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NOTICES

When U.S. Government drawings, specifications or other data are used for

any purpose other than a definitely related government procurement operation,

the Government thereby incurs no responsibility nor any obligation whatsoever, t
and the fact that the Government may have formulated, furnished, or in any

way supplied the said drawings, specifications or other data, is not to be

regarded by implication or otherwise, or in any manner licensing the holder

or any other person or corporation, or conveying any rights or permission to

manufacture, use, or sell any patented invention that may in any way be re-

lated thereto.

FOREWORD

This report was submitted by Acurex Corporation/ Aerotherm Division, 485
Clyde Avenue, Mountain View, CA 94042 under contract F04611-74-C- 0023
Job Order No. 305909HY with the Air Force Rocket Propulsion Laboragory,
Edwards AFB, California 93523. -

———

Contract work was performed in the period 1 May 1974 to 31 July 1976 and was

documented in this final report and in a second final report (AFRPL-TR-76-71) '
which is classified CONFIDENTIAL. In addition to the final reports and other H
wr1tteq documentation, a 2-day seminar was conducted by Aerotherm at its 1
Mouqta1q View facility to present contract results to the rocket motor com-
munity in a timely fashion. The Aerotherm work was managed by Mr. Roger J.
Bedard, Manager, Propulsion Systems, and the Air Force Technical Monitor
was Mr. William F. Payne.

This report has been reviewed by the Information Office/DOZ and is releas-
able to the National Technical Information Service (NTIS). At NTIS it will
be available to the general public, including foreign nations. This report
is unclassified and suitable for general public release.
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SUMMARY

Recent studies at Aerotherm have shown that the accuracy and versatility of the GASKET code
can be improved by some minor code modifications. These modifications were identified and incorpo-
rated into the GASKET code. The modified code, entitled GASKET2, includes a generalized computa-
tional scheme for combined equilibrium-nonequilibrium systems, sublimation kinetics, and an expanded
thermochemistry data bank including the Duff-Bauer hydrocarbon species. With these modifications,
GASKET2 predicts higher ablation rates than GASKET at surface temperatures above 5500°R. These rates
reach the asymptotic diffusion controlled value at the high temperature limit. At surface temperatures
below 5500°R, however, both codes predict results with insignificant discrepancies. In addition to
the improved predictions, GASKET2 will also accept a larger number of surface kinetically controlled
reactions than GASKET (1imited to three). This will allow reactants other than‘the three currently

used; namely, H20, 002 and HZ'

In addition to the above modifications, GASKET2 was updated to include the surface kinetics

of the following graphitic materials:
e 15% SiC/PG
o ATJ bulk graphite
o G-90 bulk graphite
e Pyrocarb 901 carbon/carbon
e Carbitex 700 carbon/carbon
e C plane pyrolytic graphite (improved kinetics)

Kinetic reaction rates for these materials were obtained from arc plasma generator and rocket motor
data.
This report was prepared in two parts. The first part describes the code modifications and

updates to GASKET. The differences between GASKET and GASKET2 are illustrated in terms of computa-

tional scheme and surface ablation rate predictions. Also, a brief description of the GASKET2 output

vi




is included, so that users can use this code more effectively. The second part of the report con-
tains an updated user's manual, a partial listing of GASKET2 which shows the locations where FORTRAN
changes were made to GASKET, and three sample problems. Finally, it should be noted that this report

serves only as an addendum to the earlier published GASKET reports.




SECTION 1

CODE MODIFICATIONS AND UPDATES

The Graphite Surface Kinetics (GASKET) computer code, developed under USAF Contract
F04611-69-C-0081, was designed to calculate graphite surface thermochemical ablation rates as a
result of exposure to propellant gases. The mathematical model, employed by GASKET, accounts for

such thermophysical phenomena as:

e Diffusion of the reactive species from the boundary layer edge to the gaseous region

adjacent to the carbon surface
e Adsorption of the reactive species to an active site on the carbon surface
e Formation of reaction products at the carbon surface
o Desorption of reaction products from the carbon surface
e Diffusion of reaction products into the boundary layer

Among all possible heterogeneous reactions occurring at the surface, only the following three were

considered to be important at the temperature range and environments of interest:

c*+Hﬂoiuz+co
&

++

C* + €O, « 2C0

4

2C* + H C,H

2 272

Also under the same contract, the surface kinetics of the following materials were correlated:
e A-b plane pyrolytic graphite
e C plane pyrolytic graphite
o Bulk graphite

These correlations were then implemented into GASKET.

