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NUMERICAL METHODS IN HEAT CONDUCTION
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SS-T-CONDUCT Problem 1

5-28 Consider a large plane wall of thickness L = 0.4 m,
thermal conductivity £k = 2.3 W/m-K, and surface area A =
20 m?. The left side of the wall is maintained at a constant tem-
perature of 95°C, while the right side loses heat by convection
to the surrounding air at 7. = 15°C with a heat transfer coeffi-
cient of h = 18 W/m*K. Assuming steady one-dimensional
heat transfer and taking the nodal spacing to be 10 cm, (a) ob-
tain the finite difference formulation for all nodes, (b) deter-
mine the nodal temperatures by solving those equations. and
(c) evaluate the rate of heat transfer through the wall.

5-29 Repeat Prob. 5-28 using the SS-T-CONDUCT (or
other) software.
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SS-T-CONDUCT Problem 1
Solution

5-29 Prob. 5-28 is reconsidered. The nodal temperatures under steady conditions as well as the rate of heat transfer through

the wall are to be determined.
Analysis The problem is solved using SS-T-CONDUCT, and the solution is given below.

On the SS-T-CONDUCT Input window for 1-Dimensional Steady State Problem, the problem parameters and the boundary
conditions are entered into the appropriate text boxes. Note that with a uniform nodal spacing of 10 cm, there are 5 nodes in

the x direction.

&5 SS-T.CONDUCT INPUT [
File Properties Help
1-Dimensional Steady State | 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem ‘ Problem Problem Problem
Froblem FParamelters - Boundary Conditions
Grid Size (cm) = 10
Nodes in »_Direction = |5
Heat Generation W/m™3) = [g
Conductivity (W/m.K = 23 ! ; .
Srcict (v 23 - LenBC Fight BC —
& Constant Temperature ¢~ Constant Temperature
Guessed Temperatee (C) = Jo (" Constant Heat Flux Grid Size (" Constant Heat Flux
¢ Convection Environment

TO© =35

& Convection Environment

——
—at

h (W20 =13
T_Infinity () = [15

Calculate Temperature

By clicking on the Calculate Temperature button, the computed results are as follows.

r B
& SS-T-CONDUCT OUTPUT [
Tabular Ou 1 Graphical Output

-1-D Steady State Problem Inputs
Grid Size (cm) = |10
Heat Generation [w/m"3) = [
Conductivity [w/m.K) =[23 Eovasiant Loy
Tempevaiune vt
Initial Temperature [C) = [

Nodes in »_Direction =

:

T {Degrees Celsurs) as a tunclion of x (Melers)
% (m)

0. | o1 |
Tx | 9% 79.84

Close I

The rate of heat transfer through the wall is simply convection heat transfer at the right surface,
Quail = Qconv = hA(T, —T,.) = (18 W/m? .°C)(20 m?)(34.37 -15)°C = 6970 W

02 |
£4.68

03 |
4353

04 |
3437 |

Print Results To File
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SS-T-CONDUCT Problem 2

5-64 Consider a 5-m-long constantan block (k = 23 W/m-K)
30 ¢m high and 50 cm wide (Fig. 5-64 on the next page). The
block is completely submerged in iced water at 0°C that is well
stirred, and the heat transfer coefficient is so high that the tem-
peratures on both sides of the block can be taken to be 0°C. The
bottom surface of the bar is covered with a low-conductivity ma-
terial so that heat transfer through the bottom surface is negligi-
ble. The top surface of the block is heated uniformly by a 8-kW
resistance heater. Using the finite difference method with a mesh
size of Ax = Ay = 10 cm and taking advantage of symmetry, (a)
obtain the finite difference formulation of this problem for
steady two-dimensional heat transfer, (b) determine the un-
known nodal temperatures by solving those equations, and (c) de-
termine the rate of heat transfer from the block to the iced water.

8 KW heater Insulation
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0°C 0°C

10cm
10cm
|
Insulation

FIGURE P5-64

5-65 Repeat Prob. 5-64 using the SS-T-CONDUCT (or
other) software.
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SS-T-CONDUCT Problem 2

Solution

5-5

5-65 Prob. 5-64 is reconsidered. The unknown nodal temperatures as well as the rate of heat transfer to the iced water are to

be determined.

Analysis The problem is solved using SS-T-CONDUCT, and the solution is given below.

On the SS-T-CONDUCT Input window for 2-Dimensional Steady State Problem, the problem parameters and the boundary
conditions are entered into the appropriate text boxes. With a uniform nodal spacing of 10 cm, there are 6 nodes in the x
direction and 4 nodes in the y direction. Note that on the top boundary the heat flux is

do = Q, / A= (8000 W)/(5x 0.5m?) = 3200 W/m?.

Grid Size (cm) =

Nodes in x_Direction =

Nodes in y_Direction =

Heat Generation [W/m"3)

Conductivity [w/m.K]

TR

Guessed Temperature [C) =

lef BC
¢ Constant Temperature
¢ Constant Heat Flux

¢ Convection Environment

T =g

Calculate Temperature

(& ss-T_conpucT INPUT (o]
File Properties Help
1-Dimensional Steady State | 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem Problem Problem Problem
Froblem FParameters Boundary Conditions
Top 8C

¢ Constant Temperature
@ Constant Heat Flux

¢ Convection Environment

¢ (Wm'2) = [3200

Right BC

(& Constant Temperature

Grid Size

¢ Constant Heat Flux

¢ Convection Environment

T =10

Battam 8C
(" Constant Temperature
& Constant Heat Fluz

¢ Convection Environment

W) =0

By clicking on the Calculate Temperature button, the computed results are as follows.

The rate of heat transfer from the block to the iced water is 8 kW since all the heat supplied to the block from the top must be
equal to the heat transferred from the block. Therefore, Q = 8KW .
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By SS-T-CONDUCT OUTPUT [

Tabular Ouput 1 Graphical Output
2-D Steady State Problem Inputs PR
Grid Size (cm) = lw—
Heat Generation fw/m™3) = [g—
Conductivity [w/m.K) =23 Lot Lot

Temperatrs | Tampsratae

Initial Temperature (C) =

I 0
Nodes in #_Direction = | 3
I 4

Nodes in y_Direction =

Lot Hast Fley

T {Degrees Celsuis) as a lunction of x {Melers) and v (Melers)

% (m)
Tlxy) 0. | o1 | o2 | 03 | 04 | 05
y (m) 0, 0, 18.24 25.38 25.38 18.24 0.
0.1 0. 9.8 15.04 15.04 988 0.
02 0. £.23 986 986 £.23 0.
03 0. 519 83 83 519 0.

Print Results To File I

The temperature contour for this problem can be plotted by selecting the Graphical Output tab, as follows.

