y s 110 BRS 42

& COMMON  FLJITEX{10000)s MNAMAS(3)y, RPRM{2400)sy SPACR(10) B8RS 43
p C BRS 44
; C JET/EXT FLOW FIELD COMMON SECTION BRS 45
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C BRS
COMMNN  DELY » DFLE s  TJEI » ITEXT » IMAX) » IMAXE 8BRS

1 KMAXJ » MMAXF 5, NOJET , NREXT , PSJET » PSEXT ,BRS

2 Pl » P2 » P2 » P4 » USTY » USIE »DRS

3 VJET » VFxXT ’ XJFT » XEXT BRS

C ARS
COMMON  ENDCM BRS

C 8BRS
C END OF COMMUN TO BF COPIED TN RESTART FILE BRS
C 3RS
CUMMUN FIDU(3+5), IFMIAME), LSWUNT(16) BRS

o BRS
C BRS
TMAX=XTMAX 8RS
TJus=xTJoo BRS

CALL DATE (RDATE) 8RS

C 8RS
C LOUK UP FILES AND READ IN COMMON BRS
C RRS
CALL BOATLU (1) B8RS
NWCH=NFWAB(STARTENDCM)+] BRS

READ (1) (START(]I)p1=),NWCH) BRS

C 8BRS
WRITE (5510) TITLEL,PDATELTENAM,NAMAS 8RS

C BRS
C GET TINE PARAMETERS B8RS
C BRS
IF (TMAX.GT.0.0) RTMAX=PTMAXSTMAX BRS

IF (TJOR.GT.0.0) PTJUB=TINOR BRS

IF (TJOB.EQ.0.0) RYJIBR=PTMAX-RTACU 8BRS
RTJAC=0,0 BRS

WRITE (6520) RTMAXSRTACUSRTINAR,RTIAC B8RS

RE TURN B8RS

C 8RS
10 FORMAT (1H1,23H RESTAPT OF BODAT RUN - »18A%»5XsA10/716H RESTART FIBRS
1LE = »3A2,21Hs, BUAT-SPFCRA FILE - »3A27) BRS

20 FORMAT (/715H MAX RUNM TIME =,F8, ZoSX.ZZHlCCUHUlAIFD RUN TIME =,FB,.2BRS
1715H MAX JOB TIME =,FB8.2,5X,2”HACCUMULATED JOB TIME =pFn.2717) BRS

END BRS
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SUBRUUTINE BOUATSL (XsAN) BsSL 1
C THIS PRUGRAM FINDS THF SOLUTIONS TN A SEV OF N SIMULTANEOUS LINEARBSL 2
C EQUATIONS BY USING THE GAIUSS—GIRDAN REDUCTION ALGORITHM WITH THE 851 3
C DIAGONAL PIVOT STRPAYFGY BSL L
DIMENSION A(25,25), X(25) BStL 5
D) 40 K=),N BSL 6
IF (ARSUA(K,X)).GI.1.E~10) GO TOU 10 85l 7
WRITE (6,60) B8StL )
Gy T 52 83l 9
10 KPl=Ke] astL 1¢
DO 20 J=KP1,N 8BSt 11
20 AlKpJ)I=AIK»JI/ALK,,K) BSL 12
XiK)=s XK ) /ALK, K) BSL 13
AlK,K)}=]1,.0 BStL 14
DO 40 [=1,N 85l 15
00 30 J=xP1l,Hl BSL 17
30 AtLsJ)osA(]l3)-ALLSK)EA(K,) 8stL 18
XCI)=XUI)=-ALL,K)®X(N) BsSL 19
AlL,X)=0, BstL 20
40 CONTINUE 8sSL 21
50 CINTINUE astL 22
RE TURN astL 23
C ) BSL 24
60 FORMAT (22H ERRQOR--- SMALL PIVOT ) 85t 29

END BsSi 26




SUBROUTINE ROATSI 851 1

c ‘ 851 4

C BOATS] ~ BUAU INPUT ROUTINE 851 3

C 8s1 4

LOGICAL LRSI 8s1 5

C BCATCM - BUAT CUMMCN BS1 6

DIMENSION A(%0), AIDC?2S)s ALOC(5056)» ALPHAL?25550)» CGHVIT75053)» 8s1 7

1 CM{255,25), CPUARISO), CPTEVIT50), ECCLSO), G{25)y GIBVIT50), 8s1 8

2 HCP (25250 HSTATISO)y HIBVIT7S50)s IRR(40)s IRPR{40,5), IRTt&40),» 8s1 9

3 ISAVE(GB)s J12345(5), PSEXT(S0)s PSI(50), QAX(25)s RALPHALZ25950)s BS1 10

& RC(40,3)y PHILSO0)» PHODUTISO)» RT(50)s RUISO)}s RXE(SO)s RXK(50)s B8S1 11

5 SIGMATS0)y 3TARTULDs T(S50), TITLE(LO)s ULS50)y VEXT(4,25,2), BS1 12

6 VIETI&,2502), WDNT(25,500, WMM(25), WP(25)s MTMIX(S50)s WTMOLE (25)5851 13

¥ XE(50), XEXT(50)) XJET(50)s YK{50)s XLE(S50)s XMU(50), Y(50), B8s51 14

B8 YCUTIS0), ZIDI(S) as1 15

C 851 16

. +GICAL LHALF,LSWUM 8s1 17

C BS1 18

FQUIVALENCE (J1,» J123465(1)) 8s1 19

EQUIVALENCE (aLUC(Ll,1), CMC(1,1)) 8sS1 20

EOUIVALENCE (=CCh» CPC15i3))» (YUUT, CMIL515)) 8s1 21

fOQUIVALENCE (CPTAV, CGHV) 851 22

EQUIVALENCE IMCP(1,12), WMIID) 851 23

EQUIVALENCE (START, TTBI1)) 8s1 24

C 8s1 25

CUMHON  TTB(3))y HFL25) » CPIBY » GIBY » HTQY BS1 26

COMMON A s AID » ALPHA » CARB » CHM » CPBAR ,BS1 27

1 CRR » CVISC o+ DFLPSI , ODFOL s OPOX » OX 2851 28

2 DXMIN , FDL » FFF r 6 » GGG s HSTAT ,8S1 29

3 IDELP ,» I1ECC » TIFINLIS », 10OUT » I0OUTL » 10UT2 ,8S1 30

4 IPAGE » IPRESS » IRR » IRRR s IRT » 1SavE ,8S81 31

) ITFLG |2 & s J1 » J2 r J3 » J& »8S51 32

6 J5 » LHALF , Mo » MPSI s MXNPT ,», PMENP]l ,8S1 33

7 NPST » NP » NRAD » NRAS P r NT »8S1 34

] P » PCNT » PRNT » PRNIXC » pSI1 » PSID 2851 35

9 oX » PALPHA » RBUDY , RC s RMO » RHOOQUT ,8S1 36

1 RJ » T ’ RTACU RTJAC » RTJOB RINAX »851 37

2 PU » RNXE s RAK » SIGE » SIGK » SIGHA ,8BS51 3y

3 ) » TCOMT » TEUGE » TEMRM , TEMRP » TITLE »851 39

| 4 TKINET » U » UNLT s WDOT s WM » WP #B8S1 40
1 5 WINIX , WwWYNDLF , X » XCHANG ,» XD s XE »851 61
; 6 KINIT » ¥ y  XN2 » XLE »  XMAX s XRY 2851 42
} 4 Y » 110 8si 43
| COMMON  FLJTEXT10000)s NAMAS(3)y RPRM(2400)s SPACR(10) B8S51 44
) B8S1 &5
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JET/EXT FLOW FLELD COMMON SECTION

COMMON  DELJ » DELE y TJeTY » ILEXT » IMAX) » IMAXE
KMAX) » XPAXF 5, NRJET » HREXT » PSJIET PSEXT
Pl ’ p2 » Pl » P& s USTY » VUSTE
vitt »  VEXY » NXNJET » XEXT

CURMON  ENDCH
€MD OF CUMMDN TU BF COPIED TO RESTART FILE

COMMON  FID(3»5), TFNAME3), LSWONLLG)

DIMENSINN CPTAIL)s HIPI1), GTBIL]1)

DIMENSIUN IX(30)

EQUIVALENCE (ALOC(1,1),CPTBIIYD, (ALOCC1,2),HTB(1))
EJUIVALENCE (ALDCI(1,3),G78(1))

EQUIVALENCE (ITJOB,PTJDR)

DIMENS ION RINIS0)s HOLDIS0), HOLD2150), HOLDI(50)
DATA LRSI/Z.FALSEL/

CALL JPARANMS (IXx)

ITJOR=IX(11)}

RTJOB=RTJDB/60.0

RTJUB=AMAX]IIRTIOB-D.590.1)

READ (5,400 LTYPE» IFNAP HAMAS, RTMAX,RTJUB» LSWON
IF CLITYPE.NE.O} GO T0 10

SAVE TIME PARAMETERPS FOR AFTER RESTART
RESTART - COPY CUMMON

CALL BOATRS (RTHMAX,RTJNR)
G0 10 330

INITIALEZE TiME KEEPING VARIABLES

CONT INUE

IF (RTMAX,cQ.0.0) RTMAX=10.0
IF (RTJOB.EN.OC) PTIJUASRTMAX
RTACU=0,0

RTJAC=0,0

1FINIS=0
LMALF=,FALSE.

