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A SINDA ‘85 Nodal Heat Transfer Rate Calculation User Subroutine

Derrick J. Cheston
NASA Lewis Research Center
Cleveland, Ohio 44135

SYMBOLS

C; thermal capacitance of node 1
Gy; linear conductance between nodes i and j

G,; nonlinear conductance between nodes i and j
0 impressed heat on node i
linear energy transfer rate into node i

nonlinear energy transfer rate into node i
o, total of all energy into node i

T, temperature of node i

t time

Q-iunur

SUMMARY

This paper describes a subroutine, GETQ, which was developed to compute the
heat transfer rates through all conductors attached to a node within a SINDA
'85 thermal submodel. The subroutine was written for version 2.3 of SINDA
*85. Upon calling GETQ, the user supplies the submodel name and node number
which the heat transfer rate computation is desired. The returned heat
transfer rate values are broken down into linear, nonlinear, source and com-
bined heat loads.

INTRODUCTION

SINDA ‘85 has many powerful subroutines and utilities which easily allow the
user to access temperature, capacitance, conductance, and heat source values
associated with thermal models. The ability to access these variables to
affect the solution is an invaluable attribute of SINDA '85.

Often, however, a user needs the value of the heat transfer rate to a node
through all conductors attached. The SINDA ‘85 Subroutine Library includes

subroutines which perform "energy maps" for selected nodes. The usefulness is
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limited by the fact the computed heat transfer rate information is output to a
file, and thus is not accessible during execution. If a user wants to access
the heat transfer rate values they must be calculated by logic input by the
user. The user must calculate the temperature difference between nodes and
multiply that value by the conductance between those nodes. An increasing

number of conductors attached required a disproportionate increase in logic
required.

The user subroutine GETQ, described herein, automated the procedure described
above. GETQ computes and returns the value of the sum of energy transfer
rates into a node.

GETQ FUNCTIONAL DESCRIPTION

The subroutine GETQ was written to compute and return the value of the sum of
the energy transfer rates to a given node. The finite difference form of the
energy equation used by SINDA '85 is shown below:

The right hand side of Equation 1 consists of three terms which are described
as source, linear, and nonlinear terms. The source term, Q; represents the
impressed heat load onto the node. The linear term, Q; jyn.r represents the
sum of the linear heat transfer rate into the node through all linear conduc-
tors. The term Q; noniinear represents the nonlinear heat transfer rate into the
node through all radiation conductors. The expressions for the linear and
nonlinear terms are shown below in equations (2) and (3) respectively:

N
Qi,m;;_; {6y;1Ty-T,1) (2)

N
Qi..u-u:;:‘: (G lryt-141) (3)

The GETQ subroutine returns the values of Q;, Q jinears Qi_nonlinesr @nd the sum
of these three values, Q ,um.
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GETQ USAGE INSTRUCTIONS

The version of GETQ presented herein is written to be used as a user subrou-
tine. It could, with proper modification, be included as a local library
subroutine at the user'’s installation site. The person responsible for
{nstalling or maintaining SINDA’85 at the user’'s site should be contacted to
perform this service.

Location of Subroutine

As a user subroutine, the GETQ subroutine should be included in the user's
SINDA'85 model in the SUBROUTINE logic block. The user must enter the text of
the subroutine. The GETQ Subroutine has been included as Appendix A. An
example of a SINDA'85 model which utilizes GETQ has been included as Appendix
B.

1f this subroutine will be used often, the user may wish to use the SINDA'85
INCLUDE macroinstruction to simplify reuse.

Location of Call Statement

The GETQ subroutine can be called from any of the SINDA'85 logic blocks
(OPERATIONS, VARIABLES 0, VARIABLES 1, VARIABLES 2, OUTPUT CALLS, SUBROUTINE
DATA). However, since the temperature values and conductor values are
potentially time and temperature dependent, it follows that the heat transfer
rate values will represent more realistic values at the end of each solution
timestep. Therefore, the most appropriate location for the call to GETQ is in
VARIABLES 2 or OUTPUT logic blocks for either transient or steady state
analysis.

