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ABSTRACT

The Thermal Analysis Variant of the COMOC (Computational Continuum Mechanics) com-
puter system solves problems involving transient heat conduction and convection in stationary con-
tinua spanning arbitrarily irregular two-dimensional and axisymmetric solution domains. COMOC is
based upon a finite element solution algorithm for the energy equation, and solves for the transient
nodal temperature distribution using a highly stable and automatic explicit integration procedure.
COMOC is extensively user-oriented, requires minimal input, and no a priori knowledge concerning
the stability character of the differential equation system. It can readily output computed data in
user-specified format fields, that geometrically resemble the solution domain discretization (for rapid
engineering evaluation). This report provides the user with complete information for applying
COMOC to a specific problem. ..
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1. SUMMARY AND GUIDELINES

The Thermal Analysis Variant of the COMOC (Computational Continuum Mechanics) computer
system can solve diverse problems involving transient heat conduction and transfer in stationary con-
_ tinua spanning arbitrarily irregular two-dimensional and axisymmetric spaces. COMOC embodies a
finite element algorithm for solution of the energy conservation equation, and determines the transient
nodal temperature distribution using a highly stable explicit integration algorithm. COMOC is highly
user-oriented, including both input and output phases, and solution accuracy is automatically main-
tained while minimizing computer execution time. Various manual modes of operation of COMOC
are user-specifiable through parameter overrides, to adapt the code to any specific requirements of
a given problem. A complete description of the theoretical basis for COMOC, as well as detailed
discussion concerning the various technical features of the program, are presented in Bell Report

9500-920257.*

The following general guidelines will assist the user in adapting COMOC to a specific
problem.

A,  DISCRETIZATION

Up to 1000 finite elements, in two-dimensional or axisymmetric space, involving up to 700
node locations may be specified. The solution domain closure and the discretization may be ar-
bitrarily irregular. The nodes of the triangular shape finite elements must sequence in a counter-
clockwise fashion.

B.  PROBLEM DESCRIPTION INPUT

Input phases occur at the node and element levels. Any specific initial temperature distri-
bution is accepted, and up to 100 nodes may have fixed temperatures (identified by inputting the
negative of the desired temperature). Internal heat generation is specifiable in every finite element.
Each element may have one side (only), connecting the first two nodes listed for that element, on
the global domain closure, where any combination of convection or fixed heat flux boundary con-
ditions-may be applied. In two-dimensional problems, convection or heat flux boundary conditions
may be applied to the element surface as well, and each element may have a unique thickness.

C. THERMOPHYSICAL PROPERTIES

The thermal conductivity may have tensor properties, and all thermophysical data are
specifiably temperature dependent via tables with up to twenty entries. In addition, the solution
domain may consist of up to six different materials, each with its own thermophysical specifi-
cations. Each finite element of the discretization must be identified with only one material
property description.

*Baker, A. J. and P. D. Manhardt, “Finite Element Solution for Energy Conservation Using a
Highly Stable Explicit Integration Algorithm,” Bell Aerospace Research Report 9500-920257,
October, 1972.



D. INTEGRATION INPUT

Only the initial and final values of the integration interval, the integration option (1 or 2)
in COMOC, and the desired output print interval need be specified. COMOC will automatically
extremize integration step size while maintaining a stable solution. Other input features allow
various levels of manual control, including tighter accuracy control, marching at a fixed step size,
specifying an initial minimum step size, and output at exact time stations.

E. OUTPUT

The standard subroutine provides tabular output of temperature and time derivative of
temperature at the nodes for the specified output interval. The user may readily prepare a
special subroutine to output these variables in a format geometrically similar to the physical
~ shape of the problem. In either case, output is typically provided at intervals close to the re-
quested value. By setting a parameter, and at the expense of slightly longer computer run; times,
output is provided at exactly the specified intervals.

Two additional intermediate output options exist. By setting a parameter, complete
printout of all matrices computed for each finite element is obtained. Additionally, complete
printout of the matrix operations and assembly of the global solution vector, associated with
the derivative evaluation operation within the integration algorithm, may be obtained for a user-
specified number of passes through COMOC. These outputs are useful for checking that pro-
blem input has been properly prepared. All the output features are illustrated in the sample
problem discussed in this manual.

- COMOC employs non-dimensional dependent and independent variables throughout; therefore,
input in any consistent units system is acceptable, and output will occur in that same system. The
Hollerith statements in COMOC assume use of English units (Btu, hr, ft, °R). A change to ISU, or
operation in a dual output mode (English and ISU), could be readily made if required.



I1. DESCRIPTION OF ROUTINES AND FLOW CHARTS

A macro flow chart illustrates the overall flow of the computer program. This is followed
by descriptions and flow charts of all the subroutines which constitute the Thermal Analysis

Variant of COMOC.
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MAIN

This is the executive routine which performs all input and nondimensionalization opera-
tions and initiates the execution of the geometry and integration routines.
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DERIV

This routine computes and assembles the derivative of temperature which is required by the
integration package to evaluate the temperature.

It is called from QKNINT and QKNUIN.



DERiV
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FECOM

" This routine prints the title page for each case. Itis called from MAIN.



FECOM

PRINT
TITLE
PAGE

<: RETURN - "
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GEOMHT

This routine computes the element matrices required by DERIV to evaluate the derivative
of temperature. They include the specific heat, thermal conductivity, internal heat genera-
tion and convection boundary condition matrices.

It is called from MAIN.

11
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LOOK

This is a one-dimensional interpolation routine. It is used to determine the material prop-
erty values that are temperature dependent. These properties include specific heat, thermal
conductivity and density and the tables are set up as properties at a specified temperature.

It is called from MAIN and DERIV.

13



LOOK
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MATXB

This routine assembles the condensed global specific heat matrix from element specific heat .
matrices.

It is called from DERIV.
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MATXB

CHOOSE NODE NUMBER
CORRESPONDING
. TO
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OUTPTG

This is the routine for the optional geometry output. It is called if the user inputs KODG
equal to 1. . : :

It is called from GEOMHT.

17



OUTPTG

OUTPUT

ELEMENT
GEOMETRY
MATRICES

!

RETURN

18



OUTPUT

This standard routine outputs temperature, derivative of temperature, and other patameters
at requested intervals.

The standard routine outputs computed values in tabular form. If the user wishes, he can
readily design an output routine conforming to the geometry of the problem (as illustrated
for the sample problem). This is done using the variables NROWS, NCOLS and IOUT.

OUTPUT is called from QKNINT.

19
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QKNINT
This routine numerically integrates the system of ordinary differential equations written on
nodal temperatures. It employs one of two predictor-corrector, integration algorithms. Both

- are three-stage, one-step, first order accurate explicit numerical integration procedures.

It is called from MAIN.

21
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QKNUIN

This routine computes the new values of temperature. It performs an accuracy comparison,
and may increase, decrease, or keep constant the step size for the next integration step.

It is called from QKNINT.

23
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24
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SYMPRO
This routine multiplies a symmetric matrix by a vector.

It is called from DERIV.

25



SYMPRO

ZERO OUT
PRODUCT
VECTOR (X)

!
*

SET
COUNTERS

PERFORM MULTIPLICATION
OF
(SYMMETRIC MATRIX)
BY B (VECTOR)

C RETURN ’

20




III. INPUT FORMAT

The following section illustrates the proper format and sequence for all input data.

