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Acceleration Evaluation Model of Metal/Gas Interface by Extra Electric Field
Induced by Shock under Extreme Impacting Conditions

ZHANG Jiawei, HUANG Shenghong

( CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics,
University of Science and Technology of China, Hefei 230026, China)

Abstract: The evolution processes of metal/gas (Li/H,) interface at extreme impacting conditions
(22.50-78.75 km/s) were numerically studied by molecular dynamics (MD) method incorporated with the
electron force field (eFF) model. It was found that the strong shock compression leads to ionization and the
electron/ion separation is produced due to different diffusivities of ions and electrons. Then a strong extra
electric field was established adjacent to shock font. Through 1D statistic along shock propagating direction
from MD results and theoretical analysis, it was found that the electron/ion separation is moving with shock
and the intensity and width of electron/ion separation zone are kept to be constant during shock propagating
process and determined by shock strength. Further integrating the extra electric field and extra acceleration
of metal material adjacent to the interface, the time histories of material acceleration were obtained. It was
found that the extra material acceleration curves were in accordance with Rayleigh model. The key
parameters were fitted based on computation results. Finally, an empirical extra acceleration evaluation
model of metal material on Li/H, interface under impact velocity range of 20-80 km/s was established.
Keywords: extreme condition; electron/ion separation; Richtmyer-Meshkov instability; acceleration;
electric field; molecular dynamics
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Gas p/(kg:m™) p/MPa y u/(Pa-s) Diffusion coefficient/(m?-s™)
SF, 5.97 0.1 1.09 1.474 6x107 0.97x10°
Air 1.18 0.1 1.40 1.852 6x107 2.04x107
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Fig.3 Comparison of experimental (left column) and simulated density images (three right columns

on different grid resolutions) of inverse chevron interface
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Fig. 4 3D images of turbulent mixing zone visualized using SF, volume fraction on different grid resolutions at 2.0 ms
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5 3.0 ms B 2R R A% 23 98 26 T L SF AR 3850 09 00 i 9 R IX. = 4k LR

Fig. 5 3D images of turbulent mixing zone visualized using SF, volume fraction on different grid resolutions at 3.0 ms
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K6 4.0 ms i ZI A [F] G 43 BE 3R R DL SF, R4 B0 7R 1 1 TRTR A X = 4k &1 1%

Fig. 6 3D images of turbulent mixing zone visualized using SF, volume fraction on different grid resolutions at 4.0 ms
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Fig. 8 Flow density distributions along the centerline at different times
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Computational Analysis of RM Instability with Inverse Chevron Interface
WANG Tao'*, WANG Bing’, LIN Jianyu?, BAI Jingsong®, LI Ping’, ZHONG Min*, TAO Gang'

(1. School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China,
2. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: By using our in-house large-eddy simulation code, the MVFT (multi-viscous-flow and turbulence),
we simulated the Richtmyer-Meshkov (RM) instability and turbulent mixed with the inverse chevron
interface on a 3D large scale on the HPC (high performance computing) platform. The results revealed the
propagations of the decomposed shock wave, the rarefaction wave, the compression wave and the
interactions between the waves and the perturbed interface. Each impact of on the wave on the interface
accelerates the evolution of the turbulent mixing zone and the materials’ mixing. The inverse chevron
interface inverts its phase after the first transmitted shock wave in the SF, zone hits it, then two wall bubbles
and a centerline spike with large scale develop gradually. The averaged geometry feature and the envelop of
turbulent mixing zone are determined by the large-scale wall bubbles and the centerline spike and are
independent of the mesh. But with the higher grid resolution, more subtle small scale turbulent eddies and
intense turbulent fluctuations are captured, characterizing the turbulent mixing zone as possessing a complex
structure.

Keywords: large-eddy simulation; interface instability; turbulent mixing; turbulent eddy
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(R ERHEEOR R AT A2 BB AT B RS =, 2R B 230026)

