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Table 1 Initial paramenters of air and SF;
Gas Density/(kg * m *) b4 7/(107°'m” « s7 1) Pr D/(cm® « s 1)
Air 1.29 1.40 15.5 0.71 0. 204
SF; 5.34 1.09 18.2 0. 90 0.097
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Fig.1 Computational model Fig. 2 Density profiles of uniform and nonuniform flows

XRS5 ST ) IR R A 5% 2 s SR B0 7 AN IR P Sh IR IR 4L .

T X[ —0. 02 m,0. 25 m] X

[0,0.20 m ], BE4LL it A vp A% R 3o 540 X400, A5 1 B shidn Bt . O 1 AE4DL 5 T Ak R AR L R B B

WS TE] Sy 2 ms, ST 4G R R AT AR 7R N
B Agicos(2my/0. 05 — 1)
T Ayycos(2my/0. 05 — 1)
s Ag LA, RS AR B IR W . R 3 BT i
5 RE el B o8 YR IR AR L T 114 R 0, 5 X ) ik S T T
e ik AR 28 50 0 b AT B Y L 45 2 % 0y
AANE 3 fras, HE 3w, i TAES S v Iy
B 7E 1 ms I 77 76 %85 B2 B6 B2, 5 B05 T A 1) gt
RE s b7 A A R AL
K4 gy th TR R IR IR 41 & T A fdE S 2
W oA . B4 L A T B iR R
I i 19 ST A PR T 0 A )N B W ) SR T 9 A L (H
XFF AR A1 AR B T A S R L
T AR5 i AR B DX /NI i TP B O R
T ARS8 5 T v B X K R A T 1 B 4

W0 5 2 B A 35 ST R X RML A R 1 1 T8 A 4 e AT ol B8 A B2
&2 WESFENAIHRIRIE

& 3

0.0875m <y <_0.20m

0<y<<0.0875m

(6)

t=1 ms W AE3 213 3% oA 3 5w A 2% = A

Fig. 3 Density images of nonuniform flow without

perturbation on interface at r=1 ms

Table 2 Initial amplitudes of double-mode cosine interface
No. Ay/mm Ap/mm| No. Ay/mm Ag/mml| No. Ay/mm Ag/mm| No. Ay/mm Ag/mm
1 5.0 7.5 3 2.5 7.5 5 7.5 7.5 7 10.0 7.5
2 7.5 5.0 4 7.5 2.5 6 7.5 10.0
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Fig. 4 Density images of uniform and nonuniform flows under different groups of initial amplitudes at =1 ms
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Fig. 6 Perturbation amplitudes of uniform flow and high Fig. 7 Growth rate over time of nonuniform flows
and low density zone of nonuniform flow with different A, with 4 different amplitudes of Ay,
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Fig. 9 Turbulent kinetic-energy profiles in high-density (solid line) and low-density (dashed line) uniform flows

at various times under different initial amplitudes
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nonuniform flows at various times under different initial amplitudes
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Fig. 11 Baroclinic vorticity in uniform and nonuniform flows with Ay; =2.5 mm,A; =7.5 mm at various times
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Numerical Study of Shock Wave Impacting on the Double-Mode
Interface in Nonuniform Flows

XIAOQO Jiaxin,BAI Jingsong, WANG Tao
(Institute of Fluids Physics China Academy of Engineering Physics ,Mianyang 621999 ,China)

Abstract: The double-mode Richtmyer-Meshkov (RM) instability, when the incident shock (Ma =1. 27)
impacting on several groups of initial double-mode cosine interface formed by different amplitudes in initially
nonuniform flows whose density is Gaussian distribution, was numerically investigated using the large-eddy
simulation code MVFT (multi-viscous-flow and turbulence). The numerical results show that the coupling
effects between different amplitudes in the nonuniform flows are weak and the evolution of the interface with
a large initial amplitude in the low density nonuniform area grows fastest, while that with a small initial ampli-
tude in the high density nonuniform area grows slowly. Further analyses reveal that within a certain initial
amplitude range,the amplitude growth rate and energy in the low density zone of nonuniform flows is larger
than those in the high density zone, thus the influence of the initial amplitude on the low density zone is more
obvious, which eventually leads to a faster evolution process of the RM instability. Moreover, the changing
phenomena of uniform flows are opposite to nonuniform flows. Thus,it can be concluded that the evolution
mechanisms of the RM instability between the nonuniform and uniform flows are distinctive.

