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Abdract

Parameters of flows in the RFNG-VNIITF shock tube & its operation under three modes are given. In
the fird, ode a daionary shock wave is formed. This makes it possble to invesigae the evolution of
the Richtmyer-Meshkov ingability and the turbulence induced by it. In the second mode, in the shock
tube a nondaionary shock wave is formed tha makes it possble to invedigate the behaviour of the
contact boundaries of different dendty geses when the conditions for the evolution of the Richtmyer-
Meshkov and Raylegh-Taylor indtability are redized. In the third mode a compresson wave is formed
that makes it possble to invedigate the evolution of the RayleghTaylor indability and the turbulence
induced by it.

1 Introduction

In spite of a great number of invedigations peformed with a view to sudy the evolution of
hydrodynamic indabilities and turbulent mixing asodated with them in gases, there are many
guestions hat havenot been dudied as areault of the experimentd technique imperfection.

When dudying the turbulence induced by the action of the Richtmyer-Meshkov indability, a
grest uncertainty takes place, which is associated with the parameters of digphragms separating the
different dengty gases a the initid indant of time At the same time the influence of the digphragms
is such tha the obtaned turbulent flow “does not forget” the initid conditions. This leads to the
turbulent flow dructure digortion and, as a consequence, to grest erors when measuring the
turbulence parameters.

When dudying the turbulence induced by the action of the Raylegh-Taylor inddhility, the role
of the separaing digphragms is dso rather important. This problem is espeddly dgnificant when
Sudying the sdf-amilar mode of mixing & which it is important to have the sdf-amilar spectrum of
perturbations a the contact boundary of different densty gases A grest uncertainty is, possbly,
asodiaed with this drcumdance in the determination of the nondimensond rate of different densty
gesess in the sdf-gmilar mode This mode is characterized by the condant rate of the mixing zone
width growth, a the same time, the mixing zone width L depends only on the dendty ratio d miscble
median or Atwood number A = (n—1) / (n + 1), the contact boundary acceleration g andtimet:

L~Agst?. (1)

The «df-amilar mode of the gravitationd turbulent mixing is everywhere used both for the
cdibration of the samiempiricd modds of mixing and for the mahemaicd modding of mixing
processes due to the minimum number of paramees determining this mode. The proportiondity
coeffident in the rdation (1), which represents the nondimensond rate of mixing, is determined in
experiments and is estimated a the numerical modding.

It is known [1] that the gravitationd turbulent mixing process of different dendty media is
processed of the definite asymmetry which conddts in the fact the fronts of the peneraion of the light
medium into the heavy one and the heavy medium into the lignt one ae soreading with different
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veoaty. Higoricaly the non-dimendond rate a, of soreading the light medium front into the heavy
one is assumed to be the characteridic of the gravitationd turbulent mixing [2]. Denating the light

medium penetration front coordinate counted off from the contact boundary as Lio, it is possble to
write down

L1, =2aAS, %)

where S= gt?/2.
Results obtained in experiments with different dengty liquids [1- 4] give the vdue of a bang
found inthe range of

a=0.06—-0.07

At the same time, the results obtained in the work [5] with different dendty gases give the
megnitude of this vaue, which exceads the aove one shown more than by a factor of two. The
reasons of such a difference have not been ducidated up to now. It may be proposed that in the work
[5 ether the conditions of sdf-gmilaity were not satisfied in the st-up of experiments or the
measurements were made a the nonlinear dage of the Rayleigh-Taylor indability evolution, when the
initid experimental conditions “were not yet forgotten”. The last argument is supported by the absence
of the direct control of the initid conditions when performing experiments in this work. Moreover, the
factor of compresshility can exert an influence on the result in the work [5]. However, the
invedtigations performed  in the work [6] with compressble media have shown that the vaues of ap for
different combinations of gases are found in the range of

a=0.052 - 0.098.

In the works [7,8] the numeicd three-dimensond modding of the gravitationd turbulent
mixing evolution has been caried out by means of different mathematica codes. In the work [7] the
vaue of

a » 0.052
was obtained, but in work [8] thisvaueisinthe range of
a =0.04-0.06.

Thus, it is seen tha the results obtained in the work [5] for gases are contradictory. This
contrediction is, mog likdly, associated with the experimentd technique imperfection. The sudy of the
turbulence induced by the successve action of the Richtmye-Meshkov and Rayleigh-Taylor
indabilities has not yet bean peformed up to now. However, this dtuaion is rather often redized
when dudying the operation of lasr targets in the problem of the inetid thermonudear fuson. The
absence of such work being st up under laboratory conditions is, gpparently, assodated with the
absence of the gppropriate experimentd technique.

The multifunctiond shock tube (MST) being deveoped a present in RFENC-VNIITF will make
it possble to solve a number of fundamentad problems of nondationary turbulence which were
described above.  In the present work three modes of the MST operation associated with the shown
problems ae described. This devdopment has been the result of the RFNGVNIITF and LLNL
collaboration and initidly it has been known asthe Project “BIZON”.



