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Real-time Simulation of Realistic Melting in Fluid-solid Interaction

Abstract

Abstract: In order to realize real-time simulation of realistic melting in fluid-solid coupling, a particle-based
GPU parallel simulation method was proposed. This method employed an implicit heat diffusion model
which took the heat conduction properties of materials to update the temperatures of each particle.
Based on the lattice shape matching method, a stable topology change method was proposed to simulate
the conversion of solid particles to the fluid particles. In order to improve the time performance of each
time step, a parallel simulation method entirely implemented on GPU was put forward, and an iterative
filling algorithm was designed to dynamically update each region according to the phase transition of
solid particles. The results show that the method can achieve the real-time simulation of realistic melting
in fluid-solid coupling for medium complex scenes.
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Real-time Simulation of Realistic Melting in Fluid-solid Interaction
Shao Xugiang, Song Yu

(School of Control and Computer Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: In order to realize real-time simulation of realistic melting in fluid-solid coupling, a
particle-based GPU parallel simulation method was proposed. This method employed an implicit heat
diffusion model which took the heat conduction properties of materials to update the temperatures of each
particle. Based on the lattice shape matching method, a stable topology change method was proposed to
simulate the conversion of solid particles to the fluid particles. In order to improve the time performance
of each time step, a parallel simulation method entirely implemented on GPU was put forward, and an
iterative filling algorithm was designed to dynamically update each region according to the phase
transition of solid particles. The results show that the method can achieve the real-time simulation of
realistic melting in fluid-solid coupling for medium complex scenes.

Keywords: particle system; melting; realistic simulation; real-time simulation; GPU

o}

I 2200 55 ) R F sl A4 A 2R AR EL AT DR S U [l
WA HARA R AR B BN, AL
PG R RSTALL T T 18 5% 1] 90 A8 ELABEAPL 1) B 52K & O
HE,

HA AL LR R 2 e JT T V2 0
FOLAE, ARSI A8 B H 20 S AL 5 1 52
Wk 301 2015-06-01 161 F1 391 2015-11-06; A RS FOLATY A — N 8 A0 B G (AR g ¥ 0

5

VUL IR 2 v - B 1 3 A B AR Y
XM KIS KIRAE &l A AR B ) S
B C 4 Z N T R R i Rk
AR A5 07 B AU . A [ A PR S sl R P 3

F4ETH: K ARFHEIE4(61502168); ‘ ATLE %?MT@H@W?EFPED4135[1%?*?_%5@
P isr: ABLEaR(1982,), B, Wides, ft, uf ‘ s e
Ui, S SR G 2 R LS R A% B H 550 BT A (R Wby 5 AU

(1958-), T, WALskE O, Wi, #d2, W57 B 4] 3 F 9 R 11 8 45 A I % B0 7 (R ) B
PELREAN AR R

http: // www.china-simulation.com

* 502«

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 3, Art. 5

29553 Vol. 29 No. 3

2017 4E3 A Higgm, S5 [RAC - B S B LIS 1 SE AR Mar., 2017

107 15 OO T LA M AL 0 R 1A 132 3, s AR

{E S REARAF I BB AL R o o 40 4 ke e 2 P = —myp (e Yo (3. ) @)

(R 2R, T AR B AE RS BUR RS LR 77 pi

Ao R e PR AR S T S T BL SRR T TR fL,ﬂmmxﬁ;vwmp) 3)

T (s B 7 395 0 A2 B 43 B 22 I %;F_ —

FOFBENORT, ASER TR, o T T R A A A

7 R B S e R R A e

L R = e, BT MR
Kk, TR g g IR Fi =R

PISEITBLRL, T T4k THESL GPU Jf
TS B eI —Fh 2% R &
Jig 1 ) o A A 3 T SRR AR SEOBORE T IR S AR
Je g A )RS T 40 b SRR T VR AR [ AAORE 1
) R ARRL 5~ B A o R T s AN I )22 A Y )
TR B LLIS B SEPERE, A T S8 A TE
GPU LHUATIIIHAT IS T

1 ETRTHIERA B

FSADHE SR T B HURE 5~ T VU AN AT s 4
A ATAR T A LA EAT Z AR AE H .
o, K SCHER[9] 1) WCSPH 7 74 (Weakly
Compressible SPH)FA 0] R AR (1123l [
FH WK 1 32 B >R TS 8 B A% 1 TR IR DG i 50 9%
LSM!"%(Lattice Shape Matching) AT KL, T T
X6 A AE T ISR P it ) SR 11-12] 7y ik
BEAT AL