How to Call GETIQ

The call statement to GETQ requires six arguments. The first two arguments
are inputs, the remaining four are returned computed heat transfer rate
values.

In order, the arguments to GETQ are 1) a character string representing the
submodel name for the node of interest; 2) an integer value representing the
actual (user assigned) node number; 3) a real variable for storing Qi 1inear’ 4)
a variable for storing Qi ponlinear’ 5) a variable for storing Q; 6) a variable
for storing QLIN+QRAD+QSRC.

The user may use any properly defined variable names as arguments in the call
statement.

DEMONSTRATION OF USE
The GETQ subroutine is very helpful in isolating heat loss from a system into

the environment. An illustration of that capability is shown in the following
problem description.
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Sample Problem Description

A 1 kilogram mass aluminum is heated at a rate of 100 Watts. The exterior
surface of the mass has an area of .0l m?, an emissivity of .5 and a convec-
tion coefficient of 10 W/m?-K. Assuming a specific heat of 900 J/kg-K, find
the heat loss to the environment via radiation and convection separately
during the first 30 minutes of heating. Assume the temperature is uniform
throughout the mass and that the initial temperature is 100 C. See Figure 1.

Sink Temperature
"d'“”{_ 100 C (Node 89)

e

(Node 1) convection

Figure 1. Schematic of Sample Problem

Sample Problem Input File
A SINDA '85 model of the above problem has been included as Appendix B.

The model has a call statement to GETQ in the OUTPUT logic block.

Since the desired output is the heat loss to the environment via convection
and radiation, the boundary node was chosen as the argument to pass to the
GETQ subroutine. For this example, either of the two nodes would be suitable
candidates. I1f, however, the mass were composed of N nodes attached to the
boundary node, the boundary node would be the obvious choice of arguments to
GETQ. The other option would be to make N calls to GETQ to get the same
information.

Once the values of Ql_unolr- Qi_nonunuxo Q;, and Qi_ﬂ. are returned, the user can
use them as desired. In this case, the values are printed to a user file.
The user file has been included as Appendix C.

To further illustrate the benefits of this subroutine over the SINDA'’85
Library Subroutines, NODMAP was also called from the OUTPUT logic block.
NODMAP is one of the many Library Subroutines supplied with SINDA’85. The
output from the NODMAP subroutine has been included as Appendix D.
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USAGE CAUTIONS :
One Way Conductors

One-way conductors in SINDA'85 models are often causes of "ENERGY STABLE BUT
UNBALANCED" caution messages generated by the processor. These messages
indicate an inability of SINDA 85 to account for the energy flowing out of a
node that has a one-way conductor attached. The GETQ Subroutine has the same
limitation. Therefore, the Qi_linear term only accounts for the energy
through the one-way conductors which have node i as the downstream node.

Using GETQ with DRPMOD

1f a user desires to drop & submodel from the current model build, a Library
Subroutine, DRPMOD, may be called. The user must be aware that although
DRPMOD causes the submodel to be dropped, any conductors which were attached
between the remaining built submodels and the dropped submodels will remain
active. The temperatures of the dropped submodel will be held constant at the
values prior to the DRPMOD call. For such cases, the energy flow calculations
performed by GETQ will reflect the temperature and conductance values of the

dormant model.
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Appendix A - GETQ User Subroutine

SUBROUTINE GETQ(SUBMDL ,NODEA,QLIN,QRAD,QSRC,SUMQ)

AUTHOR: DERRICK CHESTON
VERSION: 1.0

CREATED: OCTOBER 3, 1991
UPDATED: AUGUST 15, 1992

ARGUMENTS : SUBMDL

oo OAMNOOOOO0O0O0O00000000n

CALL COMMON

FUNCTION: THE SUBROUTIME COMPUTES THE MEAT TRANSFERRED TO A SPECIFIED NODE
FROM ALL ATTACHED NODES IN THE CURRENTLY BUILT MODEL, THROUGH
ALL CURRENTLY BUILT CONDUCTORS. IT IS TYPICALLY USED TO COMPUTE
THE DISTRIBUTION OF HEAT FLOW INTO BOUNDARY NODES.

