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Abstract

The interaction of the mixing zone between two gases of different densities with compression waves and shock waves
has been investigated. The characteristics of the mixing zone in which the Rayleigh—Taylor instability is developing
have been analyzed. The evolution of the mixing zone volume and mass during the accelerated motion has been defined.
A qualitative distinction in the evolution of the mixing zone under the influence of a continuous deceleration resulting
from the interaction with the reflected compression wave—shockless deceleration—is revealed as compared to decel-
eration thatis accompanied by appearance of a shock wave moving through the mixing zone—shock-induced deceleration.
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1. INTRODUCTION and B was precisely set at 0.5 bar. As a combustible mixture,
) . o . we use the hydrogen—oxygen mixtufe45H, + 0.550,).
The experimental studies of a hydrodynamic instability be-  after removing the plate P from the tube, a mixing zone
tween two media of different densities at their accelerateq(0 forms and the combustion of gas B is initialized. The
motion have been successfully conducted for the casfame front F, descending in the tube, generates a compres-
of incompressible media at moderate physical parameter§on wave C in gas B. As a result of interaction of C with the
(Kucherenkoet al., 1991; Youngs, 1992; Schneidetral,  mixing zone K, the latter accelerates downward. The re-
1998. ) ] fracted compression wave, being reflected on the bottom
The basic goal of the present study was to define th‘f‘)nlate of the tube, forms the reflected compression wave that
quantitative characteristics of the given phenomenon devely,qyes towards the mixing zone. The interaction of the re-

oping in compressible media. flected compression wave and the mixing zone results in the
deceleration of the latter.
2 THE EXPERIMENTAL SETUP The diagnostic of the process is carried out using Mach—

Zehnder interferometry. The flow patterns in the tube and
The investigation was carried out in a vertical tube closed athe density distribution in vicinity of K at the stages of
both endgZaytsevet al., 1991). The sketch of the setup is accelerated and decelerated motion were defined.
given in Figure 1. Prior to the experiment, the tube was
hermetically divided into two parts with a plate P. After
evacuation of the tube its upper part B was filled with a3- FUNDAMENTAL REGIMES OF THE MIXING
combustible mixturégas B, density,,), the lower part was ZONES EVOLUTION

: ; : '
filled with gas A(densitypa = py). The pressure of gases A The flame front F acquires a meniscus form during its mo-

. __tionin the tube. A characteristic peculiarity of the motion of
Address correspondence and reprint requests to: S.G. Zaytseyv, Krzhlzhh . h d fl f Eis the f . f
anovsky Power Engineering Institute, Leninsky pr. 19, Moscow 117927,t e meniscus-shaped flame front F Is the formation of one-

Russia. E-mail: s.g.zaytsev@mtu-net.ru dimensional flow—a planar compression wave—ahead of F
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Fig. 1. The sketch of the experimental setup. 1: char(imaler section
72x 72 mn?, full lengthl = 1010-730 mm, length of the upper part
63.5 cm. 2, 3: upper and lower endwalls. 4: ignition spakk.dividing
plate. F: flame front, Bo: combustible mixtureAq: inert gas.Kop, Koa:

interfaces, separating the initial mixing zone from “pure” gases.

at a distance over a few diameters of a tyBalamandra,
1974). The analysis of the motion shows that the essentiatlownward directioVp-Vp < 0). The value of this accel-

changes of the flow parameters come from the dilatation o€ration field i g,| = 10%g,. At this stage of the mixing zone
the combustion products behind F. This process determinesvolution, a “stratification” process “is switched on"—
the properties of the incident compression waveg—The

188.0 s

L— 7.2 cm;—j

10 cm

S.G. Zaytsev et al.

distribution of parameters withing@s modulated by a sys-
tem of secondary compression waves.

The existence of secondary compression waves is clearly
recorded in gases A, which have a large enough value of
refraction coefficien{see Fig. 2. The density change in the
front of secondary compression waves turns out to be smaller
than in the incident compression wave—-Che secondary
system of compression waves results from the interaction of
the meniscus-shaped flame front with the lateral walls of the
channel.

If the length of the upper part of the channelfilled with the
combustible mixture does not exceed a given threshold, then
the compression wave,during its motion does not succeed
in turning into a shock wave. In that case, the initial mixing
zone Ky is involved in the accelerated motion by the com-
pression wave. Hence, the following regimes of continuous
acceleration of the mixing zone K are possitdee Fig. 3.