8s1
ast
» 851
» 851
»BS1
BS1
8s1i
B8s1
8s1
831
BS1
AsSl
B8S1
8S1
B8s1
851
831
8s1
B8s1
8s1
BsS1
851
BS1
851
8s1
851
BS1
8sS1
ns1i
81
8S1
as1
851!
8s1i
831
8s1
asSl
851
851
8s1
8s1
BS1
8s1
58St
BsS1

46
&7
L]
&9
50
51
52
93
54
55
56
57
58
59
60
61
62
63
65
65
66
67
1)
69
70
71
T2
73
74
75
76
7?
78
79
80
81
82
83
84
8%
1)
87
88
89
90

e
! .
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20

30

READ (5,370) (TITLE(I),1=1,18)

W SRR 0 g

851

READ £55340) MPSIpNMPSTIsNSsNRyNT»IDELP»IPRESS» IVIS,) INAXJ»KMAXJI, IMABS]

IXESXKMAXE» IOUTL» IOUT2.NRAD Bs1
DELPSI=IDELP BS1
MXNPT=MPSI 851
CALL SFVFL (0.05ALPHA,?58MXNPT) 831
MXNP1=MXNP T~1 851
HPSI=MPSI~-1 851 -
READ (59390) X»RJsXMAX,PRNT»XCHANG»PRNTXC»FDL»DFDL BS1
XINITs=X BS1
READ (55390) XLE(1)sSIGMALL)» TCONT»TKINET)CARBONS,CNZINT,CVISC 851
READ (5»390) PHrUL1)»UIMPSII»T(L)»TIMPST) 8sl
DXMIN=1.E~10 8s1
DX=,1%RJ 8s1
READ (5,390) FFFsGGGsPSTO»DELJISDELE»USTJISUSTE»RBUDY 851

BS1
LOOK UP FILES 6851
831
CALL BOATLU (0) 851
CARB=CARBUN/(.78973-CNZINT) 851
IF (TKINET.EQ.0.0) TKINET=400,.0 8sl
851
THE VALUE OF 30 SECONDS IS TOD ALLOW FOUR COMPILE TIME B8S1
851

UNIT=U(1) 851
IF (DELPSI) 20520,30 BS1
READ (55,390) (ALPHA(J»1)sJd=1sNS) BS1
READ (5,390) (ALPHA(J,MPSI)sJd=]1,sNS) BS1
MMOV=MPSI~2 BS1
LRSI=.TRUE. 85l
GO TO 60 851
CONTINUE 851
LRSI=s.TRUE. 8s1
READ (55,390) (RIN(I)sI=1,MPSI) 851
00 40 I=1,MPSI 8sl
RIN(I)eRIN(I)*RJ BS1
READ (59390) (T(I)sI=1,MPSI) 8s1
PEAD (55390) (U(I),1=1,MPSI) 851

Bs51
READ IN INITIAL XK PROFILE 851
831
IF (IVIS.EQ.=2) READ (55390) (XK(1)»I=1,MPSI) 851
8s1
00 S0 I=1,MP3] 8s1
READ (5,390) (ALPHA(J»1)}sJ=1»NS) B8s1

g TR O R b

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109 :
110 ]
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
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70

60

100
110
120
130

[ o] OO0

g N2l (2 X n)

NEW THERMD DATA DATA INPUT IN JANNAF TABLE FORM

DO 90 I=1sNS
READ (5,360) ALIDU(TI)»WTMOLE (L) pHFI(])
DO 70 IT=1pNTy2

8sS1
851
8s1

8531
851
As1

READ t55,350) ItB(lll,CPTB(lT)pGIB(lT)’HTB(ITioTTB(thllsCPTB(ITOI)BSl

15GTBIIT+1),HTIBLIT+])
GTB(IT)I==GTBIIT)I*TTRA(IT)I+HF(1)¢1000,
GTBIIT+1)s~GTRUIT+1)*TTR(IT+1I+HF(1)#1000,
HTBCIT)=(HTRILIT)+HF (1) )*1000.
HTB{IT+1)s(HIB(IT+1)+HF(1))*1000.
CONTINUE

NRECS=(1-11430+1 :

CALL SFVMV (CPTBsCPTRVINRECS)INT)
CALL SFVMV (GTB,GTBVINRECS)»NT)

CALL SFVMV (HTBsHTBVINRFCS)IsNT)

IF (WTMOLE(I}-1.0) 80,90,90

IeECC=l

CONTINUE

IF (NR.LE.O} GO TO 130

00 120 I=1,NR

READ (5,380) (ZID(J)sJd=1s5)s IRRIIISIRT(II(RCILISKI»K=153)
00 110 J=1,5

IRRR(I»J )0

00 110 L=1,N5

IF (ZID(J)=-AIDIL)) 110,100,110
IRRR(1,J)=L

CUNTINUE

CONTINUE

CONTINUE

READ IN INVISCID DATA MAP

IF (IPRESS.NE.O) CALL BODATIF

IF (DELPSI.LE.O.) CALL BOATIP (RIN)

IF (IPRESS.NE.O) P=P/2117,

R T9 PSI MODe - MAIN SECTION - 7/2/76 ARAP BY RAB
IF (NOTLLRSI) GO TO 280

CONVERT R TO P51

HDLDZII)'P‘SHFRZ!NSnALPHA(lall’HTHULE)IQZoZUﬁlT(I)
TEMZ=HOLD2(1)*U(1)

851
as1
8s1
8s1
Bs1
851
8s1
BS1
8S1
8s1
851
BsS1
BS1
8s1
8S1
8s1l
851
8S1
851
BS1
BS1
8s1
851
BS1
851
8s1
8S1
851
BS1
8s1
8s1
851
BS1
8s1
BS1
8sl

137
136
139
140
141

162

143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
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\ HOLO (1) =TEMZSRIN(L1 )62 BS1 181
| If (IPRESS.E0.0) GN TM 170 BS1 182
1DUM=KMAXS 351 183
140  PSASFLOATCIDUM=1)/FLOAT(KMAXS=1)9PSIET 851 186
CALL BOATIT (1sXsPSAsTMAXJS,KMAXI, 1JET,VIET) XJET,PSIET, YA»DUNSDUM,DBS1 185
1UMsPSJETSFIDsHRJET) BS1 186
IF (IDUM.EQ.K¥AXJ) GN TQ 150 BS1 187
IF (RIN(1).GE.YA) GO TN 160 BS1 188 w
150  1DuMsIpuM-1 851 189 ﬁ
PSB=PSA 851 190
YBsya 851 191 |
G0 TO 140 BS1 192 |
160  HOLD(1)=PSA{RINCL1)=YA)}/(YR=YA)S(PSB=PSA) BS1 193 |
HULD (1) «HOLD (1) ##2 BS1 194
TEMZ=HOLD(1)/(RIN(1)&#2) 851 195
170  CUNTINUE 851 196
IPITER®O 8S1 197
180  CONTINUE 851 198
1IF (IPITERLEQ.0) GO TO 190 BS1 199
DUMPSI=HOLD(1) 8S1 200 ,
TEMZ= (HOLD (1) /RIN{1))es? 8s1 201 @
190  CUNTINUE 351 202
DO 200 I=2,MPSI 8s1 203 5
TEMM=TEMZ BS1 204
. c HOLD2 CONTAINS THE DENSITY IN APPRUPRIATE UNITS FOR PSI BS1 205
c ALPHA USED HERE AS MOLE FRACTIONS 8S1 206
IF (IPITER.GT.0) P=P1+(HOLD(I)-DUMPSI)/ (HOLD(MPSI)=DUMPSI)#(P2-P1)BS1 207
HOLD2(1)=P#SHPP2 (NS, ALPHA(L, 1), WTMOLE) /42.285/T(1) 351 208
TEMZ=HOLD2 (1)U (1) BS1 209
DUMs S*(TEMM+TEMZ) BS1 210
IF ((1.EQe2)+ANDL(IPITER,GT.0)) HOLD(1)=HOLDI1)#52 851 211
HOLOtI) =HOLD(I=1)4DUMS {RIN(T)##2=RIN(I-1)%%2) BS1 212
200  CONTINUE 8S1 213
0O 210 I=1,MPSI BS1 214
210  HOLDCI)=SQRT(NOLO(I)) : 8S1 215
IF (IPRESS.EQ.0) G TO 220 . 8S1 216
IF ¢IPITER.GT.0) GN TO 220 BS1 217
CALL BOATII (1,X,HOLD(1) s IMAXJIsKMAXJI» IJETH)VIET,XJET)PSIET)DUM»PL,DBS] 218
1UMsDUM»PSIETH)FIDsNRJET) 8S1 219
| CALL BOATIL (2,XsHCLO(MPSI)» IMAXEsKMAXES TEXT) VEXTy XEXT,PSEXT,0UN,PBS1 220
| . 1250UM»DUMsPSJET,FIDINREXT) BS1 221
‘ Plep1/2117. 8s1 222
P2:P2/2117., 851 223
IPITER=] BS1 226

