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ABSTRACT

A computer program, with the code name TRUMP, was developed in 1965

by the Lawrence Livermore Laboratory to solve a variety of transient

and steady-state conduction heat flow problems in simple or complicated

geometric configurations. The purpose of this investigation was to

adapt "TRUMP" to the Naval Postgraduate School IBM/360 Model 67 com-

puter system. Several heat conduction problems are solved with the

adapted version of TRUMP and the results compare closely with the

analytical solutions to these problems. The example problem inputs

may be used as guides in preparing input data for future problems.

Some suggestions are also given for further development of the program.
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I. INTRODUCTION

A computer program with the code name TRUMP, was developed in 1965

by Edwards Reference ll of the Lawrence Livermore Laboratory (LLL) to

solve a wide variety of non-linear, conduction heat transfer problems.

TRUMP has been extensively used and continually improved since its

initial development and has been successfully adapted to a number of

computer systems including the CDC/6600 (LLL), IBM/7094 (Bell Labs),

UNIVAC/1108 (Battelle Northwest, Gulf General Atomics, NBS) , and the

IBM/360 (B.F. Goodrich, NASA Lewis Research Center, Bendix Electro-

dynamics, Cockerill-Ougee-Providence) , to name a few. The objective

of this thesis project was to adapt TRUMP to the Naval Postgraduate

School (NPS) IBM/360 Model 67 computer system.

The B.F. Goodrich Corporation supplied a listing of a version of the

TRUMP program that they had converted for use in their IBM/360 system.

Cards were punched from this listing and a version of TRUMP was thus

secured

.

The B.F, Goodrich version was not complete. In addition to errors

that resulted from punching 3,350 cards, the program also had an align-

ment error in one subroutine of the program. Also, several options

that are available in the complete LLL version of TRUMP were missing

in the B.F Goodrich version.

With a great deal of assistance from the NPS Computer Facility staff,

the majority of these problems have been corrected and a running version

of TRUMP is now available at NPS.

No attempt is made in this thesis to give a complete description of

the TRUMP program. Rather, limitations of the NPS IBM/360 version as
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compared to the LLL CDC/6600 version are discussed. In addition, several

example problems are solved and may be used as guides in preparing input

data for future problems. For a complete description of the program,

reference should be made to the TRUMP users manual 1 Reference 1 .
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II. DESCRIPTION OF THE PROGRAM

A. GENERAL

The program solves the general, non-linear, parabolic partial dif-

ferential heat equation. Transient and steady-state heat conduction

problems in multidimensions may be solved. Initial conditions, material

properties, source and sink strength and boundary conditions may vary

with time, spatial position and/or temperature.

In order to solve problems with TRUMP, the user specifies input

data in "BLOCK" form to 12 input data blocks. A description of each

of these blocks and their use will be given in Section B 2.

Following the definition of the problem a model must be constructed.

Complex geometric shapes are divided into regions and if there is sym-

metry, the symmetry planes are represented by insulated surfaces in

order to simplify the model. Regions may have different materials with

specified properties.

The regions may be subdivided into volume elements or nodes having

arbitrarily any size and shape. Nodes or volume elements must have a

representative nodal point whose location may be anywhere in the node

or on the surface of the node. However, in transient problems, for

maximum accuracy, node shapes and nodal point locations are chosen so

that the lines joining the nodal points of connected nodes are perpen-

dicularly bisected by the connected area. In steady-state problems,

due to the lack of heat capacity effects, the nodal points may be lo-

cated anywhere in the node without loss of accuracy. A variety of

boundary conditions may be given to the surface nodes. Constant temper-

ature, variable temperature, constant heat flux, variable heat flux,

10



www.manaraa.com



www.manaraa.com

forced convection conditions, free convection conditions, radiation

boundary conditions or combinations of the above may be treated.

Instead of having very fine zoning of the regions, rather crude

zoning will give the solution with less effort. Later, the solution

may be obtained for a finer subdivision of the system. Also, with

the crude zoning one can easily understand which regions need finer

zoning.

The accuracy of the given problem depends on how well the problem

can be modeled, and the fineness of the spatial subdivisions and time

steps used in the calculations

.

Allowable problem size limits for the NPS IBM/360 version of TRUMP

are summarized in Table 1.

11
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TABLE I

Problem Size Limits

Item Data Block Parameter Size

Materials 2 Mo 15

Reactants 3 M3 5

Nodes 4 M4 355

Internal thermal connections 5

External thermal connections 6

Boundary nodes 7

Heat generation tables 8

Initial conditions 9

Mass flow connections 10

Temp, versus time plot nodes 11

Temp, versus plot times

Remotely dependent properties 12

Table lengths 2, 3, 6, 7, 8, 10

M
5

950

M6 60

My 20

M8 5

M4 355

M10 50

M
ll

10

M
l

1

M
12

75

M„ 12

12
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In general, any consistent set of units may be used for the input

data; output quantities are then given in the same unit system.

Each material, system node, and boundary node can be identified

by a non-zero integer number fitting within 5-column fields on the

data cards. These identifications can be in any sequence. In order

to reduce the number of input cards arithmetic sequencing is suggested

so that the nodes having identical descriptions can be submitted as

input on only one card.

For non-symmetric , symmetric with respect to an axis, or to a

center, the nodal volumes and the thermal connection areas can be cal-

culated by a control value in the input data.

Initial conditions may be specified in BLOCK 1 of the input data.

These values will be assigned to all nodes described in BLOCK 4, unless

other values are specified for individual nodes in BLOCK 9.

Each internal thermal connection between nodes must be described

in the input data by specifying the two node identification numbers,

two connector lengths, and two interface dimensional factors. The

selection of connector lengths depends on the location of the nodal

point within each node. These locations may be arbitrary, but in

transient problems should usually be at the geometric centers of the

nodes. If the amount of the heat flow depends on surface temperatures,

then they can be located on the surface.

A system that exchanges heat with its surrounding must have external

temperatures specified along its boundary. In the input data, boundary

node identification numbers and their temperatures , which may be con-

stant or a function of time, must be given. The term "boundary node" is

identical in meaning to an external temperature.

13
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Surface temperatures can be specified by using boundary nodes with

specified temperatures and connecting the surface nodes to a boundary

node with a very large convection coefficient. In order to reach a

high degree of accuracy, surface nodes should be selected as either

zero-volume nodes, or very thin nodes. When a large number of surface

nodes are connected to the same boundary node and the heat transfer

coefficients are not tabulated, the number of external connections can

be reduced by replacing them with connections to a single zero-volume

node that is connected to the boundary node with a very large convection

coefficient

.

