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Abstract

The alphas (ay, as) and thetas (68y, 0s) are the essential parameters describing the asymptotic growth
behavior of the mixing layer driven by Rayleigh-Taylor (RT) and Richtmyer-Meshkov (RM) instabilities
at the interface between the fluids. Extensive simulations and experiments have been conducted in the
determination of these parameters. The results depend on numerical algorithms, resolutions, and the
accuracy of experimental measurements. In this article, we present a unique relationship between the
alphas and thetas by applying a simple buoyancy-drag mixing model. Our first main result is that,
for the same fluids, these parameters are not independent because they are fundamentally connected by
physics principles and they all are functions of the drag coefficients of the fluids. As a consequence, the
alphas and thetas are intrinsically coupled. All are functions of any single one of these. Our second
main result is that the RT bubble growth rate («p) is determined by the bubble competition process — a
merger model — at the edge of the mixing layer. Together, these two main results determine all the alphas
and thetas by strictly theoretical reasoning. Applications to both hydro and laser driven experiments at
OMEGA are presented.

I. INTRODUCTION

Moving interfaces between distinct fluids in a multi-fluid system are often unstable. Small pertur-
bations at such interfaces grow as a result of nonlinear hydrodynamic processes, and evolve into
chaotic mixing regions. Three major types of hydrodynamic instability play an important role
in mix processes: (1) the Rayleigh-Taylor (RT) instability, occurring when a fluid pushes another
fluid of higher density; (2) the Richtmyer-Meshkov (RM) instability, which takes place when a
shock wave accelerates a perturbed interface between two fluids of different densities; and (3)
the Kelvin-Helmholtz (KH) instability, which arises when a nonzero velocity discontinuity exists
between the two fluids.

Chaotic mixing is an important subject. These instabilities occur in technological applications,
such as inertial-confinement fusion (ICF), laser ablation, combustion, and chemical engineering.
They also occur in natural physical phenomena such as supernova explosions and galaxy for-
mation. The macroscopic features of the mixing layer include its size, growth rate, and the size
distribution of any coherent structures that may be present. Microscopic features refer to local
concentration (mixedness parameter ©) and temperature distributions and their effect on chemi-
cal reactions. Both macroscopic and microscopic properties must be accounted for to arrive at a
thorough understanding of mixing layers.

The evolution of the macroscopic properties of a mixing layer exhibits a number of stages:
(1) Exponential growth of small-amplitude initial perturbations. (2) Nonlinear growth resulting
in the formation of coherent structures ("bubbles") which penetrate into the surrounding fluid;
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and (3) interactions among coherent structures that can lead to their amalgamation, breakup and
other features. The dynamic evolution of RT and RM mixing layers has been studied analytically,
numerically, and experimentally for decades [1-43]. The asymptotic dynamics of RT and RM
mixing fronts is characterized, respectively, by scaling laws hRT = a;Agt? and hRM = B;t9,
where subscript i = 1 = b for bubbles (light fluid) and i = 2 = s for spikes (heavy fluid).
A = (p2 —p1)/(p2 + p1) is the Atwood number and g the acceleration in RT, «; and 6; are the
scaling parameters describing the asymptotic growth rates of RT and RM mixing layers. f; are
coefficients depending on the initial conditions of the fluids.

Determining the values of &, and 6;, has been a challenge. In this article, we propose that in
the asymptotic regime of RT and RM flows, the scaling constants a; and 6; are not independent,
but instead, are related by a basic principle of physics. In the theory presented here, only one
independent scaling parameter is required to describe the asymptotics of the RT and RM mixing.
The other scaling constants can be expressed as a function of this independent scaling parameter,
which can itself be determined uniquely by the merger competition process. These two results
are the two principal contributions of tis article.

The many experiments and simulations to determine «; and 6, were surveyed in the compre-
hensive review [32,33]. We mention the RT and RM instibility experiments [6} 36, 37, 38, 13} 14, 15,
16}, 143|142 41, 144] 146, 47, 48] and representative simulations of aj, and 6, [6} 18,9, 10, 12} 25, 26} 27, B1]],
including the alpha-group simulations led by Dimonte [25] and the theta-group simulations [27]
led by Thornber. We emphasize the consistency of our theory with experimental results and do
not comment on the presently unresolved major differences among «; simulations. See Table 1.

