CHAPTER IV
PROGRAM TESTING

4.1 Test Program I - Unsteady-state of Heat Conduction in an Infinite,
Parallel-sided Slab (Parabolic Problem)

4.1.1 Problem
This problem is to solve for the time-dependent temperature of

an infinite parallel-sided slab (0 < x < L) with the initial uniform
temperature,00 Both sides of the slab are subsequently maintained at a
constant temperature,©1. The temperature, 0, inside the slab is found at

different time and position.
The heat conduction equation is
a2 _do 4.1
Yoxi ot 1)

where a Is the thermal diffusivity, k/pCp
By defining the dimensionless variables

Xonfy 165 t2)
g ‘Z—f (4.3)
X =% (4.4)

The problem can be rewritten as that of solving

g1 0T (4.5)
dx2 Or

initial condition  T=0: T=0for 0< X< 1
boundary condition T>0: T=latX =0andX=1
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4.1.2 Method of Using Program

» Select one dimensional parabolic equation

SR Click Next
Figure 4.1 Selecting the type of equation for test program |.

» Select a method and enter all necessary values

Put in all
necessary
values

Click Finish

Figure 4.2 Selecting a method and entering all the necessary values
for test program .
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4.1.3 Results

4.1.3.1 Numerical Results
The numerical results are shown below in the tabular
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Parabolic Equation
a(0°1/0x") = (8TIdN)
a=1 indal Condition
deltax= 0.1 Time=0 T=0
Length ofX = 1 Boundary Condition
deltaT = 00125 x=0 T=1
Maximum Time = 0.125 x=1 T=1

FrequencyofX = 1

FrequencyolY = 1

Numerical Result by using Implicit Method

x
0. 01 02 03 04 05 08 or 08 08 1
0 0000 0 0 [ 0, 0 0 0 0 0 0 0 ) 0.0000
0.0125 0.421 0 178 0.076 0.037 0026 0.037 0.078 0.178 0.421 0.0125
00250 0593 0325 0.174 0 101 008 0 lot 0 174 0.325 0593 1 00250
00375 0681 0431 0267 0178 0.15 0.170 0267 0.431 0681 1 0.0375
0.0500 0734 051 035 0 257 0226 0257 0.35 051 0734 1 0.0500
Time 0.0625 0.771 0.572 0.423 0332 0.302 0.332 0.423 0.572 0.771 0.0625
00750 0.8 0.623 0487 0.402 0374 0.402 0.487 0.623 08 0.0750
00875 0824 0667 0544 0460 0.44 0.466 0544 0.667 0824 1 0.0875
0.1000 0 844 0704 0,594 0524 05 0.524 0594 0.704 0644 1 01000
0.1125 1 0861 0.737 0.638 0.575 0.554 0.575 0.638 0.737 0.061 01125
0.1250 0877 0768 0.678 0.822 0.602 0.622 0.678 0.766 0,877 1 0.1250
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
X

Figure 4.3 The Microsoft Excel numerical results for test program |



4.1.3.2 Graphical Results
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Figure 4.4 The MATLAB graphical results for test program I at
time t=0.0125 sec.

Figure 45 The MATLAB graphical results for test program | at
time t = 0.0625 sec.
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Figure 4.6 The MATLAB graphical results for test program | at
time t=0.1250.
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Figure 4.7 The MATLAB graphical results for test program | at
time t = 0.1875 sec.
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4.2 Test Program 1 - Unsteady-state Heat Conduction in a Long Bar of
Square Cross Section (Parabolic Problem)

4.2.1 Problem
This problem is to solve for the temperature profile of an
infinitely long bar having a square cross section with the side of length 2a. The
initial uniform temperature is oo and then suddenly the side surface is
maintained at a temperature,©1 The subsequent temperatures, 0(x,y,t) inside
the bar will be solved for. If dimensionless distances X, times T, and
temperatures T are defined by

0-00
01- 00 (49)
X.a (4.7)
= (4.8)
at 4.9
— (4.9)
It may be shown that the unsteady-state of conduction is governed by
2T d2T _ dT (410)

~dXT + ~dVT = ~T

Let the initial condition be:
T=0:T=0 throughout the region
Let boundary condition be:
T>0: T=1lalongthesidesX=1andY =1
QTie*X = 0 and ST/OY = 0 along the sides
X=0andY =0, respectively

24
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4.2.2 Method of Using Program

e Select the two-dimensional parabolic equation.

Lo 10 ]

PDE Solver with Insulate Heat Transfer Problems

S G Click Next

Figure 4.8 Selecting the type of equations for test program 1.

» For test program 11, there are two insulated sides.

Figure 4.9 Selecting two insulated sides.
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*  Select the position of two insulated sides at x =o and y =0

i position
fed sides

h Click Next

|

Figure 4.10 Selecting the position of two insulated sides.

« Enter all necessary values and boundary conditions

Put in all
necessary
values

Click Finish
Figure 4.11 Entering all necessary values for test program |1,

26
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4.2.3 Results

4.2.3.1 Numerical Results

The numerical results are shown below in the tabular

form.

Tne=0
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Figure 4.12  The Microsoft Excel numerical results for test program

Il at Time t

0.05 sec.

i =%

4.2.3.2 Graphical results

Figure 4.13 The MATLAB graphical results for test program 11 at

Time t=0.05 sec.
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4.3 Test Program 111 - Steady-state Heat Conduction in a Square Plate
(Elliptic Problem)

43.1 Problem
The problem is to solve the steady-state  temperature
distribution in a square plate, one side of which is maintained at 100°Cwith
the other three sides maintained at 0°C as shown in Figure 4.8

X T=0%C

T=0C

Figure 4.14 Heat conduction in a square plate.
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4.3.2 Method of Using Program
» Select two dimensions of the elliptic equation.

H B Click Next

Figure 4.15 Selecting the type of equation for test program II

e Select the method and input all values.

hethod
P ] |
B Input all
p
e values
P |
(]
L

B (i \ Finish

Figure 4.16 Selecting amethod and entering in all the necessary
values for test program 11,
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4.3.3 Results
4.3.3.1 Numerical Results
The numerical results are shown below in tabular form.

| | Elliptic Equation

]—E a(d2T/dx2) + b (a2r/ay2 = Const
5 a=1 Boundary Condition
- b=1 il Guets T 0
Gl Const= 0 o T=0
rf deftaX = 1 x=8 T=0
deftaY = 1 y=0 T=0
Lenotn olX= 8 y=8 T=100
Length olY = 8
Frequency ofX=1
Frequency 01Y = 1
[
Numencal Reslt by using Gauss Seidel Method
7 o 1 2 3 4 5 6 17 8
8 o o ¢ o0 . 0 0 0 0 0 0
« 1 0 14 39 4B 48 4B 39 1L 0 1
Pl 2 0 3B o & % & 6 W . 2
It 3 0 oF 1§ LB b3 LB UE 64 0 3
2 40 1M BR BN 5 BN B ™ 0 4
» 5 0 DI BAB 307 F1p 0 BB & 0 5
6 0 &8 B I8 @B 18 B8Lh 28 0 6
70 83 616 A W BH G616 &9 0 7
g 2 0 0 0 »m m D w o 38
o 1 2 3 4 5 6 1 8

Figure 4.17 The Microsoft Excel numerical results for test program I
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4.3.3.2 Graphical Results

4 Figure No. 1 HF]E!
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Figure 4.18 The MATLAB graphical results for test program II.
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