GASKET has been used extensively in rocket motor applications. The surface temperature range
for this type of application is normally between 3000°R and 6000°R. For these applications, GASKET

predicts satisfactory results.
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Recently, the trend of rocket nozzle design has been altered somewhat. Instead of burning
the conventional propellant and fabricating rocket nozzles with pyrolytic graphite, higher enthalpy
propellants and graphitic materials such as carbon/carbon composite and bulk graphite are used. The
introduction of these new elements into the rocket technology necessitated the assessment of the pre-
diction ability of GASKET in a temperature range exceeding 6000°R and the correlation of the ablation
kinetics of these graphitic materials. Under USAF Contract F04611-74-C-0023, GASKET was modified
to handle the high temperature calculations, and was updated to contain the surface kinetics of the

graphitic materials that were correlated under the same contract,

1.1 GENERAL EQUILIBRIUM-NONEQUILIBRIUM COMPUTATIONAL SCHEME

As mentioned previously, the thermochemical ablation of graphite materials as a result of

exposure to propellant gases is assumed to be controlled by the following heterogeneous reactions:

c~+u202cow2
c* + €0, Z 200
2% + Hy *CoH,

This kinetic model appears to be a viable assumption in the temperature range between 3000°R and
6000°R as satisfactory predictions have been obtained. However, as surface temperature exceeds
6000°R, other surface activities may become significant, e.g., sublimation, Due to the intrinsic
weakness of the computational scheme used in GASKET, the inclusion of more than three surface
reactions may éncountcr difficulties (see Reference 1 for detailed discussion), Since more surface
reactions are required to be considered in high temperature predictions, it is necessary that such

an intrinsic weakness be removed by using a more general computational scheme,

GASKET was modified to accommodate more surface reactions, This capability was made possible
by allowing reactants and products to be base as well as nonbase species (see Reference 2), Through
interna) bookkeeping, the net generation rate for each base species is calculated without the com-

plication of introducing a fictitious base species (as was done in the previous version of GASKET),

A comparison of the computational procedures for the two versions of GASKET is demonstrated
schematically in Figure 1. A (H, 0) composition edge-gas reaction with a carbon surface was taken
as an 1llustrative example, As can be seen, a fictitious base species (in this case, COZ) was created

in order to accommodate the three kinetically controlled reactions in the previous version of GASKET,

hic
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If more kinetically controlled reactions are required ~ore fictitious base species should be created

accordingly. In addition, since gas phase species are in equilibrium, an artificial infinite rate

reaction is required to allow subsystems 1 and 2 to equilibrate.

] In contrast, GASKET2 is more versatile. The number of kinetically controlled reactions that
i - B
E can be input to the program is virtually unlimited, while the number of base species remains un~

3 changed. Furthermore, ‘h= input procedure for GASKET2 is simpler, as can be seen from the updated

input instructions.

1.2 SUBLIMATION KINETICS

The Knudsen-Langmuir (Reference 3) carbon vaporization kinetics have been incorporated into

GASKET2. The expression is:

eq (n=1to5)

where me is the mass flux in 1bm/ft2-sec for the carbon vapor species Cn. o is the dimensionless
n n
vaporization coefficient, Pcn and Pc are the equilibrium and actual partial pressures of species
eq n
C". T is the surface temperature, and Mc is the molecular weight. The built-in values of ac in
n n

GASKET2 are as follows:

an = .125
G
:
a~ = .26)
ar = .012
Cs
1 a = ,130 :
1 C4 :
'E ! ag_ = -00096
L. 5

The incorporation of sublimation kinetics is necessary for high temperature calculations.

