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Fast and Precise Surface Tension for SPH-Based Fluid Simulation
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Abstract  With the continuous progress of computer simulation technology. fluid simulation has
been developed rapidly, and it has been widely used in many fields, especially in engineering
computation, game and special effects in movie. Nevertheless, with the increasing requirements
of fidelity of the motion and interaction of subjects, fluid simulation requires more realistic
simulation results. However, the motion of real fluid and objects is often difficult to be expressed
by simple process, which can only be realized by the physical laws in the real world. Physics-based
fluid simulation is one of the most challenging research issues due to its complexity in theory and
computation. Among numerous f{luid simulation models, smoothed particle hydrodynamics
(SPH) based fluid simulation is the most widely used meshless method to simulate the realistic
fluid motion. As a simple and flexible method, SPH particle characteristics make it naturally
suitable for fluid simulation modeling and feasible to deal with many fluid simulation computation
problems in a robust and stable way. With the improvement of the realistic effect of fluid simulation,
the detailed simulation of fluid has attracted more and more attention. But, current SPH method

cannot guarantee the accurate surface tension computation, which reduces the fidelity of the fluid
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simulation, fail to achieve realistic fluid motion and may lead to the distortion of fluid simulation
in real simulation application scenarios. Surface tension is the most common and important physical
property that exhibits the microscopic properties of fluids and is of great significance in realizing
fluid simulation with high fidelity. It is still a challenge to accurately calculate the surface tension
for the SPH based fluid simulation. The numerical instability in the SPH based free-surface
liquid simulation causes unreal surface tension, particles clumping., and thin features rupture,
which seriously affects the visual effects of simulation at the free surface of the fluid. In the free
surface of the fluid, the lack of neighborhood particles cause underestimated surface particles
density which is calculated by the SPH method, resulting in negative pressure and thus leading to
the phenomenon of non-physical particles clumping. To tackle this issue, we propose a fast and
realistic method for fluid surface tension computation in SPH based fluid simulation. Firstly, the
fluid surface particles are efficiently detected and the surface normal vector of the particles is
precisely defined. Then, based on the detected surface particles, we define he level set grid by
using the free surface definition and surface normal vector. To alleviate the difficulty in handle
surface particle density, we propose the level-set based density correction method for near-surface
particles to make the calculation at the boundary more accurate. Finally, in order to achieve fast
and effective surface tension, we propose a model which combines the near-surface particle
interaction force with the minimum surface area to calculate the accurate surface tension of the
fluid. The experimental results show that our method can alleviate the particle clumping caused
by the numerical instability at the fluid free surface, and our method can achieve fast and realistic
surface tension simulation in SPH fluid.

Keywords smoothed particle hydrodynamics; fluid simulation; surface tension; near-surface

inter-particle force; density correction
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REFEATRE R FIEY AR ER SR, G5
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B X 2R TR T RDRE S OB S B B AN &
SL. O T ORAEAS (R AR BE 0 7 B2 AR SCHE TR
e DA KA O N S| B R Sy N By ]
B A AL B 7 3 A AR UE T RSO Y B
PRAUE T A e P A 07 ELACR S0 4R 1 2 TR
00 AT DL R B IR 3.2 45 1 O ik AT PR R R
T ARG
4.2 BNMELRERM

I 2% TR B AR A D AR, BE A5 R 2R LT 4y
TR F 0 R R R LA A5 A e Y A 2% T R T
HOE(7/BLIE -5 Sy P (E P V& L E B TR YA R (B
JIHE IR R T 5K g o 5 B A A 2 i Ak 1 B AR
WP KL B W) b 43 A3 o A B8 DR UE 30 44 35 181 B A />
b BT LA T B4 S AR DL R 1 2% T TOUL R L AR AR
RIS 0 2R T 5K ) ORI W A /ME R
T R I 9 4% 2% 1 AR e/ fk. Akined 88 NN 42
— B /M AR R 1 AR LI
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Horpr,y FRoR AT o ME R H IR E n, —=n, —

n om0 KRR RIERLT @ MG Rk AL 7E SPH

MRLF At Bl R a5 5 A . O T kR

AR A 1 iR T B Akincd 3 o 6P W 68 4 B 1Y
SPH fli i1, 71584 F 12 ] 1

n,:az%"ku,, )

55— g )y ik AR RITE T 07 v 2 — T
ST X o I 4R R B 0 B R 1 1 e

r;;
ry | )W, o) (18)
|7y |

(20)
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Mo TR R R LS — e B O R 8 B
0 25 T B0 €8 3 1) s~ 125 1) 2 A 7E — AN ME A 12 1.
ASCE G 3. 2 1 IH— A0 K B 1S ) 5K B 2R DR T
Jo T AR = AR B8 37 07 L AT DL B LB
J7 85 B URG A BRE 3k 1) . AR SOKE K (10D BT 153k
) g | A S/ ME R AR I o HE ) F SPH A
rh IR AR AL A5 B B /MR TR AR IUE LA -
Amz—yEfZ?mﬁwuﬁm> 21)