Scaling parameters Exp. Theory Simulations
ap (RT) 0.06 £ 0.01 [15,16] 0.045[60] 0.025 +0.003 [25]
0.03 — 0.041 [45,62] 0.05-0.06 [20}, B0, 58]  0.02-0.025 [31], [12]
0.057 + 0.08 [36,37,53] 0.06 [10, 34]
6, (RM) 0.25 £ 0.05 [15,16] 0.2-0.25 [20,29,30] 0.275-0.3 [27]

Table 1: Values of a; and 6y, as determined by simulations and experiments.

This article is organized as follows. An analytical model describing the asymptotic dynamics
of the mixing edges is presented in Section 2. Section 3 derives the relationships among the scal-
ing constants and compares the theoretical predictions to experimental data. The determination
of the RT bubble growth rate, a}, from a merger model is given in Section 4. Section 5 details the
dynamic evolution of the total numbers of bubbles in time and size. We present our conclusions
in Section 6.

II. AN ANALYTIC MODEL FOR THE ASYMPTOTICS OF THE MIXING LAYER EDGES

Dynamic evolution of the mixing layer of two fluids can be described by buoyancy drag models,
which are based on a phenomenological equation describing the balance of inertial and drag
forces acting on bubbles and spikes that occur in mixing layers. This law is applicable to both
RT and RM instability and it describes transient and asymptotic properties of the flow. The basic
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equation of the buoyancy drag model [16] 57, 29] is:

dV iCi i/‘/iz .
(pi-+ ki) G = (pi—pi)g (1) = ()=, =12, M

where the “added mass" coefficient k;, and the drag coefficient C;, are the model’s phenomenolog-
ical parameters, V; = dh;/dt is the velocity of the edge i of the mixing layer and #; is the position
of fluid 7 into the mixing layer. The width of mixing layer is given by w = }; h;. For cylindrical
bubbles and spikes, k; ~ 1. The form of the drag force reflects the assumption that the fluid
infinitely far upstream of the bubble or spike is stagnant.

Solving Eq. (1) analytically for the edges of the mixing layer as function of time [30] to leading
orders in t gives

IhET (1)) ~ ﬁAg(t—to)erKl\/A_g(t—fo)Jer @
1

where a? = {1+ C;[1 — (—1)’A]} and K; and K, are time-independent functions of the drag
coefficients, Atwood number, and initial conditions. For large ¢, Eq. (2) becomes

1
(BT (6)] ~ @Ag(f — t9)? = w;Ag(t — to)?, ®)

1
4a?
fluid, ap = ts. As A approaches 1, the spikes” growth rate a; goes to 1/2 as expected in the
free fall case. Eq. (@) displays the entire dynamical evolution of the trajectory of the RT mixing
edges in terms of the physical parameters (A, C;, k;) and the initial conditions. It also shows the
dynamical transition of the flow from an early exponential behavior to the late time self-similarity
regime. This solution thus provides a deeper understanding for the self-similarity assumed in
other models.

In the asymptotic self-similar regime, the drag coefficients C; of the bubbles and spikes are
assumed to be the same for RT and RM flows. Applying the drag coefficients specified from the
RT mixing to RM flow (g = 4(t)) gives the trajectory of the edge i of the RM mixing layer at time
t/

where «; = specifies the RT growth rates of bubbles and spikes. For A = 0, there is just one

2

(14 24%) 14247
M ()] = [higM |1+ W\VIRM (t—to) , 4)
1
where hEM and VEM are the initial position and velocity of edge i respectively. Solution @) shows

that the power exponents and coefficients also depend explicitly on the drag coefficient, Atwood
number, and the initial conditions. For large ¢, solution (4) becomes

‘thM(t)‘ ~ ‘h%M‘(l_gi)|‘/iI§M|9i9;9i(t o to)ei = ﬁi(t _ to)ei , (5)
where '
6;=2/(1+2a) =2/{2+C[1 - (-1)'A]}, i=12

are the scaling parameters for RM mixing similar to the growth rate «; in the RT mixing and ; =
[nRM|(1=6:) |y RM \97'6176" depends only on the initial conditions. These parameters are measured in
experiments. For A = 0, 6; = 0}, as in one fluid. For A =1, 6s = 1. These results well agree with
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the Linear Electric Motor’s LEM and other experimental data [I5]. Unlike the RT mixing, the
dynamical evolution of the RM mixing layer always depends strongly on the initial conditions
as indicated in Eq. (5). Thus RT mixing often loses memory of its initial conditions, while RM
mixing does not.

