—
=
S

«>"  Investigations of the Richtmyer-Meshkov and Rayleigh-Taylor Instabilities . '«

Fusion Technology Institute

UW- Madison Shock Tube Laboratory, University of Wisconsin - Madison

Riccardo Bonazza
Associate Professor

Mark Anderson
ShOCk Tllb€ Associate Scientist

John Niederhaus
Graduate Student, Ph.D.

N
“clear SY

Wisconsin Institute of Nuclear Systems
Nuclear Engr & Engr Physics
University of Wisconsin - Madison

e tudent. M.S. Design for Shocked Bubble

: : : - Jason Oakley Devesh Ranjan . _ .
e Vertical orientation Driver . ) EX erlments He mass t = time after
e Large internal square | Ass ZIS lant i clentist G}l;afiuate f tudent, M.S. p fraction Density  initial shock-
cross-section (25 cm square) gggoif/y A Pau .Broo 5 C agle Selig ; fy)  ploy) bubble
e Total length =9.2 m PhTag Eﬁg ineer " b Graduate ﬁtu ent, M.s. To assist in the determination contact
Driven length = 6.8 m P oggsan Me; unna;om al Jere;ny W 1ted of optimal experimental settings,
e Structural capacity 20 MPa Graduate Student, Ph.D. Graduate Student, M.53. a shock-bubble interaction 1s £=9.97 s
e Modular construction modeled using the hydrodynamics
. code Raptor. The 25X75-cm
Raylel gh—Taylor Results domain is divided into 60x180
computational cells with two t =77.44 us
- levels of adaptive mesh
First Floor B
T ‘A}‘l mon:?lgedof (iOz—ove:—a?rtﬁmages refinement at a refinement ratio of
45.7 em SHOWS e QeVEIOpMELL O1 ThE four. The upper portion of the
Rayleigh—Taylor 1nstab111ty using the domain is flll)llé d \Elth shocked gas,
retractable sine plate technique. The and the lower portion with t=136.7 us
] 1Ilt?ff§€§ be;weetn télg OtWO gelljses 18 unshocked, quiescent gas. After
well delined ip 1o 2oV hs. Tot the problem 1s 1nitialized, the
Steel pipe stuc(iiylpg d Eredolil.nnan}tlly. single- " . shock wave propagates
mode 1nterface this technique works : :
Concrete — | Interface . . . “q; 4ol downwards and interacts with a r=195.2 us
, , for this gas pair up to approximately 1nusoidal up :
Stainless steel plate Test Section ' | | | | tor=120 ms ‘pubb}e of He (modeled as a c.1rcle
p Q 120 Ins. The.re 15 excellent. 220 ms 230 ms 240ms 250 ms B0ms 1n thlS 2D C&S@). Th€ bllbbl@ 1S
agreement with the theoretical 10 \ accelerated and deformed under
Basement bubble velocity for two low Atwood 7 Nonlinear RT ‘ - NominearRT :
. N - Experimental Mode 2 = = Expermenial Kode the influence of the shock and
number (A) gas pairs. £ £ breaks off into two spinning t=257.3 us
. . Agl 3 6 % 6 fragments. The post-shock
Asymptotic bubble velocity: v, = = \/—672 s - g bubble development is studied so
i <4 i | PR °
Alon et al. Phys. Rev. Let., vol 72, p 2867, 1994 | that elecFromc trigger tln}es and
. ids, v w w w 2 ‘
Retractable Plate Experiment I e © reme ™ dlagnostics for the experiment = 966.4 s
. may be configured appropriately.
air/N2 A=0.0169 COz/alr A=0.208

A membraneless interface between two gases has been studied by separating the gases with a
sinusoldal copper plate and then retracting the plate prior to shock arrival. The plate 1s formed from
an 1nitially flat sheet fed through a pair of rollers. The plate 1s inserted 1n the interface section while
held 1n a support frame with sine wave slot. The plate 1s retracted, either pneumatically or with a
linear electric motor, and the gases come 1n contact with one another. Using a heavy gas over a light
gas configuration, the Rayleigh-Taylor instability develops first, resulting 1in a growth of the sine wave
amplitude, and at a predetermined time, the interface 1s shocked.

The 1nterface 1s visualized by
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Continuou smoke particles and then
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Richtmyer-Meshkov Results

Interaction of the shock wave with the sinusoidal interface and the development of
phase reversal (heavy-over-light configuration). The early-time (z < 100 us)
experiments are conducted by retracting the plate out of the back of the test section.
The 1nitially planar shock that i1s transmitted through the interface 1s distorted due to
the geometry of the interface. Fine scale mixing is observed during the phase
reversal process, shown below.

Ages of shocked
interfaces:

(a): Pre-shocked
(b): 5 us after 1nitial
shock acceleration
(¢): 36 Us

(d): 39 us

(e): 646 Ls

(f): 1.80 ms

(d)

The experimental mixing rates compare favorably
with nonlinear and turbulent mixing layer theories.
The scatter in the experimental data 1s due to the
difference in interface amplitude from experiment
to experiment (2.29-3.29 mm) and three-
dimensional effects that are not visible in the plane
of the laser sheet.
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