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A Line-by-Line Technique for Convection-diffusion Problem
Implementing Finite Element Method

e 2} A *
Jaisuk Yoo

ABSTRACT

Finite element method has been developed recently for the solution of the convection-
diffusion problems. Finite element method has several advantages over finite difference method,
but its requirement of the larger memory size of the computer has prevented from wide applica-
tion.

In the present study, line-by-line technique has been implemented to finite element method
to overcome this disadvantage. Two dimensional laminar natural convection in square cavity
was chosen as an example in this study. The numerical result shows good agreement with bench
mark solution and the size of the coefficient marix has been reduced drastically.
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Table 1 Comparison of the solutions for Ra=

10*
Present | Bench mark | Traditional
met hod

study solution solution
1y | 16.14 16.178 16.16
%2 0.8125|  0.823 0.8125
#may |19.67 19617 19.64
Xy 0.1250 0.119 0.1250
Nu, 2.243 2.238 2.243
NUmay| 3520 3528 3523
X2 0.1250 0.143 0.1250
Nupm| 0589 0.586 0.586
X 1.0 L0 1.0

Table 2 Comparison of the solutions for Ra=

]—u— ‘T‘—1 0}'91‘4’.

108
[ Present | Bench mark| Solution using|
equal-size~
study solution | element
Uipay | 34.30 34.73 35.23
Xy 0.8750 0.855 0. 850
Hamay | 68.65 68.59 65. 55
%1 0.0625 0.066 0.0500
Nu, 4.491 4.509 4.333
NU max| 7648 7717 7.126
Xq 0.0937 0.081 0.1000
NU g | 0.755 0.729 0.746
X2 1.0 1.0 L0

Table 3 Error(%) of solutions of the present
study compared with the bench mark

solution
Ra=10* Ra=10%
%3 max - 0.23 — 124
%2 may 0.27 0.09
Nu, 0.22 —0.40
NU max —0.23 — 0.89
Nu pin 0.51 3.57




Table 4 Error (95) of the original solutions
by De vah! Davis for Ra=10% ®

h Wimax | %2max | NU, Egézi
0.1 17.77 |—12.95 572 | 11x11
0. 05 498 | —8.46 4.59 | 21 x21
0.025 098] —2.7 1.22 | 41 x41
0.0125 0.23 —0.54 0.31 | 81 x81
present [ —1.24 0.09] —0.40 | 21 x21
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Fig.2

Isothermal lines for Ra=10%
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