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FOREWORD

This docur;zent presents resulits of work performed by
Liockheed Missiles and Space Company, Huntsville Research
and Engineering Center under Contract NAS8-24437, Scaling
Parameters/Low Density Plume Impingement Force Data,
to the Aero-Astrodynamics Laboratory of NASA/Marshall
Space Flight Center The Technical momitor was Mr V K

Henson of the Aero-Astrodynamaics L.aboratory.
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SUMMARY

Laterature dealing with the proper scaling of rocket exhaust plumes
with nonreacting gas maxtures 1s reviewed From this background, a tech-
nique was developed to select gases which will properly simulate a region
of a prototype plume, and the technique is outlined A gas sirnulant selection
computer program is then presented and discussed The computer program
performs the gas simulant selection based upon the parameter desired to
approximate, 1 ¢ , 1impingement forces, Mach number, or Reynolds number

Results of this program for two typical engines are discussed

A specific parameter of a region of a prototype plume can, 1n general,
be simulated In particular, the momentum flux of a plume appears to be
rather easily duplicated for a definite region of a plume Typical selections
resulted in about a three percent error i momentum flux This result lends
credence to the goal of simulating experimentally the 1mpingement forces of

high altitude plumes on orbital bodies

In addition, the Mach number may possibly be simulated by adjustmng
gas composition and chamber temperature (These results are based on
the possiblity of symulating the condensation phenomena ) This simulation
does appear to be feasible if the chamber properties can be varied enocugh

to match the point of vapor saturation in the flow field

111
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NOMENCLATURE

Symbol

a speed of sound

A area

Cv specific heat at constant volume

Cp specific heat at constant pressure

D diameter dimension

E constant defined by equation of text

fl scale factor for the 1th parameter

F force

g number of molecules per drop

G generalized function

h specific enthalpy

H enthalpy

J drop formation rate

k Boltzmann's constant

Kn Knudsen number

£ representative length

m mass of molecular of vapor

m mass flux of gas

M Mach number

n weight fraction

N constant defined by equations of text
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Ng fractional condensation rate
P pressure
Pr Prandtl number
T radius
s radial distance from exit piane of nozzle
SF geometric scale factor
T temperature
v velocity
v volume of drop
X axial direction
Greek
o Knudsen nurmber correction factor

momentum correction factor

L]

specific heat rafio

é boundary layer thickness

¢ surface tension

6 flow angle

A molecular mean free path

2 viscosity

v Prandtl-Meyer expansion angle

p density of gas

o collision cross section of molecule
nozzle lip angle

Y molecular weight of gas

vi
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Subsants

a ambient conditions

cont continuum flow conditions

d drop

e exit plane

FM free molecular flow condiftions
lig Jiguad

m model

o stagnation conditions

P prototype

SQo stagnation condition for drop of infinite radius
t throat conditions

Superscript

* denotes drop of critical size

Vil
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INTRODUCTION

Orbiting vehicles of the Apollo Applications Program and other space
programs are generally maneuvered by reaction control rocket engines In
many cases, interaction and impingement of the exhaust plumes on the parent
vehicles create control thrust degradations in conjunction with undesirable
reaction forces and moments If these plume impingement effects are not
defined, inadequate control systems may result Since orbiting vehicle
configurations are generally complex (including extensive external hardware
such as solar power cells, communication antennas, etc ) theoretical pro-
cedures for predicting vehicle plume i1mpingement forces are quite complicated
By analyzing properly simulated experimental investigations, rmpingement
forces on complex structures can be adequately defined Because full-size
tests are costly and complex, scale model testing should be used To have
""proper simulation," the tests should provide good scaled simulation of both
the vehicle and the plume, otherwise techniques for applying the test results
to & full-scale condition must be developed There are, however, two primary
problems involved m this simulation one involves scaling a model 1n the flow
field, (the same problem 1is encountered in conventional wind tunnel testing of
aerodynamaic configurations and 1s scaled on the basis of Reynolds number
and Knudsen number), the second problem involves simulating the gas dynamaics
of the flow properties of the rocket exhaust plume Both problems must be
satisfactorily resolved in order to obtain correctly scaled impingement forces

from scale model testing

The exhaust plumes of a rocket that operates 1n a near vacuum are
characterized by three flow regimes, (1) continuum center portion, (2) a
transitional regime surrounding the continuum region, and (3) a highly
expanded free molecular regime which may include flow expanding to a

direction more than 90 degrees away from the nozzle centerline The

IOCKHEED HUNTSVILLE RESEARCH & ENGINEERING CENTER
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experimental evaluation of the forces on bodies from such plumes requires
that the local plume parameters and model parameters be scaled exactly,

or that techniques be provided to relate and correct the test results to full-
scale conditions The basic problem is complicated by the fact that in many
mstances (due to test facilaty limaitations) the plume 1itself will be modeled
with a gas which 1s different than that of the full scale system Gas dynamac
relationships between the model and the full-scale system must therefore be

established 1n terms of

Plume gas dynamic properties
Reynolds number of the model in the plume
Knudsen number of the model in the plume

Scale model motor chamber conditions and nozzle geometry

Condensation considerations

With these facts 1n mind a survey on plume scaling was made of state-
of-the-art literature Using results of the survey as a base, a computer
program was written which performs a rapid search of possible simulant gas
mixtures and selects the mixture that best simulates the prototype plume
based on Mach number and momentum considerations The impingement
forces predicted by the model simulation are then adjusted by a momentum

correction factor to account for discrepancies in the gas dynamaic simulation

In the following technical discussion, the more important sources of
mformation are discussed, techniques used in the computer program to test
and select a gas mixture are outlined and two sample cases that have been
run to provide experience with the method are presented Results for these
two cases show that a simulant gas mixture can be selected which will approx-
imate 1n a scaled experiment the impingement forces on a body immersed in

a prototype nozzle plume

LOCKHEED HUNTSYILLE RESEARCH & ENGINEERING CENTER
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Section 2
TECHNICAL DISCUSSION

An integral part of the plume scaling study was a literature survey
carried out to obtain a working knowledge of accomplishments in the past
several years in the field of scaling techniques Thus, before the approach
taken in the current study is described, the work carried out by others is
outlined Problems or lirmitations of the existing methods are examined,
which have pointed the way to development of the procedures used in the
current effort The work applicable to this study 1s centered in two areas
(1) general scaling of plumes, and (2) analytical models of the plume These

subjects are discussed in the followmang subsections
21 LITERATURE REVIEW

Templemeyer (Ref. 1) performed a most pertinent study of the simulation
of hot jet exhaust with mixtures of cold gases Since the exact parameters
that need to be satisfied in order to simulate one gas with another are not
readily obvious, Ref 1 examined a gaseous flowfield and found that by equating
specific heat ratio, specific internal energy, pressure ratio and mass flow
per unit area, the simulation between a prototype and model was achieved
at the exit plane of a nozzle By assuming a perfect gas with constant specific
heats, the equations can be reduced to a set of three linear algebraic equations
with weight fractions as the unknowns Reference 1 then solved the following

set of equations

CVp (Top/Tom) =10y Gy + ny CVZ + 73 CV3 {1a)
RP (TOP/Tom) = n R; + 1, R, + n; Rj {(ib)
1 = n; + n; ¥+ ng (1c)

3
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where the simulant mixture 1s made up of three gases By selecting a
combination of gases Eqs (1) can be solved to provide the weight fractions,

N, I the weight fractions are all real numbers, the gas mixture 1s a possible

simulant

‘With the solution of the above equations, the inviscid flow of a nozzle
can be simulated for certain cases The boundary layer thickness ratio

(S /De) can be duplicated by duplicating the Reynolds number, or

pMﬁ/—Y—E!— = pM‘/_Z__p_i - @
P K p u

Since

1s assumed, then

= f Fn
ﬂm P(up)

Now since the viscosity of a hot exhaust gas 1s generally large compared to a
cold gas maxture, it 1s difficult to achieve Reynolds number duplication if the
nozzle length 1s to scale As a result, Ref, 1 resorted to computing a scale
factor by which the nozzle length 15 varied in order to achieve viscous
simlitude For example in Ref 1 a turbulent boundary layer was assumed

and then the boundary layer thickness was expressed as

and § (sF) = ]
P

2 AL
Then ( o) uﬂ) (ST} = (Pu E)
i} [
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Reducing 02 08 1 25
}Zm = I (SF)( H ) ﬁp ]
l .

Thus the viscous and inviscid one~-dimensional flow properties will be
duplicated at the exit plane Several combinations of hydrocarbons were
then found that fulfilled the necessary requirements for simulation of the

exit plane properties of a turbojet engine

Marsh {(Ref 2) developed a technique for searching for combinations
of gases that duplicate the exit plane conditions of a rocket nozzle to provide
plume flowfield sumulation Real gas effects were included in the analysis by
a variable ratio of specific heats Bas:ically the following three similarity

laws mvolving P, M, and ¢ were satisfied

Pressure Ratio (Pa/Pe)m = (Pa:/Pe)P {5a)

Nozzle Lip Turning Angle

2 2
Ye Mg - Ye Me (5b)
V 2 M2 -1
M -1 e
Viscosity € m P

ey (=) - e
Dm £P Hp P P lﬁ?
These requirements reduce to the necessity of duplicating Yer Me’ and
(PU/;L)e Reference 2 computed these parameters as a function of pressure
ratio, chamber temperature and gas mixture, By plotting the data it was
possible to determine graphically a binary or ternary mixture of gases which

approximate the prototype conditions The gas maxture generally contained

one gas with a low specific heat ratio and one with a high specific heat ratio,

TOCKHEED HUNTSVILLE RESEARCH & ENGINEERING CENTER
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Gopin (Ref 3) was also interested in duplicating flowfield conditions
near the exat plane of a rocket nozzle and he included the additional require-
ment that the impingement forces due to the exhaust gases shall be similar
With this in mind, Ref 3 then specified that the momentum flux per unit area

be s1malar

That 18, momentum flux = mu = P ¥ A {6a)
Since p = P/ RT
A 2 2 RTMZ
u = a M = 4
Then, momentum flux = Y Mz PA (6Db)
Eqguating prototype and model conditions
Y Mp ’ = ¥ M%P ’ (6c)
P m

Reference 3 points out that by choosing high density gases, which 1s
almost synonymous with gases having multiple species, a high mass flow

rate can be attained Assumung isentropic perfect gas relationships, Ref 3

shows that
rn/A = Pa = P/ RT
/ -
m/ A

o]

|
P
~
+
—
i
w2
g
H
o]
2|
H

. (7)

If P,, Ty, and ¥ are assumed to be constant, then mass flow 1s a direct
function of molecular weight Choosing polyatomic gases {multiple
atornic species) provides a high mass flow per unit area with a low flow

rate of molecules Thus, it becomes much easier to maintain a vacuum
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chamber at a high simulated altitude, (1 ¢ , low pressure) for a longer

period of time Finally, to avoid condensation the simulant gas mixture
was heated

Waith these stipulations in mind, Ref 3 selected several binary gas
mixtures from a group of gases that were presumed to have desirable
simulation tramts An experimental program was undertaken using a mixture
of argon and sulfur hexaflouride to simulate the exhaust gases of the J-2
engine Force measurements were made for impingement of the exhaust on an

5-II afterbody The major results of interest here are

@ Generally there was little change 1n forces due to a change in
specific heat ratio from 1,18< ¥ <1 28, but there was
significant variation for 1 285 ¥ <1 40

e Although changes 1n VY result in modifications of the momentum
distribution in the exhaust flow field, very small variations have
little effect on impingement forces Hence, minor errors in the
gas mixture used to simulate Y are negligible

Note that in Ref 3, Me = Me » and thus for similarity, )fe = yem

m
The authors admait that simulating the exit plane momentum by simulating the
specific heat ratio is only an assumption, an assumption that has been justified

by previous experimental work, (This point i1s discussed further in Section
221)

References 4, 5 and 6 are also interested mn stmulating the impingement of
a highly expanded plume on a nearby surface In particular it was desired to
simulate the impingement of exhaust gases from the APS ullage motor and the
O,H, burner motor on the J-2 engimne of the S-II stage The added require-
ment that non-contmuum effects be duplicated makes Refs, 5 and 6 different

from the works previously mentioned.

In designating the experimental conditions, nitrogen gas was selected

as the sumulant gas since it came closer than any other single gas to
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matching the prototype engine gas characteristics Also of importance was
the fact that nitrogen 1s readily pumped by helium cryopanels (as are most
gases except hydrogen) To achieve proper nozzle exit plane conditions
area ratios were selected that would produce the proper Mach number at
the exat plane Simulation of Knudsen number throughout the flow field was

obtained by duplicating the nozzle exit plane Knudsen number

If flowfield similarity 1s assumed, as noted above, scaling parameters

between model and prototype conditions can be computed

First

K = A/D
n / (8)
(9}

Solving for p and writing a ratio

P/p = (SF) U'mz wp Knm
P m
o 2 :pm K (10}

P Iy

Where

Thus the density ratio provides scaling of non-continuum gas dynamics
between prototype and model To obtamn a pressure scale factor between

model and prototype conditions it 15 assumed that pressure can be written

P =P . + @ Pry - Py (11}
Where a 15 assumed to be of the form
1
S
« - € (12)
8
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and K, 1s based on Rb the local body radius Now i Mach number and

momentum flux (Eq 6b) are similar, then scaling relations can be developed

to match Knudsen number Or

-1/ K
P_-P ) / n
s cont
m = e
- -1 K
(Ps Pcont)p e / n
And
- _ a
Psp (Ps Pcont) (_‘__m ) + Pcont p
e, (13)

These scaling parameters (Egqs 10 and 13) produced remarkable agreement

between prototype and model conditions of Refs, 5 and 6

In Ref 7, a rocket plume was simulated by the actual combustion of
gaseous fuels to simulate the exhaust of a laguid propellant rocket engine A
shock tube technique which permaitted short run times was used to mamtamn
proper background pressure This technique provided for the duplication of
stagnation enthalpy and a good approximation to the desired molecular species
conceniration The Mach number in the nozzle can be reproduced by simple
geometric sumilarity since the boundary layer was made to scale by man-
taiming the full scale Reynolds number Full scale Reynolds number was
attained by increasing the chamber density This technique has several
advantages, the most obvious 1n that the prototype species concentration
can be obtamed in the model plume Also by the simple expedient of raising
the chamber pressure, the proper Reynolds number can be attained A draw-
back pointed out in Ref 7 1s that the steady state flow conditions over a complex

body with concave shapes cannot be obtained in the testing time available.
To obtain the proper mixture of gaseous reactants to duplicate the

combustion products of liguzd propellants, two basic rules grven in Ref 8

are used

LOCKHEED HUNTSVILLE RESEARCH & ENGINEERING CENTER
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1 The atomic composition (1 e , atomic species and atormn ratios)
of the liquid and gaseous propellants must be the same

2 The 1nitial energies of the two propellant combinations must

be equivalent (1 e , the & guantities must
be the same) Z n (HTl}J
=

Condition 1 1s easily satisfied, however, condition 2 involves a trial and

error approach to arrive at a proper mixture of gaseous components

Many techniques (Refs 1 through 7 were some of the most pertinent)
have been employed to simulate the flow field of a rocket engine Some
techniques appear more applicable to the problem of this present effort for
which the basic objectives of the present effort are related here First, a
maxture of non-reacting gases 1s used to simulate plume impingement forces
for the hot products of combustion of a liquid propellant engine Second,
conditions mn the far flow field of a plume are to be duplicated rather than
conditions near the exit plane of a nozzle This stipulation leads to the

second section of this literature review

211 Models of plumes

To simulate the conditions in a highly expanded plume, flowfield
parameters in the far field region must be predicted After a method 1s
developed that permats the flow field to be predicted, various combinations
of gases can be used to simulate the desired flowfield parameters of the
prototype plume Many documents first published in this area were basically
mterested 1n simulating jet boundary conditions near the nozzle Representa-
tive reports are briefly reviewed in the following paragraphs for this problem
More extensive discussions which should prove useful in the present study,

are then given to models of plumes

Assuming that there 1s a finite back pressure, the expression for the

Prandtl-Meyer expansion angle can be written

F Ve -1

A
AP _ YM (A u) + higher order terms (14)

10
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Thus Goethert (Ref 9) proposed to match the parameters ‘YMZ i Mz -1

and 93 in order to duplicate the jet boundary of a highly underexpanded jet
Pindzola (Ref 10)carried out a study in which better boundary sumilarity was
obtamed by matching GJ and YM z/v Mz- 1 , where the Mach number 1s

now based on the boundary conditions rather than on the nozzle exit conditions.
Finally, in a later study Herron (Ref 11) concluded that even better simulation
was obtained by matching the parameters BJ and M / L4 All these results

were obtaimed through experimental research

As shown, these studies are not quit e applicable to the problem
currently under study, however, they were mentioned to underline previous
work in jet plume simulation Although the present effort 15 directed toward
simulating plumes at high altitudes, it may prove useful at some later date
to add the capability of simulating the shape of a plume near the nozzle Waith
this in mand, attention is now turned to the problem of simailarity parameters
for highly expanded plumes far downstream Lattle work has been done pre-

viously in the area which 1s the objective of the present study

To accomplish this objective the first task i1s to predict flowfield con-
ditions for a highly underexpanded rocket nozzle of given conditions The
method-of-characteristics solution has been shown to be a highly accurate
technique to describe analytically the flow field of a rocket plume The
method 15 accurate even for highly expanded plumes (Ref. 11} Method-of-
characteristics solutions are relatively fast on a computer, however, for
far field flow prediction, a source flow model has been found to be faster and
to agree closely with method-of-characteristic solutians (Fig 1) A de-

scription of this method as given by Ref. 12 15 next outlined

Consider the exhaust jet of an i1deal inviscid gas 1ssuing isentropically
into a vacuum., The flow 15 steady and the ratio of specific heats 1s constant
At large dastances from the nozzle the streamlines seem to emanate from a
source near the nozzle exit It is then assumed that the pressure rapidly

approaches zero and thus the velocity can be assumed to be constant The

11
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dens vy then takes the form £ ~ 1/h2 s, where h 15 the radzal distance from
the nozzle exit { Fag 2from Ref 13) It 1s assumed that the density on a

spherical cap of distance h 1s of the form,

p/pe
2

Then solving the equation of continuity and momentum for the unknown

(15)

I
=
—
o
S
0
0
W
©

Te

constants N and E, (Ref 12} obtains the following expression for Mach numbex

(NS

L 1-7
2 -2 B-1 =1, 3
M = E/At)/h ) (cos8) (7+1) (Y- ) -1 (16)
y-1{| 2 \%e/\Te } 2 y+1

Thus Mach number 1s dependent only upon the location in the flow field for a

given gas and nozzle geometry The most obvious shortcoming of this

analysis 1s the restriction to systems with a constant ratio of specific heats

References 14 and 15 also discuss the similarity of highly expanded
rocket exhausts These references, however, are devoted to the description
of flow fields inside a barrel-shaped shock emanating from the Prandtl-Meyer
expansion fan Thus, these studies are not quite applicable to the current

problem which considers expansion into a vacuumn

This prief discussion concludes the literature review of simulation
parameters and plume models The techniques outlined in the next section
draw liberally from the sources which were discussed In many cases,
slightly different methods are employed because of complicating factors in the
problem at hand

22 METHOD OF APPROACH

Obviously a simulation of a full-scale rocket plume could be attained

by duplicating Reynolds number, chemaical species, Mach number, stagnation

12
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enthalpy, and environmental pressure Noncontinuum effects would auto~
malically be satisfied, since Knudsen number 1s defined by the Mach number
and Reynolds number Since in the present analysis the chemical species
cannot be simulated, the Mach number distribution will not necessarily be
identical throughout the prototype and model plumes In addifion, simulating
stagnation enthalpy as obtained by Ref 6 1s difficult, since the extremely
high total temperature attained in the prototype case is out of the range of

the experimental test equipment that 1s available

As an introduction to the problem of simulation, the rules of flowfield
similarily are reviewed here With this reguirement in mind, the model
established to analytically test a gas for simulation ability 15 discussed The
computer program which was written to select a simulant gas mixture 1s next
described Fainally, analytical results comparing impingement forces pre-
dicted from model conditions are compared with those predicted for prototype

conditions
2 21 Similarity Parameters
For two flow fields to be comparable in the region of interest, the terms

in the equations of flow must be similar To simplify the calculations, the

analysis 1s carried out one-dimensionally Writing the one-dimensional flow

equations,
Momentum
2
dx y M2 dx R ax?
Energy
2 2 2 42
. 9T - 1 g°T 2 (7-1) M%q dP 4 (r-1)M 121 (18)
dx P Ry, dx° dx = 3 R, dx

13
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Equation of State

{(19)
Continuity
dx (20}
The equations of state and contfinuity add no new information to the dimen-
sional analysis and are included only for the sake of completeness Thus,

from momentum, equivalent terms from the model and protoiype situalions

can be equated On

where f1 is a scale factor for the 1th variable

Then

tm = T (21)

Simularly, from the energy equation

2 2 _ 2 2
(YP -1) Mp = (7 -1y M7= (£, Yo 1) £ MP
Or
2
(r,-1) = €, ¥, -1 £,

Substituting from the momentum equation into the energy equation yields

£f =1 (22)

14
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Thus for complete flowfield similarity, all of the following parameters

must be equated

s = Tm (23a)
MP =M . (23b)
Rnp = an (23c)
PrP = Prm (234)

Complete simalarity may never be achieved, however, since the

primary interest in this study 1s the force produced on a body 1mmersed in

a rocket exhaust plume Conditions leading to force sinularity are examaned

The force exerted on a body can be written in the general form
F =G {P: u, ﬂ: 2 a) (24)

Using dimensional analysis, the expression can be written in a famliar form

E G(Puﬂ u )
¥
Puzlz M a

If viscous effects are ignored, then

F
= G(M) {25)
puZ f 2

But this expression can be written in more familiar terms as the pressyre

coefficient

15
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A
c. = E_ - cmy (26)

P 2Pu2

Thus, for identical gases, if the Mach number 15 equal, the pressure
coefficient CP 1s identical However, the pressure exerted on a body 1s
also a function of gas composition or ¥ In other words, pressure is a

Z

function of momentum flux pu ” and Mach number, where

T = momentum flux = py 2 2 )’PM2

(27)
Now, as shown in Ref 3, the impingement pressure can be duplicated
by approximating the momentum flux This assumption 1s also borne out
by the work of Ref 4, in which computation of the impingement pressure by
Newtonian calculations 1s analogous to computing the momentum flux Thus,
when a duplication of imnpingement pressure was desired, a siumulant gas
mixture has been selected on the maxture's ability to duplicate momentum
flux at a pomnt in the plume In addition, options have been included 1n the
computer program that will compare Mach number or Reynolds nurnber and

select a simulant gas mixture that best duplicates the parameters
2 2 2 Gas Selection

As stated in the introduction, two objectives of the study are (1) select
a binary or tenary mixture of gases to simulate in a scaled model the forces
produced on a body immersed 1n a plume, and (2) include real gas effects in
the analysis and attempt to duplicate such esoteric flowfield phenomena as

condensation
An 1deal technique to strive for 1s to develop a closed form solution for
the mixture ratios of a possible simulant gas (Ref 1) However, since real

gas effects are to be included in the analysis, this avenue of approach is

closed If as in Refs 2, 3 and 5 duplication of exat plane conditions will

l6
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suffice to duplicate the entire flow field of interest, once again the analysis
15 simplified  But, as shown in Ref 5 ihe immersed body 15 relatively close
to the exat plance of the nozzle and the spc cific heat ratio in that region 1s
1clatively constant at 1 4 In the present study, the specafic heat ratio varies

from about 1 3 at the exit plane to 1 4 in the expanded region

To duplicate this specific heat ratio, the technique suggested in Ref 2
was adopted TUsing gases suggested by Refs 1, 3 and 16, the gases were

separated by mspection into three basic groups, those which

1 Exhibaited high 7
2 Esxhibited low ¥, and

3 Those that would condense relatively scoon 1n an expanding gas

Some of the more obvious reasons for eliminating a gas from the above

groups are

1 Toxic or easily formed toxic compounds
Z Cost and availability
3  Condensability

However, an extremely important criterion i1s the ability of the gas to be
pumped by helium or nmitrogen cryopanels in vacuum chambers For this
reason hydrogen will generally be deemed non-acceptable unless its
mixture ratio in the simulant gas 1s very low The actual limits are
determined by the capability of the facility available for testing One adda-
tional comment should be included concerning the thermodynamic properties
of the gases used as possible simulants Thermodynamic properties 1n
highly expanded plumes were desirable where temperatures much below
100°K occur  Thus thermodynamic properties good down to 10°K were
generated and stored on magnetic tape using the methods of Ref 17 A
list of the gases currently on the data tape which can be used as possible

simulant gas components is given in Table 1

17
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Table 1
GASES CURRENTLY AVAILABLE FOR ANALYSIS

AS POSSIBLE SIMULANTS

Ratic of
Molecular Specific Heats
Chemical Formula Name Weight at 1 atm Pressure

A Argon 39 948 1,667 at 86°F
CCIF, Carbon Chlortrifluoride| 104 465 12at 77°%F
CF4 Carbon Tetrafluoride 88 01 1 217 at 100°F
CHF , T rifluormethane 70 018 122 at 30°F
co, Carbon Dioxide 44 01 13 at 86°F
H, Hydrogen 2,016 1 4 at 86°F
N, Nitrogen 28 02 1 405 at 26°F
NZO Nitrous Oxide 44 02 1 303 at 59°F

18
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2 2 3 General Discussion of Simulant Selection Program

Using a mixture of the gases the Chemical Equilibrium Composition
computer program (CEC) Ref 18, calculates the thermodynam:c properties
of the mixture Then utilizing a2 modified source flow model, the momentum
flux and Mach number at a specified point 1n the plume are compared to those
produced by the real gas under prototype conditions also 1n 2 madified source
flow plume In addition, the Reynold's number at the exat plane 1s computed
to ensure that the boundary layer effect 15 similar The boundary layer cal-
culation 1s discussed later, however, the most important point to note 1s that
automating the computations allows possible gas mixtures to be thoroughly
searched Thus not only can the mixture ratio be varied, but the stagnation
pressure and temperature can be altered within specified lamats Unfortu-
nately, if one particular gas mixture does not meet the desired specifications,
another set of gases must be tried at random However, this 1s the same
procedure employed in Ref 1, and no real alternative appears to be available
After a set of gases 15 chosen for a specified chamber temperature and
pressure, it 1s possible to determine rather quickly if any possible com-
bination will meet the desired criteria This calculation 1s described mn

detail in Appendix A

Thus, after a possible gas mixture has been selected, the ability of
this gas to simulate forces on a body immezrsed 1n a plume formed irom these
gases must be predicted This can be done by use, again, of a2 source flow

model of the plume

¢ Plume Source Flow Model

As illustrated in Fig 1 taken from Ref 12, the flow field computed by
a source flow model predicts guite well the parameters of the far flowfield

region Since real gas effects are to be included in the analys:s, the tech-

nique of Ref 12 discussed in Section 2 1 could not be used to obtain a closed

19
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form solution for the flow properties at a point Instead, a numerical
solution using the method of false position was employed to solve for the

flow field properties that satisfied the specified area ratio of the flow field
In addition, rather than assuming a hemispherical flow field as Ref 12, the
Prandtl-Meyer expansion angle at the nozzle lip 1s computed and the area
ratio of the plume 15 calculated using this as the boundary of the plumne

(Fig 2) Reference 13 discusses this program more fully The centerline
Mach numbers for the R1E exhaust plume as computed by the MOC and source
flow programs are shown in Fig 3 taken from Ref 13 Once again the com-

parison is acceptable

After the plume 1s generated, corresponding points of the model and
prototype plume flow fields can be compared The technique thus produces
a flexible but bulky method of determming a good simulant mixture Ir should
he noted, however, that not only must points in the inviscid plume be compared,

but also viscous effects in the nozzle which are similar must be ensured
e Boundary Layer

To sumulate the viscous flow effects i the nozzle the ratio, §/D, must
be equal for both model and prototype The following analysis 1s carried out
assumng turbulent flow in the nozzle Similar statements can be made re-
garding laminar flow In general the boundary layer thickness can be written

as a farmiliar function of Reynolds number

/L = k(—%piﬂ R k(Rﬂ)-l/S (28)

where k 1s a constant for turbulent flow and RE 18 Reynolds number based

on a characteristic length of the nozzle Now obtaiming a ratio of ( 5 /D)

1/5
(%)_ZL ) 1;/5 /5 (IiD)

21
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Fig 2 - Source Flow Model of Plume Showing the Model Geometry
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) - ) &) 29)

Equating the ratio for model and plume cases

4/5 1/5 4/5 1/5
7w - e
Thus
4/5 / 4/5 1/5
R e

Now if Reynolds number can be duplicated, then near geometric simularity
assures similitude However, from Refs. 1 and 2 1t may be dafficult to
duplicate Reynolds number In order to ensure viscous similarity it may be

necessary to modify the length of the model nozzle, or

4/5 4/5 1/5
Dy, RDm
4/5 /R 1/5
= s Ly T (P ]
Rp
m,
R 1/4
Lm = (SF) lp “p ] (31)
R
Dm

In the present study the primary concern is that the boundary layer shall be
no greater in the model situation than in the prototype situation To meet
this requirement, the simulant selection program specifies that the Reynolds
number of the model must be equal to or greater than the Reynolds number
of the prototype nozzle Transport properties of the gases in question are

computed, using the methods reported imn Ref 19

24
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For the sake of completeness, a modified nozzle length can be calcu-
lated after a gas mixture has been established for a specified chamber con-
dition Besides simulating the basic flowfield parameters (such as Mach
number and Reynolds number) one other phenomenen, condensatron, must be

matched
e Condensation

Generally, in highly expanded rocket plumes having temperatures well
below lOOOK, heterogeneous systems are of considerable importance In
particular, as the partial pressure of each gaseous component drops below
its vapor pressure, the probability of the formation of liguid droplets
mmcreases In general, the theory of condensation 1s felt to be understood
In fact, calculations of condensation 1n steam nozzles or of water vapor in
air seem to bear out this theory See for example Refs 20 and 21 Un-
fortunately, corresponding calculations cannot be as easily made for the
gaseous substances such as nitrogen or carbon dioxide Much of the problem
lies 1n the lack of accurate knowledge of material properties such as surface
tension and density The problem may be illustrated by writing the expression

for fractional formation rates {(Ref 20)

e 2
-3 "'477(:1'(1 /3k'1"
4z
Lo dNg _ gt T (") = P d 2nl @
Ng 4T Ng KT 3 m
(32)

The dominant term 1in the expression 1s the exponential

%2
-4 7 {ryg /3kT
e
(33)

which may be written

3 2
16 76 V11{1/3(1<T)3 In (IVPSM) (34)
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Since surface tension { 1s a cubed quantity, any error in it greatly alters

the computed condensation rate

Because of this problem, no attempt was made to match condensation
rate Rather, an attempt was made to duplicate only the location of conden-
sation Currently condensation 1s assumed to occur when the partial pres-
sure of the gaseous species drops below the vapor pressure for that corresponding
temperature The point at which condensation occurs 1s modified by adjusting
the chamber temperature Since this adjustment could upset simulation of
impingement forces or viscous effects, it 1s carried out last Noncompliance
with the condensation requirement does not eliminate the gas mixture, however,
the search 15 continued for other combinations that might better duplicate the

prototype flow field

Thas concludes a brief description of the approach taken to simulate a
plume flow field Obviously some differences exist between the model and
prototype condition In order to analyfically scale from the model to the

prototype condition the following approach 1s used
2 2 4 Scale Factors

After a gas mixture and chamber condition have been selected, the
veracity of the choice must be tested In order to transfer analytically from
the model to the prototype case, a scale factor is defined Although the
methods of Ref 4 were considered for use, a much simpler analytical
correlation between the prototype and model cases 1s supplied by comparing
the momentum flux in the corresponding plume regions This factor thus
corrects for mismatches of any pertinent parameters The correction

factor for momentum 1s designated as B where

B = {momentum flux)P

(35}
{momentum flux),,,

26
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This concludes the description of the method of analysis. A discussion now

follows of the results obtained thus far with the simulant selection computer

program
23 DISCUSSION OF ANALYTICAL RESULTS

Table 2 compares the operating characteristics for a prototype rocket
motor and its corresponding model nozzle For this case, the simulant gas
mixture was a gaseous binary mixture Since the simulant mixture was
binary, condensation was not accounted for Significantly, with the higher
operating pressure of the model case, the exit plane Reynolds number was
higher than the prototype case Thus the boundary layer should be at least
no greater a factor in the model case than in the prototype case The ability
to minimize the importance of the boundary layer for both the binary and
teinary simulant mixtures greatly facilitates a search for a suitable simulant
mixture The centerline Mach number distribution 15 compared for the proto-
type and model case in Fig 3 The error in the momentum flux at the center
of the region of interest 1s 2%, Thus 1mpingement forces in this region should

be very closely scaled

Again Table 2 compares the operating parameters for another proto-
type nozzle and its correspondent model nozzle. Now, the simulant gas was
a gaseous ternary system The additional gas CO, was assumed to be a
condensable gas in the model system Once again 1t was possible to

manimize the boundary layer effect in the model case

A rather surprising result occurred when the point of condensation
or point of vapor saturation in the model and prototype plume was computed
For both cases, the point of condensation was found to occur far out mn the
plume Realistically, this result may be more a reflection of the calculational
methods used than of the physical situation However, since the prototype
and model calculations are independent, it appears significant that this

result was obtained for both cases Figure 3 compares the centerline Mach

27
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Table 2

COMPARISON OF MODEL AND PROTOTYPE ENGINE
OPERATIONAL CHARACTERISTICS

Binary Mixture

Ternary Maxture

Engine Gases Percent Chamber FPressure Gases Percent Chamber  Pressure
(psia) {psia)
Model CF‘4 0 6405 CF4 0 7151
N, 0 3595 200 N, 0 0849 200
Co, 0 2000
. Fuel Fuel
Prototype CzH4 0.5 CH?JNHNHZ 05
100 100
Oxadant Oxidant
02 05 NZO4 05
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number distribution for the model and prototype case The exrror in the
momentum flux at the center of the region of interest 1s 3% Because of
time limitations the two sample cases were the only results obtained to date

However, some general comments may be made concerning the simulant

selection program

First, the program is quite fast, The two cases discussed above were
executing in approximately 5 to 6 minutes on the IBM 7094 From work
performed while the program was being checked out, it appears that if new
gases must be selected, then the run time w2ll approximately double, Thus,
1t does appear that this computer program 1s a practical and economical tool
to use i1n the design of an experiment to test impingement forces on bodies

immersed in a plume

A result of perhaps a more serious nature occurred for the ternary
case Here with a mixture of CF4, N2 and COZ at elevated temperatures,
some decomposition and reaction of the gases was predicted by the CEC
routines One of the resultant gases was COF3 This gas 1s quite toxac,
being related to phosgene, the nerve gas Although rmxtures of CF, and
CO; were used 1n Ref 3, this mixture should not be used in a practical
experimental situation until o thorough study of reaction rates 18 made
Suitable substitutes for CF4 might be the mert gases such as neon, krypton
and xenon Krypton and xenon are rather expensive, but they are becoming
more commonplace. Only neon exists on the products tape to date, however,

if necessary, the others could be readiy included

29
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Section 3
CONCLUSIONS AND RECOMMENDATIONS

In general, simulation of rocket exhaust plumes and the subsequent
impingement force can be attained by using nonreacting gas mixtures in
model nozzles A computer program which performs the arduous task of
selecting a suitable simulant gas mixture has been written and checked out
Although several options are available, the most important consists of
selecting a stmulant gas based upon its ability to duplicate momentum flux
or mmpingement force on a body :mmersed 1n a plume A set of gases was
established which, when mixed, provide good simulation properties Data
for these gases are stored on magnetic tape Additional gases can be added
to the tape when deemed desirable For the two test cases examuined,

simulant gases were obtained that duplicated the prototype case very well

Since 1n an experimental situation it may be difficult waith available
equipment to attain the necessary parameters for exact simulation, an
experimental program to examine the effects of nonsimilarity 1s recommended
Such a program was outlined in Ref 22 In brief, by operating a single nozzle
at several chamber conditions, the variation in impingement force with chamber
enthalpy may be ascertained Then, using two scaled nozzles — one as model
and the other as prototype —the simulant selection program waill be used to
select a gas mixture for the model Using this gas mixture m the model,
impingement forces on a submerged body will be measured and compared to
those for the prototype case Facilities exist to carry out such a study and
such an investigation would add validity to the analytical results developed

in the current contract

Before concluding this report this speculative note will be advanced

In order to duplicate the flow field of a gas the properties of the model gas

30
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must be known Ther e 15 at this time some preliminary effort to use
numeilical lechniques on electronic computers to solve the equations of
quantum mechanics for various molecules (Ref 23} Wiih techniques of
this type available, a tremendous number of possible molecules could be
studied and their resultant thermodynamaic properties predicted Thermo-
dynamic properties of these molecules could then be compared with the
properties of the molecules of the prototype nozzle, and a simulant gas
could be selected on the basis of this comparison Although such a study
was beyond the state-of-the-art for the current effort, these techniques

might be considered in future efforts

31
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APPENDIX A

EFFECT OF MIXTURE RATIO ON MACH NUMBER
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Appendax A