27
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1 T T T
! | I |
AY | NATERTAL| NUMBER : :
BY ! CANDPCTINVETY COBA.| | KX,] (BTUVHR |FTIR) i :
a) F|canpuaTIviTY COER.L | ®Y | ¢ I !
o) Ll sAectric] keAT, [ dd,] t81ul/LeM Pk) | |
g Flognsiiv,] o lcemirrdy | |, : :
A - REFEzﬁnce TEMPERATURE (R} : !
| ! 1 |
I} 1 | [l
INOTE] | NTAB REHERENGH LEVEL|S| ARE| REQUIRED FOR |ENVERY |
; MATERIIAY | | 1 ; ]
T [ T T
| | | |
1 | { {
| i | P
| I | |
i i | |
T T T T
f i i N
: ] i | |
| | | |
| { 1 |
t 1 1 I

1 2 3 4 5(6]7 8 9101112131418 1617 18 1920 21 22:23 24 25 26 27 28 20 30 31 3233 34 33 36 37 30 30 40 41 42 43 44 45 46 47 40 49 50 51 5253 B4 55 56 57 53 59 60 61 6263 64 65 66 67 68 6@ 70 71 72!

:
T3 7478 76 77T T8 79 80




€e

COMPUTER INPUT FORM (JRUN
COMOC — THERMAL ANALYSIS VARIANT [JHOLD

BAC 0849 REV. 2/67

cusTomer__ NASA/GSFC EXT. —_— Page____ 0 of 1
PROGRAM _ PROBLEM  ANALYST PERMANENT NO. DEPT. w.0. c.c. DATE
IDENT NO.
1|213|s|s]e}|7 10| 11{12|13 |14 18{ 1920 |24 125 [28]27|28| 29f 12 139 as 38} 39/|40] 41| 43 44 7 |48 s
1 2 3 4 8|67 8 9 1011 1213 14 1518 17 18 19 2021 22 23 24 2526 27 28 29 30 31 T2 39 3435 36 37 38 30 40 41 &2 43 44 45 406 4748 49 50 51 B2 53 54 55 6657 58 89 60 61 62 63 6465 68 67 63 69 70 71 72|73 7475 78 77 78 79 80
L [ 19 ] ]
GARSE TYIPE| G |-| INTEGRATION INFDdNATIOh CARD. | |
J L, | |
'FORMAT [(p1d,5F10.7) , ,
1 1 | I
A B 10 D g F G
3 i i
g | | i |
{ i 1 I
i { { I
AY FIKARINT | F| |1-INTERPOUATE  1d GET |OUTRUT| AT |EXAQT] INTERVALS DF |DELP
! a-pUTAU | NOT| CANSITRAINED DEUPL | | !
T H 1 T
Bl | KEYMTD - IINTEGRATIQN METHOD i i
! | } [
g¢) +|EHAS | | {ACCURACY | GRITER AL |
) FIHMIN || | [MININUM| $TEP] $17E] | :
B) H|1F LEL[FINAL (TIME L | ! ! !
B) +|TO ! o IINITIAL] TIME|. | | 1
T T 1 T
d) +IDELP| | o PRINT [INTERVAL J | |
| i | |
l 1 { i
| | | t
| 1 1
NDTE |-% A TANDARD OUTPUT RDUTIENE| IS USEOD,| THIS IS |THE |END | QF THE [INPUT FOR ITHIS
T 1 1 Ll
AS | i | |
T T l T
A ITHERE ARE FURTHER|JASES |RETYRN [TO |CJARD |NOl. | 4 |AND |BEGIN [INPUT FOR THE |[NEXT {CABE
| | | i
f | | 1 1
| | | i
1 i | | |
oX i | 1 |
| [ | [
1 | | {
[ ] { | i
; | L L ! i
1 2 3 4 81617 8 210111213 14151617 18192021 22232425262720293031 2233 343836373839 4041 42 404445 464748408051 MBI B4 55 58 57 568 508061 6263 64 68 66 67 68 80 70 71 72|73 7478 76 77 78 78 80|




e

9

10)

11

COMPUTER INPUT FORM [CIRUN
COMOC — THERMAL ANALYSIS VARIANT [JHOLD

BAC 0049 REV. 2/67

cusTomer___NASA/GSFC EXT. e Page____1 of z
PROGRAM PROBLEM ANALYST PERMANENT NO. DEPT. w.0. c.C. DATE
IDENT NO.
1 {2 |3{4]8|8}]7 10{11312{13 14 18] 1920 2428 7|28} 29 132 193 [a4 135 38 39{ 401 41 M3 44 45 [47 |48 2
1 2 3 4 8]16{7 8 91011 1213 14 1516 17 18 190 20 21 22 23 24 2526 27 28 29 30 31 32 33 3438 36 37 39 39 40 41 42 43 44 45 406 4748 40 B0 B1 52 53 54 55 8457 56 50 60 61 62 63 64 65 88 67 63 69 70 71 72|73 7478 76 77 78 7% 80
[ [ |
NOT & 1He| fduLbwing| ¢ARDS |ARE| Tq e | INPUT [oNLY [1fF| THeRE [EXlIS TS A .
UsER | UPPL 1ED] QUTPUT |ROUTINE ! :
IF| THIS| IS {THE|JASE [NOUTTR |ON' CARD| Q.| I+ |9HOLLD BE [JET| EQUAL | O] DNE.
| | I |
T [ T T T
GARIR TYPE| A |-| FORMAT (15D | ; |
NRAWS | 1 INUMBER| OF [ROWS |OF | OUTPUT |NODES. : AL
THE| NEXT| 5T OF [ARDS |ARE | 10| B& [INPUT |IN|GROVRY DF | TWO| #OR| EAQH ROW.
; [ ! i
1 T T T
GAREE TVPE| A |-| FORMAT( 15D ! | |
i [ | 1
| | i 1
4 INUMBER| OF INODES [FOR |THE |HART1QULAR [RDY :
I | f t
FORMAT ¢ 16[1 5] | | i
T T T T
| | | {
1 ! | |
] 1 | L
- iINODE [NUMBER'S| TQ [BE 1QUTPUT [FOR [ THE | RART I QULAR |ROW}
T T L T
I [ | I
I T | I
f ! | i
| I [ i
i ’T E ]NPJF | | {
rHAN] ONE EASE,| RETURN [To| CARD| NQ.| 2| AND' BEGIN| THE| ENAUT| FOR] THE NEXT CAYH.
| | [ i
T i T i
1 | ! i
f | [ 1
| I | !
| | t |
! L I} i
1 2 3 481617 8 9 1011 12\3|4|5|8|7|B|9202122232425262728‘29303‘Q335l353€3730894041Qﬂ“““‘7“‘9m5| 5253 54 85 56 57 38 59 60 61 &2 63 64 65 66 67 68 69 70 71 72|73 7475 76 77 78 7V 80




IV. INPUT FOR SAMPLE PROBLEM

This section describes the input required to generate a ten second firing of a 104 finite
element discretization of a small axisymmetric, thrust-vector-control rocket motor as illustrated
on the following page. The technical aspects of this test are fully discussed in Bell Aerospace
Report 9500-920257. Section V illustrates and provides a complete description of the output
from COMOC using the input detailed in this section. Section VI contains the listing of the
user-written output subroutine used for output display of this problem.

