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Temperature Distribution & Heat Transfer of Rectangular Cross Section by

the Higher-order Triangular Finite Element Method

Abstract
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This paper is studied an efficient temperature distribution and heat transfer of two-dimen-

sional rectangular cross-section by the higher-order triangular finite dynamic element and finite

difference.

This is achieved by employing a discretization technigue based on a recently developed concept

of finite dynamic elements™'®, involving higher order dynamic correction terms in the associated

stiffness and convection matrices.

Numerical solution results of temperature distribution presented herein clearly optimum ele-

ment and show that FEMI10 is the most accurate temperature distribution, but heat transfer

and computational effort is the most acquired.

Nomenclature
I Biot number
> total element
! force vector
. heat generation
. heat transfer coefficient
I function to be minimized
I thermal conductivity
! stiffness matrix

length of an element

. length of rectangular cross scction

: direction cosine of the outward normal
vector.

. shape function
. surface

! time

. temperature

I volume

pc: heat capacity (density X specific heat

capacity)
[ ] : square matrix
{ ) ! column matrix
L J ¢ row matrix
Z I summation
Superscript

(e) : element

T : Transpose
Subscript

e ! conduction

h I convection

i,j ! position vector

X, ¥, Z . direction

e ! condition in the surrounding
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Fig. 3-1. Rectangular cross section. Fig. 4-1. Mean relative error for a plane
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Fig. 4-3. Heat transfer for a tnianguiar element.
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Table 1. Mean relative error of heat transfer.

APPN
ves [FEM10 FEM 6 |FEM 3| FDM |FEMIOL |FEM6L
X1 1.845 1 4.945 114,973 | 3.597
X
(0.295) |(1.718) |(6.338) [ (3.979)
0.794 | 2.644 | 8.850 | 3.298
2%x2
(0,186) [(0.429) |(4.168) |(3.339)
%3 1.956 | 6.266 | 2.779 | 4.947
X
(1.528) |(2.468) | (2.452) [ (1.649)
4,579 | 2.539 1.129
4x4
(1.346) | (2.067) (0.661)
3.736 | 2.413
5x5
(0.843) [ (1.820)
' 2.506 | 2.411 | 1.620 | 8.642
6x6
(0.551) |(1.729) | (0.282) |(4.636)
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Table 2, Bandwidth for a mesh.

APPM FEM10 [FEM 6 |FEM 3 | FDM
MES
1x1 15 6 2 2
2% 2 21 10 3 3
Ix3 27 14 4 4
4 x4 18 5 5
5% 5 6 6
6 x 6 7 7
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