c
c
c
c
c
c
c
c

THE NAME OF THE SUBMQDEL (CHARACTER)

NODEA - THE ACTUAL NODE NUMBER FOR UHICH MEAT FLOW IS TO BE

OLIN - RETURNED VALUE OF LINEAR HEAT TRANSFER INTO NODE (REAL)

GRAD - RETURNED VALUE OF NONLINEAR HEAT TRANSFER INTO NODE
(REAL)

QSRC - RETURNED VALUE OF IMPRESSED WEAT LOAD INTO NODE (REAL)

SUMQ - SUM OF ABOVE THREE VALUES (REAL)

c
c
c
c
C
+
COMPUTED (INTEGER) c
C
c
C
C
c
c
c

CALLING: THIS ROUTINE SHOULD BE CALLED FROM VARIABLES 2 OR OUTPUT CALLS

------- P L L T e R L L P L LA A

SUBROUTINE GETQ(SUBMDL ,NODEA,QLIN,QRAD,QSRC, SUMQ)

[}

F CHARACTER SUBMDL*(*)
F REAL*S8 QRAD,QLIN,QSRC,SUMQ
F INTEGER NODEA,GOFFST

c"'."'ii.ti'...'.-t.t.ii..'.'t.i't.ii..i.'....tt..i.'c

c FIND RELATIVE NODE NUMBER, NREL FOR NODEA c
c.'.'..."i..l..i.‘.'..'.i.'t'..Q.O...tl'...t...ﬁtiiiiic
F CALL NODTRN(SUBMDL ,NODEA,NREL)
c"‘...."..'.."'.'...'....'..".".....'t..!.l.‘...'.c
c FIND LOCATION OF FIRST LINEAR CONDUCTOR c
c ATTACHED TO NODEA c
c'..-.I..".'.".........iti..l...............'l'...."c
F GOFFST=0

F DO 10 1=1, NREL-1

F GOFFST=GOFFST+NLIN(I)*NRAD(1)

F 10 CONTINUE

‘v
c"'t.‘i't.'..tttii...t'.".0"..i.i..lt.'l....t.‘.li"c

c INITIALIZE RETURN VARIABLES TO ZERO c
e T e L e L L L L L
F QLIN=0.0
F QRAD=0.0
F suMNa=0.0

c.f....t.'ti".‘i.'.'..t.'..I'...ti'...'.".'..*'.tiﬂ‘.c

(s RN RaNaNe

FOR EACH LINEAR CONDUCTOR ATTACHED TO NODEA c

FIND THE CONDUCTANCE VALUE, GAB c
FIND THE TEMPERATURE AT THE END, TB C
CONPUTE THE HEAT FLOW THROUGH CONDUCTOR, Da C
INCREASE THE QLIN BY DO c
NEXT CONDUCTOR c

c'."".t.iI.'."...."'.."i'...."...t...t..t..'l.it.c

MMM

DO 20 I=7,NLINCNREL)
GAB=G(PG(GOFFST+1))
Te=T(PT(GOFFST+1))
DA=GAB*(TB-T(NREL))
QLIN=QL IN+DQ

F 20 CONTINUE

ct..".tit....ii.'....i'..'..iiiit.t.*t'.'.ll'.'l.l..tic

c
c

FIND LOCATION OF FIRST NONLINEAR CONDUCTOR c
ATTACHED TO NODEA

c.i...ﬁ'i"'l'i'iiiiti.iil..i..titttili.ttt'ii't.l.t"ic

F

GOFFST=GOFFST+NLIN(NREL)