(5. SS-T-CONDUCT OUTPUT (3
Tabular Ouput | iGraphical Qutput
- 2-D Steady State Problem Inputs—— 2528 |
Grid Size [cm] = Im
2343
Heat G ion A A3 | 7
eat Generation R ate ] =
b 2] o e 21.48
7
Thermal Conductivity [wfm. K) = |23 19.52
Fi
[~ 1757
Initial Temperature [C) = [n
I r
15.62
=
Mumnber of Grids in the »_Direction = |5
f 13.67
Mumber of Grids in the y_Directi | o
umber of Gndz in the y_Direction = | 4 11.71
r
& 9.76
5
& 586
=4
/ 3.90
=)
1.95
0.00
Close Frint Results To File |
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SS-T-CONDUCT Problem 3

5-66 Consider steady two-dimensional heat transfer in a
long solid bar (kK = 25 W/m-K) of square cross section (3 cm X
3 cm) with the prescribed temperatures at the top, right,
bottom, and left surfaces to be 100°C, 200°C, 300°C, and
500°C, respectively. Heat is generated in the bar uniformly at
arate of ¢ = 5 X 10° W/m®. Using a uniform mesh size Ax =
Ay = 1 cm determine (a) the finite difference equations and
(b) the nodal temperatures with the Gauss-Seidel iterative
method.

500°C é 200°C

N s o W7
t}ﬂ(}”{j

FIGURE P5-66

5-67 Repeat Prob. 5-60 using the SS-T-CONDUCT (or other)

software to determine the nodal temperatures.
Answers: Ty = 297.5°C, T, = 222.5°C, T; = 347.5°C, T, = 272.5°C
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SS-T-CONDUCT Problem 3

Solution

5-67 Prob. 5-66 is repeated. Using SS-T-Conduct (or other) software, the nodal temperatures are to be solved.

5-8

Assumptions 1 Steady heat conduction is two-dimensional. 2 Thermal properties are constant. 3 The heat generation in the

body is uniform.

Properties The thermal conductivity is given to be k =25 W/m-K.

Analysis On the SS-T-Conduct Input window for 2-Dimensional Steady State Problem, the problem parameters and the
boundary conditions are entered into the appropriate text boxes. Note that with a uniform nodal spacing of 1 cm, there are 4
nodes in each the x and y directions.

Conductivity [ /m K] =

Guessed Temperature [C] =

(& Congztant Temperature
" Congztant Heat Flux

" Convection Ervironment

T = |500

Calculate Temperature

(+ Congtant Temperature
" Congtant Heat Flux

" Convection Environment

B SS-T_CONDUCT INPUT =5
File Properties Help
1-Dimensional Steady State | 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Froblem Problem Problem Froblem
Frobiem Faramelters Boundary Conditions
o Fap 80
i) S (o] =N {* Constant Temperature
" Constant Heat Flux
et Toe e T4 (" Convection Environment
Modes iny_Direction = |4 T = oo
Heat Generation [w'/m™3] = [gag .
{ef BC Grid Size Fight 8C
25
200

T = |200

Hallam £

f* Constant Temperature
" Constant Heat Flus

(" Convection Environment

T = |300

By clicking on the Calculate Temperature button, the computed results are as follows.
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&5 SS-T-CONDUCT OUTPUT T [

e a—— N T T
Tabular Ouput 1 Graphical Output
Lovstant Tampsratrs
- 2-D Steady State Problem Inputs
Grid Size [cm) = | 1
Heat Generation (W/m"3) = | 5000000
Conductivity [w/m.K) = | 25 Lot Lot
o Tempevature Tempevature
Initial Temperature (C) = [200
Ul
Nodes in #_Direction = | 4
Nodes in y_Direction = | 4
Ul
Constant Tempevalime

T {Degrees Cefsuis) as a lunclion of x {Melers) and v {Melers)

il % (m)
Tlxy) 0. | om | o002 | o003
y (m) 0. | 500 100. 100. 200.
i 0.01 500. | 2975 | 2225 | 200.
002 | 5000 | 3475 | 2725 | 200
0.03 500, 300. 300. 200,

Print Results To File I

Hence, the converged nodal temperatures are
T1=297.5°C, T,=222.5°C, T3;=347.5°C, T,=272.5°C

Discussion The temperature contour for this problem can be plotted by selecting the Graphical Output tab, as follows.

B3 SS-T-CONDUCT OUTPUT . - @‘
Tabular Quput |
~2-D Steady State Problem Inputs —— 500.00 |
Grid Size (cm) = I 1
7 469.23
Heat Generation Rate [W/m"3) = | 5000000 e 438.46
L m
Thermal Conductivity [ /m.K) = [25 407.69
7
| , e 376.92
Initial Temperature (C) = |200
L
346.15
L a
Number of Grids in the »_Direction = [4
& 315.38
Ll o
Number of Grids in the y_Direction = [ 284.62
| r i
| e 253.85

223.08

192.31

161.54

Do~ 8 O

130.77

100.00 I
Close | Print Results To File
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5-10
SS-T-CONDUCT Problem 4

5-88 A hot brass plate is having its upper surface cooled by
impinging jet of air at temperature of 15°C and convection heat
transfer coefficient of 220 W/m*K. The 10-cm-thick brass
plate (p = 8530 kg/m”, ¢, = 380 J/kg-K, k = 110 W/m'K, and
@ = 33.9 X 107° m?¥s) had a uniform initial temperature of
650°C, and the lower surface of the plate is insulated. Using
a uniform nodal spacing of Ax = 2.5 cm and time step of
At = 10 s determine (a) the implicit finite difference equations
and (b) the nodal temperatures of the brass plate after
10 seconds of cooling.

Answers: Ty = 631.2°C, T; = 644.7°C, T, = 648.5°C, Ty =
649.6°C, T, = 649.8°C

h T, 0

*]

.?

ﬁx{
4

FIGURE P5-88

\f?ﬂ=':'

5-89 Repeat Prob. 5-88. Using SS-T-CONDUCT (or other)
software with explicit method, plot the temperature at the sur-
face that is being cooled by the impinging jet as a function of
time as it varies from 0 to 60 minutes. How long will it take to
cool the surface to 100°C?  Answer: 3055 s
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SS-T-CONDUCT Problem 4
Solution

5-89 Prob. 5-88 is repeated. Using SS-T-Conduct (or other) software with explicit method, the temperature at the surface that
is being cooled by the impinging jet as a function of time varying from 0 to 60 minutes is to be plotted. The duration for the
surface to be cooled to 100°C is to be determined.

Assumptions 1 Transient heat conduction is one-dimensional. 2 Thermal properties are constant. 3 Convection heat transfer
coefficient is uniform. 4 Heat transfer by radiation is negligible. 5 There is no heat generation.

Properties The properties of the brass plate are given as k=110 W/mK and & = 33.9 x 10°* m%s.

Analysis On the SS-T-Conduct Input window for 1-Dimensional Transient Problem, the problem parameters and the
boundary conditions are entered into the appropriate text boxes.