T

It not only predicts the ablation rate due to sublimation, it also drives the predicted ablation
rates to the correct asymptotic ablation value at the high temperature limit.

T




133 THERMOCHEMICAL EQUILIBRIUM DATA

The determination of a thermodynamic state of a chemical reacting system requires the input 1
of thermochemical equilibrium data describing the formation of each species. In a particular tem-
perature and pressure range of interest, some species can be neglected without affecting the accuracy
of the calculation significantly. However, it does not guarantee the same accuracy can be maintained
when the range has been surpassed. Therefore, a screening study was initiated to evaluate the built-in

thermochemical equilibrium data in GASKET for high temperature calculations.

The results of the evaluation show that the Duff-Bauer hydrocarbon species, formed favorably

at temperatures above 6000°R but not below, should be included in the built-in data bank. With the

e i s St

inclusion of the Duff-Bauer hydrocarbon species, GASKETZ2 predicts higher ablation rates at or above
5500°R. The reason for the increase in the predicted ablation rate is due to a significant increase
in the formation of C3H at temperatures above 5500°R. Carbon molecules which ablate to the gas phase |
through surface reactions are quickly reacted to form C3H. Therefore, a larger carbon sink exists
in the gas phase with C3H species than the one without. Furthermore, the existence of C3H species

can alter the reactive species concentration at the carbon surface, and hence the ablation rates.

1.4 COMPARISONS OF GASKET AND GASKET2 PREDICTIONS

A sample problem was run to compare the predictions from GASKET and GASKET2. The selected
problem considers the thermochemical ablation at the exit cone location of the rocket nozzle when
exposed to PEG/FEFO propellant. The surface material was assumed to be bulk graphite. The compar-
ison of the two solutions in terms of B' versus Tw is shown in Figure 2. Also shown in this figure
is the surface equilibrium solution which serves as the baseline solution. As can be seen, both
GASKET and GASKET2 solutions predicted B' values below the surface equilibrium value at surface tem-
peratures below 5500°R. This indicates that the surface reactions are kinetically controlled. Also,
note that both solutions agree with each other with less than 10 percent discrepancy. As the surface
temperature exceeds 5500°R, the B' predicted by GASKET2 gradually approaches the surface equilibrium
value, whereas the GASKET B' is still markedly below and has no trend of approaching the surface

Fv equilibrium B'.
From the results of this comparison, the following conclusions can be drawn:

o Both GASKET and GASKET2 predict similar results at or below 5500°R

o At the upper temperature limit, GASKET2 has the correct asymptotic functional behavior
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Figure 2. Comparison of GASKET and GASKET2 predictions.
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164 DESCRIPTION OF GASKET2 QUTPUT ON TRANSPORT PROPERTIES AND SURFACE KINETICS INFORMATION

There are concerns by the users of whether GASKET2 computes transport properties based on
both gas and condensed phase species, or on gas phase species alone. It is the purpose of this sec-
tion to clarify that these properties are computed based on gas phase species only. The reason for ne-
glecting condensed species is due to the ccmon belief within the rocket community that condensed

species have a small influence on boundzry layer events.* For those users who also use ACE

(Aerotherm Chemical Equilibrium code) to perform their inviscid flow field calculations, it should
be noted that those transport properties are calculated including both gas and condensed phase
species. Therefore, the user should evaluate the implications if those transport properties are :
being used. - 1

For those users who are interested in obtaining information on how each individual heteroge-
neous reaction contributes to the total ablation rate, this information is also contained in the
GASKET2 output. As an illustration, part of the GASKET2 output was extracted and presented in
Figures 3 and 4. Figure 3 shows the printout of the built-in or input surface kinetic constants
for each surface reaction. Note that the preexponential factor is normalized by the mass transfer
coefficient (peueCM). Shown at the bottom of Figure 4 for each surface reaction are the ablation
rate and the ratio of the forward rate and the backward rate indicating how close the reaction is
to being in equilibrium. By summing the net rates of all the surface reactions according to the

following equation, the sum should be equal to B'.
N

B' = Miy 2V uy [Net Rate],i
i=1
N is the total number of surface reactions, and Vewi is the stoichmetric coefficient of carbon
for reaction i which can be obtained from the printout for surface kinetics information

(see Figure 3).

