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Table 2 The pressure p (Pa) of the inner points closed to the inner point 4(1,1,1)
£5 1 I A7 PYES LI 7R AR SEL i
AR x1=x=x3 (M) Beilife
SR HE # SR HE SR JE B SR HE #8

0.9 3.3x10™ 413.404 —36.146 413.680  —36.186 413350  —37.302  413.350  -37.302
0.99 3.3x10° 413.111 —39.866 413.303  —39.932 412997 —41.024 412998 —41.021
0.999 3.3x10° 413.086 —40.235 413.008  —40.338 412961  —41.384 412961  —41.393
0.9999 3.3x10* 413.084 —40.278 412.055  —40.095 412957 —41.429 412957 —41.430
0.99999 3.3x10° 413.084 —40.283 412.829  —40.077 412957 —41.433 412957 —41.433
0.999999 3.3x10° 413.083 —40.284 412.808  —40.077 412957 —41.433 412957 —41.433
0.9999999 3.3x107 413.083 —40.284 412.808 —40.076 412.957 —41.433 412.957 —41.433
0.99999999 3.3x10°° - - 412.808  —40.076 412957 —41.433 412957 —41.433
0.999999999 3.3x10”° - - 412.808  —40.076  412.957 —41.433 412957 —41.433
0.9999999999 3.3x10™" - - - - 412953  —41.338 412957 —41.433
0.99999999999 3.3x10™" - - - - 412953  —41.338 412957 —41.433
0.999999999999 3.3x10™" - - - - 412953  —41.428 412957 —41.433
0.9999999999999 3.3x10" - - - - 412.553 41393 412957 —41.433
0.99999999999999 3.3x10™ - - - - 418.143  —41.954 412957 —41.433
0.999999999999999 3.3x10" - - - - - - 412957  -41.433

Bl 4 Jiksh Bk 37 S04 A
Figure 4 The external radiation of pulsating ball.
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Table 3  The pressure p (Pa) of the points closed to pulsating sphere boundary B(1,0,0)
B i Lk oo B XU Lt e i) AL Tl A
%)fdixz:xf(),x] (m) BiEEe . N . N . N . N
S 2 I HE H e HE # e HE B
1.1 2x107 205.989 166.864 206.541 169.802 206.344 168.672 206.541 206.541
1.01 3x10° 207.079 202.070 207.500 203.257 207.424 203.317 207.505 207.505
1.001 1x10° 207.100 206.236 207.520 206.571 207.821 207.407 207.515 207.515
1.0001 5%x107* 207.101 206.679 207.551 206.792 207.945 207.903 207.515 207.515
1.00001 5%10°° 207.101 206.724 207.605 206.816 207.955 207.913 207.515 207.515
1.000001 5%10° 207.101 206.728 207.605 206.816 207.840 207.949 207.515 207.515
1.0000001 5x107 - - 207.605 207.569 207.965 207.965 207.515 207.515
1.00000001 5x10°° - - 207.605 207.569 207.965 207.965 207.515 207.515
1.000000001 5%107 - - 207.605 207.569 207.965 207.965 207.515 207.515
1.0000000001 5x107"° - - - - 207.965 207.965 207.515 207.515
1.00000000001 5x107" - - - - 207.965 207.965 207.515 207.515
1.000000000001 5x107" - - - - 207.845 207.955 207.515 207.515
1.0000000000001 5%x107" - - - - 207.836 207.836 207.515 207.515
1.00000000000001 5x10™ - - - - 208.830 208.830 207.515 207.515
1.000000000000001 5x10°"° - - - - - - 207.515 207.515
0.050 -
0.0451
0.040+
—=— Real part
0.035- —e— Imaginary part
_ 0030f
e
5 0.025+
2 o.020}
< o015f
& 0.010
0.005
0.000
—0.005}|
B S SRS G s ootol
T . O = 0 NN N NN N SN SN SN~ NN
Figure 5 The external radiation of vibrating sphere. 2 290 0o 0obo oo oo oo
TR IR, W T U 5 s BT, A SR RERS 1 co e Re

TR FEAMIR T 7310 b i Y S5 R 37 75 I, a6 .

Relative distance

Bl 6 (MEZshcR 8B LAk 5 5 ip (Pa)

Figure 6 (Color online) The pressure p (Pa) of the points closed to

boundary B.
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A method of treating the nearly singular integral in
calculation of sound radiation with BEM

SUN Rui, HU ZongJun', NIU ZhongRong & ZHOU HuanLin

School of Civil Engineering, Hefei University of Technology, Hefei 230009, China

For the nearly singular integral of three-dimensional acoustic boundary element method (BEM), based on the 6-noded
triangular isoparametric element, a new semi-analytical algorithm of three-dimensional high order element is proposed in
this paper. Using Taylor expansion of trigonometric functions in the three dimensional acoustic fundamental solutions, the
singular part of the fundamental solutions is separated. Based on the geometric characteristics of the 6-noded triangular
element, an approximate singular kernel function is constructed which has the same singularity as singular integral kernel
function. Subtracting the approximate kernel function from the kernel function of the singular integral, the latter is
decomposed into a regular kernel function and an approximate singular kernel function. The integral of the regular kernel
function can be calculated accurately by using the conventional Gauss numerical quadrature. The integral of the new
singular part is calculated by the semi-analytic formula derived in this paper. In the surface of the integral element, the
local coordinate system pd is established and the approximate singular integral is transformed into the integrals of variables
p and @ which are already separated in p8 system. The integral with respect to polar variable p is expressed by the analytic
formulations first. Then the new singular integral which is a surface integral is transformed into the line integral with
respect to variable §, which can be evaluated by the Gaussian quadrature. Consequently, the new semi-analytic algorithm
is established to calculate the nearly singular surface integrals in 3D acoustic BEM. Some examples are given in the last
part of this paper to show the accuracy and the effectiveness of the present algorithm. The computed results demonstrate
that the semi-analytic algorithm with high order element presented in this paper is more effective than linear regularization
BEM to solve nearly singular integrals for 3D acoustic BEM.

BEM, sound field radiation, nearly singular integral, semi-analytical algorithm, 6-noded triangular element
PACS: 43.55.Ka, 02.70.pt, 02.60.Cb

doi: 10.1360/SSPMA2016-00498

094301-10


https://doi.org/10.1360/SSPMA2016-00498

	边界元法计算声辐射时几乎奇异积分的处理方法
	摘要
	1  引言
	2  三维声场边界元理论
	3  三角形6节点二次等参数单元
	4  三维声场边界元几乎奇异积分半解析算法
	4.1  三维声场边界元法中的几乎奇异积分
	4.2  几乎奇异积分半解析算法

	5  数值算例
	6  结论
	参考文献