The input is illustrated on computer forms. Where numerous cards of the same format
are required (such as the element information cards), only two such cards are shown. The input
is completely printed out at the beginning of output for any run by COMOC. The user should
refer to Section III for a full description of all element and node dependent input.
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Radius {meter)

0.0457

0.030%
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Node Line 8

=
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W/m? °K
Section A - A
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0 0.0152 0.0305 0.0457 0.061 0.0762 0.0915

Axial Location - (Meter)

Figure 1. Finite Element Discretization of Thrust Vector Control Rocket Motor
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COMPUTER INPUT FORM [C]RUN
COMOC — THERMAL ANALYSIS VARIANT [_]HOLD

BAC 0049 REV. 2/67

CUSTOMER EXT. E—— Page of
PROGRAM PROBLEM ANALYST PERMANENT NO. DEPT. w.0. Cc.C. . DATE
{DENT NO.
1 1213]|4|85i8]|7 10)11}12)13 114 18} 19820 124 |28 |26]|27|28] 2! R&B‘.SS 38] 90| 40f 41 jo4 45 7 |48 -1
1 2 3 45|6|7 8 9101 |2|3|4|816|7|B|9202122£242526272829303!&&343536373530404!426“4546474849505!&5354&56575859606‘&53“@666768697071R73747576777879w
k | 1 i 1
1 i i | |
| i | {
§ | ] | i
6 ! i ! t
B : | | f
T T X ! T
$TANDARD| TEQT CAJE FOR |comac, |
§ | i i
[ | L + L
104 [FEN1TE| ELEMENT [DI BGRETIZATIION |OF | A [SMALY [THRUSIT HCTOR |[CONTROL !
F I i | ]
1 T T T
ROGKER MATOR | [USING [TRIANGULAR| AXTISYMMETRIG |RIING |ELEMENTE |WITH | VARTAHLE] | |
T i [ [
{ { i 1
CONVERT 1ON BOUNDARY [CONTI[TIONS nPARLITED |Tio| INTER]QR SYRFACE .| TRANS|TENT !
] ] | - ] !
BEHAVEDR DURING! A 11gl sEdond |RIRING DETERMINED! U3 ING| TEMPERATURE !
1 T T T
{ { i |
DEREnNBENT MATERIAL [PROPERTIES AND | iQRUINT| AUTOMAT IC INTE6RATOR ',
| i I {
i 1 4 I
7l0| B0 |k 1 I3 300y | 11 ' : ’
T T T
| | { {
1 [ [ {
1 1 2l | 15 1 1y .Jo] | | 1{45].l0 6141610/ .10
o | I | 1
T « o B ! 1 I8 1
I} Y i | t t
L t + + }
| § | |
+ t T T
o4 & 1s) | 1218 11 1.l | | i
53 i | b |
{ | | 11
| { | 1 | |
1 ] | L l
1.2 3 4 5[6 7 8 91011 |213|4|5|6|715|920212223242526272529303‘32&3485363738394041043“4546‘74!49”& B253 B4 55 56 57 58 59 60 61 6263 04 63 66 67 68 62 70 71 V2|73 7478 706 77 78 7% 00|
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COMPUTER INPUT FORM [JRUN
COMOC —~ THERMAL ANALYSIS VARIANT {_JHoLD

BAC 0949 REV. 2/67

cusTOMER__NASA/GSFC EXT. ——— Page of
PROGRAM PROBLEM ANALYST PERMANENT NO. DEPT. w.0. C.C. DATE
IDENT NO.
1 ]2(3]4aj8i6]7 1011211314 18{ 1920 htzs‘uu‘uza 132 (33 {34 |38 38{ 99 40{ 41 A3 |44 45 47 |48 w2
1 2 3 4 8)6|7 &8 91011t 121514151017m19202|zzauzszanzaznsom82335435353733394041¢euu4oa1434ﬂsoa|&uwunuweou&&umaenmmm‘n7zn747u7e777e7990
I i ! I
| | I ,l
|
12) 1 lol. |2 A ' sp3lo ! !
t | | |
2 " : f ;
o
T | { | |
ol T T T 1
a . | { i {
| 1 | |
13) 7101 13].6 1.y | 151310 X X
I I | |
14) 1| |8.313] ! 8|.13[3 I 0!.|1l0[9]2 5016'.13 4|6 ‘
T 1 t +
15) 1 (1i6.6/7] + | [18.6[7 l 13 5106113 | {1]9]6 |
1 i [ [
16) & (1 (24 1121810 X 0/.]1(6 50106, 13| | {4|o00 |
I { f |
I3 i | 1
17) 0 1| {9].joj0'1 0..10 'q.[00|28 ol.lo] | ! 0. [op|oj2]8 )
| | | {
T T T ¥
18) 13 | | I |
i { 1 1
i | 1 !
i i | i
19) l+ i i 1 l
20) 7 5/8 59f 6l0 : : |
5 | i i |
T T I [ | T
___‘_:QE: i I i ]
| t i | !
! 1 I 1
21) 2 i | i {
22) 9 10 | ! ' !
] T T T
| H 1 |
[ 1 ] I
| 1 i ]
| | i |
| i H |
< 1 2 9 48)6|7 B9 WOMN 1213umwnwwzoz'zzauzszanzazoaoalszsa:ussse:nsesaao«4:434445454743495051&uasunuueoeleeuuuevssmmﬂn7s747s7a777a7nao




V. OUTPUT DISPLAY AND DESCRIPTION FOR SAMPLE PROBLEM

This section presents sample output from the rocket motor problem described in Section
IV. A description of each portion of the output is also included.

The first page of output is the general COMOC title page with the user supplied title
describing the problem for which the run was made and the date. This is followed by pages
containing a complete reproduction of input data. Included are titles, general information, element
information, nodal information and material properties tables. This is followed by integration con-
trol parameter information and the non-dimensionalizing constants computed in the MAIN routine.

The following pages illustrate this information for the sample problem.
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. cCcC ccC
cceeee cce ccecece ccee
cereeceececccece C geeeececcccccce
CUMFLTATICNALE £ece CCANTINUUMRCCCC
cececee cee =2L00CCC %% %83 CCCCC ccC
2 (CC *axud%CCCLLCCLCE 45 CCCC
ccece ekt dnt 2t CLOLTCCCCCL BCCCCH=
'oCCee udddr el ¥RLCCLCCOLE ARCCCCEI%
cCCcC Rk AR Nt kA xXCCOCEC AR CCCLRR¥%
CCCC ARk awddskdn cee ARERFCCCCHERNER
CCCOHxttypedtn r CCCCrasntns
CCUCrdtdkdnk CCCC # Atk
CCCC kg CCCC  2Rwdix%
(OO CtEtks ccecce 2T 2.
2CCCCH* ccc cccc ¥Rtk (C
¥ C0C ccCc CCCCcC %A CCCC
ke CCCCCCCCCCLOCC ceeeeeceeccceccec
At kxCCCCCCCCCCCCCC cceceeeeccececececce
wdtkdk  CCCCCC  CCC CCCCCea=CCC
Xk A e EETTEE 2
& A e dodekok YErErts
+EXCCCOCCO cCcooco*
*CCCceccoceedce ccececaooceona
ceeceeeoccernccc CCCCOCCO00000oe
CCOLO%aRk cceec CCOOC **%%x%%x00000
CQCOxEHE R cccec ccco Fpkxkdk  0000
CONC tekdkded cccce cCcecc LA R L L G000
CUCT kit e ccce cccc LEE L 1 0000
CCUC  ddpwknk ccce VMMM NN MVNMINMMM CCLC  mdkxsmks 0ooo
CCOO  wtwekxek  (CCCC AMMNMENN MMNMMMN CCCOnswhdkk acoo -
COCC e x¥xexCCCC MaNY vy EM CCrtddadx o]s]d]s]
COCCC Htkddkx(( MMNNMN MAMMMV Chedds 00000
COCCC%mkkigidk NMNMMNNNM NANMMMMNV % 3w R R 220000000
CCCN*teadt ki % MENM  MMMEMMNM O NEM %3422 2000000
r—— MCW My MOV | kdnaddaaed
ok Bk MHM [ Mp=M B h ok Ak