B 55-T_CONDUCT INPUT [
File Properties Help
1-Dimensional Steady State 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem Problem Problem Problem
Froblem Faramelers Bounddry Condifions
Grid Size [cm) = [25
Modes in »_Direction = |5
Thermal Diffusivity [m*2/5) = [33.9e-5
Heat Generation [Ww/m™3] = [g L 8 Fight 8
" Constant Temperature " Constant Temperature
Conductivity W/ K. =
onductivty [W/m K) 10 " Constant Heat Flux Grid Size | &+ Constant Heat Flus
{« Convection Ervironment | | | " Conwection Environment
Initial Temperature [C] = |[ga0
R(Wim'2.0) = [220 | | 9" (Wm'2) =[o
Time Step (2] = |5 T lnfinity (C) = [15
Murnber of Time Steps = (720
Scheme To Be Used 9 Epkn
" Implicit
Calculate Temperature
P [
y
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By clicking on the Calculate Temperature button, the computed results are as follows.

Initial Temperature (C) = | B50

Nodes in =_Direction

_ Q) Eiplici
K Scheme Used

@ unlici

% (m)

T(tx) 0. | o025 | o005 | 0075 | 01

t (Sec) 0 650. 650. 650, 650. 650.

5 632.78 650. 650. 650. 650.

10 625.37 645.33 650. 650. 650.

15 619.64 64118 64873 650. 650.

20 614.93 637.39 £47.03 64966 650,
25 610.84 £33.91 645.13 £49.04 £49.81
30 607.19 630.7 64315 648.19 £43.39
35 £03.88 627.7 641.14 647.15 648.74
40 £00.83 624.83 £39.12 £645.95 647.88
45 537.93 622.22 637.11 644.62 646.83
50 535,32 619.69 £35.11 643.18 645.63
55 532.8 617.26 63312 641.66 644.3
60 530.4 614.93 £31.13 £40.06 64287
65 588.1 61267 £29.16 638.4 £41.34

T {Pegrees Cefsuis) as & lunclion of x {Meters) and t {Seconds)

Print Results To File

=

r B
& ss-Tconouct ouTr T e
Tabular Ouput 1 Graphical Output

1-D Transient Problem Inputs -
Grid Size (cm) =[25 Themal Diffusivity (m*2/s) = [ nonn3as
Heat Generation (w/m"3) = [ Time Step (s) =[5
Conductivity (W/m.K) = |110 Number Of Time Steps = [ 727 Lavwachin Lotk
Envinnmenst Hast Fiter

The temperature at the surface as a function of time for 0 to 60 minutes is plotted as follows.

500 A

400 A

Ty °C

300 A

200 +

100 A

0 * * * * T . . . . T

0 1000 2000

t, sec

From the results computed by the SS-T-Conduct software, the surface temperature reached 100°C at t = 3055 s.

3000

5-12

Discussion When computing with explicit method, the time step should be chosen such that the stability criterion is satisfied.

In this problem, the proper time step is At < 8.779 s.
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SS-T-CONDUCT Problem 5

5-96 Consider a large uranium plate of thickness L. = 9 cm,
thermal conductivity & = 28 W/m-K, and thermal diffusivity
a = 12.5 % 10~® m%/s that is initially at a uniform temperature
of 100°C. Heat is generated uniformly in the plate at a constant
rate of € = 10° W/m’. At time 1 = 0, the left side of the plate is
insulated while the other side is subjected to convection with an
environment at T.. = 20°C with a heat transfer coefficient of
h = 35 W/m*K. Using the explicit finite difference approach
with a uniform nodal spacing of Ax = 1.5 cm, determine (a) the
temperature distribution in the plate after 5 min and (/) how
long it will take for steady conditions to be reached in the plate.

5-97 Repeat Prob. 596 using the S5S-T-CONDUCT (or
other) software.
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5-14
SS-T-CONDUCT Problem 5
Solution
5-97 Prob. 5-96 is reconsidered. The nodal temperatures after 5 min and under steady conditions are to be determined.

Analysis The problem is solved using SS-T-CONDUCT, and the solution is given below.

(a) On the SS-T-CONDUCT Input window for 1-Dimensional Transient Problem, the problem parameters and the
boundary conditions are entered into the appropriate text boxes.

- .
By SS-T_CONDUCT INPUT [

File Properties Help
1-Dimensional Steady State 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem Problem Problem Problem

Froblem FParamelters Boundary Conditions

Grid Size [cm) =15

Nodes in »_Direction =
Themal Diffusivity (m*2/s] = [125¢.6

Heat Generation (w/m"3) =

7
1
1=6 Len BC Right BC
" Constant Temperature " Constant Temperature
Conductivity (W /m.K =
S 28 & Constant Heat Flux A " Constant Heat Flux
Grid Size |
" Convection Environment | I @ Convection Environment
Initial Temperature (C) = |00
Q' (Wim*2) = ]D I | h(Wim*2.0) =[35
Time Step (5] = |5 T_Infinity (©) =[20
Number of Time Steps = (g0
Scheme To Be Used f) Explicit
" Implicit
Calculate Temperature l

By clicking on the Calculate Temperature button, the computed results are as follows.
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[ B SS-T-CONDUCT OUTPUT

Tabular Ouput

Graphical Qutput

-1-D Transient Problem Inputs
Grid Size (cm)

Conductivity [w/m.K)
Initial Temperature (C)

=

Nodes in _Direction = [z

= ,15_ Thermal Diffusivity (m"2/s) = [ qonnt 2=
Heat Generation (W/m"3) = [{ooooon Time Step (s) =N 5
= [2& MNumberOf Time Steps = [

Scheme Used

9 Eiplici:

@ |uolicii

Lonstant
Heasi Flex

T {Degrees Celsuis) as a lunciion of x (Melers) and t {Seconds)

Lovwechin
Enswanment

% [m)
T(tx) 0. | om5 | o003 | 0045 | 005 | 0075 | 009
t(Sec) 235 20247 | 20227 | 20166 20061 19904 19683 194.04
240 20453 | 20433 | 20377 2027 20111 198.93 | 196.04
245 206.71 20651 20583 | 20479 | 20318 | 20096 | 19804
250 20883 | 20862 | 207.98 | 20688 20524 203 200.04
255 21094 | 21073 | 21008 | 2089 20731 20503 | 20204
260 21306 | 21284 | 21218 | 21104 | 20337 | 207.07 20404
265 21517 | 21495 | 21428 | 21313 | 21143 209.1 206.04
270 217.28 | 217.068 | 21638 | 21521 21348 21113 | 20803
275 21939 | 21916 | 21848 | 21729 | 21584 | 21315 | 21002
280 2215 22127 | 22057 | 21936 | 21753 | 21518 | 21201
285 2236 22337 | 22266 | 22144 | 21965 2172 214,
230 2257 22547 | 22475 | 22351 217 21923 | 21599
235 227.81 22757 | 22684 | 22553 | 22375 | 22125 | 217.98
| 300 229.91 22966 | 20892 | 22765 2258 22327 | 2199 ||

Print Results To File

g

(b) The time needed for steady state conditions to be established is determined by using the Implicit method, since the

5-15

number of time steps required to compute by the Explicit method, with a time step that does not violate the stability criteria,

exceed the maximum allowable number of time steps in SS-T-COUDUCT.

