General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



2 ‘J,

NASA TECHNICAL NASA TM X-72677
MEMORANDUM

N~
| ~
NN (NASA-TM-X-72677) A USERS MANUAL FOR A N75-23881 .
' REVISED VERSION OF THE LANGLEY ca;gaggs :
-’ >< ATOR PROGRAM (NASA) 121 p HC $5.
| B ( CSCL 20K Unclas
E = G3/34 20782
: =
w
-
=
A USERS FANUAL FOR A REVISED VERSION OF

THE LANGLEY CHARRING ABLATOR PROGRAM

By C. W. Stroud and Kay L. Brinkley

SHYYE Lndwy
LTIV 1LS vevn

EVYEREN
L2681 NP

. l.angley Research Center
dampton, Virginia

WTRTINE FURRERT .S WY s I DI T SRS W 5P TR ey e LI e e TP TR T T T T NTT RIS TN SE RN SRR wESS

This informal documentation medium is used to provide accelerated or
special release of technical information to selected users. The contents
may not meet NASA formal editing and publication standards, may be re-
vised, or may be incorpourated in another publication.

NATIONAL AERUNAUTICS AND SPACE ADMINISTRATION
LANGLEY RESEARCH CENTER, HAMPTON, VIRGINIA 23665

Ll e e e e i e B bl B AR
. - e
-
-~
¥ i AV e ST AN SN e T




1. Report No. 2. Governmant Accemion No. 3. Reciplent’s Catalag No.
™ X-72677
4. Title and Subtitle : 5 Raport Oow
A Users Manual for A Revised Version of the Langley _
Charring Ablator Program 6. Performing Orgenization Code
7. Author{s) 8. Performing Orgenizstion Raport No.

C. W. Stroud and Kay L. Brinkley

10. Work Unit Na.

9. Performing Orgarization Name and Address ' _ 506-16-21-01

NASA Langley Research Ceiter ‘ I1. Contract or Grant No.
Hampton, VA 23665 '

13. Type of Report and Period Coversd

12. Spomsoring Agency Name and Address
Technical Memorandum

National Aeronautics & Space Administration 14. Sponeoring Agency Code
Washington, DC 20546

15. ‘Supplementary Notes

A computer program is described that will compute the transient response
of a thermal protection material to a prescribed heat input at the surface.
The program has the capability of analyzing pyrolysis gas chemical kinetics
in detail and treating pyrolysis reactions-in-depth. Deposition of solid
products produced by chemical reactions in the gas phase is included in the
analysis. This paper outlines the theory and gives detailed operating instruc-
tions for the computer program. :

-

17. Koy Words (Suggested by Authoris)) (STAR category underfined) | 18. Distribution Ststemant
ABLATION, Computer Program, chemical

kinetics, reactions-in-depth Unclassified - Unlimited
19. Security Qlamif. {of this report) 20, Security Clamsit. (of this page} 21, No. of Pegms 22, Price’
Unclassified Unclassified 115 $5.25

The Nations! Technical Information Service, Springfield, Virginis 22181
¢ Available from .
STIF/NASA Sclentific and Technice! informetion Facility, .0, Box 33, Cotiege Park, MO 20740

I P Sy Ty Ve vy



ANTRODUCTION

The computer program to be described is entitled "Advanced Investi-
gation of Thermal Protection Systems for Atmospheric Entry-Modification
Number 2" (CHAP III). CHAP III is programed in FORTRAN language and is used
to compute the transient response of a thermal protection material to a
prescribed heat input at the surface. The original version of the program,
CHAP I, was developed (ref. 1) to deal with ablation materials but has been
applied to a wide class of thermal protection problems. CHAP III has been
developed primarily to add the capability to amclyze chemical kinetics in
detail. :

, The purpose of this note is to provide a user's manual for the revised
computer program. Use of CHAP III should not be attempted without
familiarity with the mathematical development of CHAP I. Lengthy
mathematical developments are avoided since they are included in the
references. However, this manual does provide a brief descriprion of the
mathematical model around which CHAP III is built. The emphas.s herein is
on those points that represent changes in the mathematical model that was
the basis for CHAP I.

This manual contains a set of tables which provide: (1) a definition
of physicol symbols and a list of FORTRAN symbols, (2) a list of input and
output FORTRAN variables in the order they appear in the I/0 lists of CHAP
III and, (3) an alphabetical list of FORTRAN symbols and their location in
(1) and (2). Cross reference features in these tables should permit
straight-forward use of CHAP III.

SYMBOLS

The computer program is normally used with English Units
shown in jarentheses below. A consistent set of SI units can be
used if PREHE = 2 and YDEL 1s set equal to the Stefan-Boltzmann
constant in the units chosen.

A frequency factors in Arrhenius constants (units vary with
reaction order)

Ai chemical specie identification symbols for reu~tants

Bi chemical specie identification symbol for products

o] concentration of a component, gm-moles/cm3 (gm-moles/cm3)
Csolid mass fraction converted to carbon by pyrolysis
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activation energy, J/kg (Btu/lbm)

enthalpy, J/kg (Btu/lbm)

reaction rate constant for pyrolysis reactions or for oxidation

of char (units vary with order)
total thickness, m (ft)
molecular weight

number of chemical reactions

mass - flow rate, kg/mzs (lbm/ftzs)

reaction order

rate of deposition kg/m?s (1bm!£t3s)

number of reacting specie

universal gas constant, J/kg-K (Btu/1lbmR)

pressure at the wall, atmospheres

rate of production of chemical specie by chemical reaction,
'kg/m3s (gm/cm;s)

pet aerodynamic heating rate to the surface, w/m2 (Btu/ftzs)
power on the tempe;ature in the rate equation

time, s

temperature, K (OR)‘

velocity of surface due to surface recession, n/s (ft/s)
stoichiometric coefficients of reactants

stoichiometric coefficients of products

order of reaction for reactants

order of reaction for products

char permeability, m’ (£t2)

viscosity coefficient, N-s/m? (1bf a/ftz)
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~ § - dimensionless coordinate normal to surface
. A weight of char removed per unit weight of oxygen diffusing to
the surface ’ .
0 density, kg/m> (1bm/fr’)
wbl parameter equal to E‘;]-_K , mzs /N (ftzs /1b£)
ZRTy
wp parameter equal to FLK_s mzs /N (ftzs /1bf)
ZRTu ‘
Subscripts:
c char
e external to the bodndary layer
f forward
| i integers
. o initial values
_ P pyrolysis or constant pressure
. T reverse
: s "~ surface
w wall

MATHEMATICAL ANALYSIS

The Model

The physical model of an ablation material as used herein is
shown schemitically in figure 1. More complex models have been described
(see, fcr example, ref. 2). However, the physical model used herein can
approximate a wide range of ablation problems. Moreover, this model 1is
described adequately by a mathematical model whose computer solution is
. feasible. The general form of the energy equation for CHAY 1II is shown
below:




(Storage) + (Pyrolysis solid reac;ions) + (Pyrolysis gas reactions) +
(Convection) + (Conduction) + (Work) + (Kinetic energy) + (Viscous (1)
dissipation) = 0

The mathematical model differs in some respects from CHAP I. The
areas of the analysis where major changes have been made in the terms of
the energy equation are outlined in the following sections. In additionm,
a set of density equations has been added to account for a pyrolysis
reaction zone rather than the reaction plane used in CHAP I.

The Pyrolysis Gas Kinetic Reactions’

CHAP III can compute the solution to the generalized chemical
kinetics problem. The kinetics analysis is necessary when neither
chemical equilibrium nor chemically frozen pyrolysis gas flow provides an
" adequate approximation. In addition, simplified analyses are included to
provide the bounding conditions: gases that are chemically frozen or
gases that are in chemical equilibrium.

The general kinetic solution.-~ The kinetic solution must be
approached from a general standpoint to have broad applicability. The
chemical reactions involved in a generalized reaction can be written in
the following form: ‘

N ke oy
El aij Aj —;:4L5 iil Bij Bj (2)
3

Each value of 1 in equation (2) corresponds to one chemical specie and
j takes on values from 1 to the number of chemical reactions involved.
Once the equation seEhhas been established by equation (2), the rate of
production of the 1~ specie can be written as:

Yy N J

m N 3 3
P,=2I (a,, -8B,,) (k w C -k L C ) (3a)
i =1 ji ji f.’i 4=l [ 9:] r'j o=l [ R,]

where the values kf and kr are of the form

Kk = AT S E/RT » (3b)

for each chemical reaction.

The generality of the above equations makes them very useful. The
price paid for this generality is increased computing time. The chain
multiplications involved in the T terms of equation (3) are the main
contributors to large computing times.
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The above equations are included as a sub-routine that can be
inserted into CHAP III to model a generalized set of chemical reactions.
However, the generalized approach is not recommended except under unusual
conditions.

Explicit kinetic solutions.- A more practical approach to the
kinetic solution is to write out explicitly the rate of production terms
defined by equation (3). This approach constrains the set of chemical
reactions that can be modeled. This constraint will be minimal if
judicious choices are made for the set of chemical reactions. For
example, a system of chemical reactions for ablation materials has been
programed explicitly and used with excellent results by the authors for a
number of ablation materials. This explicit equation set is included in
the program as the standard option for modeling gas kinetics.

Simple systems should almost always be modeled by writing a new
exrlicit expression to describe the unique system being modeled. This
explicit expression is programed and inserted at statement number 10 in
the KINFT subroutine. The appropriate changes can be made in the comment
cards in the INOUT subroutine so they describe the set of chemical
reactions currently being used. An example is shown below to demonstrate
the simplicity of the explicit approach. A simple set of chemical
reactions is shown in equation (4)

CH, ———> CH, +H (4a)
4 ~——— 3
H, —————> 2H (4b)

2 ~—m——

The 4 species are:

1l - C34
2 - CH3
3 - H2
4 - P

From equation (3a), an explicit expression for the rate of production of
specie 1 (cua) contains only one term since CH4 appears only in
equation (4a). Using FORTRAN symbols:

Y Y
XMULTP = C 4 C 2
1 O3 T L s mMPEX(4, 1)*C(2) *ANPEX(2,1) (3)

M. ek o



XMULIR = C.. = C(1)**NREX(1,1) (6)

Pl = RATE (1) = (PSC (1,1) - RSC(1,1))*(FK(1)*XMULTP - RK(l)*XMULTR): )

The expression for RATE(2) is equal in magnitude to RATE (1) since
CH3 appears only in equation (4a) and the stoichiometric coefficients are

equal. This is programed as:

®, = RATE (2) = -RATE (1) | B - (8)

The expression for RATE (3) also contaius only one set of terms.

Y .
4 _ V .
XMULTP = C, z2 . C(4)**NPEX(4,2) _ 9)
63 _
QMULTR = €, ° = C(3)**NREX(3,2) (10)
2 .
Py = RATE(3) = (PSC(2,3) - RSC(2,3))*(FK(2)*XMULTP-RK(2)*XMULTR) (11)

The production rate for specie 4 contains two sets of terms since it
appears in both equations (4a) and (4b).

RATE(4) = (PSC(2,4) -RSC (2,4))*(FK(2) *XMULTP~RK (2) *XMULTR) (12)
+(PSC(1,4) - RSC(1,4))*(FK1)*XMULTP-RK (1) *XMULTR) (13)

It should be noted that the expression for specie 4 can also be written
as:

P4 = RATE(4) = -RATE(l) - 2%RATE(2) (14)

If equations (5), (6), (7), (8), (9), (10), (11), and (14) are used, the
computer time is approximately 6% of that required by the generalized
equation (3a). Larger systems of chemical reactions can be programed in
an equally simple fashion. The approach to a kinetic solution in this
section has followed closely the development in reference 3.

The bounding solutions.- It is frequently desirable to establish
the boundaries within which a solution will lie. With Tespect to

chemical react:ions, these boundaries are defined by: (1) the solution
when the pyrolysis gases are chemically frozen and (2) the solution when

6
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the pyrolysis gases are in chemical equilibrium. The frozen solution
requires no elaboration. The equilibrium solution contained in CHAP I1II
is based on the assumption that the pyrolysis gases are in local thermal
and chemical equilibrium within the porous solid. This assumption makes
it possible to compute the enthalpy and chemical composition of the gas
as a function of tempersature and pressure. The equilibrium solution for
a given chemical system is readily obtained by use of the computer
program described in rcference 4. The output of that program is
compatible with the input required by CHAP III.

Chemical reactions between pyrolysis gases and boundary iayer gases.-
CHAP IIT has provisions for iucorporating the effects of bouncary layer
combustion into the surface recession rates. The model used to develop
the combustion analysis was a carbon bearing gas being injected into a
boundary layer that contains oxygen. When the combustion of pyrolysis
gases is included, the expression for first order oxidation of the
surface becomes: :

o= KPw [Ce = Bearbon (he - hw)]

[
0.6
ANLe qc,net
(15)
1+ & (he - hw)
0.6
ANLe qc,net"
Here m,.rbon includes all carbon injected into the boundary layer,

either as a result of pyrolysis or as a ‘result of sublimation, except
carbon in the form CO. Also, the assumption is made that any oxygen in
the pyrolysis gases is in the form CO. The computer program has been
made flexible enough so that other material systems, exposed to more
generalized atmopsheres, can be analyzed.

The Density Equation

The chemically reacting components of the solid are allowed to vary
as a function of position and time in CHAP III. Pyrolysis reaction-in-~depth
has been incorporated into the tranasient analysis in a fashion similar to
that used in the quasi-steady solution described ir reference 5. This
analysis 1is not included in reference 1, so it is outlined here. The
differential equation for the densities of the irreversible pyrolysis
reactions are:

=4
©
[y
Q
©
Q

- [o]
e e W ' (16a)




" where there is one demsity equation for each component in the solid. The

rate of mass loss 3Jp/ot of each component is given by a pseudo~order
classical rate expression (refs. 6, 7),

o o Ae~AE/RT

ot (16b)

Solid carbon is formed both by the irreversible pyrolysis reactions and
by deposition from the gas phase. The differential equation for the
density of carbon is:

| . |
ap , c 9§
= (Csoud)i] AR T BT (16c)

—_— = hX

Dpc NFYR
Dt

i=1
The rate of deposition of solid, w, is calculated from the gas phase

kinetics solution. The expression for the derivative 98§ is: .
at

B

-

3§ = _s a- 8 . (17)
pSL . , :

where ﬁs is the surface mass loss rate and pSL is the local density

at the current surface location. The remaining derivative in equation
(16), 9p , is obtained with standard finite difference techniques.
98 :

NUMERICAL ANALYSIS

The physical model in figure 1 has been approximated in
one-dimension by a finite difference network. A coarse grid illustrated
in figure 2 is used with an implicit-finite difference formulation of the
energy equation to generate a set of simultaneous algebraic equationms.
These algebrailc equations are readily transformed to a tri-diagonal form
whose solution is rapid and accurace. Within the coarse grid of the
energy equation is a finer grid whose spacings vary with chemical
composition. This finer gridwork is used to intezrate the non-linear
ordinary differential equations that describe the chemical reactions that
occur in the pyrolysis gas. The mass-density equations use the results
of both the energy equation and chemical kinetics in conjunction with the
pyrolysis rate to generate instantaneous density values for all
components at each coarse grid location. The coarse grid is more than
adequate for approximating the energy equation. The finer gridwork is
required to give adequate approximations to the highly non-linear
chemical-kinetics equations. The accuracy to be expected using this

8
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numerical approach is indicated by the following examples.

