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An Improvement of Wall Boundary Calculation Model
in Smoothed Particle Hydrodynamics

TAKAHIRO HARADAt and SEIICHI KOSHIZUKA'

In this paper, we propose an improved calculation model of wall boundary computation
in Smoothed Particle Hydrodynamics, a particle method for computer simulation of fluid
motion. Although particle methods calculate a wall boundary with particle representation
generally, our method uses polygons themself as a wall boundary. Since our method does not
need wall particles, the wall boundary can be represented precisely without increase of particle
resolution. The proportion of the wall particle number in the total particle number is high
in particle methods which use wall particles as a wall boundary. Because our method does
not need wall particles, it can reduce the total particle number drastically. We also propose a
visualization method which can make smooth fluid surface contacting with a wall boundary.
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3. Smoothed Particle Hydrodynamics

3.1 0O0O0O0O
gobooooooooooooooooooooon
goooooooooboooo

Dp

E—O (1)
DU 1 2

- —_VYP 2
Dy =, VP VU e 2)

pO0UOPOyO00O0OCO0OOOOOO0OODOOOO
gbooobobobgOoOobOOOODOODO

3.2 0 0O O

Ooooo 10000 SpHOOOOODOOOOOO
000000 x00O000 ¢(x) 000D 00
0000 ¢, 0000O0O00OODODODO0OOCDD

¢.
Gx) = 3 my W (x = x)) (3)
- J
J
m;Up;0x; 0000000 0000000000

000w ooOoooooooooooooo 30
oo

p(x) = ijg—jvv(x - x;)
=) mW(x—x;) (4)

000000000000000000000000
oooooooOo

p—po=k(p—po) (5)
plp 00000OOOOOOOOOOOOOO

00000000000000000000000
000000000000000000000000
0000000000 4000000 FPresooon
0 F"* 00000000000000000

T d + J
P S B ) @
J

J
vis V; —V;
B =) my = VW) (7)
J

000 ryj=r;—r, 0000r,0r; 0000000
000000000000
000000000 WO Millee 0000000
00 woooo'Yoooooooooooooon
00o000O000O0ooono

45 r
VWWirens(s) = = (d = )" O ()
VWoia(x) =~ (d — Jr]) o)



1840 goooooooo

(1) = oo (62 = [rf?)’ (10)

Oo0o0oooooooooooobobob 40000 00
ooo

4. OO00O0OO

gooooooooooooooboooooooo
oooO0oO0oO0oSpPHOOOOOOOOOOOODOO
goooboooooooooooooooooboooon
goooobooooooooooooooooooon
goooobobooooooobooboboooooooo
oooooooooo

4.1 0O O

0000000 (40ooooooUoooUooDUO 0
goooboooooooobobooobooonoooo
ooooooooooooo

pi(ri) = ij (riz)
== Z rz]

JE fluid

E m;W(ri;)

jEwall
(11)

00 10000000000000 20000
oooooboooooboooobod my; OO00ODODOO
goooooooO wiobOooOoooooooooooo
0000001 0000000000 00000
O00o0000000o0oo0ooooooooboooaoon
00 .00000000 |riw|EI[IDEIDEIDEI 1 O
goo0ooobooooooooooboooooon
goooooobooooooboOo-.0ob000ooooo
|riw|DDDDDDDDDDDDD

Q.00

01 DO00000000000000

Fig.1 Distribution of wall particles in an effective radius.
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Fig.2 Distance function calculated with dragon polygon model as a boundary.
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Table 1 Number of polygon in three polygon models and
computation time of distance function (in milisec-
onds).

Model Number of polygon  Time
Gargoyle 500,000 2,172
Dragon 202,520 906
Buddha 32,328 297
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Fig.3 Procedures of surface fitting.
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Fig.4 A computation result of free surface flow. A gargoyle polygon model was

used as a wall boundary.
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Fig.5 A computation result of free surface flow. A dragon polygon model was

used as a wall boundary.
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Fig.6 A computation result of free surface flow. A dragon polygon model was

used as a wall boundary.
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Fig.7 A computation result of free surface flow. A Buddha polygon model was

used as a wall boundary.
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Table 2 Total particle number of fluid and computation
time for one timestep (in miliseconds).

Model Fluid  Time
Gargoyle | 20,000 309.4
Dragon 20,000 281.2
Buddha 20,000 296.8
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Table 3 Wall particle number (1 layer) and the ratio of
wall particle number in all particle number.

Model Wall Total Ratio
Gargoyle | 26,688 46,688 0.572
Dragon 18,582 38,582 0.482
Buddha 12,084 32,084 0.377
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