276



Coeseseae st R a iR bRERBAABAEET T bnbniniabeiuiaininkl bl >
c FOR EACH NONLINEAR CONDUCTOR ATTACHED TO NODEA €
c FIND THE CONDUCTANCE VALUE, GAB c
c FIND THE TEMPERATURE AT THE END, TB c
c COMPUTE THE MEAT FLOW THROUGH CONDUCTOR, oac
c INCREASE THE QRAD BY DQ ¢
c NEXT CONDUCT c
CraswrtatiREReate seekddRe e AR et eaatnana hedehudnlainbudadie c
F DO 30 I=1,NRAD(NREL)
F GAB=G(PG(GOFFST+I))
F TB=T(PT(GOFFST+1))
F DO=GAB*S1GMA® ( (TB-ABSZRO)**4.0 - (T(NREL) -ABSZRO)**4.0)
F OQRAD=QRAD+DQ
F 30 CONTINUE
Crietrettatiddiaaeey SARERAASAAERRRAS AR AATETES *eC
c COMPUTE IMPRESSED NEAT LOAD ON NODEA, ase¢ €
CosretenttttthittLe sabtasastetstitad . bkl
F QSRC=Q(NREL)
Chras staesevdd AEhkaeRastRER AT iR ATRERARATTE pakadd
c COMPUTE QSUM = QLIN ¢ QSRC + QRAD C
crwasdtutatan EELL bt ddddedobbbiobolelaiobobdainiiakainiab inbakuiokeinbudnial
F SUMQ=QL | N+QRAD+QSRC

END
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Appendix B - SINDA ‘85 Model for Sample Problem

MEADER OPTIONS DATA
TITLE SAMPLE PROBLEM DEMONSTRATING GETG
OUTPUT=QDOT . OUT
QNAP=QDOT . WAP
MEADER NODE DATA, BLOCK
1, 100., 1.%900.
-99, 100., 1.0
WEADER SOURCE DATA, BLOCK

1, 100.
HEADER COMDUCTOR DATA, SLOCK
-1, 1, 99, .01%.5 $ RADIATION COMDUCTOR AREAENIS

2, 1, 99, .01°10.  $ CONVECTION CONDUCTOR AREA*CONVECTION COEFFICIENT
NEADER USER DATA, GLOBAL
QAPPLY=1.0'  $ VARIASLE FOR STORING IMPRESSED NEAT RATE
OCONV=1.0  $ VARIABLE FOR STORING CONVECTION WEAT TRANSFER RATE
QuLIN=1.0 $ VARIABLE FOR STORING RADIATION HEAT TRAMSFER RATE

QToTL=1.0 $ VARIABLE FOR STORING TOTAL HEAT TRANSFER RATE
NEADER CONTROL DATA, GLOBAL

3]“-5.67735-3
ABSZRO=-273.15
TIMEND=60.*30. $ STOP SOLUTION AT 30 MINUTES
OQUTPUT=30. $ OUTPUT INTERVAL 30 SECONDS

NEADER OPERATIONS DATA

BUILD ASSBLY,BLOCK
CALL FDBCK

WEADER OUTPUT CALLS, BLOCK
CALL GETQ(’BLOCK’,99,0CONV,QNLIN,QAPPLY,QTOTL)
WRITE(71,100) TIMEN/60., QCONV, GNLIN

Y00 FORMATC'TIME (MINUTES) = !, F10.4,5X,
. /CONVECTION WEAT LOSS (VATTS)s/,E12.5,5X,
+ IRADIATION HEAT LOSS (WATTS)s’, E12.5)
CALL NODMAP(’BLOCK’ ,99,1)
CALL TPRINTC’ALL?)