On the SS-T-CONDUCT Input window for 1-Dimensional Transient Problem, the problem parameters and the boundary
conditions are entered into the appropriate text boxes. Note that the Implicit method is selected.

Initial Temperature (C) = [100

Time Step (s) 2 'F

Number of Time Steps = I—S—ég—

Scheme To Be Used " Explicit
@& Implicit

Calculate Temperature

" Convection Environment

¢ Wm2) =g

B3 SS-T_CONDUCT INPUT [
FEile Properties Help

1-Dimensional Steady State 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient

Problem Problem Problem Problem

Froblem Farameters - r Boundary Conditions

Grid Size (cm) =15

Nodes in »_Direction = |7

Themal Diffusivity (m"2/s] = [125¢.6

Heat Generation [w/m"3) = [{gg —fen BC Fight BC

¢ Constant Temperature ¢ Constant Temperature
Londucan [ /mt] 128 & Constant Heat Flux Giid Size | " Constant Heat Flux
@ Convection Environment

h(Wm20) =[5
T_Infinity (©) =[20
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5-16
The nodal temperatures under steady conditions are determined to be
T,=2736°C, T,=2732°C, T3=2720°C, T,=2700°C,
Ts=2672°C, Te=2636°C, and T;=2591°C
The time needed for steady state conditions to be established is about 60500 s.
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SS-T-CONDUCT Problem 6

5-100 A stainless steel plane wall (kK = 15.1 W/m-K) of thick-
ness 1 m experiences a uniform heat generation of 10000 W/m?,
The left and right sides of the wall maintain constant tempera-
tures of 100°C and 20°C, respectively. With a uniform nodal
spacing of 10 cm, use SS-T-CONDUCT (or other) software,
(a) determine the nodal temperatures and (b) compare the re-
sults with analytical solution.

|
|
é
N
I Plane :
wall
|
|
|
|
-L +1.
N

FIGURE P5-100
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SS-T-CONDUCT Problem 6
Solution

5-100 A stainless steel plane wall experiencing a uniform heat generation is subjected to constant temperatures on both side
surfaces. Using SS-T-Conduct (or other) software, the nodal temperatures are to be determined, and compared with analytical
solution.

Assumptions 1 Heat transfer through the wall is steady and one-dimensional. 2 Thermal properties are constant. 3 Heat
transfer by radiation is negligible. 4 The heat generation in the body is uniform.

Properties The thermal conductivity is given as 15.1 W/m-K.

|
1
Analysis (a) On the SS-T-Conduct Input window for 1-Dimensional Steady State |
Problem, the problem parameters and the boundary conditions are entered into the P

appropriate text boxes. Note that with a uniform nodal spacing of 10 cm, there are 11 !
nodes in the x direction. Plane
wall
T T.

B SS-T_CONDUCT INPUT [
File Properties Help
1-Dimensional Steady State | 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem Problem Prohlem Problem
Froblem Faramelers Roundary Conditions
Grid Size (cm) = 1o
Modes in #_Direction = [
Heat Generation (w/m"3] = [10000]
|
Conductivity [wm. k. = 5
onductivity [ A K] 'r faft B Right 8L
* Constant Temperature * Constant Temperature
Ehyzsse Temperie (5) = a0 " Constant Heat Flux Grid Size " Constant Heat Flux
" Convection Environment " Convection Environment
T =|100 T = |z0

Calculate Temperature

L

By clicking on the Calculate Temperature button, the computed results are as follows.
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T {Degrees Cefsuis) as & lunciion ol x {Melers)
% [m)

| o1 | 02 | 03 | o4 | 05 | o6 | 07 | 08 | 03 | 1 |
T« | 1218 136.98 14554 147.47 142.78 131.47 113.54 56.95 57.8 200 |

Kl I I

(& ss-T-conpucT ouTPUT [
Tabular Ouput 1 Graphical Qutput
1-D Steady State Problem Inputs
Grid Size (cm) =110
Heat Generation [W/m"3) = I“”T
Conductivity W /m.K) = 151 Lavastand Lty
i Famperatns Tamperatuns
Initial Temperature (C) = |20
Nodes in =_Direction = [11

Print Results To File

(b) From Chapter 2, the temperature variation in a plane wall with uniform heat generation is given as

4 2
T(X):% 1_ﬁ + T2 _Tl i_{_ T2 +T1
2k L2 2 L 2

where &, =10000 W/m®, k =151W/m-K, L=05m, T,=100°C, T,=20°C

The nodal temperatures for analytical and numerical solutions are tabulated in the following table:

T(x),°C T(x),°C

X, m Analytical Numerical | x, m Analytical Numerical

-0.5 100.00 100.00 0.1 13147 131.47
-0.4 121.80 121.80 0.2 11354 113.54

-0.3 136.98 136.98 0.3 88.98 88.98
-0.2 14554 145.54 0.4 57.80 57.80
-0.1  147.47 147.47 0.5 20.00 20.00

0 142.78 142.78

The comparison of the analytical and numerical solutions is shown in the following figure:
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—— Analytical
®  Numerical

Discussion The results computed by the SS-T-Conduct software match with the analytical solution from Chapter 2. The
temperature variation plot shows that the temperature profile within the wall, for the case with asymmetrical boundary
conditions (T, > T,), is not symmetric and the maximum temperature occurs to the left of the centerline.
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SS-T-CONDUCT Problem 7

5-101 A hot 10-cm-thick brass plate (K = 110 W/m-K and
a = 33.9 X 107 m%/s) with uniform heat generation of 3 X
10° W/m® and initial temperature of 550°C is having both side
surfaces cooled by liquid with temperature of 15°C and convec-
tion heat transfer coefficient of 2000 W/m?-K. With a uniform
nodal spacing of Ax = 2.5 cm and using SS-T-CONDUCT
(or other) software with implicit method, plot the surface tem-
perature and the temperature at the center as a function of time
as it varies from 0 to 10 minutes. What are the nodal tempera-
tures when steady conditions are achieved?
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SS-T-CONDUCT Problem 7
Solution

5-101 A hot 10-cm thick brass plate with uniform heat generation and both side surfaces are being cooled by liquid. Using
SS-T-Conduct (or other) software with implicit method, the surface temperature and the temperature at the center as a
function of time as it varies from 0 to 10 minutes are to be plotted. The nodal temperatures when steady conditions are
achieved are to be determined.

Assumptions 1 Transient heat conduction is one-dimensional. 2 Thermal properties are constant. 3 Convection heat transfer
coefficient is uniform. 4 Heat transfer by radiation is negligible. 5 Heat generation is uniform.