*This is probably a valid assumption for regions near the nozzle throat; however, the nosecap and
exit cone regions must be evaluated more carefully.
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SECTION 2
INPUT INSTRUCTION MANUAL

2.1 GASKET2 INPUT

This section defines the format and significance of each field of the input data card deck

for the modified Aerotherm Graphite Surface Kinetics (GASKET2) program. In the most general case,

the input consists of eight card sets. These are:
1. CONTROL CARD
2. FROZEN-EDGE TEMPERATURE ARRAY
3. SURFACE TEMPERATURE ARRAY
4. ELEMENTAL COMPOSITION
5. DIFFUSION FACTOR DATA
6. SPECIES THERMOCHEMICAL EQUILIBRIUM DATA
7. OBLIQUE OR NORMAL SHOCK DATA
8. REACTION RATE DATA

Card Set 1 is a control card which contains a 10-element array, KRK(I). This array controls
most of the program options and tells the program what to expect from the remaining card sets. Few
problems require all card sets since, in most cases, the user will wish to utilize the data built
into the GASKET program to replace card sets 2, 3, 5, 6, and 8. The card sets are described in detail

in this section.

> - CARD SET 1 — CONTROL CARD (2 Cards)

CARD 1

FIELD 1 (Columns 1-10, Format 10I1) the variable array KRK(10) which is used to con- ;
trol the various program options. -

n




COLUMN 1 -- EDGE THERMODYNAMIC STATE

0 Input

1 Static state behind shock, upstream conditions input
1 (card set 7)

2 Same as 1, except stagnation state behind shock
A 3 Isentropic expansion from input chamber conditions
- 4 Static state behind shock, upstream conditions calculated
f via isentropic expansion from input chamber conditions

(card set 7)

5 Same as 4, except stagnation state behind shock

COLUMN 2 -- STATE OPTION (pertains to Z, cols. 11-20 of this card)

0 Assigned temperature
2 Assigned enthalpy
3 Assigned entropy

COLUMN 3 -- SPECIES THERMOCHEMICAL DATA

0 9 Use built-in thermochemistry data
0 Use built-in diffusion factdr data
12 Read from cards new thermochemistry data, and if provided,
diffusion factor data -
2 Print out thermochemistry data for allowable species
9 Update dif€usion factor data

Gl

COLUMN 4 -- CARBON SURFACE SPECIFICATION

1 Layer-oriented PG

2 Edge-oriented PG

3 General Bulk Graphite

F 4 G-90 Bulk Graphite

1 5 ATJ Bulk Graphite

6 Carbitex 700 Carbon/Carbon
1 7 PC-901 Carbon/Carbon
% 8 SiC/PG

COLUMN 5 -- FROZEN — EDGE TEMPERATURE ARRAY
0 Bypass this calculation

1 Use built-in temperature array
2 Read the temperature array from cards (card set 2)

COLUMN 6 -- SURFACi TEMPERATURE ARRAY

0 Bypass this calculation
1 Use built-in temperature array
2 Read the temperature array from cards (card set 3)

NOTE: When KRK(6) > 1, GASKET2 automatically provides two
equilibrium surface calculations, for 500°K and 1000°K,
with the restriction of zero ablation; this is done

e in order to provide tables for CMA and/or ASTHMA

i which facilitate smooth interpolation.

COLUMN 7 -~ KINETIC CONSTANTS

0 Use built-in Arrhenius/Langmuir model
13 Read from cards the pre-exponential factor, Bﬁ (1b mole
reaction/ft’sec), activation energy, E, (cal/gm mole), and
temperature exponent, ¢ for both reaction and sublimation
kinetics
23 Read from cards the partial pressure multipiicative factors,
Yim and ij (atm=!') for reaction kinetics only

12

e o




COLUMN 8 -- EDGE GAS ELEMENTAL COMPOSITION

1

% does not contain H or O (Kinetically inert surface)

does not contain H (reaction 2. only)
does not contain 0 (reaction 3. only)
contains both H and 0 (reactions 1., 2., and 3.)