BAH R AU KEENAN

NAMZRX AR RSB A%

LARRLAAENNNE A AL AR AR RANNN SRR R RN A
EHEREV [ NEA A H AR RBRAN [NAS AR
FENCNAAAA L AR A BRRN (VAR
NSV EdRadNtad MSM

MM NN
T FNNENYY
NV EE M MNMENNN

ccrCc

CCMPLTATICANAL CUNTIMNUUNM MECHAMNICS
TEERNMAL ANALYSIS VARIANT

STANDARL TEST CASE FCR (CMCC
1C4 FINITE ELFMENT CISCRETLEZATICNM CF A SM2ALL TERLST VECTOR CONTROL
RCCKET MCTUR, USING TRIANCGULAR AXISYMMETRIC RINC ELEMENTS WITH VARIABLE
COCNVECTIVE RCULADARY CONDITICNS 2FELIEC TC TINTERICR SURFACE. TRANSIENT
BFFAVICR CTURING A 1C SECCNC FIRINC CETERMIMEL USINC TEMPERATURE
CEPENDENT MATERIAL FRCPERTIES AN CKNINT PUTCNMATIC INTECRATCR,

1C/72€/72
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1%

ELEMENT CATS

NUMEEF (F ELEMENTS = 1C¢
NUMBER (F NCCES = 17C
MUMBEF (F MLTERIALS= 1
ELEMENT - NCDES - MATERIAL - HEAT TRANSFER CCEF. - REFERENCE TEMP. - INTERNAL F.CG. - NORMAL FLUX - THICKNESS
1 1 2 1 1 C.145GCE C2 0.64600E 04 0.0 0.0 C.10000E 01
Z 1t 2 1¢ 1 C.0 0.0 0.0 0.0 C.100CCE O}
2 2 2 1¢ 1 C.145CCE C3 0.64€00E 04 0.0 .0 C.1CGCCCE C1
4 16 3 17 1 c.C 0.0 0.0 0.0 C.100G0E 01!
€ 2 4 17 1 0.14500E C3 0.64600E 04 0.0 0.0 C.100C0E 01
£ 17 4 18 1 0.0 0.0 0.0 0.0 C.100C0E 01
1 4 5 1¢ 1 C.165CCE 03 0.€646C0E 04 0.0 0.0 C.1C0CCE 01
g 18 8 19 1 0.0 0.0 0.0 0.0 C.100C0E 01
< ] 6 1¢ 1 C.225CCE C3 0.64600E 04 0.0 6.0 C.100C0E 01
10 19 6 20 1 C.C ) 0.0 0.0 0.0 . C.100C0E 01
11 ¢ 1 2¢ 1 C.25CCCE C3 0.64600E Q4 0.0 .0 0.10000€ 01
12 20 7 21 1 G.C 0.0 0.0 C.0 C.100G0E 01
12 7 8 21 1 C.2CCCE 03 0.€4600E 04 G.0 0.0 C.1C0C0E 01
14 ¢l 8 22 1 C.C 0.0 0.0 0.0 C.100CCE 01
12 8 9 22 1 C.445CCE €3 0.64600E 04 0.0 0.0 . C.1COCOE 01
1¢ 22 9 22 1 Cc.C 0.0 0.0 0.0 C.100C0E 01
17 s 10 22 1 C.5CCCCE 03 0.64600E C4 0.0 0.0 C.100C0E 01
18 22 10 24 1 C.C 0.0 0.0 0.0 C.10000E 01
19 10 11 z4 1 C.4450CE 03 0.64600E Q4 0.0 0.0 C.100C0E 01
20 2¢ 11 7% 1 C.C 0.0 0.0 0.0 C.100CCE 01
21 11 12 2¢ 1 C.35CCCE C3 0.€4600E 04 0.0 G.0 C.100C0E 01
22 25 12 Z¢ 1 C.C 0.0 0.0 0.0 C.100C0E 01
23 12 12 2¢ 1 (.25C0CE Q3 0.64600E 04 0.0 g.0 C.10000E 01
24 26 13 27 1 0.0 0.9 0.0 0.0 C.100C0E Ot
2¢ 12 14 27 1 C.2250CE (3 0.64600E 04 0.0 0.0 C.100C0€E 01
2¢€ 15 1€ 26 1 C.0 0.0 0.0 0.0 €.1C0GQE 01
21 26 1€ 20 1 c.C 0.0 0.0 0.0 C.100CCE 01
28 16 17 32C 1 C.C 0.0 0.0 0.0 C.100CCE 01
2% 20 17 21 1 .0 0.0 0.0 -0.0 C.100C0E Q1
20 17 18 21 1 C.C 0.0 0.0 0.0 C.100CCE 01
21 21 18 =2 1 C.0 0.0 0.0 0.0 C.100C0E 01
22 18 19 =2 1 C.C 0.0 0.0 0.0 C.100C0E 01
32 z 19 23 1 C.0 0.0 0.0 C.0 C.10000E 01
34 16 &0 23 1 C.C 0.0 - 0.0 0.0 C.100C0E 01
35 32 20 24 1 c.C 0.0 0.0 0.0 C.1C0C0E 01
2¢ ¢ 21 24 1 €.0 0.0 0.0 0.0 C.100C0E 01
37 24 z1 3% 1 c.0 0.0 0.0 0.0 C.100CCE 01
3e ¢l 22 3¢ 1 0.0 0.0 0.0 0.0 C.100C0E 01
39 35 z2 3¢ 1 C.0 0.0 0.0 0.0 C.100CCE 01
40 22 22 3¢ 1 g.0 0.0 0.0 0.0 C.100CCE 01
41 3¢ 23 27 1 C.C 0.0 0.0 0.0 C.100C0E 01
42 23 24 31 1 0.C 0.0 0.0 0.0 C.100C0E 01
42 37 z4 g 1 C.0 0.0 0.0 0.0 G.100C0E 01
44 24 25 12& 1 c.C 0.0 0.0 0.0 C.100C0E 01
45 38 5 29 1 C.C 0.0 0.0 0.0 C.10CCOE 01
4t 25 & 3% 1 C.C 0.0 0.0 0.0 C.1C0C0E 01
4% g 26 4Q 1 c.C 0.0 0.0 0.0 C.1C0COE 01
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7(FT.)

C.16£7CCCCF-C
C.49666GCT7F=-Q1
C.EZ226CT€E~-C1
CallétESCEE COQ
C.1%5CCCCEE QO
C.15€¢£CSEE OO
0.18222CCCE CC
0.15G65GCCCE GO
C.Z21ECLCESEE CO
C.272226GCEE (C
0.z25CCOCCCE 0O
CozCEELESESE CC
CazB32ZG6C¢F CO
C.,266G6C<CCEE CC
C.1%€7CCCCE-Q1
C.4G5G6G5¢CCTE-C
Cef2226CT6E-01
C.l1€€eGCEE (C
C.1459GCCEE CC
CelbEEECSEE CO
0.18222CCCE CC
C.1866¢6¢cccE (O
Oe.z21€EECSEE CC
0.23z32¢CcEE CC
C.e5CCCCCCE GC
Cozté€E€ccSE CO
OecHBZ226S¢E CO
0.2GGGGS¢EE CC
CalFrETCCCCE-QL
0.4GGGCCCTE-QL
CeB23Z26S5€E-C
CellE€HESSEE OC
Csel4GGGCCRE (C
S.l16€t:€6CC£E (O
0.18232CCCE CC
C.16CCGGCCE OO
CezlétECCEE CC
Coz?27226¢5E CC
C.z5CCOCCCE €O
JeZE€EFECCCE (C
Ce2f222CSEE CC
CaZGC9CCCEE CC
0.16€¢7CCCCE-O1
C.4666G66GTE-C1
CoE222cCTeE~C1
C.11€6€C5<SEE 0OC

NCTAL DATA

RIF1.)