III. RELATIONSHIPS AMONG SCALING CONSTANTS

For RT and RM self-similar flows, the scaling constants describing the asymptotic growth of the
edges of the mixing layer are connected at the fundamental physics level. Given a RT bubble
growth rate a; the spike growth rate (#s) can be determined by assuming self-similar motion
of the center of mass (COM) of the mixing layer (hcop ~ ATasAgt?) [29] which gives as =
[14+Cy(1+A)]/[1+Cs(1—A)]ay = p(A)ay [29], where p(A) is a function of the Atwood number
and v is a model parameter. In terms of «;, the drag coefficients of bubbles and spikes in the RT
asymptotic regime are:

12 1 =2¢(A)as

A Ty A 7oy P G ©)

Accordingly, the expressions for the RM growth exponents 6; are given by

_ A
0; = T i=Db,s. (7)
Specifically,
4uy, 4h(A)ay 05 1+ 24,

6 — , = — = A —_— . 8
b T 2w T 1+29(A)a,’ 6, YA 20(A)(A)ay ®

We emphasize that (8) establishes one of two central themes of this paper: there is only a single
independent scaling parameter among the four scaling parameters a; and 6;. In this manner, the
scaling of the alphas and the thetas are intrinsically coupled. The second major theme of the
paper is the determination of aj, from theory, so that all four scaling parameters are determined
by theory, see Sec. 4.

The RT bubble growth rate can also be expressed in terms of the RM growth constants 6;,

0;

Ki:m, lzb,S. (9)

So
oy, 0, oy, 4

T20-6) T 20-0) w 1+2a,
Figure 1 compares the model predictions for the ratios as/aj, and 6s/6, vs. A to the LEM exper-
iments data [15, [16] We note good agreement between theory and the experimental data. This
fact supports the hypothesis that the scaling parameters «; for RT mixing and 6; for RM mixing
are not independent of each other. Instead, they are related, and depend on the drag coefficients
and the Atwood number.

The dependence of 8, on ay, is plotted in Fig. 2. The figure shows that the simulations of 8, by
the 6-Group are in better agreement with experimental data than the simulations of &}, by the a-
group. The simulated «;, value by the a-group is only half of the experimental value except for the

ap (10)
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Figure 1: In the left plot, the ratio of as/wy as a function of Atwood number A is shown for a, ~ 0.05. The solid
line is the theoretical predictions for model parameter v = 10. The solid dots represent data from LEM
experiments. The right plot displays the power exponent 85 for RM mixing. The solid line is the model
predictions for o, = 0.06. The solid dots are data from LEM experiments.
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Figure 2: 6, vs. a;,. The line represents theoretical predictions. The grey box shows the experiment values, the blue
box represents the simulation values given by the a-group and the 0-group respectively, and the purple box
denotes the simulations by the Front Tracking code and by the 6-group.



Cheng, Glimm, Sharp

simulations performed by the Front Track code, which is in good agreements with experiments
[15, 16, B7]. The simulation values of &, fall into three distinct classes. We attribute this
disparity to alternate postulates regarding the admissibility condition needed to complete the
otherwise non-unique definition of the Euler equations in a turbulent regime, a topic on which
we will report on separately. Alternate explanations include long wave length perturbations in
the initial conditions, diffusive parameters in the physics model, varying Atwood number with
changing mass densities in the bubble, and inadequate numerical modeling [25, 62]. Some of
these issues have been investigated recently by a number of authors [34, B5].

The reason that the 8, simulations agree with the experimental measurements better than the
simulations of &}, is that it takes a much shorter time in RM flow and than in the RT flow to
reach the asymptotic self-similar flow regime. For 6, = 0.2 — 0.275, the inferred values for a; by
theory (8) is &y, = 0.055 — 0.07, which is well within the range of the experimental measurements

[36l, B7, [15, B3].

