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Density Evolution within a Shock Accelerated Gaseous Interface
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The evolution of density profiles within a shock accelerated gaseous interface was investigated via
a three-directional laser absorption diagnostic technique for negative, close to zero, and positive initial
density jump of the interface. Results show that the direction of the shock wave acceleration could have
a non-negligible effect on the mixing process development. Furthermore, the turbulent diffusion within
the induced mixing zone is clearly identified from the thickening of the density profiles with time.
[S0031-9007(96)02048-0]

PACS numbers: 47.40.Nm, 42.55.—f

The instability mechanism which appears at an interfacenaterialized by a thin plastic membrank5( um thick)
between two fluids of different densities when normally ac-resting over & X 5 square wire grid (diameter 0.2 mm
celerated by a shock wave can give rise to turbulence anahd spacing 17 mm). This allowed a regular rupture of
mixing between the two fluids. Such instability, known the membrane and delayed the consequent particles which
as the Richtmyer-Meshkov instability [1—3], is of current often perturbed the absorption measurements. In view of
interest because of its importance in technological applithe satisfaction of the first tested grid, no other type or
cations such as the inertial confinement fusion capsules, atmensions were used. The test gases werge @Stream
well as astrophysical phenomena such as the overturn ¢bn the left side of the membrane) because of its infrared
the outer portion of the massive star collapsed core [4]. spectroscopic properties, and helium, argon, or krypton

The purpose of the present experimental investigatiomlownstream (on the right side of the membrane), because
is to follow, in a shock tube environment, the partial den-they presented no infrared absorption in the domain of our
sity profile evolution of one of the two constituents of a experiments, prevented from the formation of bifurcated
gaseous mixing zone originated from the instability of thereflected shock wave, and permitted study of the three
small random perturbations present at the interface, whegeneral cases of initial density jumps across the interface,
a shock wave crosses through it. Three series of tesi®., negative for C&/He, close to zero for CQ'Ar, and
were undertaken, where the initial experimental configupositive for CQ/Kr, respectively. The initial pressure of
ration was such as, crossing the interface, the shock waube test gases on both sides of the membrane was about
passed from one gd€0,), in which the initial pressure, 1500 Pa. The incident shock wave Mach number in the
temperature, and density as well as the shock wave MadBO, was about 3.1, which induced transmitted shock wave
number were kept constant, into another gas, the densitylach numbers of about 2.2, 3.0, and 3.5 in the helium
of which was successively increased from series one to s€10% polluted with an air partial pressure), argon, and
ries three (He, Ar, and Kr). This allows the study of thekrypton, respectively. The corresponding mixing zone
evolution of the density within the shock induced mixing velocities measured behind the transmitted shock wave
zone when the shock wave passes from the heavy gas weere about 830, 640, and 530/8) respectively. After the
the light one (CQ/He corresponds to the slow/fast inter- reflected shock wave mixing zone deceleration they were
face), from one gas to another of close den&ip,/Ar), about 280, 55, and 8 fs, respectively.
and from the light gas to the heavy one (the fast/slow
interface corresponds to the ¢r case), successively.
Many questions concerning the development and process
of the mixing are of current interest, and we hope to an-
swer some of them with the help of the present results
obtained from a suitable three-directional laser absorption
diagnostic technique [5-7] applied to the investigations.

The shock tube test section and the diagnostic setup
are schematically shown in Fig. 1. Experiments were
conducted in an 8 m total length double diaphragm shock |

Flow l'.'{.'I! laser beden optical paths

o
=y

o A He, Aor or K

tube. The test chamber was an 8.5 by 8.5 CM SQUATE CroSt i e st He
section and its length varied from 80 to 115 cm. The Mubil-windaw
movable end wall of the shock tube allowed us to select the o Sl

location of the mixing zone and the reflected shock waver|G. 1. Sketch of the three-directional laser absorption experi-
interaction. The initial interface between the test gases wasental setup through the shock tube cross section.
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The multi-directional laser absorption principle of mea-ing both the flow parameters and the validity domain of
surement was first theoretically introduced by Wang [5],the diagnostic method, was found to be close to 3. In the
and later experimentally undertaken and presented in theresent work, focus is made on the investigation of the
papers of Fortest al. [6] (for the monodirectional case) CO, partial density evolution in the direction of the shock
and Houast al. [7] (for the multidirectional setup). De- wave acceleration.
tails on very similar experimental conditions are given in As has been demonstrated [6—9], the density profile
the work of Jourdart al. [8], in which it was shown that within the mixing zone is directly obtained from both
the mixing zone was strongly (or weakly) deformed bythe deconvolution of the absorption signals and a suitable
the wall boundary layer when it was turbulent (or lami- orderly data process. The diagnostic setup using a three-
nar), and an optimal experimental Mach number, regarddivision laser probe allows a simultaneous comparison of