TG, AETHELRAARL TR R R, 2B B ARAR
] A2 1 TR0 L PR AR BTk, PR — IR AR
i B

A=%ZWWMH%ZmnW@MO (1

Horhe m AR x MR TALE:; W ONEEREG h
IRL R EUE SR p() =V Vo AR BTR
BRE VL IR ZIFAR AR B M v
E N SO RS ul S AR TR % N A

SRIG s TR AH AR S AR 5~ i R AR
Jo ¥ i WER ) FL BRI ) FY RUR )

2 HSEREACIIZ ST

N T RS E L S AR AR B A 0 5 AU ] 97
AL, gy R LSM AR AR
RN A A= AL R I e, Wl 1

XV L ,JI N
S 20092
Q@/:xn<1ﬁ£;1chihxf
Igggygygg; DD
ﬁ@&@%f w@<@x1

O AR AT [ R T O KRT — HA e
B AR

Fig. 1 The melting simulation algorithm of solid objects

FER 1, BRI AR T H TR TR R
HEBAR R, AT BEAHE . 7R TAL B
Bt TR T, FRATAH S — AN %
a7 T EF A OAEW
W% 27 A EREAE G, A%k 7 s bR o
RN EB3 Sk F IBP(Internal Boundary Particle);
WUR H AL fE R8> T 27, %M TR bR C N
R 2K T A KL ¥ SBP(Surface Boundary
Particle). ItAL, fEdALBALE R, R
TS — A T AR5 w1
Ry, BAE T HE IR @ AHEE w KIPFTA RS 7T
Mo FEREANI D, A R AL AT
T BALIEFIFH ML

N TR KIS 8] 28 T R 7~ 22 1) [ #u At 3

http: // www.china-simulation.com

*503 .

https://dc-china-simulation.researchcommons.org/journal/vol29/iss3/5
DOI: 10.16182/j.issn1004731x.joss.201703005



Shao and Yu: Real-time Simulation of Realistic Melting in Fluid-solid Interact

%529 %4 3 ) E R Vol. 29 No. 3
2017 43 A Journal of System Simulation Mar., 2017

RINT - REGE ks vk e, ek 3 GPU IMTINESE L

B, A MRITAA R — MR T, IR

Seb e A A T A SR T B A A

Mo SCHRTSF 9 2 B pl s 2 A [ 35 K

LA ARBRE, RAVE T3 T kst 31 GPU SR fE ik

P TSI, IFIMN T RORHE M0 Pl 325 1 5% T 74 FIE GPU B AT ae )y, %
W, At TR R RO B IB B XETAE g eh sy ) 0BG EAT GPU HES IR AL A7
TR SRLLUR A TN e P RS I S, R T

25 ) GPU AT IE S VAL $S: GPU i 2
AEAEFNREN IS R0 N AT TP 4 N 25 o

Tt A1) G WA KL T 913 S SO 17 1
I < T+ SOELAAF B T TR SRR A I T2 LA SR
(K, + K;)Atm VW, T, (f) @ HNIRS T € TR E Uk N A N A R 4] N (
p (K, + K ip "+ v, 3 EURRREE . TR SRR SR D I [ Mok 7
PP R TR A s TR L e AR A B A A AE AT

Horbte K OWESMEREBRAG AcHITE K [ mh g L.
Koo AR (@) TG BEHEATIEACKAE, IF BSR4 R s 2 Fros, EFUCIEE, RS 1Eh

AT A0 R T IR R o O T I8 B TR R A 22 Ak BT AT [ A I E HEAT R RE TSR kE, 9F b 4
SRS, ATTIRAT M UGEA, IR ZUGE AR T AN R RS, %R
T X 08 Jo R A T PSR T3 ST AR AE A I B v oF SRR AN L7 (1 B A0 S
AT FIAGE IR GAL, RAISCIRI14] 5[0, phah, RS AR 71648 N AE 4
e [ A AR RS I SR T VR [ A v AL e — AN KNy 27 I S I 5 A arrayN K A7
FER AR, SR REARRL Al DAIMEIES e ARk F IR Sl i — AN X, A
N T Ty, o BEAE AWTHE SRS, AR R A I — A K/ S Qw1)® (0 E 75 5 3 8 S 4l
AWiThE e 24> SBP KL PR RIEAW SN arrayR SkAPGEITE S IR TR D] . R AL
g, EHAR AL T IE TR AR . 0 TR Rl FR b, A AN [ AAORE T B A N —
WYMARIZ—AT 0, AMERERBAARL T ¢ RIRT A X,
RSB A B H B AL bl 74134 i Rk 14
SBP Fi - Jf R AE A AL T kLT, 54 2L
AL R A RIE S, I HAIH WCSPH #4841}