DO SV o1 I o N S P S B N
BRI IR & R X TR X an; 15 F)
n;=n,—n;~0; % FHNPRFME, BT n.~0 FHl
n, 20, BOZ WA Z. T DR TR, O T 45
THERCR IR HER X R R TR i ok T RIE
25 ()0 B PR 3% P 8 BT A B R 8 B AL R AR R kL
FALIM AT 2 . A 42 5 REOR A R R E T B0
FeE 1.
4.3 ETKEENMEHZEEMRIE

1€ SPH i AR5 B b, 1 58 B 45 14 980 TR 58
S Qb L % B L L S R N S 3 R A R 1 9 R (E
FECE D] 5 R KT REI S BT B BUE A
(SN R G R NS TR AR RO | ok 8 s SR o
TR B R DTS A e 2 1 A B AN R E kL

FAEY LRI L W R . 1 B b 2R T A 0k R
) H R A X 30 % IR T IR F O T A R R
M. 305 3 1hRE - 18] 75 F 0 B R LA kL F 40 A 5 R
B A ARG BT A AR AT B BT (1 0 B

Z e 3| (1) Fr 15 level-set pREUE 7T DA W
KO 4 RS 2 75 T AR P L A SO TR
PRURE B R B R, 4 R DR R AT % B IE. IR
PRARFRS L R B R & SCINF -

D8I AV, W (ry k)
R,=- (22)
DIAV, W (ry k)

H AV RIR B 7 BRI, X T 0(8), 4
$, >0 Bf.0($)=1. %N 5($,)=0. HEBILAXE
SR

DV Wy b

= 23
0i R (23)

XEF A AR T R~ 1 Jof AT B IE
XA T BT, R <1 W R RE RO B A
e AR KL T AT B IE R AT

B 6 BB T AE IR 3 T S K P 4R RS AT
WIEMBIE o Ry~ Ry /s B AU A 8] R/ 1
level-set pRELME. B3k 10— U5 Hak A DA AR,

R1 —1=¢<—0.5
R2|  —05<$<0
R3 W 0<4<0.5

R o5<¢<1

Kl 6 g level-set pRBEAT % B 18 1E

=573 W RN =R v A
. WHILE animating DO
update neighborship

compute density

update level-set grid

1

2

3

4. find free-surface particles
5

6 FOREACH near-surface particle i DO
7

density correction

8. END FOR
9. FOREACH particle i DO

10. compute viscosity, gravity and external forces

11. IF particle i is near-surface particle THEN

12. compute near-surface interparticles forces

13. compute the force which minimizes the surface
area

14. END IF
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15. END FOR R A Ty RS2 B T I8 K 2 B A KT IR
16. compute velocity T KBS LA B e R v sl 1 B . SPH R ) W % 2k
17. update positions % h WUE M 3R, R iy SPH REERL T 1242, X T F

18. END WHILE

5 FLHGER
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TR 5T Akined 5 ik % 5 A SO A BBOR

B SER, A SCIR G T Akine 28 AV HE H 3
[ G ik AR SO SE 5 & s (1) B S HFE 2R
Intel i5-4570M (3. 20 GHz) CPU,.8GB N . Bk
GeforceGT 755M; (2) # f4:: Visual Studio 2012,
Mitsuba,OpenGL. % 2 Jif 758 Jy 4 CJ5 ik ik 3
SCHEAT S50 i 45 1 N ] PR RE SR T

Fz 2 1000 h T 4 B (8] 14 BE S5 1t (P :ms)
758 TR F A (R %) 2 A T4 W % F kS EEBIE Bt
L P A 15000 3.69 33.32 4.35 6.19 102. 56
7K 3 153 5000 1. 02 9.22 1.23 1.75 28.98
T KRR 10000 4. 88 22.58 1.73 3.08 62. 14
WE R RERT 30000 8.31 35.54 3.63 5.36 127. 15
AR p i T 40000 14. 82 86. 69 11.12 22.16 336. 61