The goal of this analysis 1s to determine if, for specified chamber
conditions, any combination of a set of gases can duplicate the conditions at
a2 point in the prototype plume If duplication is possible, the mixture ratio

which will produce the desired conditions must be computed

Although this search could be made simply by modifying the muxture
ratio and observing the resultant change, the ability to make an mtelligent
estimate concerning the amount of change required 15 desirable The estiumate
need not be exact, 1t merely points the iteration process in the correct di-
rection and supplies a rough figure for the amount of change necessary in
the gas muxture, given the chamber conditions Now the simulant gas will be
selected by its ability to match Mach number and momentum  Appendix B
shows that for large values of Mach number, the rate of change of pressure
1s small compared to the rate of change of Mach number Hence, the change

in momentum becomes a strong function of Mach number

To determine the mixture ratio, the equations of motion are employed
with the definition of Mach numberzr, all written in differential form In this
manner, when the imitial mixture ratio 1s known, the necessary change 1n
maxture ratio can be computed Before proceeding with the analysis note that
maxture ratio can be related to mean molecular weight of a maxture Thus,
molecular weight of the mixture 1s used as a variable in the following analysis
In the computer program, this 1s related back to mixture ratio Waith this in

mind the variation of flow parameters i1s formulated for one-dimensional flow

{OCKHEED HUNTSVILLE RESEARCH & ENGINEERING CENTER
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lhe following assumplions are made
a Flow 1s one-dimensional and steady

b Changes in stream properties are continuous

Gas 1s semi-perfect, specific heat varies with composition
and temperature

Writing the basic equations in differential form,

Equation of State

dp = dp 4 dT - a¥ )
P p T 1/ A
Continuity
dm dp du
—_— = + + dA A2
m g u A
Energy
1 am 4 1 dh y=1 2 du?
— — + M — = 0 A3
CPT m ho C 2 a
Momentum
2
dP + YM dA + du” L o age\. 0 A4
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and the definition of Mach number

_a¥ _aMmr | 4.2 + dy o 4T
Y M2 uz Y T

A b

And Egs (A 1) through (A 4) are then used to write du Z/u 2, dY /vy, and 4T /T
in terms of M and ¥

The equation obtained after all the algebraic manipulation 1s

LA T N N 5 S - {2 7S
¢ de _ d¥ _ dA | 4 dy ., dn A7
h A y h

Where h has been substituted for CPT to simplify the equation slightly

Now assume that b and ¥ are linear functions of ¥ or molecular
weight Although this 1s not true, the assumption can be shown to yield
results which are 1n error a maximum of 5 to 10% See Figs A-1 and A-2

and refer to Ref 2 Changes 1n ¥ and h may then be expressed as

dh = m, 4

1 A-8a
dy = d
2 A-8b
A-3
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The expression for the change in molecular weight or mixture ratio required

to produce a desired change 1n Mach number becomes

aw _ am® 1y 2h §o o oyet A1 yda
M2 W hy h 2 h W A
L 2m1 3 2aa . ™2 . my A9
h 11/4 A y h

Now an expression for dA/A can be obtamed easily by assuming an
inviscid expansion at the nozzle lip and computing the change 1n the Prandtl-
Meyer expansion angle caused by changing the gas composition Since the
nozzles under consideration in this study have large area ratios (A/A¥),
assume that the gas in expansion is frozen thermodynamaically The limiting

expansion angel can then be expressed,

v . _7 yrlooo Al
2 y-1

Or 8, the flow, angle can be written

8 = z/_ve+4> A1l

then the one-dimensional area of the plume at some radial distance S from

the source 1s,
AlZ

Now with a small change 1n gas composition or ¥ the resultant area change

1s approximated by

da = Sd &8 = S[ dv - d v, ] A 13
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dv - . 1 s [¥y-1 avy
(y-l)z 2 ¥ y+1

dv =
e -1 +
(v- 1)2 ? y+1 )

1/2
- 2
> y+1 (Mze_) 1 +y1(Me_1) _ly-l(Me2_1) ay
y-1 Y +1 2 y+l
Al6
8A _ (av - dwve)y dvy A 17

This expression for dA/A can then be substituted into Eq A 9 to complete the
analysis  Obviously, the final expression 1s not strictly correct, however, it
does allow an estimate of the change required in gas mixture to obtain the

desired parameter
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JAN Computed by NASA/Lewis Thermochemical Program

Linear Approximation

2000 —
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Fig A-1 - Enthalpy Versus Molecular Weight for Various Mixtures of Gaseous
Nitrogen and Carbon Dioxide
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Fig A-2 - Enthalpy Versus Moleculair Weight for Various Mixtures of Gaseous
Nitrogen and Carben Tet: oflouride (CF4)
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APPENDIX B

ISENTROPIC EXPANSION IN TERMS OF THE
VARIABLES PRESSURE AND MACH NUMBER
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sf

Appendix B

Assuming 1sentropic conditions hold at a point, then we may write

Y/ Y-1

Y-1 2
P - B (” > M) (B-1)

Now let M change by an amount AM Then

AP - PO PO

; ¥- 2\v/7-1
[1 pyo1 (M “L2MAM + (AM)Z)]Wl(H y-1 M )y/

2 2

(B-2)

assuming some typical values for P,, M and vy 1n an expanded plume,

P, = 1000
y =1
M = 20

Then for a 10% change m M,

AP =0059x10°

Since AP 1s an mmverse function of M, it obviously becomes greater for
smaller Mach numbers However, the region of interest in this project
15 the highly expanded region and in that case changes in pressure are

small for changes in Mach number
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APPENDIX C

USER'S MANUAL

DESCRIPTION OF A DIGITAL COMPUTER PROGRAM FOR
SELECTING A GAS MIXTURE TO SIMULATE THE PLUME OF A
ROCKET NOZZLE
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Appendix C

C.1 INTRODUCTION

To determine accurately impingement forces on complex bodies
immersed i the plume of a rocket nozzle experimental testing on scale
models of the prototype situation is needed To sumplify the experimental
procedure nonreacting cold gases should be used to simulate the plume If
cold nonreacting gases are mtroduced in the test situation, duplication of the
entire prototype plume i1s impossible and selecting a simulant gas mixture
becomes dafficult

To overcome the numerical magmtude of selecting the simulant,
Lockheed Missiles & Space Company, Huntsville Research & Engineering
Center, developed under contract to the Aero-Astrodynamics L.aboratory of
Marshall Space ¥light Center, a digital program which rapidly searches
among possible simulant gases to determine a gas mixture that best approx-
imates a region in the prototype plume The program 1s applicable for
problems involving the high altitude expansion of a nozzle exhaust Input to
this program has been kept as sumple as possible 1n order to enhance the

us efulness of the program

This document was prepared to facilitate operation and understanding
of the program Questions involving imtial assumptions made in this
program can be answered by referring to the main body of this report
Inevitably questions will arise concerming any newly created program These

should be raferred to the author
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C 2 DISCUSSION

The program consists of 28 actuve subroutines or functions which
perform the gas thermodynamic calculations, the source flow expansion and
the comparison of prototype and model plumes. A general flow chart of the
method of solution 1s given in Figure C-1 In addition, the overlay structure

necessary for use on the IBM 7094 computer 1s 1llustrated in Fag C-2

The Input procedure and output interpretation 15 covered in the Input/
Qutput Section The input instructions are simple and self-explanatory The
output mstructions are in the form of flagged comments which refer to a
corresponding section on a typical page of cutput An IBM 7094 Instruction
card 1s included at the end of the Input/Output Section

To aid in the study of this program a commented listing of the program

15 mcluded in this document as Appendix D
Table 1 of the basic repoxrt tabulates the gases which are currently

stored on the master tape as possible simulant gases. This array can be

expanded using results from Refs 17 or 18

Table C-1 {From Table 1)

Gases Currently Available for Analysis as
Possible Simulants
Ar Argon
CClF3 Carbon Chlortrifluoride
CF 4 Carbon tetrafluoride
CHF 4 Trifluormethane
CO, Carbon dioxide
Ho Hydrogen
N Nitrogen
N,O Nitrous oxaide
C-2
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MATN
Initialize Parameters

1

LMSC/HREC D162424

Compute Prototype Plume
2

Establish the set of gases
to be tested

Compute thermodynamaic
properties of gases

INPUT
Reads input data

1 Number of gases 1n muxture

2 Nozzle geometry

3 Desired chamber tempera-
ture and pressure

4 Regron of plume to be
duplicated.

e

Check Reynolds number at
exit plane

ITYPE = 1
b CALL COMPAR

Test model Reynolds number
tf model R, less than proto-
type Rn’ increase pressure

and return to 3
If model Rn greater than

prototype, CONTINUE

Compute source flow plume
[> CALL SOURCE
Check momentum or Mach

number at specified location
m plume ITYPE = 2

CALL COMPAR

I change required
CALL ADJUST

If present conditions satisfactory,
GO TO 11

3

{

CEC
Self contained package to compute
properties of gas

PROTO
Computes source flow plun}e for

prototype
1 Compute thermodynamic
properties

CALL CEC

2 Cormpute exit plane Reynolds
number

CALIL REYNP
3. Compute source flow plume

b CALL SOURCE

Fig C-1 —General Flow of Program
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10

11

Based on return from ADJUST
modify gas mixture or pressure.

GO TO 4

Test pomnt of condensation
I

LMSC/HREG D162424

If point of condensation
acceptable, GO TO 11

If not acceptable, modify
temperature, GO TO 11

12 STOP

CONDEN

Computes partial pressure of
condensable to find pomnt at which
condensation occurs

W Do

SOURCE

Computes 1-D source
flow plumne

Increment area ratio
Set pressure
Compute thermodynamic

properties
a I continuum

TABLE
This routine utilizes real gas
information stored in tabular
form to calculate local properties

3
b X frozen, set proPDe-

ties internally

Compute mass flaw from

in the flow It 15 called with
pressure (P)

gas properties |4,

Check desired and computed
arez ratio

b

When converged, increrment
area ratio and GO TO 2

-

ITSUB

Controls the iterative solution of
any set of equations which may be
expressed as a function of one
variable

WTFLOW

Integrates rate of mass flow over
the area at a radial distance from
the source

Fig C-1 Contd

C-4
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COMPARE
ITYPE =1

Compute Reynolds number at
ex:t plane

b CALL REYNP

ITYPE = 2

Compare the error for
momentum in plume region

LMSC/HREC D162424

>

Compute % change for Mach
number 1n center of region

¥ % AM is greater than 10,
set ICK = 3 and prepare to
modify model conditions

ADJUST

Computes changes required
for gas muxture or chamber
pressure

RESET

Interpolates to set model plume
points to same axial position
as prototype plume points

1

Compute change in mean
molecular weight necessary
to chang e Mach number

Compute molecular weight
of indivadual gas species.

3

MEAN

Computes average gas properiies
for maxture ratio under considera-
tion and the end point value

[>____

J

Compute new maxture
ratio

If new mixture ratio 1s not
possible, modify pressure

ENDPT

Determines properties for
pressure at point under considera-
tion for individual specie gases

L

WITMOL

Computes molecular weight of
specle gases

Fig, C-1 Contd

C-5
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REYNP

Computes Reynolds number at
exit plane ot nozzle

Compute thermodynamaic prop-
erties at exit plane

Set up table of gas names and
mole fractions

Compute transport properties
at exat

LMSC/HREC D162424

[>

Compute Reynolds number

—

TRANS

Controls calculation of transport
properties

1,

PROPTY

Computes viscosity

GTLUP

Searches tape for thermodynamaic
data of each gas

Fig C-1 Contd
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i-D

MAIN
INPUT
TABLE
ITSUB
PROTO
B
i i i
CEC SOURCE COMPAR
ROCKET WTFLOW REYN
ADJIUST
h) WTMOL C
! ] ENDPT [ 1
REACT EQLBRM MEAN CONDEN TRANS
SEARCH FROZEN RESET
HCALC -
RKTOUT I
F GTLUP PROP
| BDATA ONEV
MATRIX
MGAUSD OUT 1
CPHS

Fig C-2 — Overlay Structure of Simulant Selection Program
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Cc21
CARDNO 1
FORMAT
Cols 1 - 72
CARD NO 2
FORMAT
Cols 1 -5
Cols 6 - 10
Col 11 -15
Col 16 - 20
Col 21 - 25
Col, 26 - 30
Col 31 - 35
CARD NO 3
FORMAT

LMSC/HREC D162424

INPUT GUIDE

1246
HOL

Control
815
NMIX

NPTS

P

IT

IG

IFLAG

ITYPE

7E10 6

Problem Title or Identification

Comment card or header
mmformation

Card

Number of gases to be used i1n
simulant mixture

Number of points in plume to
be matched Must be 3

O Set initial chamber pressure
1 program

1 Read in 1nitial chamber pres-
suarec

O Set imitial chamber tempera-
ture 1n program

1 Read in initial chamber tem-
perature

O Gases to be selected by program

1 Specific gas mixture to be read
n

O Regular output

1 Intermediate output for debugging
model imformation

1 Calculation of simulation abilaty
to be based on momentum flux
comparison

2 Calculation of simulation ability
to be based on Mach number
comparison

3 Calculation of simulation ability
to be based on Reynolds number
comparison
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Col 1-10
Col 11 - 20
Col 21 - 30

Col 31 -40
CARD NO 4

FORMAT
Col 1 -10

Col 11 - 20

CARD NO 5
FORMAT

Col 1-10

Col 11 - 20

Col 21 - 30

Col 31 - 40

CARDS No 5
FORMAT

Col 1 - 45

Col 47

Col 49

Col 51 - 60

Col 61 - 70

ATM
RADTHM
AEOATM

ANGLPM

LMSC/HREC D162424

Nossle throat area of model
Throat radius of model {ft )

Ratio of exit plane area to throat
area of model

Angle at nozzle lip of model (deg )

{Included if erther chamber pressure or
temperature 1s to be specified)

7F10 6
PCHAMI

TCHAMI

Prototype
7E10 6
RADP
AETP

ANGP

PREP

Model chamber pressure to be
mitially used Blank if not
applicable {PSI)

Model chamber temperature to
be initially used Blank if not
applicable (deg R)

Information

Throat radius of prototype nozzle

Ratio of exat plane area to throat
area for prototype

Angle at exit plane of prototype
nozzle (deg )

Chamber pressure of prototype
(PSI)

Prototype Fuel and Oxadizer Information

5(A2, F7 0),1X, Al, IX, Al, 1X,

PNAME

LOF

PHAZ

WTFRAC
HENTH

3E10 3

Fuel or oxadizer name
(Products must be on CEC
products tape)

F In col 48 denoies fuel
O In col. 48 denotes oxadizer

Phase of propellant
I, - Taguaid

G - Gas
Weight fraction of fuel or oxadizer

Heat of formation (in cal } of
fuel or oxidizer
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Col. 71 - 80 HTEMP Temperature (°K) associated
with heat of formation
CARD NO 7 Region of Simulation
FORMAT TELI0 6
Col 1-10 XPl1 Axaal location of point nearest

nozzle 1n region of plume to be
simulated (X/D from nozzle)

Col 11 - 20 XP12 Axrial location of central point
in simulated region (X/D from
nozzle)

Col 21 - 30 XP13 Axial location of rear point in

simulated region (X/D from
nozzle) (XP1l1l, XPl2, XP13)

Col 31 - 40 ERRMAX Muitiplication factor which may
be input to modify the allowable
percentage error used in the
program, This allowable error
1s 10% and thus ERRMAX may
be used to tighten or loosen this
criteria {0 < ERRMAX)

C 2.2 Description of Program Output

The simulant selection program output 1s organized into several basic
groups which are easily recognizable The inifial output consists of input
data Thermodynamic data from the CEGC portion of the program is then
printed out The next area contains data from calculations for the Reynolds
number Finally, a source flow plume 1s printed out. I this plume does not
satisfy the required conditions a message 1s written out and further calcula-
tions are performed with output stmilar to that above Detailed explanations
are listed below Numbered flags on the example output correspond to the

nurmbered comments Only pertinent output pages are shown

Group I - Identification
(1) Title Identifries parficular run,

Group II - Run Control
{2) Run Control Parameters These five parameters control program
execution according to options selected (See input guide for explana-

tion of indivadual parameters. )
C-10
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Group II - Model Nozzle Information

(3) Model Nozzle Geometry These parameters are mnput and are explained

in the input guide
(4) Chamber Conditions Chamber temperature and pressure are either

mput or set by program as determined by Group I parameters

Group IV - Prototype Nozzle Information
(5) Prototype Nozzle Geometry These parameters are input and are explained

in the input guide

Group V - Plume Region Information

(6} Plume Region These parameters define a region of the plume to be
duplicated They are explained in the input guide

(7) ERRMAX Described mn mput guide

Group VI - Prototype Gas Thermodynamic Information

This data 15 generated by the CEC portion of the program and contains

data for an equilibrium combustion of the reactants and a frozen expansion

of the products

(8) Gas Data This page contains the thermodynamic data for the prototype
engine The tables are self-explanatory (Units are on output }

(9) This table contains gas parameters pertinent to the calculations of a

source flow plume, This 1s the TAB array of the program

Group VIII - Prototype Reynolds Numbezr Calculation

(10) Prototype Reynolds Number

c-11
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Group IX - Prototype Plume

(11) Origin of source flow with respect to exat plane of nozzle - (ft)
(12) Expansion angle of flow at nozzle 1ip - (radians)

(13) Radial distance from source - {ft)

(14) Mach number - Local Mach number

{15) Reynolds number - Local Reynolds number

{16) Gamma - specific heat ratio

(17} Konudsen Number

(18) Stagnation temperature - {OR)

(19) Static temperature - {°R)

(20) Stagnation pressure - (psf)

(21) Static pressure - (psf)

{(22) Condensation point of HZO m prototype plume - (ft}, ternary system only

Group X - Model Gas Mixture

(23) Ths data 18 computed by CEC portion of program, The tables are
self-explanatory

(24) This table contains gas parameters used 1n the calculation of a source
flow plume This 1s the TAB array

(z5)
{26)

}Gas data for individual species of gases in the simulant muxture Used
in subsequent calculations (appear only when new gases or new chamber

stagnation conditions are tried)

Group XI - Model Reynolds Numbex

This section contains exit plane properties and Reynolds number for

model nozzle See Group VIII for explanation

_— e e e ——— —— -

Group XII Model Plume

Source flow plume for model nozzle See Group IX for explanation

C-12
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C 3 SAMPLE IBM 7094 INSTRUCTION CARD

LMSC/HREC D162424

This sample card 1s included in the program direction to aid the user in

running the program Naturally this format will vary from machine to machine

The important data to note however, are the tape numbers and logic

properties of many gases

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Programmer name
Operation code - l1-production

Bm number - assigned by computer

services

Location - Return completed job to

this area

Job number - assigned by computer

services
Simulation gases products tape
Transport property products tape

Complete products tape for CEC

{Used in prototype calculations )

Time assigned by programmer
{(Usually 30 minutes of 7094 w:ll
suffice )

(10) Number of lines assigned by

programmer

will suffice )

{(Usually 15,000

C-13
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See Refs 16 and 17

These
contain the data necessary for the calculation of thermodynamic and transport

7094 -

] IN‘—SF’\’UCTIONS

QP CQDE Q STAGK*

NAME @
Blﬂf_@ Lcc @

JOB# @

IF EDS MAX FAST TAPES ABCD
= O oMP MRETSY
QSTR_TF INPUT TAPES | work
12=13 Looic | Reer No | DEN | LOGC
183v¢ ‘ ‘ ) GOMPL /ASSMBL,
ggpoou BEXECUTE ?A‘S 28141
[IOTHER  |DIBUNCH{BCO BIN)
Dr7] 4640
g4 FTR OMar @
D2FTRN— |QFAP AR |4 451
OAPT OSCAT
OPERT COTHER

LINES OE-QUTPRUT {1000SHMAXIMUM TIME @

D0-5 o578 O TOOVER|HOURS
PROGRAMMER COMMENTS

MINUTES

NUMBER OF CASES

QYER

OPERATOR COMMENTS

OFER INIT

O SEE ON LINE

0O SEE TECHNIQUE
0O MAX EXCEEDED
I RETURN TO SYS

D LINE MAX

OVER

QUTPUT TAPES ONLY

4020

REEL NO LaoGIC | DEN

UMIT [ND OF CPYS

SAVE j TAPE

B8-1 8

NO FILES [NO FRAMES| copies ]| pemnsiTY

COPY FLO

KALVAR

AEBE

p

E

MSFC =~ Form 533 (Rev February 1966)

ENGINEERING CENTER




(11) Job will be executed under IBM 7094
IBSYS system

(12} Computer 1s to compile and assemble
the subroutines in binary form suit-

able for execution

(13) After compilation and loading of the
binary form of the subroutines the

program 1s to be executed

(14) The program coding 1s in FORTRAN
IV language

(15} If esther maximum time O0r maximum
pages exceeded, the program control
1$ to be returned to the IBSYS system

and the job termainated

If the dump 1s checked and either of the
above occurs, the computer operator
will initiate a dump of the program and

the variables stored in the core

C-14
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Appendix D

PROGRAM LISTING AND PRINTOUT



1-a

sJOB HO29-LLMSC LSp07 19110004+004+124+140CEP
* DATE MAY 70 SEg= G602

SEXECUTE 18408

518J0B MAP+LLOGIC GO 4F 10CS+ SOURCE + FLOW

SIBFTC MAIN

OO0 O00N

CONTROLL ING PROGRAM
SETS INPUT ANDS CALLS CEC
TO LLESSEN THE NOe. OF CHANGES THAT MUST BE MADEs THE THERMODYNAMIC
DATA FOR THE TRANSPORT PROPERTIES wllLL BE READ FROM TARE 12« THE
OLD NASA/LEWIS DATA TAPE.

THE THERMODYNAMIC DATA FOR THE CEC PORTION WILL BE READ FROM TAPRPE
4y THE NEW DATA TAPE GENERATED BY MCDERMILIT.

TO MAKE THESE COMPATARLE THE CEC IS MODIFIED TO READ THE GAS NAME
UNDER A 2A6 FORMAT.
COMMON/PLUNMU/XC (S} s PCIS)+sEMC(S) ¢GMC{S) + TC{S5)1QC(S) +EMWC(S)
COMMON/PLUMF 1 /PRPR (10 ,44) + REYPLM
COMMON/CHANGE/PC1 1 +PC21vPC2R22+PC3 1y PC324PC331PNWs TNW + DEL. s DELMN
SDELREY

COMMON/BPLUMF2/PROP(10,200),IPT

COMMON/GASES/TAB(3412,13) s NMIX
COMMON/GASFO/GASNAMI 1045447 sGNUMILOsSe4 ) s NML {1044 )4

IFZG (1044 ) FXG(10+4) +ENTHG(104+4) +RTEMPG(1094)
COMMON/SUNUBASUN (3440 ,2)

COMMON/CHAMB/PCHAMI + TCHAMI 1 PMAX » TMAX
COMMON/NUMG/IG1+ 1G24 I1G31 1G4 +PCMAXY IG

INTEGER GASNAM

COMMON/GEOMAAT s RADTHT . AEQAT + ANGLF s REYNP

COMMON/L IBP/THET1P102

COMMON/EXCONA/PEX « EMU

COMMON/MISC/ENNISUMNY TT1S0+ATOMI32101) +LEMTLL1S) 2 BOL1S) +BOP(15+2)
1+ TMaTLOWsTMID+ THIGH PPy CPSUMtOF +EQRAT +FPCTsRIRRyHSUBOLAC(2) y AM(2)
2oHPR {2} s RHO(2) s VMINIZ2 3 2 VPLS (21 + WP 2) yDATA(22) +NAME [ 15,5
ZrANUMI IS5 ePECHT(1S5) ENTHI15) s FAZ( 15)+RTEMP (15} + FOX (151 +DENS( 15}
44 RHOP s RMW ( 15) 5 TLLN
COMMON/POINTS/ZHSUM(13)355UMI13) «CPRO1314DLVTRP (13) +DLVPT(13)
14eGAMMAS (131 4P(26)+T(261 e V{131 +PPP{ 133 +WM{ 13) 2 SONVEL (13} «TTTL13)
22TOTNC13?

COMMON /COUNT # I KLUG
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OO0 O000

COMMON/WRIT/IFLGI

COMMON/TAPE /I PROT
COMMON/MOLFRC/ZFRACI40) «+ KFR
COMMON/PNT/KPT (4}

DATA LANKALIH 7
COMMON/MGEOMA/ATM s RADTHM s AEOCATM ¢ ANGL PM
COMMONA/MOLWT /S A+ SB+SC

DIMENSION RPSI(10+4)

LOGICAL KAZE

IRNK 1S COUNTER IF MIXTURE CHANGES FOR REYNOLDS NOe. CALC
IRNK =0

IKLUG=0

READ INPUT INFO AND SET GAS DATA

CALLL. INPUT

PCMAX= .5

PI=3.14189

PO2=P1/2.0

CALL PROTO
RESET GEOMETRY VALUES TO THOSE OF MODEL.
RADTHT=RADTHMW
AEOAT= AEQATM
ANGLP= ANGLPM
AT=ATM
USE CEMDAT TO SgET UP pPOSSIBLE SIMULANT GAS NAMES
SET UP A STANDARD ARRAY TO CONTAIN POSSIBLE SIMULANT GAS DATA
{.AST DIGIT DESIGNATES THE CATAGORY TO WHICH THE GAS BEI.ONG
1 IS LOW=GAMMA GAS+2 1S5 HI~-GAMMA GAS
3 1S CONDENSABLE
FIRST DICIT COUNTS NO, OF GASES IN CATAGORY
SECOND DIGIT INDICATES ELEMENT IN GAS TYPE
NEED TO LOAD IN REFs TEMRe AND ENTHALPY
RTEMPG{11+23)=298.15
ENTHG(1+2) =0.,0
RTEMPG(2+2)=258.15
ENTHG(Z2:2) =040
RTIEMPG({34+215298.15
ENTHG(3+2) =040
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€=-a

RTEMPG(4+2)=298.15

ENTHG(4:¢2) =19490,0
RTEMPGL141)=29815
ENTHG(1+1) -=217200.0
RPTEMPGt2:11= 298.15
ENTHG(2+1) ==15625800+0

RTEMPG( 1 131=298.15
ENTHGT1+3) =~94051,.8
RTEMPG(2:31=298+415
ENTHG(243) ==171900.0
PSI{1+1)=88.
PSI{2«¢11=710
PSI{1¢23=28.
PSI(2¢2)=3949
PSI{(3+¢21=2¢
PSI(442)=44.
PSI(143)=44.
P51(2+3)=106e¢4
INITIALIZE GUESS OF MIXTURE RATIO
PC11=1.0
PC21=0,5
PC22=0¢5
PC31=044
PC32=044
PC33=0,2
DP 3= «05
PHOLD=PCHAMI
THOLD=TCHAMI
THIS SECTION INTIALIZES THE GAS SELECTION PROCEDURE
L IS COUNTER ON CONDENSABLE
L=1
KAZE IS SET FALSE IF MIXTURE IS CHANGED
KAZE =+TRUE.
KASE=0
IRNT=0Q
IF{IGeEQel GO TO 400
K=1
EVENTUALLY A SYSTEM WiLL BE SET UP TO SELECT SINGLE GAS
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http:RTEMPG(2.3)=298.15
http:1,3)=298.15

15
20
31

1t

100

21
33

12

THAT APPROXIMATES A PT IN THE FIELD

IFINMIXaEQe31GO TO 200
IFI{INMIXeGT«131GO TO 100
I1=0

I=741

CONT INUE

DC 11 J=145

NAME {1 « JI=GASNAM( I ¢+ JeK)
ANUMC T « JI=GNUML T « Je KT
ENTH(TI Y =ENTHG( T +K)
RTEMP(1 i=RTEMPG(T.K}
FAZ(1)SFZG( 1K)
FOX{1)3=FXG(IyK)
PECWT(1)=PC11

P=RPHOLD

T=THOLD

NAME { 24 1) =LANK

GO TO 400 .cALL CEC FOR 1 GAS
GO TO 400

CONT INUE

I1Ti=0

ITI=1IT1+1]

CONT INUE

DO 12 J=15

NAME (1 +J)=GASNAM{IT1sJs1)
ANUMCT 9 JI=GNUMCITLsJds 1)
ENTH(1)=ENTHG(IT141)
RTEMP(1)=RTEMPG({IT1+1)
FAZ(1)1=FZG(IT1+1)
FOX(1)=FXG{IT1+1)

SA = PSICITLI+1)
PECWT(1)=PC21

IF(IRNKSsEQe1)GO TO 34
1 T2=0

22 1T1T2=1TZ2+1
34 CONTINUE
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13

200

23
35

14

24
36

DO 123 J=1s+5

SB = PSI(ITZ2.2)

NAME { 2+ J)=GASNAM( I T2+ 4+ 2)
ANUM( 24 JI=GNUMITITZ2eds2)
ENTH{21=ENTHG{IT24+2}
RTEMP{2)1=RTEMPGL IT2+:2
FAZ(2)1=F2G(IT2+2})
FOXC21=FXG(IT2+2)
PECWT(2)=pPC22

P=RPHOLD

T=THOLD

NAME ( 3+ 1) =LANK

GC TO 400+CALL CEC FOR 2 GASES

GC TO 400
CONT INUE

INITIALIZE FOR TERNARY+ USE C0O2 FOR CONDENSABLE

1T1=0
ITI=IT1+1

CONT INUE

DO 14 J=14+5

NAME (1 +JI=GASNAMC(ITLs 1)
ANUMT o JISCGNUMITITLeJs t)
ENTH(1)Y=ENTHG{IT1s1)
RTEMP(1)=RTEMPG(ITIs 1)
FAZ(1I1=FZG(IT1s+1)
FOX(1I)=FXG(IT1+1)

SA = PSI(IT1s1)
PECWT (1 }=PC31

IF(IRNK«EQe1)1GO TO 36
[T2=0

1T2=1T2+1

CONTINUE

DO 85 J=145

NAME ( 24+ J)=GASNAMC(IT2+ U4 2)
ANUMI2+ J)=GNUMIITITZ2sJe2)
ENTHI2)=ENTHGIIT24+2)
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RTEMP(2)=RTEMPG(IT2+2y
FAZ(21=FZG{1T2+:2)
FOX{21=FXG{IT2e2)
38 = PSI(IT2+2)
PECWT(21=RC32
SET CONDENSABLE CO2
DO 16 J=1+5
NAME {34 JISGASNAM(L.aJs )
16 ANUMIZe JI=GNUMIL s Je3)
ENTH(3)=ENTHG (L «3)
RTEMP(3)=RTEMPG (L +3)
FAZ(3)1=FZG{L4+ 3}
FOX{3)Y=FXG(l«+3)
SC = PSI(L 3
PECWT(3)=PC33
P=PHOLD
T=THOLD
NAME (44 1 )= ANK
400 CONTINUE
KASE=KASE+1
WRITE(6+41)
41 FORMAT(30Xs31HGAS MIXTURE UNDER CONSIDERATION//35Xs 4HNAME 15X
113HMIXTURE RATIO)
DO 42 MC=1seNMIX
WRITE(S+44 ) (NAMEIMC+IC) s ANUMIMC 2+ ICY 2 IC=1+5) s PECWT{MC)
44 FORMAT( 15X eS5(AR1IXsFT 42X 15XsF7ed)
42 CONTINUE
CALL. CEC(1+KASE)
WRITE(A+310)
310 FORMAT(1H1)
WRITE(Bs51)
51 FORMAT(40Xs45HTABLE OF THERMODYNAMIC PROPERTIES FOR MIXTURE)
WRITE(6+52)
52 FORMAT (15X +8HH ET2/52 SXs4HALAY ¢ 7X 2 SHGAMMA 4 68X+ 5HM NO& + 1OX1SHP PSF s
16Xe 7HT DEG RISXe6HMOL WT)
NPT =KPT(1)
WRITE(6+83)1{( TAB(1¢1 ,J)sIzleT)ed=1+NPT}
53 FORMAT(I3X+E10e342X1E106392X1E1043+42X1E1083+2XsE108342XsF106352X0
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http:WRITE(6.53
http:WRITE(6.51
http:WRITE(6.41

L=

500

510

S50

551

580

552

sE10a.3)

TEST IF MIXTURE GASES HAVE CHANGED
IF(NOTet AZEIGO TO 80)
NOW DETERMINE ENDPTS. OF MIXTURE
IF(MNMIXsEQ«1)GC TO 500
IFINMIXcEQe2)GO TO 550
IFINMIXeEQe3YGO TO 600
IF(]«GE«IG1IGO To 510

GO To 20

IF(KeEQa4)GO TO 1000
=R+t

GO TO 15

CONT INUE

PECWT(1)=21e0
NAME (241 ) =LANK

P=PHOLD

T=THOL.D

CALL CEC(Z2+KASE)

DO S51 J=1l5

NMAME (14 J1=GASNAM{IT2s 3421
ANUM(1 s J)=GNUM(IT2sJsp)
RTEMP( 1) =RTEMPG(1T2:+2)
ENTH{1)= ENTHG(IT2+2)
FAZ(1) = FZG({IT2+2)
FOX(1) = FXG(ITZ+2)
P=PHOLD

T=THOL.D

CAL.L. CEC{3+KASE)

AFTER CEC COMPUTES ENPPTSes THE GAS NAMES MUST BE RESET
DO S52 Js145

NAME (1 ¢ J)=GASNAM(IT1s sy 1)

ANUM{ T+ JI=GNUM{TITEsJe
ENTH(1) = ENTHG{IT1+1)
RTEME( 1) =RTEMPG{IT1+1}
FAZ(1) =FZG(IT1+1)
FOX(1) =FXG({IT1s1)

DO 553 J=145
NAME (24 S =GASNAMCITZ2r 30 2)
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553

600

554

555

ANUMIZy D) =GNUMI I T2+ J e m)
ENTH(2) =ENTHGIIT24:2)
RTEMP(2) =RTEMPGLITZ2,2!
FAZ{2) =FZG(1T2+2)
FOX(2) =FXG(ITZ2+2)

PECWT(1)=PC21
PECWT(2)=PC22
NAME {3+ 1 1 =L ANK

GAS PROPERTIES LOADED INTO TAB ARRAY,1=MIXTURE,Z~ENDPT«3~-ENDPT

G0 To 800

CONT INUE

NOW TO SET ENDPTS FOR TERNARY MIXTURE
DO 554 J=1+5

NAME( 2+ J) =GASNAM (L s J o3}

ANUM (22 J1=GNUM L s Ja 3}

ENTH(2) =ENTHG(L13)
RTEMP({2) =RTEMPG(L +3)
FAZ(2) =FZG (.43}
FoOX(2) =FXG (L1 3)

NAME {34+ 1) =LANK
PECWT(1Y =PRPC314+PC32
PECWT(2) =PC33

P=PHOLD

T=THOLD

CALL., CEC(2+IKKASE}

DO 555 J=1s5

NAME {1+ J)=GASNAM(IT2+ 44 2)
ANUMI1 o ) =2GNUMIIT2+Jda2)
ENTH{1)Y =ENTHGLITZ2+:2%
RTEMR(]) =RTEMPG(ITZ:s2)

FAZ({1) =FZG(1IT2.2)
FOX{1?7 =FXG(IT22)
P=PHOLD
T=THOLD

CALLL CEC({3+.KASE!}
AFTER TERNARY ENDPTS CcOMPUTEDs RESET GASES

PECWT (1 3=PC31
PECWT(2)=PC32
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557

558

559

800

61

71

801

D0, 557 J=145
RRME? s T e RanamM 1T 1o g0 1)
ANUM( 1+ ) =GNUMCIT v Je 1)

ENTH(1)Y =ENTHGIIT1+1)
RTEMP (1) =RTEMPG(1T1ls1)
FAZ{ 1) =FZG{IT1+1)
FOX(1) 2FEXG(IT1.1)

DO 558 J=145

NAME (24 J) =GASNAM{ IT2s Js 2)
ANUM{24J)=GNUMT T2 2]
ENTH(2) =ENTHG{IT24+2}
RTEMP(2) =RTEMPG(IT24+5)
FAZ(2) =SFZGUIT2.:2)
FOX{2) SFXG(1T24+2)

DO 559 J=1+5

NAME (34 J)=GASNAM (L s Js 3)
ANUM(34J)=GNUM{L s J2 3}

ENTH(3) =SENTHG(L 3}
RTEMP(3) =RTEMPG(L 3}
FAZ(3) =FZG (L 3)
FOX{3) =FXG(L+3)

NAME (44 1) =LLANK

CONT INVE

WRITE(5+310)

WREITE(S661)

FORMAT (40X 49HTABLE OF THERMODYNAMIC PROPERTIES FOR COMPONENT 1}
WRITE(6+52)

NPT=KkPTI(2)

WRITE(S+S53)(( TABI2:T4J) s I=1s73eJ=1+NPT)

WRITE(6:310}

WRITE(G6+71 3

FORMAT (40X +49HTABLE OF THERMODYNAMIC PROPERTIES FOR COMPONENT 2)
WRITE(&:52)