WEADER SUBROUTINE DATA

A DT CEE L CLE LIty D CLCTTCICI R T PEPPICELEELE ¢
€ SUBROUTINE GETQ(SUSMDL,NODEA,QLIN,ORAD, GSRC, SLMD) c
c ¢
C  AUTHOR: DERRICK CHESTON c
C  VERSION: 1.0 c
C  CREATED: OCTOBER 3, 1591 c
C  UPDATED: AUGUST 15, 1992 c
c c
C  FUNCTION: THE SUBROUTINE COMPUTES THE HEAT TRANSFERRED TO A SPECIFIED NODE C
c FROM ALL ATTACHED NODES IN THE CURRENTLY BUILT MODEL, THROUGH €
c ALL CURRENTLY BUILT COMDUCTORS. IT 1S TYPICALLY USED TO COMPUTE C
c THE DISTRIBUTION OF NEAT FLOW INTO BOUNDARY NODES. c
c c
C  ARGUMENTS: SUBMDL - THE MAME OF THE SUBNODEL (CHARACTER) c
c NODEA - THE ACTUAL NODE MUMBER FOR WHICH NEAT FLOW IS TO BE  C
c COMPUTED (INTEGER) c
c QLIN - RETURNED VALUE OF LINEAR HEAT TRANSFER INTO NODE (REAL)C
c GRAD - RETURNED VALUE OF MONLINEAR NEAT TRANSFER INTO NODE C
c (REAL) ¢
c QSRC - RETURNED VALUE OF INPRESSED NEAT LOAD INTO MODE (REAL) C
c SUMQ - SUN OF ABOVE THREE VALUES (REAL) c
c c
C  CALLING: THIS ROUTINE SHOULD BE CALLED FRON VARIABLES 2 OR OUTPUT CALLS ¢
c.-..--'--'-.-. -------------------------- P P R TP PN TP T NP PSSR CESETARE TR c
F

SUBROUT INE GEYO(ML,IOEA,GLW,M,OSRC,W)

CALL COMMON
F CRARACTER SUBMDL®(*)
F REAL®8 QRAD,CQLIN,QSRC,SUMQ
F INTEGER NODEA,GOFFST
e
c FIND RELATIVE NODE WUMBER, NREL FOR NODEA c
CHEr TR AR IR AT s AR E ISR R TR SRSt et bitthsntitontnonitenen,
F CALL NODTRN(SUBMDL ,NODEA,NREL)
iy T T TR L T L e Ll
c FIND LOCATION OF FIRST LINEAR CONDUCTOR c
c ATTACHED TO NOOEA c
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F GOFFST=0

F DO 10 i=1, NREL-Y

F GOFFST=GOFFST+NLINCI)#NRAD(1)
F 10 CONTINUE

FOR EACH LIMEAR COMDUCTOR ATTACKED YO WODEA c
FIND THE CONDUCTANCE VALUE, GAB c
FIND THE TEMPERATURE AT THE ED, T8 c
COMPUTE THE NEAT FLOW THROUGH COMDUCTOR, bR C
INCREASE THE QLIN BY DO c

NEXT CONDUCTOR c

DO 20 I=1,NLINCNREL)
GAB=G(PG(GOFFST+1))
TB=T(PT(GOFFST+1))
DQ=GAB*( T8- T(NREL))
OLINsQLIN+DQ

20  CONTINUE

[ taababedte ke i i bttt kddandshsdiddbhbovhan LA

c FIND LOCATION OF FIRST WONLINEAR CONDUCTOR c
C ATTACHED TO NODEA c

C
c FOR EACH NONLINEAR CONDUCTOR ATTACHED TO NOD c
C FIND THE CONDUCTANCE VALUE, GAB c
c FIND THE TEMPERATURE AT THE END, T8 c
c COMPUTE THE NEAT FLOW THROUGK COMDUCTOR, D@ C
c INCREASE THE QRAD BY DQ c
c MEXT CONDUCTOR
ctnmnmnnnn-mtnononnn.nnnuntnnttnc
F

F

F

F

F

F

DO 30 1=1,NRAD(MREL)

GAB=G(PG(GOFFST+1)) -
T8=T(PT(GOFFST+1))
DQ=GAB*SIGMA® ((TB-ABSZRO)**4.0 - (T(NREL) -ABSZR0)**4.0)
QRAD=QRAD+DQ .
30 CONTINUE
crerdthtttintittdttdttegganinanens bkl inkebekadnded C
C COMPUTE IMPRESSED MEAT LOAD ON NODEA, QSRC C

mmi..t“t"m.““t“i.ﬁi“immic

CrIvsrernse
F QSRC=Q(NREL)