G0 10O 180 BS1 225




220 CONT INUVE
IF (IPRESS.EQ.0) PSJET=RJ*SQORT(HOLD2(1)*U(1))
PSID=PSJET
YINTR=RY .

T VAT TN o W . [ e s B g e g s e,
o e S S Ny

851
851
Bs51
BS1

IF (IPRESS.NE.O) CALL BOATIT (1> XsPSJET>IMAXJI,KMAXJI, TJET,VIET,» XJETBSI

1sPSJETSsYINTR,DUMsDUMs DUM»PSIETH»FIDINREXT)
IF (IPRESS.NE.O) CALL BDATLI (YINTR,PSIDsRINHUOLD)MPSI)

c
C NOTE REDEFINITION OF DELPSI
DELPSI=(HOLO(MPSI)=-HOLO(1))/FLOATINPSI)
C
C INTERPOLATE INPUT VARIABLFS FNR = PSI SPACING
C
CALL SFVMV (U,HOLD?,MPSI)
CALL SFVMV (T,HOLD3,MPSI)
C
IF (IVIS.EQe=2) CALL SFVMV (XK,HOLD1,sMPSI)
C

MSAV=MPS]

IF (IDELP.NE.1) GO TN 230

IF (NMPSI.EQ.MPSI) GN TN 230

MPSIsNMPS]

NPSI=MPSI~1

DELPSI=DELPSIAFLOAT(MSAV=1)/FLOAT{(MPSI~1)
230 CONTINUE

C
00 240 1=1,MPS]
PSICI)=HOLD(L) +OELPSI®FLOAT(I~1)
CALL BOATLI (PSIC(I)sU(I)»HOLDYHOLD2»MSAYV)
CALL BOATLI (PSI{I)sT(I)},HOLD,HOLD3I,)MSAV)
C
IF CIVIS.EQ.=-2) CALL BOATLI (PSIC(I)sXK(I)sHOLD»HOLD1»MSAV)
C
240 CONT INUE
C

DO 270 J=1,NS

D0 250 Is1,M5AV

HOLD2 (I )=ALFHA(JI» 1)
250 CONTINUE

0U 260 I=1,MPSI
CALL BOATLI (PSI(EV»ALPHALJ»I),HOLD,HOLD2,MSAV)
260 CONT INVE

270 CONTINUE

BS1
8s1
851
85l
8sl
8s1
B8sS1
851
851
8S1
851
8sS1
851
851
B51
8s1
851
851
851
851
esl1
8s1
8s1
851
851
851
8S1
851
8s1
851
8s1
6s1
8s1
8s1
851
BS1
851
851
8s1
BS1

226
227
228
229
230
231
232

- 233

234
235
236
237
238
239
240
241
242
263
2446
245
2646
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
2646
265
266
267
268
269
270
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290

300
310

320

330

340
350
360
370
380
390
400

END OF MAIN SECTIOM R TO PST MQD.
CONTINUE

INITIALIZE DELTA STAR CALCULATION
DELJ=DELE/RY

DO 310 I=1,MPSI

“'VR'0.0

00 290 Js=1,NS
HTVR-HTVP*ALPHA(J:Il‘HTHDtE(J)
00 300 J=1,NS
ALPHALJIS T ) =ALPHA(J, 1) /WTVYP
RALPHA(J, 1 }=ALPHA(J,])
CONTINUE

CAONTINUE

09 320 1I=1,MPS]

RUIII=U(I)

RT(L)=T (1)

XLE(I)=XLE(])
SIGMACI)=SIGMA(])

CALL BOATIN

Ps2117.0¢?

DPOX=0,.0

RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FURMAT
FORMAT
END

t1515)

{8F10.4)

(AGy2X,7E10,3)

(18A4)
(l“r3an§»lOX0lﬁv3X’l9’3XnA4;9!p129111
(8E10.3)
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8s1
851
Bs1
851
851
8S1
851
851
BS1
851
BS1
BS1
B51
B51
8s1
851
651
BS1
851
851
8s1
851
8s1
851
BS1
851
8s1
851
AS1
851
851
BS1
851

ey

271

272
273
27h
275
276
277
278
279
280
281
282
283
284
285
286
207
288
289
290
291
292
293
294
295
296
297
299
29¢e
300
301
302
303
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SUBRNDUTINE BOATS2

BOATS2 ~ REACTIOUN CALCULATION

BOATCM -~ BOAT CIMFON

DIMENSION A(50)s AID(25))y ALOC(5056)s ALPHA(Z25,50),
CM(255,25)» CPBARL(50), CPTBV(750)s ECC(50),
HCP(2525)s HSTAT(50)s HTIBVIT750)s IRR(40), IRRR{40s5)» IRT(40),
ISAVE(B)s J123645(5)s PSEXT(50), PSI(50), QX{25)s RALPHA(25,50),
RC{&40s3)y RHO(50)y RHNNUT(50), RTI(50)s RUISO)), RXE(50), RXK{50),

SIGMA(50),

DIV S WN -

CGHVIT750,3)y
Gt25), GTBVI750),

START(1)s T(50), TITLE(18)s U(50)s VEXT(422592)>

LOGICAL LHALF»LSWOM

EQUIVALENCE (J1, J123465(1))

EQUIVALENCE (ALOCI(151)s CMI(151))

EQUIVALENCE (ECC» CM(1513))» (YOUT, CMI1,15))
EQUIVALENCE (CPTBV, CGHV)

EQUIVALENCE (HCP(1l,s10, WMIL)})

EQUIVALENCE (START, TIBI1))

COMMON TTB(30)s HF(25) s CPTBV » GTBY » HTBYV
CUOMMON A » AID » ALPHA » CARB » CHM

1 CRR » CVISC , OELPSI , DFDL » DPDX
2 OXMIN , FDL . FFF » G » GGG

3 IDELP » IECC » IFINIS » 10UT e JUUT1
4 IPAGE » IPRFESS o IRR » IRRR s IRT

5 ITFLG » IVIS » J1 » J2 » 43
6 495 s LHALF » MMOD » MPSI » MXNPT
7 NPSI » NR » NRAD » NRAS » NS
B 4 » PCHTY ’ PPANT » PRNTXC » P51
9 (o} § s RALPHA » RBUQY ,», RC » RHD

1 RJ s RT » RTYACU » RTJAC » RTIOB
2 RU » RXE s RXK » SIGE » SIGK
k| T » TCOINT , TEDGE » TEMRM 5 TEMRP
4 TKINET » U » - UNIT » WDOTY s WM

5 WTMIX » WTMDLE » X » XCHANG » XD
6 XINIT » XK sy XK2 s XLE s XMAX
7 Y » 10

COMMON FLJTEX(10000)s NAMAS(3), RPRM(2400)» SPACR(10)

JET/EXT FLOW FIELD COMMAN SECTION

’
»
’
»
4
14
»
b4
14
’
’
’
’
»
[ 4
’

CPBAR

HS TAT
1out2
ISAVE
Jé
MXNPl
NT
PSID
RHOOUT
RTMAX
SIGMA
TITLE
we

XE
Xmu

852
B8s2
852
852
8s2
852
852
852
As2
BS2
852

VIET(652552)s WOOV (25,500, WMI25), WP{25), WTMIX(50)s WTMOLE(25),852
XE(50), XEXT(50)s XJET(50)¢ XK(50)s XLE(50)» XMU(S50)» Y(50),
YOUTt50), ZIDI(5)

8se
Bs2
852
BsS2
Bs2
852
8se
8s2
852
852
BS 2
8S2
8s2
2832
»852
2852
»B52
»852
»B352
2852
»BS2
»BS2
»BS2
»B8S52
2852
2852
»852
#8852
»BS52
BS2
8s2
B2
832

b e
NO OOV SN

[y
F ™

15
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C 852 46
COMMUN DELJ » DELE , T1JET , IEXT , IMAXS » (IMAXE ,852 &7
1 KMAXJ » KMAXE » NRJET » NREXT » PSJET , PSEXT ,BS2 48
2 P1 » P2 s P3 » P& » USTY » USTE  ,B52 49
3 VJET , VEXT , XJET , XEXT BS2 50
c 852 51
COMMON  ENDCHM 8s2 52
c 8S2 - 53
C END OF COMMUN TO BF COPIED TN RESTART FILE BS2 S4
c 82 55
COMMON  FID(3,5), [IFNAM(3), LSWON(16) 852 56
o BS2 57
C 8S2 58
R=82.06 BS2 59
AVeb.025E23 852 60
00 330 L=1,NPSI 8s2 el
RRT=1,.986T(L) BS2 62
ROOTT=SQRT(T(L)) BS2 63
TR=T (L) 852 6%
CALL BOATTK (TX, TTR,ITKFYsSDT,HDT,NT) 852 65
IF (ITKEY,EQ.0} CALL FXIT B32 66
CALL SFVFL (0.0,WP,25) BS2 67
CALL SFVFL (0.05WM,?5) BS2 68
CALL SFVFL (0.05CMs625) BS2 69
CALL SFVFL (0.0,QXs25) B2 70
DU 10 I=1,NS BS2 71
CALL BOATLP (ITKEY»Is3sSDTosHDT,AX) B3 2 72
G(1)=AX Bs2 73
10 CINTINUE 8S2 74
C 8s2 75
C REACTION CALCULATION BS2 76
C REACTION KINETICS CONTINUE DOWN TO 400 DEGREES K Bs2 77
1 c UNLESS TKINET IS SET TN A VALUE OTHER THAN 400 X 8s2 78
| c REACTION KINETICS FOR ALL RFACTIUNS CONTINUE DOWN TD TKINET
! o
3 IF (NR.LE.O) GO TD 280
| IF (TIL)-TKINET) 280,280,20
; 20 CONTINUE
] DO 270 I=1,NR
| TEMRP=0,0
TEMRM=0,0
: KK=IRT(])