Keywords : nonuniform flows; Richtmyer-Meshkov instability;initial perturbation;numerical simulation
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Numerical Investigations of Perturbation Growth
in Aluminum Flyer Driven by Explosion
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Abstract: In this paper we developed an experimental technique and numerical simulation method that we
then adopted to investigate the Rayleigh-Taylor instability in metallic materials driven by explosion. We studied
experimentally and numerically the growth of the Rayleigh-Taylor instability in an explosion-driven aluminum
{lyer and showed that the perturbation amplitude growth follows an exponential law over time. The numerical
results agree with the experiment qualitatively, but not quantitatively. This is because the aluminum strengthens
under high pressure and at high strain rate,and the Steinberg-Guinan constitutive model used in the simulations
underestimates the strength of the aluminum as being not great enough to suppress the perturbation growth.
By investigating numerically the effects of the initial shear modulus and the initial yield strength on the
development of the Rayleigh-Taylor instability of the metallic material, we also found that the initial shear
modulus in a specified range does not affect the dynamic yield strength and the increase in the initial yield
strength can improve the dynamic yield strength significantly to stabilize the perturbation growth. In other
words, the material strength dominates the interface perturbation growth.

Keywords: explosion-driven; Rayleigh-Taylor instability; perturbation growth;material strength;stabilize
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The corrugated interface between different fluids grow when accelerated from a low-density fluid
to a high-density fluid, which is called Rayleigh-Taylor (RT) instability’"?. This phenomenon may
also occur in metals, but usually under a high pressure and at a high strain-rate, but differs most
distinctly from the RT instability in fluids in its strength effect of the metal, which can stabilize the
perturbation growth"*" and make the metallic RT instability more complex and difficult. Here, it is

also affected by the loading state and the properties of the metallic materials. The metallic RT instability at

high pressure and strain-rate can be observed in inertial confinement fusion'”’ , supernova explosion"®’,

[8]

asteroid collision"™ , the motion of earth’s inner core and plate tectonics™ , and so on. Therefore, the

metallic RT instability is currently a major concern for researchers and receives a great deal of academic
attention.

In theoretical studies about the metallic interface instability, dispersion relations of the perturbation

growth are derived mainly based on the energy™ '

[12-13]

or force equilibrium . However, the previous
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linear analysis cannot predict the perturbation growth accurately just by applying the perfect plastic
constitutive relation and constant pressure loading state. Based on the energy balance,a perturbation
growth equation using Steinberg-Guinan (SG) and the Johnson-Cook constitutive models,as well as a
variable pressure loading process consistent with experiments,has been derived that precisely predicts
the growth of metallic RT instabilities driven by detonation and laser plasma. However, the linear
analysis still has its limitations and does not take full account of the loading procedure.

Experimental studies of the metallic RT instability started in the 1970s. The pioneering experi-
mental research™"’ was the perturbation growth of a flat aluminum plate accelerated by the expansion
of detonation products,which was observed using a high-energy X-ray facility. What was achieved then
inspired researchers, and the similar equipment was utilized in later research™*'", In the USA and
Russia particularly, numerous numerical simulations and experimental investigations for the metallic
RT instability have been carried out, but have mainly concentrated on the perturbation growth and
such influencing factors as the initial amplitude, the wavelength and material properties. Igonin and

{. %P experimentally and numerically studied the dynamic behaviors of copper (Cu) and

Ignatova et a
tantalum (Ta) subjected to both shock and shockless loading by employing a perturbation growth
method. They observed that the formation of the bi-periodic twin structures resulted in an initial loss
of the shear strength of Cu, but failed to observe localization in Ta. Olson et al. ™ experimentally
studied the effects of the grain size and material processing on the RT perturbation growth of Cu.
They found that both the single-crystal orientation and the strain hardening due to the material pro-
cessing can affect the perturbation growth,but the polycrystalline grain size cannot. For the plane det-
onation,the loading pressure is generally about 30 GPa. To enhance the loading pressure, Henry de
Frahan et al. """ studied the beryllium RT instability using an iron flyer plate to impact the second
high explosive (HE) to raise the pressure to 50 GPa in their experiments,and combined numerical

simulations to calibrate the feasibility of different constitutive models. When the sample is driven by

[20-21] [4,22]

electromagnetism or laser ,the loading pressure can be further increased. Very extreme condi-
tions of pressures over 1000 GPa and strain rates of 10° s™' have been achieved at the National Ignition
Facility , USA,where the RT instability experiment in vanadium was carried out,and constitutive mod-
els in solid phase were tested by comparing simulations with experiments measuring the perturbation
growth"® under the extreme conditions mentioned.