In order to generate steady-state solutions, TRUMP must first go

through a set of transient calculations. The steady-state solution is

obtained by allowing enough problem time to take the transient to its

conclusion. However, if only steady-state results are desired, the

control on the average temperature change during a time step (TVARY)

can be made very large. This allows the program to neglect transient

stability limitations on its choice of time steps resulting in a mini-

mum expenditure of computer time on transient calculations.

B. USE OF COMPUTER

1 . General

The data deck must include a problem name card, any number of

block number cards with their input cards, and a data end card. The

first card of each data deck must be a problem name card. The symbol "*"

must be in column 1, any identification of the problem in columns 2

through 71 and 73 through 80.

14
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In the program there are 12 allowed input data blocks, with

block numbers from 1 through 12, Each block must begin with a block

number card, and except for BLOCKS 1 and 11, must end with a blank

card. The block number card must begin with the word "BLOCK" in

columns 1 through 5, and the block number, from 01 through 12, in

columns 6 and 7.

Data BLOCK 1 must follow the problem name card; all other data

blocks may be placed in any order.

The last card of each data deck must be a data end card, with

the word "ENDED" in columns 1 through 5, and "-1" in columns 6 and 7.

Additional cards containing comments without "-'<" in column 1

may precede the name card and will appear on the printout. Any desired

block description in columns 9 through 80 may be made on the block

number card. This will also appear on the printout.

2 . Block Item Descriptions

Basically, one should refer to the TRUMP users manual Reference 1

for format details and the original descriptions of the input values.

In this section the main difference between the IBM/360, Model 67 version

of TRUMP and the LLL, CDC/6600 version are discussed.

In BLOCK 1;

MCYC Maximum allowed number of time steps. If zero, neg-

ative, or unspecified will be 30,000.

MSEC Maximum allowed machine time, in seconds. If zero,

negative, or unspecified will be 30,000.

NPUNCH Indicates that the final values of temperatures of nodes,

weight fractions of reactants , and constant heat gener-

ation rates of nodes will be punched. Since punched

15
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output is not obtained in this version of TRUMP, the

value of NPUNCH should not be used.

IRITE Number of time steps between data output on unit ITAPE

of problem time and table of node numbers and node

temperatures, in addition to output of first, second,

and last time steps. Only used in TRUMP/6600/DS version

This control is not in use in this version.

ITAPE Output unit on which output data will be written as

described in IRITE. This input value is not in use

for IBM/360 Model 67 version of TRUMP.

TIMEP Problem time interval between data output, in addition

to output on first, second, and last time steps. This

input control value is also not in use for this version

of TRUMP.

In addition to the above differences, the data transfer option

is not in use in this version of TRUMP.

3

.

Numerical Outpu t

The amount of output data is controlled by the value of KDATA.

However, for every problem, all input data and several other quantities

such as node volumes and connection areas are written out. The results

of the first, second, and last time steps are always written out. In

addition, output data are written out at problem time step intervals

of IPRINT. For the notations used on the printouts one should refer

-- —
y

to TRUMP users manual [Reference 1 .

4

.

Evaluation of Results

Any desired end to the problem may be made with the specified

input values in BLOCK 1. These may be maximum problem time,TIMAX,

16
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maximum temperature, TMAX, minimum temperature, TMIN, maximum number

of time steps, MCYC , or maximum number of seconds of machine time,

MSEC. On the printouts, the value of the problem-end sentinel, KWIT,

will appear. Table II shows the values of KWIT, and the descriptions

of these values

.

17
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TABLE II

Values of KWIT

KWIT Cause of Problem Ending

1 The problem time, SUMTIM, reached TBIAX

2 A temperature exceeding TMAX

3 A temperature less than TMIN

4 Steady-state

5 Data

6 Relates to the tape usage

7 The number of time steps reached MCYC

8 Machine time reached MSEC

9 BLOCK 2 or BLOCK 4 missing

10 Convergence failure

11 Items exceeded the size limits

12 Table lengths exceeded the size

18
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C. DESCRIPTIONS OF SUBROUTINES

THERM

TALLY

CHEM

SPECK

FINK

GEN

SURE

FLOW

SEEK1

SEEK2

Subroutine for material properties and node descrip-

tions. BLOCKS 2,4, and 12 are included.

Subroutine for initialization, totaling, and checking

results, converting regular to special nodes, testing

for ending the problem. BLOCKS 1 and 9 are included.

Subroutine for chemical reaction. BLOCK 3 is included

Subroutine for heat flow between special nodes and

other nodes or boundary nodes. Iterates to solve

set of implicit difference equations when special

nodes connected to each other.

Subroutine for heat flow between nodes by conduction,

convection, and radiation. Treats all nodes as regu-

lar nodes. BLOCK 5 is Included.

Subroutine for internal heat generation. BLOCK 8

is included.

Subroutine for heat flow between surface nodes, bound-

ary nodes by radiation, free and forced convection

treats all surface nodes as regular nodes. BLOCKS 6

and 7 are included.

Subroutine for mass flow between nodes. Treats all

nodes as regular nodes. BLOCK 10 is included.

Subroutine for finding an identification number of

a material, reactant, node or boundary node in a

block item list.

Subroutine for finding the identification numbers

of a pair of nodes in a block item list.

19
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CLOCK, CLOCKl Subroutines for initialization before first time

PLOT

PATCH

REFER

SRCON

step.

Subroutine for making CRT plots and tables of temp-

erature versus node location, temperature versus

time, and node location versus time. BLOCK 11 is

included.

Subroutine for converting a number with a decimal

point to floating number, otherwise substituting

a specified floating point number.

Subroutine for finding array subscripts of materials

reactants , nodes or boundary nodes referred to by

identification number in another data block, and

writing out diagnostic statements whenever one can

not be found.

Subroutine which is related to PATCH. Converts a

number having decimal point to a floating point

number

.

20
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III. EXAMPLE PROBLEMS

A. SLAB-MELT PROBLEM

A semi-infinite slab (~oo^x <^co ,
- oo(y (oo, <^z <%>o ) ,

has thermal conductivity 1.0 cal/sec-°C, density 1.0 g/cm , heat capacity

1.0 cal/sec- C, a melting point of 50.0 C, and a latent heat of fusion

of 25.0 cal/g. The initial temperature is 100. 0°C, and for times t>0,

the surface, z = 0, is maintained at 0.0°C. TRUMP is used to calculate

the temperature distribution in the slab, and the motion of the solid-

liquid interface, Zint? for times up to 200 sec. The results are com-

pared with the exact solution.

1

.

