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Abstract

Experiments conducted at the OSA shock tube facility at the Russian Federal Nuclear Center—VNIITF to investigate the
compressible turbulent mixing of argon and krypton gases induced by the Rayleigh—Taylor instability are described. A
liquid soap film membrane of thicknessl micrometer embedded in an array of microconductors is used, on which
specified initial perturbations can be applied. The shock is piston driven by compressed gas. The gas interface was
accelerated with an acceleratigi# 3104 m0s2. The membrane is disintegrated at the beginning of the experiment by a
strong electric explosion. Imaging is performed using Schlieren photography. The dimensionless growth rate of the
mixing zone was determined to be 0.04.
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1. INTRODUCTION pressibility on both sides of the contact surface becomes
important.

In many problems asspugted V\."th fast compression pro- Under laboratory conditions, the investigation of RTl and
cesses of matter, the situation arises when a material of le%\sﬂsin ravitational turbulent mixingSTM) is performed
density (light materia) and a more dense materidleavy 99 P

: using different density liquid and gaseous media at the in-
materia) have a contact surface and are accelerated. In cas . . . .
. . stallations EKAP and SOM. The installation OSA makes it

of constant acceleration, the contact surface is to be sub-

jected to the action of the Rayleigh—Taylor instabiliRTI). g(l)\/lsls)llgleutcs)irl]nvtisr'gge;a;tee I(jal (tfeec":\f)?et chlr?\?esrso;colrnfrrssg(tzlr-l,oses
If the pulsed acceleratiofe.g., at the passage of shock y 9 P purp i

waves takes place, then any contact surface is unstabIeThe distinctive feature of the experiments is the usage of the

because the Richtmyer—Meshkov instabiliBMI) arises. COntroIIed.separatmg membrane, makmg I possple to form
. R . the evolution process of GTM of different gases with preset
The instability implies that any small perturbation has a.

- . . ._initial conditions.
tendency to unlimited growth, interpenetration of material . . .
) The aim of the present work is to perform experiments by
occurs, shear turbulence breaks up structures into smaller-

scale structures, and a turbulent mixing z¢n#Z ) devel- Using the shock tube OSA creating RTI and to apply the

ops. The evolution of instabilities on the contact surface of
different density media exerts an influence on the dynamics
of the compression, and restricts the limiting value of com-2- SETUP OF EXPERIMENTS

pression and the dynamics of subsequent processes. For performing experiments regarding the gravitational tur-
The determining parameter that takes into account thgyjent mixing investigation the scheme presented in Fig-

gravitational turbulent mixing influence is the turbulent mix- ;re 1 was used.

ing zone width, which depends on the density ratio of dif-  The < x < x, region is filled up with the compressed gas

ferent density media, the duration of the instability, and seand represents a high pressure chamber. From the rest of the

forth. In a number of problems, taking into account com-shock tube, part the chamber is separated by a light piston,

which is found at the point= x;. Thex; < x < x, region is
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ontrolled separating membrane for these investigations.
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Fig. 1. Physical scheme of the experiments setup. a light gas
Controlled
a measuring chamber by which the mixing process imaging “specter-diaphragm” o
is performed. In the point= x, the separating membrane is gauges and