NPT=KPT(3)

WRITE(S+53)(({ TAB(3+1,J)al=1e7)sd=1+NPT)

CONT INUE
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http:WRITE(6.53
http:WRITE(6.71
http:WRITE(6.53
http:WRITE(6.52
http:WRITE(6.61

01-a

/02

850

855

860

COMPARE RN AT EXIT ? NE

CALL COMPAR (1+10Ka
IRNK=0
IF{IRNT«GE«1) GO TO 802
iIF{IRCONWEQe1)YGOTO1100
IFLIOKaGTe1YGO TO 900
COMPUTE SOURCE FLOW PLUME
CONT INUE

1DZ=0

CALL, SOURCE(IDZs ISCONY
IF{ISCONSEQ.1)G0O TO 1100
COMPARE PLUME REGION

CALL COMPAR(Z24: 10K« IDUM: KASE)
IF{IGeEQW1IGO TO 1100
IF{IOKEQs0)G0 TO 1000

CALL ADJUST( NOK s icAZE ¥
1IFINMIXeEQol « ANDsNOKaEQe O }GO
IF{NMIXeEQel s ANDNOK«GT «0XG0O
IF{NMIXeEQe2c AND aNOK e Qe 0} GO
IF(NMIXOEQIECAND.NOKOGTDO}GO
IF{NMIXeEQe3e ANDaNOKeEQe D) GO
IFINMIXeEQeSe AND s NOK e GTe0) GO

LA
RCONWKASE)

TO
TO
TO
TO
TO
TO

MODIFY GASES ACCORDING TO INPUT

THOLD=TNW

PHOLD=PNW

IRNK =0
IF{le . Teal1G1)GO TO 20
IF(1aGEeIG1) =0

K=2

IF(1.GT«1G2)IGO TO 1020
GO To =20

T=TNW

P=PNW

THOL D=TNW

PHOL D= PNW

GO TO 400

THOL D=TNW
PHOLD=PNW

855
850
865
860
875
870
FROM ADJUST
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IRNK =0
PC21=e5

PC22=45
IF{IT2.LTIG2YGO TO 2p

IF{ITIWLTeIGLIGO TO 27
GO To 980

865 T=TNwW
P=PNW
PHOL.D=PNW
THOLD=TNW
PECWT (1)=PC2t
PECWT(2)=PC22

GC To 400
870 THOLD=TNW
PHOLD=PNW
IRNK:=0
PC31 =4
PC32=¢4
PC33=.2

IF{ITZa.LT«IG21GO TO 24
IF(IT1LTIG1)GO TO 23
GO TO 985
875 T=THNW
P=PNW
THOL D=TNW
PHOLD=PNW
PECWT{1)=PC31
PECWT(2)=PC32
PECWT(3y=PC33
CO TO 400
980 WRITE(6+981)
981 FORMAT(5X+33HNO DESIRABLE BINARY MIXTURE FOQUND}
WRITE(&+706)
706 FORMAT(20X+43HOTO ACHIEVE CONVERCENCE s INCREASE ERROR BAND)
GO To 1100
985 WRITE(6.086)
986 FORMAT(S5X» 72HNO DESIRABLE TERNARY MIXTURE FOUND FOR PRESENT CONDEN
ISABLE RATIO. MODIFY)

FZ2PZ291Q DHYH DSWT
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701

WRITE(&»706)
PC33=pPC33+DP3

PH={1+40-PC331/2.0

PC31=PH

PC21=PH
IF(PC33«LE.PCMAXIGO To 200
WRITE(6+701)

FORMAT (S5Xs 73HNQ DFSIRABLE TERNARY MIXTURE FOUND FOR PRESENT CONDE
2NSABLEs USE NEXT GASS

PC33=e2

PC31=,.4

PC32=44

L=l+1

IFIL . EeIG3)IGO TO 200

WRITE(64705)

705 FORMAT(41HOND MIXTURES FOUND FOR PRESENT CONDITIONS?

GO TO 1100

900 CONTINUE

THIS SECTION INCREASES CHAMBER TEMPERATURE TQ COMPENSATE FOR
ILOW REYNOLDS NOs

T =TCHAM] + 300,

WRITE(6967)

967 FORMAT(20X+ S6HINCREASING CHAMBER TEMPERATURE TO RAISE REYNOLDS N

jRelele]

1001

SUMBER )
P= PCHAMI
IRNT = IRNT+1
PHOLD=P
THOLD=T
IRNIK =1
IFINMIXeEQe1)GO TO 31
IFINMIXeEQe2)GO TO 33
IF{NMIXeEQe31GO TO 35
CONT INUE

IF(NMIXeEQe2) GO TO 1100
WRITE (6410071}
FORMAT { 73HOLAST COMPUTED MIXTURE ACCEPTABLE POINT OF CONDENSATION

#NOW BEING CHECKED)
ICON=,
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1050

1020
1021
1010
1100

CALL. CONDEN(ICONs ISWes TACP«TONEW?
IF{ISWeEQ.0IGO TO 1010

IF(TACP.EG.0)GO TO 1050

TEMPERATURE CALCULATED IS UNACCEPTABLEs MODIFTY GASES
NOK =}

PNW=pPCHAM]

TNW=TCHAMI

GO To 870

NOK =0

PRW =P

TNW=TONEW

GO TO 87¢

WRITE(6+1021)

FORMAT{(31HONO ACCEPTABRLE SINGLE GAS FOUND]J
CONT INUE

CONT INUE

STOP

END
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SIBFTC INPU] DECK

-

SUBROUTINE INPUT
COMMON/MISCA/ENNsSUMN s TT+ SO ATOM( 3+ 101) +LLMT{15)+BO( 151 +sBOP({15+2)
1+TMs TLOWTMIDs THIGH s PP+ CRSUM s OF s EGRAT + FPCT ¢+ R4 RR+ HSUBOAC (23 ¢ AM(2)
2eHPP (2 eRHOIZ2Y s VMIN{2) s VPLS (2) «WRI2) yDATAI22) +NAMEL 1S45)

A+ ANUM( 1515 +PECWT(15) JENTH( 1S5} +FAZ({15) «+RTEMP(15) s+ FOX(15)+DENS(15)
A¢RHOP RMWI IS« TLN
COMMON/GASFO/GASNAMI 104544 «GRNUMI 109544 ) sNML (1094 ) s

1FZG (10+4)+FXGL10e4) s ENTHG{ 10143 +sRTEMPG(1044)

COMMON/WRIT/IFLGY

COMMON,/GEOM/AT + RADTHT (AEQAT » ANGLP+REYNP
COMMON/GASES/TAB(3+12,13) «NMIX
COMMON/CHAMB/PCHAMI « TCHAMI s PMAX s TMAX
COMMON/NUMG/IG1+ 1G24 163+ 1G4 PCMAXIG
COMMON/PROTG/PNAME (4 25) s AOF (4} s WTFRAC(2) + PNUM (495 ) a HENTH (4 ) »
IHTEMP (4 ) +PHAZ ( 4)

COMMON/REGION/XPI 1 s XP 12y XPI3+ERRMAX [ TYPE
COMMON/PROTN/RADP AETP + ANGP + PREP
COMMON/MGEOM/ ATM «+ RADTHM + AEOATM « ANGLPM

DIMENSION HEADER(12)

READ NOe OF GASES DESIRED IN MIXTURE AND NOe OF AXIAL PTS IN PLUME

1G=0

READ(S« 1) (HEADER (I} Ix1912)

FCRMAT(12A6)

HEADER IDENTIFIES PARTICULAR RUN
WRITE(6+100)

FORMAT (1 H1)

WRITE (6 2)HEADER

FORMAT (30X 4 12A6)
READ(S+SINMIXaNPTSsIP I T IG-IFLGLs ITYPE
FORMAT(8B15)

WRITE(G+TINMIXsNPTSy IP«ITeIGeIFLGI+ ITYPE
FORMAT (15X +SHNMIX= 415 (SX+SHNPTS2 e [S548Xs BHIPS 1 [S5+4SX+3HIT=01545X
13HIG= 4 IS eSXsOHIFL.Gl=1 518X+ 6HITYPE=15)
TMAX=2000.

PMAX=1500,

IF(IPeEQeD«AND e« I T«EQe) GO TO 20
IF({IPEQel s ANDITesEQeIGO TO 10
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C

IF(IPeEQeCeAND ITeFQe])GO TO 15
READ BOTH INTIAL CHAMRER T AND P

READ(S4+6)PCHAMI « TCHAMY
6 FORMAT(7E10.6)
GO To 30
10 READ(S546)PCHAMI
GO TO 29
15 READ{(54+6)IPDUMs TCHAMI
20 PCHAMI=2C0.
29 CONTINUE
IF(ITEQs1)GO TO 30
TCHAMI=1800.
30 CONTINUE
READ GEOMETRY OF THROAT
READ(5+6)ATMsRADTHM» AFOATM s ANGLPM
WRITE(6+31}
31 FORMAT(1HO////+40X+s23HNOZZLE GEOMETRY FOLLOWS)
WRITE(6+37)
37 FORMAT(1HO 29X+ 11HTHROAT AREA+SXs 13HTHROAT RADIUS+5Xs10HAREA RATION
BySXeIHLIP ANGL.E)
WRITE(6+323)ATMsRADTHM 4 AEQATM ¢« ANGLPM
33 FORMAT(30OX+6(E10,43:5X))
TCHAMI=TCHAMI /1.8
WRITE(6991)TCHAMI s PCHAMI
91 FORMAT(1HO//+30X+21HINITIAL CHAMBER TEMP=E10¢3+5X+9HPRESSURE=E 103

i
READ(S54+6)IRADP 4 AETP 4 ANGP +PREP

WRITE(6+110)
110 FORMAT(1HO//3+40Xs21HPROTOTYPE INFORMATION)

WRITE(G6+120)RADP « AETP 4 ANGP s PREP
120 FORMAT { 30X+ SHRADP=E10 43+ SHAETP=E 10 ¢ 3+ SHANGP=E 1043+ SHPREP=E 10 +3)

DO 140 I=ts2

READ (59 130) (PNAME( 19 J) 1PNUML 19J) 9 J=1+5) 2 AOF ( 1) sPHAZ (1) sWTFRAC( 1) s

SHENTH( 1) sHTEMP (1)
140 CONTINUE
130 FORMAT(S(A2+F7a0)31XsAls1XsA151X+3E1003)

ARE INITIAL GASES INPUT OR SELECTED BY PROGRAM

IF{I1G.EQ.0)G0 TO 60
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L=0
L=l+1

DO 50 N=1+NMIX

READ (5+40) (NAME (Ns 1) s ANUMINS 1) s I=1+5) s PECWT(N) sNMLUNsL ) sENTH (N 5

1FAZINY «RTEMP (NI +FOXIN) «DENSIN)

40 FORMAT(S{AZsF 7451 1F7e=1A13FF¢S51A1F8+5S+A11FBe5)
50 CONTINUE

WRITE(S +84)

84 FORMAT( 40X+24HINPUT gAS FOR SINGLE RUN)

81

83
60

150

160

170

BC 83 J=1+NMIX
WRITE(Sy81 YINAME(I s 1) dANUMIN [ ) o I= 1453 +sPECWTIJIsNMLIJsL Yo ENTH{JY o

IFAZ(JY yRTEMPIJ ) s FOXIN) «DENS (NI

FORMAT (I XeS(A21 1 X eF 7041 2X)sFBog +2XsAlsF 11 4212XFBe39¢2X0

1A1+3X4FBe5)

CONT INUE

CONT I NUE

READ(5+6)XPI1 1 XP1 2+ XP13+ERRMAX

XPIt AN XPI3 ARE AXIAL PTS. DEFINING REGION OF INTEREST
WRITE(6.150)

FORMAT{ 1HO//+ 45X+ 32HREGION OF PLUME TO BE DUPL.ICATED)
WRITE(G6+160IXPI1+XP12,XP13

FORMAT ( 35X+ 4HXP1=E10e342X+s4HXP2=E100 342X+ 4HXP3=E1043)
WRITE(6+170)ERRMAX

FORMAT( LHO/// + 30X s 30HERROR MULTIPLICATION FACTOR = E1Q.3)
RETURN

END
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L1-d

$IBFTC TABL1 DECK
SUBROUTINE TABLE (Pei1)
COMMON/GASES/TAB(34+412,13)Y«NMIX
COMMON/PNT /KPT (4 )
COMMON/GASCON/GAMA R s TOAPOWEMRHCs Te WM +Q
COMMON/E} TH/H

c Il. 15 THE NO« OF PRESSURE CUTS
IL=KPYT(I1)
EQUIVALENCE (NPT 41L)
UGC=1545,

t=11

RGC=UGC/TAB( + 7+ 1L 1%#30, 174

PP=pP

IF (PP TeTABII+S+ILYIPP=TAB{ 115+ 1L}
IF{PP.GT+TABI [ +5+ 1} )PPp=TAB(1+54+1)

IF (P eLT«TABII 4S5+ L) eORePeGTeTABI [4541))G0 TO 50
IT=0

5 IT=IT+1

IF(PPLE«TAB(I+S41IT)IGO TO 5

IT=1T=1
HP=(PP-TAB{L+Ss I T) I/ (TAB(I+S s IT+1)=TAB(I+5+1T})
GAMA= TAB(1+3+1T} +HPE(TABCI13+IT+1)1~TAB{1+3+1T)})
XSIP=ALOG(TAB(I+5sITI/TAB(! o541 T+1) ) /ALOGITAB(I+6+IT)/TAB(1 46+ IT+1
1))

ONOX=1./XS 1P

T={PP/TAB(1+5+ IT) I REONOXK¥TAB( 451 T)

c COMPUTE CP

XSIH={TAB(1+1 ¢+ ITH+1)~TAB(1 el IT)Y/{TAB( 146+ IT+1)1~-TAB(1+8+1T)}
H=TAB (11 ITI+XSTIHR¥(T-TAB{1+6.1T))

HO=TAB(1ale1}

Q=SQRT(2+%ABS (HO~H) ) # (HO~H) FABS ( HO ~H}

QSQ=Qx*2

R=RGC

A=SQRT(GAMA*R®T)

EM=Q/A

TO= T+ (GAMA—1 ) ¥QSQA/ (2 e ¥*GAMAXRGC)

PO= PP#(TO/TI¥*(GAMA/ (GAMA-] 4))
WM= TABL{1«7+1T}
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81-dd

50

70

ac

90

ioo

RHO= DRP/(RGC*T) #320174
GO TO 100

CONT INUE

COMPUTATION IF P OQUTSIDE TABLE
IF(P.CT+TAB{I+541)3Y50 TO 70
IF(PalLTTAB(1+S+11L)YYG0 TO 80

TI=TAB( L 641

GAMA=TAB(T+3¢1

HI=TAB{ I+1lal)

G0 TOo 90

TI=TAB(I+6+1L1}

GAMA=TAB(I+3+ 1L}

H1=TAB(T41 41}

CONT INUE

T=T1#(P/PP)#%( (CAMA=1 , )V /GAMA)

A=SQRT ( GAMA¥RGCHT)

TAB({I+1sIP) WILL CONTAIN ENTHALPY

XS8IH 1S5 CP

XS ITH=GAMA¥RGC/ (GAMA~1,)

H=H +XSIHX(T-T1)

HO=TAB(Is1e1)

O=SCORT(2«¥ (HO-H)}

RHO= P/{TH¥RGCI¥32.174

EM = Q/A

WM=TAB(1+7+1)

R=RGC

TO=TH(GAMA=]1 2}/ (2« XGAMAFR ) HQ¥#2

POz=P¥ (TO/TI## (GAMA/{GAMA—1 e )}

RETURN

END

$2¥2914a DITH/DOSWT


http:TAB(I,1.IP
http:GAMA=TAB(1.3.IL

61-T

SIBFTC CEMDAT DECK
BLOCK DATA

COMMON/GLSFO/GASNAMI 1045 +4 )Y+ GNUMI 104594 ) o NML(ICa4 ) 0
1IFZG(l10+4Y e FXG(1C 44 ) sENTHG{1094) «RTEMPG( 101 4)
COMMON/NUMG/ZIGL 1G24 IG3+IG4«PCMAXLIG

DATA IG1/3/41G2/4/41G3/1/+1G4a/1/
DATA(GASNAMIL 212119 I=1+45372HS +2HF «2H  +2H +2H /
DATA(GNUME 14191 ) al=143V/1016¢0+0e00¢0a0+1040/

DATA MNML{I e 1) 7 IHMA9FZG (10t ) "1HG/ sFXG En it § /LHF /
DATA(GASNAMIZ « T 912 s Iz=1a5)/2HC +2HF +2H +2H 12H 7/
DATA (GNUM{2sT+1)1eI=]451/1409 4,0+0432 O 40 0,0/
DATA NMLI24 1)/ IHM/ WFZGI2e 1)/ IHG/ s FXGL2vy1 Y/ 1HF 7/
DATA(GASNAM(34 4114121451 /2HC +2MH 212HF +2H 1« 2H  /
DATA (GNUMI(33I1+411901=21,4351/1a041 1609 34040404040/

DATA NMLUS321)/1HM/Z eFZG(341 )/ 1HG/+EXG( 31 Y/ LHF/

DATA {GASNAM{1+1+2)21=teB)/2HN s2H +2H +2H 2H /
DATA (GNUM{1+1+2)41=21,5)/2504000:+0,04040+0.0/

DATA NML{1+23/1HMZ+FZGL 1123 /1HG/2FXG{ 192V /1HF/

DATA {(GASNAM{Z2+142)+1=215)Y/2HAR2H  +2H +2H +2H /
DATA (GNUMIZ2+142)41=1451/71601040+0,040010,0/

DATA NMLI242)/1HMAYF2ZG242) A LHG/+FXGI 242V /1HF/

DATA (GASNAM(391+2191=195)/2HH «2H 1 2H v 2H s 2H Vd
DATA (GNUM(34142)41=1453/2e09040¢060¢0e0+0.0/

DATA NMLI342)/1HMA FZG(342) /1HG/1FXGI32)Y /1HF/

DATA {(GASNAM{I4 1 42)01=1e51/2HN +2HO +2H +2H +2H /
DATA (GNUM(41T42)191=1453/2e¢09 10010e0s040s0.0/

DATA NML{U442) /1HMA s FZGI 420 /1HG/ 2+ FXGla2)/1HFE/

DATA (GASNAM{ 1+ T 431+ 1=1+5)/2HC +2HO +2H * 2H 12+ S
DATA (GNUM(1+113)91=21,53/109¢ 2404 0404 0eCs 040/
DATA NMLLL 3V HMA A s F2GI 1 o 3)Y A 1HGA s FXGL L +3Y/1HF 7

DATA (GASNAM(2+143Y4e1=125)/2HC «2HCL « 2HF +2H +2H /
DATA (GNUMIZ2+1+3)11=1:51/1c09% 1404 3.040.0:040/

DATA NML{2s3)/1HM/ 2 FZGI213) /1HG/1FXG 2+3)/1HF/

END
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$IBFTC ITSUB! DECK

OO0 O0000 000000000

SUBROUTINE ITSUB (FOFYsYsSAVEsCONVeNTIMES)
REVISED MARCH 5. 1969
THIS SUBROUTINE PROVIPES ITERATION CONTROL FOR ANY FUNCTION
OF ONE VARIABLE
(FOFX)—-FUNCTION WHICH 1S DRIVEN TO ZERO
(X)=~VARIABLE WHICH I3 ITERATIVELY SOLVED FOR
( SAVE ) «PROGRAM CONTROL
SAVEt 1) =ITIME
SAVE(2)=X INCREMENT
SAVE(3)=COUNTER DENOTING MNTH ITERATION
SAVE(4~71=5TORAGE |_OCATIONS FOR X AND FOFX
SAVE( 9-12) = STORAGE LOCATIONS FOR SUCCESSIVE X VALUES
SAVE(13~14) = STORAGE LOCATIONS FOR MX AND NXX
SAVEL1SY = ITERATION TIME SUBTOTAL
SAVE(16) = FOFY
(CONV) ~CONVERGENCE CRITERIA
(NTIMES)~MAX NUMBER OF ITERATIONS
DIMENSION SAVE(LS)
MX = SAVE(13)
NXX = SAVE(14)
NI=SAVE(3) +s1
N2=SAVE(15)+1.0

SAVE(16) = FOFY
IF{N2.NE-1) GO TO 5
NXX=0

MX = 8

CONTINUE

NX=N2/4 - NXX

FOFXCK=SAVE(8)

FOFY AND Y ARE DUMMY INPUT ARGUMENTS

FOF X=F OF ¥

X=Y

CHECK FOR CONVERGENCE

IF(ABS (FOFX)=~CONVeLE,0+1GOTO]10

ITIME=SAVE(1)+e1

ITIME CONTROLS THE TYPE CALCULATION TO BE PERFORMED
ITIME=1+FIRST TIME THROUGH

0010
#20
0030
0040
030
O&0
Qo770
0080
0090

0100
glio

0140

0150
0160
0170
0180
01%0
0200
0210
0220
0230
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OO0 0N

O

O 00N

o0

10

30

38

40

50

55

&0

ITIME=2+PC3 FIRST TIMF THROUGH
ITIME=3«NEG FIRST 11ME THROUGH
ITIME=4+SOLUTICON 15 BRACKETED
ITIME=S«SOLUTION HAg CONVERGED
ITIME=6+SOLUTION WILL NOT CONVERGE

AJUMP=0,0

GOTO(10+304+450+70) 4 ITIME

INITIALIZE

Nl1=1

ITIME=2

FOFXCK=FOF X

SAVE(8)=FOFXCK

IF(FOFXel.T 2 Ce 1 GOTOSO

IF(FOFXs L. T« 06 JGOTOT7O

IF(FOFXCK«GEFOFXYGOTOAS

SAVE(2)=—~1 +#S5AVE(2)

Ku=X2  ¥SAVE(2)

GOTO90

IFIN1.EQesl) GO TO 40

ACHECK=(SAVE(S5) ~FOFX) /SAVE(S)

IF{ACHECK L. T2a0e3) AJUMPz=4+1.0

IF(ACHECK«LTa0e2) AJUMP=42,4,0

SAVE(4 =X

SAVE (5)=FOFX

XuX~SAVE (2}

GoT0%0

ITIME=3

IF(FOFXsGT «0e 1GOTO70

IF(FOFXCKe LESFOFX)IGOTOSS

SAVE(2)1=~1 4 #SAVE(2)

KaeX+2 s #SAVE(2)

GCTo90

IF{Nt.EQsl) GO TO &0

FF(ACHECK«LTea0e3) AJUMP=—14,0
IF{ACHECKesLTeaOs2) AJUMP= =20

SAVE(8Y=X
SAVE(7)}=FOFX

0240
Q250
0260
0270
0280

o290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400

0420
0430
0440
0450
0460
0470
0480
0490
0500

0520
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70

75

80
90

o2

o5

100

X=X+SAVE (2)
GOTO90

ITIME=4

N1=SAVE (3}

N2=0
IF(FOFXelL.T 0 ) GOTOT?S
SAVE(gy=X
SAVE (51 =FOFX

GOTo80

SAVF(BI=X

SAVE(T7)=FOFX
PICK NEW GUESS FOR X ACCORDING TO TYPE CALCULATION
X=SAVE(4 )1 -SAVE(SIH{ (SAVE(E)~SAVE(4 ) ) /{SAVEI 7Y -SAVEL{S) 1)
IFIN] e GENTIMES!IGOTO100
KeX—-AJUMPXSAVE (2)
MX=MX+1
SAVE(MX) = X
IFINXeEQ.0) GO TO 92
MX = 8
XK NXOX+ 1
CONTINUE
TEN JTERATION WIL L BE ALLOWED BEFORE MAKING THE TEST OF X VALUE
IF{N1.LT«10) GO TO 995
IF({SAVE(12)~SAVE(10) ) sNE«Oes s OR(SAVE(11)=SAVE(S) )«NE+Oos) GO TO 95
X VALUE HAS BEEN REPEATINGs SET ITIME=4 -—— SO THAT THE VALUE OF
SAVE(2) CAN BE ApRJUSTED IN THE CALLING ROUTINE
ITIME=4
N2=0
CONT INUE
NI=N1+1
SAVE{3) =Nt
GOTO120
ITIME=6
GOTo120
ITIME=S
SAVE(4)1=X
SAVE(5)Y=FOFX
SAVE(&=X

0830
0540

0550
0560

0570
0580
03590
0500
0610
0620
0630
0G40
0650

*560
0670
0680
06%0
0700
0710
0720
0730
0740
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120

SAVE(7)=FOFX
SAVEL1y=FLOAT(ITIME Y 4,1
SAVE(13) = MX

SAVE€14) = NXX
SAVEC(15)=N2

y=X

RETURMN

END

0750
0760

0770
0780
0790
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$IBFTC PROTO1 DECK

C

20 ANUMI1+1)=PNUM{]

SUBRQUTINE PROTO

PRODUCES PROTOTYPE PLUME

COMMON/GASES/TAB(3412,13)sNMIX
COMMON/REGION/ZXC119XC 121 XC13+ERRMAX « | TYPE
COMMON/PLUMF 1 /PRPR{ 10 ,4) ¢« REYPLM

COMMON/PLUMF2/PROP (10,2000 4 IPT
COMMON/GEOM/AT «RADTHT 4 AECAT » ANGLP y REYNP

COMMON/PNT/ZKPT (4)

COMMON/EXCON/PEX s EMU

DIMENSION H20(10)

COMMON/MOLFRC/ZFRAC{ 40} +KFR

COMMON /PROSAT/XSAT

INTEGER PNAME
COMMON/PROTG/PNAME (4+5) s AOF(4) s WTFRAC(2) s PNUM( 4435 ) s MENTH (4 ) 4
1HTEMP(4) «PHAZ (4}

COMMON/SUNUP/SUN({3+40,2)

COMMON/PROTN/RADP ¢ AETE s ANGP ¢« PREP

COMMON/TAPE /1 PROT

DATA LLK/IH /
COMMON/MISC/ENN1SUMN s TT 4S04 ATOM( 34101 ) +LLMTIIS)I1BOL15)+BOP( 152}
1 +TMeaTLOWs TMID s THIGHsPPsCPSUMs OF +EQRAT+FPCT+RIRR s HSUBQ ACI2) 1AM(2)
2 WHPP(2) «RHO(2) s VMIN(2) « VPLS(2) s WP 2) +DATA(22) «NAME (1545)
3 JANUML 15+5) s PECWT (1S )+ENTH( 15) 1FAZ(15) +RTEMP (15} +FOX(15) +DENS (15}
4 TRHOP+RMW 153+ TN
COMMON/POINTS/ZHSUM 13)+S5UMI13) +CPR{12)sDLVTRPE13) sDLVPT(13)

1 v GAMMAS (131 P (261 T(2a s VI13)+PPPI13)+WM{13)+SCNVEL (133 TTT( 13}
SeTOTN(13]

DATA(H2O (L1 al=147)/~e111333E+031~c816633E+02++4273088E+02++4110650E

BEH01 1= S60044FE 4009~ 191904E-01 o ++546921E-02/
DATAWATER CARBOZ /6HHZ(D »6HCOZ2 /
DIMENSION CO2(10}+ARG(10)+CON{10)
DATACCOZ(I s 1=144)/~0s11763432E403+~0+15185070E+02++0+15828812E+0

F24~0e16524522E+01/
LOAD GASES INTO CEC ARRAY
DO 20 t=1+45

NAME (1 ¢ I)=PNAME (14 1)
L)

)
1}

160
170
180
190
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C
? s2
™
n
53
C
4242
c
C

PECWT(1)=WTFRAC(1)
ENTH( 1 YsHENTH( 1)

RTEMP(1)=HTEMP (1)

FOX{131=AOF (1}

FAZ(1}=PHAZ (1)

DO 30 1=1+45

NAME( 2+ 1y =PNAME (2415

ANUMIZs ID)=PNUMIZ2 413

PECWT(2)=WTFRAC(2)

ENTH(2)=HENTH( 2}

RTEMP(2)=HTEMP (2)

FOX(2)1=A0F (2}

FAZ(2y=PHAZ(2}

NAME ( 3+ 1 )=t LK

P=PREP

IPROT CONTROL WHICH PRODUCTS TAPE WILL BE READ IN CEC

IPROT=1

CALL CEC(14+KASE)

WRITE(G+52)

FORMAT (15X +8HH FT2/52,5X+4HBA/A% s 7X s SHGAMMA + 6X e 5HM NO e+ 10X 1SHP PSF
16X+ 7HT DEG R+SX8MMOL WT)

NPT=KPT( 1)

WRITE(S+53)(( TAB(1sl eJdlalz1eT)sJ=1sNPT)

FORMAT( 13X+E10e3¢2X9E104¢312X4E10:342X9E10e3+2X+sE10e312X+E1006 3

COMPUTE REYNOLDS NOC.

RADTHT=RADP

AECAT=AETP

ANGL.P2 ANGP

AT = 3B 174%¥RADP#%2

DEP = Z2:%#RADTHT#SQRT({AEOAT)

CALL REYN(1+REYIRCON)

WRITE(6+4242) REY

FORMAT({ I1HO+ 20X+ 37HPROTOTYPE EXIT PLANC REYNOLDS NO. IS E1043)
PRODUCE SQURCE FLOW PLUME

CALL SOURCE(IDUMs ISCON)

RESET PROTOTYPE PLUME POINTS TO THOSE AXIAL POSITIONS INPUT
CALL RESET
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C

c
40

c
778
779

C
10
50
77T
55
60
1881

c
70

c

C

COMPUTE APPROXIMATE REYNOLDS NUMBER FOR PROTOTYPE
IFCITYPESZEQe3}) CALL REYN(Z+REYPL « IRCON)

[PROT=0

RE-INITIALIZE TAB ARRAY TO ZERO

DO 40 I=1+13

DO 40 JU=1s1l2

TABC14Je])=0

REYNP=REY

REYPLM=REYPL
TMAX=647.,0

TMAX = ALOG(300.)

WRITE(&+ 7TBIKFR

WRITE(61779) (ZFRACIIZy sy 1Z=1 +KFR}
FORMAT({ 1 THOZFRAC ARRAYWKFR=15)
FORMAT(S5X+8E10e3)

SEARCH SUN ARRAY FOR c02

tH=0

DO 10 I=1410

CON(I)Y=C0o2( 1}

IH=IH+1

WRITE(S+7T77ISUNIL s 1HY 1)
FORMAT (10X + 1 OHSUN ARRAY +AS)
IF(SUN(L+IH+1)sEQs WATER) GO TO 60
IF(SUN(LsIHs 1) 2sEQ«CARBO2Y GO TO &0
IF{ IH.EQ.KFRIGO TO 55

GO0 TO 5O

XSAT=1000,

GO To 150

HMOL=ZFRAC( IH)

WRITE(&s1881) HMOL
FORMAT ( 1 THOHMOLE IN PROTO =E10.3)
IF(HMOL«LEs 1eE~06) GO TO S5

SEARCH PLUME FOR SAT. POINT

1T=0

IT=17T+14

CHANGE P AND T TO LOG VALUES BECAUSE VAPOR PRES.

1S FOR LOG COOR.
PL = ALOGIPROP(S5+IT)Y/ (14 7% 144 )¥HMOL)

CURVE FIT
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Le-a

c

80

g0

100

120
t21

130
150

TL= ALOGIPRORP(&641T}/1.8)

IF(TL.GE«TMAX) GO TO 0

PVAP= H20( 1)+H20(21#TL +H20(3) ¥ TL¥¥2+ H20(4 ) ¥TL¥XI+H20(S5) *¥TL¥%* 4
A+HZO (I ¥ TL¥ %5+ HRO(7) ¥ TLAXS

PVAPR = CON{1)}+CON{2I¥TLHCON(IIHTL¥%¥2 +CON{4) #TL®
IF(PLJLE«PVAP) GO TO g0

FOR BRACKETED POINT

DT=TH-TL

DPL1=P HefL

DPZ2= PVAPH-PVAP

SLP1=pDP} /DT

SLp2=DpP2/DT

GO To 90

CONT INUVE

IF{ITWEQ.1) GO TO 120

PLH=&,

PVAPH=PVAR

TH=TL

GO To 70

CONT INUE

TINSCT = EXP((PVAP-PL 4+ TL#(SLP1<-SLP2) Y/ (SLP1-5SL.P2)}

TLI = ALOG(TINSCT)

PINSCT = EXP(SLPt#{(TL1-TL)+PL)

PTINS = PINSCT/HMOL.