Analytic Solution

From Reference 3 analytic results are:

Z

T = 112.4 erf( — ) for ^T < 50°C

Z
T
2

- 9.9 + 90.1 erf(- ) for 50 <^T ^ 100oc

Z int = 0.835 - [~t for T = 50°C

2. Trump Solution

The input data for this problem are shown in Figure 1. In order

to have output at every 10 cycles, in addition to output on the first,

second, and last time steps, IPRINT is selected as 10 in BLOCK 1. For

temperature accuracy, TVARY is 1.0 C and the problem is ended at 200 sec

by setting TIMAX equal to 200.0. TONE is 100.0 since the initial tem-

perature of the slab is 100.0 C. However, since the zero-volume sur-

face node, node -1, is at 0.0°C for t ^> its temperature is specified

in BLOCK 9 by setting the value of TT equal to 0.0. In BLOCK 2
/
the

21
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material name, AMAT, and material identification number are arbitrarily

selected at SMELT and 50, respectively. Other slab thermal properties

such as density, heat capacity, thermal conductivity, temperature at

which the latent heat is released and the latent heat of fusion are also

specified in BLOCK 2. In order to give node descriptions in BLOCK 4

the slab is divided into nodes as shown below.

C\J

1cm 2cm 4cm

12

A-
•z

2122

—\—

-V-

I-

8cm

31 32

A total field depth of 100.0 cm is chosen so that at 200 sec no

appreciable temperature change will take place at the maximum value

of Z. In this figure, the node identification numbers, and the node

thicknesses are shown. The nodal points of all nodes are at the node

centers. In BLOCK 5, internal connection node numbers, lengths of

heat conduction paths from the nodal points to the connected interfaces,

and the area of the connected interfaces are defined. In BLOCK 6,

a zero-volume surface node, node -1, is connected to a boundary node,

node 2001, with a heat transfer coefficient of 1.0 x 10°cal/sec-cm -°C

,

22
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and the external surface area of the surface node is selected as unity

In BLOCK 7, a constant boundary node temperature is defined as 0.0°C.

Computer running time for this problem was 65.52 sec.

23
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TABLE III

SOLID-LIQUID INTERFACE IN T1IE SLAB MELT

Time (sec) z int (Analytic) ^int (Trump)

3.56 1.57 1.37
4.19 1.71 1.77

4.77 1.82 2.00

5.92 2.03 2.00

8.13 2.38 2.04

9.67 2.60 2.46

10.81 2.74 2.86

12.08 2.90 3.00

15.90 3.33 3.02

18.43 3.58 3.44

20.13 3.75 3.84

22.21 3.94 4.00

28.24 4.44 4.16

30.91 4.64 4.56

33.10 4.80 4.97

38.20 5.16 5.00

44.21 5.55 5.37

47.20 5.74 5.77

50.42 5.93 6.00

60.16 6.48 6.23

64.03 6.68 6.63

67.34 6.85 7.00

78.78 7.41 7.13

83.62 7.64 7.54

87.67 7.82 7.94

106.12 8.60 8.46

110.92 8.79 8.87

120.92 9.18 9.00

131.54 9.58 9.42

137.10 9.78 9.82

146.27 10.10 10.00

160.05 10.56 10.39

166.34 10.77 10.79

175.46 11.06 11.00

191.54 11.56 11.37

198.54 11.77 11.77

200.00 11.81 11.86
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B. FINITE-SLAB PROBLEM (suggested by Professor Paul Pucci)

A large, 1.0 inch thick steel plate, initially at 80.0°F, is

suddenly submerged in a fluid at temperature 680. 0°F. TRUMP is used

to calculate the transient temperature distribution in the plate assuming

a constant surface heat transfer coefficient of 1248.0 BTU/hr-f t^-°F.

The thermophysical properties of the steel were taken as: thermal con-

ductivity 26.0 BTU/hr-f t-°F, density 487.0 lbm/ft 3
, and specific heat

0.133 BTU/lbm-°F.

1 . Analytic Solution

T - T^ ~ Sin^L -(AnD 2 Fo

= 2 > e Cos (AnLi)
Ti - T^ ^ AnL + SinA nLCos A^L lj

hL
Applying the Biot number, Bi = -r— = 2.0 to the eigen value

XnL

problem of Cot(AnL) = r the two eigen values X\L = 1.0769 and
Bi

X2L = 3.6436 can be found. After substituting the appropriate value of

oCt
the Fourier number, Fo = 9 = 230. 4t in the above series solution and

Ju

- 967 9t" ?DS^ 7Sf
0.58923153 e Cos (1.0769*) - 0.11836085e Cos (3 .6436*-)

1; K

considering only the first two terms, the result becomes;

'(x,t) = 680 - 1200

2. Trump Solution

The input data for this problem are shown in Figure 3. For unit

consistency, lengths in inches are converted to feet and applied to the

problem. Since the plate has symmetry with respect to the mid-plane,

this plane is taken as an insulated plane in the TRUMP solution. So,

in BLOCK 1 symmetry type indicator, KD, is applied as 1 for the non-

symmetric case, and the total thickness of the steel plate is considered

as 0.5 inches. Temperature scale indicator, KT, is selected as 3

because of the Fahrenheit scale. For temperature accuracy, the desired
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maximum temperature change in each time step, TVARY, is selected as

1.0°F. Maximum problem time, TIMAX, is given as 1.0 hr . TONE is set

equal to 80.0 making the initial temperature of all nodes equal to 80.0°F.

In BLOCK 2, material name and material number are given as, FSLAB and

50, respectively. Also, the steel properties such as density, specific

heat, thermal conductivity are defined. In BLOCK 4 node numbers, mate-

rials of nodes and their dimensions are given with respect to the equally

spaced 10 nodes for the 0.5 inches of thickness of the slab. In BLOCK 6,

the zero-volume surface node, node -1, is connected to a boundary node,

node 2001, with a surface heat transfer coefficient of 1248.0 BTU/hr-f

t

2
-°F.

In BLOCK 7, a boundary node temperature of 680. 0°F is given. The com-

puter running time for this problem was 24.46 sec.

In order to see the effect of finer zoning on the results, the

same problem was also solved using 20 and 40 nodes. However, the results

were all within 1°F accuracy and not much improvement was obtained with

the finer grid sizes. Computer running time, on the other hand, was

increased from 24.46 sec. to 53.76 sec. and to 172.64 sec. for 10, 20,

and 40 nodes, respectively.
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C. SEMI-INFINITE SLAB PROBLEM

A semi-infinite slab is initially at a uniform temperature of 100. 0°C

At time t = 0, the surface temperature is suddenly lowered and main-

tained at a temperature of 0.0°C. The slab has a thermal conductivity

of 1.0 cal/sec cm-°C, density of 1.0 g/cm , and a heat capacity of

1.0 cal/sec- C. The temperature distibution in the slab, and the total

heat flow from the slab are calculated as a function of time for times

up to 200 sec using TRUMP, and the results are compared with the ana-

lytical solutions.

