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Absgtract :  The Rayleigh- Taylor instability caused by a dendty gradient is very important in theinertia confine
ment fuson. With the passve scalar trangport modd , behaviorsof the interface with variousinitia length scaes are
dmulated. It gppears that the initia form has a dgnificant influence upon the interfacid motion. Long grooves grow
more dowly than square shaped perturbations. And generaly the mixing processin the vertica direction may be de-
creased by the interaction between bubbles with different scales.
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In the inertia confinement fuson (ICF) , when the deuteriumrtritium capsule is irradiated with an intense
laser , the shell of the cagpsule is pherically accelerated inwards to compressthe DT fuel. Thelight fluid formed by
ablation of the shell pushes the heavy fluid (the rest of the shell) across a surface, which will cause the Rayleigh
Taylor ingtability. Evolution of the Rayleigh- Taylor instability disrupts the gpherical symmetry and may cause the
failure of theignitionof DT. Therefore, it isvery important to understand thisinstability for improving the desgn
of the shells. Asa key problem in both fundamental research and technological applications, the Rayleigh- Taylor
instability has attracted great attention in the past two decades. Severa numerica methods have been performed ,
such asthe level set method!*?! | the front tracking scheme'®! | the lattice Boltzmann scheme'®! and = on.

The physicd interest of thispaper isfocused on the &fect of the length scae in the initia perturbation on the
evolution of theingtability. Evolutionfrom two kindsof initia perturbationformsisachieved. Oneisa dngle snu-
ida bubble with different length scalesin x and vy directions. Theother iswith several adjacent bubblesin differ-
ent length scale, with condderation of both the wavelength and the amplitude.

1 The numerical method

For the sake of amplicity , the passve scalar modal isadopted in which a disolving diluted passve scalar is ap-
plied to dmulate two fluids with different dendty. With condderation of the Bousdnesq flow , the fluid is assumed
to be incompressble and only the variation of dendty in the buoyancy termistaken into account. The governing e
guations and the passve scaar trangortation equation are asfollows
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where a isthe acceleration,p isthe dendty of the computationd cell ,p oisthe mean dendty of the cellsaround it ,

(i isthe vorticity component. And

T :v(%:+g; , Tp = kéai
wherev and k are the molecular diff usvitiesof momentum and mass diff uson, correpondingly.

Periodic boundary conditions are applied on the four sdes, while the non-dip boundary conditions are applied
at top and bottom walls. Each of the two fluids occupies half of the computationa domain. A mixed scheme of
Fourier expandon in the horizontal direction and finite differencing in the vertical direction istherefore gppropriate
for the amulation. The time advancement is lved usng the AdamsBathoforth scheme. The results are presented
in termsof dimensonless variables, with the length of the shortest sde of the computationad domain as the length
sde, L ,and JL/ (Aa) asthetime scde. A isthe Atwood number.

2 Numerical results
2.1 Initial perturbation with different length scale in x and y directions

The interest of this section isto compare the evolutionsof bubbles with different shapes. The perturbation we
discussed here isof a 3-dimensona snuwidal form asfollows:

¢ = A(oosg\LX + oos‘;\ly) (6)
X y

whereA ; (i = x,y) denotesthe wavelengthin the i direction. To study the efect of the different length scalein x
and y directions, we define the perturbation’ s aspect ratio aso =A /A .

FHg.1 Ewolutionsof the interface with different perturbation agect ratios
Four cases with different value of 0 are smulated here. Evolutionsof the interface are shown as Fig. 1. We
can e that the profile of theinterface grows more quickly with smaller agect ratio. From previous study we know
that the growth of the bubble and pike iscondstent with the theoreticaly predicted exponentia growth in the ear-
ly stage. At the nonlinear stage the bubble tendsto grow at a constant gpeed , in which the terminal velocity of the

bubble can be expressed with the following form
Vo = C /@12 )
where Cisaocongant. Table 1 showsthe variation of C with perturbation agect ratioa . Asexpected, C de-
creases whend increases. Inother words, the long troughs grow more dowly than the square shaped bubbles. The
sike front and bubble front versus time is plotted in Fig. 2.
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Table1 Variation of C with perturbation aspect ratio o
[of 1 1.5 2 0
C 0.39 0.33 0.31 0.23 '
o /A 0.67 0.57 0.54 0.40

2.2 Initial perturbation with multi-scales

dimensionless lenpth

In this section we deal with initial perturbationwith
multi-scales. Theinitia perturbation contains bubblesin
two length scales. Thefirgt bubble isof snusida form 0 2 M 6 8

dimensionless time

with wavelength A ; and amplitude A;, while the bub-
bles around it withA , and A,. Evolution of theinstabil- Fig.2 Bubble and spike fronts versustime

ity isplottedin Fg. 3.
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Fg.3 Evolution of the ingahility with different length scaes

The result showsthat bubbleswith the same length 49 Py 4
scale evolve amost independently with littleinfluenceto & s #”;V
each other before they contact each other. Thisis un- % . ’,f
derstandable for the two bubbles have the same velocity. fg 2 f"
For bubbles with different length scales bubble merger % //
can be observed. With the elgpse of time, the small E l 3
length scae bubbles will inosculate with the adjacent - 0 '_".“,r‘ ; : " .
large one. At the later stage the characteristic length of : 2 ? time s . R

the interfacia front is dominated by the large bubble. Fig.4 Location of the bubbie front versustime
The competition among bubblesis caused by the variety

of velocity between different bubbles. At thelinear stage, the smaler the bubbleis, the more quickly the perturba
tion evolves. But during the nonlinear stages, velocity of the bubble is proportiona to the square root of the wave
length to Layzer’ s theory. Thus the larger bubble grows more and more quickly until it moves far ahead of the
smaller ones. Location of the interface front is an important characteristic to describe the instability. Fig.4 shows
the location of interfacid front versustime. At thefina stage, theinterfacia front moves more dowly in cases corr
tain different scales than that in the case with only one scae.

With regard to the Rayleigh- Taylor ingtability in ICF, sometimes evolution of the mixingin the vertica direc
tion is much more critical than that in the horizonta direction. To learn the influence of the bubble competition,
we studied the mean kinetic energy , in both the horizontal and vertica directions. Fig.5 showsthat generdly the
kinetic energy in the horizonta direction sgnificantly increases when the initia perturbation contains bubbles with
different scales. Meanwhile the kinetic energy in the vertica direction decreases. In other words, due to theinter-
action between bubbles with different scales, the mixing is enhanced in the horizonta direction.

3 Conclusions

The behavior of Rayleigh- Taylor instability with multi- scale pertubation is Smulated in this paper. From the
smulation we get the following conclusons:

The shape of theinitia perturbation afectsthe behavior of Rayleigh- Taylor instability in a marked way. Long
grooves grow more dowly than square shaped perturbations. Both the velocity of bubble and the mixing rate de-
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Fg.5 Mean kinetic energy of per unit massin the horizontal and verticad motions
crease when the bubble agpect ratio increases.
Smulation of Rayleigh- Taylor instability developed from severd adjacent bubblesis performed. Bubble merger
isobserved when the two bubblesare in different length scale. The results show that the mixing processin the ver-

tica direction is decreased by the bubble competition. Thisconcluson may be ussful in the desgn of the capsulein
ICF.
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