In the metallic interface instability, the perturbation growth is related to and arrested by the
material strength. Moreover,some investigations have demonstrated that the material strength increa-
ses under these extreme conditions. Results from the metallic RT experiments and computations by

L4 show that the yield strength of 1100-0 aluminum is over 10 times larger than the

Barnes et al.
standard parameter, and the yield strength of 304 stainless steel also increases by more than three
times. Using the SG constitutive strength model, calculations of plasma-driven quasi-isentropic RT ex-
periments of Al-6061-T6 using the Omega laser at a peak drive pressure of 20 GPa indicate that its
yield strength is a factor of about 3. 6 times over the ambient valuer!. In Park ez al. s* plasma-driv-
en quasi-isentropic polycrystalline vanadium RT experiments using the Omega laser with a peak drive
pressure of 100 GPa,the measured RT growth was substantially lower than predictions using the ex-
isting constitutive models (SG and Preston-Tonks-Wallace) that work well at low pressures and long
timescales. Using the SG model, the simulations agree with the RT experimental data when the initial
strength is raised by a factor of 2. 3. Therefore,the SG and Preston-Tonks-Wallace models underesti-

mate the strength of vanadium under very high pressures and strain rates. Belof et al. " first meas-
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ured the dynamic strength of iron undergoing solid-solid phase transition by using RT instability. In
conjunction with detailed hydrodynamic simulations, the analysis results revealed significant strength
enhancement of the dynamically generated e-Fe and reverted «’'-Fe, comparable in magnitude to the
strength of austenitic stainless steels. Therefore, the metallic RT instability was suggested and used as

[3,25]
’

a tool for evaluating the material strength of solids at high pressures and high strain rates and

then for modifying or developing new constitutive models for these conditions™?* ",

In view of the dominant role of the material strength in metallic interface instabilities, and the
limitations of existing constitutive models at high pressures and high strain rates,we aimed to investi-
gate the material strength and its effects on metallic interface instabilities. In this paper,we also con-
ducted an RT instability experiment in explosion-driven aluminum, and measured the perturbation
growth using X-ray radiography. In combination with elastic-plastic hydrodynamic simulations,we in-

vestigated the dynamic behavior of metallic RT instabilities and the role of the material strength in

these.

1 Experimental Setup

4 our experiment used the setup as shown in Fig. 1(a) , where we

Following that of Barnes et al. ,
have a sketch of the experimental setup consisting of a detonator,a booster, plane wave lens, JO-9159 HE
(100 mm in diameter and 50 mm in thickness) ,an aluminum sample,and a vacuum. Fig. 1(b) shows the
experimental sample of aluminum with a diameter of 65 mm and a thickness of 1. 5 mm in the central
region. An initial sinusoidal perturbation was machined on the side of the aluminum sample facing the
HE. The perturbation amplitude and wavelength were 0.25 mm and 6 mm, respectively. The HE
products crossed the void of 3. 5 mm between the sample and HE and accumulated on the perturbation
interface of the sample, providing a smooth rise to peak pressure and a quasi-isentropic drive. Moreo-
ver,the void between the sample and HE can ensure that the temperature of the sample at high pres-
sures remain below the melting point?.

Detonator

Booster

Plane wave
lens

@41.7 mm
g ] * g
J0-9159 E % £
it @60 mm | * =
Sample @65 mm '
Vacuum
[ |
1 2 3
(a) Sketch of the experimental setup (b) Experiment sample (c) Measurement points

Fig. 1 Sketch of the experimental setup and sample

In the experiment, X-ray radiography was used to record the evolution of the perturbation inter-
face from the JO-9159 explosive detonation at zero time. A Doppler pin system was used to measure
the history of the free surface velocity,which can be integrated to obtain the corresponding free surface
displacement. Fig. 1 (¢) shows the distribution of measurement points of the free surface velocity,
where both points 1 and 2 correspond to the wave trough positions with one wavelength interval,and

point 3 corresponds to the wave crest position with 1.5 wavelength intervals from point 2.
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2 Numerical Methods