REACTION CONSTANT TYPF

(2N aXal




i
|
i

30
40
50
60
70
80
90

100
110

(b N aNal

120
130

140

150

o i

GO TO (30540550,609705805905100), KK
RATE=RCII,1)®*AYV

60 T 110

RATE=RCUI»1)/7T(L)eAY

G TO 110

RATE*RCU(I»1)/TC(LI/TILI®AY

63 10 110

RATE=RCUI, 1) /RO0OTT*AV

GO0 10 110
RATE=RC(Is1)*EXP(RC(I,3)/RRT)I®AY

6o 10 110
RATE=RCUI,1)*EXP(RC(I»3)/RRT)/T(L) *AY
60D 710 110

RATE=RC(I»1)/T{(L)/POOTTHAY

G0 10 110

RATE=RCUI» 1)4EXPIRC(I,3)/RRTI/ZC(T(LI®SRC([,2))%AY
CONTINUE

CsJRR(])

TYPE DF REACTION

OU 120 N=1,5

J12345(N)=IRRR{1,N)

GO TO (1505,16051705130+,140,200,2105220,180,190), K
CONTINUE

E*BOATEF(K»3ISRRT)

CRR=RATESPHOOQUT (L)
TEMRP=CRR*RHOUUT(L)I*ALPHALJ1> L)*ALPHALJIZ2oL)
TEMRM=CRR*ALPHA(JIHLI/F/RITIL)

CALL BOATCC (Kslslsr35351.050.0)

CONTINVE

J2=25

E=BNATEFI(K»&4sRRT)
CRR2RATE*RHOUOUTIL ) *RHNNUTIL )*NTMIX (L)
TEMRPsCRR*ALPHALJL»L)
TEMRM=CRROR*T(L)ISRHDOUTILISALPHACJIIo L) *ALPHAL J4 L) /E
CALL BOATCC (Kplslsbsbhy~1.050.0)

GO TO 240

CUNT INUE

EsBUATEF(K»&4sRRT)
CRR=RATESRHOJUT (L }*RHONDUTIL)
TEMRPSCRREALPHACJILSL)ISALPHA(JI?,L)
TEMRM=CRREALPHAIJIISLISALPHA(JSG, L) /E

CALL BOATCC (XsIslsbeby]l.09-1.0)

G TO 240

A A

852
852
8s 2
8s2
852
8s2
852
852
852
As2
8s2
8s2
852
852
852
8se2
Bse
8s2
852
8s2
852
B52
8s2
852
852
8s2
852
852
Bs 2
852
Bs2
B8s2
852
BS2
8s2
8s2
852
8s2
8BS 2
852
8s2
852
852
852
B32

91

92

93

94

95

96

97

98

99
100
101
102
103
104
10%
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

AR




160

170

180

190

200

210

o

CONTINUE

E=BDATEFIK» 3»RRT)
CRR=RATESRHOOUT (L) *PHOOUTILI*WTNIX(L)®AY
TEMRPCRRORHUOUTIL)I*ALPHA(JL1 L )I*ALPHALJZ,L )
TEMRMsCRR®ALPHALII,LIZEZR/TIL)

CALL BOATCC (Ks1sls539351.050.0)

60 10 250

CONT INUE

E=BUATEF (X, 5, RRT)

CRR=RATESRHOOUT L )I#RHOOUTIL)

TEMRPsCRRE&ALPHA( SIS LI*ALPHALIZ,L)
TEMRM=CRRE&ALPHALJIILLI*ALPHALJGS LISALPHA (IS, L) ¢RHOOUTIL)*R*T(L)/E
CALL BOATCC (KsIslL259501405-2.0)

G0 Tu 230

CONT INUE

CRR=RATE*RHNOOUT (L)
TEFRP=CRRERHUJDUTIL I*ALPHA(JL, L) *ALPHALJZ,L)
TEMRM=0,.0

CALL BOATCC (Kyl»sLl 935251.0,0.,0)

GD 1o 250

CONT INUE

J2=25

CRR=RATESRHOOUTIL) *RHODUTIL)*WTMIX (L)
TEMRP=CRR®ALPHALJ]L»L)

TEMRMN=0,0

CALL BOATCC (Kylsls%sls1.0,0.0)

G0 TN 240

CONT INUE
CRR=RATE*RHOOUTIL)*RHODUTIL)
TEMRP=CRR&ALPHA(JILyLI*ALPHA(JZ2, L)
TEMRM=0,.0

CALL BOATCC (Xplsls49291.0,0.0)
GO 10 240

CONTINUE
CRR=RATESRHOUUT (L )*RHOOGUTIL)SWTMIXIL)I®AY
TEMRP=CRRE*RHUDUTC(LICALPHALJ]» LI *ALPHA(JZ2, L)
TEMRM=0,0

CALL BOATCC tKslsl935251.05,0.0)

Ga 10 250

e

BS2
852
832
BS2
852
852
BS2

BS2 .

8s2
8se2
BS2
BS2
8s2
8s2
B52
852
8s2
852
852
852
BS2
8s2
852
852
852
Bs2
852
852
8s2
Bs2
8se
852
852
952
852
BS2
B52
8s2
8s2
B8s2
BS2
8s2
B8s2
852
852

R AR

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
170
179
180

R S
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c 8s2 181

220  CONTINUVE Bs2 182

CRR=RATESRHOQUT (L )*PHOOUT (L) 852 183

| TEMRP=CRR&ALPHALJIL L I*ALPHA(IZ,L) 852 184
1 TENRM=0,0 8S2 185
- CALL BDATCC (XsIsL959251.050.0) 852 186
| | C 8s2 187
W} c CALCULATE wWOUT . B8SZ 188
| C 852 189
= 230 WP LIS )=WP(J5)+TEMRP 8s2 190
L WM (IS5 ) =M I5)+ TEMNRM BS2 191
1 260  MPUJ4)=WP(J&)+TENRP 8S2 192
| WMLJ6 ) =WNL JG) ¢ TEMRM 8s2 193
o 250 WP (J3)eWP(JI)+TEMRP BS2 194
1 WA{J3)=WM(J3) ¢ TEMRM 852 195
f WPLJ2) =P (J2)+TEMPK 8S2 196
] WM (J2)=dM{J2 )+ TEMRP 8s2 197
i WP (JL)=WPLJL) o TEMRM 852 198
= WMGJL)=uM( JL) +TENRP i 852 199
1F tLSWJN(3)) GU TO 260 8s2 200

IF (I0UT2.LE.O) GO TD 270 852 201

5 IF (IFINIS.EQ.0) GO TO 260 BS2 202
| IF (X.GE.XMAX) GO TD 260 BS2 203
4 IF (PRNT.GT.PCNT) GO TO 270 8S2 204
y 260  NREC=(L-1)1%25+¢] BS2 205
CALL SFVMV (TEMRP,PFRM(NREC),?) BS2 206

270  CONTINUE BS2 207

280  CONTINUE 852 208

1 IF (JNOT.LSWUNI3)) GO TO 300 8s2 209
i WRITE (65340) TC(L)»RHONUTIL) 852 210
i DU 290 I=1,NS 852 211
1 NREC=(L=-1)25+] 8S2 212
1 CALL SFVPV (RPREINREC), TEMRP,2) 8s2 213
i WRITE (69340) ALPHA(I, L}, TEMRP, TEMRN 8S2 2.4
290  CONTINUE 452 215

300  CONTINUE - 8S2 216

00 310 J=1,NS : 8s2 217

310 WOOT(JrsL)=(WPLJ)=NMIJ)I/PHOOUTILI/UIL) 8s2 218

DU 320 J=1,NS 8s2 219

CALL BOATLP (ITKEY)»Js2»SOT,HOT,AX) 852 220

g HCP{2,J)=AX®65055,31 Bs2 221
? CALL BOATLP (ITKEY,Jp&sSOT,HOT,AX) 8s2 222
| HCPL1,J)=AX®45055,31 852 223
320  CONTINUE BS2 224

