13 HS5 S A= VU O/ Vol.13 No.5
2018410 A Chinese Journal of Ship Research Oct. 2018

) £& H kiRt E : hitp:/kns.cnki.net/kems/detail/42.1755.TJ.20180831.0938.001.html BAFIM L : www.ship-research.com

SIAME XU XVIE R, B, 5. SRS TT AT TR % S5 s B 7 (AL ). b R AR AT 72, 2018, 13(5) : 77-84,90.
LIUM C, LIU Y J, XUE G, et al. Boundary element method with parameterized elements for problems of potential flow
velocity field[ J ]. Chinese Journal of Ship Research,2018,13(5):77-84,90.

ZIAC T SR L TR Y5 it 1 5 B[] el

XA, KIERR 20, BE >, SR
LW AR K¥ EEF R, LR 58 250100
2R AF M IAZFEE, LK 7 250061
3WWAAF GRFEFVRFAERFTHE L ELHE, LK HFE 250061

 E. [ B ] B OTIRTEIGE TR )= A G )T R 0 AT SR, e S RO AR AR K Bl )
R, [ sk ] AR PR ARk o AU R L SR F S B0 TG 00 B 0 1 0 AL I R A 7 3K A L 45 HR U A
BESR G X 2 MU AT B T, SRR AT AR LU R AT IR 25 T . TE T 4RIRDER 30 R AR E AL S 4L
AL A TE S AL PRI I 50 1 SR A A 1 [ A s 7F = 4 ()R T, SR FH S8k e i A on R g B i % 3
[P [ 48R ] 45 R R 7E 4R R, SR AR 7 L2 S 800 50 T8 30 S 018 SR A 4t ) R EL A 2058 v TR s R R0
AT LA SR T8 /0 B ST B I 0 A5 B0 488 Ay S ARL O M8 A 5 A = 20k 1) SR T S 80k s T 0 R o vk B THER
BEARCHE, T ] LAAS BT 0 1 SR X RS B {E A 8 R 25 K, T B8 G B 0 ol FH A R T R AT SR i [ 48 % ]
AR TC I PR AE SR R I TR A AL [ AT, B30 3 R S 00 o R R i T R SRR A 2% D8 A RN
TR By A 1) R 3 T i

KB SHULHIT; WRoTE B HEIS ;s BUEH

FESES:U661.1 XEkAR R A DOI:10.19693/j.issn.1673-3185. 01158

Boundary element method with parameterized elements
for problems of potential flow velocity field

LIU Mengchao', LIU Yanjun'*’, XUE Gang>*, WU Hanling'
1 Institute of Marine Science and Technology, Shandong University, Jinan 250100 , China
2 School of Mechanical Engineering, Shandong University, Jinan 250061, China
3 Key Laboratory of High Efficiency and Clean Mechanical Manufacture, Shandong University, Jinan 250061, China

Abstract: [ Objectives] The Boundary Element Method (BEM) has broad application prospects in ocean
engineering hydrodynamics. In order to promote the application of BEM in ocean engineering
hydrodynamics, [Methods] the integral equation is established according to boundary integral method
and a parameterized element BEM is adopted. This meta—method solves the potential flow problem and
obtains the velocity potential of the flow field. The numerical calculations are performed on the basis of
classic examples, the mathematical solutions are compared and error analysis is performed. Under the
two—dimensional problem, the discontinuous parameterization element BEM and parameterized element
BEM are used to solve the potential flow velocity field. Under the three—dimensional problem, a
parameterized element BEM is used to solve the potential flow velocity field problem. [Results] The
results show that under the two—dimensional problem, the discontinuous parameterized element BEM is
used to solve the potential flow problem with high precision and efficiency, and the ideal numerical solution
can be obtained with fewer elements. The parameterized element BEM under the three—dimensional
problem is faster in calculation and can obtain better average relative accuracy, but some points have large
margins of error and require the improvement of the algorithm or the introduction of another element to be
solved. [ Conclusions| When the parameterized element BEM is used to solve the potential problem in
ocean engineering, the numerical calculation implementation process is more concise and can be
developed into a general method for solving the hydrodynamic problems of ships, such as ship motion.