Based on our indoor hydrodynamic code of compressible multi-viscous flow and turbulence
(MVFED] e developed a detonation and shock dynamics code with high fidelity by considering
the explosive detonation and the elastic-plastic behavior of the material. This code can be used to study
the physical problem of multi-materials,large deformation,and strong shock. The governing equations

in conserved form are as follows

fj pu,dV:*j; PanS*ﬂgpu,ujn,-dS—Fﬂg syn,;dS @D)
% s s s

iJ pEdV:*ﬂg u,-Pn,-dS*ﬂg ou;En;dS —I—ﬂg siun;dS
dtd v s s s

where 7 and j represent the x,y.and z directions;V is the control volume, S the surface of control vol-
ume,n the unit vector of the external normal direction,p,u; (where k=i,j),p,and E are the density,
velocity,pressure,and total energy of per unit mass;and s; the deviation stress tensor.

The physical problem as described by Eq. (1) was decomposed into three one-dimensional prob-
lems. For each of them, the physical quantities in a cell were interpolated and reconstructed using a
piecewise parabolic method (PPM). The one-dimensional problem was then resolved using a two-step
Euler algorithm: First the physical quantities were solved by the Lagrange matching, and then
remapped back to the stationary Euler meshes. The effect of material strength,explosive detonation,
and artificial viscosity were implemented in the Lagrange step. The multi-material interface was cap-
tured by applying a volume-of-fluid (VOF) method.

2.1 Equation of State

In our numerical simulations,the equation of state (EOS) for the explosive and aluminum are the

Jones-Wilkins-Lee (JWL) and Mie-Griineisen equations of state, respectively. The Jones-Wilkins-Lee

equation of state is

_ _ @ | Ry _ @ R, @
p(‘o,T)—A(l Rlvje JrB(l szje + i (2

where v=p, /p is specific volume; A,B,R,,R;,and w are constants; and E is the internal energy per
unit volume. Table 1 lists the JWL EOS parameters of the JO-9159 explosive. The Mie-Griineisen
equation of state is

poc'p 1+ (1 =20/2) pp—ap’ /2]

p= 3 3
SZ,U“ Ss/l' :'
1— (S —1)pu— —
{ Gr= D ptl  (p+1)°

where #=p/p, —1 is the relative compression,p, the initial density,c the sound velocity at zero pres-

2+(70+a/1)E (3)

sure,Y, the Griineisen coefficient,and a,S; .S, ,and S; are constants (in Table 2).

Table 1 Equation of state parameters of JO-9159 explosive

o/(g+em™)  po/GPa D¢/(kme+s™') A/GPa B/GPa R, R, w
1. 86 36 8.862 934. 8 12.7 4.6 1.1 0.37

Table 2 Mie-Griineisen equation of state parameters of aluminum

o/(g+em™)  ¢/(km=+s™") Yo a S S, S;
2.703 5.22 1.97 0.47 1.37 0 0
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2.2 Constitutive Model
In our simulations, the elastic-plastic behavior of aluminum at high pressures and high strain rates
was described using the SG constitutive model. The SG model introduces pressure, temperature, and
strain-rate terms into the elastic-plastic constitutive equation, while the coupling effect of pressure and
strain rate on flow stress was characterized by the separating variables. Additionally,as the flow stress
in the SG model relies on pressure, there is a coupling relationship between the material constitutive
equation and the equation of state, which indicates the feature of pressure hardening of metal under
high pressure. The dynamic yield strength Ys; and the shear modulus G determined by the SG model
are expressed as
Yoo =Y, [1+B(, +e)]"[1+Apy """ —B(T—300) ] 4
G=G, [1+Apy " —B(T —300) ] (5)
where Y, and G, are the initial yield strength and the shear modulus,respectively;f and n are the material strain
hardening coefficient and the hardening index,respectively;A is the pressure hardening coefficient;77:p/ 0o is the
material compression ratiosand B is the temperature softening coefficient (in Table 3).

Table 3 Steinberg-Guinan constitutive model parameters of aluminum

Y,/GPa Y .../ GPa G, /GPa B n A/GPa~! B/(10°*K™")
0.29 0. 68 27.6 125 0.1 0. 0652 0.616

3 Results and Discussions

In our experiment,X-ray radiography recorded an image of the perturbed interface at 7. 78 ps,as
shown in Fig. 2(a) ,from which we obtained the amplitude of 0. 77 mm simultaneously by image pro-
cessing. In the simulations,the mesh size was 15. 6 pm,and Tables 2 and 3 list the parameters of the

Mie-Griineisen EOS and the SG constitutive model of aluminum,respectively.