COMPUTE AX1AL LOCATION OF CONDENSATION

SLPX = ALOG(PROP(S+IT)/PROP(S+IT~1))/ALOGIPROP(1+IT!I/PROP{1+1T~-11})
ONOS= 1+ /5L PX

XINSCT2 PROP{1+IT-1)#EXP(ONOS*¥ALOG(PTINS/PROP(S+1IT=111))
WRITE{S+ 100) XINSCT

FORMAT( 10X+ 3BHPROTOTYPE CONDENSATION OCCURS AT ocesss+E1De3!
G0 TO 130

WRITE(6+121}

FORMAT{ 10X« S6HSATURAT ION OCCURS IN OR NEAR NOZZLEs XINSCT SET TO
*ZERC

XINSCT2O0,

XSAT = XINSCT

CONT INUE

RETURN

END
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SORIGIN B
S1BFTC COMP

100

120

SUBROUTINE COMPAR(ITYP+ICKs IRCONKASE)
COMMON/PLUNMU/XC(S) sPCISI1EMCIS) 1 GMC(5) s TCIS) +QCIS) yEMWC(5)
COMMON/GASES/TAB{(3+12,13)+NMIX
COMMON/SUNUPR/SUNI3+40,2)

COMMON/WRIT/IFLGE

COMMON /T APE /I PRQOT
COMMON/NUMG/1G1+ 1G24 163+ 1G4 sPCMAX L IG
COMMON/CHANGE/PC11+PCp1+PC22+PC31+PC321PC33+PNWs TNWDELM + DEL.MN ¢
SDELREY
COMMON/GEOMAAT sRADTHT 4 AEQAT + ANGLP + REYNP
COMMON/REGION/XC114XC129XC13+ERRMAXs ITYPE
COMMON/PLUMF 1 /PRPR {10 ,4) +REYPLM

DIMENSION EP({S0)+EPS(5)

1CK=0

KACE = KASE

IFCITYPeGT«1 160 TO {00

CALL REYN(!{ +REYsIRCON)

WRITE(&45)REY

FORMAT(20X+21HSIMULANT RN AT EXIT =4+E10.3)
IF(REYs LTeREYNP) ICK=2

GO TO 300

CONT INUE

CALL RESET

GO TO (1204130+4140)s ITYPE

CONTINUE

COMPARE PLUME REGION FOR MOMENTUM FLUX
EPSUM=0

DO 50 J=1+3

Gl=GMC{J}

Pi=pc(J)

EMI=EMC{ )

G2=PRPR(3+J)

P2=PrRPR{S. J)

EM2=PRPR{4,+.J)
COMPUTE ERROR
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EPS(J)=FMOM{G1+P1+FM1)-FMOM(G2P2+EMZ)
EPSUM=EPSUM+EPS(J}
S0 CONTINUE
EP (KACE ) =EPSUM
WRITE(6+60}ERPSUM«KACE
60 FORMAT(2CX+23HSUMMATION OF MOM ERROR=+E1Qe3+2X«10HFOR CASE 1 15)

ALSO COMPARE CENTER PT.
DELM=ERS({2)
PCM=zDELM/FMOMIPRPR(3+2) o PRPR{S5+2)sPRPR (44 2))
WRITE(&+ TOIDELMs PCM
70 FORMAT( 1HZ2 +SHDELM=4E 10e3+¢5X s 4HPCM= 4 E10e3)
IF(ABS(PCM) «GT e o 1 ¥ERRMAX ) ICK=3
G0 To 300
130 CONTINUE
COMPARE PLUME REGION FOR MACH NCe
DELMN=EMC( 4)~PRPR{44+2)
PCMN = DELMN/PRPR(4s2)
WRITE(&+132) DELMNIPCMN
132 FORMAT(20X4+17HOMACH NQe¢ ERROR= E10+4312X+ )BHPERCENTAGE ERROR= E1043)
&)
IFLABS(PCMN) e GT e o 1 #ERRMAX) ICK=3
GO To 300
140 CONTINUE
COMPARE PLUME REGION FOR REYNOLDS NJMBER
CALL REYN(2+REYMs IRCON)
DELREY=REYPLM~REYM
PCREY= DELREY/REYNP
WRITE(6+142) DELREYPCREY
142 FORMAT{(20Xs 21HOREYNDO, DS NQe ERRCR=z= El1Qs3+2Xs 18HPERPCENTAGE ERROR =4
1£10.3)
IF(ABS(PCREY) «CT s s I FERRMAX? 1CK=3
300 CONTINUE
RETURN
END
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SIBFTC FMOML DECK
FUNCTION FMOM{GsP+EM)

FMOM=G%PXEMK #2
RETURN
END
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$IBFTC REYNI

SUBROUT INE REYNILTYPE,,REY+ IRCON)
SUBROUTIIE REYN COMPUTES REYNs NOe AT EXIT PLANE

USING PROFRERTIES FROM THE TAE ARRAY

COMMON/GASES/TAB(3+12,131 ¢NMIX
COMMON/SUNUP/SUN{ 3440 ,2)
COMMON/SPNAME/SPNAMI ( 90) + SPNAMZ2(90) « TEMP( Sy 90) ¢ IDATAWKKIKT
COMMON/MNUMG/I1G1y 1G24+ 103 1G4 1PCMAXS 16
COMMON/GASCON/GAMA Ry TOsPO+EMIRHOs To WM 1 Q
COMMON/GEOM/AT +1RADTHT LAEQAT » ANGLF s REYNP
COMMON/EXCON/PEX « EMU

COMMON/PLUMF 1 /PRPR{10 ,4) + REYPLM

COMMON/TAPE/IPROT
COMMON/PLUNMU/XC (S ) sPClS) «EMCIS) sGMCIS) + TC(5) +QC{H) +EMWC(5)
COMMON/MOLFRC/ZFRAC( 40} +KFR

COMMON/WRIT/IFLGY

COMMON/COUNT / IKLUG

DIMENSION SAVEA{16)

DATA {SAVEA(K) sK=1+163) 716¥0,./

EQUIVAILENCE (GAMMA +GAMA)

IRCON=0

REYN COMPUTS REYNOLDS NOs AT AT PTs KNOWING THE THERMO
PROPERTIESecsees EXIT cONDITIONS ARE GENERALLY CALLED
FIRST GUESS FOR EXIT PRESSURE

P=eQO0SH¥TAB( 151}

SSOR=AEQAT

TOL=04005%550R

SAVEA(131=1.0

PINC=ws 0O¥P

SAVEA(2)}=PINC

PSTAR=TAB{ 1154+2)

CALL TABLE(PSTARa1}

RSTAR=RHO

QSTAR=Q

BYPASS EXIT PLANE CALc IF PLUME RN 15 DESIRED
IF{(LTYPEL.EQ.2)G0 TO 200

18 CONTINUE
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IF(P.GTe0)1GO TO 10
P=P=,95#PINC
PINC= o1 #PINC
SAVEA(2Y=PINC
30 CONTINUE
CALL TABLE(Ps1})
ARAT =RSTAR#QSTAR/ (RHO*GQ)
FP= SSQR-ARAT
GO TO 198
WRITC (6«39}
39 FORMAT(20HOTABLE CHECK-—GASCON}
WRITE(6+40)GAMAIRITOspO+EMIRHO s To WM Q
40 FORMAT(10X4+9E10C«3)
WRITE(&+4000)RHO+ Qs GAMA y GAMMA
4000 FORMAT{ 1HOs4HRHO=E10e3+s2HA=F 103 +SHGAMASE ] Qe 3 +6HGAMMA=E 10+ 3)
WRITE(S+100)ISSAR s ARAT sFP+P s SAVEAL(2)
100 FORMAT(6HOSSAR=sE 1063 ,SHARAT=9E 10 e3¢+ 3HFP=4E1043+SHPRES=+E 1 Qe 3
15HP INC=+E10.3)
198 CONTINUE
CALL [TSUB(FP+P+SAVEA,TOL+199)
[I=SAVEA({L Y+el
Ni=SAVEA(3)+.1
GO TO (18+184184184+22,23)911
23 WRITE(6+800)FpPpP
600 TORMAT(BGHOITSUB WILL NOT CONVERGE IN REYNIFP=sE10«3+85X42HP=3E103
i
IRCON=1
RETURN
22 CONTINUE
PEX = P
GO TO 300
200 CONTINUVE
LOAD PLUME PROPERTIES INTO P AND T

IF{IPROTWEQel) GO TO 210
P=PC{2)
T=TC{2)

GO TO 300
210 P=PRPR(S+2)
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ce-d

D000

300

10
70
75
80
16
17

28
15

400

500

T=PRPR(62)

CONT INUE

GO TO 400

IF{IPROT.EQel ) GO TO 400
TR=T

THE FIRST DIGIT IN TAg AND SUN INDICATES IF GAS IS MIXTURE

OR COMPONENT
3RD DIGIT OF SUN INDICATES PART OF GAS NAME

FIRST LOAD THE NAME INTO TEMP
K=NMIX4+8

DO 5 KM=1+NMIX

TEMP ({1 +KM+7)1=SUNC  LacMs 1)
TEMR (2+KM+7) =SUN(L1KMW2)

LOAD MOLE FRACTION INTO TEMP
IF PROTOTYPE CALCes: USE MOLE FRACe FROM ZFRAC
IF(IPROTLEQe1 GO TO 70

DO 10 KM=9,.K
TEMP(3+KM=1)=TAB(1 1IKMs 1}

GO TO 80

CONTINUE

DO 75 KL=t +KFR

TEMP (3+KL+7)=ZFRAC KL}

CONT INUE

IWRIT=1

WRITE(6+16}

FORMAT({51HORE WRITING GAS NAME AND MOLE FRACTION USED IN REYN)

DO 17 N=1+NMIX

WRITE(S28) TEMP(1laN+TY e TEMP{2sN+7) «s TEMP{3+N+7)

FORMAT(1HO+5X« 2A6+E10,3)

CONT INUE

CALL TRANS(TRs 1 +EMU)

COMPUTATION OF REYNOLDS NOs
REX =RADTHT#SQRT (AEOAT?
EMU=EMU¥ . 0671983

REY= RHO#Q%#2+0#REX/EMY

GO TO 500

ROUSTR=RSTAR*QSTAR

VIS = «1335E=4#(T/1B)#¥k 95
EL= RADTHT®*SQRT (AEOQAT)
REY=ROUSTR#2 e ¥ELAVIS

CONT INUE

RETURN

END
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http:WRITE(6.16

FE-Q

SORIGIN
SIBFTC CONDNS

SUBROUTINE CONDEN(ICONs ISWTCH+IACP « TONEW
COMMON/GASES/TAB(3412,13) sNMIX

o COEFFICIENTS FOR VAPOR PRESSURE CURVES ARE COMPUTED FOR LOG
COMMON/PLUMF 2/PROP (10,2000 ¢+ IPT
COMMON/PROSAT/XSAT

COMMON/SUNUP/SUN(34.40,2)

COMMON/MOL FRCAZFRAC (403 +KFR
COMMON/REGION/XC114XC1 2+ XC13+ERRMAX Y ITYPE
COMMON/MGEOM/ATM s RADTHM e AEQATM ¢« ANGLPM

DATA CARBOZ2/6HCO2 7

COMPARE PROPERTY ALONG EXPANSION=-~PROP—-~-W!TH VAPOR PRESSURE
CURVE

TYPE FITe THUS THE CONVERSION OF THE PLUME DATA.

OO On

DIMENSION CO2(103+ARG(10)+CON{10}
DATA(COZ(I)al=144)/~0011763432E+03+=0415183070E+02++0415828812E+0
$2+~0416524522E+01/
C TEST GAS TYPE
IF(ICONCEQR.2)GO TO 20
DO 10 1s1,10
10 coNttI=COo2(1)
TMAX=ALOG( 3004}
GO To 40
20 DO 30 i=1410
3C CON{1)=ARG(1)
TMAX=AL OG{ 3004}
40 CONTINUE
1H =0
150 IH=I1H+1
WRITE(G2777)SUNC1 +IHe 1}
777 FORMAT( 10X+ 10HSUN ARRAY +AG6)
IF(SUN{1+1Hs1)eEQeCARBOZ2) GO TOI160
GO TO150
160 XCON=ZFRAC( IH}
WRITE(&+500)XCON
S00 FORMAT({ 20X 5HXCON=E10,23)
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OO0 00

50

60

80

501

90

9t

o
I+1
= ALOG (PROP (S, I)EXCONALLI4eTH 144411 )

T1=ALOG (PROP(6+s1)1/1,8)

IF(T1.GE.TMAX)IGO TO 50

ISWTCH=0
PZ2=CON(1)+CON(2IHXTI+CON{BI#TIHX24+CON(4IY#T1 %3
TEST IF LINES CROSS

IF{P1.LE.P2)GO TO &0

NOW HAVE INTERSECTION BRACKETED

DT=TH-T1

DR1I=p1H~-P1

DP2=pP2H~P2

SLP1=pP1/DT

SLP2=DPZ2/DT

GO To 80

P1H=P1

P2H=P2

TH=T1

GO To 50
TINRST=(P2-P1+T1%#(SLP1~5LP2))/(SLP1-5LP2)
PINRST= SLP1¥(TINRST~T1)+P{
WRITE(6+S01)P1+TL+P2+DT+SILP1SLPZ2+TINRSTBPINRST
FORMAT( 10X 851043}

1

OBTAIN MOLE FRACTION OF CONDENSANT

NOW INTERPOLATE FOR AXIAL POSITION OF CONDENSATION
FIRST CALCes ACTUAL PRESSURE AND TEMP

TI=EXP(TINRST )

PIT = EXP(PINRST)

Pl = PIT#14+7%#1444/XC0oON

WRITE(64+90)
FORMAT (20X +31HOCONDENSATION PROPERTIES FOLLOW)

WRITE(6+91)TIWPI
FORMAT(1HO s 19X 4 3HTZ2=4+E10e342X+3HPI=+£103)

XKIH=PROP (1 4¢1~1}
SLPX=AL.LOG{PROP (54 1) /PROP(S+1-1) ) /ALOG(PROP(1+1)/PROP(141-1))

ONOM=1 o /SL.PX
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100

105
200

XT=X1H#EXP ( ONOM*¥ AL OGP /PROP {5+ 1~1) 1))

WRITE(6.100)X]1
FORMAT( 1 HO+ 14X+ 28HSIMULANT CONDENSATION PTe IS+E1063)

COMPUTE PERCENT DIFFERENCE

DX=XSAT—X1

DEPM = 2+#RADTHM%SQRT (AEQAT)

DIFF = 20.%DEPM

DETERMINE IF ERROR ACCEPRPTABLE

IF (XTI e CT aXC1 34 AND e XSATSGT «XC13)G0 TO 200

IF(DX.LE«DIFF) GO TO 200

ISWTCH=1

IF NOT COMPUTE A DESIRED CHANGE IN TO TO ADJUST THE PT.
GOGM1=(PROP(3+1)—1¢)/PROP(3s 1)

KNOWING CESIRED SATURATION POSITION A NEW PRESSURE 18 COMPUTED
PNEW= PI#EXP(SLPX¥ALOG(XSAT/XI))

DELP= PNEW-PI

facp=1

TONEW= (DELP/TAB(1+4541) ) ¥%GOCMI¥TAB{ 126+ 1 Y %¥DELP#%( 1 +./5LP1]
1S TONEW ACCEPTABLE

IF{TONEWLT «2000,) IACP=0

WRITE (64 105) TONEW

FORMAT(IHO+20X s 18HNEW TO COMPUTED IS+E1043)

RETURN

END
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$IBFTC RESTI1 DECK

c
C
5
10
c
Cc
20
25

SUBROUTINE RESET

COMMON/TAPE/IPROT
COMMON/PLUNMU/XCIS) s PCISIvyEMCISY +GMCIS) 2 TCIS5 )+ QC(S) +EMWC(S)
COMMON/PLUMF1/PRPR( 10 +4) s REYPLM
COMMON/PLUMF2/PRORP ({10 ,200)IPT
COMMON/REGIONA/XCIL 1 + XC12vXC 12 +ERRMAX I TYPE

RESETS SIMULANT  PLUMFE PTS. TO THOSE STATIONS

COMPUTED FOR PROTOTYPE CASE

IF{IPROTEQel} GO TO 40

{=0

J=0

J=J41

=141

IF(PRPR1+J)aGT«PROP(141Y)GO TO 10

XQ=PRPR{ 1+.J)

XCclJd)=Xxa
SLP1=ALOGIPROP(S5+ 1) /PROP(Ss» [~1) ) /ALOG(PROP( 1+ 1} /PRCP(1s1-~1))
PClJ)= PROP(Ss I~ )¥EXP(SLPI¥ALOGI(XQ/PROP(1+1~-11))

SLP2=(PROP{&411)-PROP{4+4I-1)3/{PROP(1+1)~PROP{14+1I-1))
EMC{J)= SLP2¥(XQ-PROP(1¢1-1)Y+PROP(441~1)

SLP3=(PRPR(3+1)~PRPR(3+s1-11)/(PROP(1+1)—PROP(14+5~-11})
GMC (JI=SLP3% (XQ-PROP({ 3+ 1~1)314PROP(341=1)
XSIP=ALOG(PROP (S+¢1~1} /PROP(S+1) ) /ALOGIPROP(6+1~13) /PROP(6+1))
ONOX=1 «0/XS{P

TC(JYz PROP( (6 [=1)#(PClJI)/PROP{Ss1~1)) % %*0ONOX
RGC=15454/PROP{ 7+ 1 ~1) 324174

A=GMC{ I} #¥RGCHTC(J)

QCld)= EMCLJI*SQRT(A)

EMWC{ J)=PROP( 7+ 1~1}

NPTS=3

IF{JUSEQeNPTSIGO TO 20

GO TO B

CONT INUE

WRITE(6+25)
FORMAT{ 1HO s 10X+ 3SHSIMUyLANT PLUME PROPERTIES AT X-CUTS)
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WRITE(6+27)
27 FORMAT(1HO+20X s 11X+ 10X+ 2HPC» 10X s 1HM+ 10X e 1HG 10Xe 1HT » 10X ¢ 2HMW »

110X4 tHO)
WRITE(G126) (0 XCIUU)+PCIJII1EMCIUIyCMCUIIvTCIJITEMNCIJI) sQC(J) sJdm1s3)
26 FORMAT(25Xs7E10e3)
GO TG 100
40 CONTINUE
c THE FOLLOWING SECTION PICKS OUT PROTOTYPE PTS IN REGION
XCi131=%C11
XC(21=2XC12
XCI3)=XC13
=0
J=0
45 t=I1+1
50 J=J+1
IF(XC(1)4GTPROP(1+J)) GO TO S0
FACI=ALOG(PROP (5, J) /PROP(S+J—1) ) /ALOGIPROP( 1+ J) /PROP( 1+ J=~1))
PRPR(Sy1)= PROP(S+J)X¥EXPIFACI¥*ALOGIXC(I) /PROP( 1au=1)1))
FAC2= (PROP(4+J)~PROP (4sJ—1)}/{PROP(1+J)~PROP({+J=11)1)
PRPR{4+1)= PROP(g4+J~13+ FACZH(XC(])~PROP(1 +J~1))
FAC3= (PROP(3+J)~-PROP (3+J=1))/(PROP(1+J)~PROP{1+J=1)}
PRPR{3+ )= PROP(3+J-1)+ FAC3H(XCII)=PROP({1+J—~1))
ONOX=1a/( ALOG{(PROP{(5,J~1)/PROP(SsJ)}/ ALOG(PROP{GsJ~1)/PROP(6¢J)}
1}
PRPR(6+ 1312PROP{61J~1)#(PRPR(S4+1) /PROP(Ss J=1) ) ##0ONOX
PRPRU 7+ I )=PROP(T7sJ~1}
PRPR({1sI¥=XC(I)
IF(1eEQe3) GO TO 70
GO TO 45
7C CONTINUE
WRITE(64+75)
75 FORMAT(20X+33HPROTOTYRE PLUME POINTS FOR REGION)
WRITE(&8+80)
80 FORMAT( 15X+ 1HXs10X+5HM NQOe+ 10X+ SHGAMMA» 10X+ 1HP 9 10X+ 1HT v 10X s 2HMW )
DO 90 1P=143
WRITE(6185)PRPR{1+IP) ,PRPR{4+IP)+sPRPR{3+IP) +PRPR{ 5. IP) +PRER (64 IP ) 4

1IPRPR(7+1P)
8BS FORMAT(10X+6(E1043+4X))

90 CONTINUE

100 CONTINUE
RETURN
END

B
TNRICTN C
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SIBFT

%
*

OO0O0OO000O00000

C#¥*

1030

C TRAN DECK
SUBROUTINE TRANS{(TE+JpUMIVIS)

PROGRAM WHICH CALCULATES TABLE OF VISCOSITYs CP AND THERMAL
CONDUCTIVITY FROM THE NASA-LEWIS EQUILIBRIUM CHEMISTRY DATA

TO LESSEN THE NQOe OF CHANGES THAT MUST BE MADE. THE THERMODYNAMIC
DATA FOR THE TRANSPORT PROPERTIES WILL BE READ FROM TAPE 12+ THE
OLD NASAZLEWIS DATA TAPES

THE THERMODYNAMIC DATA FOR THE CEC PORTION wiILL BE READ FROM TAPE
4+ THE NEW DATA TAPE GENERATED BY MCDERMIT.

TO MAKE THESE COMPATABLE THE CEC IS MODIFIED TO READ THE GAS NAME
UNDER A 2A8 FORMAT.

DIMENSION ZETA(4 ) +BETA(4)+BETEND(4)
COMMON/SPDATA/AA(GOS )+ XMF (SO0 « XMW IO )+ SIGMA( SO ) s OMEGA (90 ) s TRe N
COMMON/SPNAME /SPNAML ( 90 ) 1 SPNAMZ2(20) « TEMP{ S+ 903+ IDATAYKK KT
COMMON/THRMTRAA(S0,15)

COMMON/MO/NUM (Q0)

COMMON/GASES/TAB(2+12,13) s NMIX

DATA (BETEND(I)sI=1+4)/4%6HEND

COMMON/WRIT/IFLGY

COMMON/COUNT / TKLUG

IDATA=NMIX+7

TR=TE

REWIND 13

tv=3

L.OOP WHICH CALCULATES FLOW PROPERTIES

DO 5S4 J=3.1V

FORMAT(1H s (7E18e7))

IF(TRWLTe 140} GO TO 9000

KT = 0O

DO 55 K=8:+IDATA

IFITEMP(JsK)IoLLT e o 0000051G0 TO 55

IF(TEMRP(JsiK} e GTel o0 } GO TO 55

KT = T + 1

GAS SPECIE NAMES

27291 DHEYH/DSNT
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55

CHH#

999
1000

Q00
9001

el
G

SPNAML (KT) = TEMP{1vK)
SPNAM2 KT = TEMR(2:K)
CONT I NUE

IFIKTLEGeQ) GO TO 999

LOCAL, TEMPERATURE

IERR = O
CALL GTLUR(J«IERRS IFTIRST)

IF(IERR«LQel) GO TO 90

CALCULATE VISCOSITY 1 CRaCONDUCTIVITY

CALL PROPTY!( VISsCONDCP)
TEMP (U IDATA+LY = VIS
TEMP (Js IDATA+2) = COND
TEMP(Je IDATA+3) = CP

GO TO S4
WRITE(6+ 100031 J

FORMAT (1 HC+334NO SPECIE DATA FOR ENTROPY CUT
fCeuT = 123

TEMP () IDATA+L) = O.

TEMP (Js IDATA+2) = Qs

TEMP (J+ IDATA+33} = Q0.

GO TO 54
WRITE(6+49001)
FORMAT(1H + 20HNEGATIVE TEMPERATURE )
TEMP(Js IDATA+1) Os
TEMP (S IDATA+2) Q.
TEMP (Js IDATA+3) Oo
CONT INUE
CONT INUE

[
RETURN
END

uu

s 12

17H

VELOCITY
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SORIGIN D

$1BFTC PROP DECK
C
SUBROUTINE PROPTY( VISCOS+CONDs CPJ
CH# THIS SUBROUTINE CALCU_ATES THE GAS VISCOSITYes THERMAL CONDUCTIVITY
c AND CP AS A FUNCTION OF TEMPERATURE

DIMENSTON TABLJP(131)

DIMENSION CPR(90)s XP (41903« F{4)+XA{S0)1+D(30.90)

COMMON/WRIT/IFLLGI

COMMOM/SPRDATAZAA(DO+S ) + XMF (Q0) « XMW (S0 ) + SIGMAI(SO) s OMEGA( GO 1 « TR N
CH¥ THIS TABLE IS THE REDUCED COLLISION INTEGRAL FROM HIRSHFELDER

COMMON/SPNAME/SPNAML (90 ) s SPNAMZ2{Q01 + TEMP( Se 90) s IDATASKKIKT

C | THE HIRSHFELDER SYMBOL EQUALS OMEGA¥#¥242

DATA TABLJER /65« 3 s o 0 «5 9 5 o7 e «8 01150
¥ «D 1e . lel o 1eZ o 1a3 o 1ed o 1e5 o 1e6 o 01160
* 1e7 o 1.8 1e0 2.0 o 2e1 o 2e2 o 2e3 » 2ed4 01170
* 245 o 2¢6 s 2e7 o 2e8 » ZeD o 30 » 3el o 32 o 01180
3 3e3 o 3ed o 35 o e » 3«7 » 38 3.9 » 440 o 01190
* 401 0 4e2 o 4e3 o el o 445 0 Lo ¢ 407 o 408 o 01200
* 449 4 Se . G * T . 8. . Oa + 10a . 20 . 01210
* 30 ’ 40 ’ 50 ' 60 . 70 . 80e ’ 90 + 100, * 01220
* 200 + 300. « 400, . 01230
% Z2eT85 ¢ 20492 1 24257 ¢+ 2065 ¢+ 16908 + 14780 4 01240
5 16675 ¢ 1587 v 1514 9 14452 o 16399 s 1353 o 14314 o« 1279 o 01250
B 16248 ¢ 14221 9 14197 & 14175 4 1156 4 14138 s 16122 4 1107 o 01260
S 1e093 0 14081l 4+ 10069 ¢ 1058 ¢ 16048 4 1039 o 14030 4« 1022 01270
$ 16014 +» 14007 o 29999, e D932 « 9870 «981 1 e IT755. «GT700 01280
$ 9649+ « 9600, 0 I553 09507 e D464 ¢+ e D422 9382 9343 01290
S 9305 269 089463 8727 « 8538« 8379 8242 e 7432 01300
% «70050 5718 5504 2 H33S 6194 « 6076 «5G73 5882 01310
E 5320, +50160 «4811/ 01320

Cc

C THE AA ARRAY IS DEFINFD AS THE FOLLOWING

C ## THIS DATA TAKEN FROM NASA LEWIS THERMOCHEMISTRY DATA DECK #%
C

c t THE FIRST FIVE NUMBERS OF EACH TwO CARD SET

c 2 ARE POLYNOMINAL COEFFICIENTS OF A CURVE FIT

C 3 OF CP/R FOR A TEMPERATURE RANGE DEPENDING ON TK
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XMF=MASS FRACTION

XKMW=MOLECULAR WEIGHT

CPR=CPAR

RU=UNIVERSAL GAS CONSTANT
VISCOS=VISCOSITY

COND=THERMAL. CONDUCTIVITY

CP=SPECIFIC HEAT AT CONSTANT PRESSURE
TK = TR/ 18

RU = {98726

OO0 000N

DO 840 1 = 1+ N
XP (4, Iy = XMwitr)
CPR{TIY = AA(I«1

DO B30 J = 24 5
AT = AALT+ )
DO 820 JJ= 24J
B20 AT = AT % TK
830 CPR(I}Y = CPR(I) + AT

XP(3+13y = CPRIN)
840 CONTINUE
DC 850 I = ts N
TRED = TK 7/ OMEGA(T)

CALL ONEVAR( TREDs 2+ TABLJUPs 1ls 131, OMERED)
IFCIFLGl+EQeDIGO TO 191
WRITE(6+1032)TRED+OMERED 1
1032 FORMAT(1HOyw AHTRED =4F15e745Xsy BHOMERED =4y El1Se7s SXe 3H 1=413)

191 CONTINUE
XP(1, [)7266493 #10e #¥ (~7IX¥SART(XMWI I} *¥TK I/(SIGMAL]) ##2%OMERED)

B50 XP{(2. I} =(RUZXMWIL) 1 ¥ (3475 +1e32¥(CPR(I)= 2.5))%#XP(1ls 1}
IF{IFLGL4EQL.0YGO TO 152

WRITE(6 1035)
1035 FORMAT(1H + 35HRESULTS OF TRANSPORT PROPERTY CALCSs//+ 6HSPECIE7X

19 OHVEISCOS«8Xa 4HCOND 4 10Xs ZHCPs 12Xy 7HMOL s WTe7Xsy GHMOL FRACTS
2 5Xs SHOMEGA OXe SHEIGMAs SXs 11HTEMRPIDEG K) /)
192 CONTINUE
DO 600 I=1,N
IFUIFLG]l «EQe0)GO TO 193
600 WRITE{(6+1040) SPNAMI (13 +SPNAM2ITI)I s {XPUKe I Y sK=144) +XMF{TIY+OMEGA (L}

1 SIGMA(T)TK

01510
01520
01530
01560
01600
01610
01620
01630
01640
01650
01660
01670
01680
01690
1700

01710
01720
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OO0 0n0n

1C4e
193

g00

FOR

2300

320
400
500

FORMATEIHO, 2A6+ 1 X+ (B (E1245+2X))7
CONT INVE

CONTINUE

DO 500 K = 14

K = 1 VISCOSITY OF MIXTURE CALCULATED

K = 2 CONDUCTIVITY OF MIXTURE CALCULATED
K = 3 CP OF MIXTURE CALCULATED

K = 4 MOLLE WEIGHT OF MIXTURE CALCULATED
VISCOs = O

COND = O,

cP = O,

OLWT = O,

FIK)Y = O,

DO 400 I=)1aN

XAtI’ = 0,0

IF (KeEQe&Yy GO TO 320

DO 300 J=14N

1IF {J «+EQe 1) GO TO 300

Dilsd) = «376%(1e + SQRTIXPIKI) / XPiKsJ}) ¥ (XMW /XMWIT)Y)
$E 2SI ER2ESART (XMW J) /(XMW T +XMW I )

KALD) = XAUl} + XMF(J) * DCl+d)

CONT INUE

IFIXME (1) oL Te 000001} GO TO 400

FiKY = FIK) + (XMF{I) % XP(Ks+1)) / (XMF{I) + XA(I))

GO Ta 400

FIK)Y = FiRY 4+ XP(Ks1)%XMF(T)

CONT INUE

CONT INUE

UNITS-POISES

VisScos=F{1)

UNTTS—ENGL | SH

COND = F(2)
UNITS-BTU/LBM/DEG—~R

CcP = F(3) # RU / Flt4}
OLWT = Fi4)

RETURN

END

01730
01740
01750
01760
01770
01780
01790
01800
01810
01820
01830
01840
01850
01860
01870

01880
01890
0190C
oioic

01930
01940
01950

01960
01970

02000
02010
02020
02030
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$1BFTC ONEV

A0 OO0 00000000000

ONEVAR IS AN INTERFPOLATION ROUTINE - ONE FUNCTION OF ONE

SUBROUTINE ONEVAR (ARGUMT+NXDIRs TABLEs NOTAB+ NXs¢ OUTPUT)

DECK

ARGUMENTS OF THE SUBROUTINE ARE AS FOLLOWS

ARGUMT
NXDIR
TABLE
OUTPUT
NER

TABLE

= INPUT INTERPOLATION ARGUMENT ({X)
= TYPE OF INTERPe ) FOR LINEAR+ 2 FOR QUADo»
= SET OF X VALUES FOLLOWED BY THE Y VALUES
= INTERPOLATED VALUE OF ¥ = F(X)
= ERROR CODE
1 = OKs INTERPOLATION SUCCESSFUL. s
2 = OFF CHART L.OW ENDe MIN. VAL. SUBSTITUTED
3 = OFF CHART HIGH ENDe MAXMe VALe SUBSTITUTED
4 = NO. OF ¥ ENTRIES IS NOT 2 TO 15 (IF NXDIR
IS 1)e ORs IT IS NOT 3 TO 15 (IF NXDIR
IS 2).
5 = X ENTRIES NOT IN ASCENDING ORDERS
15 LOADED AS l.OCa VALUE
TABLE(1) NO. OF X VALUES
TABLE(2) X1}
ETC

TAsLE(N+1)  X{(N)
TABLE(N+2) Y{1) WHERE Y = F(X)

ETC
TARLE(N+1+N) YN}

DIMENSION TABLE (NX)

NOENTR

= INT(TABLE(1}))

N = NOENTR

NER =

IF (NXDIR~1} 14142
1IF (NODENTR«2) 4:3¢3

IF {(NOENTR-3} 443:3
IF(NXDIR + 1| — NOENTR )} Se 99 4

NER =

02050

2060
02070
02080
02090
02100
oz2li1o0
cz2120
02130
02140
02150
02160
oz2170
02180
02190
02200
02210
02220
02230
02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
2380
02390
02400
02410

P2¥2910 DHIH/DSNT
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10
1i

13
14

15

GO To 701
IF (ARGUMT-TABLE(2)} H£+7+10

NER = 2

GO TO (23« 32)s NXDIR
NER = 1

touT = 2

GO TO 700

GO TQ (23+ 32)+ NXDIR
1F (TABLE(NOENTR+1)-ARGUMTI11+134+158
NER = 3

T = N~ 1

GO TO (25« 31}sNXDIR
NER = 1

10UT = NOENTR+1

G0 ToO 700

C AT THIS STAGE OF THE GAME, ERROR CONDITIONS 2+3:4 HAVE
C BEEN TESTED FOR AND HAVE BEEN PASSEDe.

16

17
18

20
o9
100
21

23
24
25

29
30

DO 100 JK=1s+ NOENTR

I = UK

IF (I-1) 20.20017

IF (TABLE(I+1)-TABLE(1))18+18+20
NER = 5

GO To 701

IF (TABLE(I+1)~ ARGUMT) 99:21+24
1F {1 «GFe N} GO TO 14

CONT INUE

NER = 1

I0UT = I+1

GO TO 700

1 = 2

IF (NXDIR=1) 25425429

ION = 1 4+ N

QUTPUT = TABLE(ION )+ (ARGUMT =~ TABLE(I)) #* {TABLE

1 {ION+13~ TABLE(ION )) A(TABLE (I+1)~TABLE(1))

GO TO 701

IF (NOENTR — I3} 31« 30+ 33
I = I=~1

GO TO 31

02420
02430

02440
02450
Q2460
02470
02480
02490
02500
02810
02520
02830
02540
02550
02560
02570
02580
02590
02600
02610
02620
02630
02640
02650
02660
02670
02680
02690
02700
02710
Q2720
Q2730
Q2740
02750
0z760
02770
02780

02720
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32
33
31

700

701
708
707
711
712

714
715

800

I =2
IF (I «EGe 13y 1 = 2
ION = I + N

CA=(TABLL ( [ION) ¥ (ARGUMT=TABLE(1+1) ) ¥ (ARGUMT~ TABLE(I+2}) 1)
CB=(TABLE(I)I~TABLLE(I+1))

CO=(TABLE(I)=TABILLE(I+21}])

CE={(TABLE{ ION+1 ) ¥ (ARGUMT ~ TABLE( I 1) ¥ (ARGUMT-TABLE(I+21)}
CRF=((TABLE(I+1)~TABLE(I) ¥ (TABLE(I+1 )1 ~-TABLE(I+2)) )

QUTBPUT= (CAY/LCB # CON+(CEY/{CF)Y + {(TABLE(ION+2)#¥ { ARGUMT -

1TABLE(I)Y)  # {ARGUMT ~ TABLE(I+1M)I/{(TABLEt(TI+2)~
1 TABLE(T ) FATABLE( 142} — TABLE(I+13))

GO TO 701

fOUT = 10UT + N

OUTPUT = TABLE(IQUT)

IF (NFR - 2) B0O, 707, 706

IF (NER = 4} 707s 711, 714

GO TO 800

WRITE(S6+712) NOTAB

FORMAT(1H +28HTO0 FEW ENTRIES IN TABLE NO.s 14)
GO TO 800

WRITE (6+ 7151 NOTAB

FORMAT(1H +S7THENTRIES ARE NOT IN MONOTOMIC ASCENDING ORDER IN TABL
1E NOWa14)

RETURN

END

SORIGIN D

02800
02810
02820

02880
02890
02900
02910
02920
02930
02940
02950
02960
02970
02980
02990
03000
03010
03020
03030
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SIBFTC GTLU DECK

121

15

1o

SUBROUTINE GTLUP{J+IERR«IFIRST)

THIS SUBROUTINE DOES A TAPE LOOK UP TO OBTAIN DATA REQUIRED FOR

COMPUTATION CP+MU AND K

DIMENSION DDD(39045)

COMMON/WRIT/IFLGY

COMMON/DRAY/B{S+100) + kD

DIMENSION TITLT(4)Y+D{s)DD(15c¢4 )« TITLE(4) « TEND{(4)

COMMON/SPDATA/ZAA(QO«S )« XMF(QO0) « XMW (G0 «SIGMA(S0) t OMEGA(QO) s TReN

COMMON/SPNAME/SPNAML (S0 ) + SPNAMZ2(Q20) + TEMP( Sy 90) s IDATA«KKKT
COMMON/THRMTRA/A(O0. 15

COMMON/MO/NUM (90}

COMMON/COUNT Z TRL UG

DATA(TEND( IV s I=1+4)/4%6HEND 7’

DATA(TITLE(I Y4 1=1+44) /6HSPECIE«6HDATA F46HOR TRA«6HNSPROR/
IF(IFIRST+EQeDsANDeJeEQe3) GO TO 6

IF{JaGTe3)Y GO TO 90

IF{IFIRSTLEQel)IGO TO 10

IF{IRKLUG«GT«0)GO TO &

IKLUG=1

IF{IFLG] sEQeD)GO TO 191

WRITE(G+3)

FORMAT(30HOB ARRAY CONTAINING SOME DATA FOR TRANS)
WRITE(6443((B(I+JDY)a1=145)+JD=1KD)

FORMAT(SX+2A643E10.3)

CONT INUE

CONT INUE

IFIRST = |

DO 9 KRD=1+KD

DO 1S5 12145

DDD{KRD 1) =B(1+KRD)

CONT INUE

CONT I NUE

Kk=0

KRD=KD

DO 25 1=1+KRD

DO 17 111l=1e5

¥2¥291Q DI YH/DSNT
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11
20

21

22

200

201
19z

25
50

8%-A
0o

51
500

193

70

T2

DCITIY = DDDUINIT1)

DO 20 JJ =B.1DATA

IF { DO1YaEQeTEMPI I JNIIGO TO 11

GO TO 20

IF (D(2YEQ+TEMR(2+4J0Y)1CG0 TO 21
CONT INUE

GO TO 25

L L ]

NUMIKKY = JJ

DO 22 L=11+5

AlKKsL)= DL}

IF(LIFLGl dEQeD)GC TO to2
WRITE(64200)

FORMAT(39HOA ARRAY CONTAINING GAS DATA TO BE USED)
WRITEL(E+201 KK+ {AIKKs_)eL=1+5)

FORMAT(A4Xe I2+2X e 28643F10.3)

CONT INUE

IF{KK+7+EQe IDATA)Y GO TO S0
CONTINUE

NUMFND = ©

FIND AND FILL IN THERMO DATA

READ(13)Y (DUIY+I=145)4((DD(IeIJ)eI=1+9)slJd=1+2)
IF({IFLGl£EQe03IGO TO 193
WRITE(6+500)(D(I)e1=1,5)

FORMAT ( 23HOD ARRAY READ FROM TAPEsSE!I043)
CONT INUE

DO 70 JJ=1sKK

IF(DI1Y«EQ«TEND(1)YY GO TO 80
IF{D{1)YeNELA(JJ+1)Y G TO 70
IF(D(2)«EQeA{JJI2)) Go TO 72

CONTINUE

G0 TO 51

L1 =5

DO 78 NN=1.2

DO 77 Li.=3s+7

LT=p 1414
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77
78

202

203
194

80
81
20

ot

98

105

115
120

CH¥*

AlJJsLI) = DD(LL NN

CONT INUE

IF(IFLGL «EQ0)GO TO 104
WRITEt&+202)ID(1)D(2)
FORMAT(SX+2A6)

WRITE( 6+203)((ACJIL 1) eLI=615))
FORMAT ( 110, 10103}

CONT I NUE

NUMFND = NUMFND+1t
IFINUMFND+EQ.KK) GO To 90

GO TO 51

IFINUMFNDEQeKKK)Y GO To 90
WRITE(6+81)

EFORMAT( 1 HOLSOHNOT ALL SPECIES FOUND ON THERMO-CHEM PRODUCT TAPE }
N=0

M= 1

REWIND 13

DO 986 NNzt KK
IF{SPNAML (M} o NELA(NNY 1)) GO TO 96
IF{SPNAM2IM)eEQeA{NNs2)) GO TO 98

GO To 96
TK = TR/1.8
N =N+ i

SET ARRAY CONTAINING CONSTANTS FOR GAS CALCULATIONS

JJ=0
IF{TKsGTe999s) GO TO 110
DO 105 LL = 11+15

Jd= JJ+1

AAINS JJY = ACNNILLY
G0 TO {20

DO 115 LL = 6410
Jd=JdJ4+ 1

AAINS JJY = A(NNILL)

NN8 = NUMINN)

MOL.E FRACT IONS
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C¥X

300
195

96
7

9999

KMFI(ND) = TEMP{J+NNB)

SPNAME (NY = A(NNe1)