C.l1(E22CCEE OC
CelCE22¢65E CC
C.ICE?ZGCEE CC
C.1CR22CCEE OC
Ce91€€ECSTIE-C1
C.E327SG67£E-C]
C.74SSSGCERE-C]
C.€EEECCLIE-0]
C.SH3766GCE~C1
C.56376G6CE-C]
C6€6E£G5SL1E=]1
C.T4GCCCERE-C]
C.0222¢97€F-C)
C.GLEESSTTIE~-CL
C.l1€e€SCsE CC
C.l1é6€ESCEE CQ
Collece€ccsEr (C
L116ELESCEE QC
C.GGSCSECGELE-CL
C.S1€€CCTTE~C1
CoE3226G76F-C1

(@]

(o}

C.eE€€CC41E-C1
C.e€E€CCLIE-CL
C.74CCCCERE-C]
0.A322CST€E-C1
C.Gle€665776-C1
C.5CCECGE4E~-C]

G:CQQCS@&éE—Ol
C.CCCCCCEqE-C1

C.cccscceafr-01

C.GG6CCCGe4tE~C1
C.6CcCc5CCes4k~Cl
C.GGCSCCCe4E~C]
C.1Cf22¢ccck CC
C.lle€eccttE CC
C.1465¢GCEE CQ
C.lacccccgE CO
C.l4cccccgE CC
C.14CCCCCSFE CC
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e T4CGCCEEE-C] .

AYISYMMETRIC PFCBLEWN

INITIAL TENFI(R)

C.53CCCCCCE
£30CcCCCe
«£3CCCCCCE
C.53CCCCCCE
»£3CCCCCCE
C.53C(CCCCE
C.©3CCCCCCE

- C.E2CCCCCCE

<€3CCCCCCE
C.52CCCCCCE
C+53CCCICOE
C.E3CCCCCCE
LE3(CCCCCE
0.52(CCCCCE
C.53(CCCCOE
«£3CCCCCOE
«£3CCCCCCE
C.53C(CCCOE
C.€3CCCCCCE
+£3CCCCCOE
.€3CCCCCCE
C.53CCCOCCE
C.53CCCCO0E
.53(CCCCCCE
+£2CCCCCCE
C53CCCCCOE
.£3CCCCOOQE
. £3(CCCCOE
C.53CCCCCCE
C.53CCCCOOE
. 53CCCCCOE
«€2CCCCCOE
C.53CCCCCCE
«53CCCCCCE
C.53CCCCCCE
C.53CCCCCCE
C-£3CLCCCOE
CeS3CCCCCCE
€.53CCCOCCE
C.53C(CCCCE
C.53CCCCCCE
+S3CCCCCCE
C.53CCCCCCE
€.53CCCCCCE
«S3CCCCCCE
.53CCCCOCE

02
03
03
03
02
03
03
03
03
03
072
03
03
03
03
03
03
03
03
02
02
03
02
03
03
03
a2
03
02
03
03
03
032
03
02
03
02
03
03
03
03
03

03

03
03
03

produced from
best available cop

Re




47
4 E

o
<

€0
t1
£2
€3
54
5€
56
57
58
59
60
. €1
€2
€3
64
3]

66

€7
69
&S
70

C.l14GCCCCEE CC
C.16€6€6GC£E Q0
C.13222CCCE COC
C.1G6GGGC¢CSCE CC
ez VEBKECCSEE GO
e223222GCEE OC
C.Z25CCCCCCE CC
CeZh€ECSCSE OO
0.ZRZ732GCS€EE GO
0.27¢GG6¢CCEE CC

[»Neo]

C.l6EE€CC6E CC
0.18272CCCE CC
0.198G66CC<E CO
Ce21€6€SC8E CO

o

C.25CC0CCCE CC
C.2€ttécccE CC
0.28232¢cc¢E CO
0e28656CCEE (CC

«233222GCESE GG

e Rr RN NN o R N o N R oo RN e N e N

C.1322z¢€cccE

C.125(CCCCE
O.11€FESCEE
Collé€e€cctE
C.lléeE€ccEE
 e116€6€GCEF

[}

416€cS<E
17326G¢CcE
25CCCCCE
ZECCCCCE
2°CCCCCE
2
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C.£3CCCCCCE
C.53CCCCCCE
C.53CCCCCCE
«53CCCCCCE
«£3CCCCCOE
C.53CCCCCCE
'« £3(CCCCCOE
C.53CCCCCCE
C.53CCCCCE
C.53CCCCCCE
C.53CCCCCCE
+£3CCC0CCE
C.S3CCCCCCE
(.53CCCCCCE
€.52CCCCCCE
«£3CCCCCCE
C.53CCCOCCE
C.53CCCCCCE
«S3CCLCCCE
C.53CCCCCCE
C.53(CCCCCCE
C.53(CCCCOE
C.53CCCCCCE
C.£3CCCCCCE

03
03
02
03
03
03
03
03
03
03
03
032
03
03
03
03
03
03
02
03
03
03
03
03
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MATERIAL
MIVPEFR

oy

CONECULCTIVITY

DIRECTION

(ETU/ZFT#ER%R)

0.8322CCE C1
0.16€67CE 02
C.28CCCE Q2

MATERIAL FKCFERTIES

COADLCTIVITY
DIRECTICN 2
(BTUL/F T*HR*R)

Ce.R22CCE (1
C.le€1CF (2
C.ZECCCE (€2

SPECIFIC
HEAT

(BIU/FT2224R)

0.10920€ QO
C.13C00E 00
C.16C00E 00

CENSITY
(LEN/FT#%3)
0.50630F 02

0.50630E 03
0.5C&30E 03

TEMPERATURE
{R)
C.460C0CF G2

0.19600E C4
C.400C0E C4



NCN-SIVMENSTICNALIZING COMNSTANMNTS

THERMAL CCNBLCTIVITY = 28.(CCC
LENCTF _ = C.100
REFERENCE TEMFERATURE= ¢€46C.C0C
CENSTTY = 50€4300
Ti¥f FACTER = c.C2¢
SPECIFIC FEAT = C.160

SPECIFIC FEAT MATRIX NCA=-C CCNSTANT =
THERMAL CUNCUCTIVITY MATRIX NCN-C CCONSTANT

INTEGRATICN INELY

FINAL TIME(TF) = 0.C028¢C
TEST CRITERICN(EFS) = C.01C00
INITIAL TIMEL(TC) 2 C.0

NUMBER CF INTEGRATICN MNGCES= 70
KEY=-MFETHODR(KEYMTC) ' = 1
MINIMUN STED STZE(HMIN) = C.0

MAX IMUM STEP SIZE(H4MAX) =1CCC.COCCO
PRINT INTERVAL(DELP) = C.CCQ2¢
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If the user desires, he may request element output from the geometry routine (GEOMHT),
by inputting KODG equal to one. By doing this, the user will obtain NELEM pages of geometry
output, each of which contains the specific heat, thermal conductivity, internal heat generation
and boundary condition matrices for a finite element. The symmetric matrices are printed in a
lower-triangular rowwise format.

The following sample is output for finite element number one of the rocket motor
discretization. '
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8Y

ELENMEMT NC.

Ny
i

SFECIFIC HERT

C.5€6C15581E-C2 C.2SCE2CEEE-C2 (.5G6336610E-02 0.29063066E-02 0.266683207€E-02 0.5623€¢€10€E-02

THERMAL CCANCULCTIVITY

0.5C61C25€¢E C1 C.S2E8C4E4E~(6 (C.12652473E 01-0.50610266E 01-0.12652482E C1 0.6326272CE (1

INTEFNZL FEAT CENERATICN

0.0 C.C C.0

BCULMLAFY CONVECTICON

Co2€E4EGZ4E CC C.137E71SCE CC C.2829G¢€5E GO

BCUNCARY FLUX

C.aCe€26(E€EE CC G.4zCEEELCE (O

SURF2ACE CCAVECTIGON

c.0 C.C C.C 0.0 0.0 ' 0.0

SURFZCE FLUX



The user may request an arbitrary number of outputs from the derivative routine (DERIV)
by inputting LIMPT equal to the number of outputs desired (one is usually sufficient). The deriva-
tive output details the assembly of the derivative of temperature as the program goes through the
element loop in DERIV, and is particularly useful to ascertain that the input has been properly

prepared.