C BS2 225

g
i o o QUL
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SUBROUTINE BOATS3 fL) 8s3

|

C 853 2

L BOATSY = INTEGRATION AND SLODP 8s3 3

C 853 LY

C BOATCH -~ BOAT COMMNN 853 %

OIMENSION A(S50)) AID(25)s ALOCUISG»6)s ALPHA(2S5,50)s CGHVIT7505,3)y 853 6

1 CHiI2%,2%)s CPBAR(SO), CPTRAVIT?50), ECC(50)s GL25), GTBVI750), as3 7

2 HCPL292%)» HESTAT(500), HTAVITS50)s IRRI&40)» IRRRI&0,5)» IRTL4O0), 8s3 ]

3 ISAVELG)y J1234515), PSEXTISO0), PSIIS50), ANL25), RALPHAL(25,50), BS3 9

& RCLIG0s3)y RHULSO)» RHONDUTISO)» RTUIS0)» RULS0)» PXELS0)y RXRI50), BS3 10

S SIGHAISO)), STARTI1), V(500 TITLE(1B)) ULS0)y VEXT(452592)» 8s3 11

6 VIETI&Np2592) HOOTI25,50)s WNI25), WPI25)s WINIXISD)» WINOLE(25),0853 12

7T RELSO)s XEXTE(S0)y XJFTUI50)s XAK(50)» XLE(50), XMU(S0), Y(50), 833 13

8 YOUTIS50), 210(5) 853 16

c 8s3 15

LOGICAL LHALF»LSHON B3 16

[ o 833 17

EQUIVALENCE (J1, J1234511)) 833 18

EQUIVALENCE tALOCEtL1)y CHEL I D) 8s3 19

EUQUIVALENCE (ECCyr CHULs13)0, LYOUT, CHL1515)) 853 20

SQUIVALENCE (CPTBYy CGHY) 8s3 21

EOQUIVALENCE (HCPL1»1), uNLLIY) 853 22

EQUIVALENCE (START, TT881D) 8s3 23

C 553 2%

COMNMON TTBL30), HFL25) » CPTBYV » GTRY y WHIBY 853 25

COMRON A » AlID » ALPHA » CARD s CN » CPBAR ,8S5) 26

1 CRR s CVISC o+ DELPSI » OFDL » JPDX » DX »B33 27

2 DXMIN » FOL » FFF » G » GGG » HSTAT ,8%) 20

3 IDELP o+ 1FCC s IFINIS » (LOUT s TOUT1 » I0UTZ2 ,0853 29

4 IPAGE » IPRESS » IRR » IRRR s IRY » [ISAVE ,»B53 3G

b ITFLG » 1vIs » Jd1 r Jd2 » J43 » J6 »8S3 kD |

6 J9% » LHALF » NNNDD s NPSI » NINPT » MXNP)] ,85) 32

7 NPS T » NW » NPAD s NRAS » NS » NT #8313 33

8 [ 4 » PCNTY » PRNT » PRNIXC » o511 » PSI1D »+8353 3

9 ox » RALPHA » RBRUOY ,» RC » RHO » PHOOUT ,0835) 35

1 RJ » RY » RTACU » RTJAC » RTJOB » RIMAX 0853 36

; 2 RU » RYE s RXK » SIGE » SIGK » SIGMA ,8S53 37
i 3 L4 » TCONY , TEDGE » UTEMRMN , TEMRP ,» TITLE 853 39
| 4 ITKINEY » U » UNIT » WDOT s WM s WP »8353 39
- ] MTMEIX , WTANLE , X » XCHANG » XD » XE »833 40
- 6 RINITY xx s XK2 » XLE s XNMAX » XMu #8513 61
? Y » 11D 853 42

CORMON FLAT_XU10000), WNAMASE3), RPRMA{2400), SPACRI10) 853 43

¢ 853 44

C JETZEXT FLOW FLELD COIMANN SECTION 8s3 45

4 i
s
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¢ 8s3 46 i
COMRON DELJ » DELE » TJET , 1EXT » INAXJ 5 [IRAXE »B8S3 &7 g
| KMNAX) » KMAXE ' NRJETY MREXTY PSJET » PSEXT »853 40 i
2 Pl s P2 » P » P& s USTY » USTE 2853 49 o
3 VIET 5 VEXT  , RJET o XEXT 853 S50
y c 853 91
L COMNON  ENDCM 853 52
4 C 83 53
b C END OF COMMON TO BT CNPIED TO RESTART FILE 8S3 5%
’ c 853 5%
3 COMMON  FID(3,5)s IFNAR(3D)s LSWCON(16) 8S3 9%
1 c ' 8S3 57
% C 86s3 38
i C DEBUG EX1, EXbs EX7s» EXS 8s3 59
5 C 853 60
3 C1l=SPACR(6) 853 el
] C2=SPACR(T) 853 62 :;
1 C 833 63 P
r It 853 64 .
| DPOX20, 383 oY L
- IF (IPRESS.EQ.0) GN TN 10 853 o6 |
! IF (PSTCLD.LT.PSIET) CALL ROATIL (3, XsPSI(IDIMARISKMARILLJETSVIETESI o7 !
“ 1oXJEToPSJIET o YAX,OPOXs TAX,UAN,PSIETH»FIDINRJET) 853 o8 i
] IF (PSICID.GELPSJIET) CALL SOATI] (4, X, PSIt10, INAXESKMARELIEXT,VEXTBS3 69 i
] 1o XEXT,PSEXT, YBXsOPOXs TOX,UBX, PSIET o FID, NREXT) 8s3 70 !
f 10 CONTINUE 8s3 71
] C 8s3 72
‘ C HCP IS WURKING VECTOR OF (Hy CP) UP TO NS PAIRS 853 1)
c 8S3 74
W IF (1.€2.1) GO VU 80 8s3 75
| IF C(.NOT.LSWUN(2)) GO TN 20 853 76
1 WRITE (60160) PSICINSACT)sULTI)oRHOCT) o XLECTD)»SIGMACL),CPBARITI)SRHOBSS 77
ﬂ LOUTCE) 8s3 78
; WRITE (651600 (WONTLIrT1)ed=),sNS) 8s3 719
; NRITE (651600 (HCF(2eJ)pJn1sNS) 853 80
i WRITE (65160) (ALPHALJsT)sJ=1sNS) BS3 o1l
{ 20 COMTINUE 853 82
B EX1=PSICI)CDELPSI®02/DX 8;3 83
EX1Llo.5¢(ALID*ALI* 1)) 833 8¢
EX12=.50(al1)sA01-1)) 8S3 ©5
C 8S3 86
~ C INTEGRATE MUMENTUR EQUATINN BS3 87
c 8s3 @6
PUCTI=(EXLICCIIT 41 )=UIT I Do ENL2¢(UITI-1)~-ULLI)DIZEXLSULT) 83 ¥9
RULT Y =RULT)~DXSDPOR/RHO(T) FUL T) SRBUCYSDXS(RHOIMPST }-RHO(;))#32.174853 90




&0

c
C
60
c
C
c

TR ikt i i M 1 ey,

L R

A

B G G 1

IIRHO(I!IU(!l

TERMI=(EXLL1®(UITI+1)=C(T))I+EXLI2¢(UCE-1)-U(I)))/EX]
TERM2=RBUOYSOX*(RHO(MPSI )-RHO(]1))¢32,174/RHOLT)/ULL)
IF (LSWON(13)) WRITE (65170) XsI»TERM1,TERM?Z
€X320.0

EX420.0

DO 30 J=1,N5

EX3ISEXI4HCP L, J)*WDOT(I, 1)

EXG=EXGIHCP (2, ) )¢ (ALPHA(J5 141 )-ALPHALJ»I~1))
EX2=EX1¢CPBARII)

EXSeXLEC(I)ISA(I)/SIGMALL)

EX6=,5¢ (EXS+XLE(I+1)¢A(I+1)}/SIGMA(]I+1))

EX72 .5 (EXSH+XLECI-1)®A(I=-1)/STIGMALTI-1))
EX8sCPBARCI)*A(L)/SIGMALT)

EX9= . 5¢ (EXB+CPBAR(I+1)*A(I+1)/SIGPAILI+1))
EX102,56(EXB+CPBARII-1)¢A({]-1)/SIGHALI-1))
EX14%EXAR*EXS5/4.0

INTEGRATE ENERGY EQUATION

6$3
853
8S3
853
853
B33
853
B53
853
853
853
853
BS3
853
853
853
853
B8s3
853
853

RTCI)=(UCI*1)I-U(I=1))*422AC 1) /EX2/4.0¢DX*DPOX/RHU(I}I/CPBAR(I)¢T(I)BS3
14 ((EXYSEXL1&)*T(I+1)+(EX10-EX14)*T(I-1)-{EXI+EXIOI4T(I))/EX2-EX3®DXBS3

2/CPBARLI)