3
4

®® MmO
uua

COLUMN 9 -- PUNCHED CARD OUTPUT

0 No punched card output
13 Punch a card appropriate to CMA input for each convergent
frozen edge or surface solution
23 Punch a card appropriate to ASTHMA input for each convergent

frozen edge or surface solution
COLUMN 10 -- DIAGNOSTIC OUTPUT CONTROL

0 No diagnostic output
1 Output a s1ng]e line of diagnostic information per iteration
3 (Where j is a digit greater than one) output full diagnostic
information for 5(j-1) iterations and output a single line
of diagnostic information for subsequent iterations.

FIELD 2 (Columns 11-20, Format F10.5) Thermodynamic State Variable, Z
1) a) If KRK(2)

b) If KRK(2)
c) If KRK(2)

0, Z is assigned to temperature, °K
2, Z is assigned to enthalpy, cal/gm
3, Z is assigned to entropy, cal/gm°K

[T

2) a) If KRK(1)
b) If KRK(1)

0, Z pertains to the edge state
1 or 2, Z pertains to the thermodynamic state upstream of a
shock wave

¢c) If KRK(1) 3_3, Z pertains to the chamber thermodynamic state
i) 1f PC = 0, Z pertains to the actual chamber state
ii) If PC # 0, Z pertains to the ideal chamber state (see PC,

Cols. 41-50 of this card)
FIELD 3 (Columns 21-30, Format F10.5) Pressure, PR atm
1)  If KRK(T) = 0, PR pertains to the edge thermodynamic state
2) If KRK(1) f , PR pertains to the actual chamber thermodynamic state
or to the thermodynamic state upstream of a shock wave
FIELD 4 (Columns 31-40, Format F10.5) Edge or Shock Upstream Thermodynamic State, ZE
1) If KRK (1) < 2, this field is ignored
2) a) If ZE > 0, it is assigned as the pressure, atm, at either the edge
(KRK (1) = 3), or the upstream side of a shock wave (KRK(1) = 4 or 5)
b) If ZE < 0, it is assigned as the Mach number at either the edge
(KRK (1) = 3) or the upstream side of a shock wave (KRK(1) = 4 or 5)
. | FIELD 5 (Columns 41-50, Format F10.5) Ideal Chamber Pressure, PC atm
FIELD 6 (Columns 51-60, Format>FTO.5) Mass Transfer Coefficient, ROUCM 1bm/ft?sec

FIELD 7 (Columns 61-70, Format F10.5) Diffusion Coefficient Exponent for Unequal
Diffusion Coefficient Model, GAMER

1) If GAMER = 0.0, it is automatically set to 2/3 (this value is appropriate
for most calculations)

2) If GAMER = 107°, the diffusion model reduces to equal diffusion coefficients
FIELD 8 (Columns 71-80, Format 2A4,A4) Job Title, TILE (3)
CARD 2 If KRK(4) # 8, skip this card

FIELD 1 (Columns 1-10, Format F10.0) Mass fraction of SiC in SiC/PG
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CARD SET 2 — FROZEN-EDGE TEMPERATURE ARRAY TFA(I) (number of cards = no. of temperatures + 1)

1) If KRK(5)

0 or 1, skip this card set

2) If KRK(5) = 2, read in an array of no more than eight temperatures, TFA(I) °K
CARD(S) 1,2,... (Columns 1-10, Format F10.5) one temperature per card
FINAL CARD blank

NOTE: The TFA(I) array built into GASKET2 contains temperatures from
500 to 4000°K in 500°K increments

CARD SET 3 — SURFACE TEMPERATURE ARRAY TSA(I) (number of cards = no. of temperatures + 1)

B —

1) IF KRK(6)

0 or 1, skip this card set

2) If KRK(6)

2, read in an array of no more than fifteen temperatures, TSA(l) °K

CARD(S) 1,2.... (Columns 1-10, Format F10.5) one temperature per card

FINAL CARD blank

NOTE: The TSA(I) array built into GASKET2 contains temperatures from
1200 to 4000°K in 2000°K increments. Also, whenever KRK(6) 1
two surface equilibrium, zero-ablation calculations are per-
formed for surface temperatures of 500 and 1000°K.