Comparisons with Exact Solutions

Two problems for which exact solutions exist were modeled with the
ablation program and solved numerically. The resulting numerical
solutions were then compared with the exact solutions. The first problem
selected was to find the temperature response of a heat sink, with
constant material propertier, that had a constant-heating rate applied to
one face and was perfectly insulated on the other face. A comparison of
numerical and exact solutions to this problem is shown in figure 3. The
percent error in the numerical solution is plotted for three points
within the solid: near the surface, the mid-point of the slab, and the
back surface of the slab. Since the exact solution has a discontinuity
at tige equal zero, the comparison is started at a non-dimensional time
(kt/L‘pCp) of 0.025. This figure shows that -rvors in the numerical

solution are negligible.

The second problem was to find the temperature response of an
ablation material undergoing quasi-steady ablation when pyrolysis
reactions- in-depth are present, and the heat of pyrolysis is zero. The
zero heat of pyrolysis decouples the mass and energy equations thus
permitting exact solutions (ref. 8). The resulting exact temperature
equation is an exponential function of distance. This problem was
modeled on the computer by imposing constant environmental conditions
and allowing the quasi- steady conditions to develop as they would in a
semi-infinite slab. After about 140 seconds, the numerical solution
approached a quasi- steady condition by oscillating about the exact
solution. In the exact solution, the surface recedes at a constant
velocity, and the temperature and density profiles do not change with
time. The transient numerical solution oscillated slowly about the exact
solution. Figure 4 shows the teumperature profile, obtained numerically
after 140 seconds at constant conditions, compared with the exact
solution. Agreement between the solutions is good. Similar agreement is
obtained at all greater times investigated.

COMPUTER PROGRAM

Using the Program

To assist the user, three tables are included in this paper. Table
I contains two sections. The first section is in alphabetical order
according to physical symbols. These symbols were used in the
mathematical modeling of the physical system. Each physical symbol is
defined in section one and the equivalent FORTRAN symbol is given. A
number is also assigned to each symbol for use as cross-reference to the

e el



other tables. The second section of Table I contains the same
information about items that are important enough to require definition
but were not assigned a physical symbol.

Table I should be used to go from the mathematical formulation in
reference 1 to symbols used in this computer program. This table can
obviously be used as an updated symbol list.

Table II contains a list of input and output variables in the order
of appearance in the I/0 lists of the computer program. This table can
be used as a reference when preparing inputs. Two columns of numbers are
included in this table. The first column, in parenthesis, is the item
number of that FORTRAN variable. The third columm is the number assigned
to the FORTRAN symbol in Table I.

The primary method of input is by use of the namelist entitled
NAME1l. The remainder of the inputs are made by individual FORMAT. The
appropriate FORMAT to use for each input is listed under comments. The
latter inputs, not included in NAMEl, are those that will be changed
infrequently when working with a particular material system.

Table 111 is an alphabetical listing by FORTRAN symbol. The
majority of these symbols are used internally and have no physical
significance. When appropriate, the corresponding symbols are listed
opposite the FORTRAN symbol. The location of the FORTRAN symbols in
Tables I and II are listed for cross-reference purposes. Table III will
be of use when working internally with the program. Internal items will
only be known by FORTRAN symbol.

A brief description of the table look-up subroutines used in the
program is included as Appendix A. The inputs for these sub-routines are
input in standard Namelist form in NAME1.

Experience has shown that computing time is virtually unaffected by
the number of finite difference stations used as long as the total
(I+J+M) is 100 or below. Consequently, it is recommended that I+J be
greater than 50 and M greater than 10. It does not save computing
time to use a smaller number of stations but it will increase truncation
errors.

Example Case

The example case included herein is moderately complex sc that a
number of the more commonly used factors of the program are demonstrated.
A copy of the actual output is printed in Appendix B. The ablation
material in this case contains seven solid pyrolysis reactions, all of
which leave a solid residue upon pyrolyzing. The ablation material is
modeled by 51 finite-difference stations spaced at 1/n-1 or 1/50 = 0.02
distance apart. The computer automatically calculates the number of fine
grid points used in integrating the chemical reaction equations. The ’

10
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material ig subjected to an environment that is typical of entry at lunar
return velocity.

The first section of printout in Appendix B is a list of the
NAMELIST entitled NAME1L. This list continues for 14 1/2 pages and is
terminated by $END. The values input in this section are typical for
epoxy ablation materials and can be used where s»ecific data are not
available. Immediately following NAMEl is a list of the inputs required
by the pyrolysis-gas kinetics sub-program. The reading and printing for
this section are done in subroutine IN@UT. The values listed in this
section are for the chemical species and kinetic equations listed in the
subroutine. The last section of input is a tabular listing of selected
data from NAMEl. These tabulated items are frequently referred to and
are relisted for convenience.

The results of calculations are headed by the title "Beginning of
Output.” The output is keyed to the current computed value of time
designated as TAU. The first cycle of output occurs after only one time
step or DELTAU. The first print. in this case, occurs 2fter only
.0078125 second. As would be expected after such a brief time interval,
the temperature of the ablator, T, is virtually unchanged from the
initial condition. Even the surface temperature has risen only 3.84
degrees. All points of the ablator are at such a low temperature that no
pyrolysis is occurring. Consequently, the gas flow past all pcints
within the solid, WWPDOT, is zero and the density of all reacting
components of the solid, RHO, remain at initial values.

One more print sequence is shown at a time of 80.023437. The
surface temperature has increased to 5400.83 R. Pyrolysis has procerdea
to a point that the dersity of all seven solid components has been
reduced to zero at the surface. Deposition of carbon has proceeded to a
point that the density at the surface is 23.5441 pounds per cubic foot.
The average molecular weight of the pyrolysis gases as they enter the
boundary layer is 11.114. This value is much lower than the average
molecular weight of 37.815 as produced by pyrolysis. The tempersatures
are so high that a large percentage of the pyrolysis gas should be
converted to solid carbon. An examination of the rates of deposition of
carbon confirms this assumption. The sum of the rate of deposition,

WDEP, of carbon represents 44% of the mass formation rate of pyrolysis
gas. _

CONCLUDING REMARKS

The computer program which has been descr.bed (CHAP I1I.)) has the
capability of computing the response of a material to a prescribed heat
input at the surface. This program is a modification to an existing
program (CHAP I). This manual contains a brief explanation of the
modification that was made to the original p.ogram. Use of CHAP III
should not be attempted without familiarity with the mathematical
formulation of CHAP I. The tables in the appendix are complete and

11



contain all FORTRAN symbols used in the program.
included for each symbol used in input or output.
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APPENDIX A

LIBRARY SUBROUTINES

The following are instructions on the use of library TABLE LOOKUP

subroutines contained in the computer program. These sheets are copies
of pages from the computer programing manual used at the Langley Research

Center.

13
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L ANGLEY | 1o COMPUTER

SECTION: Ei.i

RESEARCH | mimiaLs: ecp | PROGRAMING
CENTER |paTe: 9/12/69 MANUAL .

SUPERSEDES COPY DATED: 8/1/68 | PAGE 1 OF 2

SUBROUTINE FTLUP
NOTE: This subroutine is a special case of MTLUP (EL.5) and is
included to provide continuity of existing programs. New

programs should use MTLUP instead of FTLUP.

LANGUAGE: FORTRAN
PURPOSE: Computes y = F(x) from a table of values using first or second
order interpolation., An option to give y a constant value for
any x is also provided.
USE: CALL FTLUP (X, Y, M, N, VARI, VARD)
X - The name of the independent variable x.
Y - The name of the dependent variable, y = F(x)
M- The order of interpolation (an integer)

M = 0 for y a constant as explained' in the NOTE below.

M =1cr 2. First or second order if VARI is
strictly increasing (not equal)

M = -1 or -2, First or second order if VARI is
strictly decreasing (not equal)

N - The number of points in the table (an integer).

VARI - The name of a one-dimensional array which centains
the N values of the independent variable.

VARD - The name of a one-dimensional array which contains
the N values of the dependent variable.

NOTE: VARD(I) corresponds to VARI(I) for I =1,2,...,N.
For M=0or N< 1, y=F(VARI{)) for any value of x.
The program extrapolates,

| RESTRICTIONS: All the numbers must be floating point. The values of the
: independent variable x in the table must be strictly
: increasing or strictly decreasing.

14




COMPUTER

PROGRAMING | nimias: ecp RESEARCH

MANUAL

VOLUME: I

SECTION: E. 1.1 LANGLEY

] 1
1 ‘ |
e IS | S U U R

DATE: 9/12/ 69 CENTER

PAGE 2 OF 2 SUPERSEDES COPY DATED:8-1-68 -

FTLUP

ACCURACY:

REFERENCES:

STORAGE:

ERROR
CONDITION:

SOURCE:

RESPONSIBLE
PERSON:

The following arrays must be dimensioned by the calling
program as indicated: VARI(N), VARD(N).

A function of the order of interpolation used..

Nielson, K.L.; METHODS IN NUMERICAL ANALYSIS,
ppo 87"910

Milne, NUMERICAL ANALYSIS, pp. 69-73.

430 8 locations

If the VARI values are not in order, the subroutine

will print TABLE BELOW OUT OF ORDER FOR FTLUP
AT POSITION xxx TABLE 1S STORED IN LOCATION
xxxxxx (absolute). It then prints the contents of VARI
and VARD, and STOPS the program.

NASA, LRC, Edward C. Polhamus, Jr.

Vivian P. Adair
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RESEARCH | inTiaLs: vPa
CENTER )paTe: 8-1-58 MANUAL

LANGLEY |iomime: - COMPUTER

SECTION: E1.2

PROGRAM (NG ,

LANGUAGE:

PURPOSE:

USE:

16

XA

ZA

TABX

TABY

TABZ

NC

SUPERSEDES COPY DATED: 2-28-67 | PAGE 1 OF ©

SUBROUTINE DISCOT

FORTRAN

SINGLE OR DOUBLE INTERPOLATICN SUBRCUTINE FOR
CONTINUOUS OR DISCONTINUOUS FUNCTIONS

Given some function with two independent variables,
x and z, this subroutine performs Kyth and K,th
order interpolation to calculate the dependent
variebie. In this subroutine all sipgle line
functions are read ir as two separate arrays

and a1l multi-line functions are read is as

three separate arrays, i.e.

Xy i=1,2, .. .01

Yj J

Zx kK =1, 2, « « « X

1, 2, « « « M

CALL DISCOT (XA, ZA, TABX, TABY, TABZ, NC, NY,
NZ, ANS)

The X argument.

The 7 argument (may be the same name as X on
single lines).

A one--dimensional array of X's.
A one-dimensional array of Y's.
A one-dimensional array of Z's.

A control word that consists of a sign and three
digits. The control word is formed as follows:

(1) If NX = NY, the sign is -. If NX # NY, UX
is computed by DISCOT as NX = NY/NZ. The
sign is + and may be omitted if desired.

(2) A 1 in the hundreds position of the word
indicates that no extrapolation occurs
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abcve Z max, With a zeroc in this position
extrapolation occurs when % >Z max. The
zero may be omitted if desired.

(3) 1-7 in the tens pcsition cf the word irndi-
cates the order of interpolation in the
X direction.

{4) 1-7 in the uni%ts positicn of the word
indicates the order of interpoclation in
the Z direction.

NY - The numrber of points in the Y array

NZ - The number of points in the Z array.

g o K €

ANS - The dependent variable Y.

The following programs will illustrete various
ways to use DISCOT.

Case I. Given Y = f(x)

NY = 50

X (number of points in X array) = NV
Extrepolation when Z > Z max

Second order interpolation irn X directicn
No irnterpolation in Z direction

Control word = -020

1. DIMENSION TABX (50), TABY (50)
1 FORMAT (8E 9.5)
READ (5, 1) TABX, TABRY
READ (5, 1) XA
CALL DISCOT (YA, XA, TABX, TABY, TALY,
-020, 50, O, ANS)

Case II. Given Y = f(x, z)

NY = 800 ;
N2 = 10 £
NX = NY/NZ (computed by DISCUT)

Extrapolation when 2 > 7 max

Lincar interpolation in X direction
Linear interpolation in Z directicn
Control word = 11
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DIMENSION TABX (800), TABY (800), TABZ (10)
1 FORMAT (8E 9.5)

READ (S, 1) TABX, TABY, TAEBZ

READ (5, 1) XA, ZA

CALL DISCOT {( XA, ZA, TABX, TABY, TARBZ,

11, 800, 10, ANS)

Case III. Given Y = f{x, z)

_ = 806
- NZ= 10
NX = NY
~ .Extrapolation when Z >Z max
“Beventh order interpolation in X direction
Third order interpolation in Z direction
Control word = =73

RY

DIMENSION TABX (800), TABY(800), TABZ (10)
1 FORMAT (8E 9.5)

READ (5, 1) TABX, TABY, TABZ

READ (5, 1) XA, 2A

CALL DISCOT (XA, ZA, TABX, TABY, TABZ,

-73, 800, 10, ANS) i

Case IV, Same as Case III with no extrapolation zbove
Z max. Control word = -173

CALL DISCOT (XA, ZA, TABX, TABY, TABZ, -173,
800, 10, ANS)

RESTRICTIONS: See Uc of METHOD for restrictions on tabulating
arrays and discontinuous functions. The order
of interpolation in the X and 2 directions may
be from 1-7.

The following subprograms are used by DISCOT:
UNS, DISSER, LAGKAN.

METHOD: Lagrange's interpolation formula is used in both
the X end Z direction for interpolation., This
method is explained in detail in Metnods in Numeri-
cal Analysis by Nielsen. The search in both cthe
X and Z direction observe the following rules:

l. X «<Xj the routine chooses the foliowing points
for extrapolation.
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Xps Xgs o o o o Xy Yo, Yo, o o o0 Yy

X \Xn the routine chooses the following
points for extrapolation.

X Y « o Ip

n-ks Xpok+1s + ¢ ¢+ +Xn Tooxe Ynokeio

X < X, the routine chooses the following

points for interpolation.

k is odd Xi_k+l, Xi—k+l+l, ¢ o o ki—k+l+k

2 2 2

Yo ke1s Tiokerers ¢ v 0 ¢ Yiok+l+k

[y

2 2 2

k is even Xi_k, Xi—k+l’ e v s o0 Xi_k+k
2

2 2

Yi-k’ Yi-k+l’ -.....li_£+k

2 2 >

If any of the subscripts in Rule 3 become
negative or greater than n (number of pointsi,
Rules 1 and 2 apply. When discontinucus
functions are tabulated, the independent
variable at the point of discontinuity is
repeated, i.e.

k=2 (X, xz,x3,x3,xh,x5,yl,yg,13,yh,Ys,yé) .

The subroutine will automatically examine the
points selected before interpolation and if
there is a discontinuity, the following rules
apply. Let X .  and X4,; be the point of
discontinuity.

19
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X <X, points previously chosen are modified
fer Interpolation as shown

Xa-ks¥g-ge1s « « -« Xg
Yd-k, Yd-k+l’ . L] . L] Yd

X >X4 points previously chosen are modified for

interpolation as shown

Xge1s Kgaps o o o o Xgax

Yd"'l’ Yd+2, * o . 'Yd+}’.

When tabulating discontinucus functicns,
there must always be k+l points above and
below the discontinuity in order to get
proper interpolation.

When tabulating arrays for this subrcutine,
both independent variables must be in
ascending order.

Ir some engineering programs with many tabvles,
it is quite desirable to read in one array of
x's that coula be used for sail lines of a
milti-line function or different functions.