31 Pa > Pb

In this case, the direction of gravitational acceleration co-
incides with the direction of the density gradient and the
mixing zone Ky stays hydrodynamically stable until the
beginning of the interaction with the compression wave
Co (t=tp). Fort =ty the mixing zone K is accelerated down
the channel by the incident compression wave. Here an
effective gravitational field directed upward appears. The
value of the acceleration of this field fig,| = 10%g,, where

0o is the acceleration of the Earth’s gravity. The Rayleigh—
Taylor instability, (RTI), is excited in the mixing zone K
(Vp-Vp < 0).

The RTI development continues until the momesttg,
when K deceleration, created by the interaction with the
reflected compression wavesCbegins. Fot = to RTI “is
switched off” as the effective gravitational field turns in the

separation in the field of effective gravitation.

275.0 us

463.0 s

Fig. 2. Interferograms of the mixing zone motiol, separating the combustible mixture fromg3, = 0.5 bar,g~ 1.3 cms™2).
Cr: front of the first from the set of refracted compression waves.
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Fig. 3. Possible regimes of interaction between the mixing zone K and refragtaddreflected @ compression waves.

At t = {, the mixing zone K reaches the sectibi I,

plate motion. The undulating perturbances on borders of the
located at the minimum distance from the lower end of thelayer occur when the Reynolds numige = udv 1, where
channel. Later the mixing zone oscillates neander the

uis a flow velocity,d is a thickness of plate P, andis a
action of reverberating compression or rarefaction waves.viscosity of gas A exceeds 100. In Figure 4, a schematic
32 Pa < Pb

representation of the mixing zone is given and the charac-
teristic pointsJ;, B; are indicated on the surfaces separating
the mixing zone k§ from gases B and A. The coordinates of
The change of the density gradient direction results in excithe indicated points are used for definition of the following
tation of the hydrodynamic instability in the mixing zong K parameters of the mixing zone: amplituglenaximum pen-
in the Earth’s gravitational fielgacceleratiom). This state  etration depth of one gas into the othgrwave lengths of
continues until the compression wave arrival. In the stage ofhe chosen perturbation;, trajectory of the mixing zone
accelerated motion & < t < tg, K is subjected to an motionx,(t), thickness of mixing zoné;:
effective field(|g,| = 10%gy), in the upward direction. Here
the RTI “is switched off"(Vp-Vp < 0). K is subjected to a
compression, created by,C

In the deceleration stage created by the interaction of K
with Cr attg <t <1, the RTI is excited and developed, as
Vp-Vp <0.

B
Jq J Jin
. *

Having reached the closest proximity from the lower chan- - Ji A y
nel plate(sectionl) K oscillates under the action of rever- ¢

berating waves in the compressed gas A.
4. THE INITIAL MIXING ZONE:

MEASURED PARAMETERS

The plate P is removed from the channel with the help of a
spring mechanism. The full time of removal of P from the
channel ranges from 40 to 100 ms. The thickness isK
determined by a diffusion coefficient of the gases A and B

X

and by the time of mixing. The re.sultin_g miXing zone has therig. 4. A scheme of the initial mixing zonel, J¢, 3.1, B: position of
form of a layer that becomes thinner in the direction of thecharacteristic points.
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A =y(die) —y(3), (1) merically solved with the following conditions: at the top

x = 0 and bottomx = | ends of the channel, the flow velocity
X(t) = X(By)/2 + [x(J11) + x(3)]/4, (2 isu(t) = 0. The combustible mixturégas B is set in the
sector 0= x = x, — 6/2. Here, forx,—the position of the
a = x(J) = [x(3) + x(I+1))/2, 3 median line of the mixing zone—at 0, x, = . The molar

mass of the combustible mixture s, = 18.5. The specific
X(B) = IX(3) + x(I)l/2, @ thermal capacity ratio iy, = 7/5, wheres is the mixing
5 = x(B,) — x(J). (5) zone thickness. One of the experimental gases A fills the
sectorx, + 6/2 <x<I,forwhichu= ., v=7v49=0.The

The valuey; for the initial mixing zone decreases roughly mixing zone is set in the interva — §/2 < x < X + /2,
by a factor of 2 along the direction of the plate motign ~ Within which the density varies according to a linear law
axis). Near the channel axiy = 36 mm), the quantity\; has ~ from the density valug,, of gas B at the point, — 6/2 to the
the following values: 20, 18, 15, 12,9, and 6 mr@ for He, ~ value of density, of gas A at the poink, + 6/2. The flow
Ne, Ar, Kr, Xe, and SE, respectively, when the full time of in 0 <x < is adiabatic.

