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A new large cross section shock tube for interface hydrodynamic
instability induced turbulent mixing study

L. Houas1, G. Jourdan1, L. Schwaederlé1, R. Carrey2, and F. Diaz2
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Abstract. A new large cross section shock tube has been carried out, in order to investigate the different
stages of the development of the Richtmyer-Meshkov instability and the induced turbulent mixing. The
main interest of such a facility is that it allows, first, to create a free turbulent mixing with the knowledge
of the initial conditions and, second, to follow the different transition phases from the beginning to the
fully turbulent developed stage.
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1 Introduction

When an interface between two fluids of different densities
is submitted to a shock wave impulsive acceleration, a hy-
drodynamic instability, known as the Richtmyer-Meshkov
instability (RM) (Richtmyer 1960, Meshkov 1969), ap-
pears and develops at each initial imperfection of the in-
terface. Vorticity is produced because, locally, both the
density and pressure gradients are not collinear. Then,
a complex process results leading to the amplification of
the perturbations and can evolve to a turbulent mixing
zone (TMZ) between the two fluids. The RM instability
is of current interest because of its importance to applica-
tions such as inertial confinement fusion, supersonic com-
bustion and supernova explosions. Thus, it is widely in-
vestigated from experimental, theoretical and numerical
points of view. Since Meshkov (Meshkov 1969) first ex-
perimentally gave prominence to this phenomenon, all the
experimental works within the topic have been focused on
the observation of the growth of the initial perturbations
in the linear and early nonlinear regimes, or the inves-
tigation of the fully, assumed, turbulent phase without
knowing the real initial conditions. But, the phase cor-
responding to the effective process when the shock wave
interacts with the thin membrane which initially separates
the two fluids and materializes their interface, i.e. the real
initial conditions, still remains unknown. Nevertheless it
is of fundamental interest. These above related works are
well resumed in the eight proceedings of the workshops
dealing with the physics of compressible turbulent mix-
ing (Proceedings of the International Workshops on the
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Physics of Compressible Turbulent Mixing (IWPCTM),
1988, 1989, 1991, 1993, 1995, 1997, 1999, 2001). The prin-
cipal parameters which characterize the mixing between
the two fluids are from one hand, their thermodynamic
initial properties, the shock wave intensity and both the
experimental facility and rupture mode of the separating
membrane, and from the other hand the wave length and
the amplitude of the initial perturbations (supposed to
be sinusoidal). We believe that the knowledge of the ini-
tial conditions of the turbulent mixing creation, i.e. the
initial densities of the two fluids, the shock wave inten-
sity, the initial interface acceleration and the interaction
process between the shock wave and the interface, but
above all both the initial wavelengths and amplitudes of
the perturbations, could lead to some predictions of the
state of the mixing, and consequently to a better knowl-
edge of the different transition phases to turbulence. The
Richtmyer-Meshkov instability induced turbulent mixing
is a good way to create free turbulence (without walls)
but it requires the perfect knowledge of the experimental
initial conditions. Thus, the goal of this new experimental
apparatus is to contribute to the investigation of the tran-
sition phases to turbulence by the way of the Richtmyer-
Meshkov instability study.

2 Experimental set-up description

2.1 The T200 shock tube

The new T200 stainless steel double diaphragm shock tube
has a total length of 7.04 m. It first includes a movable
1.5 m long and 300 mm internal diameter high pressure
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Fig. 1. General scheme of T200 shock tube

chamber, secondly a fixed 5.04 m long and 200 mm square
cross section low pressure chamber made with two per-
fectly aligned 2.52 m long sections and at last a movable
0.46 m long and 200 mm square cross section experimen-
tal chamber, as shown in Fig.1. The interest of such a
large driven square cross section is that it allows to pre-
vent from wall effects on the studied phenomenon. Two
clamps permit the introduction of the two diaphragms.
The first, for the shock wave creation, is metallic and po-
sitioned between the high pressure and the low pressure
chambers. As shown on Fig.1., the joining of the high pres-
sure and low pressure chambers is made with a rapid sixth
turn device. The second, a 1 µm less thin membrane is
put between the low pressure and the experimental cham-
bers. It materializes the interface initially separating the
two gases expected to mix together after the interaction
with the shock wave. This set-up simultaneously ensure
the perfect alignment and the waterproof joining between
the different sections. The experimental chamber is fit-
ted with two 50 cm long visualization windows with a
field of view starting from 4 cm before the initial posi-
tion of the interface to 46 cm after. An original system
has been imagined and built in order to introduce the
thin membrane which initially separates the two differ-
ent gases and permit both the control and the knowledge
of the initial perturbations imposed on that material in-
terface. Fig.1 shows the principle of the design and Fig.2