The above not only saves much time in preparing
tabular data, but can also save many lccations
rreviously used vhen every y coordinate had

to have a corresponding x cocordinate., kven
though the above is not always applicable,

the subroutine has been written to handle this
situation,

Arother additional feature that may be useful
is the possibility of a multi-line function
with no extrapolation above the top line,

.
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REFERENCE: Nielsen, K.L.j3; Methods in Numerical Analysis
STORAGE: DISCOT - 5558 locations
SUBPROGRAMS |
USED: UNS L0 locations

DISSER 110% locations
LAGRANX 558 locatiouns

OTHER CODING
INFORMATION: NONE

et s, © T

SOURCE: SHARE Library, General Motors Corp., Allison Div,

RESPONSIBLE
PERSON: Vivian P. Adair
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SNAREL
2 7 -
¥ 4 -
12 -
Hee =
NCP =
TTABCP =
CPTAB -
NePP -
NCPP =
TT78CPP =
-

CPPTAB

0.54E¢03, O0.54E+03, 0.54E¢C3, 0.54E>01,
0.54E¢03, 0.54E¢03, O0.54E¢+C3y . 0.54E¢03,
0e54E+C3, 0.54E+03, 0.54E¢C3, 0.54E403,
0.54E+03, 0.54E¢03y, 0.54E¢C3s 0.54E¢03,
0.54E¢C3, O0.54E¢03, 0.54E¢03, 0.54E¢03,
0e54t+C3, 0.54E+03, 0.54€E¢C3, 0.54E¢03,
0.54E¢C3, 0.54E¢03, 0e54E¢C3, 0.54€+03,
0.54E¢C3, 0.S54E¢(C3, O0.564E+(C3, 0.54E£¢03,
0.54L¢03, O.54E+03, OC.54E+73, 0.54E+03,
0.54E¢C3, 0.54E¢03, O0.54E¢C3, 0+54E403,
0.54EOC3' 0.0' 0.0! 0.0' 0001 0.0' 0
0.31t8E¢00, GC.3020LE+00, C.2T7T1E+00, 0.2
0.0' 000' C.Oo 000' 000!

0400 CeOy 00y 0.0y 0.0y 0,0, 0.0¢

| ¥

8,

0.726¢03, OC.1C8E+04y 0.144E¢04, O0,18E¢0
0.2574E¢049y Co7E+06y, 0.0¢ 0.0¢ 004 O
°o°. 0.0. O¢CO 0.0. OUCI 0.0- °¢°'
0.2504E+00s Co2991E¢00, 0.3478E+00, 0.3
0.4939E¢00, 0.5012E+00, C.5E¢0Cs 0.0,
0.0, 0.0, 0.0, 0.0y O0e0¢y 0.0y 0.0,
0.0, )

O,

Oy

0.0, 0.56E+03, 0.66E+03, C«T6E+03, 0.8
0.10E4¢04, O0,116E+04, O0.,121E¢04sy 0.0,
°0°0 0.0. 0-0, 0.0. 0.0. 0.0' °o°l
0.3E¢00, 0.329E¢00, 0.3¢4E¢+00, 0.397C+0
0.424E400, O0.425E+00, 0.425€¢00, 0.0,

0.54E+ (3,
0.54E+03,
0.54E+03,
0.54E¢C3,
0.5‘6’03'
0.5‘9E0'C3'
0.54E¢C3,
0.54E¢03,
0.54E¢C3,
0.54E¢03,
QO' 0.0-

521E¢00, O

0.0y 0.0,

4, 0.216E+
«0s 0.0,
0.0y 0.C»

965E+00,

0e0¢ 0.0,
0.0, 0.0,

6E+CI,

0.0y 0.0,

0.0, 0.0,

Cy 0.406E+00,

0-00 °.°|

0.54E+03,
0.54€¢03,
0.54E¢03,
Je54E¢03,
0.54€¢03,
0.54€E+03,
0.54E¢03,
0.56E003'
0'5‘5’03’
0.54E¢03,
0.0¢ 0.0,

«1625€¢00,

0.0,

04, 0.252£+04,
0-0. o-°|
O-Oo

0.4452E+00,

0.0y 0.0y
0.0y 0.0,

0.96E+03,

0.0¢ 0.0y
°0°l o.o’

0.418E+Q0,
0.0' 0.0.
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HCPOP
NCPOP
TICPDP

CPOPTE
MCPBAR
NCPBAR
Tv8CPB
cPBTAB
K

K

TTABK
. CKTAB
MCKNP

NCKNP
TTICKNP

C.0¢s 0.0y 0.0y 0.0y 0.0 0.0o 0.0, 0e0y 040, 0.0, 0a0
O

0,

0.0, 0.0, 0.Cy 0.0, 0.Cy 0.0, 0.0, 0.0, 0.0, 0.0, 0.0y
0.0y 0.0, 0.0, 0.0, O0.C» 0+0y 0.0; 0.0+ 0.0, 0.0y 0.0y
0000 0000 °o°t

0e11E®J0¢+ O0sCy 0.0, 0;01 0.0y 0.0y, 0.0, 0.0, 0.0, 0.0,

0.0' 000' O-Cp 0.0o °¢CU 000' 0.0' 0.0' 0.0. o.o. 0000
0.0y 0.0, 0.0, 0.0,

|

29

0.lE+0&4, O0.2€¢04, 0.0y CeCy 0.0s 0,00 0.0+ 0.Gy 0.0y 0.0y
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 060, 0.0, 0.0, 0.0.
0.0. 0.0' C-Co 0.00

0.2E¢04y 0.2E¢04y 0.0y 0e0y 0s0y 0e0s 0.0, 00 0.9 0.0;

o.o' c.o' o.o' o.o' c.o’ o.o' o.o' 0000 OQOI 0001 o.o'
0«09 0e0s» 0.0¢ 0.0

1,

8,

0+5€+03, 0. 1E+04y O.15E¢04, D,2E*+04, C.25E404, 0.3E+04,
00355‘04' OQQE’OQU 0-00 000' 0.0. 0.0' °o°' °-°' 0.09 o.o.
0eOy GeOsy Co0p 00y 0e0s 0s0+ 0.0y 000y 0.0,

0e14E~04y O.14E-0%, 0.388E-04, O0.,813E~04y O.117E-03, 0.16TE-03,

0.2E-03, U.2E-03, 0.0, 0.0y 0.0, 0.0, 0.0, 0.0y 0s0y 0.0y
0.0. 0.0. 0000 OQOI OQCQ 0.0: 0.0. 0.0' 0000

0,
8,
0.56¢C3y O0.1E¢04, O.15E¢04, O0.2E+04y 0.256¢C4, De3E¢04,

[a—— -u~w§uuxﬂumman-nngnmhmﬂﬁmmbln-
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CKNPTB

MCKNDP
NCKNDP
TCKNDP
CxNDPY

MHW
NhW
TIABHW

HWTAB

MALPHA
- NALPHA
TALPHA
ALPHAT

MALPHL

e

0.356404s Co4E¢D4, 0.0, 0a0y 0e0y 0.0y 0.0y 0.0y 0.0, 040,
0.0y 0.0y 0.0, 0.05 G¢0¢ 0.0, 0.0, 0.0y 0.0,

0o 14E~04, 0.14E-04, 0,388€E-04, 0.813E~-04, 0.117E-03, 0.167€~03,
0.2E-03, .0y 0.0y 0.0, 0.0s 0,3y 0¢0s 0.00 0s0y 0.0 0.0y
0.0 0e0, 0.0¢ 040y 040y 0.0y 0.0, 0.0,

O

0,

0.0, 0.0y 0.0, 0.0, 0.0,

0.6175-04; 0-0- 0.0' OUCO 0.0. ch' °o°o 000' °o°' 0.0.
0007 ,DaO' o.o. 0.0. °o°' 0.0' 0009 0.0p OQCQ 0.09 0.0g

QuO' (a0 0.0y Qe 0.0 0.0, 0.0, 0.0, 0.0y 00y O0e0y
0,04 0.00¢ 0.0, 0.0 0.0 004 0.0, 0.0 0.0 0.09. 0.0,

, 9;0. 0.0' 0.00 0.0, O-CQ 000! 0009

1y
14,

0.5E¢03, O0.1E¢04, O0,15E¢C4y O0.2E¢04y C.25E¢04, 0.3E¢04,
0a35E¢04, O.4E¢0&y 0.45E¢04y 0.5E+04, 0e55E¢04y 0D,8E¢+04,
0.65€E¢04, Qe TE®04, Q.04 0.0y 0.0y 0.0, 0.0, 060, 0609 0.0y
0.0o 0000 000'

-0.1€+02, O0.111E¢03, 0.235E+03, 0.375E+¢03, 0.517E+03, 0.665E+03,
0.816E+03, O0.98E¢03, OQ.1173E+04y 0.13B84E¢04, OeLT7E®O4,
0420€6E 04, De255E¢04, 0+3E¢04, 0.0 0.0 0404 040 0.0, 0.0,
0.0y 0.0y 0.0y 0.0y 0.0y

O

‘ . . R
0s : 5

0e0s 0.0, 0.0, 0.0, 0.0,
0-11995’0‘.' °O°f 0-0. 0-0. 0.0’
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NALPHL
'iTAtx
ALLTAB
MALPH2
NALPR2
TTAL2
AL2TAB
NkE
NHE
TTABHE

HETAB

O,
0.0. 0.0.

0-0' 000' 0.0'

0.56¢00, 0.0, 0.0, 0.0, 0.0,

0.
0,
°o°l °o°l

0.0y 0.0, 0.0%

0.1E+01y, 0.Cy 0.0, 0o0y, 0.0,

0,
0,

0.0, 0.29E¢02, O0.39E+02y C.49E+02y 0.59E+02, 0.79E+02,

0.59€¢02,

0.179E+03,
0.296E+03,
Qe449%E+03,
0.56GE¢03,
0.0¢ 0.0,
0«0, 0.0,
0.Cy 0.0,
0.Cr 040,
OOCI 0.0'
0.Cv 0.0,

0.1922E+05-
0.1922E¢05,
0.1104LE+05,
005478E’°"
De325061:¢C4,
0.2CCE*04,

041025404,
0427580603,
0.5771E¢02,
Oe12LE«Q2,

0.119€+03, 0.139E¢03, O0.149E+03, 0.159E+03,

0.199E¢03y C.219€E+03, 0.239E¢C3, 0.259€¢03,

0.329€+03, 0.369E+03, 0.399E+03y 0.419E+03,

0.489E+03, 0.505E+¢03 0.529E¢03, 0.549€+03,

0 %99€+03, O0.l1€¢04, 0,0, 0.0, 0.0, 0.0y 0.0,
Geur 00y 040y 0,0y 0.0¢ 0.0y 0.0, 0.0 0.0
0.0. 0.0. O-CQ 0.0. 0.0. 0009 OOCO °0°l 0000
0eCy 0e0pr 060y 00y, 0,0, 0.0, 0.0, 0,0, 0.0y
0.0y 0.0y 0.0y O0e0sy 0.0y 0.0y 0.0y 0.0¢ 0.0,
0.0' 0.0. 0000 D.O' 0.0' O-Ov 0.0' 0.0o 0.01
0.0, 0.0, O.Cy 0.0, 0.0y 0.0, 0.0, 0.0» 0.0,

Co1922E+05, C.1922E4¢05, 0Q.1534E¢05, 0.1934E+05,
C.1873E¢05y Col764E+0S, O.1565E¢Q05, 0.1318E+05,
C.94E*C4y 0.8CB8E+Q04y 0.T7046E¢04s 0.6188F 04,
C.48BE+04y 0.4375E¢04y 0,3948€E¢04y O0.3575E404,
Ce29TTE+C4e Co2724E+04y 0.2491E+04y 0.2273E¢04,
Co1855E¢04y 0.1649E+04y, 0.1438E+04y 0.1232E¢04,
C.832E403, 0.6567E+¢03, 0.504E¢03, 0.,3767£+03,
C.2112E+03¢y C.1404E+03, 0.1404E¢03, O.9768E¢02,
C.4682E¢02y 0,3277E+02, 0.229E+02y O0.162E¢02,
0.54E+0Ly 0.72E+40ly O0.5€E+01l, 0.8E-02y 0.8E-02,
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MQC
NGC
TTABQC

QCTAB

MNCR

0.8E-02, O0.8E-02y O0.8E-02+ 0.8E-02, 0.86-02, 0.8E-02, 0.8E-02,
C.8E-02, 0.8E-02, 0.8€E-C2, 0.BE~02, 0.95"02' 0-85-02' °o°’
0.09 0.0' 0-0' 0.0' 0009 O-Op °-°' 0009 0-0' 0-0' 000'
Ce0s 0.0, 0.0, 0.(, 0.Cy 0.0, 0000 0.0, 0.0 0.0 0.0y
0.0y 0.0, 0.0y 0.0y 0.0y 0.0y 0.0, 0.0, 0+0y 0.0¢ 0.0,
0.00 0-00

1y

&by

0.0s, O0,1E*02, 0.2E+02, C.3E¢02, D.4E+02, 0.5£¢02, 0.6E+02,
0.76+02, 0.8E+02, 0,9€+02, 0.1E¢03, O0.11€E+03, 0.12E¢03,
0.13E+403, O0.14E¢03, O.15€¢03, 0.16E+03, 0.17E403, 0418E¢03,
0.19€+¢03, 0.2C+03, 0.21E¢C3, 0.226+03, 0.23E¢03, 0.24E+03,
0.25E+03s O0.26E¢03, 0.,27€+03. 0.28E+03, 0+29E+03, O0.3E¢03,
0.31E+03, 0.32E+03, ©0.33E+03, 0.34E+03, 0.35£+03, 0.36E¢03,
0.37€+03, O.38E¢03, O0.39E+03, 0.4E+03, O0.41E¢03, 0.42E+03,
0.,43€403, O0,44E+03, 0.45€¢03, 0.46E¢03, 0.47£¢03, 0.48E+03,
0.49E¢03, O0.5€¢03, 0.51E+03, 0.52E+03, 0.53E¢03, 0.54E¢03,
0e55t+03, 0.5GE*03, 0.57€¢03, 0.58E403, 0.59E+03, 0.6E+03,
0.61['03' 0.13500‘” O.ZEOC‘n 0000 0.0v 0.0' C.Oo 0.0' 0.0.
0.09 0.00 0.0' 0007 000’ 000' 0.0' 0.0' Q.Ov 0000 0-0'
0.Cs 0.0y 060, 0.0, 0.Cy 0s0¢ 0.0y 0.0 0.0y 0.0, 0.0,
O.C' 0.0. 0.0' 0.0' 0-0. OOO' 0000 0-09

0.365E+01, 0.75€+401, O.168E+02s 0.406E¢02, 0.961E+02,
0.1927E+33, O0.3177E¢03, 0.,4385E+03, 0.4901E+03, 0.4244E+03,
0,23376+03, 0.2618E+03, 0.1698E+03, 0.1397E+403, O0.1163€E+¢03,
0.979E+402, 0.831E¢02, G.T712E¢02y 0.615E+02, 0.533E¢02,
0.4AT2E402y 0s6422E¢02, 0.3B2E+02y 06549€¢02, 0.221E402,
0.255E+02, O.27T1E#02, 0.24CE+02, 0.218E¢C2, G. 187£¢02,
0.1564C+402, 0.1226+¢02, O0.92E¢0Lly 0,67E+C1y 0.47E+0l, 0.33E+01,
Oe22L¢0ly 06226+01, Oo14E¢Cly 0.1E+OLl, 0.6E+00, 0.4E+00,
0.:5¢00, O0.2E+00y O0.15E¢CCy O.1E+00, 0.BE-Cly (0.6E-Oly
0.56-01, O044E-Ul, 0.3E-01, 0.3E-01, 0.3E-01, 0.2E-01y 0.2E-01,
0.26-01, O.2E-01, 0.2E-0ly 0.2E-Ols O©.1E-Ol, 0.1E-Ols Del1E~-02¢
0.1E-02, O0.1E-02, 0.0, 0.0, 0.0+ 0.0, 0.0 0.0, 0.0y 0.0
0.0, 0o0¢ 0sds 0.0y, 04Cy 0e0y 0.0, 0.0, 0¢0+ 0.0y 040
0-0' 0.09 0.0' 000' Oc':l 0.0. 0.09 O-C' OOCD 0000 0.0.
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4+.00JCCE +00
L.159C0E~02
1.39060E-02
6.0COCCE*00
"0.
=0
6+.00000E +00
-0.
-0
0.
1.597&0E~-03
=143333CE-02
0.
1.227¢1E~-04
=1.12430E-04
3.C00C0E*00
6.492856-03
~4486210E~04
0,
1.46000€-03
~4.11970E-03

o.
2.63866E-03
24223436-03
Q.
3.,02168E-03
1.035C5E~02

0.
3.021608€-03
1.03505€E-02

" O

0.
O.

0.
~T74399C0E~-09
~9.61190€E-06

Q.
~2.28920€E-C6
2.02327€E-07

© O

~#.C62C0€E-06
3.16020€-05
0.