SrIEE: WURRT O IBP KL, A e
A B2 T W e A g VR AR T 1 145 B SO

A, IR H T ER TR, 78 A% AT

BT, WA IBP B AR T 5 H A F 27 iffﬂ

/[\? }i%”@%ﬂ%ﬂ? SBP *ﬁ?ﬂ#ﬁ T FGRAR A ———
MEAEH . 5 I%[S]@{{ﬁ/{ HH IR ] A 41 B Fig. 2 Voxelizing all objects in the global space
BT AR, AR 7 VR AR [ PR T MR 31 7 e

WiPRAERCE, S TR R, 32 GPUIMTHE

AT B AR AULRE A I TR) 5 (K T S0,

http: // www.china-simulation.com

© 504 -

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 3, Art. 5

5§29 %53 W Vol. 29 No. 3
2017 4¢3 1 HiZEm, S5 [ AAS L A B S BA AI B S AR Mar., 2017
5 TR 5E A AE GPU ERAT I IFAT A 202 @) @
ﬁ?ﬁ ’ fﬁ’ﬁﬁ%ﬁﬂ?ﬁﬁﬂ? 22 23 24 25 26 27 28

01, X TAPL I 2 b AR — R 1 i :

02 HgEk KD-Tree 3 SEAS R T4 49 P B P P 4

03. X AL WKL T D980 8 80

04  WEIEIE p, MK p;; 3 8 6 o o 6 &

05. IR FSARYED) F

06. X} FAE—WAARL T/

07. VL — F AL BE AR A [ A
FHRT L

08. X TAT—[E AR k

09. T2 B AR TR A HOR 2
10. TR T I 1 X 35
11. R FEARVCES J7 921155 H Ay &

12, XA R A ATk T i

13. R FH 1628 e P A 2R T 44 i B
14. HIH Leap-frog J5 2 BB v B AH

15. i 5 g FI 2l

1 JcAH CUDA 7E GPU 347447 WCSPH
SRR FRAA R 3B Bl DA S A4 ] 44 2 TR) f A8
HJj. & WCSPH FEMHE LRk, R A4
L R &0 J R 2 6 20 1) AR 2 R FE I (R B4 . A
TR — R AR EAE GPU X A f 1k
SL—A KD-Tree!™, SR G HEAT FF4738 [y L bRk 14
REFNRLFHIAR SRR T . 4T WCSPH It A4
FERIHATIAT, ERREI— AW R Bk
REAS VAR 7 1R 5% B AR it s AR 5 % BT A7 Rt
FLF 13 B — AN WAL R BOH L2 B R 7 kG
ViFJJRVEE g, AR 2R AR = A S AR ) it
IR FLARAR (1 [ Aok

I 0 P A PR AR 4L 75 2 20 285 T A A [
ZS AR NE R Y U S W T AP P o BE E A =t
PO R R B AR T k. A THE GPU 1
AT AL AT [ R 1 40 b 0t AR SR
— PR IEAT IR AR 7R S E R B 2 B AR T
arrayR A1 LA LXK, R 3 s

(a) ¥LHET 17 5k F 1 arrayR $4l

29 (30—31—(32—33)—34—(35
@ (23 @@ 2L 28
15) (16 IIII B ® @ ai
D© © 0 0 & O

D@ 0 © 0 0 ©

(b) arrayR FALEE 1 IR 7

(29) (30 —31—(32)—33)—34—35)
@) |@3)—2h—E5 @6 2L 28
518 -0 & &
D180 888 B

D068 —8—0—0

(c) arrayR ZUAL2F 2 IKIE 7S

@9 303132 (33 34 33
(22) |23 24252627 (28
15 6 @ a8 o] 2 8
e e e
D080 -89

(d) arrayR FUA RIS 3 IER

B3 ok 7 DO s AR R
Fig. 3 The iterative filling algorithm of rebuilding regions of
solid particles