Properties The properties of the brass plate are given as k=110 W/mK and = 33.9 x 10° m%s

Analysis On the SS-T-Conduct Input window for 1-Dimensional Transient Problem, the problem parameters and the
boundary conditions are entered into the appropriate text boxes. Note that with a uniform nodal spacing of 2.5 cm, there are 5
nodes in the x direction.

[ 55-T_CONDUCT INPUT R [
File Properties Help
1-Dimensional Steady State 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem Problem Problem Problem

Frofifem Farameters Boundary Condiions
Grid Size (cm] = |28
Modes in #_Direction =I5
Themal Diffusivity (m"245) = [33.9¢ 86
Heat Generation [w//m™3) = [3g8 fen 8 Fight 5

" Constart Temperature ¢ Corstant Temperature
Een eyt = o £ Constant Heat Flus | ¢ Constant Heat Flus

Grid Size

& Corwection Enviranment | ‘ | (& Corwection Erwiranment
Initial Temperature (C) = [580

h(Wim"2.C) = |2Ugg | | h(Wm'2C)  =[2000
Time Step (5] = |5 T_Infinity (C} = 15 T_Infinity (C) =[15
Mumber of Time Steps = [0
Scheme To Be Used £ ExpRcit

" Implicit
Calculate Temperature
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By clicking on the Calculate Temperature button, the computed results are as follows.

& ss--conpuct ourPuT T —— e

Tabular Quput 1 Graphical Output

-1-D Transient Problem Inputs
Grid Size [cm) = |25 Thermal Diffusivity (m”24s) =
Heat Generation [(W/m"3) = 000

Time Step (s) =

" GE a - @ oo
Nodes in »_Direction =[5 Scheme Used

O oG

T {Degrees Celsurs) as a lunclion ol x (Melers) and i {Seconds)

Conductivity [w/m.K) = [110 Number Of Time Steps = [ 30 Lonvechin Lonvechin
Envicment Envinnment
Initial Temperature (C) = | 550

! % (m)
Titx) 0. | o00s | 005 | 0075 | 01 4|
t(Sec) _ 1260 0. 11557 124.1 115,57 0.
1265 0. 11557 1241 11557 0.
1270 0. 11557 1241 11557 0.
1275 0. 11557 124.09 11557 0.
1280 a0, 11557 124.09 11557 0.
1285 0. 11557 124.09 115,57 0.
1290 0. 11557 124.09 115,57 0.
1295 0. 11557 124.09 115,57 0.
1300 0. 11557 124.09 115,57 0.
1305 0. 11557 124.09 115,57 0. 5
1310 0. 11557 124.09 11557 0.
1315 0. 11557 124.09 11557 0.
1320 an. 11557 124.09 11557 0.
1325 0. 11557 124.09 11557 0. ~|

Print Results To File

The temperatures at the surface and the center versus time are plotted as follows.

600

T
—-_—— T

surface

center

400 A

300 A

T,°C

200 A

100 A

0 . . . . T . . . . T . . . . T . . . . T . . . . T
0 100 200 300 400 500 600

t, sec

The nodal temperatures when steady conditions are achieved are

T(0) = T(0.1 m) = 90°C, T(0.025 m) = T(0.075 m) = 115.6°C, T(0.05 m) = 124.1°C,

5-23

Discussion Since both sides of the plate are exposed to the same liquid temperature and convection heat transfer coefficient, it
is possible to solve half of the plane wall by treating the centerline of the plane wall as symmetry line and get the same results.
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SS-T-CONDUCT Problem 8

5-105 Consider a long solid bar (k = 28 W/m-K and o« =
12 % 107 m%/s) of square cross section that is initially at a uni-
form temperature of 32°C. The cross section of the bar is 20 cm
» 20 cm in size, and heat is generated in it uniformly at a rate of
¢ = 8 X 10° W/m?. All four sides of the bar are subjected to con-
vection to the ambient air at T, = 30°C with a heat transfer co-
efficient of & = 45 W/m* K. Using the explicit finite difference
method with a mesh size of Ax = Ay = 10 cm, determine the
centerline temperature of the bar (a) after 20 min and (b) after
steady conditions are established.

h T,
1 2 3
€
h T, 4 & 6 h T,
10 cm
10 cm
- A | & Y]
h T,

FIGURE P5-105

5-106  Repeat Prob. 5-105 using the SS-T-CONDUCT (or
other) software.
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SS-T-CONDUCT Problem 8
Solution

5-106 Prob. 5-105 is reconsidered. The centerline temperature of the bar after 20 min and after steady conditions are
established are to be determined.

Analysis The problem is solved using SS-T-CONDUCT, and the solution is given below.
(a) On the SS-T-CONDUCT Input window for 2-Dimensional Transient Problem, the problem parameters and the

boundary conditions are entered into the appropriate text boxes.

Heat Generation [w//m™3] =

Conductivity [W/m.K) =

Initial Temperature [C] =

Time Step [z]

111179107

Mumber of Time Steps

Scheme To Be Used (+ Explicit

i Implicit

™ Constant Temperature
" Constant Heat Flux

+ Convection Environment

B (Wm'2.C) = [45
T_Infinity (C) = (37

Calculate Temperature

. S5-T_CONDUCT INPUT (3
File Properties Help
1-Dimensional Steady State 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem Problem Prohblem Problem
Froblem Faramelfers Boundary Condions
Fap 8¢
i) 20 (o) = ™ Constant Temperature
" Constant Heat Flus
fedsliiDi=clio] = &+ Convection Environment
Nodes in y_Direction = b (W20 = |45
T_Infinity (C) = |37
Thermal Diffusivity (m"243) = [12e-5 -
e B Giid Size Fight 8L

Hattam 8L

™ Constant Temperature
" Constant Heat Flux

+ Convection Environment
=45
T_Infinity (C)  =[30

h (Wim"2.C)

™ Constant Temperature
" Constant Heat Flux

+ Convection Environment
=45
T_Infinity (C) =|37

h (Wim*2.C)

By clicking on the Calculate Temperature button, the computed results are as follows.
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B SS-T-CONDUCT OUTPUT =50
Tabular Ouput 1 Graphical Output
¢ Lonvachiv Enviomerxt
- 2-D Transient Problem Inputs

Grid Size (cm) = | 10 Thermal Diffusivity [m”245) = | 000012

Heat Generation [W/m"3] = | aoopon Time Step (s)

Conductivity (w/m.K) = | 28 Number Of Time Steps Lovachin Lovnwachin
Ensavmerxt Ensmment

Initial Temperature [C) = |32

Nodes in »_Direction = | 3 Scheme Used

Nodes in y_Direction =[3

% [m)
Tixy) 0. | o1 | 02
y (m) 0, 344.32 365.18 344.32
0.1 38518 (38757 ) 36518
02 344.32 365.18 344.32

T {Degrees Cefsuis) as a lunciion ol x {Melers) and v {Melers) at Time = I 7ena vI Sec

Lovwechin Fnvivviment

Print Results To File |
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(b) Steady conditions are reached in the medium after about 6 hours for which the temperature at the center node is 1023°C.