CARD SET 4 — ELEMENTAL COMPOSITION (number of cards = no. of elements +1)

S e =

CARD 1 (Columns 1-3, Format 13) the number of elements in the system
CARD 2,3,4 . . . (one card for each element)
FIELD 1 (Columns 1-3, Format 13) the atomic number of the element

FIELD 2 (Col?mns 4-15, Férmat 3A4) the name of the element (for output identification
only

FIELD 3 (Columns 16-25, Format F10.5) the atomic weight of the element
FIELD 4 (Columns 26-35, Format F10.5) the relative amount of the element in the edge
gas (this is the same as the relative amount of the element in the chamber or
at the upstream side of a shock wave, since elements are conserved)
1) Positive values are in relative gram-atomic-weights (or moles)
2) Negative values are in relative masses
FIELD 5 (Columns 46-55, Format F10.5) the relative amount of the element in the surface
material (the present version of GASKET2 allows the surface to be comprised of

carbon only; hence, the quantity 1.0 must be entered in this field for the
element carbon)

CARD SET 5 — DIFFUSION FACTOR DATA (number of cards = 1/4 x (7 + no. of data items, e.g., diffusion
factors, reference molecular weight, diffusion exponent)

1) If KRK(3)
2) If KRK(3)

0, this card set must be skipped

1,2,3, or 4, this card set may be skipped

9, this card set must not be skipped

3) If KRK(3)




CARD 1 (Columns 1-3, Format I3) the total number of data items (e.g., diffusion factors,
reference molecular weight, diffusion exponent) to be entered

Diffusion factors may be specified for any or all species individually and/or
diffusion factors may be calculated via

FFA
Diffusion Factor = <Q%§§%t—>

where REFM and FFA may be specified here. For species for which diffusion factors
are not specified individually, diffusion factors will be calculated via the above
correlation, and if REFM and FFA are not specified, diffusion factors will be calcu-
lated from the above with REFM = 23.4 and FFA = 0.431.

CARD(S) 2,3,. . .

FIELDS 1,3,5,7 (Columns 1-8, 21-28, 41-48, 61-68, each Format 2A4)
The "name" of the species for which data is to be provided, exactly
as it appears in columns 73-80 of the first card of the 3 thermo-
chemical data cards (card set 6) for that species. To specify values
of REFM or FFA in the next field, enter the alpha characters "REFM"
or "FFA" respectively here.

FIELDS 2,4,6,8 (Columns 9-20, 29-40, 49-60, 69-80, each Format E12.4)

1) If the name of a chemical species was entered in the preceding
field, this number is presumed to be a diffusion factor.

2) If the name REFM or FFA was entered in the preceding field, enter the
desired values of REFM or FFA respectively in this field.

The diffusion factors introduced into the solution in this manner replace either the
values set automatically (see card 1 above) if the species thermochemical data are read
from cards or tape, or the values built into the GASKET2 program (see Volume II).

NOTE: If KRK(3) = 9 and KRK(1) = 1,2,4 or 5, this card set must follow the OBLIQUE OR
NORMAL SHOCK DATA card set; if KRK(3) = 1,2,3, or 4 this card set, if used,
precedes the SPECIES THERMOCHEMICAL EQUILIBRIUM DATA card set.

