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ARTICLE INFORMATION ABSTRACT

Numerical simulation of multi-material or multi-phase flows is one of the most challenging problems
among computational fluid dynamics researchers. The main difficulty of these problems is producing
some unexpected and non-physical oscillations at material interface which generate errors in
computation. For eliminating this source of error, many sophisticated algorithms have been proposed
recently. By neglecting diffusion processes, Euler equations and HLLC Reimann solver are applied. In
addition, Level set algorithm is implemented to track interferences between two materials. An accurate,
easily developed and low computational cost algorithm, proposed by Abgrall and Karni, is used to
prevent generating the oscillations in the interfaces. In the current work, the algorithm is developed to 2
dimensional algorithms. Afterwards, the result of 1 and 2 dimensional codes are evaluated to verify the
developed algorithm by some standard problems such as sod problem. Finally, shock—bubble (Air—
Helium) interaction problem is simulated to investigate the effect of the algorithm in 2 dimensional
simulations. The comparison shows that the code and its result have very good accuracy with very low
computational cost.
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Fig. 2 a- Schematic of single fluid algorithm [1] b- Schematic of
developed 1D algorithm to 2D algorithm
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Fig. 6 Diagram of Velocity versus X coordinate at t=0.2—two material
sod problem
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Fig. 10 Diagram of Gamma for two material stiff sod problem at
t=0.01
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Fig. 11 Diagram of Pressure for two material stiff sod problem at
t=0.01
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Fig. 12 Diagram of Density for two material stiff sod problem
att=0.01
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Fig. 8 Diagram of Density versus X coordinate at t=0.2—two material
sod problem
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Fig. 9 Diagram of Velocity versus X coordinate att=0.2— two
material sod problem
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Fig. 15 Contour of Pressure at t=0.0 ps—Shock Bubble two material
problem
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Fig. 16 Contour of Velocity at t = 0.0 — Shock Bubble two material
problem
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Fig. 17 Contour of Gamma at t=0.0-Shock Bubble two material
problem
Sloske g0 Gl — S altus d=0.0 s jo adql L5 ,guls 17 S

Eso | Gamma 47 15 156 15 168

E =

< ot
0||||]||||||||(]|||:||||z||||!||||

50 100 150 200 250 300
Z (mm)
Fig. 18 Contour of Gamma at t=350 pus—Cylindrical coordinate
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Fig. 13 Diagram of Velocity for two material stiff sod problem at t=
0.01
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Fig. 23 Schlieren of bubble in times, a-20us, b-223ps, c-
600 ps after shock collide the bubble [23]
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Fig. 24 Schlieren of bubble in times a- 20us, b- 223ps, c- 600us
after shock collide the bubble (present study).

600 — «eilis Koo 223 — 0 ey Saw 20 ~Gill slocle; 5o Olo> JS5 24 S
(2l aalllan) SLE L 5,555 51 oy iy S

2 oplaibs 17 095 1396 wiums)l (e Suille Swiise

P Pressure ||| Il (bar)
550_ 12 14 16 18 2 22 24
e [
0||||||||||||||||||||||t||n|||l|||
50 100 150 20 250 300
Z (mm

Fig. 20 Contour of Pressure at t=350 ps—Cylindrical coordinate
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Fig. 21 Contour of density in t = 427 ps — Cartesian coordinate (present
work)
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Fig. 22 Contour of Density in t=427 pus — Cartesian coordinate [5]
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