2 Multifunctional shock tubewith driver |

The physcd scheme of MST with driver | is presented in Hg 1.

Fig. 1. The physca schemeof MST with driver |

This driver intends to be used for sudying the Richtmyer-Meshkov ingability and the turbulent
mixing induced by it. One of the invedigated gases with dendty r1 is locaed in the measuring section
| (4), second gas with dengty ro - in the messuring section Il (6). At the initid indant of time a
separating membrane (5) is found between gases The compodtion of driver | indudes a high pressure
chamber (1), a high pressure membrane (2), a trangtiond section (3) and a pat of the measuring
section I. Driver | operates as follows. Gas is forced into the high-pressure chamber up to such
pressure P,, & which the high-pressure membrane is opened. The gas flow rushes into the trandtiond
section and then into the measuring section | creating a shock wave (SW). The function of the
trandtiond section conddts in coordinating the round cross-section A-A of the high-pressure chamber
with the square crosssection C-C of the measuring section |. The crosssection A-A of the high
pressure chamber is chosen to be round proceeding from the condderations of its strength and
techndlogy to mount the high-pressure membrane on it. C-C and D-D cross-section of the measuring
sections were chosen to be right-angled (square), proceeding from the convenience to register the
turbulent mixing parameters by the light techniques. The cross section of the other form would nduce
difficulties assodated dther with taking into account the additiond refraction of light beams or with
mounting the plane trangparent windows on the nonplanar wadls of the measuring sections The
trangtiond section dong the axis x is of a vaiable cross-section F(X) which changes from the round
cross-sction to the square one. At the same time the gas flow form is smoothly changed. The
intengty of the shock wave (SW) being created is determined by the vadue of pressure P,. The part of
the measuring section | is used to generae a Sationary SW propageting through a low-pressure gas.
The required length of the dationary SW determines the length of this part of the measuring section.
As a reault of the SW passage through the contact boundary of gases, the contact boundary undergoes
he impuldve accderation whose character is shown in the right pat of Fg.l Mach number of the
Stationary SW generated by the driver | amountstoM < 5.
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The spaaing membrane (5) peforms two functions. Frdly, it dabilizes the contact
boundary (CB) of different dendty gases while preventing the mixing of gases prior to the SW arivd
a CB. Secondy, by means of this membrane a the initid indant of time the zone of initid
perturbations with specified parameters is crested a the contact boundary. Such a membrane has,
actudly, been developed and has been named the “specter-digohragm”. Its didinctive fegtures are its
initiation from the externd force and its disgppearance judt after the cregtion of the initid perturbations
zone.

The length of the messuring section 1l is chosen depending on the problem being solved. If a
sngle passage of SW through the zone of mixture is required, then the outlet section (7) is used for this
purpose, which prevents from the cregtion of the reflected shock waves.

3 Multifunctional shock tubewith driver 11

Thephysca schemeof MST with driver |1 ispresented in Fig.2.
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Fg.2. Thephyscd scheme of MST with driver |1

This driver intends to be used for invedigaing the successve attion of the Richtmyer-
Meshkov and Raylegh-Taylor indabilities and the turbulent mixing induced by them. One of the gasss
(heavier one) being invedtigated and having dendty p is placed into the measuring section | (5), but
the Ighter gas of dendty p is placed into the measuring section 1l (7). At the initid indant of time the
sepaating membrane (5) separates gases. This membrane performs the same function as in the case
with driver I. Driver 1l incdudes a vacuum section (1), a restraning membrane (2), a section of the
dectricdly exploded fol (EEF) (3) and the dectricdly exploded metd foil (4). The metd fail
separates the measuring sections | from the section of EEF. The redtraining membrane separates the
section of EEF from the vacuum section. At the moment of the metd foil blagting a shock wave (SW)
is formed which propagates into both sdes. When reaching the restraining membrane (2), AW ruptures
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it, and gas moving behind SW begins to flow into vacuum. As a reault, a rarefaction wave is formed

which propagates toward the sde of the messuring section |. This rarefection wave overtakes SW,
which propagate dong the measuring section |. As a result, a nondationary SW with pressure sharply
dropping a the back front &ls on the contact boundary. Pressure a the leading front of SW can reech
5¢10° Pa a the distance of 500 mm from the point of the eectricaly exploded foil location. Thus, the
leading front of the shock wave cregies the Richtmyer-Meshkov indability after passng through the
contact boundary of gases and then the different dendty gases underwent the action of the Rayleight
Taylor ingability in the region of the contact boundary, because the gradients of pressure and dendty
are directed in the oppodte ddes. For MST with the driver 1l the contact boundary acceeration
dependence on time is shown in the right part of Fig.2. At firs the contact boundary is accderated in
the pulsed mode, then it moves with dmost congant acceleraion. In case of MST with driver |l dl the
section have the same  square cross-section.