T CAREWIUG AR 7 R S DRSS, A
(1) [ A 1 ) 80— A A% B HOR ST AT 1) T 40
SRR T AL arrayN. W1 S0 —AN A4k -k 3t
BRI AN B AL kL AR B T AR, TR

http: // www.china-simulation.com

* 505

https://dc-china-simulation.researchcommons.org/journal/vol29/iss3/5
DOI: 10.16182/j.issn1004731x.joss.201703005



Shao and Yu: Real-time Simulation of Realistic Melting in Fluid-solid Interact

5§29 B3 3 M
2017 43 H

LA VRAT L B S5 arrayN 6 M. (19 76
RWHEN 0. RGN AMXIEEZ)— MR %L
KT HE T EATR EAARL T, IR RS 5
arrayR. {EAZBRELD, 0TRSO w IR
Ui, 2wl OEACRE R A arrayR. {E6%
— YA, BHRCKLAAET arrayR AR
M BB R, SR A2 408 b PR A by [ A4
T B4 arrayR 6N AL B AR D H A )R &
fHo B, il 3 P, TATEEHRRELTIN 17 1
FEF0F N 1 56 B w ok 2 X8 3(a)), AL
T3 B FEE AR, R T A S
%45l 17 5N arrayR [P NALE (K] 3(b)): 7E28
YOEARH, HWREGIN 17 Ak 71 E AL
A arrayN, HURA A BEAARR 7R 515 A 3
arrayR [F)6F AL B (K 3(c))s FER =i,
K 3P, BE LIRERAE, &R0 17 1)
W2 T X AL A AR 1. ST
FR) DX A e SE BT 2 e, TR DL e 5008k s — A
DSt S B G R~ ) BB R R . 5 STHR[10]
AT PSR FRVEANE], A TTVER H IFAT LA 5
TEARTBEA DI A ) BEAE BT JFAT SR A

RT3 )R H bR B e R S, kY
TR, B8 — DA, A A
LA VAR IR, MR Leap-frog
ROy TTIER BB e AT T B R

T ERERRAAR IR lm AR, /5 GPU L3
A E VAR R, JF AR AR T e ST
— AN JRIU B B 3 K SCRAR R Bk e, R R
FIFH NVIDIA $24f) CUDA JF % £+ () Marching
Cubes Isosurfaces” H L SVEAE I S AA ) =5
WA AR T

4 SEWERE I

SCEGTEVFRLE M. Intel Xeon E5630 CPU. 6GB
RAM F1 NVIDIA Geforce GTX 690 GPU; #ff4if
PR : Windows 7, Visual studio 2008, OpenGL 2.0
Ml CUDA 4.2. ffrxifith = 7% M oA ] T

ARG HAR

Journal of System Simulation

Vol. 29 No. 3
Mar., 2017

BOCL I 251 % POV-Ray 3.6 HEATHSZIK%
file SEIG I FE T AR DL S IUE IR 1 FToR.

R A H A PSR A

Tab. 1 Parameter values of solid-fluid coupling in the

experiments
WP (] LA
IR NEIEZRIS 0.005 s
HIUg R R 0.2 m
DA e S e 0.5 m
WLy E 100~10 000 kg/m®
Rk R 5L 0.2 1
P PR 0.1~0.8 1
-1l ~10.0~100.0 °C

Bl 4 45 T e S 25 K=30, VIR
—10.0 FVKBRAE IR by 40.0 7K H BV AR BRI
B FEGH TSRS HIROE, FEISH TR
TR BE A K7 U L1 2 2 3 i AR R
T FE N B AR A

K5 g5t 1 BATAH A 5 R EUK=50) 1 4 4>
ARV B BAA(LL: pe=10 000; ZE(4: pp=200;
W pe=300; T p=8 000)45 A K H I 1& i
VAL IR B S IR AL O o KA R ) AR R R R
80.0, [EAHILGTELE 4—-20.0, ¥ &h 0.0,

Kl 6 25 th T ANIR]#upE R B 4 AN [ % R[]
(AT pe=9 000, K=50; ZE{4R 1 :
po=250, K=70; WtaHS+: pe=280, K=10; {4
PEF: pp=8 500, K=30)7EM /KT ~wt
B . KR WILEEE N 100.0, AR (1)
WILRULE H-10.0, % A4 0.0,