1 . Analytical Solution

x^

4t

2 :a

T(x,t) = 100 erf (
—

j

Qtot = -H2.84 J~tT

2 • Trump Solution

The input data form is shown in Figure 6. In BLOCK 1, problem

controls such as problem time, TIMAX = 200.00 sec, maximum temperature

change in each time step, TVARY = 1.0 C, and the initial temperature of

all nodes, TONE = 100. 0°C are given. In BLOCKS 2, 4, 5, 6, 7 and 9, the

thermal properties, zoning procedure, identification numbers, internal

and external connection descriptions, boundary node temperatures, and

initial conditions are defined identically as in the slab-melt problem.

Computer running time for this problem was 27.05 sec.
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FIG. 7 TEMPERATURE DISTRIBUTION IN THE SEMI- INFINITE SLAB PROBLEM
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TABLE IV

HEAT FLOW FROM SEMI-INFINITE SLAB

Time (sec)

1.26

1.81

2.65

3.85

5.63

8.21

12.06

17.70

25.97

38.02

55.75

81.76

119.93

175.44

200.00

Qtot (Trump)

-119.42

-146.12

-178.93

-217.69

-264.69

-320.90

-389.63

-472.82

-573.36

-694.20

-841.12

-1019.00

-1234.40

-1493.20

-1594.30

Qtot (Analytic)

-126.56

-151.86

-183.56

-221.43

-267.69

-323.39

-391.79

-474.75

-575.00

-695.73

-842.50

-1020.29

-1235.71

-1494.59

-1595.77

37



www.manaraa.com



www.manaraa.com

a
LU
a

o

<
lj

3
Q.

-
o

a
or
d
an

II

II

II

H
i|

II

II

II

II

!!

ii

M
ii

ii

ii

ii

H
ii

ii

ii

n
ii

• ii

-Ml
r- it

o II— ii

>* ii

in ii

v i|

o II

— ii

ii

• ii

o ii— ii

-in
on
00 M

II

LU II

I- II

— II

z II

— H
Li- II

2:11— II

I II— II

2: II

U- II

LO II

II

Z II

— II

II

3 II

II

-I II

Ii. II

II

H II

«3 II

LU ||

1 II

II

I- II

Z II

UJ II

— II

OO ||

Z II

JO
z
o
o
LU
o

>-o

<ro>o

CM
O

I

LU

oJO
-JO<o
00 •

LU
Xp-
T in
I- CD

-J CM
LUCO
O .

s
c
-10
00

00
<o
LL

UJ
-J*
l_)—l
>-IM
U

3
K-C\J
Z
oc
Q.

(M
LUO
t- I

<LU
a. m

in
a —
LUO
t— •

P-

I

o
LUO
I—
<LU
or O

in
X —
:op-
_io
u_ •

r~
1

x

u-O

XLU
o-<
ocpo

oam

—— i- 1

el

DEO
O

CO

H-r
< o
ujin
I •
—

1

I

ao
LU
l-LU
00 Pg

CO
LUP-
X-*— po

LLiCM
2:0

oJO<o
l-OOO

CM

T.
LU

O
X
o
ae

ao
T •

LUO

z
Ul
o

<
LUO
I .

O

aC

Z
LUO
o •

o

zm
LUO

a—
Opo

in
i-o
<<»
LU •

loo

>
r-rvj—O
o<cao<o
uo
o

1-0
< •

51 LU
LU—
h-po

in
coo
>>*
< •

00

LLOOOOO————————————————————— pgpgpgrsi pgfMrgpgpg pgpgpgpgcm pgOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
00
CM LU LU LULU LU LU LULU LULU LULU LU LU LU LU LULU LULU LULU LULU LU LU LULU LU LU LU LU LU LU LU UJ LU LU LU LU LJ
pgpocoO-j-in^oOvOao^igoinp-ooopooooin—pnoo^oom—po—pooogjo— cmcmcmcm

H-oopgpogompogoop-inuoin^p-ooooocogopgo omo—-^r-o—mingo jo jjjp-K-h-p-p-
^-j-o^j-rPio— «j-p- — *oorvjoo>tco(Mp--^^cd^O'CNC-OOOOHm—————————

pg "i >} go oc—— pg cmi\j rn pn>t^-^-m in go>ig3p- 00 co00——————————— — -<—m 1 1 1 1 1 1 1 1 1 1 1 •tk(*it«t«|it(*(«i*ii«**t«
ac000OO0000OO000000OOOO0000OO00000000OO0000
u

pgpgpgpkjpgpgpgpgCMPgpgcMpgpgpgpgpgpgpgpgcMPgrgpgcMPgpgpgpgpgpgpg-————O—— pgOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
I III
LU LU LU LU LU LU LULU LULU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU OJLU LULU LULU LULU LULU LULU LULU LU
tnO— pocogsooopg^po —00mm —o—poao>f popoco^p-—o<jOp\jcm—-oin— pgp-gjpgp-inmOOOO —<M^r~0>i- O^f —O ooeoo— ^^-oc» —popopgooOOpopgaopg<copo — gjincg
pooo<ro-opg n">~tor"-rooopoo joroocoincvjcoopgino-f o~opgo«j"inocov<o—p-gooo
•4, oooaooor^p«p~g3vOuriinm'<r .f ^-j-mpopoin-f-^fPiPvicg———aompg—— pgin— pg

OOO000000OOOO00OOOOOO0000OOOOOOOO00Oo0000
I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

— CM CM Pg CM
pooooo

I

LU LULU LULU
oopgino
aoooo—
OCO^QgO
poooooo

(MCM (M CM CM <\1 pg CM (M <MOOOOOOOOOO
LULULULULULULULULULU
o> cMomr--o>t-- com—pomr»o~r oin—

o

(M00 «$•O P" P0O ~0 P0O
cop-p-p--o>ommm»i-

CMCM CM Pvj PM CM PSJ CM (M CM fM CM Pyj Ps| P0CM CM -^———O—— P\lOOOOOOOOOOOOOOOOOOOOOOOOOO
I I I

LULJIULULULULULULULJLULUUJLUIIJLULULULULULULULULULULU
po— pg^ 00 nJ- m ro 00 ^-p-— vO pg<M —<mm- c\ip" gj CMp-m
aocoo—^0.00— popopgaooopocMoopggoopo— <ompg
©poooompgooopginoNj-OvOpgo^inoooNO—r->ooo
•4* «* -4- pn po pa in gf- j* pn cm cm—————aom pg—— pgm— pg

00000
I 1 I I

OOOOOOOOOO
I I I I I I I I I I

OOOOOOOOOOOOOOOOOOOOOOOOOO
I I I I I I I I I I I I I I I I I I I I I I I I I I

——— CMP\iPgpgpgrgiNCMCMpgCMpgr\jpgpgpgpgrofOporompompOPOPOmmpOPOc*popOC«"ipopo
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
uji 1 1: tiLU 11 -i 1 i^i . 1 1 Hi , 1 1 1 1 1 hi '

1 1 m it. ill 111 m m,ni hi 11 1 11 1 in :tJ 11 1 11^; 11 ill in m in m i|i 'n^n 11 1 1 1^ nj , 1 .