~1.,84000E-06

~3.55420E-05

0.
~4.47450E-06
2.65680E~06
0.
=-Ce
-0
Q.
-0.
-0.
2.0CG00E+CO
~6,25660E-07
2.€5031E-06
1.C0000E+00
-8.45920E-08
2.56475E-07
1,CCO000E+ 00
~2.2¢6550E-C6
9.87420E-06
1.CCCCOE+00
-~5,7C780E~-C7
9.69224E-006
1.CCOCOE*0O
~1.09490€-06
6.71490€E-06
14 CCCCOE+CO
~1.2156CE~06
~1.11670E-05
2.00000E+0Q0
~1.21560€E-06
~1.11670E-05

0.

0.

0.

0.
~2.03000€-11

9.51230€E-09

O0e
3.89930E~-10
~1le15480E-09

0.
7.137006~10
-2.57150€~08
0.
3,10540£-10
2. 1$510£-08

O.
T.94500E~10
-1.15400FE-08
0.
-0,
~0e
0.
-0,
-0
0.
1.13160E~-10
-9.76900E~10

- O

2014010E~-11
=3.24600E~10
0.
3.73940E-10
~9.56790E-09
1.00000E+0Q0
1.06280E~10
~7.86340€-09
2.C00COE*0Q0
2.C8130€E-10
~9.74280£-09
3.C00100€E¢CO
2.285L0£~-10
6.95:1432L~C9
1.G0Q00E +00
2.28%60€E-10

6.95332E-09

0.
0.

2.45900E~15
-3.30900€-12

~2.52800E-14
4.12880E~13

~4.74900E-14
9.51030E~12

~2.00000€E~14
~8044800E-12

-5.32300€E-14
5.23870E~-12

-0,
=D

-0
-0,

~7,690006-15
-9.97700€~14

~1.25100E-15
1.25950E-13

=2.36100E~14
3.,13130E~12

=T7.37200€-15
2023100E~-L2

~1.46500E-14
3.72130€~12

~1.58500E~14
=-1.,87800€E-12

=1+58500E~14
~1.87800E-12

2.54T05€ +04
2.54T05E +04

-8.%54910€ ¢02
~9,67254E¢02

1.5T87SE+04
1.56498E+04

-9,85560E+03
~1.01866E+04

2.56370E +04
2,62550E+04

4.54390E¢03
5.33289E¢+03

=1.21017E+04
~1.21017E+04

T«29T43E+03
7.29743E¢03

~B.90174E¢+02
~1.06283E+03

5.61488E¢04
5.61278E +04

=6.40196E+03
~6.,72810E+03

9.,85221E+03
9.T4479E¢03

2.34038€¢03
2.B5477€¢03

8.13566E+03
8,72300£¢+03

8.13566E+03
B8.72300E+03

-4.60010E-01
~4.60010E-01

~1.64800E+00
-1.41180€¢00

5.68412€¢00
2. 70375€400

1.25060E+01
=9.,17550€£-01

~3.14481E+00
1.40050E¢01

2.4686TOE* Q0
1.58378E+01

~0.
~0e

-0
-0,

6.39029E+00
2.28750E¢00

4.4%9257€¢00
4.11930€E¢00

9.23891E¢00
1.46540E+00

6.94465E+00
2.56943E¢00

1.36764E+00
B8.40846E¢00

=1.14636E¢00
1.02270E+02

=1.146356€¢00
1.02270€+02
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1.C0000E+0C 1.,000C0E+00 1.CCOCOE+00 0, ‘ .
3.65380E¢00 3,44363E-03 ~1,25850E~08 2.16520E~10 =1.43000E-14 1.44218E¢04 2.37260E+00
2+16812E+00 1.07290E-U2  ~-1.50880E-05 1.193306~08 =3,70000€-12 1.46829E+C¢ 9.28102E+00

R Ue 0. 1.00000E+00
2.53726E400 ~1.84220€6-05 ~8.8C1B0E~-C9 5.9¢430E~12 ~=5.5T400E-16 2.92300€ +04 4,94679E+00
3.02189E¢00 ~-2.17370E-03 3,75422E-06 ~2,99470E-09 9,077T0E-13 2.913T2E 404 2.64601E¢00

. 0. 0. 2.COCO0E+00
! 345GT61E+00 7.8145%6E~04 ~2.23810E-~C7 4,24900E-11 =3.34600€-1% -1.19279E¢03 0.
" 3.TL900E*00 =2.5167CE~03 8,5€3714E-06 -B.29990E-09 2.70820E=12 ~=1,05767E+03 0.
0. 0. 0. 3.00C00E +00
2.53726E¢C0 ~1.642206-05 ~6,8C1808~09 §.66430E-12 ~5.57400E-16 2.92300€ +04 4.,946T79E+00
3.02189E¢00 =2.17370£-03 3.15422E=-06 ~2.954T0E-09 9,07770E-13 2.91372E+04 2.64601E+00
Ce. 2.CCOCCE+LOD c. 1.00000E +00
Z.5TGISE+0O 3.03L70E~03 =~8,535C0E-07 1.17900E=-10 =6.,19T00€-15 ~2.98890F+04 6.88383E+00
4,15650E¢C0 =147244GE-03 5.65820€-06 ~4,59300E-09 1.42340E-12 =3.0288BE+04 ~6¢86160E-01

" Ga 1.C0CCCE+O0 0. 1.00000€ +00
2.88555E+00 9,9083506-04 —2,188CO0E-O7 1.$8030E-11 ~3.84500€-16 3.88118E+03 5.55970E+00
5.82347TE¢00 -1.1148706-03 1.24¢68E-06 ~2,10300E-10 ~5.25400E-14 3,58528E¢03 5.82530€-01
1 ,C00C0E+CO 0. C. 2.00000E+00 :
4,41290E+00 3,19230-03 ~1,258C0E-06 2.4i500E~10 ~1.67400E-i4 ~4.09440€E¢04 ~1,28T60E-01
2.17C10¢t+00 1.03THOE~0V2  ~1.C7340E-05 6.34592E-09 ~1.,62600E-12 ~#4.83526E404 1.06644E+01

_ 1.C3CCCE+CO G. 0. 1. CO0COE +00 ,

"~ 2455120E450 .5526CE~03  ~6.19110E-07 1.13500E~10 =7.78800E 15 =1.42320E+04 6.53140E+00
3.787136¢C0  =Z.17100€-03 5.07573E-06 =3.47380E-09 7.72170E-13 -1.43635E¢04 2.63355€¢00
1,COCOQE+CO 0. Qe . .
1.36325£¢00 1.85605€E-03 =7,6¢750€E-C7 1.51040E=10 ~1.13900E-14 =6.496T0E¢02 ~7.98900E+00

~7.124%0E-01 7.34045E-03  ~5,52620€-06 1,514006~09 ~2,38200E-14 -6.80533E+01 2.79326E+00

LAST DATA CARC REAC
TABULAR LIST CF SELECTED OATA FRCM NAPEL
-
CP TABLE SPECIFIC WEAT GF CHAR
» TEMPERATURE P
~ 7.2CCCO000E +02 2.50400000E-01
1.CBCOUCCOL #C3 2. 79100000€-C1
1.44CCOSCOE+03 3.4780000CE-01
1.8CCCCLCOL+GY 31.5$65C00CCE-O1
AR e AR SN I N PR A b da NN PRy AP LA MBI IGATNG S TSNS oAV P, L v AT TSRV R PRI el sl T TR N




4.45200000E~-01
2520G0000E+03 4493900000E-0QL
2+57400000E¢03 5.01200000€~01
= 7. CCCCCOCOE*O3 5. 00000000E-01
CPP TABLE SPECIFIC FEAT CF UNCHARRED MATERIAL
TEMPERATURE cpPp
0. 3.000000C0E-CL
CPBAR TABLE SPECIFIC HWEAY OF GASECUS PRODUCTS OF PYROLYSIS
TEMPERATURE CPBAR
1.00C0COCOE+C3 1.00000CCCE+C3
2.0C000000E£¢03 2. 0000000CE+03
CK TABLE TYHERMAL CONDUCTIVITY OF ChAR
TEMPERATURE CK
5.00C00000E¢02 1.40000300E-05
1.CCCCO0COE+O3 1.40000C00E-05
1.5C0C0000F+03 3. 88000000E-05
2.00000000E+03 8.13000000E-CS
2.5C0000C0C+03 1.17000C006-C4
3.0C0000C0E+03 1.67000CU0E=Ca
3.5CCCCO0CE+D? 2.CI0VICCOE-CH
4.0CCO00COL®0S 2.000000C0E~-04
CKP TABLE THExMAL CCNOUCTIVITY QF UNCHARRED MATERIAL
TEMPERATURE CKP
5.00000000E¢02 1+40000000E~CS
1. 0CCOO0COE+Q3 1.40000000€~-05
1.50000000€¢03 2,88000000€-05
Hie TABLE LOCAL ENTHALPY CF FLUIC AT wALL
TEMPERATURE HwW ,
$.0CCO0000E+02 -1.00000C00E+01
1.C0CC00C0E+03 1.11000000E+¢C2
1.50COC0C0E+03 2¢39000UCOE*C2
2.C00U0000L+03 3,75000000E¢02
2+5CCY00C0EeC? 5.17C0J000E+02
3.0€06CO00k¢03 6.65000000E+0Q2
3.5CCC0000E+03 8. 18000C00E 02
4.,00C00000€+03 9.80000000€E¢C2
4,5CC00000c¢03 1.17300000E¢03
5.00C00000E¢03 1.3840000CE+03
5.5CCCCCC0OE0) 1.700CZ0CCE«0)3
6.CCCLUUCOL LI 2.C60C00C0E+03
6.5CCI00C0E*0)3 245500CCCOE+0]
7.COCCO000ESV3 3,000000C0E+C3

2.16000000E+03

TIME
0.

T8
C.

T8 TABLE TEMPEFATURE YO WHICH BACK SURFACE RACIATES

e s g



“hE TABLE LOCAL ENTHALPY EXTERNAL TC BCUNDARY LAYER

HC TABLE

TIME HE

e 1.922000CCE¢CS
HEAY CF SUBLIMATICN OF CHAR

TIME KC

2.,0CCCO000E+03 1.20000C00E +04
QC TABLE CONVECTIVE HEATING RATE

TIME QcC
0. ' 3,€65CCOCCCE+CO
1.00000000E+01 7.5C000C0CE+CC
2.0CCOOVQ0E*01 1. 680000CCE+OL
3.000000C0L+01 4.C50CO0CCE+C]
440CCOU000L+D] 9,61000CC0E +01
5.0CC0OC0CCE+DL 1.927C0CCCECQ2
6.0CCL0000¢t+01 3.177329000€+02
7.0CCOU0CUE+D] 4. 28500000€+02
8.,000000G0t 01 4.90100000E¢C2
9.CCCLOCCOE*0] 4,34400000E ¢+02
1.0G0C00COL*02 3.337000C0E+D2
1.1CCCCOCOE+02 2.618000CCE Q2
1.2CCCO0COE+02 1.698C000CE+C2
1.30000000€E¢02 1.397000CCE*C2
1.4CC000C0OE*02 1.16300CVU0E+02
1.50C00000E¢02 $+790000COE*C1
1.~76CC000L+02 8.310000G0CE+QL

6y

1 7CoLl0QoL+C2
1.8GC00000¢ %02
1.9CCC0000L+02
2.0C0000C0E*02
2.1CC0G000E+02
2020000000E+02
243CC00000£¢02
2.4CC0COC0OL 02
2.5000050C0L¢02
2.6CCCCLCOL+02
2. 7CO0C000L+U2
2.8CC00000Ek¢02
2.,90000000t ¢+02
3,0C00C000L+02
3,1C0C00COE*D2
3.2CCCC0C0E+02
3.33CCCUCOE+N2
3.4C0CLULOLPO2
3.5CCCCO00ELD2
3.,6000000GL+02
3.7C0Co0C0E02
3.8C3CLOC0EHD2
3,9C0CCOCCLYO2
4.0CCCLOGDEC2

7.120C0000¢E¢C),
6.1500000CE+CL
5.33000000E+01
4+72C000C0E+C]
4.22000000E+¢C1
3.,02000000E¢01
3.49003000E+¢01
3,21000000€+01
2+95000CCCE+OL
2+ T10003C0E+0L
24460000C0E+O1L
2.18000000E¢01
1.87000000€¢01
1.54000000E¢C1
1.22000C00E¢01
5.20000C0OCE¢CO
€. T7000C0NCE*0Q
4,700000CCE+CO
3, 30000CCOF+CC
2.20000C0CE+CO
24202CCLCCE*CO
1.430C0000CE+CO
1.C2000C0CE+0Q0
6.000000C0E=-C1
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4.1C000000E+02
4.2CCO000COE*C2
4,3CCCO0COED2
4.40CC0000E+02
4.5CC00000E+02
4.6C0C0C000E$02
4« 7CCCCCCOESC2
4.,8CCCCOO0L02
4.90000000E¢02
5.00C00000€E¢02
5,10000000t¢+02
5.20C00000L+02
5.3GCC00000E¢02
5,40C0V000E+02
5.50000CC0t+02
5.,60C00000t¢C2
5.7CCCO0COE+02
5.5CCC0000E+02
5,9CC00000€E+02
6.,C0CLO00VELO2
6.1CC00000¢E¢C2
1.30C00000£+03
2.000000C0E+03

TIME
0.

P-RATIO TABLE

TINME
°.

Q-RATIO TABLE

TIME
0.

PRESSURE TABLE

TIME

O.
5.C0C00000€E+00

TIME
0.

ALPHAL TABLE

TIME
0.