the results found in the center, near and parallel to the

0,20 — T T ; wall, and in a corner of the shock tube.
o Pecnter CO,/He Mach 3.1 We have plotted in Fig. 2 the evolution of the partial
ousk | Puall x=164mm | CO, density p(kg/m?) versus time /s) within the (a)
Poomer ] CO,/He, (b) CGO/Ar, and (c) CGQ/Kr mixing zones,

respectively, for the first location of measurement=

164 mm). The error bars were estimated to be less than
10%. The maximal value reached by g@artial density
behind the incident acceleration is in good agreement with
the theoretical Rankine-Hugoniot calculations, which pro-
, vide 0.065, 0.14, and 0.18 km? for CO,/He, CO,/Ar,

20 40 60 80 and CQ/Kr cases, respectively. Furthermore, the max-

time [ps] ima are different in the corner, near the wall, and in the
(@ center of the shock tube. This indicates that the density is
020 not constant along the shock tube cross section, probably
’ P due to the wall boundary layer perturbations, the effect of
Pall o o which is to deform the mixing zone [8]. At last, if the
_ OISF & p ?j;%ﬁ;; CO,/He mixing zone presents three similar density pro-
“a & gresses in the three characteristic regions, the differences
@ S ] betweenpcenters Pwall, @Nd peomer €VOIUtIONS are more
o P ] important for the CQ/Kr case, which confirms the cor-
a relation between the mixing zone deformations and the
CO,/Ar Mach 3.1 ] development of a turbulent wall boundary layer [9]. How-
5 x =164 mm ever, in all cases the maxima margin remains less then
0,00 === S 0 e a0 15%, which indicates that the disruptive effect of the
time [ys] boundary .Iayer is influent b_ut limited. _Figure 3 presents
(b) t_he eyolutlon of the norm.alllzed CZCpc_elr_tlaI density pro-
file p*(L) = p(L)/pmax Within the mixing zone versus
0,20 . i . - the thicknesd. (cm) for the three tested cases ¢Ble
® Peenter " Aun"m“’%ﬁﬁ (a), CO,/Ar (b), and CQ/Kr (c), respectively. The ex-
olsh ° Py nam% ‘] perimental profiles have been centered at the geometrical
— * Poomer i o @ center of the mixing and fitted by a law of the type
g & g™
EO’IO' :f? o ] p(L,t) = pmax[l — erf<—L>},
g F o 2 2./Dt
""005_ “;fcf 1 which is a solution of the diffusion equation [10], and
| #%g  COKrMach3.1 wheret and D (mentioned on each graphic) represent
Eﬁﬁgmfo" x =164 mm the time passage of the mixing zone at the abscissa
0,00 ps s 20 0 30 of measurements and the fitting parameter, respectively.
time [ps] Note that D (cn?/s) has a dimension of a diffusion
© coefficient and can be compared with the mean diffusion

coefficients SZBC, 1 atm) between the CQand He, Ar,
FIG. 2. Evolution of the partial C@density versus the time or Kr: DéSC;C/Haetm = 125 cm?/s, Dégzc/lﬂtm = 35 cn?/s,

within the (a) CQ/He, (b) CO,/Ar, and (c) CQ/Kr mixing 25°C 1atm _ . o
zones, respectively, in the center, near and parallel to the wal@Nd Dco,/kr = 25 cr?/s. We think that this kind of
and in a corner of the shock tube. The measurement locatiofEPresentation helps for a discussion about the physical

isx = 164 mm. processes which bring to both the thickening and the
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FIG. 3. Evolution of the normalized CQpartial densityp*(L) = p(L)/pmax Within the mixing zone versus the thickness for the
() CO,/He, (b) CO,/Ar, and (c) CQ/Kr cases, before (BC) and after (AC) the compression by the reflected shock wared
t are the location and the time of the measurement, respectively=a0 ands = 0 the shock wave is at the interface position.
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symmetry (or not) of the mixing. The profiles obtainedon the whole. Could we conclude that the g®e