1

-o cm •+o —' 00om po «^ go a* pgm p-o 00 -o cm jo -4-— 00 p- go oc pgo ~*p- od^o— ><•o r~ g-oo
tj-ocmo^ooomcMO^mONj-ooo——lOaomo—op-^omOpr.p-cm— mp-aeooox cj>oo
o^c^cT^p-—tncMvOOpn^oppi-oo^— >tp- ^mL^vOp-p-ccooocoocoox o>, o> o,'CTcj> c-oo—mo— —pgpgpg mpn 4- ^vj-mmmmvOsO -0—.^———————— ppmoppipo p-p-h- 00 or

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0000000OOO

zoo000000000000000000000000 0000000000OOOOO
j000c 0000OOOOOOOO000000000000000000OOOOOOO
o

opg
—

o

I I00
CM—
gjppi

l-OO
Ovj-pg
c • •

00
I I

a —co
1 loc
pplp-

po JO

CM————————————————— -^—————— —4pg pgCM PvJPO m>t mOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

I I I I I I I I I I

OCO OOOOOOCOOOOOOOOOCCOOOOCOCCCOCOacCOCO
ooooocm—>f 00 pg^—pp, ocmm soomppmo00 >* onmcm— pg jo p-^-pp >cpp mgD >j-Nf p-

p-ooooinorpiin-*-— in go in -*«$ in pgp- to- ct a- — og3cnoopg>c—pgeopnr^op-in aoin^
OO'J-nhmoo— stp-O— pp,mgop-ooooooocp-g3pp,op-pp ogomoopggjmm, .j-p-—mg;
gj——— pgPMf\immpP|rPis}->t ^sj-^ J-^sf^ >fgp -*•<) rrpn ro^J CM— —4 00 m"l —^ — Pviin

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 00 OOO
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

—o000co00000000000000000000000——--cm pnpo >tOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOO
II I I I I I I I Icococcoccoc coccccccncocccccccccococoooc
00—oor^pg— pnr^OpgPvioocMCMcrj—— cj'mcM—oeo—mm^mgopoh-ocgj—po—pnp-
r^rMi^ooocpp^pnp-oOcoppip-oogifOP-eoaDOm^vppgpgpgpgppipgp-—mpgp^i^om—
o>t^^p~o?o»ocri-po^gop-aocroooooon g3 rri—oompsiov mopggoo> pgov «— p-

incc—— —pgpgpgpgp^pPipnPMrnrom^^gpN^-^pnroropPipgrgpg———p-^-pg— roCTPggr

OO
I I

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

p-——— pgpgpgpgpgpgp\ipgpgrgpgpgrgpgpgpgCMPgpgpgpgCMpgpgpgcMCMCMpgpgpgpgpgpgpgppipn
OOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OC OCOCOO OC DOoc c cac OO OC OCODococaoOO CCOO CO

c

a—-opg^o—aoomppi^gjocMmp-crcxDvOPggoo'-r— po—o-OP-^^mm^ooogsp-O- 00
s:cr ov aomo~coNompgcvmo-*'Ooo—— oooinog^ooropoco— crmdc-J-oDP-pggjoc cj^co-oo
Luo ooomp-—mcj'pg>o0 ro >oopo«oco"—vtp-omoopgmp-o—pp>*-vOp- 00000 0000
1— po—mo—— pgpgpgpopo^t >!»$mmmm go gj>op-r^p-oo ocoo0000 000000 00^—
00000000000000000000000000000000000000000

Lu— —pgpo-j-mgop-oooo—pgpo^-mvCp-ecoo-pgpogrm>op»oooo—pgpo>rm-r)p-oDoo
CO 1

———————jpgpgpgpgpgpgpgpvjpg pgpopOpoporopopopopOfO^-
O
Z

38



www.manaraa.com



www.manaraa.com

D. CYLINDER PROBLEM

An infinitely long cylinder of unit radius, with a unit surface

temperature, is embedded in a medium with a zero initial temperature.

TRUMP is used to calculate the temperature distribution in the medium.

All thermal properties for the medium have unit values. Results are

compared with an analytical solution.

1 . Trump Solution

The input data are shown in Figure 8. Because of the geomet-

rical shape of cylinder, the symmetry type indicator, KD, in BLOCK 1

is selected as 2. Maximum problem time, TIMAX, is made 50, and the

medium initial temperature, TONE, is set to 0.0. Also, for temperature

accuracy, TVARY, is selected as 0.05. In BLOCK 2, unit properties of

the medium are defined. Nodal point locations are chosen so as to be

able to compare the TRUMP solution with the given table in Reference 5

rather easily. The zoning of the medium is shown in the figure below.

1. /

2 .4 1.6 24 3.2

2
N ]\

24

-^ > ^

\
30

I3|

N
34

K
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In BLOCK 4, the arithmetic mean average radii, DRAD, are used to obtain

correct nodal volumes for cylindrical shaped nodes. Actual node inter-

faces are used as interface radii, DRAD, in BLOCK 5, to obtain the areas

of the connected interfaces. In BLOCK 6, zero-volume surface node,

node -1, is connected to the boundary node with a heat transfer coeffi-

o
cient of 1.0 x 10 , and geometric factors for external surface node

area are defined. Computer running time for this problem was 15.46 sec.
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TABLE V

TEMPERATURE DISTRIBUTION FOR CYLINDER (TIME = 50)

R T (Trump) T (Analytic)

1.0 1.0 1.0

1.1 0.961 0.963

1.3 0.897 0.898

1.5 0.842 0.843

1.7 0.794 0.794

1.9 0.751 0.751

3.0 0.574 0.574

5.0 0.382 0.381

7.0 0.261 0.260

9.0 0.179 0.177

10.0 0.146 0.146

20.0 0.016 0.016

30.0 0.001 0.001
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E. SPHERE PROBLEM

A sphere with a unit radius and a unit surface temperature is

embedded in a medium with a zero initial temperature. The temperature

distribution in the medium is calculated using TRUMP assuming all the

thermal properties have unit values. Results are compared with the ana-

lytical solution.

1

.

Analytic Solution

r-1
T(r,t) = erfc(

2
-)

2

.