4 Multifunctional shock tubewith driver 111

The physca scheme of MST with driver 111 is presented in FHg.3.
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Fg.3. Thephyscd scheme of MST with driver 111

This driver inteds to be used for dudying the RayleighTaylor indability and the turbulent
mixing induced by this indability. The Lighter gas of dendty pr is placed into the messuring section |
(5), the other heavier gas of dendty p, is located in the measuring section Il (7). The separding
membrane (6) separaes gases. This membrane performs the same functions as in two preceding cases
with drivers Il and |. Driver 11l indudes a high-pressure chamber (1), a high-pressure membrane (2), a
trandtiond section (3) and a pigon (4). The high-pressure chamber, the high-pressure membrane (2)
and the trangtional section of the driver 11l perform the same functions as in the driver |. However,
here the gas flow does not form the dationary shock wave dfter passng through the trangtiond
section, but accderaes the light pigon. Then pison moving with accelerdtion crestes a compresson
wave before itsdf, which is trandformed into a shock wave in time In the case of driver 11l the
separating membrane and, consequently, the contact boundary of gases should be aranged & some
digance from the initid pogtion of the pigton in order that by the moment of the arriva a the contact
boundary the compresson wave could not be trandormed into SW. The pressure profile in the



6
compresson wave is such that pressure drops in the pogtive direction of the axis Xx. Therefore, the
gradients of pressure and dengty in the region of the contact boundary of different dengty gases will
be directed to the oppodte dSdes, therefore, the contact boundary of gases will be found under
condition of the Raylagh-Taylor indability. This boundary will move dong the axis x with dmos
condant accderation whose dependence on time is shown in the right pat of Fg.3. The maximum
vdue of the cotact boundary accderation may reach the vdue of g = 10°g, where g is the
accderation of the Eath's gravitationd fidd. The regidraion of the evolution process of the
ingability and the turbulent mixing of gases in the region of the contact bounday during its motion
with accderation is completed in the messuring section 1l before the pison will reach this region.
Subsequently, the piston will get into the outlet section (8) where its decderation takes place. For the
same reasons which are shown when describing MST with driver |, the high pressure chamber cross:
section is chosen to be round, but the cross-section of the measuring sections — to be square one. The
trangtiond section is of the variable cross section F(x) that ensures the smooth chenge of the form of
the gas flow a itstrangtion from the high pressure chamber to the measuring section |.

5.Conclusion

The multifunctiond shock tube, which has been developed in RFNC-VNIITF in collaboration
with colleagues from Lawrence Livermore Nationd Laboratory and has mede it possble to redize
three different modes of nondaionary ges dynamic flows will give posshility to accomplish applied
tasks in the interests of solving the inertid thermonudlear fuson problems and for the development of
different cumulaive devices

The multifunctiond shock tube provides the following parameters of gas dynamic flows

- inthemodewith driver | a dationary shock wave with Mach number M <5is generated;

- in the mode with driver Il a nondationary shock wave is generated whose initid pressure at
the front is 5¥10° Pa with the accderation of the contact boundary of different density gases
behind the wave front g < 1P g, where g is the acceleration of the Earth's gravitationd
fidd;

- in the mode with driver Il a compresson wave is generated which ensures the accderation
of the contact boundaries of different density gasesg: < 10° g.

In al three modes the gases with density ration pz/p1 < 34 may be used.

References

1. Yu. Kucherenko et d. “Expaimentd Study of the Gravitationd Turbulent Mixing in Sdf-Smilar
mode’. The 3¢ Int. Workshop on Physics of Compressible Turbulent Mixing. Abbey of Royamort,
France, 1991.

2. K. Read. “Expeimentd Invedigaion of Turbulet Mixing by Raylegh-Taylor Ingability”.
Physica12D, 1984.

3. D. Youngs “Expeimentd Invedigaion of Turbulent Mixing by Rayleigh-Taylor Ingability”.
Advancesin Compressble Turbulent Mixing.

W. P. Dannevik, A. C. Buckingham, C. E. Leth Editors, 1992.

4. Yu. Kucheenko, G. G. Tomashev, L. I. Shibashov . “Expeimentd Invedigaion of the
Gravitationd Turbulent Mixing in Sdf-Smilar mode’. Rus. J. VANT, Series Theoreticd and
Applied Physics, Issue 1,1988.



7
. A. Valenko, V. Olhovskaya, O. Buryakov, V.Yakoviev . “Experimentd Invedtigaions for

Turbulent Mixing of Gases & the Interface under the Influence of the Decderating shock wave'.
The 39 Int. Workshop on Physics of Compressble Turbulent Mixing. Abbey of Royaumont,
France, 1991.

. S G. Zatev e d. “Evolution of the Raylagh-Taylor Indability in Compressble Medid’. Report
under ISTC Project * 96-029.

. N. Anuching, V. Gordeichuk, N. Eskov, O. llyuting, O. Kozyrev, V. Volkov. “Three-dimendond
Numericd Smulation of Rayleigh Taylor Instebility by MAH-3 Code”. The 6" Int. Workshop on
Phydcs of Compressible Turbulent Mixing. Marsallles, France, 1997.

. D. Youngs. “Three-dimensond Numericd Smulation of Turbulent Mixing by Rayleigh-Taylor
Ingtability”. Phys. Huids A3 (5), 1991,