ALPHA2 TABLE

TIME

4.00000000€~C1
3.00000000E~C1
2.000000C0E-C1
1.5C00C000E-01
1.C00C00COE~CL
8, 00000000E~02
6. 00000C0O0E-C2
5.023C000CE~-02
4, 00000000€-02
3.00000000€~C2
3.00000000E-C2
3,00C000C0E-Q2
2.0000C000€E~-Q2
2.00000CC0E~02
2.000000C0E~02
2.00000000E-02
2.00000000E-02
2.00000000€E-02
1.C0000700E-C2
1.00000G00E~02
1.00000000E-03
1.000000C00E~C3

QR TABLE RACIANT FEATING RATE

QR
5. CO0N0000E~02

PRAT
1.00000000E ¢0

QRAT
1, 0000000CE+00

PRESSURE
3,88300000€-C3
7.94500000E-03

ALPHA TABLE ABSORPTIVITY OF CHAR SURFACE

ALPHA
1.19900000E+00

ALPHAL
5.00000000E-01

ALPHA2
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0. 1.00000000€+00
NCOOY TABLE RATE OF CMAR LOSS-OPTICA 2
TINE MCOOT
°. °.
X TABLE CHAR THICKNESS-CPTION 3
TINE X
°. c.
DELTAU TABLE .
TINE DELTAU
[ 7.0125000CE~C3
6.GC000000E+00 1.5625C00CE-~C2
1.00C00000€+01 6.25000C00€~-02
4,U0C00000L+02 1.00000000E+00
HCCMD TABLE PRESSURE
1.00C000090E~01 1.00000000€+00 1. 00000000E+ 02 1+00000000E¢02
TEMPERATURE
1.8CCCO000E+03 4+1J003C30€+03 4+11000000€+03 4.111700000E+03 4. 11000000€+03
2.7CCC00COL+03 4,26600000E¢03 4.266C0000€E¢03 4.26600000E+03 4.26600000£¢03
3.6C000000E+03 4.45400000E+¢0) 4.44400000E+03 4.44600000£+03 4. 44500000E+03
4.5CCC0000F+03 4.87100070E+03 4.55T00000E+03 4.65600000E+03 4. 64300000E+03
5.402000C0£+03 6.265C00J0E+03 5.255CCCO00E+03 4¢98400000€E¢03 4.88400003<+03
6.300000¢LL 03 1.C2200300E¢04 6.99500000€+03 5«6T7900000E+03 5 24500000E+03
T.20C0C0C0¢E 03 1+35400C00€E+C4 1.3050000CE+04 7.13400000E+03 5.86900000€+03
X0P =1,6250J0€-01 PO = 0.0000 ROP = 0.0000 ROOP = 5.5%5000
BETA = 0.0C00C ETA = +«6000 REFF = 1.00000000 COEF = 2,02400000€+01
1C = Q. . DELHP= Q. DELHF= 0, EPSONEs  7.50000000E-01
ElPJ = Q. Elyn = 0O, Cipy » 0. Clun = O,
AEXP = 1.0000000CE*10 BEXP = 7.65000000E¢04 APEXP= 1,28000000£¢08% BPEXP = 1.96000000E¢04
OQRDER= 1.0 Ce = 2,32000000€-01 ELaM = O, HCOMB = O,
ABEXP= 0. BBEXP= 0. 107 = 10PTls
 § = 2 4 . 25 M = 0 ERRORa 1,00000000E-03
L DISTANCES .
2.0CC3CCC0OE-02 20 30000300€-32 2+.0C000000E~02 2.00000000€-02 2.00000000E~02 2.00000000€-02
2.CC0300C0L-02 24 000)0C0QE~02 2+900000CC-02 2+00000000€~02 2.00000000E-02 2+00000000€-02
2.0C0CCOC0E~02 2.00000000€-02 2.00000060€~-02 + 2400000000E-02 24 00000000€-02 2.00020000E-02
2.C0000000E-02 2.000C00C0E-02 2.00000000E~02 . 2.00000000€-02 2. 00000000€-02 2.00000000E~-02 "o rn
2.00000000€~C2 2400000000€6~-02 2+00000000E~02 y 200000000€-02 2. 00000000€~02 2+00000000E-02
2.000000C0E-02 2.00000000€-02 2.,020000C0E-02 2.00000000E-02 2. 00000000E~02 2.00000000€~02
2.00000C00¢-02 2+0000000C0E=-C2 2.00000CCOE~-C2 2.00000000€-02 24 00000000€=-02 2.00000000€-02

2300l -32
2,CCeuiii-02
6.0Cul0vi-LL

2.520:))000E~52
24C203J30CE-022

Ta8560 2z-ul

L.Cle400ECH

2+0C0)0CCCE~D2

2.00000000£-02

8.002500E-01 1.361250€k¢+ 00 6.088500E400

8. CCO0L0E=LI Ted54COVE-C1 Ls016400E¢01 8.002500€-01 1.361250E¢+00 6. 038500E+00
6.CC600CE-CL T.854000E-01 1. 016400E#C] 8.002500€~-01 1.361250E+00 6.038500€9+00
o N . RO | W Y MR pp . > 3Bl A (Res L TTON]

2, 00000000€=-02

2.00000000€~-02

1.320500€401
1.3200008¢018
1.320000E+01
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.

6.0C6000E~-01
6, CC8000E~0L
6.C06000E-01
6.006000€-01
6.CC6000E~-C1L
6. CCOVUOE-LL
6.CC6000€-01
6.CC60UCE~QL
6.0CL0V0E~-01
€. CLLOU0E-CL
6.0CeCO0E-CL
6.CC600V0E~-Q1
6.3C6CCLE-OL
6.C06C00%-01
6.CC6CCOE-0L
6.CCo0CLVE-OL
6.CCoud0E~OL
¢.CC6QVUE-CL
€.C08000€E-C)
6,CC50u50€-01
6.C056000€-01
6.CC60C0E-CL
6.CCo0CVE-C1
6.CC6CO00E~CL
6.CC6CV0E-CL
6.CCeQ00E-0L
6.CCO0U0E-CL
6.006L00E~01
6.CC6000L-0G1
6.CO800U0E-O0L

. 6.CC6I00E-01

6.CCOULLE-CL
6.0C6000E-01
6. CCOOVCE~DL
4.0C&00CE-0OL
6.CC6CC0E-CL
6.CCOCCCE-OL
6.JC6CCCE~GL
6.CCe200E-L1
6.CC60u0E-C]
6.CCOUUDE-CL
60006000k-01
6.0C6000E-0L
6.CC80CVE-OL
6.CCo0LVE-CL

‘etz 0i-C1

6.CCuoout-C1
6.3CCCU0E-01
©.GC800Jk~01
6.CCO6C00E-OL
6.CC6C00E-0)

1.0854000E-01
7.854000E-01
T.854000€6-01
7 €54000€E-01
T.854000E-01
7.854000E-01
7.854000€-01
T+8540GIE~01
7.854C00€E- 01
7.854000E-01
7. E54000E- 01
7.85%000E-01
T.85%C00C-01
7.454000E-01
7.854000€E- 01
7.654000E-01
7.8540005-01
7.854000L-01
7.854000€-01
7.854000€- 01
7.854000E- 01
7.854JUJ€E-01
T.854000E-01
T7.853000€E-01
7.855000€- 01
T.u54000E-04
T«E55LI0E-OL
7.854000¢t- 01
T7.854000€-01
7.8540005-01
7.854000€-01
T.855000E-01
7.854000£-01
T+85400LE-01
7.854000€-01
T.854000E-01
7.4854000E-01
7.854000€-01
1.854000E-01
T.894000E-01
7.854000€-01
7.854000E-01
T.854000E-01
7.854000E-01
7.854002€~01
T4955.00F-01
7.€854000t- 01
T 234000E-01
7.€54CD0E-01
7.854000E--01
7+854000E-01L

1.016400E+01
1.016400E¢01
1.016400E+C)
1.016400E+01
1.0L640u€eCL
1.016400E+C1
1. 016400LE* 01
1.01640CE+ 01
1.016400£+01
1.016400E+C1
1.01¢400E¢01
1.016400E¢01
1.016400€E¢C1
1.016400E¢01L
1.016400E+01
1.016400E¢C1
1.CLO64C0E+O]
1.016400€¢01
1.CLO6KOUE+DL
1.0G15400€¢01
1.016400%+01
1.016400t¢01
1.CL6400E¢01
1.C16400E401
1.C1640VE+0CL
1.0164CULE*OL
1.C16400E+01
1. C16400E+01
1.016400E+01
1.016400£+01
1.C164U0E+QL
1.016400E+01
1.016400E2C1
1.016400E+01
1.016400€+01
1.016400€+01
1.C1640CE+ 01
1.016400€401
1.016400E¢01
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TABLE 1
DEFINITION OF SYMBOLS

The following table contains definitions of important symbols used
in the program. The first section is8 in alphabetical order by physi-
cal symbol. The second section contains those items requiring
definition but not assigned a physical symbol. The latter section
is in alphabetical order by FORTRAN symbol.

SECTION 1
Physical FORTRAN
Symbol Number Symbol Definition
A 10 AEXP Pre-exponential factor of Arrhenius

expression for calculating MCD@T.
Corresponds to specific reaction
rate.

A' 20 AP Pre--exponential factors of Arrhenius
expression for calculating pyrolysis
rate of each pyrolysis reaction.

B 40 BEXP Power of the exponential term in
the Arrhenius expression for MCDYT.
Corresponds to activation energy
divided by the gas constant. Calcu~-
lates K in equation (15) as follows:
K = AEXPe-BEXP/T(l)

Also used for oxidation calculation.
B' | 50 BP - Pre-exponential factors of Arrhenius

expression for calculating pyrolysis
rate of each pyrolysis reaction.

c 80 - Concentrations of a specie in the
pyrolysis gas.

Ce 90 CE Oxygen concentration in the external
: flow.
Cp 91 CPTAB Specific heat of char as a function

of temperature.
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Physical
Symbol

Number

100

110

120

130

140

150

160

180

190

200

210

220

FORTRAN

"Symbol

CPPT1
CPPT2

CPPT7
CPDPTB

CPBAR

CIPJ.

 CLIM

F1

(PC¢EFF)2

HCTAB

HETAB

HWTAB

DDELHP

Definition
Specific heat of each specie in abla-
tion material as a function of temper-
ature

Specific heat of insulation layer

~ as a function of temperature

Enthalpy of pyrolysis gas as a
function of temperature.

Concentrated heat sink at back of abla-
tion material

Concentrated heat sink at back of
insulation layer :

Activation energy. Appears in computer
program only in the form AE/R

Constant heat generation function per
unit volume

The constant used in the hypersonic
pressure term. See equation (9) in

. reference 1.

Latent heat of process which removes
material from the front surface as
a function of temperature and
pressure

Enthalpy of the gas stream external
to the boundary layer. Zero point
in table should correspond to
temperature on which cold wall
heeting rate is based.

Enthalpy of gas stream at the surface
temperature. Zero point in table should
correspond to temperature on which

cold wall heating rate is based.

Heat of pyrolysis for each reacting
specie.
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Physical | FORTRAN

Symbol Number Symbol Definition
Ah 230 HCOMBTB Heat of combustion of char as a
c
function of temperature and pressure.
Ah 20 DELHF Heat absorbed by coolant behind third
' layer.
i 241 1 Number of stations in first layer
(I > 26 is recommended)
h| 242 J Number of stations in second layer
: - > 25 18 recommended)
k 250 CKTAB " Thermal conductivity of char as
a function of temperature
k' ' 260 CKNPTB Thermal conductivity of virgin
’ ' ablation material as a function
of temperature
k" 270 CKNDPT Thermal conductivity of insulation
material as a function of temperature
and location
1 280 AL Non-dimensicnal distance between
. stations
i+j-1
p) ALn = 1.0. If AL(l) = ). then
n=l
1.0
AL(n) are all equal to AL(n) +i-1
M 290 XFW. Molecular weight of each reacting
specie in pyrolysis gas
m 300 M. Number of stations in the insulation
layer (M > 10 is recommended)
ﬁc 310 WCCDPT Surface mass loss rate by combustion
: ﬁp 320 WPDGT Local mass flow rate of pyrolysis
g products
| n 330 XPRDER Order of oxidation reaction. Use
i value of 0.5 0or 1.0
;
‘ 64
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Physical
Symbol Number

N ' 340
0.6
ANLe 350
Pw 360
Yaero : 380
. 390
9, 400
qq 410
R- 420
R 430
3 3
T 460
TB 470

FORTRAN
Symbol

NG

ELAMIB

(EXPRESS)?

QAER@

QRTAB

QSTAB

RATE

TBTAB

Definition

Number of chemically reacting species
in pyrolysis gas

Product of Lewis number to the 0.6
power and A where A is the weight

of char removed from the outer surface
per unit weight of oxygen diffusing to
the surface

Pressure at the wall as a function of
time :

Net aerodynamic heating rate to the
surface after correction for hot wall
and blocking

Reference convective heating rate.
Stagnation values usually used as
reference. (QRATT specifies ratio
of local to reference heating rate.)

Reference radiant heating rate.
Ahsorptance, ALPHAT, is altered to
account for ratio of local to reference
heating rate.

Stagnation heating rate

Gas constant or
Maximum radius of ablating
body. Required when I@PT=5.

Effective reaction rate for gas or
solid species in pyrolysis gas
reaction

The initial temperatures of the fin-
ite difference stations. Stations
are numbered from the front surface.

Temperature as & function of time to
which back surface 1s radiating

65




Thysical
Symbol Number

L 480
Titi4m

to 490
te 500
U 510
\'4 520
Awf 530
x 540
x! 550
x" 560
y 570
Z 580
o 590
ac 600
66

FORTRAN
Symbol

TIPJ

TAU@

ENDTAU

Vi

DELWF

ALPHA

ALl

Definition

Back surface temperature at which
coolant becomes active (INST@P=0.)
When TNST@$P =1, program stops vwhen
back surface temperature reaches
TNBAR.

Same as Ti 1 when there is
another material behind
ablator

Starting time

Stop time if TNST$P = 0. If TNST@P is
1, set ENDTAU very large and pro-
gram stops when back surface temp-
erature reaches TNBAR

Velocity of pyrolysis gas
Surface recession velocity

Coolant consumption rate * back
surface
Thickness of the char layer

Thickness of the virgin ablation
material

Thickness of the insulation layer
Coordinatg normal to the suriace

Location of fixed stations measured
from the back surface

Name assigned internally to absorp-
tance of the surface. Velue of
ALPHA is obtained by program from
table entitled ALPHAT

Name assigned internally to factor
used to correct blocking effectiveness
of mass loss from outer surface for
molecular weight effects and/or
turbulent flow. Values of ALL
obtained by program from table
entitled AL1TAB.
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Physical

Symbol Number
o

P 610
g 620
Y Y, 621
€ 630
si+j 640
€i+j+m 650
n 660
u -
o} 665
pc 679
p" 680
At 690
wbl 700

FORTRAN
Symbol

AL2

BETA

EPS@NE

EIPJ

EIJM

ETA

RHY

RH$C

R@DP

DELTAU

PHIETB

Definition

Name assigned internally to factor used
to correct blocking effectiveness of
pyrolysis gas due to molecular weight
effects and/or turbulent flow.
Calculated automatically when py-
rolysis gas reactions kinetics are
treated in detail (ICPBAR = 2)

Determine if ablation or transpiration
theory will be used. If ablation theory,
BETA = 1; if transpiration theory,

. BETA = 0. In the former case, a

transpiration factor ETA must be
specified )

Approximate geometric coeificients
Emittance of the heated surface

Emittance of back surface when no
insulation layer is present

Emittance of back surface when an

- insulation layer is present

Transpiration factor. A value of 0.6
is frequently used for laminar

flow. A value of .2 is used for
turbulent flow.

