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Table 1 Temperatures u of the internal points close to the boundary

T1

T2

Exact

%102

Transform

%102

Relative error (%)

0.100000 0000
0.500000 0000
0.700000 0000

0.100 000 0000x10~?
0.100 000 0000x10~?
0.100 000 000 0% 10~?

0.3000000000
0.500 0000000
0.999999 9999
0.999999 9999
0.999 9999999

0.9999999999
0.9999999999
0.9999999999
0.3000000000
0.5000000000
0.9000000000

0.100 0000000x10~°
0.100 0000000x10~°

0.1000000000
0.5000000000
0.700 0000000

0.1111000000
0.1155000000
0.1177000000
0.103 0000000
0.1050000000
0.109 0000000
0.103 0000000
0.105000 0000
0.1111000000
0.115 5000000
0.1177000000

0.1110928240
0.115500768 1
0.1177060124
0.103 0255554
0.1050123820
0.1090059437
0.102994 4273
0.1049992319
0.111096 514 3
0.1154876180
0.1176728339

0.6459076030x10~2
~0.665057 562 7x10~2
~0.510820 756 6x 102
-0.2481105538x10~!
-0.1179235693x10~!
-0.545296 328 7x10~2
0.541 038756 1x10~2
0.7315633191x10~3
0.3137419013x10~2
0.1072032448x10~!
0.2308081176x10~1

*2 BHARKEE ¢, WHER

Table 2 Fluxes ¢, of the internal points close to the boundary

x1

Z2

Exact

Transform

Relative error (%)

0.100 0000000
0.500000 0000
0.700000 0000

0.100 000 0000x10~?
0.100 000 0000x10~?
0.100 000 0000x10~?

0.300 0000000
0.500000 0000
0.9999999999
0.9999999999
0.9999999999

0.9999999999
0.9999999999
0.9999999999
0.3000000000
0.5000000000
0.9000000000

0.100 000 0000x10~?
0.100 000 0000x10~?

0.1000000000
0.5000000000
0.7000000000

1.100 000 000
1.100 000 000
1.100 000 000
1.030 000 000
1.050 000 000
1.090 000 000
1.000 000 000
1.000 000 000
1.010 000 000
1.050 000 000
1.070 000 000

1.101 357 854
1.100189 324
1.101 608 705
1.032313 829
1.050515573
1.087672439
1.001 483834
1.000163 935
1.004 823 758
1.050515573
1.072487277

~0.123441 3089
-0.1721128314x10~1
~0.146 245953 3
~0.224 643 636 2
~0.4910220102x10¢
0.213 537696 7
~0.148 3833890
-0.1639346279x 107!
0.5124991977
~0.4910220102x10~!
~0.2324557619
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5 or ; E
E —0.005p] E 1E-4f
—0.010 =]
-0.015 1Ees
—0.020
—0.025
1E-6
1 1 1 1 1 1 1 ] | | | | 1 | | |
20 40 60 80 100 120 140 160

20 40 60 80 100 120 140 160

number of elements number of elements

B2 A B,C,D 5 BRI Sk i 2

The convergence curve of computed temperatures at

B 3 A, B 5 R ERESO&
Fig.2 Fig.3 The convergence curve of computed temperatures at

points A, B,C, D points A, B



® 2 M WO U4 - S ARG T R Rl A R AR A O — R AR R R ik 211

1E-0
——8—— point ('

1E-1F wmpmu—a point D

1E-2F

1E-3F

1E-4

1E-5F

magnitude of error in flux /(%)
magnitude of error in flux /(%)

1 1 1 1 1 1 1 1
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Fig.4 The convergence curve of computed fluxes at Fig.5 The convergence curve of computed fluxes at
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Table 3 The numerical results of temperature w at interior points close to the boundary

Coordinates Conventional (no transform) Present

r (§ =37.5°) Exact Numerical  Relative error /%  Numerical  Relative error /%
0.960 0000 0.9786810 0.9659999  1.295734 0.9787327 -0.528 756 0x 1072
0.990 0000 0.9947453 0.5438051  45.33223 0.9950226 —0.2787484x10~1
0.999 0000 0.9996119 0.2707488  72.91460 0.9998467 —0.2348945x1071
0.999 9000 1.000 281 0.2483153 75.17544 1.000 328 ~0.466 174 7x 102
0.9999900 1.000 360 0.2461421 75.39464 1.000376 -0.1607714x1072
0.9999990 1.000 368 0.2459255  75.41649 1.000 380 ~0.1280416x10~2
0.999999 9 1.000 368 0.2459038  75.41867 1.000 381 -0.1243939x 1072

R REEEN R £ N b, u=00C I PERELEEIER.

. w=10°C. #5 A AL, 0) B30 5 5 IR VLGRS 3R [19] BB AT R LRI 8~
oy T BGR, EHRRYE, 7E 1/2 F o8 R 4 B 11, Hi B R R R SRR A R 5
J6, KA T LT BEWOTPA ST, WA N B e K R L B £

7 S AL RN 5 #R A AL R 18 AT, SRAR 34 M3 1 AE 2 TULEH, PN SR
AHOG, BEASH 4 DR AR RBIMRAL  pmm, WHERSEELR, 50R0EE /N
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THE EVALUATION OF NEARLY SINGULAR INTEGRALS IN THE
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Abstract The numerical solution of boundary value problems using boundary integral equations demands
the accurate computation of the integral of the kernels, which occur as the nearly singular integrals when the
collocation point is close to the element of integration but not on the element in boundary element method
(BEM). Such integrals are difficult to compute by standard quadrature procedures, since the integrand varies
very rapidly within the integration interval, more rapidly the closer the collocation point is to the integration
element. Practice shows that we can even obtain the results of superconvergence for the computed point far
enough from the boundary; however, using standard quadrature procedures, which neglect the pathological
behavior of the integrand as the computed point approaches the integration element, will lead to a degeneracy
of accuracy of the solution, even no accuracy, which is the so-called “boundary layer effect”. To avoid the
“boundary layer effect”, the accurate computation of the nearly singular boundary integrals would be more
crucial to some of the engineering problems, such as the crack-like and thin or shell-like structure problems.

The importance of the accurate evaluation of nearly singular integrals is considered to be next to the
singular boundary integrals in BEM, and great attentions have been attracted and many numerical techniques
have been proposed for it in recent years. These developed methods can be divided on the whole into two
categories: “indirct algorithms” and “direct algorithms”, which have obtained varying degree of success, but
the problem of the nearly singular integrals has not been completely resolved so far. In this paper, a new efficient
transformation is proposed based on a new idea of transformation with variables. The proposed transformation
can remove the nearly singularity efficiently by smoothing out the rapid variations of the integrand of nearly
singular integrals, and improve the accuracy of numerical results of nearly singular integrals greatly without
increasing the computational effort. Numerical examples of potential problem with their satisfactory results in
both curved and straight elements are presented, showing encouragingly the high efficiency and stability of the
suggested approach, even when the internal point is very close to the boundary. The suggested algorithm is
general and can be applied to other problems in BEM.
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