R 2 T AR EC N AL BRI
[P R e R = A T PN S T v € 1
AEH, 7E 60 k RIS FIAS] T S R lu
£, I LA 7209 o Loy, AP0 T
18, XX B AR R AR e T 75 23 R )
NINEZEINAT AT TR R AR g =el N

Bl 7 4 T RSO RS OR8] o It S T
R (R A R R I REXT LG, AR VT Sl mT
LB, AOONERTHEAEA T BE &, 7

i

http: // www.china-simulation.com

Published by Journal of System Simulation, 2017

* 506 ¢



Journal of System Simulation, Vol. 29 [2017], Iss. 3, Art. 5

%29 %5 3 Vol. 29 No. 3
2017 43 HB 28, 25 [HURAC B HH B SR LI G 11 S AL Mar., 2017
S, TSR THET LSM Mfdh BRIk, A3 £2 BB R
F T L R MR [ A AL, Tab. 2 ‘The a?/era\;,ge timing cost‘of Teltlng‘51mulat‘10n
Wk WAk vk BEARR Tk VESIEA]/ms
Kl 5 35 5 225
Kl 6 48.5 12 35.7
& 7 40.5 20 423
180
1601 M SR8V
140l A KT

1201
< 1007
80+
60+
401
201

Bl 4 DKEE NBOK P A RO, = . . . . .
Fig. 4 The melting of an ice cube dropped into hot water 10 20 40 60 80 100 200
R T H/k
7 5 CERISIE AU T IR R P REXT L

Fig. 7 The performance comparison with the melting method

of [8]
T Tt BN i tiiii o\ SR RAH], I U T DR R
e RS, i N BIIERC RO S, WIS GPU JRAT
L S e FE SR T AU AR T SR OB

BLS R 5 2 S fT X AR AL S PSRRI AZ B, FRATIR FH
Fig. 5 The melting results of solid objects with the same heat T Tait 7RIS — SPH 7 A VA T Aok
conductivity coefficients S, AERCIUK I, I TAT b UORE T
A R KR, AN BE DR IE BT & S A . SOk
[17-18] 5 v 38 ao v S5 AN [R) A 2 8] 1) 7 it
&, 542 T LLSPH (Liquid-Liquid Smoothed
Particle Method) fl TFLBM (Two-Fluid Lattice
Boltzmann Method) /5 2 5K 38 ELAR A AH AR
FRATIAE LS 1) A rheole B 1 SR [17-18] 70 R ANAH
VE TR T8, AT S ST R R 7K v ¥ i 45
VAL I 5 1) USRS

5 45

S —FIE TR 7B GPU JRAT AL RS

6 AR R A AR e, SCILT TS T o LR H TS B
Fig. 6 The melting results of solid objects with the different NN " .
heat conductivity coefficients 000 W2 TTVERI 25 A B 3 J 1 1) B X B

TR SEORE L, JF4y T IR TRE T RRE

http: // www.china-simulation.com
*507 ¢

https://dc-china-simulation.researchcommons.org/journal/vol29/iss3/5
DOI: 10.16182/j.issn1004731x.joss.201703005



Shao and Yu: Real-time Simulation of Realistic Melting in Fluid-solid Interact

520 B:H 3 RGN A Vol. 29 No. 3
2017 43 J Journal of System Simulation Mar., 2017
[8] Iwasaki K, Uchida H, Dobashi Y, et al. Fast

ERZIEIN G DIRFR L E PN RLN VAR R CTR/ R LY VAR NN
Fetls KA IEARIH e SR Kk ) 25 BB [ 4oks 1
IR S, Bih T8 efE GPU _ERATRIFT T
STk, ARHAERL AR N IR S T SE N RE .

SR

[1] WAL 225, RLDR, &5 JE T Y iR AU 5)
25 [ TSR BY B B A A 4R, 2005,
17(12): 2581-2589. (Liu Y Q, Liu X H, Zhu H B, et al.
Physically based fluid simulation in computer animation
[J]. Journal of Computer-Aided Design & Computer
Graphics, 2005, 17(12): 2581-2589.

Matsumura M, Tsuruno R. Visual simulation of melting
ice considering the natural convection [C]// Proceedings
of ACM SIGGRAPH. USA: ACM, 2005.

Losasso F, Irving G, Guendelman F, et al. Melting and
[J]. IEEE
Transactions on Visualization and Computer Graphics
(S1077-2626), 2006, 12(3): 343-352.