Viscosity of gas flowing through char
Density of svlids that undergo
pyrolysis at each finite difference

station

Density of char at each finite
difference station

Density of insulation

Time step obtained from table entitled
TAUTAB by zero order interpolation

Parameter equal to MblK
2RTu
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Physical
Symbol

68

Number

710

FORTRAN
Symbol

PHIPTB

~ Definition

Parameter equal to MK
1 P
2RTu

I

!
t
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FORTRAN
SYMBOL

ABEXP

ABUT

NUMBER

720

722

724

SECTION II

FORTRAN SYMBOLS

Definition

Gram atoms of element J in specie I. This
two~dimensional array defines the chemical formula
of the individual species. For example, if the
order of the elements are assigned as follows:

J =1 Carbon
J = 2 Hydrogen
J =3 Oxygen
J = 4 Nitrogen

Then, for this 4 element system (mm = 4)
if the specie methane (Cﬁé) is designated .specie
number 1. . ,

AA (1, 1) = 1.0
AA (1, 2) = 4.0
AA (1, 3) = 0.
AA (1, 4) = 0.

The resulting array for the species H, H,, CH4,

NZ’ NH3, NO, 320 and CO is as follows:

c it ° X
1.0 4.0 0. 0.
0. 1. 0. - 0.
0. 2. 6. 0.
0. 3. 0. 1.
0. 0. 1. 1.
0. 2. 1. 0.
1. 0. 1. 0.

Pre-exponential factor for computing surface mass
loss rate by sublimation

Initial value of the square root of pressure



FORTRAN
. SYMBOL

AC@EF

AER

AI,BI,CI,
DI,EI,FI,

AII,BII,
CII,DII,
EII, FII
AR

A11--A55

BBEXP

CHANGE

CMASSF

CPN

CSYLID

DELH

DELWFJ
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NUMBER

726

728

730

732

733

734

745

746

750

760

770

780

730

810 - Enthalpy of formation at 298.15 K

820

Definition

Negative blocking coefficients when boundary layer
flow through porous char is considered

Activation energy of the forward reaction of
pyrolysis gas kinetics

Activation energy of the reverse reaction of
pyrolysis gas kinetics

Frequency factor of the foreward reaction of
pyrolysis gas kinetics

Empirical constants for the enthalpy of the chemical
specie of the pyrolysis gas above 1000 K by the
equation AT*T+BI*T**2/(2*%1.987) + CI*T*%*3/(3*1.987)
+ DIXT*%4/ (4%1.987) + EI*T*x5/(5%1.987) + 1.987*F1

Empirical constants for the enthalpy of the chemical
specie of the pyrolysis gas below 1000 K as shown
in AI, BI, CI, DI, EI, FI

Frequency factor of the reversed reaction of
pyrolysis gas kinetics

Empirical constants of heat capacity of elements
below 1000 K.

Power of the exponential term for computing
surface mass loss rate by sublimation

A computing time saving device. Chemical reaction
rates are not calculated until T(1l) has
changed more than CHANGE. = s

‘The mass fraction of ‘the original material that

is carbon - =
Normalyzing bonstht for fiow through porous media

The mess fraction of a pyrolysis specie that is

.converted to char upon pyrolyzing

Initial coolant flow rate



FORTRAN
SYMBOL  NUMBER

DUMLTB 821
EQN , 840
ERR@R 850
FREQ 851
IDEBUG 853
1¢PT 854

Definition
Blank tatle (not used)

Alghanumeric input of pyrolysis chemical reaction
equation, for example, the reaction CH4 =C + 2H2
would be input as CH4 = C + 2H2

The test of T(1) for convergence from one itera-
tion to the next. Convergence is assumed to have
occurred when '

TQQ) - TW' <
) ERR@R

Where T(1) is from the previous iteration
Cyclic printing interval

Whea this input is greater than zero, extra
printing will be done each iteration to aid debugging

Initial option for computing surface recession.
There are 5 options available. These may be
selected by assigning values to I¢PT of 1, 2,
3,4, or 5. When a value of 1 is assigned,
surface recession is removed by (1) an
exponential functicn of temperature or (2) by
oxidation. Both forms are achieved by determining
values for AEXP and BEXP.

When a value of 2 is assigned, the mass loss
rate is computed as a function of time

from table WCD@TT.If NCDYT is a negative number,
the table WCD@TT can be used to compute
surface recession as a function of surface
temperature.

When a value of 3 is assigned, the thickness
of the ablator is specified as a function of
+ime in XTAB. When a value of 4 is assigned,
surface removal is by sublimation and I@PT1=1.
When a value of 5 is assigned, the surface
recession is computed taking into account
internal flow through porous media. (See

ref. 9.) If option 5 (IPPT=5) is not used,

the following inputs are not required: GAMITB,
GAM2TB, XRTAB, PHIPTB, PHIETB, MXR, NXR,
TTBPHI, MPHI, NPHI, PERM, R, CON, and AC@EF.
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FORTRAN :
SYMBOL  NUMBER : Definition

I¢PT1 855 Option for computing sublimation IPPT1 = 1 for
sublimation at the outer surface

ICPBAR 857 Option for simplified treatment of pyrolysis gas
kinetics. ICPBAR = 1. Enthalpy of pyrolysis
gas must be supplied in CPBTAB

IC@DE 858 Phase identification of pyrolysis gas components
ICPDE = 0 - specie is a gas
ICPDE =1 - specie is a solid

IPRINT 860 Option for printing contents of NAMELIST entitled
‘ NAMEl. When no value is input or when IPRINT = O,
NAME1 is printed.

KTXDP 870 Option for variable density and conductivity of
the third layer
KTXDP = O Density constant and equal to R@DP(1)
KTXDP # O. R@DP and CKNDPT are input as a furction

of position
MALPHA | 880 Order of interpolation for ALPHA table
MALPH1 890 Order of interpolaticn» for ALl table
MALPH2 : 900 Order of interpolation for AL2 table
MAXIT 910  Maximum number of interations performed before time

step reduced to one-half current value
MCD@T ‘ 920 Order of interpolation in WCD@T table
MCKNDP 930 Order of interpolation in KDP table
MCKNP 940 Order of interpolation in KP table
MCP 950 ‘Order of interpolation for CP table
MCPBAR 260 Order of interpolation for CPBAR table
MCPDP 970 Order of interpolation for CPDP table
MCP1 980 Order of interpolation in CPPT1 table
MCP2 981 Order of interpolation in CPPT2 table
_;557 357 arder of interpolation in CPPT7 table
MDUM1 990 Order of interpolation for DUM1 table
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L - FORTRAN
{ SYMBOL  NUMBER Definition
) MHC 1000 Order of interpolation in HCTAB table

? MHE 1010 Order of interpolation in HETAB table

h MHW 1020 Order of interpolation in HW table

% MK © 1030 Order of interpolation in K table

E MM 1040 Number of elements in pyrolysis gas speciles
% MPHI 1050 Order of interpolation in PHIETB table

E MPRAT 1060 Order of interpolation in PRATT table

g MQC 1070  Order of interpolation in QC table

g "MQR 1071 Order of interpolation in QR table

g MQRAT 1072 Order of interpolation in QRATT table
i MQS 1080 Order of interpolation in QS table

MSMIN 1090 ﬁinimum value of sublimation for which sublimation

program STAT1 is used to decrease computing time
when sublimation is occuring

MTAU 1100 Order of interpolation in TAUTAB table

1 kMTB 1110 Order of interpolation in TB table

E t MX 1120 Order of interpolation in X table

; MXPRES 1130 Order of interpolation in XPRESS table

;

; MXR 1140 Order of interpolation in XRTAB table
NALPHA 1150 Number of entries in TALPHA and ALPHAT
NALPH1 11690 ‘Sumber of entries in TTALl and AL1TAB
NALPH2 1170 Number of entries in TTAL2 and AL2TAB
"CCDPT 1180  Number of entries in TTMCDT and WCD$TT.

Negative value required by program logic
. NCDOT 1190 Number of entries in TIMBCT and NCD@TT

NCKNDP 1210 Number of entries in TCKNP and CKNDPT
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FORTRAN
SYMBOL

NCKNP

NCP

NCPBAR

NCPDP

NCP1

- NCPZ

NCP?7
NDUM1
NEQ
NHC
NHC@MB

NPHC@MB

NPEX

NPHI
NPYR
NPRAT
NQC
NQR
NQRAT
NQS

NREX

74

NUMBER

1220
1230
1240
1250

1260
1261

1267
1270
1280
1300
1310
1311
1320
1330
1340

1350

1360
1370
1380
1400
1410
1420
1430
1440

Number

Number

Number

Numter

Number
Number

Number
Number

Number

Number

Number
Number
Number

Number

of
of
of
of

of
of

of
of
of
of
of
of

of

of-

Definition

entries in TTCKNP and CKNPTB
entries in TTABCP and CPTAB
entries in TTBCPB and CPBTAB
entries in TTCPDP and CPDPTB

entries in TICPP and CPPT1
entries in T2CPP and CPPT2

entries in T7CPP and CPPT7

entries in vacant table |

chemical reactions in pyrolysis gas kinetics
entries in TTABHC and HCTAB

entries in TTHCYMB and HC@MBTB

entries in PHC@MB

entries in TTABHE and HETAB

entries in TTABHW and HWTAB

Number of entries in TTABK and CKTAB

Power to which the concentration of the products
is raised

Number

Number

Number

Number

Number

Number

" Number

of
of
of
of
of
of

of

in pyrolysis gas kinetics reactions
entries in TTBPHI, PHIPTB and PHIETB
pyrolysis reactions

entries in TTPRAT and PRATT

entries in TTABQC and QCTAB

entries in TTABQR and QRTAB

entries in TTQRAT and QRAIT

entries in TTABQS and QSTAB

Power to which concentrations of reactants is
raised in pyrolysis gas kinetics reactions
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FORTRAN
SYMBOL

NS

NTAU

NTB

. NTOPT

NX@PT

NXPRES

@RDER
PELAM
PERM
PHCUMB

LRATT

PREHE

PSC

NUMBER

1390

1450
1460

1470

1480

1490
1500
1510
1520
1530
1550
1551
1560

1570

1580

1581

Definition

Number of solids in kinetic equations of pyrolysis
gas

Number of entries in TTAU and TAUTAB

Number of entries in TTABTB and TBTAB

New surface recession option changed to at T@$PT
Number of Z values used

Number of entries in TTABX and XTAB

New surface recession option changed to at X@PT
Number of entries in TTXPRE and XPREST

Number of entries in XRTAB, GAMITB and GAM2TB
Order of pyrolysis reaction mp = (p)ORDER
Pressure in ELAM table

Permeability of char

Pressures in HC@MBTB

The ratio of the local pressure to the stagnation .
pressure

Option for using punched input from program
¢PTUM (PREHE = 1.)

Stoichiometric coefficients of the products

of pyrolysis gas kinetics equations. This array
in conjunction with RSC (Stoichiometric coeffi-
cients of the reactants) and SNAME (specie
identification and ordering) define the chemical
reactants a~ they are used in calculation. The
equations are written symbolically as:
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FORTRAN
SYMBOL

ity
I

P5

QRATT

QSTAB

REFF

RH@Z

R@DP

RSC

76

NUMBER

1585
1620

1625

1630

Definition

zZ w

][4 - bod

mEP>Zn

M
E

to ust a simple example, if a system of only 4
specie: are considered: H, Hz, CH4 and C
The equations '

CH, —> C+2H
4 ——— 2

—.—)2“

HZ <

are written as:

000 1 0 [m]_"0 2 0o 1 [u
0 1 0 9 |2 o o o |u

CH CH

C C
Pressure tabl: for HCTAB
The ratio of . ocal convective heating rate to stag-
nation convect lve heating rate. If QRATT set to zero,
the pressure i computed using QS from QSTAB as

follows: P = Rl FF*PCPEF*PRAT*QS /HE

Stagnation heatiig rate table used to obtain
hypersonic press: re when QRATT=(0.

Maximum radius of ‘blating body. Required only
when flow through i 'rous media effects are
considered (IQPT = .)

Effective nose radius

Initial density of each component of material that
will pyrolyze

Density of insulation layer

Stoichiometric coefficients of the reactants of

_pyrolysis gas kinetics equation:. See explanation of PSC



FORTRAN
SYMBOL  NUMBER Definition

SF 1660 Power on the temperature in the forward rate §
constant in pyrolysis gas reaction &

SNAME 1670  Alphanumeric input of specie names in pyrolysis
gas kinetics. See explanation of PSC

SR 1680 Power on the temperature in the reversed rate .
constants in pyrolysis gas reactions

$1--85 1690- Empirical constants for heat capacity of g

| elements below 1000 K §
TALPHA 1710 Temperature table corresponding to values in ALPHAT é
TAUY 1720 Starting time T . é
TAUTAB 1730 Table of time steps E
TBTAB 1740 Temperature to which back surface is radiating
TCHAN 1750 Temperature change required before pyrolysis gas

composition is recomputed : E

TCKNDP 1760 Temperature table for CKNDPT :
TNBAR 1770 Back surface temperature at which coolant

becomes active (TNST@P = 0). When TNST@P = 1,
TNBAR is back surface temperature at which program
will stop

TNST@P - 1780 Controls point at which computation stops. If TNST@P =0,
: program stops at ENDTAU. 1If TNST@P = 1,
program stops when back surface temperature reaches TNBAR

T@PT 1790 Time at which surface removal option may be g
changed using NT@PT 4

TTABCP 1800 Temperature table for CPTAB

TTABHE 1810 Time table for HETAB i

»TTABHC 1820 Temperature table for HCTAB '

TTABHW 1830 Temperature table for HWTAB g

TTABK 1840 Temperature table for CKTAB

TTABQC 1850 Time table for QCTAB E
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FORTRAN
SYMBOL

TTABQR
TTABQS
TTABTB
TTABX
TTAL1
TTAB2
TTAU
TiDCPB
T1CPP
T2CPP
T7CPP
TTBPH1
TTCPDP
TTCKNP
TTDUML
TTELAM
TTHCMB
TTMCDT
TTPRAT
TTQRAT
TTXPRE
TZ
WCCD@¢
WCDATP

78

NUMBER

1860
1870
1880
1900
1910
1920
1930
1940
1950
1951
1957
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080

Time table for QRTAB

Time table for QSTAB

Time table for TBTAB

Time table for XTAB

' Time table for AL1TAB

Time table for AL2TAB

Time table for TAUTAB

Temperature
Temperature
Temperature

Temperature

" Temperature

Temperature
Temperature
Blank table
Temperature

Temperature

table

table

table

table

table

table

table

table

table

for
for
for
for
for
for

for

for

for

Time table for WCD@TT

Time table for PRATT

Time table for QRAIT

Time table for XPREST

Definition

CPPTAB
CPPT1
CPPT2
CPPT7
PHIPTB and PHIETB
CKNDPT

CKNPTB

ELAMTB

HCYMBTB

Temperature at fixed locations 2)

Initial value of WCCD@T

Initial value of WCD@T




FORTRAN
SYMBOL

WCDPTT
WCSD@@
WCSDET
WPD@TY

WPSUM

X@PT

X@RDER

XPMIN

XPREST

XRTAB

XTAB

YDEL

YI

'NUMBER

2090
2100
2101
2110

2120

2141

2150

2160
2172
2180
2190
2200
2210
2220

2230

2240

—

Definiticn

Table used with option 2
Initial value of WCSD#T

Surface mass loss rate by sublimation

Initial value of WPD@T

Total mass flow past a given poin: (one value for
each station) '

Molecular weight of each specie in pyrolysis gas
X<XMIN, program stops

Thickness of X at which surface removal option
will change using NX@PT '

order of oxidation reaction

XP<XPMIN, program stops

Square root of the total stream pressure in
atuospheres, when considering subsonic or super-

sonic flow. Set to «<ro for comjuted pressure

Table to input radius of curvature as a func-
tion of time when option 5 is used.

Table to input char thickness as a function of
time when option 3 is used

Stefan Boltzmann constant in appro-
priate units.

The mole fraction of gas species produced by
each pyrolyzable component

Location of fixed stations measured from back
surface

79



comments.