SPNAM=(N) = A(NN.2}

SPECIES MOLECULAR WEIGHT

XMWINT = A{NMe3)
SIGMALINI=A (NN S)
OMEGA (NI =A{NN«S)
IF{IFLGL«EQs0)IGO TO 155
WRITE(6+300)JyNNJNNB8« TEMP (J o NNB
FORMAT( 10HONUM CHECK+2X+315+42X+E1043)
CONT INUE

GO TOo 97

CONT INUE

IF (M <EQe¢ KK} GO TO 9999
M=M+ 1

GO To 91

RETURN

END
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$IBFTC BDATA

DECK

BLOCK DATA
COMMON/DRAY/Z78 (54 100" oD
DATA KD/45/
DATA ((Bllad)al=1a5)1a =119}/

16HAL, . 6+
26HAL CL, ' 6H
36HALCL3 » 6H
46HALF ' 6H
SO6HALFS ] 6H
66HALN ’ 6H
TEHALO . 6H
B6HALS . 6H
O6HAL 2 + &6H
ABHAR ‘ 6H
BEHAS 1H3 6H
CeHB ’ 6H
DEHBBR3  » 6H
E6HBCH, + EH
FEHRBCL.2 6H
GEHBCL3  » &H
SBHCCLF3 6H
SO6HCF 4 . 6H
SAHCHF3 o 6H
DATA ((Bll+«J)

H&6HCH4 * &H
I6HCO + 6+
JBHCOS * 6H
K6HCO2 * &H
L&HCS ’ 6H
MEHCL, ’ 6H
N&HCL 2 ’ 6H
06HH ' 6H
PEHHZ ’ 6H
QeHHCL * 6
R&HH20 . 6H
S6HHS . 6H
TeHHZ2S N 6H

sI=145)

+

*
L
*
v
L]
¥
L)
L]
’
+
b
L]
.
L]
*
L
‘
L]
J=20-381)/
L]
4
A
[}
L
L]
L
L]
hJ
4
*
*
[y

26298
6E2+444
13355
45,98
83.98
4099
4298
59.05
5396
39344
794
10+82
25057
4628
81.73
11719
104047
88.01
70..02

1604
2801
650.08
44401
44,08
354457
70691
14008
2:016
36447
18.02
3307
34.08

- »* - - ® - - - - - * & -, » #* &+ -

- - B s B S S > - - -

Z+655
3578
Sel27
3e148
44198
3369
3204
3673

294

36542
44145
20265
54439
3318
44222
5127
4496

44662
G+33

3758
3690
4413
34941
46216
3.613
44217
2708
2827
3339
24641
34673
34623

- & - - - & - > - - - &> o * & -

& & W P & 4 e s s @ S s

27500
G720
4720
55640
1B46 .0
268240
54240
152600
275040
933
259.8
3331.0
4300
102640
68240
3377
18840
121 <0
24040/

14846
G1e7
33640
19542
199 «4
130.8
316.0
370
5947
3a4e7
80%.1
B6e4d
3011

- bd - - . . » - - - - - » & - % &

- - - - » * a L I . . - -
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UasHN2
VEHNH3
WEHNO
S5HNZ20
*EHNE
X6H0
DATA( (B
YeHQ2
Z6HOH
*#6HS
S6HSF 6
#EHS O
*#6HS02
*6HSZ2
END
B
SORIGIN

* B s S S S s s & & A &S

6H
6H
6H
6H
6H
6H

1) 1=214510J=239045)/

aH
&H
6H
6H
6H
&H
6H

- - . - &

+

- & & » B2 & -

28402
1703
30.01
44402
20.183
1640

390
1701
32066
146407
48407
6407
64e¢13

- & & o - =

* & & 2 2 2 »

3.798
2490
32492
3828
282
305

3:467
3.147
3.83%
54128
24993
4e112
4+519

Tl a4
55843
167
232 ¢4
328

10647

10647
79 .8
847 40
2221
3010
33544
847 40/

- N e oo

- > >
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$I1BFTC SOUR DECK
SUBROUTINE S0URCE( IDUMs I SCON)
COMMON/WRIT/IFLG]
DIMENSION SAVEA(16}
DATA {(SAVEA(K)IsK=1+163 /16%04/
99 FORMAT({1HI1)}
100 FORMAT(4X2HS2 ¢ 7X7HMACH NOSXSHRE NOSX7H GAMMA 2X10OHKNUDSEN NOSXas 3H
1TOSXIHTOX2HPO 1 OX 1 HP)
200 FORMATIIHOW10E114442X,13)
300 FORMAT({ 1HOZ20X+32HVIBRAT I ONAL ENERGY MODE FROZEN)
400 FORMAT ( 1HOS2X s 32HROTATIONAL, ENERGY MODE FROZEN)
500 FORMATI( 1 HOB4X 4 32ZHTRANSLATIONAL. ENERGY MODE FROZEMN)
COMMON/PLUMF2/PROP(10,200) . IPT
COMMON/GASES/TAB(3+12,13) 4 NMIX
COMMON/GASCON/GAMAYRITOIROEMIRHO« T+ WM +Q
COMMON/GEOM/AT +RADTHT 4 AEOAT » ANGLP s REYNP
COMMON/LIP/THET +PIO2
COMMON/EXCON/PEX 4 EMU
COMMON/TAPE/IPROT
EQUIVALENCE(GAMA s GAMMA )
IPT=0
tFREZ=0
ITC1=0
1TC2=0
LPAGE=1
POWER= « 95
CNLOCL=0,
GMT=1 .44
1SCON=0
Pl1=3.1415926536
P102=pl./2.
REXT=RADTHT%SORT (AEDAT)
C FIRST COMPUTE iLLIP EXPANSION ANGLE
RE=RADTHT#SQRT ( AECAT)
ANGLP=ANGLP /57 29578
pP=PEX
CALL TABLE(Py 1)
QE=Q

$2%291Q DHUIL/DSN'T
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¥~

RHOEX=RHO
WRITE(6+1022)P  +EM+sGAMAWRHOEX s QE
1022 FORMAT(IOHOEXIT PROPW+sE10431
EMl=EM
VNU=PIO2# (SQRT((GAMA+1] ¢ ) A {GAMA=]T s} }=14)
VNLl= SQRT({GAMA+] « )/ { GAMA=1 ¢ ) I #ATAN(SGRT ( {CAMA~1+ )/ {GAMA+1 4 )
SE(EMAEM— 1) ) -ATAN(SQRT(EM%¥EM=14);
DEL THT=VNU=VN1
THET=DEL THT+ANGLP
WRITE(6+9000)GAMAYWNU L, THET
9000 FORMAT{G6HOGAMA=E1C 39 4HVNUSE1Q e 3+EHTHET=E1 Q43
TEST [F THET GT 90,
IF{THET« GE«P1021G0 TO 5
X=~RE/TAN(THET)
GO To {5
5 CONTINUE
IF{THET+EGeQ+ IGO0 TO L0
THT=THET—P102
WRITE{6+9001)THT
9001 FORMAT(S5HOTHT=E10.3)
X=RE#TAN (THT)
GO To iS5
10 X=0,
15 CONTINUE
WRITE(6+904)YXs THET
904 FORMAT(1HOZ27HORIGIN OF SOURCE FLLOW AT X=eF10¢3+5Xs 1 1HWITH THETA==E
11063}
pi=p
p2=pP
POI=TAB{1+5+1)
TO1l=TAB(1+¢641)
FUG=2+%THET
FUG =2e#PI%{]«~COSITHET))
PSTAR=TAB(1+5+2)
CALL TABLE{(PSTAR,!)
RSTAR=RHC
QSTAR=Q
WFSTAR=RSTAR#QSTAR¥AT
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WRITE(S+ 1023V WFSTARRSTARQSTAR
1023 FORMAT({ IHO+ ] 1HTHROAT PROP+3E10s3)

WRITE(&+99)
WRITE(64 100
SREF =2%*RE
SST = 25
IF(IPROTWEQel 18S5T=1.0
Sl=Xx
52 =Oo
AEXT = AT®#AEDAT

585 S2 = S52 4 55T
S55AR = FUG#SZ#52 i
IF(SSARLELAEXTIGO TO 585
52 = 82 +4+SREF
PINC=—q 09%P

17 CONTINUE

SAVEA(2)=PINC
SAVEA(1)=1.0
TOL.= s O5%¥WFSTAR
THIS SECTION COMPUTES GAS PROPERTIES UNTIL FREEZING DETECTED

18 CONTINUE
IFIP2.LELD«)GO TO 32
GO To 37

32 CONTINUE
P2=P2~ o 95%P INC
PINC=4 1 #PINC
SAVEAL2)=PINC

37 CONTINUE
IF(CNLOCLeGT21/500e3G0O TO 19
USE P TO CALL TABLE
CALL. TABLE(P241)
GO TO 89

19 POP=p2/PO
RGR=1545, %32, 174/TAB( {17 1)
T=TOx(P2/PO) %% ({ GAMA~1{ 4 ) /GAMA)
TOVT=TO/T
SO5=SART (GAMA#RGK%T)
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89

EM=SORT I (TOVT=14)/{ {GAMA=14) /20 )
Q=EM#*S05

RHO=P2%324 1 74/ ( T*#RGK )

CONT INUE

WF2=WFDOT(P2+RHOy Qs THET ¢ S2)
FP=WFSTAR-WF2

GO TO 1776
WRITE(S+01 I WF21P2sRHO Qs S22+ GAMA JEM T

91 FORMAT(I1HO+4HWFZ2=E10+3+3HP2=E10+3¢4HRHO=E10¢34+2HQA=E10e343HS22E1043

g2

50
1776

23
600

22

4500

70

80

$1SHGAMARELOe343HEM=E1043+2HT=E103}

WRITE(G+Q2ISAVEA(Z)Y P INC

FORMAT( 1 HO+SHSAVE=E1D 3+5HPINC=E10.3)
WRITE(&6+350) TOL

FORMAT(SX+4HTOL=4vE10e3)

CONTINUE

CALL [TSUBIFPaP2+SAVEA+TOL+199)

II=SAVEA(l )+a.1

N1=SAVEA(3)+.1

GO TO (18+18+18+184+22,23)s 11
WRITE(&6+600)582 21P2sFP

FORMAT(24HOITSUB WILL. NOT CONVERGEs 1XsSHSZ2
11X 3HFP=4E1245)

I 5CON=1

GO TO 40

CONTINUE

PINC=,09%22

FORMAT { BHOCNLOCL =E104e3)

D5=52-51

EM]1 SAVED FROM PREVIOUS POINT CALCULATION
CONTINUE

EM2=FM

CONT INUE

GP102={GAMA+1+1/2

ONOGMI=1 4 /{ GAMA=14)
ROUSTR=PO/{R*¥TO) % ( (GP102%¥ (~ONOGM1 ) ) ) ¥S0ORT
$1e0))

TOZ2=TO

SBAR=(S2451 172

=sEIZ2e54 1 X 2HP=3E1205

(2 OFCGAMMAXR®#TO/ (GAMMA+
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EMBAR= (EMLI+EM2) /2
VIS=1a36E~0%(T/],8) ¥ %pPOWER

RE=RQUSTR/{VIS*¥SBAR®%2)

DLOGT=ALOG(TO2/TOL1#( 2,4+ (GAMMA= 14} *¥EM]*%2) /{2¢+{GAMMA=] 4 ) ¥EMR¥*¥*2))

DLTDS=ABS(DLOGT/DS)
CNLOCL={ 251 #3e 14#FGAMMA) ¥ { (EMBAR*EMBAR) /RE ) #DL.TDS
IF(LLPAGE . T«551G0 TO &85
LPAGE=1
WRITE(6+99)
WRITE(6&s 100}
CONT INUE
WRITE(S5+200) S2+EM2+REsGAMMAYCNLOCL+TOTaPOP2
LPAGE =L.PAGE+2
IPT=1PT+1
THE FOLLOWING STATEMENTS STORE PLUME PROPERTIES IN PROP ARRAY
PROP(LIPTI=82/(2«%¥REXT)
PROP(2+IPT)=550R
PROP (34 IPT }=GAMA
PROP {44 IPT)=EM2
PROP(S, IPT)=P2
PROP (64 IPTI) T
PROP (74 IPT i=WM
GO0 TO 30
IF(CNLOCL aLTe14/500e31G0 TO 30
IFREZ=1}
CALCULATION WITH VIBRATIONAL ENERGY MODE FROZEN
GAMMA=144
GM102={ GAMMA=1 ¢} /2
ONOGMI=1 e/ (GAMMA~1] &)
GOGM1 = GAMMA#ONOGM1
ITCi=1TC1+1
IF(ITCleEQe1)TO=T# ({1 e4+GMIO2HEM2%#EMZ)
PO=P2# (TO/T) #¥GOGM1
WRITE(6+300)
IF(CNLOCLeLLTol e/ 5o IGO0 TO 30
CALCULATION WITH VIBRATIONAL AND ROTATIONAL ENFRGY MODE FROZEN
PINC=407%P2
CR=CNILOCL

Peye91d OHIH/DSN'T
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http:WRITE(6.99

86-0d

30

40

GAMMA= —o 00056 7HCK#¥3 +e0086B#CK#¥2 ~s003404%CK +1¢4003
IF(CNILOCLeGEe 10+ JGAMMA= | e 667
ONOGMI =1 o / {GAMMA~1 o)

GOGM] =GAMMAX¥ONOGM1

GM1O02=( GAMMA~1 e} /72«

IF(GAMMA L Eel «B67)TO2T% (1 2 +GMIOZHEM2¥EMZ )
pPOz=pot( TO/TIRXGOCM]

WRITE(&6+400)

IF{CNLOCLeL.Tee8)G0O TO 30

CALCULATION WITH VIBRATIONAL +ROTATIONAL AND TRANSLATIONAL ENERGY
MODE FROZEN

WRITE(&+500)

EMl=gEM2

TOL=TC2

sSt=52

STRECH=1.0

DEL. TS=SREF

52=824DELTS

IF{EM2eGE1004)G0O TO 40

IF(1IPT.GEe 753G0 TO 40

GO TO 17

CONT INUE

RETURN

END
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SIBFTC WDOT1 DECK

20

FUNCTION WFDOT(PO+ROsQ0+THTMR)

PI=3.14159265
TWOPI1=2.%PI
PIOZ2=pPI/2.

DELTHT=THTM/20.

THETA=OQ.

AREA=C,

DO 20 U=1.20

ti=y

I2=J+1

THETA=THETA
CR=(COS(PIQ2¥THETA/THTM) ) #%7
Cv=1.

SA=SIN(THETA)

F1 =CR¥#CV#5A
THETA=THETA+DELTHT
CR=(COS(PIO2*¥THETA/THTM) ) ¥¥7
Cv=1.

SA=SIN(THETA)

F2 =CR#CV#SA

A= e SHDELTHT#(F14+F2)
AREA=AREA+A
WFDOT=TWOPR [ ¥RO¥QO¥R¥## 2% AREA
RETURN

END

F2¥291Q DHYH/DSNT



09-a

&IBFT

300

C ADJUS1
SUBROUTINE ADJUST( NOK s KAZE)
COMMON/CHANGE/PC11+PC211PC22+PCR1vPC3Z2+PCAI+PNWs TNWDELMIDELMN 4
S$DELREY
COMMON/AVE/EMM s EMWM s HMy HOM s GMe SLP1 + SLLP2
COMMON/GASES/TAB(3+12,413)+NMIX
COMMON/CHAMB/PCHAMTI « TCHAMT « PMAX s TMAX
COMMON/PLUNMUAXC (5] sPCIS)I1EMC{(S)I 1GMC(S) s TC(5)+1QC(S) +EMWC(S)
COMMON/PLUMF 1 /PRPR(10,4 ) +REYPLM
COMMON/MOLWT/SAsSB4SC
COMMON/REGION/XC11 «XC12+XC13+ERRMAX ITYPE
COMMON/EXCON/PEX « EMU
COMMON/GEOM/AT s RADTHT  AECAT + ANGILP s REYNP
LLOGICAL KAZE
P102=3,1415927/2,0
NOK =0
GO TO(3004310+320141TYPE
CONT INUE
COMPUTE MACH NOe CHANGE FOR MOMENTUM FLUX ERROR
p=RPC{2)
G=GMC{2)
DEM = SQPT(ABS(DELMY/{P*®G))
IF(DELMOLT.O.) SIGN = "'100
IF(DE[LMeGT«0e) SIGN =410
DEM = SIGN%DEM
GO TO 340
CONT INUE
DEM=DELM
GO To 340
CONT INUE
COMPUTE MACH NQOe CHANGE FOR REYNOLDS NOe. ERROR
G02= (GMC(2)=1{e)/2
EMF= (1«+GO2¥EMC(2)¥EMC(2]))
EGX=~1 oF (3 HGMC(2) =16 )/ {2¢%({GMC{2)~10a)})
R=1545,%32.174/EMWC( 2}
Dz 2 #RADTHTXSQRT(AEOAT
VISCCS=1,36E~09% (T/1 e8)¥#.95
PTL= PCHAMI¥SQRT(GMC{2) /(R¥*TCHAMI } y#*D/VISCOS
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DEMzDELRL Y/ (PTL¥* {EMF) ¥¥EGX+CMC{ 21 #EMC( 2 ) XEGX¥EMF¥# (EGX <1« ) ¥ (GMC (2114

S—~1e})

340 CONTINUE

150

160

10

KAZE= ¢ FAL_SE »

COMPUTE MEAN PRCOPERTIES FOR GAS MIXTURE UNDERGOING TESTING
CALL MEAN{DEM+P)

COMPUTE CHANGE FOR MOLECULAR WTe

HOH=HM/HOM

SH=S5SLP1 /7HM

GMZ2 =(GM=1s)/2

ONOM =1+ /EMWM

GFl= SART(IGM~14 )/ {GM41})

GF2 = 1e/{GM~]a)%#2

AG =PIOZ2*GF1¥GF2/THET

DELMW=(2+% DEM/EMM)/ (ONOM+2 4 #HOH¥ { ~SH+GM2*XEMMEX 2% (SH-ONOM) +SLP2#
1AG) 42+ ¥ SH~2+3#0NOM=2 .+ #SLP2¥AG —-SLP2/GM=SLP1/7HM)

DELMW = —~1 +0%DELMW

WRITE(G6+5)DELMW

FORMAT { 33HOCOMPUTED CHANGE IN MOLECULAR WT=+El10«3)
WMN=TAB(1+7s1)}+DELMW

CHCK = TAB(2+7+1)/TAB(3+7s1)

IF(CHCK«GTe1s) GO TO {50

WM1 =TAB(2+7+1)

WMZ = TAB(347s1)
WMLl = TAB(34741)
WM2 = TAB(Z2474+1)
CONT INUE

TEST IF DELMW POSSIBLE
IF(1«05%WM]1+GT«WMNIGO TO 50
IF(.95%WM2 LT« WMN) GO TO 70
IF(INMIXeEQe3) GO TO 20

X1P = SAX(SB/WMN-1a.)/(SB-5A)
X2P= {+=X1P
WRITE(S64+10)IX1PsX2R

FORMAT (30HONEW MIXTURE RATIOS AREs XIP=sF10e342X+4HX2P=+F10+3)
BINARY MIXTURE

pPC2t=Xip

pPC22=x2P

292914 DIATH/DOSN'T
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30

31

20

15

50

51

70

IF(X1IPel.LEeQusORsX2PesLFa0e G0 TO 30
TNW=TAB( 1164+ 1)1/1 48

PNW=TAB( 1+5+1)1/144.

GO 70 2060

[F NEW MIXTURE PHYSICaLLY IMPOSSIBLE + COME HERE
CONT INUVE

WRITE(64311X1PsX2P
FORMAT{BX+4HX1IP=+E10«¢315X+4HX2P=+E103+5X s I19HCHANGE BINARY GASES)
KAZE':.TRUE-

NOK =}

GO To 110

CONT INUE

TERNARY MIXTURES

FC=PC33

FA=(] e =FCHUMN/SC~(]a~FCIXWMN/SB) / ( WMN/ SA-WMN/SB )
FB= {e~FC=FA

Xi=FA

X2=Fg

WRITE(6y 151X1 ¢ X2+.PC33

FORMAT( 28HONEW MIXTURE RATIOS AREs X1=+F£1043+42X+3HX2=+E10e3
12X+ 3HX3=¢E1Qe3)

TEST IF PHYSICALLY POsSSIBLE

IF(X14LT2043G0 TO 80

IF{X2.LT+0)G0O TO 80

PC31=X¥1

pPC32=X2

PNW=TABU1+454013 /144,

TNW=TAB(1¢641)./1,8

GO TO 200

CONT INUE

WRITE(S6+S1 Y WMN

FORMAT(5Xs 4HWMN=E10«3,38HNEW MW LT MINe+ADJUST PRESSURE DOWN}
RATIO = PRPRIS5+2)}/PC(p)

PNW= TAB(1+5+11#RATIO/ 144

TNW = TAB(1+6+13)/18

IF{PNWe . T+Ce)GO TO 100

GO TO 200

CONT INUE
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WRITE(S 71 ) WMN
71 FORMAT(SX+4HWMN=E1Ce3 +3I6HNEW MW GT MAX«+ADJUST PRESSURE uP)

RATIO = PRPR(S+21/PC(2)
PNW= TAB(1+3+ 1 )¥RATIO/ 144,

TNW = TAB(1+6e11/148
IF{PNWaGT«PMAXIGO TO 105
GO To 200

80 CONTINUE
WRITE(S5+811X1 X2
8t FORMAT(SXs3HX1=1vE100345X+3HX2=vE10e315X+12HCHANGE GASES)

GO TO 110

c FLAGS SET IN THIS SECTION TO CHANGE GASES

100 CONTINUE
WRITE(&6+101

101 FORMAT( 13HOPLOW REACHED)
KAZE= o TRUE «
PNW=PCHAMI]
TNW=TCHAMI
NOK =1
GO TO 200

105 CONTINUE
WRITE(S6+106)

106 FORMAT(13HOP HI REACHED)
KAZE= s TRUE o
PNW=PCHAMI
TNW=2TCHAMI
NOK=1
GO To 200

110 CONTINUE
PNW=PCHAMI
TNW=TCHAMI
NOK = {
KAZE=2 TRUE «

200 RETURN
END

SIBFTC WwTMO!L

SUBROUTIt E WTMOL (SA+SpeSC)
COMMON/CHANGE/PC1 1 +PC21 +PC22+PC31+PC32¢PC33+PNWe TNW+DELM+DEL.MN »
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SDELREY

COMMON/GASES/TAB(3+12413) +NMIX

DIMENSION A{20+3)+B{33+C(3)

LOAD QUANTITIES INTO ARRAYS

COMPUTE MOLECULAR WTS CF INDIVIDUAL GASES
Al]l4131=PC314PC32

At142)=20,
A(l«3)=PC33
AtEcl):C.

ACZ+.23=PRPC31+PC32
AlZ2+31=PC33
Al341)=PC31
A{3+2)=PC32
Al3+3)=PC33

CALL GASINV{As3+DET)
B{ly= 1e/TAB(2+7s1}
B(2)= {o/TAB(3+ 71}
Bli3)= 1e/TAB(1+7el}
CALL MATMPY (AsBsCe31341)
SA=14./C1)
SB=1+/C12)
SC=1e/C(3)

RETURN

END
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$IBFTC MEAL DECK
SUBROUTINE MEAN{DEM.P)
COMMON Y/ AVE ZEMM ¢« EMWM + HMe HOM 4 GM2 SLP1 4 SLP2
COMMON/ENDS/TET2)sG(2) +HOE(2)+HE(2) +EME(2)
COMMON/PLUNMUZXC(S5) sPCISI1EMCIS) sGMCIS) 2+ TCIS) »QC 53 +EMWCID)
COMMON/GASES/TAB (3412413} +NMIX
CALL ENDPT(P)

C C
C COMPUTE EXTRA PROPERTIES AT PLUME PT
UGC=1545.

RGC=UGC/EMWCL 2)
CP= GMC(2)#RGC/{GMC(2)~14)
H CP®*TC(2)
HO= H4+5¥QC(2)®*2

c TEST ON DIRECTION OF CHANGE

C AND SET END POINT VALUES
IF{DEMeGCT 0G0 TO 100

C NEGATIVE MACH NO. AND THUS MW CHANGE
G1=G{1}
HO1=HOE( 1)
Hi=HE(1}
EMWI=TAB(2+7+1}
SLP1=(H~H1 ) /(EMWC(2)~FMW1)
SLP2={GMCI2)—=G1) /LEMWCL 2)-EMW} )
EMM=(EME {1 }+EMC{2))/2,0
GM={GMC(2)+G1)./2.0
EMWM= (EMW1+EMWC(2) /2,0
HM= (H1+H} /2.0
HOM= (HO+HO1)/240
GO0 TO 200

100 CONT tNUE

Gi=Gi{2)
HO 1 =HOE(2)
HI=HEL2)
EMW1= TAB(3+7s 1)
SLP1= (H-H11/{EMWC(2)-EMW1)}
SLP2= (GMC(2)=Gl1 )/ (EMWC(2}—EMW?)
EMM = (EME(1)+EMC(Z2)) /2.0
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EMwM= (EMWI+EMWC(2)) /2,0
HM=(H1+H) /2.0
HOM= {(HO+HO1)/2.0
GM= (GMC{2)+G1)/2.0
200 CONTINUE

IWRIT=1
IF{IWRIT «EQe01GO TO 20
WRITE(6+5)

5 FORMAT({25HOMEAN PROPERTIES OF GASES)
WRITE(6410)

10 FORMAT{ 10X «3HEMM + BX s 4HEMWM 4 8X s ZHHM y 9X ¢ 3HHOM+ BX 9 2HGM )
WRITE(S+ IS )IEMM+ EMWM + HM» HOM + GM

15 FORMAT{6A+5E10,3)

20 CONTINUE
RETURN
END
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L9~

SIBFTC ENDP] DECK

10
11
12
200
100

&

SUBROUTINE ENDPT (P}
COMMONZENDS/TE(2)1aG(2)HOE(Z2 I aHE(Z2) «EME {2
COMMON/GASCON/GAMA+Rs TO e POEMIRHO T WM Q

COMMON/ENTH/H

SUBROQUTINE COMPUTES GaAS PROPERTIES OF INDIVIDUAL. SPECIE GASES
AT PRESSURE SPECIFIED

P1=P

DO 200 J=2+3

L=Je-1

CALL TABLE(PI+W)

TE(L =T

c{L)y=G6AMA

HE{[L}=H

HOE (LY =H+ e SHQ¥#2

EME (L)Y =EM

WRITE(6s10) P

FORMAT (48HOEND POINT PROPERTIES OF COMPOSITE AT PRESSURE= +E1031!
WRITE(Gs11)

FORMAT (20X + BHGAS +6X s 1HT ¢ 10Xs 1 HH» 10X+ SHGAMMA + 5o Lt HMs 10X 2HHG }
WRITE(S+I12)L s ToHI1GAMA 4EMyHOE (L)

FORMAT (21X s I2+2X+6E10,3)

CONTINUE

RETURN

END

SORIGIN B
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$1BFTC CECS1 DECK

OO0 000000

SUBROUTINE CEC (LSP«KACE)

TO LESSEN THE NQe OF CHANGES THAT MUST BE MADEs THE THERMODYNAMIC

DATA FOR THE TRANSPORT PROPERTIES WILL BE READ FROM TAPE 12+« THE

OLD NASA/LEWIS DATA TAPEe

THE THERMODYNAMIC DATA FOR THE CEC PORTION WILL BE READ FROM TAPE
8+ THE NEW DATA TAPE GENERATED BY MCDERMIT.
TO MAKE THESE COMPATARLE THE CEC IS5 MODIFIED TO READ THE GAS NAME

UNDER A ZA6 FORMAT.

DOUBLE PRECISION G X

INTEGER DATAs OMITs ENSERT. REACY BLANK+ THRM: ENDsSUB

LOGICAL HP1SPs TP+ IDEBUGNEWR + IONS+MOLES »FROZ+EQL+PSTIAWRKT
LOGICAL SHOCK *MMHGsPASCALEV+ICDETNYCPCVFRyCPCVEQySTUNITEUNITS

INTEGER DATDUM

DIMENSION DATDUMI(S)

COMMON/TAPE/IPROT

COMMON/WRIT/IFLGY

COMMON/GASES/TAB(3412,4,13Y+NMIX

COMMON/MOLFRC/ZFRAC(40D) s KFR

DIMENSION OMIT(3+43)oNCDI4) ¢ENSERTIZ+3)+LHI2) o LLVPL2)Y HLVYM(2)
1  +WPSAVE(2)

COMMON/SUNUP/SUN(3140,2)
COMMON/RPOINTS/HSUMI13)s SSUMI13) 2 CPRR(13) +DLVTR(13) «DLVPT(13)
1 1GAMMAS(IZ)+P(26Y2TI2E) o« VI3 +sPPRP{13) s WMI13)+SONVEL (13 +TTT(13)

2 +TOTN(13)

COMMON/SPECES/COEF (22741503 150150) +EN(150+ 131 +ENLN{ 150 +HO (150}

1 SsDELN{150)+A1154150) 45UBL150+3) s IUSE(150)+TEMP(50s2)
COMMON/MISC/ENN SUMN s TT e S0+ ATOM( 34 101 2LLMT(15)BO( 15 2BOP(15+42)

1 sTMsTLOWs TMID«THIGH +PP s CPSUMsOF +EQRAT s FPCTsR+RR+ HSUBO s AC(2) 1AM(2)

2 1HPP{2) yRHO(2) s VMIN(2) + VPLS(2) s WP (2) sDATA(Z22 ) 1NAME (1545}
3 VANUMO 1SS ePECWT IS )I+ENTHUIS)IFAZ(I1S) 1 RTEMP (5} +FOX(15)DENS{ 15}
4 +RHCP+RMW (15} TLN

COMMON /DOUBLEYS G(20s213s X(20)
COMMON/ INDX/ IDEBUGsCONVGI TR HP ¢ SPyHPSP s TRSPaMOLE S NP o NT o NPT o NLLM

1 tNSIKMAT ¢« IMAT» IQ1+ IQ2yNOMI T IPINEWR «NSUB «NSUPs I TN CPCVFR«CRPCVEQ

10

30
40
50
&0
70
80

90
100

110
120
130
140
150
160
170
180
190
200
210
220
230
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400

203
204

2045

1023
1024

i1l

2 +IONS+NCeNSERT» JSOL» JLIQ+KASE«NREAC IC+JS1
COMMON/PERF/PCRIZ26) « VMOC (133« SPIMI 13+ VACL(13)1SUBAR(1I3)+SUPAR(13)

1 +CPRF({13)+AEATI12)+CSTRAEQLSFROZYSS0
COMMON/CASENO/LST
COMMON/PNT /KPT (4 )

EQUIVALENCE (OMITsENLN) ¢« (ENSERT«ENC1+3) )2 (INLMsL}

DATA MIT/4HOMIT/ +BLANK/IH /v PSIAZ4HPSIA/ +REAC/4HREAC/ » [Z/2H00/
1 2 INPUTAAHINPUY » IEZ/LHEZ + INSERT/Z4HINSE/ « THRMA/A4HTHERZ 1 END/3HEND ~
DATA LHAGHHZCA4HL/G /2 LYR/2HV+ IH A2 LVM/2HY =0 1H /o NMLT/4HNAME /
DATA (DATDUM(I)+I=1+5)/6HREAC + GHNAME s &H 16H *

16H s

NAMELIST/INPTZ2/KASEYP 4 T+EQRATOF s FPCTsFA s TPsHP+ SP4RKT
1+PSIAVMMHG s SHOCK + IONS 4EV 2 VaDETNsCPCVFRCPCVEQ. IDEBUG
2+4S51UNIT+EUNITS

LST=L5sD

KASE=KACE
TLOW
NEWR

I #
O
-

WRITELG1400)
FORMAT( 1H1)

DATA(1Y=DATOUM( 1)

CONT INUE

FORMAT(S({3A4+3X))

WRITE (6+2045)(DATA(IJ4I=1415)

FORMAT( 1X+S(3A4+3%X))

IF{DATALL1) 2EQ.REACY O TO 11

IE(DATA{1) osEQa INPUT+sORDATA( 1) «EQeNMLT)? GO TO 210
IFI(DATA(1)«EQeBLANK) GO TO 203

WRITE(6s 10241

FORMAT(40HOERROR IN ABOVE CARDe [GNORE CONTENTSe. )
GO To 203

CONT INUE

NOM{ T=0

240
250

260

270
280
290
200
310
320

330
340
350
360
370

380
390
400
410
420

440
450
460
480
510
520
530
540
550
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s e NN N

52

300

307

308

NSERT O

MOLES FALSE

CALL REACT

DATA(1)y=DATDUM( 2

WPSAVE(L)Y = WP(1)

WRPSAVEL(Z2) = WR(2)

IF(L+EQe ()} WRITE(6:52)

FORMAT( 24HOERROR IN REACTANT CARDS)
GO TO 203

nu

BEGIN NAMELIST INPT2

DO 300 1I=1,4+26
vily = O,

CONT INUE

DO 307 I=2+26
P(1)=0.0
TLII=0e0

SET PRESSURE RATIO ARRAY
PCP{1)=140
PCP(21=2540
PCP(33=300.,0
PCP(4)=100040
PCR{5}1=22000,0
PCP({61=3000.0
PCP(71=4000,0
PCR({AY=500040
PCRP(9)=7000.0
PCP(10)=10000,
PCP(111=30000,
PCP{12)=60000.
PCP{133=100000.

DO 308 I=14426
PCP( 112040
V1 = 0,

570
580
520

600
610
620
&30
640
650
890
1120
1130
1140
1150
1190
1200

1210
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305
322

V2 = Qe

RHOP = O,

RKT= e TRUE o

HP= e FAL SE «

SP=eFALSE

TP= s TRUE «
IF{IPROTeEQel } TR=eFALSE.
CPCVFR = +FALSES.

CPCVEQ = «FALSE.

SHOCK = «FALSEe

DETN = «FALSEs

EV = «FALSES.

PASCAlL. = «FALSE.

MMHG = +FALSE
PSIA=sTRUE

R = 1987165

RR = 4184 +%R

SIUNIT = +FALSE.

EUNITS +oFALSE.

IONS = <FALSE.
IDEBUG=«FALSE «
IF{IFLG]l EQal) IDEBUG=E ,TRUE.
FA = Q.

OF = Oa

EQRAT= O,

FRCT= Qe

EQL = +TRUE

DO 305 I=1.26

IF(P(l )«EQesCe) GO TO 322

NP = 1

IF (MMHG) P(NP) = PI{NpI/760.

1F (PASCAL)Y PI(NP) = P(NP)/101325.
IF(PSIA }OPINPI=PINP) /144696006
CONT INUE

IF (FAJNEeUa) OF = 1e+/FA
IF(EQGRATEGeDe) GO TO 725

OF= (-EQRATH*VMIN(Z2)=VPLS(2) )/ {VPLS(1)+EQRATHVMINC1) )

GO TO 727

1220
1230

1260
1270

1290
1300
1310
1320
1330
1340
1350

1370
1380
1390
1400
1410

1430
1430
ias0
1460
1470
1490
1500
1510
is20
1530
1540
1550
1560
1570
1580
1590
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725

2051
724

T27

746

747

748

755
760

770
780

IF(OFsNE«Oa) GO TO 727
IF{(FPCT+EGeQs)} GO TO 9051
OF= (100+~FPCT)/FPCT

GO TO 727

WRITE(6+724)

FORMAT (48HONO INPTZ VALUE GIVEN FOR OF+ EQRATs FAsy OR FPCT

IF(WP(2)sNEWsDe) OF=WPSAVE( 1) /WPSAVE(Z2)
wP{1) = OF

WR{2) = 1.

