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Fast Multipole Virtual Boundary Element Least
Square Method for Solving Three-dimensional
Potential Problems

SI Wei, XU Qiang
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract. The fast multipole method (FMM) and generalized
minimal residual (GMRES) algorithm are applied to virtual
boundary element least square method to solve three-
dimensional potential problems, so that the amount of the
computational elapsed time and the memory volume of the
storage problems with the calculation of demand are linearly
proportional to the number of degrees of freedom of the
problem to be solved. Then the numerical simulation large-
scale degrees of freedom question might be achieved by the
method. Based on the numerical form of virtual boundary
element-least square method for potential problems, the
fundamental solutions of three-dimensional potential problems
are derived as the numerical scheme to be more suitable for
FMM, through the introduction of concepts of diagonalization
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and exponential expansion moments, in order to further
improve the efficiency of the problem with almost the same
high-precison. The GMRES algorithm is adopted to find the
solution of matrix equation. The numerical examples relating
to simulation of large-scale problems achieved by the method
verify the feasibility, efficiency and calculation precision of
the method.

fast multipole method ( FMM);
minimal residual algorithm ( GMRES); virtual boundary
element(VBEM)
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Fig.1 Sketch map of VBEM
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Tab.1 Temperature at point A

H i B AT EEEN TR 2% M Ao
26 150. 005 136 150. 005 131
218 149. 996 801 149. 996 853
602 150, 004 698 150, 004 874

1178 150. 003 900 150. 003 916
1946 150. 002 214 150. 002 244
FT 150. 000 0
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Tab.2 Heat-flow density at point A

H i B AT EEEN TR 2% M Ao
26 1, 000 406 1, 000 406
218 0. 999 877 0. 999 878
602 0. 999 899 0. 999 899

1178 0. 999 910 0. 999 910
1946 0.999 917 0.999 912
AR 1.000 0

()24 A i R 26 I, 7257 Jr R N G e
RARIE Z MTmme—KEHL L, LKl 100. T
HERABGL 6 R, FIATT 0 35 4 S )
RGN Z 5 10 I8 5 PR 4 8 5 5 A A (6L EL B A



62 Gl PN Q= S )

LRV

FHRZ A, WL 3 FZ 4. 7 0L 1B AR 2
AHXFIRZE AL T 10X 1077 H 10X 107 Z 4, 5 H B
EER/NERHENRERT . AR AR RSN
IEREE. W H, P SRR R oo AR LR
B3 i TR A R 5 5 T B B T B B
PRI EORE R S R B A

®3 &L LESEE
Tab.3 Each point temperature on the line L

ZmAety  thEZRERA T TR AR IR2E/1075
Z=0 100. 000 046 100. 000 0. 045
Z=20 119. 999 918 120. 000 0, 068
Z=40 140. 001 221 140. 000 0. 872
Z=560 160. 008 471 160. 000 5.295
Z=80 180. 005 639 180. 000 3.133

Z=100 200. 000 041 200. 000 0.021
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Tab.4 Each point heat-flow density on the line L

Zimdetr  REEWENR T BTE X iREE/1074
Z=0 1. 000 730 1. 000 0 7.303
Z=20 0.999 796 1. 000 0 2.033
Z=40 1. 000 334 1,000 0 3,343
Z=60 1. 000 221 1,000 0 2,213
Z=2380 0. 999 517 1. 000 0 4, 828
Z=100 1. 000 528 1. 000 0 5. 286
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Fig.5 The heat source spheres in cuboid
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Fig.6 Comparison of computation time of the new fast
multipole virtual boundary element (VBEM)
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Fig.8 Temperature trend diagram on surface Sxoz
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