Trump Solution

The input data from the cylinder problem can be used to solve

this problem if the symmetry type indicator, KD, in BLOCK 1 is changed

from 2 to 3 to correspond to the centrisymmetric geometry. All other

input conditions are identical with the cylinder problem. The computer

time used for this problem was 11.61 sec.
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TABLE VI

TEMPERATURE DISTRIBUTION FOR SPHERE (TIME = 50)

R T (Trump) T (Analytic)

1.0 1.0 1.00

1.1 0,89 0.90

1.3 0.75 0.75

1.5 0.64 0.64

1.7 0.56 0.56

1.9 0.49 0.49

3.0 0.28 0.28

5.0 0.14 0.14

7.0 0.08 0.08

9.0 0.05 0.05

10.0 0.04 0.04

20.0 0.00 0.00

30.0 0.00 0.00
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F. TWO DIMENSIONAL PLATE PROBLEM

A rectangular plate, 40 x 20 cm, has a thermal conductivity of

400 cal/cm-sec- C, a density of 1.0 g/cm , and a heat capacity of

1.0 cal/g-°C and is initially at 0.0°C. Three sides of the plate are

maintained at 0.0°C. The upper side of the plate has a temperature

distribution that varies sinusoidally with x, starting at 0°C, reaching

a maximum of 100°C at the midpoint and decreasing to 0°C at the outer

edge (see figure below) . The steady-state temperature distribution is

calculated in the plate using TRUMP. Results are compared with the

analytical solution.

y

"

H
It

T.= lOOSint^o*

T=0°C
40cm

x

1 . Analytic Solution

T(x,y) = 100

TTy

Si"h(-^)

Sinh(-y)
Sin(JL*)

40

where ^x ^ 40 and ^y ^ 20
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2 . Trump Solution

The input data are shown in Figure 9 . Because the boundary

conditions of the plate and the plate itself are symmetric with respect

to the plane at x = 20 cm, this symmetry plane is assumed to be an in-

sulated surface. The zoning of the plate is shown in Figure 10. In

BLOCK 1 of the input data, IPRINT, is selected as 9999, so that print-

outs are obtained only for the first, second, and last time steps. To

obtain a rapid conclusion to the transient problem, TVARY, is selected

as 100.0 C. In BLOCK 4, instead of using a very large number of surface

nodes for sides x = 40 cm and y =
, surface node -1 and surface node -4

are used, respectively, in order to reduce the number of the input cards,

and in BLOCK 6 they are connected to the boundary nodes 2001 and 2004.

In BLOCK 7, the boundary node temperatures, and in BLOCK 9, the initial

temperatures of the surface nodes are given. The computer running time

for this problem was 28.71 sec.
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TABLE VII

TEMPERATURE DISTRIBUTION FOR TWO-DIMENSIONAL PLATE IN STEADY-STATE

Node Number T (Trump) T (Analytic)

1 0.26 0.27

5 2.17 2.23

10 3.34 3.41

11 0.79 0.81

15 6.57 6.71

20 10.10 10.30

21 1.35 1.37

25 11.14 11.37

30 17.13 17.45

31 1.93 1.97

35 16.02 16.31

40 24.63 25.03

41 2.58 2.62

45 21.32 21.65

50 32.77 33.24

51 3.28 3.33

55 27.19 27.53

60 41.77 42.26

61 4.08 4.12

65 33.75 34.09

70 51.84 52.33

71 4.97 5.01

75 41.18 41.49

80 63.24 63.69

81 6.00 6.03

85 49.65 49.92

90 76.23 76.62

91 7.17 7.20

95 59.36 59.58

100 91.12 91.45

53



www.manaraa.com



www.manaraa.com

O
u
o

>-0
a.©10
>o

in

o
1

-10
-J-O

LO •

at
U' 1

cr
2
L

LU I

c

a

aj

<l c.

c —

13 I

a 2
- >—

r c
c: 1

c
u. -*

5 H-

o

u
XC
so
1-0
_jC

(_ •

3.

o

I..

LJ

1/1

00

L. I

l_'U\
>-

o
LL'O

«ui
a vD

O
0.0
* m
LfCO

IN
u o
<r-

xo
~r\J
_jm
u •

_II\J
a —

t

ru.1

C rvi

a it.

u o*

o.a>
> •

LL<m

u —

.

00
t-cr
<• r-

X •

(M

O
2 O

Si <->

»— in

a

u
a.
a

Q-O
* •

U-O

L'-i

wo
I •

o

<3

a

o •

uuo

Z'u.DC
orn
m

Kin«o
u •

>-

I- IV
"O
<_•

« c
LlO

OO
O

\—o

o
CL

Co

u
ociooooopodooooocodooooopocooooooocloooooooooo

ttcuuoMooooaoomooooooowuouDclwoCiuoiJtuJoogucooMoo

»»i o 1 f> 1 r«> 1o 1 (T) u- ^- frjn 1m «^ ^ ^- »r ^-^ <j- ^ w 1 «y^ ^y^ ^1 •j- ^^^ (t \ %»- ^-^<» ^-^ ^- ^ »ym^>j- ^-

U UJU U-'U U U U-U UIU L> LLLLiL-U.LLLUL- ULU'U U.U.LLUIU U1LL.UU L'LJU L. U-U-L. L. U LLILVLL

>Of"-*r\ioo>oifMnooHo-*T'~njeDp >^^o* >o rft (\j >r u><\i ai cr in in troD^irootcu in r»«r- in f\j<\jrvja* *r
#-< a»>oro>«cra)oo>q^Lno>rr-O^J^^oor«io>orvjr-iH^t^ooou^fvjoH<To»>t'«aD>t>o^(N--i
•-<< ,>J<j'>O'*"0u<7, 4-i^-ia^(M^i-< -H >^rNj(\jrvjc\j^^i^ >^Cot\j(r^(^pri(<i<\jLO«-''\i(\)r'irri'4- «T>}-rONO'-<fsj(^

oooocooooooooooocaocooocogooooooodoooooooocc

_ ,—I_I ,-1- f\J <M l\J (\J (\| .-I 1—1 fSJ CM f\i «\J <\J l\lIM <\J —> <Ni (M <^ <\J OJ INJ (\J I VJ f\l r-l t\J (M f\l I \J t\J f\J C\J (NJ (MI\JlVfVf\J
OUCOOC'UUCUtJOUOUUOt'CJOOOt'OOUUCUOOUOUOC'OL'OUUOCU
LL'LUU U.LL U LIU. LLUILUU LL L. Ll_ UJLL UIL' 'U. ujb J I 10. UiUJ U U- L. U LL LL LUL U Li. LLL LjLi L.'UULL,
t- f»- -J c* vO ^O Cj in .-1 -tf-—1 <T~ P~ rr\ f>- h- -hOCOO f\J IM >0 <0XOLO >0 <^J -J" t^ P* ITi in00 >$• h- INJ >J- —>C Lf> Lf> -h
vt^"^rw r~^>rr^oi^^r^>t^(\jrw Ln^(^-^aDOfvjooLnpgLn^i^ir\^or^Ln^o^(NJOiricT><)(\jsO
o—i--iov 'Ot'-, «Mrrifr'-- ^-ifv^vOOsj-r^crof^^^tri^-fvjooro^Coor-f^f-^Nj-Lrv^-^sOooooooD
^-1m in <c 00 —4 —1 —1 _i —1 r<i (T> t-« f\j <\j «»>mmm j- in—i cj <r\ -^ inm >o >c -o r~ f^J co in<o r- <x>c o* tr r-i i»~lo>o