RHUUIXtDXI(RHUOUT(I)‘U(l)l
INTEGRATE SPECIES FOUATIONS

IF (LSWON(2)) WRITE (65160) (OX(J)}sJ=1,NS)
D0 4«0 J=1»NS

853
8s3
8s3
BS3
853
853
B8s3

OXCJIS(EX6P(ALPHAIJ» T4 1)1 =ALPHACJI, I}D4EXT*(ALPHACJ, [=1)~ALPHALJ,» 1))BS3

11/EX1+ALPHALJ,1)+0X (J)*RHOUIX
00 50 M=1,NS

00 50 N=1,NS

CMIMyN)2CMIMy N)*RHNUIX

IF (M.EQ.N) CMIMsN)sCM{MsN)I+1.0
CONT INVE

CALL BOATSL (QX»CHMsNS)

D0 60 J=1,NS
RALPHALJI, 1) =QX(J)
INTEGRATE TKE EQUATINNS

IF (IVIS.GE.O) GJ TC 70

Bs3
853
8S3
833
853
8S3
BS3
853
8s3
BS3
BsS3
853
833
853
B8S3

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
129
129
130
131
132
133
134
135




70

80

[aXaNa]

90

100

OO0 (2N 2]

A A o

RAKCIDI=XKUT)OCEXLL@IXKCT A1 )=XKET))4EXL2(XNKCI~1)=XKCI)))/EXL/SIGK®BSI
LEULT*1)-UC(L=2))8424 A0 1) /EXL/4.=XEC(L)/ULTI®DX BS3
RXECIIeXEC(T)#(EXLLSAXE(L 41 )-XECLDDSEXLI2¢(XNECI=1)=NECLD)D)/EXL/SIGE®BSD
ICI®IULIAL)=ULTI=-1)) %024 XE(T)ISA(ID/EXL/XKCL)/ 6. ~C2+XELT)®$2/70C])/7XK(BSI

21) 40X 853
CUNT INUE 853
853

60 TO 150 853
CONTINUE 853
IF (PSI(1).6T.0.) GN TO 130 BS3
EX34,04XMUC1)#DX/DFLPST/DELPSI 853
RHOUIX=DX/ (RHOQUT ] 18U(1)) 853
8S 3

COMPUTE U AT CENTER LINF 853
8S3

RUC1) =EX38(U(2)=Ul1))+Ut1)-DX*DPDX/RHO(1)/U(1)+RBUDY*DX® (RHO(MPSI)BS3
1=RHI(1))#32.174/RHOCL)/ULL) BS3
TERM3=EX3#(U(2)-U(1)) 853
TERM4=RBUOY#DX# (RHN(MPS T )-RHO(1))432,174/RHO(L)/7U(1) 853
IF (LSWON(13)) WRITE (6,170) X, I, TERM3, TERMG 853
EX420.0 AS3
D0 90 J=1,NS BS3
EXGSEXGIHCP(1sJ)*NDOT(J)1) 8S 3
RALPHA(J,MPST)sALPHA(J,MPST) 853
OX(II=EXISXLE(LI®(ALPHA(S,2)-ALPHALJ, 1) )/SIGMACL)*ALPHAL IS 1)+0X(J)BS)
14RHIVI X BS 3
00 100 Msl,NS 853
00 100 N=1,NS 8S3
CMIM,N)=CHIMyN) SRHOUTX 8s3
IF (MoEQN) CMIMsN)IaCMIMsIN)I+1,0 8S 3
CONT INUE 8S3
CALL BODATSL {QX»CM,NS) 853
B8S3

. 8s 3

DO 110 J=1,NS BS 3
‘ BS3

COMPUTE SPECIES AT CENTEP LINE BS3
853

RALPHALJ, 1)=QX(J) 8S3
: 853

CALCULATE TEMP. AT CENTER LINE 853
853
RT(LISEX3®(T(2)=T(1))/STGMA(L)+T(1)+DX4DPDX/RHO(1)/CPOAR(L)=EXG*DXBS3
1/CPBAR(1) 8s3
853

(g

136
137
138
139
140
141
142

143

144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
176
175
176
177
178
179
180
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C INTEGPATE TKE EQUATIONS AT CENTERLINE 8S3 186l

C BS3 182

IF (IVIS.GE.O) GO TD 120 8S3 183
RXKCE1)=XK(TD4EXI*(XKE2)=XK(1))/STGK=KE(L) /UL )#DX BS3 184

IF (XK(1)eLVe1eE=20) XK(1)®1.E~20 8S3 185

RXEC1)=XE(1D4EXIS (XE(2)-XECL) )/ SIGE=C2#XE(1)4€2/UC1)/XK(])*DX 853 186

DUMK=RXK (1) /RXK(2) BS3 187

IF (DUMK,LT,0el) RXK(1)2RXK(2) 8S3 188

DUME=RXE(1) /RXE(2) BS3 189

IF (DUME.LT..1) RXE(1)sRXE(2) 853 190

120  CONTINUE 853 191

c 853 192

G0 TO 150 853 193

130  CONTINUE 8BS3 194

DO 140 J=1,NS BS3 195

RALPHACJ>1)=ALPHALJI,1) 8S3 196

RALPHA (J,MPST)esALPHALIMPST) 853 197

140  CONTINUE BS3 198

IF (IVIS.GE.0) GU TP 150 853 199

RXK(1)=0, 853 200

RXE(1)=0. 853 201

: RXK(MPSI)=0. BS3 202
i RXE(MPST)=0, 853 203
150  CONTINUE 853 204

3 RE TURN BS3 205
‘ c BS3 206
160  FORMAT (1H ,10€13.5) 8S3 207

170  FORMAT (1H »E13.5,16,2E13,5) BS3 208

END 853 209




10

20

30

SUBROUTINE BCUATTK (T,TTBITKEY»SDTHDTANT)
OLIMENSION TTB(30)

NT1l=NT=-1

DU 10 IT=1,NT1
DT=T7B(IT+1)~-TTB(IT)
SOT=(T-T¥B(IT))/DTY
HOT=(TTR{IT+1)~-T) /0T

IF ((SDT#HDT).GE.O0.D) GO TO 70
CONTINUE

WRITE (6,30) 1,17

ITKEY=0

RETURN

ITKEY=]T

RE TURN

FORMAT (1H »28H TEMPEPATURE UUT OF RANGE »E14,.515)

END

adiiag e o

BIK
BIK
BTK
8TK
BTK
8TK
BTK
BTK
BTK
BT K
BTK
8Tk
BTK
BT
BTK
81K
BTK

P et 0 et gt gt s
NOPE RS WNCOODYOT D WN
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SUBROUTINE BOATVI : Bvi 1

c BVI 2

C TURBULENT VISCUSITY ROUTINE vl 3

c avl 4

C AOATCM - BUOAT COMMNN Bv1 5

b DIMENSION A(50)s AID(295)s ALCCU50,6)» ALPHA(25,50)s CGHV{750,3)» B8VI 6
4 1 CM(25525)» CPBAR(50)s CPTBV(750)s ECC(50)» G(25)» GTBV(750), 8vil 7
1 2 HCP(252%)s HSTAT(50)» HTBV(750)s IRR(40)s IRRR(40»5)s IRT(4O)» 8vVI 8
1 3 ISAVELG)y J12345(5)s PSEXT(SO0)s PSI(50)s UX(25)» RALPHA(25,50)s BVI 9
] 4 RCU40,»3)s KHII(50), RHODUT(S50), RT(50)s RU(SO)» RXE(50)s RXK(50)s BVI 10
L % SIGMA(S50)y START(1), T(S50), TITLE(18)s UI50)s VEXT(4925%552), BV] 11
1 6 VJIET(64525,2)s WDOT(25550)s WMI25)s WP(25)y WTIMEX(50)s WTIMOLE(25)sBVI 12
4 7 XE(50)s XEXT(50)y XJET{59), XK(50)s XLE(50)s XMU(S50)» Y(50), BvI 13
g 8 YOUT(50)» Z21D(5) VI 14
b C evl 15
- LOGICAL LHALF,LSWON BVI 16
q C BV1 17
- CQUIVALENCE (J1, J12345(1)) BVI 1e
. EQUIVALENCE (ALUC(1s1)s CM(1,1)) BVI 19
- EQUIVALENCE (ECCs CPM(1513))s (YUUT, CM(1,15)) BVl 20
3 EQUIVALENCE (CPTBV, CGHV) BvVI 21
EQUEIVALENCE (HMCP(1s1)s WM(1)) vl 22