B A NSNS e, o O NSNS .

(a) (b) (©
Fig. 2 Comparisons of the perturbed interface between experiment and numerical simulations
((a) Experimental image.(b) Simulated image at normal strengths Y, and G, ,

(¢) Simulated image at 10 times the normal strengths Y, and G,)

Fig. 3 shows the pressure histories of the

crest (solid line) and the trough (dashed line) on 0

the loading surface, which increase continuously 2

and smoothly in a short time and form an approxi- ; 20r

mate quasi-isentropic drive. Afterwards,the expan- S 15f

sion of the detonation products decelerates gradu- = 1ol

ally.and the loading pressure on the interface rises }

slowly. However, the pressure at the trough as- ’

cends faster than that at the crest, and the peak %.0

pressure at the trough is also relatively larger, be-

cause the detonation products converges at the Fig.3 Pressure histories of crest and trough
trough and diverges at the crest. The average peak at the loading surface

032301-5



53 [/ = S // NS I S 14 532 %

pressure is about 25 GPa,and the strain rate reaches 10° s ', The loading pressure then reduces gradu-
ally,which is attributed to the decrease of the expansion pressure of the detonation products and the
unloading effect of the rarefaction wave reflecting from the free surface.

Fig. 4 shows several contours of local pressure (a) ,density (b),and temperature (c) at 6 different
times after the arrival of the detonation products at the loading surface,from left to right and top to
bottom,at 6.36,6.5,6.7,6.9,7.1 and 7. 3 ps. They exhibit an evolution process of the perturbed in-
terface and the interaction of the wave and the interface. The blue part of the temperature contour is
the aluminum sample, and the sample temperature remains below 500 K and far below the melting

point of 1200 K,which indicates that the sample is in the elastic-plastic state all the time.

p/GPa pl(g-cm™) T/K

1 i
10 25 A 3500
, S JRELY
s S 20—
108

2500
()

2 000
1500
(a) (b) 0.5

1 000
500
Fig. 4 Contours of local pressure (a),density (b),and temperature (c) at 6.36,6.5,6.7,6.9,7.1,and 7.3 ps

from left to right and top to bottom after the arrival of detonation products at the loading surface

Fig. 2(b) shows an image of the sample at

201 .
7.78 ps when the initial yield strength Y, and the Sim.,normal
————— Sl[n., ].OG(), ].OY(,
shear modulus G, are normal values. Fig. 5 showsa | Exponential law
1.5F = Exp.

comparison of the perturbation amplitudes between
the experiment and numerical simulations, where
the square symbol corresponds to the experimental
result,and the solid black line corresponds to the

numerical results when Y, and G, are normal. The

simulated amplitude is much larger than that in the

experiment when using normal values of Y, and 6.0 6.4 6.8 7.2 7.6 8.0 8.4
t/us

G,. This is because the aluminum strengthens un-
der such conditions,and the SG constitutive model Fig. 5 Growth histories of the perturbation amplitude
underestimates its strength, which can suppress

the perturbation growth.

Fig. 6 shows the time histories of the free surface velocity (a) and displacement (b) at 3 measure-
ment points (dot-dot-dashed lines: experiment; solid, dashed, and dotted lines: simulations) , which
agree well with each other. Therefore,the calculations of detonation of the explosive and the thermo-
dynamic state of the sample are exact.

Fig. 7 shows the calculated time histories of the strain at the crest (solid line) and trough (dashed
line) of the loading surface. The deformation at the trough is much larger than that at the crest be-
cause the trough of the sample is in a stronger tensile stress state, which is the main mechanism for
the deformation of the perturbation interface. Fig. 8 shows the time histories of the dynamic yield
strength at the crest (solid line) and trough (dashed line) of the loading surface,calculated using the
SG constitutive model, similar to the profile of the loading pressure, which demonstrate that the mate-

rial strength increased as did the loading pressure under a certain condition.
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Fig. 6 Time histories of the free surface velocity (a) and displacement (b)
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t/us t/us
Fig. 7 Time histories of strain at the crest Fig. 8 Time histories of yield strength at the crest
and trough of the loading surface and trough of the loading surface