instrumen-
tation

S}'lcllmnizlng

device

found that prevents the mixing of working gases during the | System
experiment preparation. At the specified instant of time, the *“:;:::;:'”
separating membrane is destroyed into pieces of definite|diaphragm
size by the external force. The installation operates as fol-— o
lows. At the instant of timé = t,, the piston begins to move toregister | g
with constant acceleration in the positive direction of xhe pa:ﬂl‘m
axis under the action of the compressed gas in the high
pressure chamber. From the piston a compression wave be
gins to propagate in the positive direction of thaxis with
velocity C,, whereC, is the sound velocity in the working T T 1-
gas 1. At the instant of time= (x, — x;)/C, the compres-
sion wave arrives at the interface of gases x,. At the
same time, the external destructive force is applied to the Fig. 2. Functional scheme of the installation OSA.
separating membrane, and the contact boundary between
gases begins to be accelerated. As the contact boundary,
acceleration profile slightly decreases and the pressure grand amplitude depend on the piston mass. Under the action
dient in the compression wave is directed oppositely to thef the compressed gas, the piston moves with acceleration
density gradient at the contact boundary, and conditions aralong the section with a light gas. The section with a light
created for the RTI occurrence. gas is filled up with gas of density,. The internal cross
Figure 2 shows the functional scheme of the installationsection of the light gas section is equal to 23838 mnf,
OSA. The total height of the installation amounts¢6é m.  but the length amounts to 500 mm. The contact boundary
In the upper part of the installation, the high-pressure chamacceleration profile depends on the light gas section. The
ber is located. It is a thick-walled vessel consisting of three€further the contact boundary of gases is from the piston, the
parts connected by flanges. The operating pressure in thmore the acceleration differs from the constant one and
chamber is up to 2 MPa. At the upper flange of the high-approaches a delta-shaped one.
pressure chamber there is the emergency valve of pressurePrior to the execution of the experiment, the section with
drop and pipelines for gas inlet and outlet. The high-pressura light gas is filled up with the working gas of densjty
chamber is separated from the remainder of the shock tubrough the gas inlet system. Simultaneously, the measuring
by an aluminum membrane. chamber is filled up with the working gas of densjbiy
The membrane thickness is 1 mm or 0.5 mm and deterthrough the gas inlet system. The gas inlet system controls
mines the limiting pressure of the gas in the reservoir. Fothe extent of purity of working gases. Between the light gas
the membrane destruction at the specified instant of time, aection and the measuring chamber the controlled separat-
strong electric explosion is used. A sliding contact in theing membrane is located. It is designed to prevent the mix-
form of a metal needle touches the membrane in the centeing of working gases during the experiment preparation.
The needle is connected to the positive pole of the capacitor The controlled measuring membrane is an interweaved
bank by means of cables, whereas the membrane is cogrid of microconductors, 2@um in diameter and spaced
nected to the negative pole. At the instant of tinsety, the 4 mm apart. A liquid soap film solution is applied to this
pulse of current burns through the aluminum membrane igrid. The film thickness amounts tel um. At the specified
the center. Gas begins to flow out of the reservoir and opensistant of time, the electric current is passed through the
the membrane completely. The gas flow passes through thgrid. Microconductors are heated, and the liquid film begins
conical part of the transitional section and begins to push & be destroyed into the pieces with the typical scake
plastic piston. In the compression wave, the pressure profild mm in the places of contact with microconductors. Then

Measuring chamber

Outlet membrane

Dutlet section

Control desk, protective interlockings and signalling system |
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the surface tension forces tighten the pieces of liquid filmphotographic record and passing of the piston into the low-
into small balls that act as initial perturbations at the contacpressure chamber, it is necessary to slow down the piston.
boundary of working gases. When the compression wavé&or this purpose, the special outlet section is designed. When
reaches the boundary between gases, the contact bounddhge piston passes into the low-pressure chamber its velocity
begins to be accelerated. As acceleration is directed from this ~100—-150 njs. The gas being pushed by the piston rup-
light gas to the heavy one, the conditions are created for theures the outlet membrane, which is located between the
gravitational turbulent mixing zone evolution. measuring chamber and the outlet section. The gas pressure
Figure 3 shows the characteristic photographic images ofhead of the piston becomes gradually higher than the pres-
the separating membrane destruction process at differesure behind the piston, and the latter begins to decelerate.
instants of time. In this figure, microconductors are denotedVhen the piston moves along the outlet section, the pressure
by number 1, liquid film pieces by number 2, the microcon- of the decelerating gas increases. To decrease the accelera-
ductor with the liquid film around it by number 3. From this tion of retardation and to prevent reverse motion of the
figure it is seen that after the current pulse is applied to thepiston, it is necessary to release gas from the inlet section
grid, the liquid film begins to separate from the microcon-into the atmosphere. For this purpose, in the outlet section
ductors and then, under the action of the surface tensiothere are exhaust windows in which the membranes of lavsan
forces, it is tightened into a drop. are found. When reaching the ultimate strength, the mem-
The measuring section is located beyond the block withbranes are ruptured and gas gets into atmosphere. The rub-
the separating membrane. It is filled with working gas ofber shock absorber located at the bottom of the outlet section
density p,. The measuring chamber has two transparents designed to cancel the residual speed of the piston.
walls of high-quality optical glass. This makes it possible to  Imaging of the flow arising at the contact surfd&s) of
perform the photographic record of the turbulent mixingtwo different density gases after its acceleration was carried
zone by means of a Schliergphotographtechnique. Ifitis  out through the apertures in the measuring section by the
necessary to investigate the late stages of the turbulent mibx&chlieren device IAB—451. The device is consistent with
ing process, then an additional chamber of low pressure ithe high-speed camera VFU, operating in the mode of atime
mounted between the block of the controlled separatingnagnifier. lllumination was carried out by a flash lamp. The
membrane and the measuring section. After the measurinlgght pulse duration was equal to 4 ms. The flash lamp, the
chamber the low pressure chamber, 260 mm in length, isamera VFU-1, and the phenomenon itself were synchro-
found. Itis also filled up with the working gas of density. nized in such a way that the phenomenon registration was
This chamber is necessary so that the reflected compregerformed at the required stage of evolution. The optical
sion wave does not exert an influence on the photographimethod to image transparent inhomogeneities is based on
record of the turbulent mixing zone. After terminating the the dependence of the refractive index of gases on density.