SUM = WPl +4+WPI(Z2)}

FPCT = 100.%wWP{2)/5UM

IF (EQRATeNEsQas) GO TO 746

VZ2 = (WP YXRVMIN(L)Y+WR(2IHYMIN{ 2} ) /SUM

Vi = (WPL)#VPLS((1Y+WPR{2)%VPLS{(2})) /SUM
IF{V2eNE«Deo) EQRAT=ARS(V1I/V2)

DO 747 I=1.L

BO(I) = (WRP(I1)#BOP(I+1)+WP(2)¥BOP(14+2))/5UM
CONT INUE

IF {(EQRAT+EQele) EQRAT= 1.,000005
IF{eNOT«s IONSsORLLMT(|_ ) «eEQeIE) GO TO 748
L = L+t

LLMT(L) = 1IE

BC(L) = Oe

HSUBO = (WP(1)¥#HPP(1)}+WP{2)*HPP{2))/5UM
IFINEWR) CALL SEARCH

DO 755 N=1 NREAC

IFI(NAME(N:5)«eNEIZ) GO TO 785

TT = RTEMPIN}

CALL HCALC

GO TO 760

CONT INUE

IF(IFLGl«EQeDIGO TO 291

WRITE (6 INPT2)

WRITE (64770}

FORMAT (1HO«1 7Xa4HFUEL + 1 3Xe 7THOXIDANT + 12X+ THMIXTURE
FORMAT (1H 2A4+3E188/)

s7)

WRITE (6+780) LH«HPP(2) +HPP{1) + HSUBOLVP s VPLS(Z2) s VPLS{1) eVl

TILVMeVMINCZ) o YMINCL ) s V2

1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
isto
ig20
1830
1840
1850
1860
1870
1880
1890
1900

i910
1920
1930
1940
1950
1960
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http:IF(.NOT.IONS.OR.LLMT(L).EQ.IE
http:IF(V2.NE.Oo

€L-a

291

785

304
302

790

CONT INUE
HS5UBO = HSUBO/R
WRITE (64785)

FORMAT (8H ATOMS/G 3

WRITE(GS+780) (LLMT(I)+gl.ANK«BOP(112)+80P (11 }+BO(L)sI=10L1
RHOPR = WR(Z21¥RHO(1)+Wp (1 )¥RHO(2)

IFIRHOPeNE Qs ) RHOP = (WRP(1)}+WP(2))*¥RHD(1)#RHO(Z)/RHOP
Igls L+t

IF(NCeEQ.03 GO 10 790

DO 302 J=14NS

IFCIUSE(J) «EQeO) GO Tp 302

IF(IUSELJ) «GTo0) IUSE(JI= —~TUSE(J)
IF(NSERTJEQ+0) GO TO 302

DO 301 I=1+NSERT

IF{SUB(J11) «NESENSERT(1+1)) GO TO 301
IF{SUB(J12) «NESENSERT (2+13) GO TO 301
IF(SUB(Jr13) «NESENSERT(3+13) GO TO 301
ENSERT(1+1) =0,

101= 1Q1+t
IUSEt(J)= —~IUSE(J)}
CONTINUVE
CONTINUE
NSERT = 0

1t TN= 35

1C = #FALSE.
PP = NS

NPT = 1

ENN = al
SUMN = ENN
¥ = NS = NC

X1 = FNN/XT

XLN = ALOG(XI)

DO 432 J=1aNS
IF{IUSE(J)+EQs~10000) TUSE(J}=0
EN(Js1y = O,

ENLN(J)=0,

IF (TUSE(J)sNESQ)Y GO TO 432
EN(Js1Y = X1

1270
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
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432

ENLMOJY = XLN

CONT INUE

Jsop = 0

JLig = 0

IFIRKT) cALL ROCKET
KPT(LST)=NPT

RETURN

END

2340
2350
2360
2370
2390

2430
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$IBFTC CECS18 DECK

c

C

O

BLOCK DATA

DIMENSION ATEM{3+50)

COMMON/MISCA/ENNs SUMNs TT eSO ATOM( 3¢ 101 ) +LLEMT(1S)1+B0O( 151 BOP(1542)
T TMaTLOW TMIDs THIGH PP « CPSUMys OF yEQRAT s FRC TR WRRIHSUBGO s AC(2) 1AM 2
sHPP (21 sRHO(2)1+ VMIN( 23 s VPLS (2} s WP {2) s DATA(Z22)yNAME (1545
yANUMI 1545) s PECWT IS )I«ENTH(IS) aFAZ{1IS) yRTEMP(15)Y +«FOX{ 1SIsDENS (15}

1
2
3
4 yRHOPyRMW{151sTLN
EQUIVALENCE
ATOMIC SYMBOLSs WEIGHTS»
DATA ATOM/
A 2HH o 1e00797s ley
B Z2HBE » DeQ122 ¢ 2o,
C 2HN ¢ 140087 o Ooy
D Z2HNE s 204183 v Oe,
= 2HAL Y 2649815 +» 3w,
F 2HS + 32.064 v dey
G 2HK 1 394102 4 le,
H 2HTIs 47.900 v Gey
1 ZHMN » 54.9380 s Ze *
J ZHNI» 58,710 * 2y
K 2HGAY 69720 s 3Bey
L 2ZHSE+ 78.960 v by
M 2HRBs 85447 * ley
N 2ZHZRs 91220 s dae,
O 2HTCes 99,000 1 Teq
P 2HPD 1064400 + 2oy
Q 2HIN» 114,820 'y 3e,
DATA ATEM/
R 2HTE 1274600 * bey
S 2HCS41324905 o ls,
T 2HCE 1404120 + e
U 2HPM+ 145,000 ¢+ 3ay

CATOM(1+52)+ATEM?

AND VALENCES

400026
10811

2HHE »
ZHB o
2HO »
2HNA .
2HSTI s
2HCL. «
EHCA
2HV o«
2ZHFE"
Z2HCU
ZHGE s
2HBR

229898
28086
350453
404080
506242 »
55847 »
634540 o
T2¢590 »
79«09
2HSRe 874620
2ZHNBs 929086 o
ZHRU+ 101070 »
2ZHAGs 1074870
2HSEN+ 1184690 »

2HI 21269044
2HBA+ 137340
2HPR+ 140,907
2HSMe 1504350

Qes
3e

1549094 =20

levs
Han
—les
2ot
Ses
Ber
2o
b
-] ea
2o
Ses
Bas

les
4en

—les
Zen
3.1
e

2HL T
2HC
2HF »
Z2HMG»
2HP »
2HARy
2HSCe
2ZHCR»
2HCO
DHZN»
2HAS
2HKR »

654939

18.9984
24312

309738
39948

44 ¢« 956

51 «996
5849332
65270
T49216
B3.800
2HY + 88.905
2HMOs 95494

2ZHRH+ 102905
PHCD+ 1124400
2HSBs 121750

Z2HXE+» 1314300
ZHL.As 138910
2HND» 144,240
ZHEUs 1514960

*

1201115

- - » D - * * + + 4 - &

L

- 4+ & »

l1ae
LGan
-1as
20
Se
Qe
3t
Sen
2008
Z2e s
Sen
Qe
3o
G s
3es
2
3¢ /

Oas
Jas
e
3es

10
20
30
40
50
60
70
80
90

130
140
150
160
170
180
1390
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
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S%

IO TTMOON@IPNSX E<

END

ZHGD s 157250
PHHOY 164930
2HYRB« 173,040
2HTA+180.948
2ZHOS+ 190,200
EHAU 196967
2HPB1207.190
ZHAT 210,000
2HRA+226.000
PHP A+ 231 4000
2HPU 242,000
ZHBK s 249000
2HFM2 253,000

- - - . - B W & - - -

-

- @ & » & & & w4 » 2 S

PHTBY 158924
PHERY 167260
261U 1744997
Z2HW 1 183.850
2HIRy 192,200
2HHGy 200590
2HB1+ 208980
ZHRN+ 222000
2HAC+227000
2HU 238030
2HAM 243000
ZHCF +2514 000
2HMV + 256000

+ 4 4 & & * #+ B - a

-

3e e
3s
3e
Ee
4de
Ze
3e
Oe
3
Se
3e
Sen
Oe/

L I B R Y A )

ZHDY s 1624500
2HTMs 1682934
ZHHF Y 1 784430
ZHREY 186+ 200
2HPTs 1954090
2HTL + 204 370
2HPO+ 210+ 000
ZHFR+ 223000
2HTH» 232038
ZHNP 2 237000
2ZHCMy 247000
ZHES» 254,000

& @® @$ & a4 > & & 4 - a2 »

3en
Bes
oo
R
den
1w
Pes
1lanr
[
Sea
Se
Oan

410
420
430
440
450
460
470
480
490
500
510
520
530

740
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C

OO0

0O

L1-a

300

SUBROUTIME ROCKET

ROCKET PERFORMANCE
EITHER HPSP OR TPSP IS TRUE

LOGICAL HF+SP«+ TP+ IDEBUGINEWR ¢ IONS « MOLES+FROZ+EQL sL.OGV +HPSP s TRPSP
DIMENSION AA(Z2)sBB{2),CC(2}

COMMON/POINTS/HSUMI 133+ SSUMI13) +CPRUI3)+DLVTP{L13) 2yDLLVPT (13}

1 +GAMMAS(1I3) P (26} +T( 281« VI13)+PPPI13)eWMI13)aSONVEL{LI3)«TTT(13)
2+ TOTN(13)
COMMON/SPECES/COEF (24721501 e5(150) +EN( 150+ 13) +ENLN(150) +HO( 1501}

1 +DELLN{1S0)+A{15+4150) ,SUB(150+33 JUSE(150)Y+TEMP(S0+2)
COMMON/MISC/ENNs SUMN+ TTs SO+ ATOM(3+101) 2sLLMT(1S)4BO(15) +B80P( 1542}

1 sTMaTLOWs TMID«THIGH +PPs CPSUMs OF +EQRAT « FPCTsR+RR+HSUBDAC(2) +AM( 2)
2 +HPP(2) +RHO(23 2 VMIN(2) s VPLS(Z2) s WP 2) +DATA(Z22) +NAME(154+5)
3 YANUMI 15+5) +PECWT (1S5 +ENTH( 1S5 +FAZ{15) +RTEMP(15) o FOX(15)+DENS(15)
4 +yRHOPWRMW{15) s TLN

COMMON/INDX/ IDEBUGsCONVGsTPHP s SP s HPSPy TPSP 1 MOLESs NP NT + NPT+ NLLM

1 tNSIKMAT S IMATS IQ1 2 I1Q2+yNOMIT+ IP+NEWRSNSUB +NSUP+ I TN« CPCVFRCPCVEQ
2 +IONSsNCsNSERTs JSOL s JLIGKASE + NREAC S IC»JS 1
COMMON/PERF/PCP(26) «+ VMOC(123)+SPIM{13)sVACI(13)+SUBAR(13)+SUPAR (13}
1+sCPRF{13}2AEAT(13) +CSTREQL +FROZ»SS0

COMMON/CASENO/LST

COMMON/TAPE /I PROT

NAMEL IST/RKTINP/EQL ~FROZ + SUBAR « SUPARPCP
ITH = O

DO 200 I=1426

SUBAR(I)Y = 0O,

CONT INUE

HPSP = +TRUE.

HP = +TRUE.

TRSP = +FALSE.

10
20
30
40
50
60
70
80
20

100
110
120
i30
140
150
160
170
180
190
200
210
220
230

260
280
270
290
300
320
330
340
350
360
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302
3073

305

308

309

310

311

320

294

FOl.=esFALSE .

FROZ = «TRUES
IF(IPROTEQL1)T (1120,

IF (T(1)eEQeDa} GO T 302

TP3P = «TRUE.

TP = «TRUE.

HPSP = «FALSE.

GO TO 303

T¢(1y = 3800,
IF(PCP(1)1eNE2Ca) GO TO 308

DO 305 I=14NP

K = NP-I+2

PIKY = P(K=1)

CONTINUE

GO To 3ti

NP= 2

DO 310 I=1424

IF (1.GT«2} GO TO 309

IF ((PCP(I1)eEQeOs?eORPCP(IIeEQels) GO TO 310

IF (PCP(1)eEQe0Os) GO TO 311

NP = NP +

PINPY = PUI)/PCPI{T)

CONTINUE

NSUB=0D

NSUP = O

DO 320 I=1413
IFI(SUBARI T} «NE« 0e INSUR=NSUB+1
IF(SURPARIT ) eNE ¢ 0o YNSUP=NSUR+1

CONT INUE

IF{IFLGL.EQ.sQIGO TC 294

WRITE (6+RKTINP)

CONT INUE

ITROT= 3

550 = Qe

TT = Ttl)

SET ASSIGNED P

380

400
410
420
430
440
450
460
4770
480
490
500
510
520
530
5S40
550
560
570
580
590
600
610
620
630
6540
650

660

680
670
690
700
710
720
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QOO0

5200
291

ios

t90

191

923

DO 902 IP = {4 NP
PR = PLIP)
CALL EQLBRM

IFUIFLG! «EQ.0¥GO TO 291
WRITE(65+5200) TTs NPT

FORMAT(IIHOTT IN RKT=p10e3+2Xe+4HNPT=15)
CONT INUE

TINPT) = TT

IF(TTeNE«Os) GO TO 3193
IF(NPT+EQeO0) GO TO 1000
GO TO 900

PCPINPT) = P(1)/PP
IF{IPeGTsl) GO TO 195

COMBUSTION CHAMBER

TP £ «FALSE.
HP = «FAL_SE.
SP = +TRUE

80 = ssUMt i}

PCPI2Y={ (GAMMAS(1 )1 +1 4 § /26 ) ¥ %X {GAMMAS (1) / (GAMMAS{1)=14))
B2y = PtiYy/PePi2l

TT = Z2¥TT/(GAMMAS(1 )41}

GO0 To 900

IFLIP.GTe2) GO TO 900

THROAT

IFIITH«NE o 2) GO TO 1agi

ITH = 0

GAMMAS(2)Y = 0.

GO TO 900

DH = HSUM{1)~HSUMI(IZ}

DHSTAR = DH~GAMMAS(2)xTT%ENN/2e

IF (IDEBUG) WRITE(&+923)DHSTAR«HSUM{ 1) s HSUM(2) +PCER( 2)
FORMAT(4ER2548)

730
740
750

760
770
780
790
800
810
820
B30
840
850
860
B70
880
890
900
G110
Q20
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
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00

192
193

900

860

DH = DHSTAR/DH
IF{DHeL.TaOo DH=»DH

IF I DHe LE 4 0 ed4E~4 . ORaITROTLEQ. O} GO TO 900
IFLJUSOL«NELOY ITH =1

IF (JSOL+EQeQ e AND e ITHLEQel) [TH=2
IF(ITHEQeO?Y GO TO 192

SPECIAL THROAT INTERPOLATION [IF ITH = 2

DLNI = «CHTT¥ENNA{HSUM{1I1-HSUM{ 2}
AACYITH)I= o SHDLNI* (2 ¥DE NI +H{GAMMAS (2} =] ¢ ) /GAMMAS (2 )
XX = ALOGI(PCP{2})

BBUOITHY = 14/GAMMAS(Z2)~DLNI=2.#XX¥AA{ITH)
CCUITHY = ENN¥TT/(PPH# (HSUM(1)~HSUM(I2) )} 4% a5)
CCUITHY = ALOG(CCUITHI}=XX¥(BB(ITHI4+AA(ITHY*XX}

IF(ITHeEQe1) GO TO 192
BBE(1)=BB(1)-BB(2)

AACLY=AA(L)I=AA(2)
PCP(2)=(~BB{1)+(BB(1)%BB(11=4¢¥AA(1}¥(CC(1)=CC(2} 1) %¥#*45)/(2e*AA(L)
1)

PCP(2)=EXPIPCP(2))

GO TO 193

PCP(2)= PCP{2)}/(1e+24¥DHSTAR/ (ENN¥TT %(GAMMAS (2)+1e)))
P(2) = P(1) / PCP(2)

PP = p(2)

ITROT = ITROT-1

CALL. EQLERM

IF{TT.EQ.0.) GO TO 1000

GO TO 190

kK = O

IF («NOTEQL +ANDe FROZ) GO TO 990
IF(IPsEQaNPsOR«TT+EQen.) GO TO 8580
K = NPT

IF{NPTNEL13Y GO TO 570

CALL RKTOUT

IF(KsEQeQ) GO TO 990

WRITE(64865)

1050
1060

1070
1080
1090
1100
1110
1120
1130
1140
1150
1180
1170
1180
1190
1200
120
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1240
1350
1360
1370
1380
1390
1400
1420
1430
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c

865 FORMAT(1HI)
NPT = 2
870 NPT = NPT + 1

SAVE COMPOSITIONS FOR ExTIMATES OF NEXT POINT

DO 880 I = 14NS

EN(I«NPT) = EN{I«K)

880 CONTINUE
902 CONTINUE

990 IF (FROZ) CALL FROZEN

1000 RETURN
END

1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
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SORIGIN E
SIBFTC CECS4 DECK

C

00

ROU

1
2

1
i
2

3
4

1
2

1

SUBROUTINE EQLBRM
TINE TO CALCULATE EQUILIBRIUM COMPOSITION AND PROPERTIES

DOUBLE PFECISION XsG
LOGICAL HP+SP+TP s IDEBUGICONVG IONS+MOLESsFROZ2EQL s LOGV +HPSP + TP3P

LOGICAL IS8ING.IC
DIMENSION PROW(18}

COMMON/POINTS /HSUM{ 13)+SSUMI13)9CPR I3} +DLVTPU13) +DLVPT(13)

T GAMMAS (131410 (28)+T(263+VI13)+PPP(13)+WM(IZ)+aSONVELI13)«TTT (13}
sTOTN(13)
COMMON/SPECES/COEF (2474 150) +S{ 1501 ENU1S0+ 13 +ENLNI150)«HO(150)

sDELN{1S50)+A(15+4150),4,SUB(15043) + JUSE( 150} TEMP (S0 2)
COMMONA/MISCA/ENNsSUMN s TT+ SO+ ATOM{ 35101 ) s LILMTI{15)1+4B0(15S)+BOP({15.2)

s TMeTLOWs TMID+ THIGH PP+ CPSUM s OF +EQRAT « FPCTyR+RR ¢ HSUBO « AC (2 s AMI( 2)

HPP(2) sRHOLI2IAVMINI2] s VPLS(2) « WP {21 +DATA(22) +sNAME(1545)

JANUM( 15+5) sPECWT(1S)+ENTHI 1S) s FAZU{S) «sRTEMP(15) s FOX({ 153 +DENS (15}

TRHOPSRMW{15) a TLN

COMMON /DOUBLE/ G(20+21)+ X(20)
COMMON/ INDX/ IDEBUGYCONVGs TP +HP+SPaHPSP+TPSP+MOLESs NP s NT NPT +NLM

NS KMAT Y IMAT+ 1Q1 2 IQ2+NOMI T+ IPNEWR«NSUB +NSUPY I TN CPCVFR+CPCVEQ
+ TONS NCaNSERT JSOL s JLLIQ«KASEsNREAC» IC+JS]

COMMON/PERF/PCP (26 ) VMOC{13)+SPIMI13)sVACI{13)+SUBAR(13)+sSUPAR{13)
'CPRE(I3)+AEAT (1312 CSTRWEQL +FRQOZ S50

COMMON/CASENO/LST
FQUIVALENCE (NLM.L)

DATA ITER/4HITER/» IE/{HE/sSMALNO/ 1 4 E~6/+SMNOL /138155117

SIZE= (8.5

ISING = «FALSEe.
ENNILL ALOG(ENND
L.OGV «FAL SE»

H

it

10
20
30
40
50
60
70
a0
30
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
230
260
270

280
290
300
310
320
330
340
350
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499
33
244
43

182

PPLN = ALOQGI(PP)

TLN = ALOGITT)

CONVG = +FALSE.

ITNUMB = ITN

IFCIC) G0 TO 966

IF («NOTeIONSeORIE«EQeLLMT(L))Y GO TO 33
L = L+t

IGl = 1G1+1

DO 499 J = l+N3

IF (A(L+J) «EQeDa) GO TO 499
EN{J«NPT} = SMALNO

ENLN(J) = SMNOL

IUSF(Jy = O

CONT INUE

IFINPT«ECel) WRITE(H+244 ) ILLMTCI o I=1+L) s ITER

FORMAT (4HOPT +14(5XsA4) )
™ = ALOG{PP/ENN)

JS1 =

IF(aNOT« TP} CALL CPHS

IF(TPeAND» (CONVG+ORe ITNUMB<EQs I TN} ) CALL CPHS

IFCICY GO TO 17t

IF {«NOT«CONVG+ORe JSOLEGe Q) GO TO 62
ENSOL = EN(JSOLNPT)

ENCJUSOL sNPT)Y = EN(JSOLNPTIHEN{JLIGINPT)
TUSE(JLTIQ)Y = =TUSE(JLIQ)

16l = tQl-i

DLVTRP{(NPT) = O.

CPRINPT) = Q.

GAMMAS(NPT) = 0,

LOGY = «TRUES.

CALLL MATRIX

NUMB = ITN=-ITNUMB+1

IF({ o NOT« CONVG) GO TO 67

IF (LOGV+ANDaJSOL+EQe0) GO TO 63
DO 182 I=1.L

PROW(I)Y = G(IQ1l+1I)

CONT INUE

IF {«NOT.LOGVY) GO TO &7

360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
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http:IF(.NOT.TP

¥8-a

g LOGY = +TRUE«=— SET UP MATRIX TO SOLVE FOR DLVPT
ol
63 GLIQLI.1Ql) = ENN
Io = 1401 - 4
DO T7T7 I = la1G
Glla1Q2y = GEIsIQ)
777 CONTINUE
67 IF («NOTWIDEBUG! GO To 72
WRITE(S772) NUMB
72 FORMAT (11HOITERATION s 13:6Xy7HMATRIX //)
DO 911 I=1+IMAT
911 WRITE (6473) (Gl eKYar=1+KMAT}
72 IF{CONVG) IMAT=IMAT~1
1TST = IMAT
CALL MGAUSD
IFCITSTeNES IMATY GO TO 774
IF{aNOT« IDEBUG+OR«CONYG)Y GO TO 773
WRITE (64373)(LLMTC(1),I=14L)
373 FORMAT (7H0PI s QLAA10X) )Y
WRITE (6473X(X(1)+1=1,IMAT)
73 FORMAT (9E14.6)
T73 IF{«NOT«CONVGE) GO TO 85
1IF(LOGY? GO TO {71
174 SUM = Q.
DO 175 J=14L
SUM = SUM+PROW(J#X(J)
175 CONTINUE
DLVTP{NPTY = 14G({I1Q2,]1Q1)/ENN=SUM/ENN -~ X[11Q1}
CPRINET) = G(IQ2+102)
DO 176 J=1+101
CPRINPT) = CPRINPTI=G(IQ2«JI*X(.})
176 CONTINUE
LOGY = &+ TRUE.
GO0 TO 62
C
C SINGULAR MATRIX
o

740
750
760
7T7Q
780
790
800
810
8z0
820
840
850
B&0O
870
880
890
900
910
S20
930
940
950
960
Q70
280
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
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774 IF(«NOT«CONVGY GO TO 775 1120

WRITE(6+172) 1130

172 FORMAT(28HODERIVATIVE MATRIX SINGULAR ) 1140
1€ = 4TRUE. 1150

GO TO 171 1160

775 IF {aNOTeHPeORaNPToNE .1 e ORNCeEQeDeORTTGCT.100.) GO TO 87} 1170
WRITE(GE+874) 1180

874 FORMAT(96HOL.OW TEMPERATURE IMPLIES CONDENSED SPECIES SHOULD HAVE 1190
1BEEN INCLUDED ON AN INSERT CARD+ RESTART ) 1200

GO To 873 1210

871 WRITE (6+74) 1220
74 FORMAT(16HOSINGULAR MATRIX) 1230
1IF{IC) GO To 873 1240

IF (ISING)Y GO TO 997 1250
NTZERD = C 1260

966 DO 970 JJ = 1+ NS t270
IFCTUSE(JJY)Y 97049681067 1280

967 IFI{ENIJJNPTIeEQ.Ce) GO TO 873 1290
GO TO 969 1300

968 IF(EN(JJINPT)I«NE+Os) GO TO 969 1310
ENCJIJoNPT)Y = SMALNO 1320
ENLN{ JJ)Y = SMNOL 1330

GO To 970 1340

969 NTZERO = NTZERO+1 1350
970 CONTINUE 1360
IF(LNOTICY) GO TO 971 1370

IC = JFALSE. 1380

GO TO 43 1390

071 ISING = «TRUE. 1400
WRITE (64776) 1410

776 FORMAT (8HORESTART) 1420
GO TO 43 1430

997 1F(NTZERQ«NE.(L-1)) GO TO 873 1440
IF(EQRATsGT el ¢« 00001 s OREQRAT LT 0099999 GO TO 873 1450
ENN=0, 1460

NEN = 0 1470

DO 83 I=1.L 1480
JEN=0 1490

$23291d DETIH/DOSAT


http:IF(,NOT.IC
http:IF(EN(JJNPT).NE.Oo

98-

OO0

80

83

84

85

98

99

100

DO 80 J=1,N3
IF{ENC(JsNPT) o £EQe Q0 ) G0 TO 80
IF(A{TI+J)eEQeQe) GO TO 80
IF{JENJNELD)Y GO TO 83

JEN = U

CONT INUE

NEN = NEN+1

ENCJENSNPT)Y = BOCI /AL JEN)
CONT INUE

IFINENL. TeNTZERO) GC TO 873
CONVG = +TRUE.

IC = +TRUE.

HSUMINPT) = Q.

DO 84 J=1sNS3
IF(ENC(JINPT)IsEQeOs ) GO TO B4
ENN = EN{JoNPTI+FENN

TEM = EN(JsNPT)

ENLN(JY = ALOG(TEM)

HSUMINPT ] = HSUMINPT) + EN(JsNPTI¥HO(J)
CONT INUE

TM = ALOG(PP/ENN)

GO TC 43

ITNUMB= ITNUMB~1
OBTAIN CORRECTIONS TO THE ESTIMATES

KiK = | + t

DLNT= X(1Q2)

IF (TP} DLNT=0.

DO 101 J=1 NS

IF {JUSE(J}Y) 1014985100

DELNIJ) = HOCDI¥DLNT—HO(II+S (I —~ENLN(J)Y-TM+X(1Q1)

D0 99 K=1s0L

DELN(J1= DELNCIIHFATK ) #¥X(K)
CONT INUE

GO TO 101

DELNCJ) = X(KK)

KK = KK 4+ 1

1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860

1870
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8-

[aNe ]

101 CONTINUE
AMBDA= 1.
AMBDAL= 1.
SUM = X(lat)
IF(SUMeL.Ts0s) SUM=~SUM
IF(DLNT«GT o SUM) SUM=pILLNT
IF{=DLNT+GT «SUM) SUM=—-DLNT
DO 217 J=14N5
IF (IUSE(J)eNE.O) GO TO 917
IFCIENIJINPT) o GT 40e) s ANDeDELN{ J) e GTeSUM) SUM = DELN( J)
IFC(ENIJINPTI e NEsCo) 0Re DELN(J)«LE«QCe) GO TO 917
SUM] = (~9212~ENLNUJIH+ENNL Y/ (DELN({J) ~X(1Q1))
IF{SUM1«LT+0s) SUMI=.SUMI

IF (SUMi.LT+AMBDAl} AMBDAl = SUMI
917 CONTINUE

IF{SUMs GTeZ s+ YAMBDA=Z o /SUM

IF (AMBDAL «L.T»AMBDA) AMBDA = AMBDAI

IF («NOT.IDEBUG) GC TO 111
WRITE({61923) TT+ENNsENNL +FPP ¢ PPLNAMBDA
923 FORMAT (3HOT=4+E1S58+6H ENNS1E1S5«817H ENNL=E15:815H PP=+E158»
1 7H PPLNzE1S«8:8H AMBDA=E1%5.8 )
WRITE (6+.924)
924 FORMAT(1HO«18Xs2HNI«12XeSHLN NI +8X+OHDEL LN NI+10Xs4HH/RT 19X +4HSO/
1R112Xe6H~GO/RT 219X+ SH~G/RT )
DO 926 J=1 NS
FNEG1 = S(JY—HO(W)
FNEGZ = FNEGH
IF{ITUSE(J) +EQe 0  FNEG2=FNEG2-ENLN(J)~TM
WRITE (64925) SUB(Je13+SUBIJe2)
ISUBC(Ja3) sEN{J NPT SENLNID) WDELNEJ)Y s HD(J 1 2+ S{J) o FNEGE o FNEG2
925 FOPMAT (1X«3A4+TE1Se6)
9286 CONTINUE
WRITE (64110)
110 FORMAT(1HO)

APPLY CORRECTIONS TO gSTIMATES

111 SUM = O

=1=1¢]
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2180
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
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http:ENNL=ES.8.5H

88-0

OO0

114
113

1116

1118

DO 113 J=1eNS
IF CIUSEFIJYY 113+11

2+114

ENLNCO)Y=ENLNIDY+AMBDAXDELNCJ)

IFCCENLNIJI—ENNL+SIZE) s LE«Ce} GO TO 113

TY + AMB

EN(J«NPTY = O,

EN(JoNPTY = EXPIENLNO Y)Y
SUM = SUM+HEN{JNPT)

GO TO 113

EN{J«NPT)Y = ENIJINP

CONT INUE

SUMN = SUM

IF (TR)Y GO TO 115
TLN= TLN+AMBDA®*DLNT
TY = EXP{TLN)
ENNL = ENNL+AMBDA¥X
ENN = EXP{ENNL.)

(1q1)

DA * DELNUJ)

IF (LLMT(L)eNESIE} GO TO 116

CHECK ON REMOVING 1

DO 1116 J = 14NS

ONSg

IF {AlL+J)eEQeOeY GO TO 1116

IF (EN(JINPT)«GT 404
CONT INUE
DO 1118 J=1+NS

) GO 7O

CONT INUE
L= -1

101 = 1Q1-1
GO TO 43

TEST FOR CONVERGENCE

IF (ITNUMB<EQ.0) GO TO {3
IF (AMBDA«L.Tels) GO To 43

SUM = (BENN--SUMN) /ENN

IF (SUMel{ Te0s) SUM
IF (SUMeGT o Qe BE-5)

= -5UM
GO TO 43

116

-~10000

2260
2270

2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
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o0

123
130
13

306

973 FORMAT(1HL+12+69H ITERATIONS DID NOT SATISFY CONVERGENCE REQUIREME
{NTS FOR THE POINT IS}

160

144

146

147

ta8

DO 130 J=1aaNS

IF (IUSE(J)+.Te0) GO TO 130

Af= DELN(J)Y /SUMN

IF(AALTsOe) AA=—AA

IF (IUSE{J)+EQa0) AA = AAXEN(JINPT)
IF(AALGT 0 eSE~5) GO TO 43

CONT INUE

CONVG= » TRUES

IF(TT +LTeTLOWLORSTT oGCTe THIGHIWRITE (6+306)TT NPT
FORMAT ( 1 7THOTHE TEMPERATURE=E12.:44+26H [S OUT OF RANGE FOR POINT+I5)

IFCITNUMBNELO ) GO TO 160
WRITEL6+973) TTNWNPT

IF (eNOTeHPesOReNPToNE o] sOReNCeEQeQeOReTToeGT«100s) GO TO 873
WRITE(&+&T74)

TT = T(1}

RETURN

CONVERGENCE TESTS ARE SATISFIEDs TEST CONDENSED SPECIES.

IF(NCeEG+D) GO TO 143

SIZEF = Qe

iNC = O

DO 170 J = 14NS

IF (IUSE(J) eEQe0 +0Ra IUSE(J)EQe=~10000) GO TO 170
INC = INC + 1

1IFLIDEBUG) WQITE(69144!(SUB(J|I)QI=10311TEMP(INCOl)iTEMP(iNCSZB\
{ TUSE (JY «ENCJAaNPT)

FORMAT (1HO.3A4+2F 1043 3X1SHIUSE=e[4+E15e7)

1IF tENLJWNPTY) 14621484169

IF (JoeNE e JSOL «ANDe J oNEsJLIQ) GO TO 147

JsSoL = O

Juig = 0

1Q1 = 1Q1 - 1

EN(JsNPTY = O,

GO TGO 166

KG = 1

2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2880
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2930
3000
3010
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IF{TUSE(JI sEQe~TUSEtJ+1))Y GO TO 15
151 IF(JeEQe{«ORe IUSE(J) eNEo~IUSE(J=1)

KG = -1
154 JUKG = J 4+ KG
IF (EN(JKGsNPT}«LT+0ey GO TO 170
TMELT = TEMP(INCs1}
IMP = INC + KG

&4
)

IF{TMELT«EQeTEMP (IMPsp2 }) GO TO 158

TMELT = TEMP(INC42)

IF (TMELTEQeTEMP({IMP,41)) GO TO 157

WRITE (64156)

156 FORMAT (50H03 PHASES OF A CONDENSED SPECIES ARE OUT OF ORDER

OO0

157 IF(TT«GT-.TMELT)Y GO TO 169
IF (TPLANDSTTLEQsTMELT) GO TO 169
IF (TP) GO TO 1165
IF (TT4LE«TMELT~150e) GO TO 1165

JSOL = J
JLIQ = JKG
GO TO 159

C
C JTH SPECIES A LIQUID(EN=0)s (J+KG)TH SPECIES A SOLID
C

158 IF (TT.LT«TMELT) GO ToO 169
IF (TPoANDTT+EQeTMEL T} GO TO 169
IF (TP) GO TO 1165
IF (TT«GE«TMELT+150e) GO TO 1165
JEOL = JKG
Jutg = J

159 TLN = ALOG (TMELT)
TT = TMELT

EN(JKGNFT) = o5 ¥ EN{(JKGNPT)
ENC(JSNPT) = EN(JRGINPT)
GO TO 165

c
€ WRONG PHASE INCLUDED FOR T INTERVAL

JTH SPECIES A SOLID (EN=0)s (J+KG}TH SPECIES A LIQUID

SWITCH EN

GO TO 153

(EN IS +}

(EN 1S +)

3020
3030

3040
3080
3060
3070
3080
2090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
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OO0

1165

153

167

168

169
170
1160

165
166

40
143

771

171

EN{JINPTY = EN (JUKGs NPT
TUSE ) = ~TUSF(.J)

TUSE (JUKG) = =TUSELJKG)
EN(JKGINPT Y= O,

GO TO 40

IF (TTeLTTEMP(INCs1) <ANDSTEMP(INCs1)eNESTLOWY GO TO 169
IF (TT«GT«TEMP(INCs2)y GO TO 169

SUM = G

DO 167 1 = 1.0

SUM = SUF 4+ A(ls0)%X{1)

CONT INUE

DELF = HO(JI~S(J)I~SUM

IFCIDEBUG) WRITE(G6+168IDELF+SIZEF

FORMAT (17H GO=SUM(AL J*Pl)}) =E1S«7+ 10X+ 18HPREVIOUS DELTA G
IFIDELF o GE+SIZEF «0ORe DELF+sGE«Qe} GO TO 169

51ZEF = DELF

JDELF = J

IFCINC.EQeNC) GO TO 1160
CONT INUE

IF (S1ZEF.EQsQe) GO To 143
J = JDELF

Gl = 1Q1 + 1t

TUSECJY = — TUSELD)

CONVG = <FAL.SE.

TN = NUMB

WRITE(Hs7T71INPTe (X{ILjasI=1+L) TN
FORMAT (I3+14F943)

ITNUMB = ITN

GO TO 43

CALCULATE EQUILIBRIUM PROPERTIES

SSUMINPT)Y = Q.
IF(ILIQeNESO) EN(JISOL yNPTILENSOL
DO 183 J=1 NS

=ZeE1S5e7)}

3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
4680
3690
3700
3710
3720
3730
3740
3750
3760
3770
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http:IF(INC.EQ.NC

26-d

7689

183

178

179

184

199
186

200

201

IF (NPTeEQ.]} S50 = &80 + EN(J1I%¥S5(J}
WRITE{6+7689)S50.EN(J,11+3(0)

FORMAT({ 1 HO+4HSS0=2E10e342X 9 3HEN=E 10a 3¢ 2X s 2HS=E 103}
8% = s({H

IF(IUSE(J) «EQ.O) SS=gS~ENLN({J}I~TM

SSUMINRPT) = SSUMINPT ) 4SSHENCJ«NPT)

CONT INUE

IF(«NOTIC) GO TO 17a

DLVPTINPTY = =1,

DLVTRINPT) = 1

CPRI{NPT) = CP5UM

GO TO 199

SUM = Q.