............................. srerrsterneievaner
c COMPUTE, QSUM = GLIN + OSRC + QRAD c
cresststtene SHSEST AN R e RO RARd il bl Ll + Ll
f SUMQ=QL1N+QRAD+ISRC
END
OF DATA
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TIME
TIME
TINE
TINE
TIME
TINE
TINE
TIME
TINE
TINE
TINE
TINE
TINE
TINE
TINE
TINE
TINE
TINE
TINE
TINE
TIME
TINE
TINE
TINE
TIME
TIME
TIME
TINE
TIME
TINE
TIME
TIME
TIME
TINE
TINE
TIME
~ TIME

TIME
TIME
TINE
TINE
TINE
TIME
TIME
TIME
TINE
TIME
TIME
TIME
TIME
TIME
TIME
TINE
TINE
TINE
TINE
TINE
TINE
TINE
TINE
TINE

(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MIMUTES) =
(MINUTES) =
(MINUTES) =
(NINUTES) =
(MINUTES) =
(MINUTES) =
(NINUTES) =
(NINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
(RINUTES) =
(MINUTES) =
(MINUTES) =
(NINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
C(MINUTES) =
CMINUTES) =
(MINUTES) =
(MINUTES) =
(MINUTES) =
C(MINUTES) =
(NIMUTES) =
(MIWUTES) =
C(NINUTES) =
(NINUTES) =
(MINUTES) =
C(MINUTES) =
(MINUTES) =
(MINUTES) =
(NINUTES) =
(MINUTES) =
(NINUTES) =
(NINUTES) =
(MINUTES) =

gEgszaszsasass

g

g

g
o

15.0000
15.5000
16.0000
16.5000
17.0000
17.5000
18.0000
18.5000
19.0000
19.5000
20.0000
20.5000
21.0000
21.5000

Appendix C - GETQ Output from Sample Problem

CONVECTION HEAT LOSS (MATTS)= 0.00000€+00
CONVECTION HEAT LOSS (WATTS)s 0.33244€+00
CONVECTION HEAT LOSS (MATTS)= 0.66311€+00
CONVECTION HEAT LOSS (WATTS)= 0.992006+00
CONVECTION HEAT LOSS (WATTS)= 0.13191E+01
CONVECTION HEAT LOSS (WATTS)= 0.16444E+01
CONVECTION HEAT LOSS (MATTS)= 0.19679€+01
CONVECTION HEAT LOSS (WATTS)s 0.22896E+01
CONVECTION HEAT LOSS (MATTS)= 0.26094E+01

RADIATION HEAT LOSS (WATTS)= 0.00000E+00
RADIATION HEAT LOSS (WATTS)= 0.1987BE+00
RADIATION NEAT LOSS (WATTS)= 0,40180€+00
RADIATION NEAT LOSS (UATTS)= 0.60905E+00
RADIATION MEAT LOSS (WATTS)s 0.82053E+00
RADIATION MEAT LOSS (MATTS)s 0.10363E+01
RADIATION NEAT LOSS (WATTS)= 0.12562E+01
RADIATION HEAT LOSS (VATTS)= 0.14804E+01
RADIATION HEAT LOSS (WATTS)= 0.17087€+01

CONVECTION
CONVECTION
CONVECT ION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
COMVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECT ION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION
CONVECTION

HEAT
NEAT
HEAT
HEAT
HEAT
HEAT
NEAT
NEAT
HEAT
HEAT
HEAT
HEAY
HEAY
HEAT
HEAT
HEAT
WEAT
HEAT
HEAT
HEAT
HEAY
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
HEAT
NEAT
HEAY
HEAT
HEAT

