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Table 1 The 2-material shock tube problem, comparison of MOF-MMALE results with exact solutions

and Lagrangian results at the contact discontinuity

density p
contact discontinuity position velocity u pressure p
left right

exact 0.680 50 0.901 408 0.314 383 0.437 565 0.237 536
Lagrangian200 cells 0.679 86 0.901 235 0.314 421 0.437 049 0.207 036
Lagrangian400 cells 0.680 01 0.901 301 0.314 367 0.437 210 0.204 468
MOF-MMALE 200 cells 0.678 70 0.896 663 0.316 911 0.435 826 0.242 794
MOF-MMALE 400 cells 0.679 25 0.896 973 0.316 600 0.436 208 0.241 666

PN 4 A3 PR ET UL [ BE , W46 RS 120 70413 3 5130 23 200 FT 400 A A% £ H]
MOF-MMALE J7 3% R AT TSI 3 2 ¢ = 0.2 W20 B3 A5 R SR i i Az 4 2R
(400 A& ) BEAT T LR, ANIAT 4 PIrzs o8 1 i AR L, 1 v Bt a5 A0 i B9 45 2R X T MOF-



g

1168 eh AN P p'e o

MMALE HH5 i i) 25 K[ E S 1074 R4 D 2 J5 K ir LG R0 A% B2 100 46 0 A

1.0 —5— 400 cells, material 1 1.0 —&— 400 cells, material 1
F & 400 cells, material2 & 400 cells, material2
o —v— 200 cells, materiall F —v— 200 cells, materiall
b —&— 200 cells, material2 3 —&— 200 cells, material2
0.8 —— Lagrange 400 cells 0.8F —— Lagrange 400 cells
E —— exact b \ —— exact
3* 3 5SS o b
F > b
3 0.6F £ 06F
[} I f=} o
5 F = b
0.4F 0.4F
0.2F 02F
- 1 i i . : ; ; E. . 4 A
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 .
(a) iy (b)
(a) Pressure (b) Density
1.0 -
F I —=— 400 cells, materiall
- = 400 cells, material2 £
E [ —<— 200 cells, materiall [/~ I
g 0.8F —©— 200 cells, material2 |
g I — Lagrange 400 cells /'
‘ F —— exact 4
Ny - |\ s I
8 | T » 06F
Q E § R3) 5
5 1.8F e \ < o
F —=— 400 cells, material l > b ‘
1L.6F 400 cells, material2 ; 0.4F ‘
I —<— 200 cells, materiall | 8 ‘
] 4_ —&— 200 cells, material2 F “
“*F —— Lagrange 400 cells 02k ‘
F —— exact \ “r |
1.2:- 1 1 1 . I SN T - | i i 1 o
0 0.2 0.4 . 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
(c) HLINBE (d) B

(¢) Specific internal energy (d) Velocity
B 4 PR B R MOF-MMALE THES5 5 SRR PG TH R ES A L
Fig.4 The 2-material shock tube problem, comparison of MOF-MMALE

results with exact solutions and Lagrangian results
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Fig.6 The MOF-MMALE numerical results of the triple point problem with time
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Fig.7 Enlarged view of the triple point problem at the vortex fort = 6
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Fig.8 The Rayleigh-Taylor instability problem
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Fig.9 The MOF-MMALE numerical results of the Rayleigh-Taylor instability problem
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Fig.10  Comparison of the MOF-MMALE interfaces with those of the front tracking and VOF forz = 8 and¢ = 9
3.3 Rayleigh-Taylor A&7 4 i) &%

Rayleigh-Taylor ANE& e P [ i 28 B 20 BT A2 B ()l 2 — WK 8 (a) F7s JEFIE
XIR[0,1/3]x[0,1] A4 & WIAPRAR, A y.(x) = 0.5 + aycos(6mx) 43FaHF , L4k shiE
J a, = 0.0 FHNRIKIEERE p, =2, F RN EEE p, = 1, IR AR LA EEAHSS v, =y, =
LA IRAEE b sz R IR g = (g,,2,) " = (0, = 0.1)" IR 2 P o 3 (A
By b ANZly T ) 0 A i s P75 2

p(x,y)=1+pg(y-1), y > (%),
p(x,y)=1+pgly(x) - 1] +pgly —y(x)], ys<y(x).

TP B AR Y, WG I [R] i, T A A9 A 23 1 TN T e i AR 23 1 TR
fdiF 34x100 YRR TTIE ROAS Q0P 8 (b) FIrzs , Wl IR A7 TR TR & WOA% AR 00y 45 55 K aks v 5%
ST 5 75T RS SR ACH E ﬁﬂ? MOF-MMALE #H 7AUE A5, 4 /l\ﬂ;ﬁﬂmﬁjjl SUES S

¥ 8

(a) t = 8 IFZI VOF L5319 Hox (JridHs)
(a) Comparison of MOF-MMALE(left) with VOF(right) for: = 8

(13)




g

1172 eh 4N i p'e o

H

(b) ¢ = 9 %15 VOF G Hx (Jh)
(b) Comparison of MOF-MMALE (left) with VOF(right) forz = 9
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Fig.11  Enlarged view of the ‘hook structure’ of the heavy fluid
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Fig.12  The interaction of shock wave with a Helium bubble
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Fig.13 Interface of the Helium bubble at 3 different instants
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Fig.14 Comparison of the MOF-MMALE interface(left) with that of the experiment(right) forz = 1342 x 107°
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MOF-MMALE Numerical Simulation of Multi-Material
Large Deformation Flow Problems

ZENG Qing-hong, SUN Wen-jun
(Institute of Applied Physics and Computational Mathematics
Beijing 100094, P.R.China)

Abstract: In the numerical simulation of multi-material large deformation flow problems, the
most important thing is tracking the material interfaces accurately while dealing with the large
deformation of fluid simultaneously. The multi-material arbitrary Lagrangian Eulerian (MMALE )
method coupled with the moment-of-fluid (MOF) interface reconstruction, was named a MOF-
MMALE method and applied to multi-material large deformation flow problems. For the MOF-
MMALE method, the mesh lines were allowed to cross the material interfaces and the mixed
cells were introduced. In the mixed cells, the MOF interface reconstruction was used to deter-
mine the position and direction of the material interface. The numerical results of several typical
examples, including the 2-material shock tube problem, the triple point problem, the Rayleigh-
Taylor instability problem and the shock wave-Helium bubble interaction problem, show high
accuracy and good resolution of the MOF-MMALE method, which is validated to be an effective

way to simulate multi-material fluid flow problems with large deformation.

Key words: multi-material large deformation flow; MMALE; MOF interface reconstruction;
mixed cell; closure model
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