The DERIV output displays element node numbers and their associated temperatures, the
thermally-averaged conductivity and specific heat, and the nondimensional element matrices and
vectors for each element. Asin GEOMHT, the symmetric element matrices are printed lower-
triangular rowwise. Also included in this output is the step-by-step assembly of the derivative
vector. At the completion of the element loop, the global derivative of temperature vector is
printed out as “~ (K)(T) + (Y) GLOBAL VECTOR.”

Following is a sample of the derivative output for the sample problem.
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0S

ELENMENT NUVMBER 23

ELENERT NCCES 12 13

NCCAL TEMPERATURES £20.CC0C ©3C.CCCC

AVERACE CCNIUCTIVITY = C.87161¢S2E C1
AVERAGE SPFCIFIC FEAY = (.11C17C€CE CC

SPECIFIC FEAT MATRIX

«29190128E-C2 C.ZGC11845E-C2
THERMAL CCNEUCTIVITY MATRIX
0.1576C021E O1 C.l6EEES11E-CE
Yl VECTCR
0.C c.C
K21 MATRIX
C.ZEE4€E924F CC C.1278715CE CC
Y21 VECTCR .
0.40€63€CE6E CC C.42C€€81€E CC
K22 WMATFIX
‘ C.C 0.0
Y22 VECTCR
c.C c.0
(K21)#(T) VECTCR
0.322291€9E-Cl 0.345264C7E~-C1
(k22)*{T) VECTOR
0.0 0.0
(K1)*(T) VECTCR
-0.11920929€E-C¢ -Ce.l11175€71E-(7
-{K)(T) VECTCR
-0.223390€0E-C1 -C+34526355E-C1
~{K)}{T)+ (YY) VECTCR
0.27302178€ CO «2E€32ETIE CC
-(K)}(T} + (Y) GLCEAL VECICR
0.529270¢3E 00 C.107844C7E C1
0.£58198217E CC 0.10122415E Q1
+28€332371E (C G.0
-0.357€2787E-Cé¢ ~C.35T€c1ETE~CE
0.0 C.S5SEC4E4CSE-(T
C.0 c.0
c.0 .0
c.C 0.0
0.0 0.0
0.C c.0
C.0 C.0
c.0 0.0

26

£20.€CCC

€.40€57155€~-02 0.20011845E-C2 0.2042855€¢E-02 -

€.3535STSIE CO -0.15760031€ 01 -0.29399€21E 0O
C.0
0.2825€665E 00 0.0 0.0
0.0
00 0.0 -~ 0.0
6.0
0.0
0.0
-0.596(4645E-07I ' -
C.566C4645E-0T

C.59€604645E-07

0.107€€CCSE QL 0.11901960E 01 - 09996146€E 00
0.10225C67€ Ol 0.10225077€ 01 0.10123434€ 01
0.14G6C1161E-07 0.18626451E-0¢ -0.11175871€E-0¢
C.€165€387E-07 ~0.13411045E-06 0.18253622E-Cé
C.0 0.0 0.0

C.C 0.0 0.0

Cc.C 0.0 0.0

.0 0.0 0.0

c.0 0.0 0.0

0.0 0.0 " 0.0

0.0 0.0 0.0

Cc.0 0.0

0.40857159E-02

€C.157C000C2E C1

0.758297174E 00
0.€5819823E 00
-0.204890STE-0¢
-0.11520929E-C¢
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GLCEAL MATRICES

0.22131115F-01
0.23277S8E8E-C1
0.25456212€-01
0.149763S2E 00
C.1051¢5¢€¢6€ €O
0.32045346E CO
0.17022321F CC
C. 145624170 CO
0.1036E88€6E CO
0.12392223€ CO
«EEG4E916E-01
0.2€712146E-C1

0.45185242E 02
0.420€2328E 02
0.2927€3€1E Q2
C.€€75€375E C1
C.GE08E072E Cl

«212057718E Cl1
0.SET429C5E 01
0.6866S6€62E 01
0.56442556E 01
0.80€695712E 01
Ce17E74CE4E 02
0.272381S0€ C2

0.66810012E-C1
0.2127€SE4E-C1
C.182674ECE-(1
C.E553€447E-01
0.EE58G€S4E-C]

«2128147¢E (C
0.1€2%5227328 (C
0.265355S4E CC
0.102672€2E (CC
0.388145SSE-C1
0.2£7E45CCE-C]
0.372240€32E-01

INVERSE GLOEAL SPECIFIC HEAT MATKIX

0.14G567816E (2
0.465SS130E €2
C.24444C4¢E C2
C.116G6C€49E (2
0.11548718E (2
0.318€6¢€621E 01
C.6152584¢E C1
C.37€85223E C1
C.G73C€7ESE C1
0.257632229E Q2
0.25782463E (2
C.26752358E (2

C. €6E148GSE~OL
0.186S35SCE-0L
C.G386638%E-01
C.78C0S129E-01
0.846%6829E~-01
C.216S7170E 00
C.1377475SE 00
0.2£€54C464E 00
0.102£3884E (O
0.£2140204E~01
C.366155G7€-01
C.26215C72E-01

C.14S56€6722E 02
«£2€4S338E 02
0.1065CC37€E 02
C.12819012E 02
C.11806817€ 02
C.46CE8853€ 0Ol
0.7256€550E Ol
C.3767€308E 01
C.ST42€SGSE 01
0.160G62636E 02
C.27C88BO6E 02
C.3€6C5€E884E 02

SPECIFIC FEAT GLOEAL MATRIX - FEAT CAPACITY CCNDENSEC AT THE MNCDES

0.65987408E-01
0.18579740€E~01
0.21528989E 00
0.88068008€E-01
0.5C910864E-01
0.1301&522€E CO
0.12184775¢ 00
0.25952506E 00
0.10264564E 00
0.93419671€-01

" 0.36714818E-01

0.27133718E-01

0.15154406E Q2
0.53822052¢E 02
0.46448994E 01
0.11354860E 02
0.19642166E 02
0.76825438E 01
0.82069626E 01
0.3B8531923E 01
0.97422552¢ 01
0.10704383E 02
0.27236954E 02
0.36854507¢ 02

0.49660280€E-C1
0.20451412E-01
0.21€315€8E OC
0.10599726E QO
0.15685028E Q0
0.13040841F Q0
0.120175635¢ Q0
0.17358428E QO
0.10267256€ Q0
0.934427328E-01
0.36699721€-01

0.20136810E 02
0.48896278E 02
0.4644328¢E Q1
0.94342051E 01
0.£63755064€ 01
0.76682167€ 01
0.76817093E 01
0.57608G500E 01

-0.97296021E 01

0.10701740E 02
0.27248154€ 02

0.26299030E~01
0.22641470E-C1
0.21112S60E OC
0.11410€68E 0C
C.32040501€ 00
0.15401€E1€E QO
0.70117414E-01
0.10974592€ €0
C.104CSTS55E 00
0.60666523€E-01
0.267C72C8€E~-0CL

.28024216E 02
0.43589172E 02
0.472641S7€ C1
0.€7635T4¢E Cl
0.212104€9E C1
0.€4527406E (1
0.14261792E 02
0.S1119556€ Ol
C.S6C63738E 01
0.10993054€ C2
0.2724259SE €2



The integration output is printed out at time intervals of length DELP if KPRINT = 1,
and of slightly longer intervals if KPRINT = 0. Heading each output is the COMOC and user
identifying titles for the problem, and the current time and integration step-size.