IV. RT BUBBLE GROWTH RATE &},

Here we turn to the second main objective of this paper: The theoretical determination of «;, and
in addition, the bubble width, both with experimental validation. Physically speaking, RM mix-
ing can be viewed as a special case (§ = 6(t)) of the RT mixing. Thus, the RT bubble growth rate
would be a fundamental parameter in RT and RM instability flows. All other scaling parameters
are just functions of this fundamental parameter. As pointed out earlier, the asymptotic growth
of bubbles in the mixing layer results from mode coupling and bubble competitions, which have
been observed in hydro- and laser-driven experiments as demonstrated in Fig. 3 [37, 47, 51} 52].

e 333 ym —+|

Figure 3: Bubble competitions. Top three figures show the time evolution of the edges of the mixing layer in experi-
ments conducted by Smeeton-Youngs (courtesy of Smeeton and Youngs). The bottom three figures show the
time evolution of the face on bubble size in OMEGA experiments by Sadot et al. (courtesy of Sadot et al.).

The bubble growth rate depends on the single bubble terminal velocity [61] and the bubble
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size deviation through competition. A number of RT experiments have demonstrated that the
bubbles increase in size, through competition and merger. In this process, large bubbles are
accelerated relative to the mean bubble motion, whereas small bubbles fall behind. The smaller
bubbles are then removed from the interface of advancing bubbles, and the larger, advanced
bubbles expand to fill the resulting space.

Several bubble merger models have been proposed to predict the bubble growth rate and
the height-to-width ratio. Sharp and Wheeler proposed a model to describe the merger process
in 1961 [564]. The model was refined by Glimm and Sharp in 1990 and 1997 [55, 5] to include
the hydrodynamical accelerations (positive and negative) given to advanced and retarded bubbles
due to their positions relative to the mean bubble penetration height. Such models were extended
to three dimensions (3D) by Oron et al in 2001 [2] and independently by Cheng, Glimm and
Sharp (CGS) in 2002 [58], with improved predictions. However, predictions of the two models
for the height-to-width ratio differ (see Table 2). CGS model also predicts well the merger-power-
law-index I that describes the evolution of the total number of the bubbles with time and bubble
size to be discussed in Section 5.

Models and Experiments hy/(27) Power law index I
Model 1 (Cheng et al. [58]) 3 2.3
Model 2 (Kartoon et al. [63]]) 0.66 -

The Rocket-Rig Data (Smeeton & Youngs [B7]) 3.3 -
The LEM Data (Dimonte and Schneider [15]) 2-4 -

Model (Cheng et al. [58]) 3 2.07
OMEGA Data I (Sadot et at. [51]]) - 2
OMEGA Data II (Gao et al. [52]]) - 2

Table 2: Comparison between physics models and experimental data on the bubble height-to-width ratio and merger
power-law-index 1. The total number of the bubbles evolves as o (r/ry) ! in size and o (t/ty) 2! in time
(see Section 5).

The bubble height-to-width ratio was not directly measured in the OMEGA laser experiments
because the bubble height in the OMEGA experiments has to be inferred with the help of the
1D hydro code LILAC simulations for the target density. But the total number of the bubbles
evolving with time and bubble size were directly recorded in the experiments. Fig. 6 shows an
excellent agreement between the observed OMEGA experimental data [51}, 52] and our theoretical
predictions for the total numbers of the bubbles changing in time and size.

We focus here on the 3D CGS bubble merger model that describes the bubble dynamics using
scaled variables and renormalization fixing point theory [58]. The bubble growth rate «; in this
model is determined by four directly measurable quantities: (1) The mean merger rate w; (2) The
maximum normalized height separation (k) between two neighbourring bubbles corresponding
to a single merger event; (3) The speed of a single bubble (c}) in a periodic array; and (4) A
geometrical factor, k = (ryew — 7) /7, where 7y is the radius of the new bubble after merger and
7 is the average radius of the bubbles before merger. The new bubble satisfies area conservation
3y, = 7rs + mr?, where r, = 7(1+0) and r; = 7(1 — 0) are, respectively the radius of the two
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bubbles prior to merger and ¢ is the standard deviation of the bubble radius. In terms of 7 and

T, Tnew = /2(1+ 02)7 and k = 1/2(1+ ¢2) — 1. The bubble growth rate in the CGS model is [58]

k 1+k
%= 7 (ch + %hfnw)w. (11)

Eq. (11) has been verified by direct comparison to experimental data [58]. This equation shows
that two quantities define the bubble growth rate: the bubble velocity and the bubble merger
rate. The bubble velocity is the sum of a single (periodic array) bubble velocity and a bubble
interaction term, i.e., the envelope velocity [58]. The bubble merger rate is defined to be the time
at which the slower bubble starts to move backwards.