Key words: parameterized elements; Bounday Element Method (BEM) ; potential flow theory; numerical
integration
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Table 1 The calculation results of velocity potential by
discontinuous parameterized elements(case 1)

KBRS b E R

T w y AR L AR IR 22/%
1 0.1 0.1 0008537  0.008 546 0.11
2 01 25 0236313  0.236265 0.02
301 50 0628773  0.625917 0.46
4 01 75 1422434 1.421 926 0.04
5 01 99  3.062776  3.043 561 0.63
6 49 0.1 0271407  0.271940 0.20
7 49 25 7534049 7518070 0.21
8 49 50 19.896945  19.917 008 0.10
9 49 75 45318735 45246430 0.16
10 49 9.9 96962292  96.847 673 0.12
11 02 01 0017073  0.017084 0.06
12 20 01  0.159467  0.159921 0.28
1325 01 0192659  0.192385 0.14
14 40 01 0258137  0.258758 0.24
15 49 01 0271407 0271940 0.20
16 02 99 6096510  6.084118 0.20
17 20 99 57112596  56.953 737 0.28
18 25 99 68502724 68515455 0.02
19 40 9.9 92406620  92.153 083 0.28
200 49 99 96962292  96.847 673 0.12

TR 2 0.19

Table 2 The calculation results of velocity potential
by parameterized elements(case 1)

g ey CCHRRRORRTEEE e
R

1 0.1 0.1 0.002 490 0.008 546 70.86
2 0.1 2.5 0.236 344 0.236 265 0.03
3 0.1 5.0 0.625 979 0.625917 0.01
4 0.1 7.5 1.420 772 1.421 926 0.08
5 0.1 9.9 3.985 676 3.043 561 30.95
6 4.9 0.1 0.329 797 0.271 940 21.28
7 4.9 2.5 7.534 036 7.518 070 0.21
8 4.9 5.0 19.975335  19.917 008 0.29
9 4.9 7.5 45382206  45.246 430 0.30
10 4.9 9.9 96.152946  96.847 673 0.72
11 0.2 0.1 0.014 657 0.017 084 14.21
12 2.0 0.1 0.160 352 0.159 921 0.27
13 2.5 0.1 0.192 864 0.192 385 0.25
14 4.0 0.1 0.258 801 0.258 758 0.02
15 4.9 0.1 0.329 797 0.271 940 21.28
16 0.2 9.9 6.487 487 6.084 118 6.63
17 2.0 9.9  56.897571  56.953 737 0.10
18 2.5 9.9  68.448599  68.515455 0.10
19 4.0 9.9 92.072 400  92.153 083 0.09
20 4.9 9.9  96.152946  96.847 673 0.72
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Fig.3  Schematic diagram of circle flow field
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Table 3 The calculation results of velocity potential by

discontinuous parameterized elements(case 2)

T y HLIR P 5 ﬁ?*ﬁﬁgﬁ FAXTR 2 /%
T HREE R

107 07 0490070  0.490 000 0.01
206 0.6 0360050  0.360 000 0.01
305 05 0250035 0.250 000 0.01
4 04 04 0160022  0.160 000 0.01
5 03 03 0.090013 0.090 000 0.01
6 02 02 0.040006  0.040 000 0.01
7 01 0.1  0.010001 0.010 000 0.01
8 0 0 0.000000  0.000000 0.00
9 -0.1 -0.1 0.010001 0.010 000 0.01
10 =02 -02 0.040006  0.040 000 0.01
11 -03 -03 0.090013 0.090 000 0.01
12 -04 -04 0160022  0.160 000 0.01
13 -05 -05 0.250035 0.250 000 0.01
14 -06 -06 0360050  0.360 000 0.01
15 -07 -0.7 0490070  0.490 000 0.01
16 0.966 0.259 0.249980  0.249 949 0.01
17 0.866 0.499 0.432967  0.432913 0.01
18 0707 0.707 0.500 085 0.499 990 0.02
19 0.499 0.866 0432967  0.432913 0.01
20 0.174 0.985 0.170 891 0.170 863 0.02
SR 2 0.01
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Table 4 The calculation results of velocity potential by

parameterized elements(case 2)

BUEH LS b 3

W W y SR R AR 2 /%
1 07 0.7 0490009  0.490 000 0.00
2 06 06 0360007  0.360 000 0.00
3 05 05 0250005  0.250 000 0.00
4 04 04  0.160003  0.160 000 0.00
5 03 03  0.090002  0.090 000 0.00
6 02 02  0.040 001 0.040 000 0.00
7 0.1 0.1  0.010000  0.010000 0.00
8 0 0 0.000 000 0.000 000 0.00
9 -0.1 -0.1 0.010000  0.010 000 0.00
10 -02 -02  0.040 001 0.040 000 0.00
11 -03 -03 0.090002  0.090 000 0.00
12 -04 -04 0.160003  0.160 000 0.00
13 -05 -0.5 0250005  0.250 000 0.00
14 -0.6 -0.6 0360007  0.360 000 0.00
15 -07 -0.7 0490009  0.490 000 0.00
16 0.966 0.259 0.250809  0.249 949 0.34
17 0.866 0.499 0432442  0.432913 0.11
18 0.707 0.707  0.499 981 0.499 990 0.00
19 0499 0.866 0432442  0.432913 0.11
20 0.174 0985 0.172523  0.170 863 0.97

TR 2 0.08
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Fig.9 The calculation results of velocity of 9 112 grids
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