£ SS-T-CONDUCT OUTPUT S
Tabular Ouput 1 Graphical Output
3 Convechin Envecmenxt
~2-D Transient Problem Inputs
Grid Size [cm) = | 10 Thermal Diffusivity [m”245) = | 000012
Heat Generation (W/m"3) = [Gogogn  Time Step (s) 60
Conductivity (W//m.K] = |28 Number Of Time Steps | 999 Lonvachin Lanwechin
o Envincomernt Ensimvmext
Initial Temperature (C) = | 32
Nodes in »_Direction =[3 Sehemallised
Nodes in y_Direction =3 (& Julici: ]

% [m)
Tlxy) 0. | o1 ] o2
y (m) 0. 88557 | 95166 | 88557
01 95166 [ 102307 & 95166
02 88557 | 951.65 | 88557

Close |

T {Degrees Cefsuis) as a lunciion ol x {Melers) and y {Meters) at Time = I 2IERR .I Sec

Lonvachiv Lt

Print Results Ta File |
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SS-T-CONDUCT Problem 9

5-138 Consider steady two-dimensional heat transfer in a long
solid bar (k = 25 W/m-K)) of square cross section (2 cm X 2 cm)
with heat generated in the bar uniformly at a rate of ¢ = 3 X
10° W/m?. The left and bottom surfaces maintain a constant tem-
perature of 200°C. The top and right surfaces are subjected to
convection with ambient air temperature of 100°C and heat
transfer coefficient of 250 W/m?-K. Using a uniform mesh size
Ax = Ay = 1 cm determine (a) the finite difference equations
and (b) the nodal temperatures with the Gauss-Seidel iterative
method. Answers: T, = T, = 196.4°C, T> = 190.3°C, T; = 201.2°C

T}‘ h T,
A
e
3! 4! h T,
x

zm@ -

FIGURE P5-138

5-139 Repeat Prob. 5-138. Using SS-T-CONDUCT (or
other) software, solve for the nodal temperatures.
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SS-T-CONDUCT Problem 9
Solution
5-139 Prob. 5-138 is repeated. Using SS-T-Conduct (or other) software, the nodal temperatures are to be solved.

Assumptions 1 Steady heat conduction is two-dimensional. 2 Thermal properties are constant. 3 The heat generation in the
body is uniform.

Properties The thermal conductivity is given to be k =25 W/m-K.

Analysis On the SS-T-Conduct Input window for 2-Dimensional Steady State Problem, the problem parameters and the
boundary conditions are entered into the appropriate text boxes. Note that with a uniform nodal spacing of 1 cm, there are 3
nodes in each the x and y directions.

By S5-T_CONDUCT INPUT (]
File Properties Help
1-Dimensional $teady State | 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem Prohlem Problem Problem
Frotfem Faramelers Boundary Condifions
Fop 8¢
Grid Si 5
) e (el 1 ™ Canstant Temperature
" Constant Heat Flux
Modes in x_Directi =
st 3 # Convection Environment
h(Wim"2.C) =|25)
Modes iny_Direction = |3
T_Infinity (C) =|100
Heat Generation [wW/m™3] = [3eq .
fafl BC Girid Size Fight 86
(s Constant Temperature (" Canstant Temperature
Conductivity [ /m.K, =
onductivity [W/m.K] 2 " Congtant Heat Fluz " Caonztant Heat Flux
(" Caonvection Environment + Convection Ervironment
Guessed Temperature [C) = 200 o
h (Wim'2.C) =
TO = 20
T_Infinity (C) = |00
Hattam 5
(¢ Congtant Temperature
(" Constant Heat Flus
(" Convection Environment
TC) = |z200
Calculate Temperature
L =

By clicking on the Calculate Temperature button, the computed results are as follows.
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Close |

B SS-T-CONDUCT QUTPUT N 3]
Tabular Ouput L Graphical Output
Lanwachin Enviement
~2-D Steady State Problem Inputs

Grid Size [cm) = | 1

Heat Generation (W/m"3) = | 3000000

Conductivity [w/m.K) = | 25 Lot Lonvectiv

Temperatine Ensivmannt

Initial Temperature (C) = [2m0
Wl

Nodes in #_Direction = | 3

Nodes in y_Direction = | 3
il

Lovnstant Tampsratans
il
T {Degrees Cefsuis) as a lunclion of x {Melers) and v {Melers)
i % (m)
Tlxy) 0. | om | oo2

y (m) 0. 200. 196.35 190.32

Il 0.01 2000 20117 | 196.35
0.02 200. 200. 200.

Print Results To File I

Hence, the converged nodal temperatures are

T1=T4=196.4°C, T,=190.3°C, T;=201.2°C

Discussion The temperature contour for this problem can be plotted by selecting the Graphical Output tab, as follows.

r
B3 S5-T-CONDUCT QUTPUT o A f oy

Tabular Cuput

- 2-D Steady State Problem Inputs ——

Giid Siee [om] -
Heat Generation Rate [w/m™3] = lm
Thermal Conductivity [w/m.K] = |25—
Initial Temperature [C] = | zo0

Mumber of Grids in the »_Direction = |3—
Number of Grids in the y_Direction = |3—

Close |

19867

197.83

197.00

19616

19533

BN R o By T R oy

194,49

193.66

19282

191.9%

Do~ B % Gy

19115

H 199.32'
Frint Results To File |
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SS-T-CONDUCT Problem 10

5-141 Along 10 cm X 20 cm rectangular cross section steel
bar k = 63.9 W/m-K and « = 18.8 % 107% m*/s was heated to
an initial temperature of 450°C. The steel bar is allowed to
cool in a room with a temperature of 25°C and convection heat
transfer coefficient of 25 W/m?*-K. The bottom surface of the
bar is insulated while the other surfaces are exposed to

y
T h. T,

hT,

g ——*X
f— Insulation

FIGURE P5-141

convection. With a uniform nodal spacing of 5 cm, use S5-T-
CONDUCT (or other) software with explicit method, deter-
mine the duration required to cool the center of the bar to
100°C. Answer: 12,000 s
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SS-T-CONDUCT Problem 10

Solution

5-141 A long hot rectangular cross section steel bar is allowed to cool in a room. Using SS-T-Conduct (or other) software
with explicit method, the duration required to cool the center of the bar to 100°C is to be determined.

Assumptions 1 Transient heat conduction is two-dimensional. 2 Thermal properties are constant. 3 Convection heat transfer

coefficient is uniform. 4 Heat transfer by radiation is negligible. 5 There is no heat generation.

Properties The properties of the brass plate are given as k = 63.9 W/m'K and = 18.8 x 10 °® m?s.