Moreover, when the loading pressure reaches a peak, the dynamic yield strength was up to
3 times that of the initial value. In fact, the normal SG model is generally calibrated by conventional
Hopkinson and Taylor impacts experiment with a lower strain rate. Under the current loading condi-
tions (loading pressure of 25 GPa and strain rate of 10° s~ '), the strength is not great enough to sup-
press the perturbation growth. However,when the initial yield strength Y, and the shear modulus G,
increase to 10 times that of the normal values,good agreement between the experiment and simulation
is achieved,as shown in Fig. 2(c) for the perturbation interface and in Fig. 5 for the perturbation am-
plitude with the dashed line. Therefore, the material strength intensively stabilizes the perturbation
growth. The dotted lines in Fig. 5 are fitted lines from the simulated results,indicating that the pertur-
bation amplitude grows exponentially over time.

We studied the effect of the initial yield strength and the initial shear modulus of the material on
the evolution and growth of the perturbed interface. Figs. 9(a),10(a),and 11(a) show the calculated
growth histories of perturbation amplitude, strain histories,and dynamic yield strength histories at the
trough of the loading surface,respectively,when the initial yield strength is fixed at the normal value
and as the initial shear modulus increases gradually. The growth of the perturbation amplitude exhibits
no change even when the initial shear modulus increases to 10 times that of the normal value, which

means that the initial shear modulus has no influence on the material deformation and does not affect
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the dynamic yield strength.

Figs. 9(b),10(b) ,and 11(b) show the numerical results when the initial shear modulus is fixed
and the initial yield strength gradually increases to 10 times that of the normal value. These indicate
that,with the increase of the initial yield strength,the dynamic yield strength also increases,the mate-
rial deformation is retarded,and the perturbation growth is suppressed markedly. Therefore, the initial
shear modulus of the material exerts no effect on the growth of the metallic RT instability within a

certain range,while the initial yield strength has an obvious effect on it.

0 . . . . . , 0 . . . . . .
6.0 6.4 6.8 7.2 7.6 8.0 8.4 6.0 6.4 6.8 7.2 7.6 8.0 8.4
t/us t/us
Fig. 9 Growth histories of the perturbation amplitude for different values
of initial shear modulus (a) and yield strength (b)
1.8 1.8
— Y
1.5F 15p 77
1.2 1.2¢
w 0.9 w oot T W S s ML
0.6 0.6F
(b)
0.3 o3t
0 L n N R R ) 0 L - R . )
6.0 6.4 6.8 7.2 7.6 8.0 8.4 6.0 6.4 6.8 7.2 7.6 8.0 8.4
t/us t/us
Fig. 10 Time histories of strain at the trough of the loading surface for different values
of initial shear modulus (a) and yield strength (b)
3.57 _ 281
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0.5
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6.0 6.4 6.8 7.2 7.6 8.0 8.4
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Fig. 11 Time histories of yield strength at the trough of the loading surface for different values

of initial shear modulus (a) and yield strength (b)
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4 Conclusions

We have established an experimental setup and developed a numerical simulation method to inves-
tigate the RT instability in metallic materials driven by explosion. We also studied the RT instability
in aluminum,and drew the following conclusions:

(1) The perturbation amplitude grows following an exponential law over time.

(2) When using the normal physical property parameters of aluminum,simulated evolution of the
perturbed interface agrees with experiment only qualitatively,and there is a big quantitative difference
between them because the aluminum strengthens under high pressures and at high strain rates,and the
SG constitutive model underestimates its strength as being not great enough to suppress the perturba-
tion growth.

(3) When the initial yield strength and the initial shear modulus increase to 10 times their normal
values,the numerical and experimental results are in good agreement both qualitatively and quantita-
tively. The underlying physical mechanism is the stabilization effect of material strength on the pertur-
bation growth. Moreover,the initial shear modulus has no influence on the perturbation growth within
a certain range whereas the initial yield strength does influence it strongly. Therefore, the material

strength dominates the evolution of the metallic RT instability.
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An Improved Third-Order WENO-Z Scheme for Achieving Optimal Order
near Critical Points and Its Application
XU Weizheng'?, WU Weiguo'*