before and after the reflected shock compression of thmixing is the most homogeneous and the £Kr the

mixing zone are noted BC and AC, respectively (noleast? If we consider the small experimental volume of

measurement of the compressedZKr mixing zone was measurement (a cylinder of about 1.5 frolume and

possible because of its total Taylorization). We observ€8 mm long), this hypothesis is possible regarding the fact

that the smoothing curves issued from the solutions of théhat A%Oz/He = 0.53, Aéoz/Ar = 0.096 and A%Oz/Kr =

diffusion equation are a good fitting of the experimental0.0025. Consequently, we find that the highdr is,

results. On the other hand, the growth up of the turbulenthe higher turbulent kinetic energy generated after the

diffusion between the two gases is clearly illustrated byshock wave passage through the interface is, and the more

the thickening of the density profile with time. But as efficient the mixing is.

time goes by the frontiers of the mixing are less and In summary, an experimental investigation of the evo-

less definite, and the slope of the density profile neafution of the density profile within a shock accelerated

the monatomic gas (He, Ar, and Kr) grows up andgaseous interface has been undertaken for negative, close

remains similar near the CO This shows that the mixing to zero, and positive initial density jumps at the inter-

process, as complex it is, not symmetrical and could béace, within the nonlinear regime. Results show that the

dependent on the direction of the interface acceleratiormixing process does not develop symmetrically and the

After the compression of the mixing zone by the reflecteddirection of the shock wave acceleration has probably a

shock wave (AC), a relative intensification of the densitynon-negligible influence on it. Furthermore, it has been

fluctuations is observed. However, in the §@r mixing shown that, for a given shock wave Mach number, the ho-

case these fluctuations could also be explained by theogeneity of the mixing decreases with the density jump

complex reflected shock-mixing zone interaction duringacross the interface. Finally, the efficiency of the mix-

which the interface is practically stopped (Taylorization).ing as well as the turbulent diffusion seem to follow the

Moreover, the fact that the intensification develops morequare evolution of the Atwood number.

towards the CQ side is probably due to the turbulent This work is supported by the C.E.A. Contract

boundary layer which grows in the GObehind the No. 30484400/D1.

transmitted shock wave. This problem points out the

interest of the building of new shock tubes with a larger

cross-sectional area [11].

The present investigation measurements have been

obtained within the fully developed turbulent regime [1] R.D. Richtmyer, Commun. Pure Appl. Math3, 297319

of the mixing. In fact, the first abscissa that we can  (1960).

probe (164 mm) Corresponds to a time of about 200 to [2] E. E. Meshkov, lzv. Akad. Nauk. SSSR Mekh. Zhidk. Gaza
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However, it is interesting to correlate our results with the Workshop on the Physics of Compressible Turbulent Mix-
' . e . ing, edited by P.F. Linden, D.L. Youngs, and S.B.

work: of Mlka_ellan [12], even if it h"’_‘s, been done_ with Dalziel, (Cambridge University Press, Cambridge, Eng-

the hypothesizes of both a linear mixing zone thickness 304, 1993).

and density law evolutions with time, Mikaelian showed [4] Reviews can be found in D.H. Sharp, Physica (Amster-

that the turbulent kinetic energy generated after the shock  dam)12D, 3—18 (1984).

wave passage through the interface is proportional to[5] J.Y. Wang, Appl. Opt15, 768 (1976).

the square of the Atwood number (the Atwood number [6] J. Fortes, A. Ramdani, and L. Houas, Phys. Rev5@&

is defined asA = (p» — p1)/(p> + p1) where p is 3041-3049 (1994).

the respective density of the gas, §OHe, Ar or [7] L. Houas, A. Touat, and G. Jourdan, Phys. RevbE
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1 to gas 2). In other words the efficiency of the [8] G. Jourdan, M. Billiotte, and L. Houas, Shock Waw&s

o I A ) 1-8 (1996).
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. . . [9] G. Jourdan and L. Houas, Phys. Flui@s 1353—1355
between the experimental points and the symmetrical (1996).

fitted curves (here just considered as a good fitting1g] G. weber, Ph.D. thesis, RWTH Aachen, Germany, 1983.
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455