DO 179 J = 1.0L

SUM = SUM + PROW(JI*X(J)

CONT INUE

DLVPTI(NPT) = -~2:+5UM/ENN4 X{I1Q1)

IF(JULIQEQ.0) GO TO 199

IUSE(JUL.IQY = ~IUSE(JL1Q)

HSUM{NPT) = HSUM(NPTI+EN(JLIQsNPTI¥(HO(JLIQ)~HO(JSOL))
1IQ1 = 1Q1+1

GAMMAS (NPT} = ~!«/DLVRTI{NPT)

GO TO 186

GAMMAS (NPT} = —1 4 /{DLYPTINPTI+(DLVYTPINPT)®%2) ¥ENN/CPR(NPT))
TTTINPT) = TT

PPP(NPT} = PP

CPRF{NPT = CPSUM

HSUMINBPT) = HSUMINPT)%2TT

WMINPTY = |+/ENN

IF (+NOT.1IDEBUG) RETURN

WRITE(S+201) NPT+PCR{INPTI PPy TT+sHSUM(NPT ) « SSUMINPT) s WMINPT ) s CPR (NP

ITIeDLVRPTINPT)Y+DLYTPINPT) s GAMMASINPT)

FORMAT (7HOPOINT =1343%X+4HPCP=zE 1346+ 3X s 2HP=E13+6+3Xs 2HT=E13+6 13X ¢ 4H

IH/R=E12e643Xe4HS/R=E 13,6/ /3% e 3HMW=E 13464 3X s SHCP/R=F 13,64 33X+ 6HDLVPT
27E13e693Xe6HDLVTP=E13,63+3X+FHGAMMA(S)=E13.6 )

GO TO 1000

ERRORs SET TT=0

3780

3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3200
3910
3920
3930
3940
3950
3960
3970
3980
3950
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
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£6-0

C

873 TT=0.
NPT =

1060 RETURN
END

NPT—1

4140
4150

4160
4170
4180

$2¥291d DHIH/DSINT
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C

¥6-Ad

IBFTC CECS17 DECK

SUBROUTINE FROZEN
{FROZEN COMPOSITION EXPANSION ONLY)

LOGICAL EQL+FROZ+CONVG

COMMON/POINTS/HSUMIE 1331+ SSUM13) +CPRILIZ Y «DLVTPUL1I3) sDLVPT(13)
1 sGAMMASI13)eRP(Z28)yT(o6) e VII3)sPPP(I3) ¢ WM{13)+SONVEL (I3} TTT L)
2+TOTN(13)
COMMON/SPECES/COEF {2+ 74150)33(150) «EN( 1502131 +ENLN(1S0)YsHO(150}
1 +DELN(IS0)1A(15+150),SUB(150+3)+ TUSE(1ISOY 1 TEMP(S02)
COMMON/MISC/ENNISUMN!TT!SOQATOM(3!101)tLLMT(IS)'BO(IS)OBDP(15'ZJ
1 +TMAaTLOWs TMIDTHIGH PP+ CPSUMy OF » EQRAT FPCTeRIRR ¢ HSUBQ s AC{2) ¢ AMI( 2)
2 *HPP(2)+RHO(2)+ VMINI 21+ VPLLES(Z2) + WP (21 +DATA(Z2) ' NAMEL 15+v5)
3 +ANUM{15+S) +PECWT (1S )+ENTHL{ 15} +FAZ(1S) +RTEMP (15) +FOX(15)+DENS (15}
4 sRHOP+sRMW({15) s TILN
COMMON/INDX/ IDEBUGsCONVGI TP 1HP s SP s HPSP s TPSPaMOLES s NP s NT NPT o NLM
1 INSIKMAT » IMAT+ IQL+ I Q2+ NOMITs IPYNEWRsNSUB«NSUPS I TN s CPCVFR « CPCVEQ
2 s IONSINCeNSERT s JSO.e JLIG+KASEWNREAC IC+JUS]
COMMON/PERF/PCP{26)+ VMOC (13} +SPIMIIZ)+VACI(13)sSUBARI13)+SUPAR(13)
1 +CPRF{I3}+AEAT(13) +CSTR«EQL +FROZ 850
COMMON/OURTA/FMT(30) +FPL4AIsETI4) sFHIA)YsFS(4) s FMIA) sFVI4) sEDG )
1 tFC(A4YsFGUA4 )1 FBaFMTI3sF L aF2sF32F4+FSsFLL{4)YsFMTIQWFAL sFA2
2 oFRIWFCIFNUA)2aFRIAJ+FA (L) «FI{4)+FMTOX+FQO+FRI(2)

ITROT = 3
EQlL. =+FALSE.
NPT = 2

TT = TTTC1)Y

TLN=ALOG(TT)
WRITE(&+9000)TTSSOCPRF (1} +PCPI1 )+ WM 1) s TLLN+GAMMAS (1)

9009 FORMAT{IMO+3HTT-E103,44HSS02E10e3+5HCPRF=E10e344HPCP=E1043¢
I1ZHWM=E1O0s3+¢4HTLN=E10 e 3+ THGAMMAS=F10.3)
GAMMAS(1) = CPRF{1)1/(cPRF{1)~1e/WM{1))
CPR(1) = CPRF(1)
PCR(2) = ((GAMMAS(1)+1a)/2¢) %85 (GAMMAST 1)/ {GAMMAS(1)~14))

DATALL) = 2/(GAMMAS( 1) + 1)

10
20
30
40
50
60
70
80
g0

100
110
120
130
140
150
160
170
180
190
200
zZ10
220
230
240
250
260
270
280
290
300

310
320
330
340
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45

51

60

81

TILN = TLN 4+ ALOGIDATA(L))
DO 902 [P=2+NP
IFINFPT«EQs2) GO TO 45
PCPINPT) = BtIY/PLIP)
CONVG = +FALSE.

PCPLN= ALOG(PCRINPT)}

50 = SS0 —PCPLN/7WM( 1)

SUMH = O,
TT=EXP{TLN)
SUMS=0,

Jsl1 = 1

NNN = NPT
NPT = 1
CALL CPHS
NPT = NNN

DO 60 J=1+NS
IF(EN(.Js1)eEQeDs) GO TO &0

SUMS = SUMS + S{JI¥EN(Jel)
IF(CONVG) SUMH=SUMH+HO{ JISEN(Je 1)
CONT INUE

IF (conve) GO TO 81

DLNT= (SUMS—S0) /CPSUM
TL.N=TLN-DLNT

IF(DLNTolL.TeOe) DLNT==DLNT
IF(DLNTeLTe0eSE~4) CONVG=eTRUE e
GO TO 51

FTTI(NPTI= TT

SSUMINPTI= SSUMI(1)}

HSUM (NPT )= TT#SUMH

GAMMAS (NPT )= CPSUM/{CESUM—1 4/ WM{ 1))
IF{IP«GT+2) GO TO 28N

THROAT CALCULATIONS

DH = HSUM(I)-HSUM{2)

DHSTAR = DH—(GAMMAS(Z2)#TT/{2.%WM{1)))
DH = DHSTAR/DH

IF{DHeLTeO6e) DH=-DH

350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
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Q0

501
200

903
863

865

870
902
t 000

IF(DHWLEaQedE~4 e DR« I TROT«EGL 0}

PCPR(2) = PCRI2)/ (1 ++2 4DHSTAR¥WMI L )/ (TTH{GAMMAS(2)+14)) )

Pl2)Y = P(1)Y/PCP(2)
ITROT = ITROT-1

GO TO 45

WMINPTY= WM(])

PRPP({NPT) = P(IP)

CPRINPT)= CPSUM

K = 0

IF (TT+LTe{TLOW-1504)1G0 TO 903
IFINCeEG.0) GO TO 700

INC =0

DO 901 I=14NS

IF(IUSE(]) eEQe0eORe IUSE (1) «EQe—
INC = INC+1

IF(EN(I+1)+EQeQ0e) GO TO 901

IF (TTelLTo(TEMP{INC1)-5041eOReTTaGTa(TEMP(INCs2)+50e))G0 TO 903

CONT INUE

IF { 1PeEQeNF) GO TO 863
K = NPT

IF (NPTeNEe.13) GO TO g70
GO TO B63

NPT = NPT - 1

CALL RKTOUT

GO To 10CO

IF {(KeEQ.O0)Y GO TO 1000
NPT = 2

NPT = NPT + 1

CONT INUE

RETURN

END

GO TC 290

10000) GO TO

730
740
750
760
770
780
790
800
810
820
830
840
850C
860
870
aso
890
900
210
920
930
940
950
960

980
990
1000
1010
toz20
1030

%2910 DHYH/DSAT
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L6-a

SIBFTC CECS9 DECK

C

c
C
C

OO0

SUBROUTINE HCALC

CALLCULATE ENTHALPY FOR PROPELLANT USING COEFFICIENTS

Is

1

i
2
3
4

t
2

LOGICAL MOLES
DIMENSION NUMU15:5)eWS(2)

COMMON/SPECES/COEF (24741501 +S(150) +EN( 1509 13) sENLN{ 150) +HO{ 150
+DELNC1S032A(154150),SUB(150+3) 1 IUSE(ISOY+TEMR(5042)

COMMON/MISC/ENN+ SUMNs TT s SO+ ATOM( 3+ 10112 LLMT(15).80(151+BOP(15+2)
s TMs TLOWs TMID s THIGH + PPy CFSUMs OF sEQRAT +FPCT+RIRR s HSUBO s ACT 21 2 AM(2)
T HPP(2) sRHO(Z2Y s VMIN( 21 s VPLS(2) +WRP{21+DATA(22) + NAME( 1S5+5)
sANUM15485)+PECWT (1S5 ) +ENTHI15) +sFAZ{IS)IIRTEMP (15) +FOX( 151+ DENS(15)
T RHOPSRMW(15) « TLLN

COMMON/ INDX/ IDEBUGsCONVGs TP +HP s SP+HPSP+TRPSP+MOLESy NP« NT NPT s NLLM
NS+ KMAT s IMAT+ IQL s JQ2yNOMIT IP+NEWRNSUB+NSUPs [ TNs CPCVFR+CPCVER
y IONS+NC o NSERT + JSOL + JLLIQ+KASE«NREAC.IC4+JS1

EQUIVALENCE (ANUMeNUMy o {LLaNLM) o ( Js JS])
DATA AG/IHG/ s IZERO/2HO0/ 4 CX/ 1HO/
TT IN RANGE

IF( T TelL T ({TLOW~1004)c OReTTaGTe (THIGH+1000.))G0O TO 75
WSC1y = Qo

wstzy = 0O,
HPP{13=0,
HPP(2)=0,
AC(13=0e
AC(2)=04

B0 900 N=1 ¢NREAC
K=2

IF(FOXINY aEQeOXIK=1
PCWT=PECWT (N)
IF IMOLES)IPCWT =PCWTX¥RMwWIMN)

10

30

40

50

60

70

80

90
100
110
120
130
140
ts0
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
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10

20
30
40
50

55
56

&0

70

WS(K) = WS(K)Y + PCWT
IF{NAME(N+5) « NE» I ZERO)GO TO 500
J = NUMINS)

1IF (JeNELOY GO TO 90

DO 1Q JU=14L

DATA{J)=0.

CONT INUE

DD 40 I=1.4

IFCANUMINGT ) eEQe Qe 1G0O TO 50

DO 20 J=1sb

IF(LEMT(J) «EQeNAME(Ns 1)} GO TO 30
CONT INUE

DATA(LI=ANUMINs I}

CONT INUE

15=0

DO 79 J=14NS

IFCIUSE(J)«EQe0IGC TO 55

IS = 1541

IF(FAZ(N) «EQeAGIGO TO 70

IF(T T aGT«TEMP (IS +»2) e ANDeTEMP (IS +2) s NEa THIGH) GO TO 70
IFCT Tl TeTEMP (IS 1) e AND«TEMP(ISs1}eNEeTLOW) GO TO 70
&0 To S6

IF(FAZIN)YeNE+AG) GO Tg 70

DO 60 1l=1sL

IF(A(T+J) e NESDATALTI D)) GO TO 70
CONT INUE

NUMINIS) = J

GO To 90

CONT INUE

DELNTJY= ENCISNPT)

ENCJsNPTY = 1

CALL CPHS

ENCJ«NPT) = DELN(J}

NS = NSS

IF (HO(J)YsGTe=eC1 +ANDe HOCJ) el .TeeOl) HOCGJ) = Do
RTEMP(N?} = TT

ENTHI(N) = HO(JI®#R®TT

ACIK ) =ACIK)4+CPSUM¥PCWT/7RMW (N}

380
390

400
410
420
430
440
450
460
470
480
490
500
510
520
S530
540
550
560
570
580
590
&600
610
620
630
640
650
660
700
710
720
730
740
750
760
770
780
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http:HO(J).GT-.O1
http:IF(FAZ(N).NE.AG

66-C

500
900

90

850

75
76
80
85
1000

HPP (KK =Ml PIK)SENTHIN) xPCWT/RMW (N)
CONTINUE

DO 950 K=i+2

IF(WS(K) sEGeDe GO TO 950

HPP (1K) =HPP (K ) /WS (KK
AC(IKI=ACIKI/WSIK Y

GO TO 80

NSS = NS

NS = U

CONT INUE

HSUBO = (WP{IJ¥HPP(1)4+WP(2)Y#HPP(25 ) /(WP(1y4WP(2) )

GO TO 1000
WRITE(G6+76}

FORMAT(S30HOREACTANT TEMPERATURE OUT GOF RANGE OF THERMO DATA

WRITE(6+85) N

FORMAT(1HO+ 12«34 TH REACTANT 1S NOT IN THERMO DATA )

RETURN
END

790
800
810
320
830
840
&e70
680
690
850
860
870
880
890
900
2910
Q20
930
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$1BFTC CECS14 DECK

C
Cc
C

C

ROCKET PERFEORMANCE PERAMETERS
SUBROUT INE RKTOUT
LOGICAL EQL«FROZ 1 TP+ P+ SPvHPSP+ TRPSP s SHOCK
DIMENSION NV(131+Z2(10,4)sRHOISP(13)

COMMON/POINTS/HSUMI 1314 SSUMI 13} 2 CPRIL3IDLVTRP 13 +DLVPT(13)

1 1GAMMAS({13)+P{26)1T(26)sVI13)+PPR(13)sWM(12) 1SONVEL (131 TTT (13}

2 +TOTN(13}
COMMON/SPECES/COEF (2974 150) +5( 1505 +EN( 150+ 13) 2ENLNC 150 e HO( 150

1 WDELNCISO)IAL154150) ,SUB(150431+9USE(1501«TEMP (502}
COMMON/MISC/ENNISUMN TT S0+ ATOM(3+ 10112 LLMT(15)+B0OI15)+BOP(15+2)

1 s TMsTLOWs TMID THIGH s PP s CPSUMs OF +EEQRAT + FPCT1R«RR«HSUBO s AC(2) 1 AM(2)
2 +HPP(Z2)sRHO(ZIs VMINI2) 1 VPLLS(2) s WP (2) +DATA(22) +NAME({ 1S5+ 5)
3 AANUML 15 ¢5) +PECHT (IS}« ENTHO 1S s FAZ{15) +RTEMP (151 1FOX (1514 DENS(15)
4 +RHOPsRMW(15)+ TLN

COMMON/INDX/ IDEBUGsCONVGs TP 1HP 4 SP s HPSP s TPSP s MOLESs+ NP «NTsNPT o NLM

I tNSIKMAT+IMATIQ1+I1Q2NOMIT+ IP'NEWR+NSUB 1NSUP+ I TN+ CPCVFR s CPCVEQ
2 s IONSINCaNSERTJSOL s JLIGIKASEsNREACICHY»JIS1
COMMON/PERF/PCP(26) s VMOC(123) +SPIMI 13) s VACI (13)+SUBAR{13)+SUPAR(13)
{ +CPRF(13)+AEATI(13)1+CSTRIEQL +FROZ+ S50

COMMON/OUPT/EMT (30 s FP(4) s FTLA) sFHI4) s FS(4) +FMIA) 2aFV(4) sFD(4)

1 AFC (A YA FG I 4+ FEBaFMT 139F 1sF2eF3F4+FSHFLI4) »FMT IO FALWFAZ

2 WFR1I«FCLAFN(4) +FRI4 31 FA{A) sF1(4) FMTOXWFOFRI(2)
COMMON/GASES/TAB (34124131 sNMIX

COMMON/SUNUP/SUN(34,40,2?

COMMON/CASENO/LST

COMMON/TAPE/IPROT

COMMON/MOLFRC/ZFRAC (401 o KF

EQUIVALENCE (VeNV) s (Z,H0)

DATA EXIT/4HEXIT/

1o
20
30
40
50
(518
70
80
90
1Q0C
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270

280
290
300
310
320
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OO0

00

37 FORMAT( 1H1./24X+84HTHEQRETICAL ROCKET PERFORMANCE ASSUMING EQUILIBR
1IUM COMPOSITION DURING EXPANSION 77

38 FORMAT(1H1 126X 7E8HTHEQRETICAL ROCKET PERFORMANCE ASSUMING FROZEN C
1OMPOSITION DURING EXPANSION s

737

40

862

48

45

Aw

LSP=LST
IF(EQL) WRITE (6437}

IF («NOTEQL) WRITE (g£438]

IF (TPSP) WRITE (6+737)

FORMAT (52X128HAT AN ASSIGNED TEMPERATURE
VI1) = PPPI)®14.,696006

WRITE (64401 V(1)

EORMAT(SH PC = +FB8s1+5H PSIA)

CALL OUTt

NEX = NPT — 2

DO 862 1 = 1.NEX

vily = EXIT

WRITE(S+48) (VII)el=1 4NEX}

FORMAT{ 1HO ¢+ 16X+ ] 6HCHAMBER THROAT  +11(5X+A4})

PRESSURE RATIOS

DO 45 1=14NPT

K= 2%I1+3

FMT{K)= F3

IF (PCP(I)eGE«i0004) FMT(K)=F2

IF (PCP{I1)eGE 10000 ) FMTIK)=F1

IF (PCP{1)eGE«1000000 ,)FMT(KY = FO

CONT INUE

WRITE (6+FMT) FRI1sFBsFBEBs (PCP(J) o J=]1 ¢+ NPT
CAlL.L. cuT2

AGY = 2.80665

DO 202 K=2+NPT

SPIMUK) = (24¥RRFI(HSUM{ 1) =HSUMK)} )) #¥*eS5/AGY
(AW IN UNITS OF SEC/ATM

AW = RRE¥TTTI(K)/Z(PPP(K)#*

WMIK)%¥5PIM(K ) #AGV¥#2)

330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
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http:WRITE(6.48

201-d

OO0

O 00

OO0

200

202

MA

520

208

C¥

CF

212

AR

IF(KJNEZIGO TC 200

AWT=AW

CSTR=32 1 74%P (1) #AWT

AEAT(K)=AW/AWT

VACT (KY=SPIMIK)+PPR{K)*AY

IF (SONVEL (K) +NE+ODs) YMOCIKI=SPIMIKI*¥AGV/SONVEL{K)
NVIKY= CSTR 4+ 5

CONT INUE

CH NUMBER

VMOC(1)=0.

IFIGAMMAS(2)+EQeOs) VYMOC(2)=0s

FMT(T7) = F3
WRITE(SsFMTIIFNII)al=144)0(VMOC(J) e J=1 NPT
DC 520 JAB=1+NPT

TAB(LSPy 4. JAB)SVMOC( JAB?}

WRITE (6+208)

FORMAT (1iH )

FMTl4) = FMTOX
FMT(5) = FMTI3
FMT{(&) = FMTIQ
FMT(7) = FB

WRITE(SFMTIIFRUI) s I=194) s INVIJY 2 J=24NPT)

- THRUST COEFICIENT
EMTl8) = EMT(8)
EMT{7) = F23

Do 212 1=2 NPT
VI1)=32 174¥SPIM(TIY/CSTR
WRITE(GsFMTIFC1 +FBaFBFBs{VI{J) s J=2+NPT)

EA RATIO

700
710

720
730
740
750
760
770
780
790
800
810
820
830
840

850
B&60O
870
880
890
200
910
920
930
340
950
260
970
¢80
990
1000
1010
1020
1030
1040
1050
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OO0

C
Cc

C

214

530

FMT(5y = FB
DO 214 | =
K = 2%143
FMT{K) = F4
IF (AEAT(1)«GEsl ) FMT(K) = F3

IF (AEAT(I)eGE«10s) FMTIK) = FZ2

IF (AEAT(I)+GE«1CO4)} FMTH{K) = F{

CONT INUE
WRITE(ASFMTIFALIFAZIFRIFBs (AEAT{JY s J=2 NPT}
DO 530 JAB=1«NPT

TAB{LEP+ 2« JAB I SAEAT{JAB)

2+NPT

VACUUM TMPULSE

FMT(5) = FMT13
FMT(7) = F1
WRITE(G«sFMTI(FACTIY o 1=124)«{VACT(J) s J=2NPT}

SPECIFIC IMPULSE

308

310

WRITE(G«FMTI(FIC(I)al=144)s{SPIM(J) s J=2¢sNPT)
DO 308 J = ZWNPT
RHOISP(J) = SPIM{J} % RHOP

WRITE (6sFMT) (FRI(I)I=192) +FBeFBe (RHOISP(J) s J=2+NPT)

WRITE (6.208}

FMT(4y = FB
FMT(5) = FMT13
FMT(7)Y = FS

IF(EQLY GO TO 312
WRITE(G+310}
FORMAT ( 1SHCMOLE FRACTIONS //)

MOLE FRACTIONS « FROZEN

LINE = O

KF=0

DO 430 K =1+NS

VILINF+1) = EN(K+1I/TOTNIUL)

1060
1070
1080
1090
1100
1110
1120
1130
1140

1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
i3to0
1320
1330
1340
1350
1360
1370
1380

1390
1400
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560

562
561
424

426

430
312
1000

IF (V(LINE+1)sLTe(SeE=61Y GO TO 424
LINE = LINE+1

ZILINEW«1) = SURI(Ks1)

ZILINE+2) = SUBIK2)

ZILINEs3) = SUBIK3)

ZILINEs4) = V(LINE?}

IF(V(LINE) sLE«+058) GO TO 561
KF=KF+1

ZFRACIKFI=V(L INE}

DO 560 JAB=1+NPT
TAB(.SP+KF+8s JABIY=V(L INE)
SUNILSP+KF21)=5UBIK +1)
SUNILSPsFF+2)=SUBIK +2)

WRITE(GE»S62IKF s SUNILSP+IKF 1) « SUNILSP«KF12) +SUBI(Ka 1) +SUB(Ke2) s

FSZFRACIKF Y« VILINE)
FORMAT(LIHO+ IS5+45X s 2A6vSX22A6+5X1E1043¢5XsE1Ce3)

CONT INUE

IF (LLINEeNEed4 s ANDeKeNEoNS? GO TO 430

IF (I.LINE.EGsQ) GO TO 312

WRITE (64426) {Z{LNs1)eZ(LNes2)+Z{LN13)+Z(LNy4}aLN=1+LINE)

FORMAT (1H +4(3A44F9ema7X))
LINE = O

CONT INUE

CALL OUT3

RETURN

END

1410
1420

1430
1440
1450
1460

1470
1480
1490
1500
1510
1520
1530
1540
1550
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sIBFTC CECS19 DECK

OO0

OO0

BLOCK DATA
COMMON/CUPT /FMT (30 )2 FPRIAYFTI4 ) s FHIA) +FSI434FMI419FVI4) «FD4])

1 AFCIA)sFGLA) aFB+FMTI39F 1 oF2+F31F 4 +FSeFL (4 s FMTIQsFALl o7 A2
2 2FR1IWFCLsFN{41+FRI4)sFA(G)Y sFI{4) sFMTOXFOWFRI(2)

INFORMATION USED IN VARIABLE OUTRPUT FORMAT

DATA FMT/3H({1Hs4H13A4 ,4HsA24 +3HFGe s lH 13HFD9ealH +3HFGe s 1H +3HFGe 4 ]
1H *3HFGeslH +3HFQeslH s3HFGe e lH +3HFOeslH +3HFGa v 1H +3HFGe s 1H o+ 3HF
2962 1H +3HFG s lH s3HFO v I1H o+ 1H) /9 FBIFOsF1vF2+F34F49sFS/1H +2HO v ¢ 2H
319 92RH2992H3942H4 9 ¢ 2HS + /s FMT 1 3/72M1I3/7yFMTOX/3HIOX /s FMT I/ 3HI 9 /7

DATA FRA4GHPs As4HTM  +2H  +1H
1+FT/4HT s D+4HEG Ke4H 2 2H  ZeFEHMA4HHY Coed4HAL/ G 2H s 1H
2+FS/4HSY Ce4HALZ C+4HGI(Ka2HY Z+FMA4HMy Mo 4HOL We2HT o1 H
B3 FVA4H(DLV «4H/7DLP s 4HY T s 2H /2 FD/4H(DLV s 4H/DLLTy2HIP 1H
44FC/4HCP s +4HCAL /74 4H(G) {4 ZHIKI /2 FGA/4HGAMM s 4HA (Se2HY s 1H
SsFLAGHSON +4HVEL 9 +4HM/SE ¢ 2HC /

NNNNN

INFORMATION USED IN PERFORMANCE OUTPUT

DATA FR1/74HPC/P/ s FCl/2HCF/ FN/GHMACH« 4H NUM+4HBER +1H ~
1¢FRZ4HCSTA+4HR Y Fea4HT/SE2HC  Z2Fi/74HIy LagHB-SE+4HC/LBy I1H 7/
2eFA/GHIVAC +4H LB~ 4HSEC/ +ZHLB /+FALl/4HAE/A/vFAZ/IHT Y/
3+FRIZ4HRHOI « 2HSP/

END

100
110
120
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
120
730
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SORIGIN F

L

S IBFTC CECSS8 DECK

C

OO0

SUBROUTINE 0OUTI

DOUBLE PRECISION GeX
LOGICAL EQL +FROZ s TP+HP+SPHPSP . TPSP«MOLES

DIMENSION NVI13)+2Z2010,3)+HEAD(15)+¥YX(Z)eYN(S)

COMMON/POINTS/ZHSUM{13) ¢ SSUMU13) «CPRULIBY «DLVTRP{I3) +DLVPT (131

1 1GAMMA5(13)’P(26)9T(26)1V(13)!PPP(13)OWM(ISJQSONVEL(lallTTT(13)
2 +TOTN(13)
COMMON/SPECES/COEF (2+7+4150) «SU180)+ENC 1509 13 +ENLN(150) +HO(150)

1 +sDELN{ISOI+A(154150) ,SUBII15013)+ IUSE(1S0)TEMP(E0s2)
COMMON/MISC/ENNsSUMNe TTe SO+ ATOM( 341010 +LLMT(1S)+BOI15)+BORP(15:2)

| +TMsTLOW«TMID e THIGH +PP s CRSUMOF +EQRAT+FPCTY»R4RR ¢ HSUBC 1 AC(2) s AM( 2)
2 +HPPIZ2) yRHOLZ2) s VMINI 21+ VPLSLIZ2Y s WRIZ2) +DATALIZZ2) +NAME {154+ 5)
3 ANUME 1515+ PECWT (IS +ENTH 15) sFAZ(15) +RTEMP(15) +FOX(15)+DENS (157
4 +RHOP+RMWI{1S) s TLN

COMMON /DOUBL.E/ G(20s21)s X{20)

COMMON/INDX,/ [IDEBUG:CONVG+ TR +HP +SP +HPSP s TRPSPsMOLESsNP s NT o NPT o NLM

1 INSIKMAT s IMATaIQL s IQ2yNOMI Ty IP+NEWR +NSUB o NSUP» I TN+ CPCVFR«CPCVEQ
2 s IONSsNCINSERT+JSOLy I Qs KASESNREACI1C+JS1Y

COMMON/PERF /PCP{261+ VMOC(13) «SPIMI13) « VACT (131 +SUBAR(I131+SUPAR(13)
t sCPRF(12)+AEAT{13)sCoTRIEQL «FROZ+3850

COMMON/ZQUPT/FMT (30 s FP {4 )+ FT4) sFH{A)sFS(4)yFMI4) sFVI4) +FD(4 )

1 tEC(A)Y sFGIA)+sFRAFMT13+F 1 +F2+F3aF44FSeFL{4)sFMTIQWFALWFAZ
2 AFRLISFCL+FN{4) sFRIAYWFALL4IIFI4) oFMTOXaFOLFRI(Z)

FQUIVALENCE (VaNVI«(Z,HO)» (IBFH)
COMMON/GASES/TAB( 312,13 «NMIX
COMMCN/CASENG/L.ST

HEAD={1H +2A4+5 (A2+FBe5+3X)+5  XeF7e5¢F13e3+4X0 Al sF10e24FF04)

DATA HEADAZ4H{1H +4H+2A4+2H+S5e4HIAZ s 14HFBeS 2 4H3X) 1 2HeS +2HX
1 VAHF 7e¢5 34H1F12 s4He314 14HX 1Al o4HeF10 sd4He2+9F s4HGe4)/

10
20
30
40
50
60
70
80
S0

100
110
t20
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280

290
300
310
320

330
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DATA FUEL/4HFUEL/+OXIp 4HOXIDA 2+ ANT/3HANT/ « OX/1HO /4 1 Z/72H00/

1 +YN/2He s 2PHe2+ 2Ha34 2Heds 2HS /sF75/HF 745/
2 e YX/3He B Te3He 44 ,3H31+3H 181 2HWS /4 FT7374HF 7637
LSP={ 8T

IF(KASE«NE«0) WRITE (g+3) KASE

3 FORMAT (9H CASE NO« 113}

IF( «NOTeMOLES) WRITE(g45)

5 FORMAT (77X+46HWT FRACTION ENTHALPY STATE TEMP DENSITY/
1 10X +16HCHEMICAL FORMULA+S1X+21H(SEE NOTE} CAL /MOL. s 10X+ SHDEG Ko
2 4X+4HG/CC )

{FIMOLES) WRITE(G16)

6 FORMAT { 79X SHMOLES»7xs 33HENTHALPY STATE TEMP DENSITY/
1 10X +16HCHEMICAL FORMUL_A»66Xs THCAL/MOL + 10X+ 1 BHDEG K Gs/CC )
DO 15 N=14NREAC
IF(FOXIN)sEQeFOX(N~13}3G0 TO 11
IF(FOXI{N) e NE+OX)GO TO 10
HD1 = OXID

HD2 = ANT
GO TO t1

10 HD1 = FUEL
HDZ = FB

11 B0 13 J=1+5
IF(NAME(NsJ) s EQe I Z2OR JNAME (N1 J) «EQe IB) GO TO 14
13 CONTINUE
J=6
14 J=J=1
HEAD {3 Y=YN{(J)
HEAD (7Y =YX ()
HEAD{9)Y = F75
IF(PECWTINY sGE«10e) HEADISI=FTS
WRITE(G&'yHEADYHD1 + HD2 ¢ (NAME {NsJJd ) s ANUMINYy JJ) s JJ=1 ¢ J) +PECWT IN) ¢ ENTH(
INYs FAZIN)sRTEMP (N} +DENSIN}
15 CONTINUE
FPC = 1004/01++WP{1)})
WRITE(6+20) WPL1)+FPC EGRAT +RHOP
20 FORMAT (1HD 415X+ 4HO/Fx=s FBe4+4X113HPERCENT FUEL=FBadsaXs
i 19HEQUIVALENCE RATIO= sF7e4+4X18BHDENSITY=eF8e4//)

340
350
360

370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
s80
590
600
610
620
630
640
650
660
670
680
690
700
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801-

g ]

C
C
c

C
Cc
C

25

AGV = 980665

DO 258 1 = 14NPT

TOTNII) = O

DO 25 J = 1+NS

TOTNCIY = TOTN(IY + ENtJel)
CONT INUE

FMT(4)= FMT{6)

RETURN

ENTRY 0OUTZ2

PRESSURE

55

S00 TABILSP+S5+JAB)I=PPRIJABI ¥ 14, 7%144,

DO 55 I=1sNPT

K= 2%1+3

FMT(KY= F4

IF (PPP{1)eGEels) FMT(K)}=F3
IF (PPP(1)+GE+10.) FMT(K)=F2

IF (PPP(1)eGE«100s) FMTI(KI=F1

CONT INUE

WRITE (6+sFMTIIFPLI) s I=le4) (PPPIJY s J=1+NPT)

0O 500 JAB=1 NPT

TEMPERATURE

65

510 TABILSPs6+JAB)=FILOAT{NV (JAB) }#1.8

DO 65 I=1s2NPT
NV{I)= TTT(I)+e5
CONT INUE

FMT(4)= FMT13
FMT¢{5)= FMT19

WRITE (6+FMTIIFT(I)al=194) ¢ (NVIJ)eJ=1INPT)

DO 510 JAB=1«NPT

ENTHALPY

710
720

730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
Q00
210
Q20

930
940
950
960
970
980
990
1000
1010

1020
1030
1040

292910 DHYH/DSN'T
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OO0 a0 OO0

000N

75

DO 75 I=1«NPT

VD) = HSUM(I)Y ¥ R

CONTINUE

FMT({5)= FB

FMT(7)= F1

WRITE (6«FMTHI(FHII) o1zl +4) s (VI o=l oNPT)
DO 515 JAB=14NPT

515 TAB(LST1+JABI =V (JAB) %1 +8%778.#32e174
ENTRORPY
FMT(7)y=F4
DO 78 I = 1«NPT
vIil) = SSUMITI)Y % R
78 CONTINUE

80

WRITE (64FMT)(FS(I)el=1942e(VIJIsJ=1NPT)
WRITE (6+80)
FORMAT ( 1H )

MOLECUL AR WEIGHT

550

fEMT(7)= F3

WRITE (6+FMTY(FMUTI)Yal=104) e (WM(J)eJ=1esNPT)
DO 550 JAB=1+NPT

TAB(LSP+7+JAB ) =WM{ JAB

(DLV/7DLP) T

FMT(75=F%
IF(EQL) WRITE(S+FMTICFVII) s I=1e4)s (DLVPT(J) s J=1+NPT)

(DLV/DLTIP

FMT (7y= F4
IF(EQL) WRITE(GsFMTI(EDII ) o I=1443 v (DLVTR{J) +J=1+NPT)

HEAT CAPACITY

1050
1060
1070
1080
1090
1100

1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
i2i1o0
i220
1230
1240
1250

1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
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OO0

OO0

OO0

85

DO 85 I=1 NPT

VIiI) = CPR(IL)Y #* R

CONT INUE
WRITE(SBsEMTIFCITI)elz1ea)(VIJ) szl sNPT)

GAMMA { 5)

540

WRITE(GFMTII(FG{IIsI=1+4)s (GAMMASIJ)oJd=] +NPT)
DO 340 JAB=1+NPT
TAB(LSP+3+ JABI=GAVIMAS (JAG?

SONIC VELOCITY

o5

FMT(7)= FI
DO 95 I = 1«NPT
SONVEL.{1) = SAQRT{RR¥GAMMASUII)I®*TTT(I)I/WM{I}))

CONT INUE
WRITE(GsFMTI(FLITI v 1=1+4)9 (SONVEL{(JY+vJ=1 NPT}

RETURN

ENTRY OUT3
IF¢{«NOTEQLY GO TO 3-3i

MOLE FRACTIONS - EQUILIpRIUM

310

315

316

320

WRITE (6.+80)

FMT(7)= FS

WRITE(H+310%

FORMAT( 1SHOMOLE FRACTIONS //)
DO 2330 K=z1.NS

DO 315 I=14NPT

VII) = EN(Ks1} /TOTNI{T1)

CONT INUE

DO 316 1=14NPT

IF (V{]1)eGE+{(S5+E~6)) g0 TO 320
CONT INUE .