FORTRAN  ITEM NUMBER

NAME IN TABLE I
(10) T 460
(20) 2 580
(30) T2 2060
; (40) McP 950
(50) NCP 1230
(60) TTABCP 1800
(70) CPTAB 91
(80) MCP1 980
(81) MCP2 981
@ (86) MCP7 986
i (90) NCP1 1260
{ (91) NcP2 1261
| e 1
i (100) TICPP 1950
(101) T2cPP 1951
| o e
}
: 80

TABLE 11

This table contains a list of input and output FORTRAN variables “
in the order they appear in the 1/0 1lists.
subroutines related to 1/0 are included in Appendix A. All tables use
subroutine FTLUP for table look-up unless otherwise noted below under

Instructions for use of library

The following inputs are entered by namelist entitled NAMEl:

PHYSICAL
SYMBOL

T

y=yo

& |

e

D-!It-l

OF

INPUTS REQ'D

I+J+M

NUMZ

NUMZ

NCP

NCP

NCP1

NCP2

NCP7

COMMENTS

Used to initialize
temperature distribution

Used to initialize tempera-
tures at fixed locations
within solid (e.g. thermo-
couple locations)

Table to input srecific

heat of char

Table to input specific
heat of each componert in
the virgin state




. FORTRAN ITEM NUMBER PHYSICAL NO. OF COMMENTS

NAME IN TABLE I SYMBOL IN?UTS REQ'D
(110) CPPT1 100 C; NCP1
(111) CPPT2 101 CP, NCP2
Gown W w e
i (120) MCPDP 970 NA 1
(130) NCPDP 1250 NA - 1 Table to input specific
(140) TTCPDP 1970 T - NCPDP heat »f insulation layer
(150) CPDPTB 110 cp" NCPDP '
(160) MCPBAR 960 NA 1
1 : (170) NCPBAR 1240 NA 1 Table to irput enthalpy
‘ of pyrolysis gas as a
] (180) TTBCPB 1940 T NCPBAR function of temp. when

- kinetic treatment of

(190) CPBTAB 120 C NCPBAR pyrolysis gas is not
calculated internally.

This table not required
when pyrolysis gas kinetics
, are treated in detail

b . (ICPBAR¥1)

T
s~

SO

{200) MK 1030 NA 1

wdciea

Table to input thermal con-
ductivity of char as a func-

(210) NK 1340

B

(220) TTABK 1840 T NK tion of temperature.

(230) CKTAB 250 k NK

(240) MCKNP 940 NA 1

(250) NCKNP 1220 NA 1l Table to input composite
thermal conductivity of

(260) TTCKNP 1980 T NCKNP virgin material as a func-
tion of temperature

(270) CKNPTB 260 k' NCKNP

(280 MCKNDP 930 NA 1 Table t~ input thermal

. conductivity of insulation
(290) MCKNDP 1210 NA 1 layer as a function of

temperature and position

81
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FORTRAN ITEM NUMBER PHYSICAL NO. OF : COMMENTS
NAME IN TABLE 1 SYMBOL INPUTS REQ'D
(300) TCKNDP 1760 T NCKNDP
{310) CKNDPT 270 k" NCKNDP -
(320) MHW 1020 NA 1 Table to iaput enthalpy of
. : external gas stream at the
(330) NHW 1330 NA 1l surface temperature as a
function of temperature
(340) TTABHW 1830 T NN
(350) HUWTAB 210 ‘ Hw NHW
(360) MALPHA 880 . MA 1 Table to input absorptivity
{370) NALPHA 1150 NA 1 of the surface as a
‘ function of temperature
(380) TALPHA 1710 T NALPHA
\390) ALPHAT 590 Oy NALPHA
(400) MALPH1 890 7 NA 1 Table to input blocking
factor of surface reaction
(410) NALPH1 1160 NA 1l products as a function of
time
(420) TTAL1 1910 T NALPH1
(430) ALITAB ©00 c NALPH1
(440) MALPH2 900 NA 1 Table to input blocking
factor of pyrolysis reaction
(450) NALPH2 1170 NA 1l products as a function of
time
(460) TTAL2 1320 T NALPH2 )
(470) AL2TABR €10 ap NALPH2
(480) MHE 1010 NA 1 Table to input enthalpy of
gas external to boundary
(490) NHE 1320 NA i layer as a function of
‘ time
(500) TTABHE 1810 t NHE
(510) HETAB 200 He NHE
(520) MQC 1070 NA 1 Table to input convective
heating rate as a furction
(530) NQ¢C 1400 NA 1 of time
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FORTRAN

NAME
(540)

(550)

(560)
(570)
(580)
(590)
(600)
(610)
(620)

(630)

(640)
(650)
(660)
(670)
(680)
(690)
(700)
(710)
(720)
(730)
(740)

(750)

ITEM NUMBER
IN TABLE 1
TTABQC 1850
QCTAB 390
MQR 1071
NGR 1410
TTABQR 1360
QRTAB 400
MCD@T 920
NCDJT 1190
TTMCDT 2020
WCDGTT 2090
MX 1120
NX | 1490
TTABX 1900
XTAB 2210
MDUM1 930
NDUM1 127
TIDUM1 1990
DUMITE 821
MQS 1080
NQS 1430
TTABQS 1870
QSTAB 410

t

%

NA
NA

V=]

t, T

PHYSICAL NO. OF
SYMBOL

INPUTS REQ'D
NQC

NQC

NQR

'NQR

NCDgT

 NGDT

"R B "

[

NQS

NQS

_COMMENTS

Table tc input radiant
heating rate to the surface
as a function of time

Table of surface recess-
ion rate as a function of
time when option 2 is used
& NCCDY¥T is greater than
or equal to zero. When
NCCD@T is less than zero,
this table is used to
input surface recession as
a function of surface
temperature.

Table to input char thick-

ness as a function of time
when option 3 is used

Table for expansion
(not used)

‘able of stagnation heating
rate as a function time
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FORTRAN  ITEM NUMBER
NAME IN TABLE I
(760) F1 160
(770) RO -
(780) RoOP -
(790) RODP 680
(800) DELHF 240
(810) DELHF  --~
(820) EIPJ 640
(830) CIPJ 130
(840) EIJM 650
(850) CIJM 140
(860) BETA 620
(870) ETA 660
(880 EPSONE 630
(890) TNST¢P 1780
(900) X 540
(910) MHC 1000
(920) NHC 1300
(930) TTABHC 1820
(935) P5 1585

84

PHYSICAL
SYMBOL

pll

NA

NA

NO. OF
INPUTS REQ'D

'COMMENTS

Calculated internally
Calculated internally

can have 10 vilues which are
specified for 10 equally
spaced thicl.nesses of
insulation numbered from the
back surface of the ablator.
Either one value or 1Q values
required. :

Calculated ingernmally

Not used for input.

A value of 5 is assigned
internally. Not used for input.

A value of 5 is assigned
internally. Not used for input.



FORTRAN ITEM NUMBER  PHYSICAL NO. OF COMMENTS
NAME IN TABLE I SYMBOL  INPUTS REQ'D
(940) HCTAB 190 Hc 25 Not used for imput. A

value of 25 is assigned
internally. Table to input
latent heat of surface removal
process as a functiou of
temperature and

pressure. Uses subroutine

T ILTIRRN | SRRl Ty U NS

DISCOT for table look-up. %
: 2
{(950) MTB - 1110 YA 1l *
Table to input tempera- 2
{(960) NTB 1460 NA 1 ture to which back surface ;
is radiating as a func-
(970) TTABTB 1880 t NTB tion of time ' 5
(980) TBTAB 470 T NTB §
(990) Xxp 550 X' 1 3
(1000) XDP 560 Soox 1
(1010) TNBAR 1770 Ti+j 1
or
Ti4j4m
(1020) I 241 i 1
(1030) J 242 j 1
(1040) M 300 m ) 1l
(1050) TAU@ 490 to 1
{1060) WCDYT@ 2080 1
(1070) WPDGT@ 2110 1l
(1080) DELWFg 820 1
(1090) FREQ 851 1
(1100) ENDTAU 500 tf 1l
(1110) X@PT 2160 1l

(1120) IgPT ~ 854 ' 1
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FORTRAN ITEM NUMBER PHYSICAL NO. OF COMMENTS

NAME IN TABLE 1 . SYMBOL INPUTS REQ'D

(1130) NX¢PT 1500 1l

(1140) XMIN 2150 1

(1150) XPMIN 2180 1

(1160) NUMZ 1480 1

(1170) TPT 1790 1

(1180) NT@PT 1470 -1

(1190) AEXP 10 1

(1200) BEXP 40 1

(1210) APEXP 0 Do not use

(1220) BPEXP 0 Do not use

(1230) X¢RDER 330 1

(1240) CE 90 c, S |

(1250) ELAM -- -0 Do not use

(1260) HC¢MB -- 1 Do not use

(1270) REFF 1700

(1280) PCPEF 180 \[E- 1 square root of constant
in hypersonic pressure term
A value of 7.5 in SI units
and 20.27 in English unite
is recommended.

(1290) MPRAT 1060 NA 1 Table to input ratio of
local pressure to stag-

(1300) NPRAT 1380 . NA 1 nation pressure as a
function of time

(1310) TTPRAT 2030 t NPRAT :

(1320) PRATT 1570 P/Pa NPRAT

36
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FORTRAN

NAME

(1330)
(1340)
(1350)
(1360)
(1370)
(1380)
(1390)
(1400)
(1410)
(1420)
(1430)
(14%0)
(1450)
(1460)

(1470)

(1480)

{1490)
(1500)
(1510)
(1520)

(1530)

MXPRES
NXPRES
TTIXPRE
XPREST
MQRAT
NQRAT
TTQRAT
QRATT
WCSD@¢
WCCDRd
AL
MTAU
NTAU
TTAU

TAUTAB

TCHAN

MAXIT
ERR@P
IDEBUG
THETA

ABEXP

ITEM NUMBER
IN TABLE 1

1130
1510
2050
2190
1072
1420
2040
1620
2100
2070

280

1100

11450

1930

1730

1750

910
850

853

722

At

PHYSICAL NO. OF

SYMBOL INPUTS REQ'D

NXPRES

NXPRES

NQRAT

NQRAT

NTAU

NTAU

COMMENTS

Table to input square
root of the total stream
pressure as a function
of time

Table to input the
ratio of local laminar
to stagnation convec-
tive heating as a func-
tion of time

Make no entry

Table to input time

step as a function of

time with zero order
interpolation (time step
remains constant at TAUTAB
value until time equals or
exceeds next TTAU value.)
All entries in this table
should be pcwers of 2, e.g.
1/32, 1/16, 172, 1, 2, etc.

A value of 25 is
recomnended.

A value of 3 is
recommended

Lo not use

- W A
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FORTRAN  ITEM NUMBER PHYSICAL NO. OF COMMENTS

NAME IN TABLE 1 SYMBOL INPUTS REQ'D

(1535) BBEXP 750 1

(1540) I@PT1 855 1

(1550) PREHE 1380 1

(1560) ABUT 724 1

(1570) MXR 1140 NA 1 Table to input approxi-

mate geometric coefficients
(1580) NXR 1520 NA 1 as a function of position
(see reference 9)

(1590) XRTAB 2200 x/t NXR
(1600) GAM1TB 621 £. NXR Uses (1570), (1580), and
+ (1590) above to input
(1610) GAM2TB 621 Ez NXR approximate geometric
' coefficient as a function
of positicn
(1620) NPHI 1360 Table to input parameter
: » as a function of tempera-
(1630) MPHI 1050 ture (see reference 9)
(1640) TTIBFHI 1960 NPHI
(1650) PHIPTB 710 My NPHI
P
M
(1660) PHIEIB 700 [ NPHI Use (1620), (1630), and
: (1640) above to input
prrameter a< a function
of temperature
(1670) PERM 1551 k 1 See reference 9
(1680) R 420 See reference 9
(1690) C@N 780 See reference 9
(1700) ACPEF 726 3
(1710) VDEL 2220 : 1 0.€
Table to input AN ; as a8
(1720) ELAMIB 350 A 40 function of surfac%
cemp. and pressure
(1730) TTELam 2003 T 10 Uses DISCOT for
table look-up

88
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FORTRAN ITEM NUMBER. PHYSICAL NO. OF B COMMENTS
NAME IN TABLE I SYMBOL INPUTS REQ'D

(1740) PELAM 1550 P 4
(1750) IPRINT 860 |
(1760) KTXDP 870

(1770) ICPBAR 857

(1780) MSMIN 1090

(1790)TTHCOMB 2010 T 28 Table to input heat of combus-
: tion of the char '
(1800)HC@AMBTB 841 AH 7 as a function
comb
of temperature and
{(1810) PHC@MB 1560 P 4 pressure. Uses DISCOT
) for table look-up.
(1820) NHCOMB 1310 NA 0 Set internally to a
: value of 28
(1830, ~PHCOMB 1311 NA 0 Set internally to a
, ' value of 4
(1840) CMASSF 770 1 )
(1850) CHANGE 760 1
(1860) DDELHP 220 Aﬂp NPYR
(1870) CS@LID 790 NPYR
(1880) RHPZ 1640 P, NPYR
(1890) NPYR 1370 1
(1900) AP 20 NPYR
(1910) BP 50 NPYR
(1920) Ru@ 665 p
(1930) RH@C 670 pc I+J
(1940) @RDER 1530 ’ NPYR
(1951)) WESUM 2120 ip I+
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FORTRAN

NAME

ITEM NUMBER
IN TABLE 1

PHYSICAL NO. OF
INPUTS REQ'D

COMMENTS

THE FOLLOWING INPUTS ARE ENTERED BY INDIVIDUAL FORMAT IN SUBROUTINE INQUT

(1960)
(1970)
(1980)
(1990)
(2000)
(2010)

(2020)

- (2630)
(2040)

(2050)
(2060)
(2070)
(2080)
(2090)
(2100)
REPEAT
(2110,
(2120}
{2130)
(2140)

90

NG
NS
MM
NEQ
EQN
RSC

PSC

NREX

NPEX

AF
SF
AEF
AR
SR

AER

340
1390
1040
1280

840

- 1650

1581

1440

1350

732

1660

728
745
1680

730

1
1
1

1

12
Variable

Vaziable

Same
as PSC

Same as
P3C

PPRMAT (416)

FORMAT (12A6)

FORMAT (6F4.0) input

reguired for each term

in chemical reaction

e.g. for the cheuical

reaction CH, = C +
4 (s)

282, 1 RSC and 2 PSC
aré€ required

FORMAT (514.0)

> FORMAT (E8.0,1X,2F6.0)

? FORMAT (E8.0,1X, 2F6.0)
¥

/

THE SEQUENCE OF ITEMS 2000 THROUGH 2100 FOR EACH CHEMICAL REACTION

s1
s2
s3

S4

1690
1690
1690
1690

1
1

\

FPRMAT (7E10.5) One set
of inputs for each
element in the system

? (l.e. M4 cards)




FORTRAN
NAME
(2150)
(2160)
(2170)
(2180)
(2190)
(2200)
(2210)
(2220)
(2230)
(2240)

(2250)

(2260)
(2270)
(2280)
(2290)
(2300)
(2310)
(2320)
(2330)
(2340)
(2350)
(2360)

(2370)

ITEM NUMBER
IN TABLE 1
S5 1690
All 746
A22 146
A33 740
Ab4 746
AS55 746
XFW 290
SNAME 1670
ICGDE 858
DELH 510
YI 2230
AA 720
Al 733
BI 733
CI 733
D1 733
El 733
F1 733
GL 733
Afl 734
BII 734
Cil 734
DIl 734

PRYSICAL
SYMBOL

NO. OF

COMMENTS

INPUTS REQ'D-

1l
\_FORHAT (7E10.5) One set
1 of inputs for each
element in the system
1 P (1.e. MM cards)
L
1 /
l
FORMAT (20X, E10.4, 10X,
17 A6, 16, E15.4)
1 KSPI sets of input
1
NPYRXKSP1 FORMAT (7E10.4)
KSP1 cards with NPYR
iaputs per card
MM*KSP1l FORMAT (7E1l0.5)
Lo
1l
1
1l
1 > FPRWMAT (7E10.5)
1l
1 /
1 )
1l
i ) FORMAT (7E10.5)
1

91
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FORTRAN = ITEM NUMBER PHYSICAL NO. OF COMMENTS

NAME ‘ IN TABLE 1 SYMBOL INPUTS REQ'D
(2380) EII 734 , 1
(2390) FI1I 734 ) 1
(2400) GII 734 | S |

THE SEQUENCE OF ITEMS 2260 THROUGH 2400 IS REPEATED KSP1 TIMES



A Preliminary Printing Before Computation Begins

Output Yrom NAMELIST entitled NAMEl: This lisi. is printed
automatically unless IPRINT is different from zero. The list is headed
by $NAMEl and contains each entry in NAMEl followed by the actual data
contained in the lccations reserved frr that variable. If all locations
reserved are not input, the remaining ones wili be filled with zeros.
This list is followed by S$END.

