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Fig. 1. Initial set-up for single-mode Rayleigh-Taylor
instability problem.
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Fig. 2. (color online) Comparison of the results of this paper and literature (¢t = 5).
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Fig. 3. (color online) Comparison of simulating results using three different resolutions: 200 x 400 (left),
300 x 600 (middle), 400 x 800 (right).
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Fig. 4. (color online) Evolution of interface for single-mode Rayleigh-Taylor instability problem (¢t =1, 3, 5, 7).
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Fig. 5. (color online) Evolution of vortices at the same time of Fig.4 (¢t =1, 3, 5, 7).
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Fig. 6. Penetration distance as a function of time for
single-mode Rayleigh-Taylor instability interface (Hg
is the distance of the heavy fluid penetrating into the
light fluid; Hiy, is the distance of the light fluid pene-
trating into the heavy fluid).

P 6 25 1 PRI AL A 10 B3 55 R 5 B I 1] ) 22
L. B 6 AR AR 0 o v BE 5 17 (9 A, T 1
W2 7s BF P R EE . B 6 W] LU Y, RI4R R
Bet < TIF, PR T oh s (P LT[R 20 0
. AEt =125, ERFKR T IS sh 1 R R
TRERARN LIZSEE. £t =42 )5, BN

TR O LT R AR TR, R I 38 2 i ekt [
IS AR RAR R s s FEEE, —EElt =62
Ja A FFUEBRARTE S . 76t = THE, PR A C AR S £
T e BETHT . AR Lewis [P ) 236 A Layzer P71 (1)
FRZE R, FEAN T [R50 )50, B R - 28 )
ANFaE B BT 5 R BEAE AT UG M B I 1) (] B4 2
Hahn, Fa0E Ja BE N R e A1 E g e R fEEI 6, B
TEREE/NT 0.3, L9 BOU M B, BLF RN
0.3 2 0.8, 215 G N Be. [Kith, A< ST %L
45 R 5 Lewis P! (95256 4518 & Layzer 7 U EL 8
SERMFE. X T FIREE R T 0.8 I, BRI P i BE [f
(R FEE AR IR R B B

4 ZREIA-FE IR A

RSN -RARE N ENHKES
BESKHRER ML, @EAH =2, %EA
L =1. AFEEE, 283 KA 5 IR A
y = 1—0.05sin(nz/5), b ZHRAREE N pn = 3,
TERAEEE N, =1, EHNEENg=1. F
TR B30 0 Fi itk RBOHEE: vy = v, = 0.001.
Atwood #UN At = 0.5. b P NI TGS # il
PABE T S5, e A3 5 R I 2% A

K7 (MTIRG) ZRESER -2 AT e 20 5 s 72

Fig. 7. (color online) Evolution of interface for multi-mode Rayleigh-Taylor instability problem.
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Fig. 9. Penetration distance as a function of time for
multi-mode Rayleigh-Taylor instability interface (Hy is
the distance of the heavy fluid penetrating into the light
fluid; Hry, is the distance of the light fluid penetrating
into the heavy fluid).
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Abstract

In this paper, we present a smoothed particle hydrodynamics (SPH) method for modeling multiphase flows. The
multiphase SPH method includes a corrective discretization scheme for density approximation around the fluid interface
to treat large density ratio, a small repulsive force between particles from different phases to prevent particles from
unphysically penetrating fluid interface, and a newly-developed hyperbolic-shaped kernel function to remove possible
stress instability. This multiphase SPH method is then used to study the single- and multi-mode Rayleigh-Taylor
instability problems. A comparison between our results with the results from existing literature shows that our results
are obviously better than most available results from other SPH simulations. The present results are close to those by
Grenier et al. while the present multiphase SPH method is simpler and easier to implement than that in the work by
Grenier et al. (Grenier, et al. 2009 J. Comput. Phys. 228 8380). For the single-mode Rayleigh-Taylor instability,
the evolutions of the interface pattern and vortex structures, and the penetration depth each as a function of time are
investigated. For the multi-mode Rayleigh-Taylor instability, the merging of small structures into a large structure during
the evolution of the interface is studied. The horizontal average density and the penetration each as a function of height

are also studied.
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