Analysis On the SS-T-Conduct Input window for 2-
Dimensional Transient Problem, the problem parameters
and the boundary conditions are entered into the appropriate
text boxes. Note that with a uniform nodal spacing of 5 cm,
there are 5 nodes in the x direction and 3 nodes in the y

direction.

h,

. = |
5. SS-T_CONDUCT INPUT cr » l_J
File Properties Help
1-Dimensional Steady State 2-Dimensional Steady State 1-Diimensional Transient 2-Dimensional Transient
Problem Problem Problem Problem
Frobiem Parameters Boundary Londariions
Fop 8¢
Grdlizeln) -5 " Constant Temperature
" Constant Heat Flux
MNodes in 4_Directi =
S A 5 & Corvection Environment
20 = ’—
Modes in v_Direction = [3 b (i) 25
T_Infinity (C) = [25
Thermal Diffusivity [m”2/ = ¥
ermal Diffusivity [m”245) 18 8e-6 FeR B o Fight BC
rid Size
" Constant Temperature " Congtant Temperature
Heat G fi m"3 =
=at Generalion (w/m"3) 0 " Constant Heat Flus " Constant Heat Flux
&+ Corvection Environment &+ Convection Environment
Conductivity ['4m.K) = [g3ag
h(Wm'2.0) = [25 h(Wm'2.0) =[5
Initial Temperature [C] = 450 T_Infinity (C) = [25 T_Infinity (C) =[2§
Haliem 8
Vo & (5] - |18 " Constant Temperature
% Corstant Heat Flux
Mumber of Time St =
LT U B3 8ao " Corvection Environment
Scheme Tao Be Uzed {=} Explicit q" (Wim"2) =|n
" Implicit
Calculate Temperature

—_——

By clicking on the Calculate Temperature button, the computed results are as follows.

y
h, T,
T, Steel bar h, T,
X
Insulation
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[ ss-T-conpucT ouTP X))

Tabular Ouput

- 2-D Transient Problem Inputs

Graphical Output

Grid Size [cm)
Heat Generation (w/m™3) = [ Time Step (s)
Conductivity [W/m.K) = [g3g Number Of Time Steps

Initial Temperature (C) = | 450

Nodes in »_Direction =[5 Schemallsad

Nodes in y_Direction =

=[5 Thermal Diffusivity [m”2/s) =

.000018¢

=8 15

=W

% (m)
Tlxy) 0. | oos | o1 | o015 | 02
y (m) 0, 97.53 986 93.96 e 9753
] 986
98.95

Lavvechiv

Envicemenk |

T {Degrees Celsurs) as a tunciion of x {Melers) and y {Melers) at Tim.

Lavwertion Envivnment

Lot
Envnomenst

Cavishant Hasl Fltr

=| 774935 v] Sec

Print Results To File

I

—— e

From the results computed by the SS-T-Conduct software, the surface temperature reached 100°C at t =~ 12000 s.

Discussion Similar result (t = 12000 s) can also be obtained using the implicit method.
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SS-T-CONDUCT Problem 11

5-64 Consider a rectangular metal block (k =35 W/m-K) of dimensions 100 cm x 75 c¢m subjected to a sinusoidal
temperature variation at its top surface while its bottom surface is insulated. The two sides of the metal block are
exposed to a convective environment at 15°C and having a heat transfer coefficient of 50 W/m*-K. The sinusoidal
temperature distribution at the top surface is given as100sin(zx/L). Using a uniform mesh size of

Ax = Ay = 25cm determine (a) finite difference equations and (b) the nodal temperatures.

[00sin(rx/L) "C
. I 2 3 q 5 - —_
h=50 WmiE %— h=50 Wim K
. T.=15"C

T.=15°C

b 7 8 9 10,

11 12 13 14 15

Insulation

FIGURE P5-64

5-65 Solve Prob. 5-64 using SS-T-CONDUCT software for a constant temperature of 100°C on its top surface
while the bottom surface is exposed to a uniform heat flux of 5000 W/m?. For convective conditions and the
mesh size same as that of Prob. 5-64 determine the nodal temperatures accounting for the internal heat generation
at the rate of 2x10* W/m®.
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SS-T-CONDUCT Problem 11
Solution

5-65 Solving Prob. 5-64 using SS-T- CONDUCT software for different boundary conditions on the top and the bottom of the

metal block with the rest of the conditions the same as Prob. 5-64.

Assumption 1 Two dimensional steady state heat generation. 2 Constant thermal properties.
Properties Thermal conductivity of the metal block is given as k=35 W/m-K.

Analysis The nodal temperatures are to be determined using SS-T-CONDUCT program.

On the SS-T-CONDUCT program input window for 2-Dimensional Steady State Problem, input the required parameters in
the appropriate text box. With a uniform node spacing of 25 cm, there are 5 nodes in x direction and 4 nodes in y direction.

-

$5-T_CONDUCT INPU (C
File Properties Help
I-Dimensional Steady State | 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Problem Problem Prohlem Prohlem
Frotiem Faramerers Boundary Condifions
o Fop B
b slen| i (+ Congtant Temperature
(" Constant Heat Flux
Nodzs in »_Direction -5 ("~ Convection Ervironment
Maodes in y_Direction = |4 ) = |00
Heat G fi A"y =
2=t e i ) 2ed Len 8C i S Fight 8C
" Congtant Temperature " Congtant Temperature
Dy A Rk " Constant Heat Flux " Constant Heat Flux
(¢ Conwection Environment (+ Convection Ervironment
Gueszed Temperatwre [C] = [257 L -
B (W20 = ,D— h (Wim*20) =[5
T_Infinity (C) =,—15 T_Infinity (C) = 15
Hattonr 8
" Conztant Temperature
(¢ Constant Heat Flux
" Convection Envinonment
o' (Wim'2) = [5000
Calculate Temperature
As shown in the tabular output below, the results are
T,=136.65°C, T,=163.41°C, T;=171.19°C, T,=163.41°C, Ts=136.65°C,
Te=170.96°C, T,=210.08°C, Tg=222.24°C, T¢=210.08°C, Ty =170.96°C,

Tll = 202730C, T12 = 247980C, T13 = 26190C, T14 = 247980C, T15 = 202730C
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Tabular Quput

Graphical Cutput

- 2-D Steady State Problem Inputs
Grid Size [cm) = |25—
Heat Generation [W//m™3] = IW
Conductivity [ /m. K] =
Initial Temperature [C]
Modesz in »_Direction

Modesz in y_Direction

05

(5 SS-T-CONDUCT OUTPUT

100. X 100.
13665 z 171.18
170,96 X 22224
20273 247.98 261.8

Livasachin
Ersvaman’

Livaviand Fampenaives

Lavmsactin
Ensinmen

Livastand Hasd Fls

FErint Results To File |

—

Graphical Qutput

Tabular Quput
- 2-D Steady State Problem Inputs——

I Grid Size [cm] = I 28
|
: Heat Generation Rate [W/m™3) = I 20000
| .