Title card: The contents of the title card are printed next and
followed by the title "INPUT DATA." Some selected tables with titles
are printed. These tables are followed by some items that remain
constant during computation.

Cyclic Printing

Printing interval: Cyclic printing of values that change with
time are printed at intervals of FRE@.

Items printed each cycle: The number of iterations needed to
converge during the last time step is printed last. The current time
TAU and the last time step DELTAU used in the comput ation are printed
first. These items are followed by 10 columns of numbers. The first
column on the left is the temperature of each finite difference station
from the surface inward. The second column (WWPD@T) is the mass flow
rate of pyrolysis gas past each station. The third :olumn RH@C 1is the
char density at each station. The next seven columns are the local
density of each of the solid components that make up the original
ablatior material (some columns may have all zero entries for a simple
material). '

These 10 columns are followed by a list of current values of
variables that are individvally titled.

Additional printing (1) when IDEBUG # 0., there is additional
Printing that is done to aid debugging. The fcllowing items are printed
each iteration: TAU, WCD¢T, WCCDPT, WCSDPT, WPD@T, X, XP, QCNET,
TEMPERATURES of each station during current and previous iteratioms.

(2) When ICPBAR # 1, and the pyrolysis reactions are treated in detail,
the follcwing items are nrinted each interval of FREA. A group of items
dealing with front surface conditions. This group 1s followed by a list
entitled ENTHALPY. This lis contains the enthalpy of the pyrolysis gas
at each ‘inite diiference station where gas flow is large enough to be
significant. The next list contains information about each reacting
specie in the pyrolysis gas. The final 1list in this group is entitled
WDEP and gives the ~urrent rate of deposition of carbon from ihe gas
phase that occurs at each finite-difference station.
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TABLE III

 ALPHABETICAL LISTING OF FORTRAN SYMBOLS

FORTRAN PHYSICAL LOCATIOR LOCATION

SYMBOL SYMBOL IN TABLE I IN TABLE II

AA 720 - 2260

AAL

ABEXP X 722 1530
. ABIT

ABUT 724 1560

ACQEF \ - 726 1700

AC@N1

ACON4

AC@N9

AEF 728 2070

AER 730 2100

AEXP A 10 1190

AF 732 2050

AL 733 2270

ALl 734 2340

AL 1 280 1430

ALAM

ALPHA a 590

ALPHAN

ALPHAT 590 390

ALPHA1

ALPHAZ2



Ay

FORTRAN  PHYSICAL LOCATION LOCATION

SYMBOL SYMBOL IN TABLE I IN TABLE 1I

AL1TAB a 600 430

AL2TAB o 610 470
P

AMUT

aa

AP A" 20 1900

AR 745 2080

ASQ

APEXP 121

AVGXw

AZ

AZETA

AL

ALl 745 2160

A22 746 2170

A33 746 2180

A4h 746 2190

A55 746 2200 |

A2 f

B

BAT

BB

BC

BBEXP 750 1535
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FORTRAN PHYSICAL LOCATION LOCATION

SYMBOL SYMBOL IN TABLE 1 IN TABLE II
BETA B 620 860
BEXP B 40 1200
BII 734 2350
RLBCK

BLOCK1

BN

B@X

BP B' 50 1910
BPEXP 1220
C 80

CAT

cC

CE Ce 90 1240
CELL

CELL1

CHANGE 760 1850
CI 733 2290
CI1 7134 2360
CILIM Ci+j+m 140 850
CIPJ Ci+j 130 830
CK

CKDP

CKNDPT k" 270 310

CKNPTB k' 260 270




FORTRAN PHYSICAL LOCATION LOCATION
SYMBOL SYMBOL IN TABLE I IN TABLE II
CKP

CKTAB k 250 230
CMASSF 770 1840
CPALL

CON

CONST

CP

CPBAR

CPBTAB C 120 190
CPB1

CPB2

CPDP

CPDT

CPDT1

CPDPTB Cu 110 150

CPPT1 C 100 110

CPTAB C 91 70
CS@LID 790 1870
CUE
¢z

D
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98

FORTRAN PHYSICAL
SYMBOL SYMBOL

DABC
DABUT
DB2KSQ
DBL@CK
DCALL
DCELL1
DCOLL
DC

DDD
DDELHP
DELH
DELHF
DELHP
DELSUM
DELTAU At

DELWF Awf

DELWFO

DELWFS

DELWF1
DELY
DELZ
DELZA
DELZB

DELZBS

LOCATION
IN TABLE I

220

810

240

690

530

820

LOCATION
IN TABLE Il

1860

2240

800

810

1080



FORTRAN

SYMBOL

DELZS

DHRODZ

DI

DII

DTEST

DTDY

DTT1

DUMMY

DUM1TB

DWCCDT

E

El

EII

EIJM

EIPJ

ELAM

ELAMIB

PHYSICAL
SYMBOL

©iti+m

e,
i+]

0.6
Le

LOCATION
IN TABLE 1

733

734

821

733

134

€50

350

LOCATION
IN TABLE II

2300

2370

710

2310
2380
840

1250

1720

99



100

FORTRAN
SYMBOL

ENDTAU
ENT
ENTH
EPS
EPS¢NE
EQN
ERR@R
ETA
EXPRESS
EXTRA
EYEL
EYE2
EYE3

FI1

FI1

FK

FLUXMA

PHYSICAL
SYMBOL

LOCATION
IN TABLE 1

500

630

840

850

660

360

733

734

851

LOCATION
IN TABLE II

1100

880

2000

1500

870

2320

2390

1090



FORTRAN PHYSICAL
SYMBOL SYMBOL
FXTAB

F1 F
GAMMAL

GAMMA2

GAMITB

GAM2TB

GENTH

GIL

GIL

HC

HCPMB

HC@MBTB

HCTAB H

HE
HETAB H

HOLE

HW

HWTAB H
1 i

IC@DE

ICPBAR

IDEBUG

IERR@R

IFIRST

LOCATION
IN TABLE I

160

621

621

733

734

841

190

200

210

241

858

857

853

LOCATION
IN TABLE Il

760

1600

1610

2330

2400

1260

1800

510

350
1020
2230
1770

1510

101



102

FORTRAN
SYMBOL

111
1IM
1JpP1
1K
IKINET
Ml
INEQ
ING
IQPT
IPET1
1PJ
IPJM1L
IPRINT
1rl
ISQ
1sQl
IT
ITIME
ITT

11

JET

KEYB1

PHYSICAL LOCATION
SYMBOL IN TABLE 1

854

855

860

242

LOCATION
IN TABLE 11

1120

1540

1750

1039



FORTRAN PHYSICAL
SYMBOL SYMBOL
KEYT3

KFRE

¥SP
KSP1
KSP2
KTXDP
KPPFX
K3

L

Ll

LLL

M m
MALPHA
MALPHAL
MALPHA2
MAT
MAXIT
MCDOT
MCKNDP
MCKNP
MCP

MCPBAR

LOCATION
IN TABLUE 1

870

300

880

830

900

910

920

930

940

950

960

LOCATION
IN TABLE Il

1760

1040

360

400

440

1490

600

280

240

40

160
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FORTRAN PHYSICAL LOCATION LOCATION

SYMBOL SYMBOL IN TABLE 1 IN TABLE II1
MCPDP 970 120
MCPP 980 80
MDUM1 990 680
MHC 1000 910
MHE 1010 480
MHW 1020 320
MK 1030 200
MM 1040 1980
MPHI 1050 1630
MPRAT 1060 1290
MQC 1070 520
MQR 1071 560
MQRAT 1072 1370
MQS 1080 720
MSMIN 1090 1780
MTAU 1100 1440
MTB 1110

MX 1120 640
MXPRES 1130 1330
MXR 1140 1570
Ml

M1J

M11

N
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FORTRAN
SYMBOL

NALPHA
NALPHA1
NALPHA2
NCCD@T
NCDPT
NCKNDP
NCKNP
NCP
NCPBAR
NCPDP
NCP1
NCPZ
NCP7
NDUM1L
NEQ
NFRE
NG

NHC
NHC@MB
NHE
NHW

NK

NLIM

NMI

PHYSICAL
SYMBOL

LOCATION
IN TABLE I

11590
1160
1170
1180
1190
1210
1220
1230
1240
1250

1260
1261

1266
1270

1280

LOCATION
IN TABLE 11

370
410

450

610
290
250

50
170
130

30
91

96
690

1990

1960
920
1820
490
330

210

105



106

FORTRAN
SYMBOL
NN

NNN
NPEX
NPHC@MB
NPHI
NPRAT
NPEX
NPYR
NQC
NQR
NQRAT
NQS
NREX
NS
NTAU
NTB
NTI
NTIM1
NTIM2
NT@PT
NTOTAL
NUMZ
NUMZ1

NX

PHYSICAL
SYMBOL

LOCATION
IN TABLE 1

1350
1311
1360
1380
1350
1370
1400
1410
1420
1430
1440
1390
1450

1460

1470

1480

1490

LOCATION
IN TABLE 1I

1830

1620

1300

2040

1890

530

570

1380

730

2030

1970

1450

960

1180

1160

650



FORTRAN
SYMBOL

NX4PT
NXPRES
NXR

N1
@MJRD
@MT
@RDER
P

PART
PART1
PART2
PERCE
PCYEF
PELAM
PERM
PHCOMB
PHCTAB
PHIE
PHIETB
PHIP
PHIPTB
POW

PRAT

PHYSTCAL LOCATION
SYMBOL IN TABLE 1

1500
1510

1520

1530

\/ G 180
1550
1551

1560

wbl 700

wp 710

LOCATION
IN TABLE 11

1130

1340

1580

1940

1280

1740

1670

1810

1660

1650

lo7
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FORTRAN
SYMBOL

PRATT
PREHE
PSC
P2

P5

Q
QAER@
QAER@@
QBAR
QBAR®
QCNET
QCTAB
QR
QRAT
QRATT
QRR
QRTAB
QRZ
Qs

QSTAB

E

RATE

PHYSICAL
SYMBOL

aero

LOCATION
IN TABLE 1

1570

1580

1581

1585

380

350

1620

400

410

420

430

LOCATION
IN TABLE II

1320

1550

2020

935

1400

590

750

1680



FORTRAN
SYMBOL

RATI@
RC
RCON
REFF
RESID
RH@
RH@C
RHACP
RHPLD
RHPZ
RO
RGDD
R@DP
R@DR@
RGP
RGPDP
R@PDRY
R@PE
RES
R@TAB
ROX
RR
RRR

RSC

PHYSICAL
SYMBOL

i]

LOCATION
IN TABLE 1

1700

665

670

1640

680

1650

LOCATION
IN TABLE 1I

1270

1920

1930

1880

790

780

2010
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FORTRAN PHYSICAL LOCATION LOCATION
SYMBOL SYMBOL IN TABLE 1 IN TABLE 11

SAVE1l

SAVE2

SAVE3

SB

SC

SELL

SF ] 1660 2060
SIG |
SIGMA

SNAME 1670 2220
SR 1680 2090
STUMP

SUB

SUM

SUMN

SUMP

SUMW

s1 1690 2110
s2 1690 2120
S3 1690 2130
S4 1690 2140
S5 1690 2150
T T 460 10

TALPHA 1710 380
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FORTRAN
SYMBOL

TAU
TAUQ
TAUGY
TAUSQ
TAUTAB
TAVE
TB
TBTAB
TEMP
TCHAN
TCKNDP
TEST
TEST1
TEST3
TG

TG2
THETA
TIPJ
TKINET
TNBAR
TNST@P
TOPT
TP1

TT

PHYSICAL LOCATION
SYMBOL IN TABLE 1
t 490

o
1730
TB 470
1750
Ti+j 480
1770
1780
1790

LOCATION
IN TABLE II

1050

1470

980

1480

1520

1010
890

1170
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FORTRAN PHYSICAL LOCATION LOCATION

SYMBOL SYMBOL IN TABLE 1 IN TABLE II
TTABCP 1800 60
TTABHC 1820 330
TTABHE 1810 500
TTABHW 1830 340
TTABK 1840 220
TTABQC 1850 540
TTABQR 1860 580
TTABQS 1870 740
TTABTB 1880 970
TTABX 1900 660
TTALL 1910 420
TTALZ2 1920 460
TTAU 1930 1460
TTBCPB 1940 180
T1CPP 1950 100
TTBPH1 1960 1640
TTCKNP 1980 260
TTCPDP 1970 140
TIDUM1 1990 700
TTELAM 2000 1730
TTF

TTHCYMB 2010 1790
TTMCDT 2020 620
TTPRAT 2030 1310
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FORTRAN PHYSICAL LOCATION LOCATION
SYMBOL SYMBOL IN TABLE 1 IN TABLE II

TTQRAT 2040 1390

TTXPRE 2050 1350

TW@J

TZ 2060 30
TZER@

TZER@1

TZER@2

TZER@3

TZERQ4

TZER@S

AY

V1 \Y 520

V2

W

WCCDPP 2070 1420

310

e

WCCDYT
WCD@T
WCDPTB

WCDATY 2080 1060

WCDPTT 2090 630
WCGDT

WCSD@$ 2100 1410
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FORTRAN
SYMBOL

WDIF
WNEW
WPD@T
WPD@ T
WPD@TS

WPD@TT

WPSUM
WP1
WSD@T

WWPD@T

XCTAB
XDP

XDR

XMAT
XMIN
XMULTP
XMULTR
XNEW

X@NE

114

PHYSICAL LOCATION
SYMBOL IN TABLE 1
2101
m 320
P
2110
2120
X 540
x" 560
M 290
2150

LOCATION
IN TABLE II

1070

1950

900

1000

2210

1140



FORTRAN PHYSICAL LOCATION LOCATION
SYMBOL SYMBOL IN TABLE 1 IN TABLE II

XONEQ

X@PT 2160 1110
X@RDER n 330 1230
XP ’ x' 550 990
XPMIN 2180 1150
XPRESS

XPREST 2190 1360

XRTAB 2200 1590

XTAB 2210 670

XTWQ

XXEXP

Y1

YCTAB

YDEL 2220 1710
Y1 2230 2250

580 20

N
N

ZEE
ZETA
ZTABLE
21

42

115
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