I~
Il

the plate P removal equals 100 ms. Initial conditions are: the pressure of gas, and the
pressure of gas A,, att = 0 are equal t@, = p, = po. The
5. ONE-DIMENSIONAL MODEL ignition energy isg = qpatt = 0 forx= 0.

The shape of functiog(x) is determined from the agree-

Aflame front simulation is carried out using the subsequeninent of calculated and experimentally measured position of
heat release in the domain filled with the combustible miX-trajectory of the mixing zone K at the initial stage of motion
ture(gas B. In this domain, each cell of the computational t < to.
mesh contains a source that releases a distributed quantity of In Figure 5, the calculated density distributip(t) at the
energyq(x). This energy is released in a precise time evo-abscissa = 685 mm is shown. The points in this picture are
lution such that the temperature in a given cell reaches théhe experimentally measured valu@aytsevet al., 1999.
level of ignition temperaturg&;. The temperature change in
gas B comes as aresult of the temperature wave propagation
resulting from the energy release in the cells where combusd: TWO-DIMENSIONAL MODEL
tion took place. To calculate the evolution of the RTI, the solution of

The flow in the channel closed at two ends is described bywo-dimensional conservation equations is carried out with
the system of conservation equation for mass, momentuny nonlinear quasi-monotonic scheme of high precision

and energy in Lagrangian form: (Nikishin et al., 1994. The problem is investigated in a
rectangular domain 7.2 100 cn?, filled with gases A and
d (pA) =0 6) B, which are separated by the mixing zone. The latter is
dt ' accelerated by the compression wave propagating from B to
A. The upper boundary of the calculated domain is set above
d 1dp mn o2
dtu_ p8X+p6X2' ™
Es=798—u+2<a—u>zfii</\£>+a—q. (8 P I I I I
dt p X  p\ X p OX\ X ot : : : :

3 : : : :

. . . : / 3 s : s

This system is completed by the equation of state in the form grem : A : : : B
0.0011

p

ST py -1’

Herep, €, u, and are a density, internal energy, velocity,
and thermal conductivity, respectivelyjs the size of a cell
of the Lagrangian mesh; ~ pA is the factor of artificial
viscosity. The variable& represents a Euler coordinate. As a
respective Lagrangian coordinate, the so-called mass vari-
ables, ds= pdx, was used. Thus equati¢®) expresses both  0.0007
the condition of conservation of mass, and natural condi-
tions of a constant of Lagrangian coordindggdt = 0. For 0 200 400 600 800 t, us

the SOlu“,On of this ?quatlon system, the explicit numerlcalFig. 5. Calculated(one-dimensional modeknd experimental values of
schemdfirst-order time accuracy and second-order coordi-gensityp (t, x,), x; = 68.5 cm. K separates the combustible mixture from
nate accuragywas applied. The equation system was nu-argon.

©)

0.0009
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Fig. 6. Wave diagram of interaction between the mixing zone, separating the combustible mixture from argon, with incident and
reflected compression waves,Cr, Cr: incident, refracted, and reflected compression waves. Position of cugy&s @nd G is

defined from a conditiotio?p/9t?) = 0. Curve K corresponds to the motion calculated based on one-dimensional simulation. Within
the limits of the measurement error the calculated and measured positions K coincide. Vz. F: visualization area.

the initial mixing zone at a distance of 2 cm from the upperHere a;(0) is the amplitude of theth perturbation of the

boundary of K. The lower boundary is set at a distance ofnitial mixing zone,x is the travel distance of the mixing

12 cm from the upper one. zone, counted from its initial positio = (At°k) /2, where
The quantities for density(t), pressure(t), tempera- At°is the Atwood number.

tureT(t) and velocityu(t) found from the one-dimensional  Table 1 contains experimental datéfor different At-

numerical simulation are given on the upper boundage  wood numbers. The table also contains values of wave-