The dimensiona! temperature and non-dimensional derivative of temperature are output
in either tabular output form, or according to the user supplied output routine which may
simulate the geometry of the problem. If the user does not specify a minimum step-size, the
program will automatically compute it. Output from QKNINT will then occur when the minimum
step-size has been determined.

Following is the initial and final output of the sample problem of a ten-second firing of
a s_mall axisymmetric rocket motor.
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cLwrcCC

CCMPUTATICNAL CCONTINLUM MECHANICS
THEERMAL AMALYSIS VARIANT

STANCARD TEST CASE FCR CCNMCC
104 FINITE ELEMENT CISCRETIZATICN CF A SMALL THRUST VECTCR CCANTFCL
RCCKET MCTCR, ULSING TRIANCULAR AXISYMMETRIC RING ELEMENTS WITH VARIAPBLE
CCNVECTIVE BCUNCARY CCNCITIONS APPLIEC TC INTERICR SURFACE. TRAMSIENT
BEFAVIGCF CURING £ 1C SECOND FIRING DETERMINED LSING TEMPERATURE
CFFENDEAT MATERIAL PROPERTIES AND CKMINT ALTCMATIC INTEGRATCR.

TIME = 0.0 HOURS CLRRENTY INIJEGRATICN STEP SIZE = 0.10000E~-05 FOURS
X1-CCCRUINATE(FT.)
0.C2 0.CS 0.C8 C.12 .12 C.18 .20 0.22 0.23 .25
TEVFERATURE(CEGCREES RANKINE)
€30.00 £30.C0 €£30.CC £20.C0
€3C.C0 £30.00 €20.CC £2C.CC
£2C.CC
£30.00 ©530.00 £30.00 £20.00 £2¢.CC ¢£20.CC
€20.C0 53C.00 530.00 530.00 530.00 530.00
€30.60 €£20.00 ¢€30.00 £20.0C £20.CC 530.00 530.00 530.00 530.00 ¢$30.00
€30.C0 530.C0 £30.CC 530.00 £30.CC
£3C.0C €3C.C0 53C.00 530.00 530.00 530.00
£30.CC £20.CC .
€30.€60 530.00
53C.60 530.00 530.00
$30.00 530.00 530.C0 530.00
530.00 530.00
TIME CERIVATIVE OF TEMPERATURE(NCN-DIMENSICNAL)
0.00 0.00 -0.CC -0.00
-0.00 0.00 0.0C ¢.0C
-C.CC .
0.00 0.00 0.00 ~C.00 €.CC C.CC
C.CC -0.00 -0.00 -0.00 0.00 ~0.00
0.00 0.00 C.0C -0.C0 -C.CC 0.00 0.00 0.0 0.00 0.00
0.54 1.08 1.CE 1.16 0.CO
-C.CC C.C0 C.00 0.0 0.00 0.00
1.CC -0.CC ’ !
0.7¢ -C.00
C.86 -0.00 0.00
1.01 0.00 -O-QO 1.01
. 1.02 1.02
CKNINT .
CUMULAT IVE NUMEBER QF TIMES STEP SIZE wAS CECREASED = 0 ANC INCREASEC =
QKNTINT
TIME AT WHICH ACCLRACY TESY WAS FIRST FAILEC= C.E4SSGGE~04 HCURS

STEP-SIZE AT PREVICUS TINME STEP
NEW MINIMUM STEP-SIZE (FMIN)

0.16CC00E-04 HOURS
C.1€6CCCOE~04 HCURS

530.00
530.00

530.00

530.00
530.00

-0.00

0.00

0.00
0.86

530.C0
530.00

530.00

530.C0

530.C0°

0.00

‘0.00‘

-0.0C

0.00
0.7¢

€c.3¢

53C.00
€3¢.C0O

$3C.CO

53C.C0
530.00

-0.CC
0.00

0.00

G.00
c.3¢g



4]

ccwmcCcC

CGMPUTATICNAL CCNTINULUM MECHANICS
THERMAL AMALYSIS VARIANT

STANCARD TEST CASE FCR CCHMCC
104 FINITE ELEMENT CISCRETIZATICN CF A SHALL THRUST VECTCR CCATECL
RCCKET NMCTCRy, USING TRIANCULAR AXISYMMETRIC RING ELEMENTS WITH VARIABLE
CCAVECYIVE BCUNCARY CONCITIONS APPLIED TC INYERICR SURFACE. TRANSIEMNT
BEHAVICF DURING & 1C SECCGND FIRINC DETERMINED LSING TEMPERATLRE
CEFENDENT MATERIAL PROPERTIES ANC CKNINT AUTCPATIC IMNTEGRATCR,.

TIME = 0.002€EE +HOURS CLRRENT INTEGRATICN STEP SI2E = 0.30400E-03 KOURS

X1-CCCRCINATE(FT.) ) N
0.02 C.05 0.C8 0.12 C.15 C.18 0.20 0.22 0.23 0.25

TEMPERATURE(CEGREES RANKINE)
686.92 69€.£2 €S1.54 €72.1¢
727.01 728.82 723.28 17C4.7%
191.C7
1009.22 <S€7.57 G77.19 G4€.2S €24.CC E4l1.2¢
£62.22 €S7.43 810.51 756.69 1755.38 799.58
1541.16 1505.54 1464420 1456.C6 1124.46 $56.34 B58.12 769.90 799.10 848.60
1872.09 1837.€69 1828.4¢ 17<€71.5$ 1241.¢8 . ’
i ’ 171€8.21 1367.61 1229.00 1145.33 1147.29 1227.54
2C¢7.8z 15C2.0¢C
2218.86 2123.66
25E5.%54 2417.28 2385.04
2925.73 2730.39 2712.61 290&.3¢
3264.56 3257.17

TIME CEFIVATIVE COF TEMPERATURE(NON-DIMENSICNAL)
0.C4 0.07 0.C6 0.Cé
0.11 0.20 0.16 0.18
’ C.Cé¢
0.15 0.21 0.30 c.28 0.18 0.CS
0.14 0.05 0.05 0.04 0.04 0.04
c.09 0.21 Q.21 0.20 0.2¢ C.14 0.13 0.13 0.13 C.13
0.02 0.06 0.C6 C.C6 0.1¢
Cc.18 C.20 0.26 0.29 0.27 0.22
C.C3 C.12 : ‘
C.04 0.16 0.20

CKNINT
CUMULATIVE NUMBER OF TIMES STEP STZE wAS CECREASEC = 1 ANC INCREASELD =

854.22
S19.50

1345.12

2105.¢€5
28171.45

0.04
0.13

0.18

0.14
0.02

22

778.5¢
818.04

1168495

1854.71
228%.90

0.02
0.13

0.17

0.11
0.02

694,35
136.ES

$70.45

1561.27
199¢.51

0. 02
0.03

g.08

C.C¢
0.02



VI. USER-WRITTEN OUTPUT SUBROUTINE FOR SAMPLE PROBLEM

Contained in this section is a FORTRAN listing of the user generated subroutine which
. presents output in a format geometrically similar to the sample problem, as was illustrated in
Section V. To operate this output feature for any problem, the user sets NOUTP to any non-zero
integer and provides COMOC with a routine titled SUBROUTINE OUTPUT. The variables

NCOLS and NROWS are then ueed to set up a specific output format.
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FCRTIREN TV G LEVEL

cocl

cece
goc3

00c4

cCcs
CCCe
0CC?
ocos

0Ccs

0010
co11
0012
co13
0Q1la

0015
0016
0017
ac1s
¢G19
0020
€021
0022
0023
0024
0025
0026
0027
0c2s
0029
0030
0021
0C22
00323
00124
0025
6026
0037
oc28
0623
0C40
0041
co042
0043
0C44
0045