As a result of the merger process, the bubble height advancement is h, = hja,Agt> =
wpnAgt?, where h,, = hy, /7 and ay,, = hl,a,. The average velocity advancement of the new
bubble after merger is 0,, = /AgFh),w/2. The expansion of the bubble radius after merger is
approximately given by Ar = k7, 7 = a,Agt?, where a, = k?w? /4 is the growth rate of the bubble
radius resulting from merger. The bubble height-to-width ratio is given by

2?‘20&,_4\/07,4“ 4k

@_ &,  Cp (1+k)hgn (12)

Given a distribution of bubble size and velocity, ratio (12) is nearly a constant, as shown in Table
2. Table 3 summarizes the variation of the model parameters in a distribution of the bubbles.

rh/ 1 k h, w &y ap  hy/(27)
1.0 | 0414 1.82 0427 .0078 0.048 3.08
1.1 | 0416 1.85 0.433 0.00812 0.050 3.08
1.2 | 0420 1.88 0.439 0.00851 0.052 3.06
1.3 | 0427 191 0.445 0.00903 0.054 3.0
14 | 0434 194 0450 0.00954 0.057 2.99
1.5 | 0442 196 0455 00101 0.059 2.92

Table 3: The merger model parameters with various bubble radii.

Usually, the bubble merger rate w and size variation parameter k are measured in experiments.
With these two inputs, w and h), are determined. In turn, all of the scaling constants can be
determined. For example, for uniform-sized bubbles, k = 0.414, w ~ 0.43, h), ~ 1.82. Taking
cp = 0.532 for hexagonal bubbles, #; ~ 0.048. For non uniform-sized bubbles, «;, increases with
the size of distribution as shown in Table 3 and Fig. 4. For a bubble radius distribution with
variance ~ (0 — 50)%, the 3D bubble growth rate a; is in the range of ~ 0.05 — 0.06 and the
bubble height-to-width ratio is ~ 2.9 — 3.1, which are in good agreements with experimental
value ~ 0.06 £0.01 and h;/(27) ~ 3[36, 37, [15, [16]. The observed RT bubble growth rate in
various experiments are plotted in Fig. 5, which shows insensitive to the Atwood number.

We point out that accurately predicting bubble size is very important in the determination
of the mixedness parameter ® or the molecular mix parameter because the bubble size directly
influences the second moment of concentration and is a determinant of molecular mix. The
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Figure 4: RT bubble growth rate increasing with vriance of bubble radius.
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Figure 5: RT bubble growth rate observed in experiments. The black solid dots are the LEM experimental data [15} [16]].
The blue solid diamonds represent the Rocket-Rig experiments [I37]. The red diamond is the OMEGA data
1.
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mathematical relationship between bubble size and mixedness will be presented in a separate
article.

In Table 4, we have compared our model predictions for the scaling constants «;, &y, and a;
to results obtained in the Rocket-Rig experiment No. 105 conducted by Smeeton-Youngs [37] and
two published laser experiments performed at OMEGA [51} 52]]. In the two OMEGA experiments,
the measured bubble merger rates, @ were 0.83 £ 0.1 and 0.79 & 0.06 respectively, the measured
growth rate of the bubble size (diameter ~ A) is a) = ®2/16 ~ 0.04, and the one standard
deviation of the bubble size was observed to be 0, ~ 0.24 or 0.25. Converting these parameters

into the model parameters in the CGS merger model gives k = \/2(1+0%2/4) — 1, 0 = 0,/2,

oy =) /2,and w = cD/(Z\/Ek). For o) = 0.24, k = 0.424 and h),, ~ 1.89. With these inputs, we
can deduce the scaling constants in the OMEGA experiments by using our model. We notice that

Experiment | w k WP oy wy P X, af;;p ap zxZXp
R-R 105 0.45 0.433 - 0.014 0.012 0.027 0.021 0.056 0.072

OMEGAT | 044 0424 069 0.009 0.021 0017 0.027 0.053 0.043"

OMEGATII | 044 0425 0.67 0.009 0.02 0.017 - 0.053 -

Table 4: Comparison between model predictions and experiments. R-R 105 represents the Rocket-Rig experiment No.
105 [B7]. OMEGA1 denotes the experiment published in [51] and OMEGA?2 is the experiment published in
[52]. t ap >~ 0.043 in OMEGA1 experiment was not directly measured, this values was inferred with the
help of 1D hydrocode LILAC simulations for the target density. If the calculated target density was higher
than the real target density, the real ay, could be higher than 0.043.

our predicted merger rates for OMEGA experiments are lower than the measured values. The
high measured bubble merger rate normally corresponds to a lower bubble radius growth rate.
Our analysis gives a higher bubble growth rate, a;, = 0.053, than the reported value 0.043 for the
OMEGA data published in article [5I]]. We think a; = 0.053 is possible and consistent with the
measurements from LEM [[15] and Rocket-Rig experiments [37, 36].