1 EQUIVALENCE (START, TTBI(1)) 8Vl 23
3 (o BVI 26
i COMMON TTB(30), HF(25) » CPTBV , GTBV » HIBY sVl 25
1 COMMON A » AID » ALPHA » CARB y CM » CPBAR ,BVI 26
i 1 CRR » CVISC » DOELPSI » DFDL » DPODX » DX »8VI 27
] 2 DXMIN , FDL s FFF » G » GGG s HSTAT ,8VI 28
; 3 10ELP , TECC » IFINIS » 1OUT » IOUTL , 10UT2 ,BVI 29
. 4 IPAGE » iPRESS , IPR » IRRR » IRT » [ISAVE ,8VI 30
5 ITFLG » IVIS » J1 » J2 » I3 »  J& »8V1 31

i 6 J5 » LHALF » M™OD » HNPSI » MXNPT , HMXNP1 sBVI 32
. 7 NPS1 y M@ » NPAD » NRAS s NS » NT »BVI 33
g ] P s PCNY » PRNT » PRNTXC » PSI » PSID »8VI 34
9 ax s PALPHA », RBUOY » RC » RHO » RHOOUT ,8V] 35
; 1 RJ » PT » RTACU , RTJAC .» RTJOB » RTMAX ,BVI 36
5 2 RU » RXE v PXK » SIGE » SIGK » SIGMA ,BVI 37
‘ 3 T » TCNMT , TEDGE , TEMRM , TEMRP » TITLE ,0VI 38
4 TKINET , U » UNILT » MWOOT » WM » WP BVI 39

5 WTMIX , WTMOLE , X » XCHANG » XD » XE sBVI %0

6 XINIT , XK ». XK2 s XLE »  XMAX y XMUY »BV] L ]

7 Y s 71D BvI 42

COMMON FLJTEX(10000)s NAMAS(3), RPRM(2400), SPACR{10) Bvi 43

C BVI 44

C JET/EXT FLOW FIELD COMMNN SECTION Bvl 4%

iR g 5
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. € BVl 4“6
COMMUN DELJ » DFLE » TJET » IEXT » IMAXJ » IFAXE ,BVI 07

1 KMAX) » KMAXE 5, NRJET » NREXT » PSJET » PSEXT ,3V] 46

2 Pl s P2 » P13 » P4 » UST) » USTE pBVI 49

3 VJET s VEXT » XJET » XEXT BVIL 50

C BVI 51
COIMMON  ENDCM BVI 52

C BVI . S3
C END OF CDOMMud TU BF CNPIED TO RESTART FILE 8Vl 54
C svI 55
COMMON FID(3»5), IFNAM(3), LSWON(16) BVI 56

C BVI 57
(W BVI 58
IF (IVIS.LE.O) GO TO SO 8vI 59

C LOCATE RBOT(WHERE U-J1/U2-Ul = CBOT) BVI 60
C80T=,95 3VE 61
UTsU(MPSIICBOT#(ULT)=UIMPST)) avI 62

D0 10 Is2,MP51 vl 63

1F tUII).LT.UT) GI T2 20 BVI 64

10 CONT INUE BVl 65
20 CONTINUE avi 66
RAT=(UT=ULI-1))/7C(ULT)-U(I-1)) BvVI 67
RBOT=Y(I-1)+RAT®#(Y(I)-Y(I-1)) vl 68
VOUMsU(1)/UNILT 8vVI 69

IF (PSTC1)eEQeDesAND.UDUM.LT.GGG) RBOT=0, BVI 70

IF (IDELP.EQ.=1) RBNT=sY(1) BVi 71

C LOCATE RTIOP{WHERE U-U1/U2-Ul1 = CTOP) 8vl 72
CTOP=.05 BvVI 73
UT=U(MPSII+CTOP*(ULL1I=U(MPST)) 8vI 74

D3 30 II=1,NPSI BVl 75
1=NPSL-1141 vl 76

1IF tULI).GT.UT) GO TN &0 BvI 77

30 CONTINUE (121 78
L 40 CONTINUE BvVI 79
' RAT=>(UT=U(I¢1))7CU(T)=U(I+1)) BVI 80
i RTOP=Y( 141 )4RATS{Y(T)-Y(I+1)) 8vI 81
IF (IDELP.EQe-1) RTMP=Y(MPSI) BVl 82

50 CUNT INUE BVl 83
XMU(1) =0, BvI 84
XMUIMPSI)=0, BVI 85

IF (IVIS) 200,605,140 8vI 86

60 CONTINUE Bvil a7
(o 8vI (T]
C PRANDTL MIXING LENGTH MNDEL., Bvi 89
c 8vI 90

e N AR
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IF (PSI(1).EQ.0.) FFFeGGG BVl 91
DELTA=Y(MPSI)-Y(1) BVI 92
XL=FFFODELTA BVI . 93

IF (PSI(1).NE.O.) GN TO 70 BVI 94
D2UDY2=2.¢(UL2)-Ut1)1)/IY(2)-Y(1))8e2 8Vl 95
D2UDY23sABS (D2UDY2) BVI 96
XMUL1)=RHO(1)#XL*434D2UDY2 BVI 97

70 CUNTINUE BVl - 98
IL=0 8BVl 99

IfF (PST(1).EQ.0.) GP TN 110 8VI 100

c DUAL LENGTH SCALE TEST AVI 101
UMIN=AMINLIUCL) s UIMPSI))I*,.95 BVI 102

D0 80 I=2,N"SI 8Vl 103

IF (UCLI).GT.UMIN) GO TO 80 BVI 104

IL=1 BVI 105
UMIN=U(]) BVI 106

80 CONT INVE BvVI 107
1F (IL.GT.0) GO TO 100 BVI 108
UMAX=AMAXL(UCL)>U(MPST)I*1,.05 8Vl 109

DO 90 122,NPSI BVI 110

IF (U(I).LT.UNAX) GD TO 90 BVI 111

ILel BVI 112
UNAX=ULT) AVI 113

90 CONTINUE BVI 116
100 CONTINUE BVI 115
IF {IL.EQ.0) GO TU 110 8vi 116
XL1=FFFe(Y(IL)-Y(1)) 8Vl 117
XL2=FFFe(Y(MPSI)-Y(IL)) BVI 118

110  CONTINUE BVI 119
DO 130 I=2,NPSI BVI 120
DUDY=(U(I+1)-U(I-1)1/2./DELPSI*RHO(IISULII*Y(II/PSILI) BVI 121
DUDY=ABS(DUDY) BVI 122

IF (IL.EQ.0) 60 Ty 120 BVI 123
XLexXL1 BVI 124

IF (I.GT.IL) XL=XL2 BVI 125

120  CONTINUE : BVI 126
XMUCT)sRHO (1) #XL4224DUDY BVI 127

130 CONTINUE BVI 129
| ISAVE(1) =1L 8BVl 129
; SPACR(1)exL1 Bvi 130
| SPACRI2)=XL2 BVI 131
SPACR{3)=XL BVl 132

60 10 250 BvVI 133

c BVI 134

C DONALDOSON/GRAY MODFL. Bvl 135
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150
160

170
160

190

AOONGOAO
(=}
(=

CONT INUE

LIJCATE RHALF WHERE U = ( Ul + U2 ) 7 2,
UTs(Ull)+UINP5I))/2.

D0 150 1=2,MPS51

IF (ULI).LT.UT) GO TO 160

CONT INUE

RATs (UT-U(I-1))7(ULI)-U(I-1))
THALF=T(I-1)+RATH(T(I)-T(I-1))
WTHALF*WTMIXC(I -1 )+RAT*(WTMIXII)-WIMIX(]=~1))
CPHALFCPBAR(I-1)+RATH*(CPRARII)I~-CPBAR(I-1))
RHALFsY{I~1)+RATS(Y(1)-Y(]~-1))

CALCULATE MHALFIXMHALF).
$51289517.5014WTHALF
S32=CPHALF/ICPHALF-S5S1)
SS=SORT{552¢5514THALF)

XMHALF=UT/SS

CALCULATE XKBAR.

IF {XMHALF.GT.1.2) GN TO 170
KKBAR=0Q.0468+XMHALF*(-0,0460*XMHALF+0,0256*XMHALF#*%2)
60 TO 180

XKBAR=0,0248

COUNTINUE

RI=RBOT

EPSsXKBARS (RHALF-RIV*ARS{U(L1)-U(MPSIN)/2,
DO 190 I=1,MPSI

XMUCI )sRHOUT I*EPS

CONTINUE

60 10 250

KE2 TURBULENCE MULDEL
CONTINUE
CALCULATE PRODUCTION/DISSIPATION

CMU=SPACR(S)

IF {(CMU.EV.0.) CMU=.09

270p =0,

807 =0,

DURA=O,

GUMA=0,

00 210 1=2,NPS51

IF (XEC(I)oLTL1.E~-20) XEL]I)e]l . .£E~20
USI=stutlI+1)-Ull-1))/0ELPSI/2,

L e e e
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BvVI
evl
BVl
8vl
Bvl
8vl
BVI
BvVI
BvVI
BVl
8vl
Bvi1
BvI
evi
Bvil
vl
Bvi
BVI
BVI
evl
BvVi
evl
Bvi
8vI
8vi
BvVI1
Bvi
vl
evil
8Vl
BVl
vl
8vI
vl
avl
BVI
evIl
avi
BvIl
BvI1
BVl
BV1
vl
Bvi
Bv1

143

Rk
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136
137
138
139
140
141
142

144
1475
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
140
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DUMAsRHO(T )¢03eU(T1)802¢Y([)¢e3oXK(1)8840USINSI/NE(TIIS®*3/PSI(I)Ne2 BY] 181 ;
GUMB=RHO(T)eXKII)es26Y(TDSUST/XE(TL) 8Vl 182 ?

