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Wl Cooling FIn
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A cooling fin 1x1x8 inch is surrounded by fluid with one end maintained at temperature T=100 F, and the
other end insulated (Fig. vt01). Find the temperature at the insulated end.

BAr: 1pS
%p =g

thermal conductivity k = 25 BTU/(hr-ft-F), thermal convection coefficient h = 1BTU/(hr-ft"2-F).

PREAAIGER

Ambient temperature Ta = 0.

2%
Kreith, F. Principles of Heat Transfer. 2nd ed. P.A.: International Textbook Co., 1959, pg. 48
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Mean Temperature at Insulated End
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8 Insulated Wall

A E

A wall consists of two layers (firebrick and insulating brick) of thickness 9 inch and 5 inch correspondingly.

The temperature at firebrick surface is 3000 F and convection coefficient is 12 BTU/(hr-ft"2-F). The

temperature at outer surface of insulating brick is 80 F and convection coefficient is 2 BTU/(hr-ft"2-F). Find

temperatures at firebrick and insulating brick surfaces. Insulated Convection

HAr:1PS
BEFRAAE

Ambient temperature Ta = 0.

Insulated

MM

firebrick thermal conductivity is 0.8 BTU/(hr-ft-F), insulating brick thermal conductivity is 0.1 BTU/(hr-ft-F).

=i
Kreith, F. Principles of Heat Transfer. 2nd ed. P.A.: International Textbook Co., 1959, pg. 32

RIFGER
The wall is simulated by two solid blocks: 9x24x24 inch (firebrick), and 5x24x24 inch (insulating brick) (Fig.

vt02). Thermal resistance in contact between the blocks is neglected. Side surfaces of the blocks are
insulated in order to allow heat transfer only in the direction perpendicular to the wall. Fig. VT02




Temperature at Firebrick

Temperature at Insulating Brick
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Heat Flux Through the Wall
Heat Flux, [BTU/(hr-ft"2)] R A2 (%)
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B Cylinder with Prescibed Heat Flux

A cylinder is loaded with a prescribed heat flux along a strip on side surface (see Fig. vt03a). The bottom
is maintained at zero temperature and the top and the rest of side surface are insulated. Find temperature
at boundary between strip with applied flux and the rest of side surface of the cylinder (point A at Fig.

vt03a).
EAr:1ps
B IAHE

Heat flux value 5.e+5 W/(m"2).

MRHE

thermal conductivity is 52 W/(m-K).

2%
This problem is a standard NAFEMS benchmark: NAFEMS, BMTTA (S), No. 15 (i). I.

Insulated

Zey‘ emperature

Cylinder height is 50 mm, diameter 200 mm, the width of
the heat flux strip 20 mm.

Heat Flux

Fig. VT03



Temperature at Point A
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V@ Cantilever Beam Heat Transfer with Heat Source

MIEE %

Figure 5.1.1 shows a one-dimensional steady state heat transfer problem with temperature dependent
conductivity. The one-dimensional problem is discretized with 2 elements in the longitudinal direction with
internal heat generation of 36000J/m”3-hr -in the element 2. The point A retains a fixed temperature of 5
C. The temperature at the midpoint B is determined.

Q = 36000 Mm? hr

BB s1 Tote
( A Element 1 B Element 2

1 ¢ v |
A B}
thermal conductivity is 10W/m-C < >
Secton Property is Rectangular Cross Section 0.1m x 0.1m 2
' Units : m
Fig. VT04
2%

R.W. Lewis, K. Morgan, H.R. Thomas and K.N. Seetharamu, The Finite Element Method in Heat Transfer
Analysis, Wiley, West Sussex, 1996
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Temperature at Point B
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W Cantilever Plate Heat Transfer with Convection

MIEE %

Figure 5.2.1 shows a two-dimensional heat transfer problem. The temperature of 100 C is prescribed to
the edge AB. On the edges BC and CD, convection boundary conditions are applied with an ambient

temperature at 0C. The edge DA is insulated. Steady-state heat transfer analysis is carried out, and the D C
temperature at the point E is determined. l A
Convection to
BAr:s1 ambient temperature
of 0°C K
;

thermal conductivity is k = 52J/m-hr-C
Convection Coefficient h = 750.0 W/m"2-C

/ Zero flux

2%
NAFEMS, The Standard NAFEMS Benchmarks, Rev. 3, NAFEMS, Glasgow, 1990 Insulator Prescribed ! E
temperature
of 100°C 0.2
¢ A 2 Uniform
A‘l > B thickness
= 0.6 Units : m

Fig. VT05



Temperature at Point E
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e [C] iR 7= (%) ME [C] a7 (%)
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: 4.2%
" +75.1373 ——+6.601988+001
g 4.7%
FEM o +66.3497 MeshFree +5.86241e-+001
3 5.2%

T +58.5621 4] +5.03254e-+001
AR — At
TS - +50.2746 AR LA , 4%+4 20327e+001

' °+41 2570 +3,3737 1e+001
' 9,2%
7.3% 33,6094 4+2.54414e+001
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Two-dimensional heat transfer in bi-material
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Figure 5.3.1 shows a bi-material embedded in a high-thermal-conductivity material maintained at 400 []
C. The upper surface is exposed to a convection environment at 30C. The temperature at the points A and
B are determined and compared with the referenced solution given in [5-3].

6
<€ >
BAr: s %' 1 %g Convection to ambient T=30°C
— A B A
e
thermal conductivity is k = 2.0W/m-C (Material A)
k = 0.3W/m-C (Material B)

Convection Coefficient h = 25 W/m"2-C

Material A

400°C 400°C | 5

2%
J.P. Holman, Heat Transfer, 9th Edition, McGraw-Hill, New York, 2002

Material B v Units : cm

400°C

Fig. VM06
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Temperature at Point A Temperature at Point B

i [C] iR 7= (%) R [C] 7= (%)
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