Thermnal Conductivity [wfm.K) = I a5
|

MNumber of Grids in the »_Direction = I
|

Mumber of Grids in the y_Direction

Initial Temperature [C] = I 250
5
4

Close |

Discussion The temperature distribution is symmetric about the centerline.
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SS-T-CONDUCT Problem 12

5-128 Quench hardening is a mechanical process in which the ferrous metals or alloys are first heated and then
quickly cooled down to improve their physical properties and avoid phase transformation. Consider a 40 cm x 20
cm block of copper alloy (k = 120 W/m'K, o = 3.91 x 10°® m?/s) being heated uniformly until it reaches a
temperature of 800°C. It is then suddenly immersed into the water bath maintained at 15°C with h = 100 W/m*K
for quenching process. However, the upper surface of the metal is not submerged in the water and is exposed to
air at 15°C with a convective heat transfer coefficient of 10 W/m?K. Using an explicit finite difference
formulation, calculate the temperature distribution in the copper alloy block after 10 min have elapsed using At =
10 s and a uniform mesh size of Ax = Ay = 10 cm.

h,, = 10 Wm* K T, =15°C

1 2 3
4l 5|6
»hw,‘"er =100 Wm*K
—1 T,=15°C
7 8 9 o0
Copper alloy immersed in water for quenching

FIGURE P5-128

5-129 Solve problem Prob. 5-128 using SS-T-CONDUCT software for two separate quenching process with two
different metal blocks, stainless steel (k = 15.1 W/m-K and a = 3.91 x 10® m?s) and carbon steel (k = 60.5
W/m-K and a = 17.7 x 10° m%s). Assume each metal block during the quench hardening process is completely
immersed in the fluid bath. Consider three different quenching mediums of air, water and oil with convective heat
transfer coefficients of 10 W/m*K, 100 W/m*K and 1000 W/m*K, respectively. Find the temperature
distribution in each block after 10 minutes. Discuss your results. Use implicit method to find temperature
distribution.

Quenching medium

\J_

FIGURE P5-129
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SS-T-CONDUCT Problem 12
Solution

5-129 The problem is solved by SS-T-CONDUCT program using implicit method and the solution is given below.
On the SS-T-CONDUCT program input window for 2-Dimensional Transient
Problem, input the required parameters in the appropriate text box. With a uniform
node spacing of 10 cm, there are 5 nodes in x direction and 3 nodes in y direction. 2 3 )
Since there is symmetry in the geometry we are interested only in the temperatures
at nodes 1, 2, 3, 4, 5 and 6. A sample input window interface for the quenching of 4 5 6 h
stainless steel in air as quenching medium is shown below. For other conditions T
similar steps have to be followed.

Quenching medium

File Properties Help

1-Dimensional Steady State 2-Dimensional Steady State 1-Dimensional Transient 2-Dimensional Transient
Froblem Froblem Froblem Problem
Froblem Faramelers Boundary Condriffons
Fap 8¢
Grid Size [cm) =

™ Caonstant Temperature

(" Constant Heat Flus
Nodes in %_Direction = . .
- {+ Convection Environment

h (Wim'2.0) = [1g
T_Infinity () = [15

Ler 8C - Right 8C

" Congtant Temperature

Modes in y_Direction =

Thermnal Diffusivity [m™245) =

" Congtant Termperature
Heat Generation fwim™3] =

¥ ] (" Constant Heat Flux (" Constant Heat Flux
{+ Convection Environment + Convection Ernvironment
Conductivity [w/m.E) =

111314117

h(Wm2.0) = [o h(Wm2.0)  =[1n0
Imitial Termperature [C] = T_Infinity (C) = 15 T_Infinity (C) =[15
Baticnr HC
Time Sk =
e SEpE ™ Constant Temperature
(" Constant Heat Flus
MNumber of Time St =
MO G S s * Convection Environment
Scheme To Be Used LA nlict h(Wm"2.C) =[1p
i+ Implicit
T Infinitv () =[5
Calculate Temperature

It can be seen from the ‘Tabular Output” window shown below that the temperature distribution is symmetric about the center
line in x and y direction.
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Tabular Quput

Graphical Output

Eivmanii Snvionaaary’

Loty
L ymyn’

LRty Ermmvvnan

~2-D Transient Problem Inputs
Grid 5i = | Thermal Diffusivity [m™2/s) = |
| rid Size [cm] 10 ermal Diffusivity [m™245) Q00003
| Heat Generation [wWim™3] = IEI Tirme Step (=] = |1D
| Conductivity [k = I 15.1 Wurnber OF Time Steps = I =] i
- LAy
| Initial Temperature [C] = |amn
) o B @ Sl
Modes in s_Direction = I 5 Scheme Llsed
Modes iny_Direction = |3 o | licii
|
| F fllegrees Cefswis) a5 g lonclion ol x (Melers) and v (Melers) at Frm =| o0 v| Sec
% [m]
0. | o1 | oz | 03 | o4
| y [m) 76126 77813 7799 77813 7E1.26
776.37 7936 795.4 7936 776.37
| 7E1.26 77813 779.9 77813 7E1.26
|

Close I

L |

Table 1 Temperature distribution in the stainless steel block for three different quenching mediums after 10 min.

Print Results To File

Air Water Qil
Node | h =10 W/m?K | h =100 W/m?K | h=1000 W/m*K
1 761.26 492.6 29.36
2 778.13 610.55 104.28
3 779.9 623.33 115.12
4 776.37 598.11 97.93
5 793.6 742.34 528.4
6 795.4 757.99 590.11

Table 2 Temperature distribut

ion in the carbon s

teel block for three

different quenching mediums after 10 min.

Air Water Qil
Node | h=10 W/m*K | h =100 W/m*K | h = 1000 W/m?-K
1 769.5 549.05 56.21
2 778.12 611.6 115.01
3 780.53 629.7 134.6
4 775.72 594.2 102.04
5 784.35 662.1 226.24
6 786.78 681.7 267.63

5-38

From the temperature distribution at nodes 1, 2, 3, 4, 5 and 6 it is evident that for a fixed thermal conductivity, increase in the
heat transfer coefficients causes large temperature gradients within the metal blocks. For both stainless steel and carbon steel
with air as quenching medium, the temperature distribution within the metal block is relatively uniform and thus the metal
block may be assumed to approximate a lumped system. In case of oil as quenching medium, large temperature gradients exist
with the metal block boundary and the center line.
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For a constant rate of heat flux the temperature gradient is inversely proportional to the thermal conductivity. As seen in

above tables, the temperature gradients in case of carbon steel (k = 60.5 W/m-K) are less than that in case of stainless steel (k
=15.1 Wm-K).

Discussion: Although the quenching process requires quick cooling of the geometry under consideration, the choice of the
quenching medium should also depend upon the allowable temperature gradient within the body. Use of the quenching
medium with very high heat transfer coefficients for low thermal conductivity objects may cause thermal stresses to develop
in them which may result in thermal deformation.
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