V. EVOLUTION OF THE TOTAL NUMBERS OF BUBBLES

The merger process results in a decrease in time of the total number (N) of raising bubbles. The
evolution equations of the total number of bubbles and bubble size are given by

N NodE
= wN(t), 7= kwr(t'), (13)
where dt' = \/Ag/Fdt and t' = % In w Here 7, is the radius of the bubble at time ¢.

Note that because the merger rate is independent of time, integrating equations (13) gives
N(t) = Noe " and 7(t') = foer", (14)

where Nj is the total number of the bubbles at time #(. Substituting ' into the above expressions,
we obtain

N() = No(G) V¥ and 7(0) = [T+ 5 /Ag(t — o) (15)

10
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Eq. (15) exhibits a power-law decrease of the total number of the bubbles with the bubble size in
the merger process. The power index I = 1/k is defined as the merger-power-law index, which
only depends on the bubble size distribution. For large t, 7(t) ~ k?w?Agt?/4. Then the total
number of bubbles becomes

N(t) = Np[1 + %‘" ‘:—f(t —to)] 2L (16)

If we choose t; such that 7y = kzszgt% /4, then the total number and size of bubble can be
rewritten as

2
N(H) = No("27 and 7(1) = Page (7)
For bubbles with standard deviation in size, ¢ = 0 — 0.5 and k ~ 0.41 — 0.58, the power index 2/k

has a range from 3.45 to 4.83 with a mean value of 4.14. Fig. 6 shows the total number of bubbles
changing with bubble size and time for k ~ 0.483 and ¢ ~ 0.31. The figure shows a remarkably

09 _ _ E 0.9E — Theory (k=0.48,0=0.31) | -
— Theory (k=0.48, 0=0.31) O OMEGA Data (Sadot et al.)
08E ® OMEGA Data(Gaoetal)| 0.8F ® OMEGA Data(Geoetd.) | -

0.7

0.6
05F

N/N,
N{:NO

0.4F
03F

0.2

0.1

.2.5....3

2
<r>/<r o

Figure 6: Right plot represents the dynamic evolution of the total number of the bubbles with bubble size. Left plot
shows the dynamic evolution of the total number of the bubbles with time. The blue dots and red circles are,
respectively the OMEGA experimental data taken from [51] and [G2]].

good agreement between the theory and the OMEGA data on the evolution of bubble numbers
with the bubble size and time.

Here we point out that solution (17) is clear. It can be obtained simply by dividing the total
area by the area of one bubble, that is

_ L/Ag)? 1 1, L/Ag)* At

a2 ((t+At)4 ; t_4) T a2 B

AN = N(t+ At) — N(t) (18)

where L and L?, respectively, represents the linear dimension and total projected area of the
system. Integrating Eq. (18) gives

N(t) = N(O)(t?o)‘*, (19)

which is approximately equal to solution (17), where Ny = L2/ (a2 A2g>t}).

11
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VI. CONCLUSIONS

We have presented a physical relationship between the scaling constants as in Rayleigh-Taylor
instability and the scaling constants 0s in Richtmyer-Meshkov instability. This relation is derived
by applying a simple buoyancy-drag mixing model. We have shown that in the asymptotic self-
similar regime, these scaling parameters are not independent. Our first main point is that they are
connected by physical principles: they are all functions of the drag coefficients of the fluids and
the Atwood number. Our second main point is that all of the scaling constants can be expressed
as a function of the RT bubble growth rate, a}, which can be determined by the bubble merger
model. We have also derived the dynamical evolution of the total number of bubbles as a function
of the bubble size and time. Our theory is compared to the Rocket-Rig and OMEGA experiments.
All theoretical predictions are in agreement with the experimental data.
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