the result. The initial wave lengths and amplitudes of the
perturbed interface are suitably measurable both before
running the experiment and during the development of
the perturbations and following mixing process. In con-
crete terms, the initial perturbations are imposed to the
thin membrane, before running the experiment, by a very
low pressure gradient between the low pressure and exper-
imental chambers. From the other hand, another Plexiglas
window ending the experimental chamber makes possible
the use of two dimensional diagnostic technique by cross-
ing it. The first diaphragm which initially separates the
high pressure and the low pressure chambers is a before-
hand grooved 1 mm aluminium disc and the second is a
two layer nitrocellulose 0.4 µm thick membrane. A rotary
vane pump (an Alcatel 63 m3/h Pascal serie) is connected
to the three sections. It permits to remove air from one
or more sections in order to fill with an other gas and/or
to decrease the pressure for high Mach number experi-
ments. The driven section of the shock tube is equiped
with ten caps. Four of them are used to flush mount high
frequency PCB pressure transducers (113A21 type). They
are connected, via a PCB amplifier (48A04 type), to a
multicanal digital oscilloscope (Tektronic TDS) and al-
low, besides the shock wave velocity determination, the
triggering of the diagnostic system from the oscilloscope
delayed triggering canal. An example of three pressure sig-
nals obtained during the calibration process is presented
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a)

b)

Fig. 2. Scheme of the experimental chamber with the initial
condition control and knowledge device: a) detailed view, b)
just before running the experiment

in Fig. 3. The first was recorded in the high pressure cham-
ber (651 mm before the metallic diaphragm position), the
second in the low pressure chamber (250 mm just after the
diaphragm position), and the third at the abscissa of 3 m.
The initial conditions were air at atmospheric pressure on
the left side of the metallic diaphragm (A1050 aluminum
type, 359 mm diameter, 1 mm thick, and 0.3 mm streak
depth) and the Mach number of the incident shock wave
was about 1.36. We observe on the first signal, the open-
ing membrane process, i.e. the rarefaction waves in the
high pressure chamber. The second shows a slowly and
strongly perturbed increase corresponding to the forma-
tion of the incident shock wave followed by a more abrupt
rise illustrating the reflected shock wave after its interac-
tion with the high pressure/low pressure gaseous interface.
The third recorded signal gives both the well formed inci-
dent shock wave jump and an estimation of the test time,
about 5 ms before the coming of the rarefaction waves.
Other caps are used to introduce the different test gases.
To follow the evolution of the initial perturbations and
the development of the mixing of the two gases, several
experimental techniques can be developed, as reported in
the paper of Houas et al. (Houas et al. 1999). Some of
them will give qualitative informations and others quanti-
tative results. But whatever the diagnostic techniques im-
plemented on this experimental device, the phenomenon
under study will be followed from the beginning state to
the full turbulent regime. Of course, punctual experimen-
tal techniques (one measurement at one point during one
run) would be out of interest with such a device, but mul-
tiple or successive measurements or visualizations would
suit very well. For example, at the present time, we are de-
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Fig. 3. Example of calibration pressure signals

veloping a rapid Mie scattering laser sheet technique which
allows one measurement each 20 µs during the same run.

3 Conclusion

A new shock tube has been developed to study the tran-
sition phases to turbulence initiated by the Richtmyer-
Meshkov instability. Its 20 cm large cross section prevents
from wall boundary layer effects.The special device real-
ized for the control of the initial conditions of the experi-
ments is successfully reached as both the amplitudes and
wave lengths of the initial interface are clearly visible and
can be easily measured both before and during the run.
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We hope that this original type of apparatus will help to
progress in the field of hydrodynamic interface instabilities
and better understand the different stages of the evolution
to turbulence.
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