CARD SET 6 — SPECIES THERMOCHEMICAL EQUILIBRIUM DATA (number of cards = 1 + 3 x no. of species)

1) If KRK(3)

0 or 9, skip this card set

2) If KRK(3) = 1,2,3, or 4, read in this card set; there are three of these cards for each
molecular, atomic, or condensed species; the end of this card

set is signaled by a blank card

CARDS 1,4,7 . . . Describe the elemental composition of the species and establish its
name designation

FIELDS 71,3,55. « .4 13 (one for each element in the species)
(Columns 1-3, 7-9, 13-15,. . ., 37-39, each format F3.0)

The number of atoms (of atomic number given in the following
field) in a molecule of this species

(If field 1 is zero, this card is presumed to represent the
end of card set 6)

s ot o P




FIELDS 2,4,6,. . ., 14. (one for each element in the species)
(Columns 4-6, 10-12, 16-18,. . ., 40-42, each format I3)

The atomic numbers of the elements in the molecule (the number
of atoms of which was given in the previous field)

(If field 2 is zero, this card is presumed to be the first
card of card set 5)

FIELD 15 (Columns 42-72, Format 7A4A2) the source and date of the thermochemical data
for this specie. Used for output only

FIELD 16 (Columns 73-80, Format 2A4) the name designation of this species (e.g., AL203).
This variable is used for output and as a means of identifying data entered in
card set 5

CARDS 2,5,8. . . Lower temperature range thermochemical data

FIELDS 1,2,3,4,5 and 6 (Columns 1-54, Format 6E9.6) Input the 5 constants (F1,F2,
F3,F4,F5,F6) appropriate to the lower temperature range of
the thermodynamic data for this species. These constants are
defined as follows, where T is in °K:

F1 = the heat of formation of the species at 298°K from the
JANNAF base state (elements in most natural form at 298°K)
in cal/mole

F2 = the enthalpy change of the species from 298°K to 3000°K
in cal/mole

F3,F4 and F5 are defined by a curve fit to the heat capacity
at constant pressure of the form:

FS

c F3 + F4 T + =2 in cal/mole °K
g

"

p
F6 = the entropy of the species at 3000°K in cal/mole °K

FIELD 7 (Columns 61-66, Format F6.0) the upper limit of the lower temperature range
in °K

FIELD 8 (Column 67, Format I1) the phase specification:

signifies gaseous species

signifies solid species
signifies liquid species

w N —

The only phase combination allowed in one three card set is solid-liquid in which
case a 2 and 3 would appear in fields 8 of cards 2 and 3, respectively.

CARDS 3,6,9. . . Upper temperature range thermochemical data |
These cards are the same as cards .,5,8. . . except use constants for the
upper temperature range and field 7 is ignored
LAST CARD OF CARD SET 6 MUST BE BLANK 5
The end of the species thermochemical data is signified by a blank card. Hence, the last +

card of card set 6 must be a blank card.

than the actual value of 6. Finally, all condensed phase species (except C*) must

NOTE: If this data is read in on cards, the atomic number of C* must be 106, rather than ;
follow the gas phase species. k

T
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CARD SET 7 — OBLIQUE

1) If KRK(1)
2) If KRK(1)
FIELD 1

FIELD 2

FIELD 3

FIELD 4

FIELD 5

OR NORMAL SHOCK DATA (1 card)

0 or 3, skip this card set

1,2,4, or 5, this card set must be read in

(Column 1, Format I1) Input the variable KVH which determines how the velocity

ahead of the shock, the static enthalpy ahead of the shock, and the total ¥

enthalpy are calculated (since total enthalpy = static enthalpy + 1/2 velocity®)
If KVH = 1, velocity is calculated from specified total and static enthalpy

If KVH = 2, total enthalpy is calculated from specified static enthalpy and
velocity

If KVH = 3, static enthalpy is calculated from specified total enthalpy and
velocity

(Columns 2510, Format F9.4) The velocity variable, UR (this field is ignored
if KVH = 1

If UR # -9999, then UR is assigned to SVL, the velocity upstream of the shock
in ft/sec

If UR = -9999, the velocity calculated in the prior solution is assigned to SVL

(Columns 11-20, Format F10.4) The total enthalpy variable, HTR (this field is
ignored if KVH = 2)

If HTR # 0, then HTR is assigned to HCH, the total enthalpy of the system in
BTU/1bm

If HTR = 0, HCH is unchanged

(Columns 21-30, Format F10.4) the static enthalpy variable, HSR (This field
is ignored if KVH = 3)

If HSR # -9999, then.HSR is assigned to SH1, the static enthalpy upstream of
the shock in BTU/1bm

If HSR = -9999., the static enthalpy calculated in the prior solution is
assigned to SHI1

(Columns 41-50, Format F10.4) the shock angle (0.0 for a normal shock) in
degrees

CARD SET 8 — REACTION RATE DATA (number of cards = 3 x MT -10 at maximum)

1) If KRK(7)
2) If KRK(7)
3) If KRK(7)

First Subset:

CARDS 1,2, . .