P Mo & A # & 4 T 89 RM (Richtmyer-Meshkov) 71 4 & M 72 1 ¥ 24 K 4% B T 4T
AEENFRMEMIREL , EWNh A FFHE LR TR & 4T 8 E o 5 508 8 4 % M
BHENA, BAL2THAFTENZRTHEEMELNAEENEARENEL ., H THRMF
REMEMAES EAMEZFANKR, XALTHENEFLHEE (EAM) Mo Tt ¥ F EHEH
W-AMARERTAEM G FmELET (FEHHF K EE 6~15km/s) t RM T # 2 4
AL, U XRBHENAUEGTEAENERRN, B REELZ ER AN, #—F I
RYFABRE (7.3~145.0 nm) AR & wa# E (11.7~20.6 km/s ) | A [E 47 4 R @ it 3
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Lo 55 RERHE A AR OC R BEAIL BN 45 44 Bl A2 2 Wy BEAIL I U100 G, ol A A P 3 At o 7 2 46 B S 0T
1L (Predefined) K& fili b, {755 B 5 X i 2% R HEAT B I SCE— D R Jg o [, th T 2 AR EL AR T 52 2%
P LU R R EARER R AR IR T as 3, 2R i R, H AT R BERH T RN RUE (BOR RS o Sl AT
G, AT I o X GO0 RUBE B4 8 /A A i RMIT B 5 A ADL ), A 1 gk 1 i i v ol 26 R T R 88 2800 0
RM F i R A {43 A 52 R HIL ], ELR: iy 7 il = X BO0IR 25 RMIT B G 9 BLHEULIN , L4538 64 vl S 1 v A7
TR o BIOW 23 780 ) 2 SR T Iy~ RUBE B A HH B A D B, BAT B AU o, 5 RE 3 Uk L7
AR L 45 R B A A AR, O 2k — A0 B 5 % O R B R sl L ) — B, A7 mT RETE
RMI A {005 72 AR 22 18] 4 AR R LA S 57 S IR, 3 TR B8 ) 96 TE 45 18 193 265 1 LR ik — 2 AR
A WL N B9 RM R TR S LB R A H 2 X

AW 58 K H 5 F 8 71 2% (Molecular Dynamics, MD) 75 3 B4R - 54 ( Cu-He) ST 7 vt Jin gk 4%
PR B9 RMI R, 854 2 WL B AR, AN Al SO RUBE | A [R190) B S0 B8 | A [+) 53¢ T 400 i 418 30 45 4
Y RMI R 15 58 MU B 2 B AR MR AT IS

1 REMFGE

K1 R TR A S BOE Lo BARU — RV EA IE5Z LM HY Cu-He FUBLL5 1. [ iR AR A
A 80 4~ fec(Face Centered Cubic) fiyA 1 BE (4R, Z2 M1k 200 4~ dl k% K BE B9 20, A1 R 40 A Al A
KB, JERE N 4 AN GAs K BE, W1 HR ST (XxY=Z) 29 137.00 nmx14.50 nmx1.45 nm, 55 40 %) 46 1E 5% 3 3h
hy SR A Z I a=hyA=0.2, BJRTH0CH 147 77,

LU0 3k PR AE IR 43 30 1 % A0S Lammps 8 AFF & L#E 7. Rk A JEF 2 K% (Embedded
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Fig. 1 Initial characteristic parameters of single mode sinusoidal Cu-He interface model
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with similar phenomenological results (right)

22 AEIRET RMI #ix i@ 38 4< A 2 /9 48 ol 1%

XFF V,=6 km/s, a=0.2 BWIIRHEAY, 48 BOISET M 70 A [R] ik 20 69 067 8 (X, A X, 2 il ik ] 3
P 4 W)t — 20 W7 1 MY 20 ) 5 R 0 A AR A o nT LA e 3.3 ps IR BRI ET 454, (il AR4T
P LR M AR, O 1 T I AL A T R 5 3.8 ps AR B A S AL, A ARt AR T
HE; 5.2 ps I, RHHEARL B K SLAL, PRSI ; 8.0 ps I, FEA S SN #-/E HI (Reshock) B Bz

T SCARME T=(X,, =X )12, HE— A5 4R W5 B ek 9] f) 38 A e, AP s s o 3.3 ps ), S B IR AR 5T
SR, E AN TR 45 W Be, ST U6 MO 1005 5 3.8 ps IR, R4 B B4 o, HE A LRSS K B B, R R LA B

022301-3



ERRE S [ JE By L 2% i ER

T T T T T T T
Us T ——— Bubble ]
e Spike
~~\x
o 20r o \ .
2
Z Cu-He, 4=—0.83 N .M\
o = s A7 . -
& a0k a=0.2, ¥,=6 km/s e
e \
_60 [ =
L 1 L 1 L 1 L 1 " 1 L 1 L 1 L
0 1 2 3 4 5 6 7 8
Time/ps

3 /AT o - ] PR

Fig. 3 Displacement-time histories of bubble/spike position

(a) 3.3 ps

(b) 3.8 ps

(c) 5.2 ps

(d) 8.0 ps

Kl 4 o0 RMI S A0 i 220 64 %5 88 53 A1 5 5 A1
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Table 1 Computed statistical results of RMI parameters at different scales

Jam W/kms™)  §,/%  W/kms')  5,/% Ulkm's')  6,/% V/kms')  §,/% A 0,/%
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Fig. 6 Non-dimensional amplitude evolution histories of different scale simulations
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Table 2 Parameters of RMI under different V,

