
LA-UR-
Approved for public release; 
distribution is unlimited. 

~Alamos 
NATIONAL LABORATORY 
- -- EST.1 94 3 ---

Title: The Bipolar Behavior of the Richtmyer-Meshkov Instability 
(U) 

Author(s): Fernando F. Grinstein, Akshay Gowardhan, and J. Ray 
Ristorcelli 

Intended for: To be presented at the APS-DFD Meeting, Baltimore, MD 
November 20-22, 2011. 

Los Alamos National Laboratory. an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security. LLC 
for the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By acceptance 
of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-free license to publish or reproduce the 
published form of this contribution. or to allow others to do so. for U.S. Government purposes. Los Alamos National Laboratory requests 
that the publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National 
Laboratory strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not 
endorse the viewpoint of a publication or guarantee its technical correctness . 

Form 836 (7/06) 



THE BIPOLAR BEHAVIOR OF THE RICHTMYER-MESHKOV INSTABILITY 

Fernando F. Grinstein , [1] Akshay A. Gowardhan, [1] and J. Ray Ristorcelli [2] 

[1] : XCP-4, Los Alamos National Laboratory, Los Alamos, NM 
[2]: CCS-2, Los Alamos National Laboratory, Los Alamos, NM 

A numerical study of the evolution of the multimode planar Richtmyer-Meshkov 
instability (RMI) in a light-heavy (air-SF6, Atwood number A=O.67) configuration 
involving a Mach number Ma=1.5 shock is carried out. Our results demonstrate 
that the initial material interface morphology controls the evolution characteristics 
of RMI (for fixed A, Ma), and provide a significant basis to develop metrics for 
transition to turbulence. Depending on initial rms slope of the interface, RMI 
evolves into linear or nonlinear regimes, with distinctly different flow features and 
growth rates, turbulence statistics, and material mixing rates. We have called this 
the bipolar behavior of RMI. Some of our findings are not consistent with heuristic 
notions of mixing in equilibrium turbulence: more turbulent flow-as measured by 
spectral bandwidth, can be associated with higher material mixing but, 
paradoxically, to lower measures of turbulent kinetic energy and integral mixing 
layer width. 

Funded by LANL LORD-DR Program on "Turbulence by Design". 



The Bipol~ar -Behavior of the 
Richtmyer-Meshkov Instability 

F.F. Grinstein, A.A. Gowardhan, and J.R. Ristorcelli 

Motivation I i .. 1 •• ' , k .. 

• Characterize Initial condition effects 
on transition and mixing 

• Goal: control instability 

New results 

• Bipolar behavior of the RM instability 

• challenges to modeling 

• reshock effects on first shock 
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Shock-Driven Turbulent Mixing Experiments 
Richtmyer-Meshkov Instability: shocks & turbulence 

ILES RAGE simulations 
SF6 mass fraction distributions 
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• Understand Effects of Initial Material Interface Conditions 
• Practical Goal: control (promote or inhibit) RM instability 
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Shock-Driven Turbulence Simulations 

Wall 

~ shocks and turbulence, transitional flow 

~ wide range of length and time scales, 
non -linear interactions 

Un-shocked SF6 I ~ Implicit Large Eddy Simulation (ILES), 
e.g., ILES book, 2nd printing: 2010 

• planar (Vetter & Sturtevant '95, .... ), gas curtain (Prestridge et aI., LANL P-23) 

• Hybrid WENO I classical LES, Pullin et al. 2006, ... , 2011 

• ILES, 2002 - 2011: Cohen et al. (FV-PPM), ... Schilling et al. (FD-WENO), 
Youngs, Drikakis et al. (FV-LR, FV-Godunov), Leinov et al. (FV-ALE), ... 

• ILES-RAGE; FV-Godunov, van Leer limiter, no interface treatment, AMR 

t planar V-S expts., PoF March 2011 ; 
planar Bipolar RM, PoF Letters July 2011 ; AIAA-Hawaii-2011 I ETC13 ~ PoF 
shocked (double interface) gas-curtains, J. Turbulence 2011 , in press. 
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L:DRP,IILES RAGE - Planar RM Expts. 
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Spectral Ie effects on material mixing 
Grinstein, Gowardhan, and Wachtor, PoF, March 2011 
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• results for "th in" initial material interface 
• early-time (t<"'Sms) growth fairly IC insensitive 
• late-time sensitive to ICs (more so for "longer" Ie 
• IC resolution issues ... separate discussion req'd ... 



Initial material interface parameterization 
(no initial "egg-crate", no reshock ... ) innovation for our nation 
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Bipolar Behavior of planar RM 
Ma= 1.5, air/SF 6 - no egg-crate, no reshock 
Gowardhan, Ristorcelli and Grinstein; PoF Letters, July 2011 

Initial rms slope fJo =1(0~0 of Initial Material Interface 
Beyond Richtmyer ( growth = constant x fJo ): 

7 bipolar RM behavior vs. Ie morphology 
7 different instability mechanisms & late-time flow 

Dimensional results 

Ao = 27r / Ko 
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Characterizing Small-Scale Production 

110 =Yt2 

K(t) 

~ zero-crossing wavenumber K (e.g., Sreenivasan et al. '83) 
innovation for _ nation' 
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K is the "zero crossing" 
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density fluctuation 
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Spectral bandwidth of the turbulence 
innovation for _ nation 
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Spectral bandwidth proxy 
provides a measure of how 

"turbulent" the flow is 
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turbulent kinetic energy 
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• MORE enstrophy - LESS turbulent kinetic energy 

· Ie challenge: enstrophy and energy -- different deposition mechanisms 
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Consequences of Bi lar RM Behavior 
• reshock effects - first shock effects 

AIAA-Hawaii-2011! ETC13-Warsaw-2011 ~ PoF 
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Planar Shock-Driven Turbulence 
Grinstein, Gowardhan, and Wachtor, PoF, 2011; Gowardhan, Ristorcelli and Grinstein; PoF Letters, 2011 

Shocked (double interface) Gas Curtain ~ Gowardhan and Grinstein, J. of Turb. 2011, in press 
, ••••• -.-.-w ••• -•• -.-••• -w •••••• -w .~ •••• -•• -........... .. 

• RM bipolar behavior: ~ switch for 'I = K ~o ~ 1 ~ 
~ ••••••••••••••••••••• ~ ••••••• V ••••••••••••• I 

: linear, ballistic, mix-width l5 ~ t 

L:D'R'D 
innovation lor our natiOll 

~.. ,/ '. \~~~.:" 
iI::¢d;'~~ •. -- . : non-linear, mode coupling, mix-width l5 ~ t 112 

-7 transition to turbulence suggested 

-7 more material mixing & smaller scales 

• Reshock effects on first shock, if 'TJo > 1 

• The modeler's (initial condition) challenge 

• two different instabilities & growth trends 

--7 as flo i enstrophy i isotropy i TKE i D,..., t i ALL GROW with flo 

~ as 1}o i enstrophy i isotropy i GROW with 1}o 

TKE ~ ~ ~ t1/
2 ~ DECREASE with 1}o 