Fujisawa M, Miura K T. Animation of ice melting

burning solids into liquids and gases

phenomenon based on thermodynamics with thermal
radiation [C]/ Proceedings of the 5th International
Conference on Computer Graphics and Interactive
Techniques in Australasia and Southeast Asia, Perth,
Australia: The ACM Digital Library, 2007: 249-256.
Miiller M, Keiser R, Nealen A, et al. Point based
animation of elastic, plastic and melting objects [C]/
Proceedings of ACM SIGGRAPH/Eurographics Symposium
on Computer Animation. USA: ACM, 2004: 141-151.
Keiser R, Adams B, Gasser D, et al. A unified lagrangian
approach to solid-fluid animation [C]// Proceedings of
Eurographics/IEEE VGTC Symposium on Point-Based
Graphics. Stony Brook, NY, USA: IEEE Society, 2005:
125-133.

Solenthaler B, Schlafli J, Pajarola R. A unified particle
fluid-solid [J1.
Animation and Virtual Worlds (S1546-427X), 2007,
18(1): 69-82.

model for interactions Computer

particle-based visual simulation of ice melting [J].
Computer Graphics Forum (S1467-8659), 2010, 29(7):
2215-2223.

[91 Goswami P, Batty C. Regional time stepping for SPH

O
—

[C)/ Proceedings of Eurographics 2014. Strasbourg,
France: Eurographics Association, 2014: 45-48.

[10] Rivers A R, James D L. FastLSM: fast lattice shape
matching for robust real-time deformation [C]// Proceedings
of ACM SIGGRAPH. USA: ACM, 2007: 109-116.

[11] Akinci N, Thmsen M, Akinci G, et al. Versatile rigid-fluid
coupling for incompressible SPH [J]. ACM Transactions
on Graphics (S0730-0301), 2012, 31(4): 1-8.

[12] Akinci N, Cornelis J, Akinci G, et al. Coupling Elastic
Solids with SPH Fluids [J]. Computer Animation and
Virtual Worlds (S1546-427X), 2013, 24(3/4): 195-203.

[13] Dagenais F, Gagnon J, Paquette E. A prediction-correction
approach for stable sph fluid simulation from liquid to
rigid [C]// Proceedings of Computer Graphics International.
Bournemouth, UK: CGS, 2012: 15.

[14] Shao X Q, Zhou Z, Magnenat-Thalmann N, et al. Stable
and fast fluid-solid coupling for incompressible SPH [J].
Computer Graphics Forum (S1467-8659), 2015, 34(1):
191-204.

[15] Zhou K, Hou Q M, Wang R, et al. Real-time KD-tree
construction on graphics hardware [J]. ACM Transactions
on Graphics (S0730-0301), 2008, 27(5): 126-131.

[16] Akinci G, Thmsen M, Akinci N, et al. Parallel surface
reconstruction particle-based fluids [J]. Computer
Graphics Forum (S1467-8659), 2012, 31(6): 1797-1809.

[17] Liu S G, Liu Q G, Peng Q S. Realistic Simulation of
Mixing Fluids [J]. The Visual Computer (S0178-2789),
2011, 27(3): 241-248.

[18] Zhu H B, Liu X H, Liu Y Q, et al. Simulation of Miscible
Binary Mixtures Based on Lattice Boltzmann Method [J].
Journal of Visualization and Computer Animation
(S1546-427X), 2006, 17(3/4): 403-410.

e e P T S

(456 501 )

TENHLE TEUAD A S AR/, JLBNRATH f AR,
WA cos @g,is =15 TR Matlab = T R15) ik £xt U (A3)
HAE S B, W Relb, ay] ¥ A, W
R =(ay+b)/20D , FULER M5 (E vH 503 ) 1 e (5
ERE A DUZE K R

+7

X7 = L fermoraigg,,, .

2n

-7

B2 pimmy= [ /0 f (g Ndg,,, 0 WA

_ - min

Py.il

(15). (16).

http: // www.china-simulation.com

Published by Journal of System Simulation, 2017

* 508 ¢



	Real-time Simulation of Realistic Melting in Fluid-solid Interaction
	Real-time Simulation of Realistic Melting in Fluid-solid Interaction
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/5567prt2Bb/tmp.1688108042.pdf.cY3NJ