Sec. 5. length A of the perturbations and thickne8sof layers at

which these perturbations are formed. The table also presents

the perturbation amplitude growth rAd& T) calculated from

the Taylor relation(Taylor, 1950, andW(D), the rate ob-

tained with the method proposed by Deffal. (1962 for a

mixing zone of a finite thickness. The quantitd&T) de-

7.1. Trajectory of the mixing zone motion scribe the evolution of the linear stage of instability in in-

The wave diagram of the proce&&ig. 6) is represented by compressible media with a discontinuous change of density

the trajectories of the mixing zone and the incident, trans{® = 0). The quantitieaV(D) are also obtained for incom-

mitted, and reflected compression waves. pressible media, but the initial mixing zone has a finite
The complete numerical simulation of the mixing zone thicknesss. Unlike W(T) andW(D), the experimental val-

trajectory shows that if calculated and experimental point¢!®€SW were obtained under the conditions when the RTI

of the mixing zone trajectory coincide at the beginning stagél€velopment occurs during the simultaneous compression

of motiont < t,, one can also observe such a coincidence apf the mixing zone by wavesQor Cg. As seen from the

the final stage > to. table, valuesV are much less thew(T) andW(D). The
Trajectories of an incident, refracted, and reflected com-

pression wave are presented in the wave diagram by poin

Co, Cr, and G. The second derivative in these pointp/

7. RESULTS OF EXPERIMENTS AND
NUMERICAL CALCULATIONS: DISCUSSION

tPable 1. The data of the linear stage of RTI

0x? is equal to zero. 2 S W(T) W(D) W
Gas AP mm mm mm~Y2 mm~Y2 mm~Y2
7.2. Excitation and development of the RTI He 0.64 15 6.2 0.517 0.311 0.166
. I . . Ar 037 107 48 0.462 0.270 0.215
The evolution of the initial perturban_on that has an am_pll—Kr 064 115  1.82 0.591 0.46 0.42
tudea; (0) = ay < 0.5A;, can be approximated by the relation xe 0.75 11.4 9.0 0.643 0.313 0.519
Ha 0.80 15 4.0 0.579 0.424 0.280
a;(x) = & (0) exp{W- (2x)"/?}. (10

https://doi.org/10.1017/50263034603213173 Published online by Cambridge University Press


https://doi.org/10.1017/S0263034603213173

398 S.G. Zaytsev et al.

T —.—.———————————
x Experiment
g ?
< |
I -
0 : : 1 | I
’ 1/25 12 K 0 20 40
2mn) , mm At”x, mm

Fig. 7. Comparison of experimental results and calculated ones based ohig. 9. The penetration depth of gasésx), at nonlinear and transitional
two-dimensional simulation. Thicker part of the solid line: linear stage of stages of the RTI. Valuds(n) are given for He.
the RTI, approximatiom; = a, exp(0.4\ 2n).

latter indicates the influence of compressibility on the RTI At a; = 0.5 A;, one can observe the beginning and sub-
evolution. Figure 7 gives resul{g;) of two-dimensional sequent growth of characteristic distortion of the perturba-
numerical simulations and experimental data for the mixingiion form of the surfaces separating the mixing zone from
zone between the combustible mixture and helium at théhe “pure” gases. The heavy gas penetrates into the light one
stage of deceleration. The data are presented in the coordit the form of narrowing “jets.” The light gas penetrates into
nate system moving with a constant velocity equal to that othe heavy one as widening “bubbles”—the nonlinear stage
the mixing zone at the moment of change of acceleratiorof the RTI. Interferograms of the RTI evolution presented in
sign. The principal scheme of definition of traveled distanceFigure 2 clearly show this phenomenon. Beginning from
n in this case is given in Figure 8. this phase, the penetration dejatbf one gas into the other,
as measured in the experiment, is satisfactorily approxi-
mated by a relation

=

L= o(x — X* .
i w(tt ) p------- end wall apAt°(X — X") + Lo (11)
’ ? Herex* is the distance traveled by K at the moment of the

beginning of the nonlinear stage, ~ A;), At°is the Atwood
XX o orr-——"- - numberl is a penetration depth of one gas into the other at
the moment of transition to the nonlinear stage, argthe
distance traveled by K counted from its initial position.

In Figure 9, the values df, measured for mixing zones
between the combustible mixture and Ar, Kr, Xe ¢S&nd
He are given. In Table 2, the values®f are given.