GO TO 330

WRITE {(6+FMT) SUBIKs 1) SUBIKs2)

tFBe(VII}al=14NPT)

1390
14C0
14.0
1420
1430
1440
1450
1460

1470
1480
1490
1500
1310
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
16590
1700
1710
1720
1730
1740

¥2%291d DAWH/DSIW'T



111-d

330 CONTINUE

331 WRITE(64335)
335 FORMAT( 118HOADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MO

ILE FRACTIONS WERE LLESg THAN o000C0% FOR ALL ASSIGNED CONDITIONS//)
LINE= O
DO 350 K=1«N§
DO 340 I=1+NPT
IF ((EN{(Ks I} TOTNIT)) ;GE«{(5+E~6)) GO TO 343
340 CONTINUE
LINE= LINE+1
ZILINE«1)z SUB(Ks1)
ZILINE+2)= SUBIK«2}
ZILINE+3 )= SUB(K 3}
3423 IF {({((LINE«NEe10) +AND, KeNE«NS) GO TO 350
IF (LINEEQeC}Y GO TO 31000
WRITE(S¢345) (Z{EEN1)eZ(LN2)+sZ(LN+3) o+LN=1Ts+LINE)
345 FORMAT (10{1X+3A4))
LINE= O
350 CONTINUE
IFCeNODTaMOLES) WRITE{(42360)
360 FORMAT(78HONOTE. WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND OF OXI
2DANT IN TOTAL OXIDANTSg }
1000 RETURN
END

1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
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SORIGIN F
SIBFTC CECSS DECK

C
SUBROUTINE CPHS
C CALCULATES THERMODYNAMIC PROPERTIES FOR INDIVIDUAL SPECIES
C
COMMON/SPECES/COEF (2741501105 (150) «EN{ 1804133 +ENLN(15C) +HO{150)
1 +DELNCISOIvAC(154150),5UB(150433+TUSE(ISO)+TEMP(5042)
COMMON/MlSC/ENNaSUMNtTTvsooATOM(31101)9LLMT€15)!BO(15)vBOP(15021
1 s TMsTLOWS TMIDeTHIGH+PP+1CPSUMIOF+EQRAT«FRPCT1RsRR s HSUBO s ACL 2} 1 AM(2)
2 sHPP(2) vBHO(2) s VMINI 21 2 VPLS(2) s WP (214 DATA(Z22 1 +NAME(15+5)
3 s ANUMI IS 1SIsPECWT(15) «ENTHI1S) +FAZ(15)sRTEMP {151 «FOX({1SIyDENS{(15)
4 +RHOP«RMW(15) «TLN
COMMON/ INDX/ 1DEBUGICONVGI TR 1 HP + SP+ HPSP 1 TRPSP s MCLES NP aNT « NPT + NLM
1 ANSIKMAT s IMAT s Q1+ IQ2+NOMITs IP+NEWR «NSUB +NSUPs I TN CPCVFR s CPCVEQ
2 +IONSsNCINSERTJSOL. s JLTIQ+KASE s NREAC ICeJS]
C
EQUIVALENCE (JsJ51)
cC
K = 1
IFITTWLELTMIDIK = 2
KK = 0
CPSUM=0
90 IF({COEF({Ke14J)aNE«Qe)IG0 TO 97
IF (IUSE(J)}eLT=CY GO TO 100
KK = K
K = 1
i1F (KK-EQQ}.) K = 2
97 S{Jy = ({((COEFE(KeS5e ) 700 )¥TT+ COEF(Ks4sJ)/ B3I ¥TT+ COEF(Ke34J) /20
13 TTHCOEF(Ks2+4 )3 #TTH COEF(K41+JIHTLN + COEF{KsTeJ)
HOCJY = ((((COEF(K+15s )/ Be)¥TT+ COEF(KegeJ) /84 3#TTH+ COEF (K 24J173.
i } ORTT+ COEF (K241 /2)%TT+ COEFlkelasd) + COEF{K 6+ JI/TT
CPSUM= CPSUM+( {({({COEF (KsSeJI*HTT+ COEF{Ke&aJ)IATT+ COEF(K+34JI1Y¥TT
{ 4+ COEF(Ks2¢ ) %TTH COEF (K14 J)IFREN(JINPT)
IF (KKeFEQa0) GO TO 100
K = KK
KK = 0
100 IF(JLEQeNS) GO TO 200
NENES
G0 TO 90
200 RETURN

END

10
20
30
40
s0
60
70
80
90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
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$IBFTC CECSS DECK
SUBROUTINE MATRIX

C
C
DOUBLE PRECISION GsX
LOGICAL HP ISP+ TP+ IDEBUGCONVG e NEWR
C
COMMON/POINTS/HSUM(13)+SSUM( 13) +CPR(13) +DLVTP (13} +DLVPT(13)
1 »GAMMAS(131sP(261+T{28) o V{131 2PPP(E3Y+WMI 13V sSONVEL (131 +TTT13}
ZeTOTNL 13
COMMON/SPECES/COEF (24715031 4S(150) +sEN{ 150+ 13 +ENLN{ 150) +»HO(150)
1 sDELNCIS0)+A(154150),SUB(150+31+IUSE(1S0) +TEMP(50+2)
COMMON/MISCA/ENNsSUMNy TT+ SO ATOM( 39 10112 lLIMT(15)1+BC(15)+BOP(15:2)
1 sTMaTLOWs TMIDs THIGHsPP s CRSUMOF «EQRAT+FRPCT R+RR I HSUBQ s AC{ 2 1AM 2)
2 sHPP{2) sRHO(2)sVMINI( 21+ VPLS(Z2) +WP(2) v DATA(Z22 ) +NAME(154+5)
3 2ANUMC 189S PECWT IS ) 1ENTH( 15 sFAZ{1S5) +RTEMP (153 s FOX{15)sDENS(15)
g4 +RHOP+sRMW(15)+sTLN
COMMON /DOUBLE” G(20s21)s X(20}
COMMON/INDX/ IDEBUGs+CONVGsTPsHP s SPyHPSP+ TPSP+MOLES N« NT + NPT + NLM
i NSYKMAT+ IMATAIQ12I1Q2yNOMITs IP+NEWRsNSUB«NSUP+ ITN+CPCVYFR«CPCVERQ
2 +IONS«NCINSERTIJSOL JLIQeIKASE +NREACH ICeJUS 1
C
EQUIVALLENCE {i +NLM)
C
102 = 1Q1 + 1§
t@3 = 1Q2 + 1
KMAT = 1Q3
IF({ e NOT+CONVGLANDTP) KMAT = 1Q2
IMAT = KMAT =~ 1
Cc
C CLEAR MATRIX STORAGES TO ZERO
C

0O 211 I=1+IMAT

DO 211 K=1+KMAT

Gllek)= Q.0DO
211 CONTINUE

SSS = 00

HSUMINPT)Y = O,

10
20
30
40
50
&0
70
80
S0
100
110
120
i30
140
150
160
170
180
19C
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370

¥2¥2910 DHYH/DSN'T


http:IF(.NOT.CONVG.AND.TP

PIT-d

[oNe}

11

15

55

59

62
64

BEGIN SET UF OF ITERATION MATRIX

KK = 1

DO 65 J=1.NS

H=HO (JYHENCJ e NPT }

IF (TUSErJY) 85411470

F o= (HO(J)~S{JI+ENLNG 3 4TMY¥ENTJNPT)
35 = H-~F
TERM1 = H

IF (KMAT «EGe I1G2) TEPM1 = F
DO 55 1 = 14 L

CALCULATE THE ELEMENTS R(1aK)

IF (A(IsJ) «EQe Qo) GO TO 55
TERM= A{l+ JIXEN{JINPT)

DO 15 K=1s L

GilakY= GIIsKY + A(KsJIRTERM
CONTINUE

GlI+TIQ1I=G(T«1IG]1)I+TERM
GlI+1Q2)=G(1+1Q2)+A(],J)*TERMI

IF (CONVG +0R«TP)} GO TO 55

GII«1Q2)= G(I+IQ3)+A( T J)HF

IF (SP) G(IQ2+1) = G{IQ2+1IY + A(I+JI%3S
CONT INUE

IF (KMAT «EQe IG2) GO TO 64
IF{CONVG.ORWHP) GO TO 59

GIIQ2s1Q1l)Y = G(IQ2+1Q1) + 55
GIIQEL1Q2)=G({IQ2+.1Q2)+HO(J)*55
GILIQ2+1Q3) = GLIQZ2,103YH(S(J) — ENLN(JI-TM)*F
GO TO &2

GLIQZ.1Q2)Y=G(I1Q2+1Q2)+HO(J)*¥H

IF (CONVG) GO TC 64
GIIQ2,1Q3)=G(IQ2+1Q3)4+HO(JY¥F
G{IQ1+1Q3)=G{IQl+1Q3)+4F
G{IQ1+1Q2)=G(IQ1+1Q2)Y+TERM1

380
390
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2410
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sii-a

C

OO0

GC TO 6%

CONDENSED SPECIES

70

75

65

102

145

KK = KK + 1
0o 75 I = 1e0L
GILaRKY = A{l+)) i

Gl +KMAT) = G{lekMAT)Y =~ ACT+ DIHENCJIINPT)
CONTINUE

GIKKIG2) = HOCW)

GIKKsKMATY = HO(J) = s5(J)
HSUMINPT) = HSUMINPT)Y4+ H
IF(eNOTeSP)Y GO TO 65

S55 = 8585 + SUJIHEN(J NPT
GILIQ2e¢KKY = 5{J)

CONT INUE

SSS = S5S5 + G(IQ2+1Q1)

HSUM{NPT) = HSUMINPT) 4+ G(IQ1+1Q2)

G{IQ1:+IQL) = SUMN - ENN
REFLECT SYMMETRIC PORTIONS OF THE MATRIX

tsym = 12
IF{HP«OR«CONVG)ISYM=1Q2
DO 102 I=141SYM

DO 102 J=T1415YM
GlJe13=G(1eJ)

CONT INUE

COMPLETE THE RIGHT HAND SIDE
IF(CONVYGY GO TO 175

DO 145 I=1l
X1y =RO(I1)~G(I+1IQ1)

GITakMAT) = G{IykKMAT)I4X{1)
CONT INUE
GIIQLsKMAT) = GUIQIsKMAT)H+ENN=SUMN

760
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911-T

175

COMPLETE ENERGY ROW AND TEMPERATURE COLUMN

IF (KMAT oEQ. 1G2) GO TO 185
IF (SPIENERGY = SO+ENN=-SUMN - S55
IF{HPIENERGY=HSUBOA/TT - HSUMINPT)
GIIQ241Q3)=G(IQ2+1IQ3})+ ENERGY
GIIQ2,1Q2)= G(IQ2+1Q2+CPSUM

185 RETURN

END

1140
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1170
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1200
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1220
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SIBFTC CECS7? DECK

OO0

@]

0o

o000

83

SUBROUTINE MGAUSD

SOLVE ANY LINEAR SET OF UP TO 20 EQUATIONS
DOUBLE PRECISION GeX+COEFX(20)+SUMsZ

COMMON/DOUBLEE/G( 20921 )4 X(20)
COMMON/INDX/ IDEBUGsCONVG: TP sHP + SP s HPSP 2 TRPSPsMOLES NP s NT e NPT +NLM

1 tNSIKMATs TMAT s JQL 4 IQ2+NOMIT 1 IRP«NEWRINSUBINSUP+ I TN CPCVFR s CRCVEQR
2 2 IONS«NCsNSERT+ JSOL+ JLIQ'KASEWNREAC1Ca JUS]

FQUIVALENCE (IUSE«IMAT)
DATA BIGNO/1E+38/
BEGIN ELIMINATION OF NNTH VARTABLE

IUSE 1=1USE+1

DO 43 NN=14IUSE

IF (NN-TIUSE) 8+83+8
IF(GI(NNINNYIZLI+22+31

SEARCH FOR MAXIMUM COEFFICIENT IN EACH ROW

DO 18 I=NN.IUSE

COEFX({1) = BIGNO

IF(GLaNt Y aEQaQa} GO TO 18
COEFX(T)Y = O,

DO 10 J=NN«IUSE!

SUM = G(1s+.J)

IF(StUMLL TaOW) SUM=~S M
IF{JaNEs NN} GO TO 9

Z = SUM

GO TO 10

IF(SUMsGT«COEFX(T)) COEFX(I)=SUM
CONT INUE

COEFX{1) = COEFX(1)/Z

io

20

30

40

50

60

70

80

g0
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370

272914 DTIH/DSW'T


http:IF(JNE.NN
http:IF(G(I.Nf
http:IF(G(NN.NN))31q23.31

811-

OO0 0N

Oao0n

18

20
87

22

28
29

30

31

36

as
40

44
45

CONT INUE

TEMP = BIGNO
1=0

DO 22 J=NN4 IUSE

IF (COEFX(~TEMP) B7422+22
TEMP=COEFX(J)

I=J

CONT INVE

IF{1) 2B¢234+28

INDEX I LOCATES EQUATION TO BE USED FOR ELIMINATING THE NTH
VARIABLE FROM THE REMAINING EQUATIONS
w

INTERCHANGE EQUATIONS I AND NN

IF{NN-1) 2943129
DO 30 J=NNs IUSEL
Z=G{1sJ)

GUIL s JI=G(NNWJ)
GINN+J)Y=Z
CONTINUE

DIVIDE NTH ROW BY NTH DIAGONAL ELEMENT AND ELIMINATE THE NTH
VARITABLE FROM THE REMAINING EQUATIONS

K = NN + 1
DO 36 J = Ks [USEL
IF{GINN+NN) «EQeQCe) GO TO 23

GINNs J) = GINN»J) / GUINNINND

CONTINUE

IF(Kk- 1'ISE1) 884145488
DO 44 ! = KslUSE

DO 44 J = Ks IUSEL

GlTed) = G(leJ} — GII+NNI¥GI(NN+J)

CONTINUE
CONTINUE

BACKSOLVE FOR THE VARTABLES
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690
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710
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47

48
50
51

23
151

K = IUSE
J =K+ 1
X(K’ = 0.0DO
SUM = 0.0

IFCIUSE = J) 51448448
DO 80 | = JsIUSE
S5UM = SUM + G(K»y1)¥% X{I)

CONT I NUE
X{K) = G(K+IUSEI) - SuUM
K = K - 1

IT (KY 474151447
TUSE = IUSE=-t
RETURN

END

760
770
780
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800
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B30
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880
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SORIGIN E
$IBFTC CECS2 DECK

C

C

SUBROUTITE REACT

DOUBL.E PRECISION GaX
LOGICAL HPsSP«+ TP IDEBUG CONVGINEWR + JONS +MOL.LES +EQL +FROZ

DIMENSTON ANAME{1545)+V(15)

COMMON/MISC/ZENNs SUMNs TTeSOsATOM{ 3+ 101 ) s LLMT{15)+BO(1S5)BOP(15+2)

1 sTMaTLOWs TMIDs THIGH+PP s CPSUMsOF +ZQRAT+FPCT«RsRRe HSUBQ+ ACI 25 1AM 2
2 tHPR{2) RHO(Z2s VMIN(2) o VRPLS(Z) « WP {21 aDATA(Z2Z2 1 NAME ([ 1505

3 2ANUMILISSI+PECWTIS)+ENTH( 1S +FAZIIS)I+sRTEMP(15) «FOX({15)«DENS(15)

4 ARHOP«RMW(15) s TLN
COMMON/INDX, IDEBUG+CONVG* TR +HP sSSP s HPSP+ TRPSP s MOLES NP o NT o NPT ¢ NLLM

i INSIKMATyIMAT s 1Q1 2 IQ2sNOMITs IPINEWRsNSUB +NSUP I TN CPCVFR s CPCVEQ
2 s TONSeNCINSERT s JSOL s JLIQsKASE sNREACK IC2JS1
EQUIVALENCE (NAMEsANAME) « (NL.MaL}

DATA MOL/1HM/ « OX/1HO/ JLANKA1H /9 IZERO/2HOO/
DATA MOLE/IH ~/

DO 10 K=1e2

wWP{KY=0.
HPP{K}=0a4
RHO(K)-—'OQ

VPLS(tKY=0,.
VMIN(K)I=0.o
ACIK =0
AMUIK) =0,

DO B J=14+15
LLMT (Y =0
BOP{JsK)=0,
CONT INUE
CONT INUE
N=1

10
20
30
40
S50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
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20
21

1
31

i
35

38

41
45

45

48

50

100
1Cy

=]
%ONTINUE
FORMAT (S (A24F 751 3F 7e51 A1 9F G451 A1vFBe5 A1 +FBe5)
IF(NAME (N+ 1} eEQsLANK) GO TO 200

IF(LeEQeQ)GO TO 20

WRITE (6+31IINAMEINY T I» ANUMINYIY vI1=195) «PECNHNTIN) s MOLEJENTHINYFAZ

(N)+RTEMP(N) + FOX (N} +DENS(N)

FORMAT(IXe5 (A2 I XeFTeqs2X)9FBeds2XaAl1F]11e212X1 A1 2XFB 392X

A3+3%XsFBaeS}

IF{MOLE ¢EQeMUL } MOLES=sTRUE «

K=2

IF{FOXINI sEQeOXIK=1

DO 38 J=1+15

DATA(UYY = 0O,

CONTINUE

KM=0,

DO 100 JJ=145
IF(ANUMINY JJ) sEQeQe )G TO 101

DO 41 J=1+415

NJ = J

IF(LLMT{J) EQ0Y GO TO 45

IFI(NAME (1 JJ) «EQeLLMT (J)IGO TO 46
CONT INUE

L = NJ

LEMT{UI=NAME (N JJ?}

DO 48 KkK=1,101

IF(ATOM{ 1 1 KK) o EQ ANAMF (Ny JJ} IGO0 TO 50
CONTINUE

L=0

a0 To 20
BM=RM+ANUM (N JJ) ¥ATOM (2 + KK )
VIJ)=ATOM(34KK)
DATAC(J) = ANUMINJJ)

CONT INUE

PCWT=PECWT (N}

IFIMOLES) PCWT=PRCWTH®RM
WR{K)=WP(K) + PCWT
IF(NAME(NoS’.NE.IZERO)HPP(K)=HPP(K)+ENTH(N)*9CWT/RM

360
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http:V(J)=ATOM(3.KK

2eT-ad

115
117

200

215

218
220

230
1000

AMUIKY = AM (<€) 4P CWT /RM
DO 110 J=1.L

BOP( Jy k) =DATA(J) #PCWT /RM +BOP(JeK)
CONT INUE

IF(DENSIN) «NE«Qe1GO TO 115

GO TO 117

RHO{ K} =RHO(K) +PCWT/DENS (N)

RMW (NI = RM

N = N+1i

IF{NeNEs16) GO TO 20

NREAC =N-1

IF(L+EQe0) GO TO 1000

DO 220 K=14+2

IF(WP(K) «EQeDe)GO TO 220
HPP{KY=HPP (K )Y /WP (K)

AMIK) = WPIKI/AMIK)

IF(RHO(K) e NEaOu IRHO(Ky=WP (K} /RHO (K}

DO 215 J=1sL

BOP (Jai) =BOP({ JsK ) /WP ()
IFCVIJ) oL ToOe IVMINIK)I= VMINI(KI+BOP (JsK) #V L)
IF(V{U) e GT o Qa )VPLS(K) =VPLS(K)4+BOP( JsKIEV L)
CONT INUE

IF{MOLES)Y GO TO 220

DO 218 N=1!4sNREAC
IF(FOX(N)oEQeOXcANDeK EQe2) GO TO 218
IFCFOX(N) e NEeOXs ANDe K EQal) GO TO 218
PECWTIN) = PECWT(N}I/Wp(K)

CONT INUE

CONT INUE

NEWR= o TRUE o

D0 230 N = 1 s+NREAC

IF (DENS(N)«NE+Ou) GO TO 230

RHO (1) = Os

GO TO 1000

CONT INUE

RETURN

END

750
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€ei-a

$IBFTC CECS3
SUBROUTINE SEARCH

C SEARCH TAPE FOR THERMO DATA FOR SPECIES TO BE CONSIDERED
INTEGER SUB+OMIT£ND

LOGICAL NEWR

DIMENSION DATE(2+3)sMT(43+B(4)+OMIT(3¢3)

COMMON/SPECES/COEF (2741501 9S50 150) +EN( 150+ 13 «ENLN(I 150} HO(150)

1 +DELN(IS0O)+A(15+4150),SUB(150+43)+vIUSE(1S0)»TEMPISO2)
COMMON/MISC/ENNISUMNs TT+SOsATOMI 32101 ) s LLMT(15)4BO(15)+BOP(1542)

1 +TMeTLOWs TMIDy THIGHsPP+CPRSUMIOF s EQRAT « FRPC TAR«RR e HSUBO» AC(Z2 ) s AM( 2)
2 HPR(2)sRHOI2) s VMINI2) o VPLS (2} WP 2)+DATA(22)NAME( 1545

3 sANUMIIS+S)+PECWT (IS )IENTHI1S5) «FAZII1G)IRTEMP(15) +FOX(15)1+DENS(15)
4 sRHOPRMWI15) s« TLN

COMMON/ZINDX/ 1DEBUGIYCONVGs TR 1 HP1SPyHPSP + TPSP+MOLES NP s NT « NPT s NLLM

1 sNSIKMAT s IMAT o IQL s IQ2+NOMITs [P+NEWR «NSUB +NSUPs I TN CPCVFR s CPCVEQ
2 2 JONS+NCsNSERT» JSOL» UL TIQI1KASE+NREACIICs US Y

EQUIVALENCE (DATEEN) s {OMIT+ENLN} +» (ENDD+END 12 (LeNLM?}
COMMON/TAPE/IPROT

DATA GAS/1HG/ +«END/3HEND/

NC= ©
Ix= ©
COEF{1s1al) = ENDD
1 = 1
DO 3 1=14+150
IF(A(TI41)eEQ.ENDD)Y GO TO 4
DO 3 J=lsl
AtJsell = O,
3 CONTINUE
4 MAXNS = I
REWIND 8
REWIND 10

10
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5

-
1

10 FORMAT(2A6+6X+2A3+4 (A2 F340)0A1s2F 1043

50

1

75
20

804

805
810

168

819

READ(10+10)

GO TO S0
IF{IPROTEQ.11G0O TO 50

READ (B YTLOWeTMID s THIGH
FORMAT (3F10.3)
NS = 1t

READ(B ) (SUBINSs 1)1+ I=1e2)aDATEC ] ' NS)YsDATE(2NSY I+ {MT{I) Bl

J=1 44 ) ¢PHAZAT1WT2

IF(SUBINSs 1) .EQ.ENDY GO TO 171
READ(S )
GO TO 75
CONT INUE
READ(10+5 JTLOWsTMID THIGH

N& = |

CONT INUE

J=1 141 sPHAZAT14T2
IF(SUB{NSs1)EQsEND}Y GO TO 171
READ( {0+20)
CONTINUE
FORMAT (SE15.8)
IFINOMITW.EQ«Q0) GO TO g10
DO 805 I=1«NOMIT
DO BO4 Jml+3

IF(OMIT(Je 1) e NESSUBINSJ))} GO TO 805

CONT INUE

GO TO 8

IF({IPROTEQel )GC TO 8

GOC TO 7

CONT INUE

DO 820 K=1+4
IFIB(K}eEQeDOe) GO TO 825
DO 168 I=1.0L
IFCLLMT{I)eEQaMTH(K)Y) GO TO 820
CONT INUE

DO B19 J=1.L

AlJsNS)Y = O

GO TO 8

({COEF(TeJeNSYsd=1eT7)sl=1e2}%

(SUBINS+ Y2 I=12)1DATECTaNSYIIDATE(2eNS) « (MT(J)sB{J) s

({(COEF(loJeNS)asJ=1eT)eI=1122)

370
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mailto:IF(NOMIT.EQ@O
http:READ(10.20

ge1-ad

IF(IPROT.EQe1 160 TO 8
GO To 7

820 A(I+NS)= B(K)
825 IF(NS.,EQsMAXNS)Y GO To 870
IUSE(NS)= O
IF(PHAZ+EQesGAS) GO TO 170
NC= NC+1
TEMP(NCe1)= T1
TEMP{NC+2)= T2
IX= IX+!
IFCIUSE(NS-1)eEQe0 »0Re NCesEQel) GO TO 145
DO 830 l=t .0
IF(A{ I NS)eNE«ATTsNS—~1)) GO TO 145
830 CONTINUE
IX= 1X~1
145 IUSEI(NS)= ~IX
170 N5S= Ns+1
GO TO 8
IF{IPROT.EQs 1 }G0O TO 8
co To 7
870 WRITE(G6+871) (SUB{NSy s Jd=112)

87t FORMAT (4SHODIMENSIONS IN/SPECES/TOQC SMALL TO CONSIDER

GO TO 8B
IFUIPROTLEQ.L1)YGO TO 8
GO To 7
171 NS= NE~1
NEWR:= JFALSEs
WRITE{6+172)
172 FORMATI(42HOSPECIES BE NG CONSIDERED IN THIS SYSTEM
DO 174 1=1«N5«S
I5= 144
IFINSLT#IS) I5=NS
174 WRITE (64176 (DATE(1+ J)+DATE(2+J)2SUBIJe 1} +5UB(JL2)
1 13)
176 FORMAT(S(SX+2A342X+2A6))
RETURN
END

«2A6)

sd=1

590
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http:IF(A(INS).NE.A(I.NS

921-a

SDATA
TRIAL RUN SIMULANT SELECTION

3 3 0 Q [s] 0 1
+e0314 4o} +200 +0e0
+e314 +20. +0e0 +100a

H +13.0220 24 17040N 4434070
N 2173600 443472
10, 1. 124 1.0

om

rr

o5

“'5900 L)
+2756C»

298+ 15
298.15

22310 DFAUH/DSNT
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(2)
NMI X =

?

. TRIAL RUL SIMULA IT S2LECTION B
0 IT= 0 I15= 0 IFLGL=

LY
—;
¥y ]
n
[Ny
—y
m
i

(3)  N3ZZILT GEZOMITRY EALLAWS

THRIAT AREA THRIAT RADIUS AREA RATI® LIP ANGLE
0o 31~7-01 0,100% 00 022005 02 . _ 0,000E-38
- @) - - e -

INTTIAL CHAMBER TIMP= 0.,L00% 04 PRESSURE= 0,200k 23

5) " preTaTYPE INFERMATIEN

- e— - e s e w

RADP= 0,314E 00AETP= 0,200: 024NGP= 8, 0005~38PREPT 6. 1L0DE 03

(e RIGIAN 7F PLUMI T BE DUPLICATED
XPi= 021007 02 XP2= 0,110% 02 XP3= 0,120 02

(7)
ERROR MJLTIPLICATION FACTIR = 0,100% 01

4

¥
1l
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(8) THIZRETICAL ROCKE T PERFERMANC = ASSUMING FRBIEN CIMPASTTIZY DURING EXPANSIZW
P27z 100 O PSIA o - - - - T - T
wASI NZ exvss _
HT FRACTIEN ENTHALPY STATE  TEMP DENSITY
CHEMICAL FZRMuLA . (=" NITE) _ CAL/MaL DEG K G/CC

FJEL Hokxdkakene g 2,17040 174 34070 Aok gk R ~5900.000 L 298,15 -0,0000
AXIDANT N 2 17353 4+ 34720 . —— o o nd 27560,000 L 298,15 -0.0000

B/F=  1.0000 PERCEAT FUEL= >0 0000 ~DUIVALENCI RATIZ= 0 9445 DENSITY= ~0,0000

CHAMBER  THROAT eXIT EXIT EXIT CXIT © "Exiv T T ExXIT T ExITT O EXITT EXIT " T EXIT EXIT
P_/P 1 D00 1,787 25 000 300,000 1000 00 2000 00 3000.00 4000.00 5000,00 7000,00 10000 0 30000.0 60700 0O
P, ATH 5,805 > 30T 0.2727 70,0227 0 0068 0,0084 0 0623 00017 — 0, 014 0.0010 0.0007 0,0062 0,000
Ts DEG K 3140 2324 170 995 748 o ..629 568 527 _ 498 _456 _ %5 _ 310 257
Ir TEL7S 11677 “6l &6 T -945 BT T -9TITITTIIOVELT TT113% 6 IT4ELT S115%e% TE1ITH.8  ~1191.7 =307 2 SL2A6eE “~S12 &t 1
S+ CAL/LG) LK) 3 .B68 3 1358 2 iB6B 3 18&fF  1,,863 . 3e1858  3.1868  3.1868 3 1868 3.1868  3.1868_ 3.1868 __2:18689
My MOL 4T L9 961 19 951 19 961 19 961 19 951  19.961 19 951 192951 1949561 19,961  19.961 19,951 19.9s1
22+ CALZTGITXY ™ 075486 0 5408 0 =921  0.4324 04052 3 3947 0.3890 "D.3855 0 3831 0,3799 043771  0,3716  0,3703
SAMMA () Ll 2218 1 2256 1 253 1,2991 153242 143373 1,3440 _ 1.3482 1 3511 1,3551 1,3586 1.3657 1,3678
SN VL MSET IZ5%,1 1200 7 947 3 73470 56273 592 1 552e8 T 544 2 529.2 507+3 534 B 419.8 ~ 13182 3§
MACH YJMBZR 3000 1.000 _ z.670 4,103 4 909 Se430 52758 64003 6,199 64508 64852 8.027 5,865
CSTAR, FT/SEC 5745 5745 5T+5 5745 5745 5745 5745 5745 5745 5745 5745 5745
o 0 %53 T %57 1730 T-800 1.536 I 854G . 3565 T.67% 1 88% T.596 1.925 1.93%
AZ/AT ) 12000 4e 020 23 59 35 43 93 L4 12448 153.5 18044 229,9  297.,3  656.1 1281 7
TVAC,LB-SECTLE -~ " " - 773 3=~ g8 7~ 321.1 331 & T333 2 338,% 355,977 341.0 342,5 F43.9 7 TIEIETT TTR9,3
1+ LB-SEC/LB 122.4 256 5 307 1 ~21 5 327 8 331.,0 333,1 334 & 335 6 338.6 34346 3146,1
R4AI5P -0 0 T -0 07 -0 0 -0 6 -0°Q =0.07" =Dds0 -0.0 ~00 "7 -0 6~ “0,0 -0 0
M3LE FRACTIANS } _

1 H2 Az fa7362=-01 0 736E-0L
Kl HZu GFL] - De %4827 00 0.%82E 00 -
4 Q000 0.22+5> HAz2 2000 2 00003 M2 Q000 0,07355 H2B Q000 0.48203 -
N N2 7 301° 00 0 301Z 00 .

v J000 0 02001 N2 2000 © 20077 P 0000 0.01p412 NQZ Q000 0,00001
TG PL] - aH - § B0%%-01 ~~ T OTBO4E-OL -
3 Q003 0,01225 aH 2000 0 05036 3o Q000 0.03222
8IJETIBNAL PRADJITS WHECH WIRT COMSIOZRED 3UT WHIS™ MILD TRACTIANS WER  LESS THAN 0DQODOS FOR ALL ASSI[GNED CONDITIGNS _

121 -_.3000 HaF( _ Q000

NdFz

ASITHT FRACTIAY AF FJEL IN T TAL Fus

H Q000 NH2Z ___ 0000 NH

1)

8090 N2k

Q000 N2p

Q000 N294 Q000

LS 4NO 2F EXIJAIT IN TOTAL BXIDANTS

#2¥29 10 DATFH/DSWN'T



621-d

TRE 07 D,6565% 0" 0,22320 05 0.1356% 01 0, 9528503 0, 7124: 04 0.20362 03 0

(9)

H FT2/S52 A/ A% GaMMa M N, P PSF T DEG R
0,493 07 =0,000%~ v 0212028 04 0.000%=~25 0.144% 02 025555 04
~3,2737 07 0s 1008 0. 0,122z 01 C,100. 0} 0,806F 04 0,508~ 04
“0,271.% 0« 0: 4027 0 Oel1252 0L Cs2670 01 0:576 0L 030562 04

(10) _PRATITYP= ZXIT PLAM: REVYNSLDS N#s IS 0,230 05
(11) (12)
BRIGIN_4F SJJRCE _FLUW AT X=-04121E 00 AITH THETA= 0,143Z 0,
(14} (15) (16) (17) (18) {19) (20}
MACH D 3L e _GAMMA_ KNUDS:- Y yg T2 T PO

0.200E 02

-

7247032 0 0.4T93E 0) 0,3374E 05 0515228 01 041415E-04 0, 7124° 0% 041398z 04 0.6535¢ 04| 0+6018E 02
2+75173 0.

77

4
Bl
W

rh

0s

[t}

J.o 0,0129% 05 0413442 0L 0.45615-03 O TL24E 04 0.101RE 04 0a 65835E 04*0 2535F QZ

+5385E 04y 9,7098E ou

(22)  PRIATHTYP: THTDENSATTZN GCCIRS AT .5 a5s 0,509% 0F
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DET-

{23) FA.9% TICAL RICKIT PERFARMAIC  SSUFING FRAZ™ | CI4PASITIIN DURING EXPANSIAN
- .o AT Al ASSIGNED TEMPERATUSRF -7 - " -
P. = 207 0 PSIA
ZAS. V3. 1
WT FRACTIEN ENTHALPY STATE  TEMP DENSITY
CHEMICAL FIRMJLA (S5 NBTE} CALAMAL DEG K G/CL
FJIL C 1 0000) _ F 4,30000 L — e e o WREEEER 2172004000 G 298,15 -0 0000
FJ L N 2.00002 ook K K 0.000 [ 298,15 -0,0000
Flt % 1.00002 4 2 00000 *kkkkdk  ~94051,.800 6 _298.15 =0,0000
3fF=  (,0200 PERCENT FUL| =¥skdasis SQUIVALENCE RATI®= 1 0000 DENSITY= 0.0000 Lo
T Taa¥BER “THRHAT TTERIT T EXIT EXIT EXIT EXIT EXIT EXIT TEXIT 7T T e
p_rp 1.000 14776 23 000 300.000 1000.00 2000400 3000 00 4000 QO 5000400 7000400 ~ .
P, ATH 12 51 T 664 045444 0408549 ~ V. 0136 0,0063 0 0045 0,0034 0 0027 0.0019
Ty DE3 < 1000 907 563 339 2-8 2L9 198 184 174 159
4 CAL/S -1242,2 126747 -1356 7 -1408.0 =1424 6 <[432.3 <-1435,2 ~1436848 =~1040.6 -1443.2
Sy LAL/IGIER) 1 4025 L 4026 1l.4026 1 4026 1 4026 1 4026 1 %026 1 K026 1 4026  1.4026
My M3L AT +2 793 42 793 42 V93 42,793 42 793 424793 42 793 42,795 42,793 42,793 N ~
She CALVISHIKY " 242757 Ge271o 0 2434 0 21227 O 977 0189877 0,1855 0.182%" 0,1803 0 1770
SAMMA (S) L 2017 1 2053 4 2358 1 2799 1 070 1,3238 1 3340 123612 1.3470 _ 143556
SAV VIL.M/SEC 433 » +61e1 357 8 290,45 2564, 237 2 22645 219.0 Z13,37 204 a
MACH yJuBZR L8000 1,000 2 650 4 054 +>823 5316 5 525 5,955  5.041 . be332 e
S5TAR, FT/SEC 2227 2227 2227 2227 2227 2227 2227 2227 2227
oF Dy 579 442 1 135 1,820 1. 858 1,977 1.889 1,898 1. 910
AZ/AT 1,000 +,.20 24 75 59 45 99,32 133,4 15443 193 1 246,1
[VAC,LB=55C/LE 86,0 111,2 125 8 130 1 13240 133 0 133,84 134.1 134.7
I, LR-53C/LB 47,0 99 = 120 1 126 0 128 6 12949 13048 131 & 132,2 -
Hasp = - o a0 T o TO.0 T 000 T OThLT 070 0.0 0.0 0.~ T~
M3LZ FRACTIZNS _
" T IR T TCF% - 0e1%55 GO0 0,135 66 ~ T T T TUmomes——— - -
——  C3F_T CaF2 "0 995E-0L 0 995£-01
3 Cs2 ce- 0 145E 00 0 145 0o - -
I N2 "0 ellr 80 O EIiEOF T T v - - -
o JODD 0. 1+%75 CaF2 W00 0.09951_ Caz Q000 Deld6G71 NZ Q000 0.6L103

AJDITIANAL PRIDJUCTS WAHIZ

-(s1 4209 cF_ w09
S Q003 CZN2 @Da
- 2000 NF2 Qoo
a Qoou o2 000
NIT~  AZISHT FRACTIZN OF

4 AzRF CYNSIITRID BUT WH3IS® M3IL™ FRACTIANS WER™ L7SS THAN 2200005 FOR ALL ASSIGNED CONDITIONS

2 CF2
3
3 NFa
1]

FJ.L

Q000 Cfs QOO0 CN _
NF00 <3 0000 F
Q000 V@ Q000 N

F_

Q000_Cv2
Q000 FIZN
Q000 Np2

Q000 C¥ Q000 CRF
G060 Fa Q000 F&2
Q000 N@2F Q000 N2C

IN TOTAL FUELS AND 9F f#XIOANT IN TOTAL 8XIDANTS

Q000 €2 Q000 C2F2 Q000
Q000 F2 Q400 N Q300
0000 N24 Q000 N2@4 _ Q200
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1e1-a

H FT27Sz
-0 5635 03
-0,57:% DR
055417 03
-1},534% 0O+

H FT2/52
-001015 09
~0.102% 09
-0.105% 09
~0,107% D9

4 12782
-0,110E 08

"031752 0\‘3

-0,200% 08
052078 0% _

‘Onf—é?é‘ 69—-

(24)

TABLE AF THERMADYNAMIC PRZPZRTIZS FOR MIXTUREZ

30LE7E* GAMMA w7, P PSF T DE3 R MIL WT
-0,0002-19 0,120 0. _0.,0008-33  0,283Z 05  0.1803 04  0.428% 02
0,.005 0] 0s121z 01 0,100 0. 0,162 05 0.153% 04  0.428E 02
0, %12% 01 Ns1245 0L 0,265 01 0.115% 04  0,101%5 D4  0.428E 02
s 0t7% 02 0s1232 0L 0,4%405: 0. 0.960% 02 00,6107 03  0,428E 02
(25)
) TABLE AF THERMIDYNAMIC PREPERTIES FOR CAMPONENT 1
AL A% SAMMA M ONT. P PSF T DEG R MOL WT
-0,0002-19 0,111 01l  0,000F-38 0,2882 05 0,180F 04  0,733E 02
0-100F 01 0.1112 01  0,1008 O. 0,168 05 0,170 04 0-T33E 02
0,493 01 0,112% 01  Qae251% 01 0,115C 04 0,129% 04 0e733E 02
0.350F 07 NDal13F Ol  0,374% 0. 0s960E 02 09775 03  0.,733EF 02
(26)
o . TARLE 7F THERMADYNAMIC PREPERTIZS FIR COMPINENT 2
A/ A% GAMMA MNG, P PSF T DEG R MOL WT
-0,0002-19  00130% 0l 0,0003-5% _ 0,288F 05  0.,180% 04  04302F 02
0,100% 01 0,132= 01 051002 01 ~ 0.1565 0% 0.156% 04  0.302f 02
0. 3545 0} O0u.130F 0l  0,27i 0! 02115E 04 __ 0e805% 03  0.302F 02
0.,184> 0: 0, 1392 01  0.440= O. 0,9605 02 0.407% 03  0,3027 02
0,423% 02 0,139% Ol 0,5397 0] _0,288% 02__ 0,292€ 03 043025 02
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Z2e1-d

SIMULAMT RN AT =XIT = 0,104E 346

GROUP 11
— BRIGIN 7F SJHIRCE FLEW AT X= 04.136%=01l AITH THETA= (,150% 0}
GROUP 12
52 ___ MACH \® RE N@ _GAMMA  KNUDSEN Ng T4 T PO P

ot e s R ] O s A ey e o P -

1.1394% 01 0,4681% Ol 0.57385 08 0,1304F 01 0,2587£-0> 0,2113Z 04 0,4878E 03 0,1923E 05 0.1278F 03

3,2239F 0l 0,5592F 01 0,8812% 07 0.1333E 01 0.81815-05 0.2236E 04 0.3502F 03 0.1494E 05 . 3543F 02

3E 0L 0s4103E 07 0s1356EF Ol 0.2129E-0+% 0.2331% 04 0.2785E 03 0.1221E 05 90,9935 01.

55 01 042753% 07 0,1356% 01 0,3494E-04 0,2331% 04 0,2336E 03 0.1221E 05 p 3476E 01

Y2291 DX EH/DSIN'T