Vy/(km-s™) Wi(km-s™) W/(km-s™) Ul(km's™) Vy/(km's™) A
6 11.7 17.6 11.9 3.22 -0.83
9 14.2 24.4 16.6 3.43 -0.84
12 16.5 335 21.9 3.57 ~0.85
15 20.6 417 28.9 3.74 -0.83
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Table 3 Parameters of RMI with different initial amplitude/wave length ratio

a W/(km-s™) W/(km-s™) Ul(km's™) Vy/(km-s™) A
0.20 11.7 17.6 11.9 3.22 —0.83
0.10 11.7 17.8 11.8 2.00 —0.85
0.05 11.6 18.0 11.6 1.03 -0.84
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Interface with Molecular Dynamics Simulation
DING Yu, HUANG Shenghong

(CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics,
University of Science and Technology of China, Hefei 230026, China)

Abstract: The Richtmyer-Meshkov instability (RMI) under extreme shock conditions has important

academic and engineering significance in the field of inertial confinement fusion (ICF). Present macroscopic

hydrodynamic methods are difficult to be directly applied to RMI in extreme conditions due to the lack of
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proper models and parameters in such states, while the microscopic results obtained by molecular dynamics
(MD) are also difficult to be applied directly in macroscopic scale simulation due to computational cost. To
understand the connection between macroscopic and microscopic RMI, the RMI evolution on copper-helium
interface at different micro scales under different piston shock conditions (6—15 km/s) was simulated by the
molecular dynamics method based on embedded-atom potential (EAM) models. Firstly, the RMI evolution
obtained by MD was compared with available literature macroscopic results under similar conditions.
Phenomenological similarity results between macroscopic and microscopic RMI is confirmed. The evolution
histories of initial sinusoidal disturbance (amplitude/wave length ratio 0.20—0.05) at different incident shock
wave speeds (11.7-20.6 km/s) and different scales (7.3—-145.0 nm) from RMI simulations were further
compared and analyzed. It is found that all amplitude evolution curves behave with self-similarity under
same shock and boundary conditions, all main parameters vary in accordance with prediction of theoretical
model. Although there exists some extent of discrepancy, similar amplitude evolution characteristics results
are obtained by microscopic and macroscopic simulations.

Keywords: Richtmyer-Meshkov instability; extreme conditions; phenomenological similarity; self-

similarity; molecular dynamics
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Table1 Equation of state parameters and the initial time data of an air cavity collapse in water

Material plkg-m™) p/Pa u/(m-s™) vi/(m-s™) ¥
Water (Post-shock) 1.325 1.915x10* 68.52 0 4.4
Water (Pre-shock) 1 1 0 0 4.4

Air 0.001 1 0 0 1.4
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Fig. 3 Air cavity collapse in water test (Mapping of the interface function)
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Fig. 4 Air cavity collapse in water test (Mapping of the density (top half)
and the interface function (bottom half), computed with Ax = Ay = 0.006 25)
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Table 2 Equation of state parameters and the initial time data of air-R22 shock-cylinder interaction

Material pl(kg-m™) p/MPa u/(m-s™) vi(m-s™) ¥
Air (Post-shock) 1.686 0.159 -113.5 0 1.400
Air (Pre-shock) 1.225 0.101 0 0 1.400
R22 3.863 0.101 0 0 1.249
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Fig. 7 Mapping of the interface function at different time
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Fig. 8 Numerical schlieren diagram for the air-R22 shock-cylinder interaction problem
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Interface Compression Technique in PPM
CHEN Fang'?, LI Ping', LIU Kun', BAI Jingsong', LIN Jianyu', JI Lucheng?

(1. Institute of Fluid Physics, CAEP, Mianyang 621999, China,
2. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: This paper describes an artificial interface compression technique for the multi-fluid piecewise
parabolic method (PPM). The proposed approach enables the simulation of interfaces between compressible
multi-fluid flows with high density ratios and strong shock waves. A compression source term incorporated
both interface compression and density correction is added to the mass conservation equation. The
compression source term is solved in pseudo-time steps using the interface compression technique and the
advection part is solved by multi-fluid PPM. The Strang splitting algorithm achieves second-order accuracy
by combining the solutions of the advection operator and the interface compression operator. Numerical tests
on the interaction of shock waves with interfaces in compressible multi-fluid flows reveal that multi-fluid
PPM combined with the artificial interface compression technique can effectively prevent the smearing
phenomenon, which is often observed at the contact interface. For long-time simulations, artificial interface
compression with interface sharpening can constrain the thickness of the diffused interface to a few cells and
maintain the interface profile. This artificial interface compression technique works well with multi-fluid
PPM and the effect is obvious. It is a significant step in the accurate simulation of the collapse of air cavities
in water, which involves strong rarefaction waves.

Keywords: piecewise parabolic method; compressible multi-fluid flows; interface compression; shock

capturing
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