Let us emphasize the combination with helium. Here the
instability develops at the stage of the mixing zone deceler-
Q tt Q ation. To calculatey, correctly, one needs to take into ac-

Table 2. Valuesap = dL/[d(At’-x)] anda, = dL/[d(At°-n)]

t t
Q
Gas Ar Kr Xe Sk He
uO — d_X ; 7’] — uo(t i tQ) i (X i XQ) At° 0.37 0.64 0.75 0.77 0.64
dt . o+ 0.11 0.33 0.38 0.40 0.30 0.38
Q g+ 0.16 0.34 0.22 0.29

Fig. 8. The principal scheme of definition.
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count only the part of the distance that the mixing zoneand B was prepared, on a given level of density change.

traveled after the change of acceleration sign. To do this, w&/hen defining a volume of the mixing zone in the given

have to switch into a coordinate system moving with themoment of timet = t;, the boundaries were set by two

constant velocity equal to velocity at the momesntt, (see  tabulated point Set§(y), Ymin =Y = Ymax j =1, 2. =1

Fig. 8. Then corresponds to the upper bound&gyseparating the mixing
zone from the combustible mixture= 2 corresponds to the

L = apAt°(n — n*) + Lo. (12)  lower boundaryK, separating the mixing zone from gas A.

The mixing zone volume is defined as

Here zero points of the coordinate system and time coincide

with a point of change of acgeleration sign, that is, Wi_th the V=H. fyma*(xz ~x,) dy, (13)

moment when the perturbation growth staftsis the mix- Vi

ing zone position anly is the penetration depth of one gas

into the other in the moment of transition to the nonlinearwhereH is a distance between lateral walls of the t(ble=

stage of the instability evolution. 7.2 cm.

The mass of matter involved in mixing is defined by a
7.3. Measurement of mass involved in mixing relation
Data presented in Table 2 show the growth rate of penetra- M = V(x)-5(x),

tion depth of gases of different densitigle growth rate of

distance between the most distant points placed on the difwherep = 0.5( p, + pp), andp, andp,, are densities of gases
ferent boundaries of the mixing zondn the case of in- Aand B on boundaries separating the mixing zone from the
compressible media, the growth rate of penetration depthpure” gases.

coincides with the growth rate of mass involved in mixing. The data presented in Figure 10 correspond to the growth
In conditions of the given experiment, the parameters obf the penetration depth, volumeV, and mas$i of gases
media separating the mixing zone from “pure” gases aref different densities as a function of the traveled distance
changing continuously during the motion, so we had to makédetween the combustible mixture and kryptéw° = 0.64).

a direct measurement of the mass of gas involved in mixingThe data correspond to the nonlinear and subsequent stages
To do this, a method for the definition of the forms of the of the RT instability evolutionL, VV, andM are penetration
surfaces separating the mixing zone from the “pure” gases Alepth, volume, and mass of gases divided by their values at

25 ||rrrrll]11||||||||||rrr1111]|||||||||||rrr11111|||||||||||rrr|1111lA!llllllll

20

15

>
(g
10

L B L

S

10 20 30 40 50 60 70 80

X

Fig. 10. Values of functionL(X), V(X), M(X) for the mixing zone between the combustible mixture and krypton at the stage of
accelerated motion.
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the moment of transition to the nonlinear stage of the RTltration depthL of one gas into the other grows. After
evolution. The traveled distance is nondimensionalized byhe beginning of the decelerated motion> xq) the RTI
dividing by Lo, (x/Lg = X). mechanism is “switched off” and the stratification process

The end plate in the given experiment was placed 230 mnbegins—separation of gases of different densities, by which
away from the dividing plate. The action of the reflectedL decreases in the secter> xq. Such a character of the
wave and its “forerunners” within the visualization area did process is called shockless deceleration.
not affect the instability development. Itis worth noting that  Figure 11 presents a trajectory of the mixing zone and
the volumeV occupied with the mixing zone increases morevalues obtained in this experiment. As sdan= o), the
rapidly as compared to the growth of the penetration deptltharacter of functio.(x) is changed: Increase is replaced
L. This may be linked to development of small scale turbu-by decrease.
lence inside the mixing zone. The growth rate of mass in- In Table 3 are given the values of the parameters mea-
volved in mixing turns out to be an order higher than the ratesured in experiments with shockless deceleration. The first
of the penetration depth because of the density increassolumn gives the number of the experiment. The second one
caused by compression. Similar results were obtained igives the distance between the channel end plate and the
experiments with hydrogeft® = 0.8), where the instabil- initial position of the mixing zone. In the third and fifth
ity was developed at the stage of interaction with the re-<columns, the values of the mixing zone acceleration in the
flected compression wave. stage of accelerated and decelerated motion are given. In the
fourth and sixth columns are the valueslbfdxcorrespond-
ing to these stages.