LOSS (UATTS)= 0.29274E+01
LOSS (MATTS)= 0.32436E+01
LOSS (WATTS)= 0.35580€+01
LOSS (WATTS)= 0.38704E+01
LOSS (UATTS)= 0.41811E+01
LOSS (WATTS)= 0.44898E+01
LOSS (MATTS)= 0.4796TE+O1
LOSS (MATTS)= 0.51017E+01
LOSS (WATTS)= 0.54048E+01
LOSS (MWATTS)= 0.57060E+01
LOSS (WATTS)= 0.60052E+01
LOSS (WATTS)= 0.63026E+01
LOSS (MATTS)= 0.65981E+01
LOSS (WATTS)= 0.68916E+01
LOSS (MATTS)= 0.71832£+01
LOSS (WATTS)= 0.74729€+01
LOSS (WATTS)= 0.77606E+01
LOSS (WATYS)= 0.80464E+01
LOSS (WATTS)= 0.83302E+01
LOSS (WATTS)= 0.86120€+01
LOSS (MATTS)= 0.88919E+01
LOSS (WATTS)= 0.91698E+01
LOSS (WATTS)= 0.94458E+01
LOSS (WATTS)» 0.97197E+d1
LOSS (WATTS)= 0.99917E+01
LOSS (WATTS)= 0.10262€+02
LOSS (UATTS)= 0.10530€+02
LOSS (WATTS)= 0.10796E+02
LOSS (WATTS)= 0.11060E+02
LOSS (WATTS)= 0.11322€+02
LOSS (WATTS)= O.11582€+02
LOSS (WATTS)= 0.11840E+02
LOSS (WATTS)= 0.12096E+02
LOSS (WATTS)= 0.12350€+02
LOSS (WATTS)= 0.12601E+02
LOSS (VATTS)= 0.12851E+02
LOSS (WATTS)= 0.13099€+02
LOSS (MATTS)s 0.13345E+02
LOSS (WATTS)=s 0.13589E+02
LOSS (WATTS)s 0.13831E+02
LOSS (WATTS)= 0.14071E+02
LOSS (MATTS)= 0.14308E+02

RADIATION MEAT
RADIATION MEAT
RADIATION MEAY
RADIATION NEAT
RADIATION HEAT
RADIATION HEATY
RADIATION HEAT
RADIATION HEATY
RADIATION HEAT
RADIATION HEAY
RADIATION HEAT
RADIATION MEAY
RADIATION HEAT
RADIATION MEAT
RADIATION HEAY
RADJATION HEAY
RADIATION HEAY
RADIATION MEAT
RADIATION HEAY
RADIATION MEAT
RADIATION HEAY
RADIATION HEAT
RADIATION HEAT
RADIATION REATY
RADIATION HEAT
RADIATION MEAT
RADIATION HEAY
RADIATION WEAY
RADIATION HEAT
RADIATION HEAT
RADIATION HEAT
RADIATION HEAT
RADIATION HEAT
RADIATION HEAT
RADIATION HEAT
RADIATION WEAT
RADIATION HEATY
RADJATION HEAY
RADIATION HEAT
RADIATION HEAT
RADIATION HEAY
RADIATION HEAT

LOSS (MATTS)= 0. 19413E+01
LOSS (UATTS)= 0.217B1E+01
LOSS (MATTS)= 0.24190E+01
LOSS (VATTS)= 0.26641E+01
LOSS (WATTS)= 0.20133E+01
LOSS (MATTS)= 0.39684E+01
LOSS (MATTS)= 0.34241E+01
LOSS (WATTS)s 0.3685SE+01
LOSS (VATTS)= 0.39510E+01
LOSS (MATTS)= 0.42205E+01
LOSS (MATYS)= 0.44939E+D1
LOSS (WATTS)= 0.47713E+D1
LOSS (MATTS)= 0.50526E+01
LOSS (MATTS)= 0.53377E+01
LOSS (MATTS)= 0.56266€+01
LOSS (MATTS)= 0.59193E+01
LOSS (MATTS)= 0.62156E+01
LOSS (WATTS)= 0.65157E+01
LOSS (UATTS)= 0.68193E+01
LOSS (WATTS)= 0.71265€+01
LOSS (MATTS)= 0.74372E+01
LOSS (WATTS)= 0.77514E+01
LOSS (WATTS)= 0.B80690€+01
LOSS (WATTS)= 0.838096+01
LOSS (WATTS)= 0.87140€+01
LOSS (MATTS)= 0.90414€+01
LOSS (VATTS)= 0.93T196+01
LOSS (MATTS)= 0.97055€+01
LOSS (MATTS)= 0.100426+02
LOSS (MATTS)= 0.10382€+02
LOSS (VATTS)= 0.10724E+02
LOSS (VATTS)= 0.11069€+02
LOSS (WATTS)= 0.11417E+02
LOSS (WATTS)= 0.11768E+02
LOSS (WATTS)= 0.12121E+02
LOSS (MATTS)s 0124768402
LOSS (MATTS)= O, 12834E+02
LOSS (WATTS)= 0.13195E+02
LOSS (WATTS)= O.135586+02
LOSS (WATTS)= 0.139228+02
LOSS (MATTS)= 0.14209E+02
LOSS (WATTS)= 0.146586+02