j- • •

oocooooooooooooocooooocooooooooooaoooooooooo

_4—^r-i ^j -*" i\j r\j fvi rsi inj-^ ~+ r\j (\j eg c\j fsi f\j(\j cm ^-< tvj <\j <\j i\j f\i<\j cm t\j p^ —< (\i f\j r\i<\i <\if\iiM(Njfvj<\j(\n\ii\iOOCOOOCCOOOCOCOCOOCCOCOCOOOC OOOOCt'COOCOUOOOP
Li LLIU'L 'JULULL IL 'J. L tL-LLl U. UjI_IL.IL: 'U UJU. U_L :U U.LLCJU.UJU LJU-U 'I'JU. JjO-U. L Li. U LL L
r-P^^nCTvOsCOtn'-'^'iNCT r^r^r-r-^^HaoonJiM^NDOcom OfVjNj-r^mmLr.cc ^p^im-j-—'ololt —

<

^•^^r-r»^^f^crnr^rp-t^(\jr^Ln^i^-^a5 0^ocLriiNiLn-4-ooLnpoof^ir.oc^rsioirirn>oi\i'C
O -4 i-»cr ^oo —irofrim <-<-4- in —< -oo ^^-CT'Oro >c oin-i imco m^acr^r^^ •-<•*• it.^-^cxcr oao
^-fiLT'sO®—.•— >-i .-i-^r tT.~< cm i\j fri ir mm^m^j <\i fr\>j LOin >co>c^,-iM(*N Lrv>or^cocT-cj, tT-J r'"ir. £
:.. ..•..••..••.•••.••..«.•••.....•.... ......
OOCLCOOCOOOOOOOCCDOOOOOCCOoCCOtCC OOOCOf OOOC'O

<l
a

iOOC OOt UOUOC/l;OOUOOOPOOOIJ(.'LOOOOOOC uw ooooocouc
U.OOOOOOOOOOOOO&OOUOCOOI CCOdC ococ 000000c ocoooo
o

crotTooocooouoDOLaDLTonaciaoooaoa aooccotT-coaoocoLcoaoocxocOacoc ocxoooococcooo^oool so
f^fTirr- p^.mmi^wmt'im^if0fi,f"i»immr,rO(Amrmi^^i^i^Mmromiomnwn"miriwi^(<ii<, rn

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

c oetr.oor.ccor cocrtrrcccoocooroocff oncccr crcoc c
r-rrivcof--Lr, mr^ir ,.f\j.j-ui o^r^riy(> I-(rJa ar^ffir Nj-or-f'--<j-<N<\ioc--«c,''rim°3'v<\i-iJ_>-io
ODsOCT rn^vO—'^H-O^mrocoinmf". fitVf--sOsOl^aooo-4"rri>-i-Occ^ON —iLnr~^.i\jxir -J c\im cr —" cr

t— LT^LnorM<^l^'^f^Lnr'^-a, vL(NjOC^OCoOn"u^vL/Lrf\i^L)ocQOa^<Njr^»jr\jo
c^^Nfr^f^-^-j^-^j-^-^^^^por-ii^-^^r^inLTir^^^^i^vor^r^^r^irjisj^Lrr-roc^^Gc^^^vr
o»« ..••••••••••••.••.••.••••.•.
OOC OCOC'C'Ooroooc000000000000OOOOOOOOOOOCQOOOC

mmfvjrvjrg
OOOOO

I I I I I

UCL( C
msoor»Lr\
sOLTrO-fivO
OUlOIM-f
^ r- —1 ^-1 ^-<

i\jcm

C C>
I 1

(-JO
Lnr^
•—im

or

<NJI\iro

OOO
I I Ioao
intM-r

r-r-L<>
.

—

< - . r

f\:<\l<M<\J

oooc
I I I IUOCD
cLo^rr-
r'coinro
ft—itr-O
•"HCNJINjr"!

IMfVjfM
OOO
I I I

OC CJ

fMiNir"
OC 3

I I I000

Pvjf\J(\|IM

oc or
I I I I

C;QCC
ao^CTCT'

u rr LTv -C
iNjrn^rn'

IMIMINJfsJ

ococ
till
UUQL)
^ror-r~-
rr\*-< sOco
tnfv^ao

000
I I I

c 00
>ti\ii\j

r^cr--*
oocl-t
r-aL'(M

(\J(MINJ(\I

o or.c
I 1 1 1cooc

(M
-\jr~— im
•j-Lf.r^ou

INJfMfSJ

OOC
I I IULD
r**0L>rM

corner
O-iJCT
LTU-LT

(\jr^i\j<\jf\i

C'JCOC
I I I I I

UQC.LU
INJ^ >-~-*0'

Cr cc oor- ,-n

CT £/" <^>r ~c

0000<>« COOOUODUOOOCOOOOOOOOC CouuOCC'Ol OOL'UOL(.i'

L_ o^--^^^^^^<-'^^^^"^-^'^^^^^^iNj(\ji\l(\Jr^i\j^^^^r^i%ji\jrsj(Nj(Nii\j--'«rj(Ni
r OOOOOOOOC-OOOOC OOf iOOC r-i DCOOOOCOOOOOOOOOCpOCCC
QOOC OOC CODDCCDCIODCC OOCLOCOiOOOCDCt 'LODCDC OC OOC

lXCT^ocdLnc?l l-'C7•o> <^)^L)U> C c^ ^''0orv'r--*-c, OLn<-Lr-*>fin.>j, '^->—|fTl>J'Cf*-C^fM^O•J•'- •—"^'miv-OLT
> >- lt r~ ^- >t/ >r xj- 1 in ro(\i >o vt co vo otmlo ^r —">» o-o •£—<o-cac r~t-irr. in r° coc r- o°c C ifiNCtr—

i

'.! v£;r^rsjf^-Hmccc.f\JfMJs r^ccf\., m'O^Orocoo rr'OmO*»—iro^iONC^C*" »T f\l>c cc *-< nj >j- ^j-^n sCiNjf*-