DUMs= (DUMA+DUMR) /2. BVI 183 P
GUM= (GUMA*GUMB)I /2. 8Vl 134
ZTOP=2TOP+DUMSDELPST 8Vl 185
280T=2B0T+GUMSDELPST BVI 186
DUFA=DUMNB 8Vl 187
GUMA=GUYA 6Vl 188
210  CUNTINUE BVI 189
DUM=DUMA/2, BVl 190
: GUM=GUMAZ2, sVl 191
ZTOP=2TOP ¢DUMODELF 51 BVI 192
2BUTs2BOT+GUMSDELPS] BVI 193
PBAR=ZTOP/2B0OT*CHU BVI 194
IF (PBAR,LE.O.) PRAR=1.0 BVI 195
C BVI 196
C CALCULATE GFNCT(PBAR) BVI 197
C 8VI 198
IF (PBAR.LT..56) GFHCT=(B.44*PBAR-15,44)%PBAR+S, BVE 199
IF (PBARCGE.e56.ANDPRAR LT ,1.) GFNCT=23,2727-PBAR/ . 4&s(PBARP~]1,)8(PRY] 200
1BAR=.56)%(16.17-13,85%PBAR) 8vl 201
IF (PBARCGE.1..AND.PBAR,LT.3.) GFNCT=,314.87/PRAR-,18/PBAR®S? BVI 202
IF (PBAR.GE.3.) GFNCT=,58 8Vl 203
IF (GFUCT.GTo100o0P GFNCT LT..58) GFNCT=1.0 BVI 204
c BVI 205
C CALCULATE FFNCT BVI 206
C 8Vl 207
IF (PSIt1).NE,O.) GG TN 220 BVI 208
DELMIX=sY(MPST) ‘ BV1 209
UCL=&.#XMUCL)S(UL2)-UL1))/DELPST#*2 8vl 210
FENCT=DELMIX/(UCHMPSTII-UL1))/2.%(UCL-ABS (UCL)) BVI 211
FENCT=ABS(FFNCT)I®S, 2 BVl 212
G0 TO 230G 3 BVI 213
220  FFNCT=0. BVIE 214
230  CONTINUE BVI 215
C BVI 21e
C CALCULATE VISCOSITY BVI 217
c 8Vl 21sm
CMU= ,09¢GFNCT~,0534¢FFENCT sVl 219
Clel.% 8BVl 220
C2=1.96-,1336¢FFNCT BVl 221
SiGK=1,0 BVl 222
S1GE*1.3 BVI 223
IL=2 BVI 224

IF (PSIt1).LE.O.) IL=1 Bvl 225

A 0411,
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DO 240 I=IL»NPSI1 avl 226
xﬂU(l,'CﬂU‘ﬂHO(lD'lﬂtl"‘ZI'E(I’ evl 227
1F (XMUCI)LT,1.E~20) XPU(1)=1.E-20 avl 22e
240 CONTINUE BVl 229
SPACR{&)=PBAR 8vl 230
SPACR!LS)I=CMU sVl 231
SPACR(6)=C1 - avl 232
SPACR(7)s=C2 BVl 233
250 CONTINUE BVI 234
A(1) 0. avl 235
IL=1 Bvl 236
IF (PSICL)eLE.O.) IL=? BVl 237
0D 260 I=IL,MPSI svl 238
‘ lill'lﬂU(li‘lHD(ll‘U(l"V(ll“ZlPSl(l' evi 239
‘ IF C(A(I)eL T 1.E~-20) AtI)=1.E-20 BVI 240
| 260 CONT INUE 8vl 241
{ RE TURN avI 242
[ END BVl 243
!




‘‘‘‘‘‘

FUNCTION BOATAW (J, 1) BAW

C BAW

C POATAW - ALPHA/uIMIX BAMW

C BAW

C SOATCM = BOAT Cumrmm BAW

ODIMENSIUN A(S0)e AICI25), ALOC(S0,6)» ALPHAL(25,50) CGHVIT75093)s UAW

1 CMU25525) CPBARIS0), CPTBV(750), ECCUI50)» GI25)» GTIBVIT750), 8AYW

2 HMCPI(2925)» HSTATISN)y HTAVIT750), IRRIA40), IRRR{40+5)» IRT(40), BAW

3 ISAVE(DL), J12345(5) PSEXTIS0)s PSLII50), QXI25)s PALPHAL25,50)s BAW

& RCLI40»3)» RHO(S0), RHOOUTIS0)s RT(50), RU(S0), RXELVS0), RXK{50), BAW

5 SIGRALS0)y STARYI1)» TI(592)s TITLEILB), ULS0)s VEXT(4,25,2), AV

6 VIETI&9p2%92) WMDUT(25550)r HM(25)s WP(25)» WINIX(S50), WTMULE(Z25),0AW

7T RE(50), YEXTISO)s XJFT(S0)s XKU50), XLEU(S0)» XMULS0), Y(50), AW

8 YOUTL50), 210(5) BAW

C BAw

LOGICAL LHALF,LSWON BAwW

Cc BAW

EQUIVALENCE (J1, J12345(1 D) BAW

CQUIVALENCE (ALUCI1,1)» CHMLLp 1)) BAW

EQUIVALENCE (ECC» CP(1,130)s (YOUTs CHLL1»15)) BAW

EQUIVALENCE (CPIBV), CGHYV) BAW

EQUIVALENCE (HCP(1,1)y WNIL)) BAW

EQUIVALENCE (ISTART, TTR(1)) BAW

C BAW

COMMUON TTB(30), HF(25) » CPTBY , GTBY p HIBY BAW

CUMMON A » ALD 9 ALPHA » CARD » (W s CPBAR ,BAW

1 CRR » CVISC » DELPS]I » DOFOL s DPDX s OX 2 BAW

2 DXNIN FOL ’ FFF » 6 » GGG » HSTAT »BAW

3 IDELP » JECC » TFINIS » 1OUY s 1OUT1 » 10UT2 sBAW

L) IPAGE » IPRFSS » [IRR » IRRR s IRT s LISAVE »BAw

| ] ITFLG » VIS , J1 » J2 » 33 » J& » BAW
6 49 » LHALF » NMROD r MPSI s PXNPT 5, NXNPl DAV

ff 7 NPS T ’ NR » NRAD s NRAS » NS » NTY » BAW
: 8 [ 4 s FCNY » PRNY » PRNIXC » PSI » PSIO »BANM
iﬂ 9 QX » PALPHA , RAUDY » RC s PHO » RHOOUT ,BANM
: 1 RJ » RT > RTACU » RTIJAC » - RYJOB » RINAX ,08AW
iﬁ 2 RY » PXF » RIXK » SIGE » SIGK » SIGHMA . 8BAW
s 3 T » TCOINT , TFOGE » TEMRM , TEMRP , TITLE »08AM
| 4 IKINET » VU » UNLT » WDOT » MR » WP »BAW
5 WTHIX » WTMOLE , X ’ XCHANG » b (4] » h{3 » BAW

6 RINIT » X » XK2 » XLE » JKMAX s XNU » BAW

7 Y » 170 BAVW

COMMON FLJITEXT10000), NAMAS(3), RPRM{2400), SPACR{10) 0AN

T C BAV
' C JET/ZEXT FLOW FLELD COPMON SECTION BAW
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FUNC TION BOATEF (X

BOATEF = CALCULATE *+ USFD IN BUATS2

sNJIRPT)

BOATCR - ROAT COnMPFON

DIMENSIUN ALSU), ALID(25)s ALNCIS50,6), ALPHA(25,50)s CGHVIT750s3)s

CNE25,25)» CPBAR(SO), CPTBVITS0), ECC(50), GI25)» GYBVI750),
501y HTBVITS0)s IRR(4O0), IRRR{40,3)» IRT(30)»

HCPI2:rcS) e HSTATH

ISAVE 6y J12345(5) PSEXT(50), PSI(50), OX(25)s RALPHAL25550),

REF
BEF
BEF
oEF
134
OEF
BtF
BEF
BEF

RCU%0»3)y RUNIS50)s RHNOUTIS50)s RTIS50)s RULST), RXE(50), RXK(50), BEF
1)0e TUSODs TLHTLELLB)» UL50)s VEXT(4923552)»
VIET(4,2%55205 WOUT(25550), WML25)s WP125), WTRIX(50), WTMOLE(23),BEF
XE(S0), XEXTI50), XJLETCS50)» X¥(50), XLE(50), XMUI50)s Y(50),

SIGRALS50)» STARITI(

YOUT(50), Z2INCS)

LOGICAL LHALF,LSWON

EQUIVALENCE (J1, J
EQUIVALENCE (ALCCH
EQUIVALENCE (EtCC»

EQUIVALENCE (CPTBY
EQUIVALEMCE (HCPL]
EQUIVALENCE (START

CONRON  TYR(30),
COMAON A
CRR
oxnin
JIDELP
I1PAGE
1TFLG
J5
wpsSt
L
ox
ry
RY
| §
TXINETY
NTNIX
xXINL