K7 ARSI 2 WP G Bk AR X
VR AE 2 1 PR 55 8 1 il 2ok 2 R AT 1 A A
L. WA B W 51, FE SR K AT T &
fil A R — AR BT — AR BROE B K R 2 TR
YA TCE T3 AR T B &Rl 5 T8 BUOROE K 2k 1 722 1k
AR UL T AR SRR T 5K O A AR R AR ) S0
2 I e /M TR A M. X T g s AR SCE
BIX} Ghost SPH ., Akinci™ 77 3% . Yang %8 A2 J5 ik
HEAT TR 0 B BEROCR 5 AR SO EE AR, TE SR L
ANTF] s B AR IE B T BRI K B, 18] 8 Sy DU A Iy i e 4
RS A HOR &L BR T Ghost SPH Jy i 4h, HiAt =
7 ¥ B A T 56 36 A RO K BR. BB A SC07
25 Akinci, Yang J5 ¥k 75 2% W 7K J7 A3 %M J7 18 AH
[i]. T Ghost SPH fig £ h: 173 4 A & 58 £ Y BRIE
R BE A 52 B AR d /M. A SCEE B Ghost SPH

FETH 7K ) 2 T A, 10 . Ul L T A 3 10 2 T
KARORAN B, s HFE LR AE T H 5 i
FEH R G REE . RE S MR e R
AR b ARRL o (H A S 30 ok AR b R B B il AR
T G S BRI K B 1 3 B A — 20 FEAS SC S B0 PR 5
T A EBHE 2K time_step=10. 001 s, Akinci J5 3%
SARTCTT 32978 800 Wil e A7 B J AR E BRI K 3k L T
Yang Jy R ATE 750 WA A7 8 BURR A2 BROE K Bk, 23 B
T A 22 T R IR FE T Yang J7 B AE T 5ORL - [A]
YE RIS BT 05 F A A% 2 A2 B8 R g — R 7 9 AR e
BB K. M > 78 5 42 Jmy 14 BE 0 B — kLT
FARL (B VR FH g o s 45 44 B PR b Wi 83 4 Ry R T
i/, At B AR Yang 59k Akined KA SCT7 1%
WSSO P o AH R AR i S b B R A 2 A ) A
AN 7 AR — 8 FE B R

K7 ZWREA T
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Ghost SPH Akinci }7%

Yang 7777 ARLTgE
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P9 A 10 43 531 kg 7K 78 W[ WA S m Y
AR . &9 e MR L 14 7K B R 18] 4
DI RES Fedme /M2 1 R R B y 1A At 7
AR E S 5 oy AHAE. I DUE By (E 530
H3.5,2.5,1.0,0.5. 2 y #KMF, KT 2 BT BKIE 5

WO v BYZZ /)N 7K 18 18 3510 A 32728 A i 72 U B
T ARSI AT B AT A [a) Ja A A ] 34 552 A 3
(2 17K 3 015 B P10 S 7Kg SR SR IR K ORI
P30 Hod =00 4 XA SR UL T A SOk T AR
TS [T A SRS L v ™ A B 2R 105K ) RCR

P9 Bl I K T AR KA A i oK i R T AOR

& 10

Bl1L A2 58 ) (R0 3 4 7 AR SO
5 WCSPH.,Ghost SPH. Akinci, Yang J5 &% 5
X L. AR SO 1 S M TGRSR R 2 B 2L
%1 WCSPH, Ghost SPH, Akinci J5 ¥ {1 £ %
AN HA BRSOk T AR R E L. B

T K2R

WMIRAE AR B AP A g s P i
RENLTESE YDt i R R ol i AR S RN
R RE BT 80 B T A SCO7 i AT WCSPH L, Ghost
SPH. Akinci J5 % B 7H 58 5 A8 € - 07 H AR
N ESE T EECRE  Yang Ik BURE T 5 A 305
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Background

It is challenging for smoothed particle hydrodynamics
(SPH) to simulate free-surface liquids, which suffers from
surface tension artifact and particles clumping. The underlying
reason is that the numerical fractures inherently exist in SPH.
which destroys most of these appealing visual effects near
free surface. Surface tension is essential for the realistic visual
effects for SPH based fluid simulation. However, current
methods of surface particle detection and surface normal and
tension definition are unable to obtain realistic surface tension
simulation. SPH also suffers from inherent tensile instability,
which results from the erroneous density computation at
fluid-air and fluid-solid interfaces. Miscalculated density values
will lead to negative pressures in numerical perspective, and
further characterize as particle clumping. The existing
surface tension models such as the continuum surface force
(CSF) model and the interparticle interaction force (IIF)
model both have their own flaws. Some methods based on
CSF model suffer from large error in curvature calculation at

some parts of free surface. Some methods which only based

on IIF model cannot guarantee the least surface area.

In this paper, we propose a fast and realistic method for
surface tension simulation in SPH fluid. First. the surface
particles is efficiently detected and the surface normal is
precisely defined. Then we construct the level set grid to
modify the density at the boundary. Finally. we propose the
near-surface interparticle force to compute the surface tension.
Experimental results demonstrate that our method can
achieve fast and realistic surface tension simulation in SPH
{luid.
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