To evaluate the suppression of the RTI caused by inter-

action of the mixing zone with the reflected wave, the fol-
The study of this process has been carried out for the mixingpwing relation was used
zone between the combustible mixture and argon. The length
of the upper part of the channlglis 635 mm. The length of L = L — a,Atn, (14
the lower part of the channkll ranged from 100 to 155 mm.
In the performed experiments, the density of the driverwherer is calculated using the procedure presented in Fig-
gas—hydrogen-oxygen mixture—is less than the densityre 8, excluding the fact that the zero point of the coordinate
of the driven gas—argon. In the stage of accelerated motiogystem and time were counted here from the beginning of
of the mixing zone, the RTI was excited. Hence, the penethe decrease df. Here only the distance traveled by the

7.4. Interaction of the mixing zone with reflected
compression wave or shock wave

SO0 mr [
i 117

600 16
i 415
£ 400 ‘:14%
o C i —
C 113

200 | 412
i 411
03..... ....10

10 20 30 40 50 60

X, mm

Fig. 11. Atrajectory of motion(points 1, 2 and functionL(x) (points 3 for the mixing zone between the combustible mixture and
argon. Shockless deceleration.
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Table 3. Values of parameters for nonshocked deceleration Table 4. Values of parameters for shocked deceleration

1 2 3 4 5 6 1 2 3 4 5 6
| — |k 91104 92104 | - Ik 91'104 92104
# mm mm/ us? dL;/dx mm/us? dL,/dx # mm mm/us? dL;/dx mm/us? dL,/dx
652 A 155 1.18 0.15 —-1.34 —-0.04 650 A 155 1.10 0.104 0.267
672 A 100 0.913 0.15 —2.38 —-0.427 653 A 155 0.91 0.128 —-7.7 0.196
678 A 100 0.717 0.16 —0.513 -0.2 664 A 155 1.57 0.140 -3.12 0.151
702 A 120 0.955 —4.09 663 A 155 2.43 0.104 —-6.5 0.134

mixing zone under action of the negative acceleration was In all experiments, included in Table 4, the wave fronts
taken into account. The obtained mean valuedfpis pre-  that intersect the mixing zone trajectoryxat< x < I have
sented in Table 2. The analogous valagsvere obtained been distinctly recorded on the interferograms. This interval
for the combination of the oxygen—hydrogen mixture with corresponds to the domain of interaction of the “forerunner”
krypton or xenon. of the reflected compression wave with the mixing zone.

An essential change in the evolution of the above-describet@he discontinuity of the interferometric bands at the fronts
process is brought by the appearance of a shock wave. Tha these waves is roughly 0.5 mm, corresponding to a den-
latter is formed in the interval between the end plate andsity changeAp = 2.38.107° g/cm?3 The velocity of the
the mixing zone. The collision between this shock wavemotion of these waves in the system attached to the mixing
with the mixing zone leads to the growth of the penetrationzone lies just above the speed of soutite Mach number
depth L. equal to 1.0%5 Such aspect of the functidn(x) allows the

In Figure 12, the diagrams are analogous to ones given isupposition that the growth &f(x) in the intervalxy < x <
Figure 11, but obtained for a case of shock-induced decel- originates from the Richtmyer—Meshkov instability, ex-

eration are presented. cited by the interaction of the mixing zone with the shock
500 pr——— T T T T T T 22
i 120
400 [ 1
: 418
300 |
£ g 1168
« r .J
200 [
: -1 14
100 |
. 112
ok ‘ ' ' b 10
0 100

X, mm

Fig. 12. A trajectory of motion(points 1, 2 and functionL(x) (points 5. A trajectory of the reflected shock motigpoints 3.
A trajectory of the refracted shock motion after interaction with the mixing Zpa@ts 4. Shock-induced deceleration.
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waves, which appeared as a result of the evolution of the linked to the development of shock waves. At the ori-
system of secondary compression waves. gin of the development of the latter are secondary
compression waves, brought by the interaction of the
meniscus-shaped flame front with the channel walls.
The mixing zone interaction with the above-mentioned
shock waves of low intensityMach number near 1.05
leads to the growth of the penetration deptin the
braking process.

8. CONCLUSION

1. The surfaces that separate the mixing zone from the
“pure” gases in the process of the RTI evolution pro-
ceed through all the forms well known from the re-
search in incompressible media, which correspond to
the linear, nonlinear, and transitional RTI stages.
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