FIELD 1

FIELD 2

FIELD 3

0, skip this card set

1 or 3, the first subset of this card set must be read in

2 or 3, the second subset of this card set must be read in
MT cards
<y T

(Columns 1-10, Format E10.4), FKF(M) the preexponential factor for the Mth
reaction, 1b mole/ft’sec atm

(Columns 11-20, Format E10.4), EAK(M), the activation energy for the Mth
forward reaction, cal/gm mole

(Columns 21-30, Format E10.4), EXK(M), the temperature exponent for the
Mth reaction
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Second Subset: 2 x MT -10 cards
CARDS MT + 1, MT + 3, MT + 5;. . . 3 x MT -13, 3 x MT -11;

FIELDS 1-6 (Columns 1-10 x 6, Format 8F10.6, inhibiting specie partial pressure
coefficient, PSI (J,M), J = 1, 6 atm™!

CARDS MT + 2, MT + 4; MT +6, 7, . . . 3 x MT - 12, 3 x MT -10

FIELDS 1-6 {Columns 1-10 x 6, Format 8F10.6, inhibiting specie partial pressure
coefficient FKK(J,M), J = 1, 6, atm™!

NOTE: MT = no. of reactions
1) IF KRK(8) = 1, MT = 0, kinetics ignored

2) If KRK(8) = 2, MT =1 + 5 sublimation kinetics reactions

M=1 C* + C02 Zz 2C0
J=1 C02
Jd =2 co

3) If KRK(8) = 3, MT = 1 + 5 sublimation kinetics reactions
Bl 20+ Hy T CHy
Jd=1 H2
4) If KRK(8) = 4, MT = 3 + 5 sublimation kinetics reactions

M=1 C*+H,07CO+H,

s
e T e A A

M=2 C* + CO2 2 260
->

M=3 2C%+H, ] CH,

J =1 H20

J=2 CO2

J=3 co

J =4 Hy i

J=5 CLH :
E Jd=6 FH }
b bl KRK(1) = 8 on final card E
=, 1
E; : MULTIPLE JOBS !
1 1) Several jobs may be loaded back to back, with a control card signifying the start of
t each new job:
E | CONTROL CARD #1
1 .

ELEMENTAL COMPOSITION #1

add%tiona] data as required for job #1




CONTROL CARD #2
ELEﬁENTAL COMPOSITION #2
; additional data as required for job #2

: KRK(1) = 8

2) If jobs following the first job have the same elemental composition as the first job,
Card Set #4 (ELEMENTAL COMPOSITION) may be replaced by a single blank card for all jobs

7 after the first:

CONTROL CARD #1

ok

ELEMENTAL COMPOSITION #1

gl o

add%tiona] data as required for job #1
CON%ROL'CARD #2

L bla;k card

add%tional data as required for job #2

KRK(1) = 8
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4 2.2 NEW FORTRAN VARIABLE NAMES USED IN GASKET2

This section describes the names and definitions of the newly introduced FORTRAN variables

resulting from the computer code modification. Since this is an addendum to Reference 1, similar

format and abbreviations are adopted here. R
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2.3 LISTING OF THE MODIFIED SUBROUTINES

The listing of the following subroutines are given in this section:

IMELM

INPUT

KINET

OUTPUT

THERM

KININ

ZIPIN

AFMAT

ALPST

BELCH

CRECT

GASKET

MAT 1

MAT 2

MAT 3

PROPS

SCALE

The modifications made to the subroutines are shown in the right hand side column. The notation

"**.n" means that n lines of FORTRAN statements have been deleted preceeding the line where "**-n"

appeared.

"*COR" indicates the location where new FORTRAN statements are inserted.
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