MO

1C58

1085
11C0
1101

1102

1120

120¢C
12¢sS
1210
1220
1220
1240
12¢0
12¢0
1270
12€0
125C

10

11

13

16 cLIPLY CATE = 72300 13/1274¢

SUBROLTINE GLTPLT

COMMCN / QKNI 7/ YY(247CC)y Z2(2,700)y Xx(25)
COMMCN/CCMR/CST1CCO,€) 4AKS{1CCC96) 4+FGI11000,2),2/(1000,3),
AK2S(ICCC+€) ¢ YN2(1CCC+3) 4 YF(L1000,2)4FC{1000),L(12000),
TRO1CCC)yTK(LICCC)FILCOO) 4RCCLRITO0)+ZCCCRITO0},T(T00),
CUTCC) s TTABC(2C1€) 4 TTABK(2046) 4 TTAERC(20,46), TFIX{100),
CTAB(ZC,€) yAKTAB(2C+6) +RCTAE(204€) ,+EACIG6,181),
ALC)AKC » TRCyTCONSTLFTIN,AK2TAB(20,6)
CCMMCN/CCMI/MELENM(1CCC) oKBND(L1OCO) 4 INOCE(3000) ,ATARC(6),NTABK(E),
NTABRCUE) 4ICLT(2C,30) yNCCLS(30) 4NRCWSHIFIX(100),NFIX,
2 NTITLE,NELEMyNNCCEsNCCCRC ¢yNNyANNS,IFIRCL yKkCL4oKCCCHyLINPT
CIMENSICN Z(17CC)
CATA KCUNT/0/
EQUIVALENCE (XX({Zz4)yN)o(XX{21)4NCE)
FORNMAT (1HC//*' TIME =%,F12.€,' HCURSY,
1 8X, *CURRENT INTEGRATICN STEP SIZE =%,E15.5,' HCURS®)
FORMAT{1F1440Xs*C O M C C'y//3Cx"CCMPLTATICMAL CCATINUUM MECHANIC
1S" /724Xy "THERNAL ANALYSIS VARIANT',//)
FORMAT( I+ 41€EA4) '
FORMAT(1F 415(F7e2,41X})
FCRMAT({1HOy//+1H »*TEMPERATURE(CEGREES FANKINE)*)
FCRMAT(1HFQ,* TIME CERIVATIVE CF TENMPERATURE(NCA-CINENSICNAL)'}
FORMAT{1HG,y * X1-CCCRDINATE(FT.) 'y /1H ,
1 SUFTezelIX) 48X b {FTa291X) 48X,FT, 2)
FORMATI 1t 422X3FTa23€5X4FT.2) .
FORMAT( 1+ vé(F7.¢le)v48X'2(F7.2le))
FORMAT{1F 440X,11(FT7.2,41X)) R
FCRNMAT(1H 9S(FTeZ2elX)yEX36(FTa241X)48X4F7a2)
FORMAT(IF 24(FToZ91X) oEX4FT.244SX,FT.2)
FORMATUILE 922X FTa24SXgE(FT.291X) 48%X4FT.2)
FORNMAT( 1+ 132X92{FTe2,1X) 448X42(FTe2412))
FORMAT(IF 440X9z2(FTla2elX)422X32(FT7a241%})
FCRNMAT(1F 248X 2 0FTaZy1X) 316X932(FT7e241x))
FCRMATLIF ,S€Xy4(FTac41X))
FORMATIIF 4€4Xy2(FTa241X})
WRITE(6,1CEE)
C0 10 I=1,NTITLE
hRI]E(ble‘Q)(FEAD([yJ)'J 1,1¢€)
TME = XX(1%) % TCCNST
SS = XX{14) * TCCNST
WRITE (€,1) TME,SS
CO € 1=1,NCE
Z (I} =YY(N.,I)%C(1)*TRC N
D0 2z 1=1,NNODE '
ZCOCR(I) = ZCCCRUI) * ALC
N1l = NCCLES(6)
WRITE(€,1120)(ZCCCROICUTI(E yJ) ) yJ=1,A1)
WRITE(E,11C1)
CO 201 I=1,NAPCHkS
N1 = NCCLS(I)
GO TO (11+11413,1¢,15,1€6417418415920921922423),1
WRITE(Ey 1100 Z(ICLTH{I 4J))sd=1,A1)
GG 10 201
TWRITE(E91200MZ0ICLTC(I sJd) ) su=1,N1)
CO T0 201

N WA e

ot

90003

10003

PAGE 0001



LS

FCRTR AN

0Cae
CC47
CCae
CC49
cCcso
ccel
ogec?2
coe3
CC54
¢ces
CCse
ccs?
cces
CCEs
CCen
CCel
0ce2
0cez
CCes
0Ces
coes
CCe7
CCeésg
CCes
€Cci0
cCil
€C72
cC3
CC74
ces
CCe
ccr7
cCis
€079
cceo
ccel
0CE2
CCe3
CCEa
QCES
CCeé
ocer
cces
ccae
€Cso
0cs1
€es2
co¢c3
coca
Ccss
€Cc¢
cce
ccsa
CCs9
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15 CLTPLT CeTE

WRITE(E41205)(ZLI0LT(I 94) ) od=14M1)
€0 10 2¢1
WP ITE(E41Z210)0Z0ICULT LI 44)) +vJd=1,4N1)
GO 10 201
WRITE(€,122C)(2¢10LT(I4J)})4J=1,A1)
GO 10 201
WRITECE,L1220M(ZCI0OLT(I4J)) 9d=1,A1)
GO 10 201
WRITE(E,1240)(20I0LT{I4Jd)) yd=1,4MN1)
GO 10 201
WRITE(E,1250)0Z1T0OLT(I 9J)) 4d=1,A1)
GO TOo 201
WRITE(E41245C)H(ZCI0LT(I 3J))9d=1,NL)
GO0 10 301
WPITELE,127CHIZLICLTIT ) ) 9d=14M1)
GO 10 2C1
WRITE(E,12EC)I(ZOI0OLTLT 4d)) 9Jd=1,N1)
GO Y0 201
W ITE(€912S0)(ZCI0OULTLT 4J)) gd=1,A1)
CONTINUE
WRITE{£,1102)
CO 211 I=1,NRCHS
N1 = NCCLSI(I)
GO TC (21,21,422,2
WRITE(E,1100)(ZZ(N, ICLT(I4J)) 4d=1,4N1)
€0 1C 211
WRITE(6y12COMIZ2INLICLTLI 4J)) 9d=1,N1)
GO 10 211
WRITE(€912CS)(22(N,1CLT(E,4))4J=1,N1)
GO TO 211
WRITE(E91Z2100(Z2UNLICLT(T4d)) ¢J=1,A1)
GO0 10 211 :
WRITE(E,1220)02Z(NICLT(I44))J=1,N1)
GO T0 211
WRITE(641220)(22(N+ICLT (14000 9Jd=1,N1)
GO 10 211
WRITEC6,1240)(22{NI0OLTLI 4J))yd=1,N1)
GO 10 211
WRITE(E)1Z250)CZZ(NIOLT(T1,44))yd=1,N1)
GO 10 211
WRITE(E, 1ZEC)(2ZINJICUTIE 4Jd)) oJd=1,N1)
G0 10 211
WRITE(ES127CI0Z2(NSICLTLI L)) 9d=14N1)
¢O 10 11
WRITE(€E128CH(Z2{N4ICLTLI yd))9J=1,4N1)
GO 10 211 '
WRITE(€,12GC)(ZZ(NLIOLTLT 450 ) 3d=1,M1)
CONTINGE .
N 320 I=1,NNCCE
ICOCRUI) = ZCCCR(T) / ALC
KOUNT=KCLAT+1
IF (LIMPT .GT. KCLNT) KCC4=1
RETLRN )
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