(1. Key Laboratory of High Performance Ship Technology of Ministry of Education ,
Wuhan University of Technology sWuhan 430063 ,China;
2. Departments of Naval Architecture ,Ocean and Structural Engineering ,School of Transportation ,
Wuhan University of Technology sWuhan 430063 ,China)

Abstract: A high-precision and resolution shock capturing scheme is of great significance for numerical
simulation of the complex flow field containing shock waves. In this study,to improve the convergence
accuracy of the conventional third-order WENO-Z scheme at the critical points,we firstly derived the
sufficient conditions for satisfying the convergence precision of the third-order WENO scheme from
the theoretical derivation,then determined the parameters of the constructed scheme using the Taylor
series expansion for satisfying the sufficient conditions, and proved using the accuracy test that the
proposed scheme converges to the third order precision in smooth flow field including the critical
points. Furthermore, we selected the Sod shock tube, the Rayleigh-Taylor instability and some other
classic examples, verifying that the improved scheme WENO-NN3 was capable of giving more
precision and high resolution results of the complex flow field structures compared with other WENO
schemes such as the WENO-]JS3,WENO-Z3,and WENO-N3.

Keywords: third-order WENQO scheme; smoothness indicators; high precision; high resolution; hyperbolic

conservation law
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Simulation of Two-Dimensional Multi-Material Compressible Flows
Using Lagrangian Methods

ZHAO Haibo, XIAO Bo,BAI Jinsong,DUAN Shuchao,
WANG Ganghua, KAN Mingxian,CHEN Fang

(Institute of Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract: When simulating the two-dimensional multi-material compressible flows using the Lagrang-
ian method, the distortion of the mesh is often the reason why the process terminates. The dynamic lo-
cal remeshing is an option to relax the distortion. In this study,we combined the “diagonal-swapping”

7“edge-merging” and “hat-trick” to deal with the distortive mesh. The 4 operations

“edge-splitting
could act not only in single material,but also be extended to the multi-material interface to deal with
the distortive mesh on the interface. After the remeshing, the quantities on the old mesh are projected
onto the new one. During this process,the mass, momentum and energy are kept conservative. We ver-
ified the effectiveness and accuracy of this method by using it to simulate the shock/bubble interaction
and the R-T instability. In the R-T instability simulation, the single material and the multi-material
models are applied to prove that this method is able to deal with the distortive mesh both inside the
material and on the interface.

Keywords: multi-material flow; large deformation motion; staggered grid; dynamic local remeshing;

conservative remapping
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Table 1 Experimental parameters

Initial interfacial ., Initial pressure at high
Case Atwood number Yo /(9
thickness/mm pressure section/ MPa
1 0.169 0.721 0 0.25
2 0.169 0.752 5 0. 25
3 0.169 0.734 0 0. 40
4 0.169 0.761 5 0. 40
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Turbulent mixing zone
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Fig. 4 Evolution of turbulent mixing zone when the initial pressure of the high pressure section is 0. 25 MPa
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Fig. 6 Evolution of turbulent mixing zone when the initial pressure of the high pressure section is 0. 40 MPa
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Experimental Investigation on the Characteristics of Unstability
at Liquid-Liquid Tilted Interface Induced by
Rayleigh-Taylor Instability

JIANG Rongbao' , HUANG Xilong”,ZOU Liyong”.SHI Honghui' , WU Jun®

(1. Faculty o f Mechanical Engineering & Automation s Zhejiang Sci-Tech University s
Hangzhou 310000,China;
2. National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Physics ,CAEP ,Mianyang 621999,China)

Abstract: In this research, we experimentally investigated the characteristics of the turbulent mixing
zone induced by Rayleigh-Taylor (R-T) instability under different accelerations. We used the high-
speed shadowgraph to study the evolution of the interface composed with the silicone oil/potassium
iodide solution,and analyzed the width of the mixing zone and the obliquity of the interface quantita-
tively. According to the experimental results,the difference in the evolution of width between horizon-
tal interface and oblique interface exhibits mainly in late stage,and the evolution law is basically same
with that in the early and middle stages. There are two different trends in the evolution of the interfa-
cial obliquity. The interfacial obliquity increases with time parabolicaly at first,and then increases line-
arly. As a result, the fluid interface turns over in the later stage of evolution. There is a competitive
relationship between the turbulent mixing induced by R-T instability and K-H instability respectively.

Keywords: Rayleigh-Taylor instability; turbulent mixing;shadowgraph method;titled interface
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