CONVECTION MEAT LOSS (WATTS)= 0.14544E+02
CONVECTION HEAT LOSS (WATTS)= 0.14TTBE+02
CONVECTION MEAT LOSS (WATTS)= 0.15010€+02
CONVECTION HEAT LOSS (MATTS)= 0.15239€+02
CONVECTION HEAT LOSS (WATTS)= 0.15467E+02
CONVECTION KEAT LOSS (WATTS)= 0.15693E+02
CONVECTION HEAT LOSS (MWATTS)= 0.15916E+02
CONVECTION HEAY LOSS (WATTS)= 0.16138£+02
CONVECTION HEAT LOSS (MATTS)= 0.16358£+02
CONVECTION HEAT LOSS (WATTS)= 0.16575E+02
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RADIATION HEAT LOSS (WATTS)= 0.15020€+02
RADIATION HEAT LOSS (WATTS)= 0.15402€+02
RADIATION HEAT LOSS (VATTS)= 0.15776E+02
RADIATION HEAT LOSS (WATTS)= 0.16152E+02
RADIATION HEAT LOSS (WATTS)= 0.16530E+02
RADIATION HEAT LOSS (WATTS)= 0.16909€+02
RADIATION HEAT LOSS (VATTS)= 0.172906+02
RADIATION HEAT LOSS (WATTS)= 0.176726+02
RADIATION HEAT LOSS (MATTS)= 0.18055€+02
RADIATION HEAT LOSS (WATTS)= 0.18440€+02



Appendix D - NODMAP Output from Sample Problem

A QMAP OF INPUT BOUWD NODE BLOCK 99 CINTERMAL 2)
THE PARAMETERS OF NODE BLOCK 99 ARE: TENPERATURE = 100.000 (DEG.)
CAPACI TANCE = 1.00000 (ENERGY/DEG)

MET SOURCE/SINK = 0. 000000E+00 (EMERGY/TINE INCLUDES TIES)
CAP./SUN OF COND.s  &.73377 (TIkE, INCLUDES TIES)

THE ADJOINING WODES TO MODE BLOCK 99 ARE:
CONDUCTOR CONDUCTOR X OF X OF  WEAT TRANSFER RATE TENPERATURE OF
CINTERNAL) INPUT (INTERHAL) TYPE VALlE TYPE TOTAL (EIEIGYIV INE) lelln NODE
1[4 n 2 ( 1) LINEAR 0 100N0 100.0 ‘7. 16.5753 us.'m
i« n 1¢ 2) RADIAY 5.0000006-03 100.0 S2.7 18.4397 265.753
THE TOTALS ON NODE BLOCK 99 ARE:

LINEAR NHEAT TRANSFER (CONDUCT ION/CONVECTION) . . . 16.5753

RADIATION HEAT TRANSFER....cccconmessncsonccnes 18.4397
.NOOOOEOOO

HEAT SOURCE/SINKS APPLIED...ccccccesassonnannes

35. 0150 (EIEIGY/T INE)
EFFECTIVE ERN TEMPERATURE....ccocvneccoccncnree 265.753
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