3. DISCUSSION OF RESULTS

In the present work Atdensityp = 1.78 kg/m®) and Kr gas
(densityp = 3.7 kg/m®) were used as working gases. The
density ratio for the given pair of gases= 2.1, but the
Atwood numbeA = (p, — p1)/( p2 + p1) for the given pair
of gases was equal # = 0.35. For these experiments, the
acceleration of the contact boundary of gases amounted to
g ~ 40000 nys? The photographic record of the turbulent
mixing process was carried out when changing the param-
eterS= gt¥2 from 0.1 mto 0.5 m.
Figure 4 shows the characteristic photographic records of
the gravitational turbulent mixing process. The turbulent
1 mixing zone is seen in photos in the form of a wide dark
band. It is seen that the zone width is increased with time,
but the zone itself is mixing downwards. For the correct
determination of the image scale, reference benchmarks are
set before the measuring chamber glasses.
Figure 5 shows the dependence of the turbulent mixing
zone width on the paramet&ifor the pair of gases Ar—Kr.
) e The conditions of self-similarity for the given experiment
2 t=25ms are carried out a6= 100 mm.

Fig. 3. Characteristic photographic images of the liquid film destruction It means that_ the thbUl_ent mixing zone growth does not
process. depend on the initial conditions on the contact boundary of
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Fig. 5. Dependence of the turbulent mixing zone width on the paranseter
for the pair of gases Ar—Kr.

gases. All the totality of experimental pointsS 100 mm o . ] ) )

can be described by the formula= 4aAS where the pa- At the initial instant of time, different density gases being
rameteiS= gt/2 is the contact boundary displacemeqt:  investigated were located in the shock tube and were sepa-
(ps — p1)/(ps + py) is the Atwood number, and is  rated by the controlled separating membrane. Then the sep-
the dimensionless velocity of turbulent mixing. On the basisarating membrane was destroyed by the external force into

of experimental results the constamt= 0.04 has been Small-scale fragments with a typical size= 4 mm.
determined. The contact boundary of gases was accelerated by means

of a compression wave, which was generated by an acceler-

ating piston. The initial acceleration of the contact boundary
4. CONCLUSION of gases amounted 940,000 nys?.

According to the results of experiments, the dependencies

In the present work, the Rayleigh—Taylor instability for gas- of the turbulent mixing zone width on the contact boundary
eous media was studied. Ar and Kr were used as workinglisplacementS were constructed. The paramet8mwas
gases. Density ratip,/p; was taken to be equal to 2.1, but changed from 100 mm to 500 mm. At the self-similar stage
the Atwood numbeA = (p; — p,)/(p1 + po) was equal of the turbulent mixing evolution, the dimensionless veloc-
to 0.35. ity of turbulent mixinga was determined to be equal to 0.04.
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