^ p^ r^ —1 ^, t\i <\. (\i i» 1m fi r^ inj ci l<> ^c r- cc u< tr >-< —' ^T *c cl —< •—•>-• -h r-<—' •—i u \ cr •—i—
'
—

" im r\j r\i i\j(\jr--Hi—

i

ouocooooocxjcoc oooooooc oooc oooococ dooooooc OOC

u_ ^rsirn^mvo^-oocf C"-, i\.iro-J'm<Of^ cooN C"-"M'ri
,;'''ri,o^oc.<7'o^iM'^s*,m>cr-cctTO-jivf^ ^t

^Ht-<-^-<-^-H-H^-i^t»-<fVfM(NJt\i'M'M(V(NJIN)t\)r<^l<'. (*MT> l*vn f*M""if m ^ -J- >f nJ
-
-J

O

54



www.manaraa.com



www.manaraa.com

o
00

:
00000000000000000000000000000000000000000000000000000000^0u«..«....»..«..».t..« •«••»•««»»•••• • ««••••.••.« ...........

ttijiJt'UticiuuoiJULlooUooooooowiJOUcqoowootioiJiuoowoooaotJwooouo^i.'oowj

j
I

U U u-lXJL. U'U UJU U ILIJJL L' U V U.IILUILUU U. U U. U. UIL U. 11 L. U'U_ LI'll ,U u L. U-U'Lt U.1U U I.L.U.LU Mil UliU at
%C^h-NC"«^tl, ^covo^H <o >cr-cr^o* ,—O^ao^'^ircuoOO^'^'^'^Otf^^^—<f*r^(c^%c<or^<r/<)r^u^*r^h— >-<^-ootrr\i>(j
ooinfMH^-<f^«-<—<i/,

<o»aorM^\OfMt~r-rMr\)r\j-TCP'«j'tJo-4in rM**rrM^r,i<-i<u^inr<^u>irfMo^^inrM^fAJOrocr'f\ip»cu.j-.-<
I*- ^cDNfriow ,''',iUD(fiu, <-ii«itr>r t\io<u^o<^>o(s-ujrrio<icsj(*-—<iri>t»a.oui^«ro>i'f>-orvj^->T(X)»-ujif\f<gr-ooouoo'r'0>^
pri%r .juiin«r 4)—*rvrnpri^>ru^u'\rnin^rMrMrn.^<>T>r«^^>-<^fMf\jrp>po^rn

ccooooooooooooooooooooooooooooooooooooooooooooooooooooqooo

r\iCMpriPHpnpnr>jrMrM<MpnPnt'npopnr\rM^fMrirm,r'mipnfnrMr\i»Mpop»i^^
OUOOCCigO(JUl100(JUUUOC'UllOt)COUC.H;OOt'OOtlOOOCWl'Ut»OOOOUUt'OOOOOOUM^

I tUUUULU 'ilLU-U.Li ki|L'U Ul^UiUU-'ULlitiU U.U. LLLUU- t, UiU-U-'U U UJU..U. L. U LI U I— U..L li 'Li .i_ U..U LULL L. u. LL LL U U
cs ®o>j'(r^Hi*ioD>oecf^f»>ocflDO'i-' -<n^^)o>hCi-h(viJ'oo^ in p^ov Po^f^oc7*cooco*o^f^in^c^oo.tG^C-»'Or,-oc in «!>*••£
fvj on (\j^<r--H»-<o <-''» aDr^f\i.t^^<^^^<oiroor~rsjfvjr~crpv)opj^(\i >o^>o<^<rror~(roo^OPvj^-^^Orocr'^''^oc>'--'r-i^-j''— s

in O- r-t (M rsjm pfiC ^- r-o fM -d
- in© -O <C CO sOm in p«- CT-OOC CTir- ro •« O* —t f\ -t in (*> —* «-> in C7*m »o 00tTo °0 U"\ f^ <T pp>p~-<pr\in<Oin(\i

odc —4 .-••* i—i —*m -o oo ^j .-i .-i —< •-< -* w-> >}• p- —" i-i—i -< —* r\i <m f-i in a* -j —< —i cm r\i r\j fvi f\i r~—>
*-«' -< (M f\j f\i fsi f* fNjoo.-4»H{\jp\jr,T<ip<iPOcci—

i

I • ••••••••••• • «

oooooooocooooooc oooooooooooooooooroooooooooooooooooooooooo

<\i <\j r<~\ pom r" r\i f\j <\i «\i pr, fipommm rsj rvi rvimm rr\m pr en pri <\j <\j <\im pri <n rofOrnrncy^ro^^f^rTir^rot^rvjrvjrfif^rrifnrorrif^roc^o:.
C ooooooor ocoooooooooocc'ooc c oc oooooooooocoococooooooocooo<v<n

i i

Li'UilL LUU-LI,U -L.U.U LUUlU'U.'U.'U UUUJU LL IUL.IL'11-U L.'Ua.UJ41>U:lL'U'U :U.< lUU'U.U LULLU-li-L-L'-'llU.U'LL.L lUlLtm ILL' U L
cr flco^-oo—mcc -ocor-r<~icooco, -Hi-"(sj^->ooi-| rri—.fM.toOvOinr^o^p^^r^ocTcoocG.oinccNO>t fj-co ^j-o^c j-c^cciAir ~t >c
r\i oo fM —* r- •—< i—coO «J oc p~ <\i -4" (M P- f"i in in ao m. 03 r- im r\j r» fj rsjo f\J ~}" <\j -0 -J"o p*i &• r**i ^~ O0D(^JOfM^-^J'Of'^C^—'r^oo-^r-in^-i—iO~
ir>C?i-"M(MPr>fr>0~ J' r^ofM^r in -O vD -O eo rj-O r^ m r-o^oc C7 <3>r-ro>Ofj'i-'fri^inrn-ji--<inC7'(,i^ooo~ocDmmO" mh-i-irnin^irfM
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IV. CONCLUSIONS

The adaptation of the computer program "TRUMP" to the Naval Post-

graduate School IBM/360 Model 67 has been achieved, with success.

Analytical temperature distributions of various transient and steady-

state heat conduction problems compared very well with the results

obtained from TRUMP. The complete adaptation has not yet been estab-

lished, however. At present, punched output and plotted graphs have

not been obtained. The computer solutions of the example problems did

not require the use of subroutines CHEM, GEN, and FLOW. Thus, the

adaptation of these subroutines is yet to be evaluated. Since, the

accuracy of the solutions are dependent on the zoning, this effort can

be reduced if an existing program "FED: A computer program to generate

geometric input for the heat-transfer code TRUMP" by Dale A. Schauer

Reference 4 is adapted to the IBM/360 Model 67 version of TRUMP.

The example problems presented herein will provide a useful reference

for preparation of input data for future problems.
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