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Brief overview of Shock Physics and RMI
Experimental Facilities and measurements
What we actually do with the data
Summary
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Why are ‘“fluids’ and shocks important?
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A fluid Is defined as a substance whose shape ./
- Los Alamos

IS variable with applied pressure

EST.1943

Traditional fluid experiments take place in fluids or gases,
which are limited to low energy density (LED) regimes

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



A plasma is an ionized gas consisting of | LA-UR XK
positively charged ions and negatively charged - LosAlamos
electrons

EST.1943

. - Three criteria to be considered a plasma:
Moguetic & % " .ton finement * The size of the plasma, L, must be larger than the
reactor ~.\ o o Debye length:

. €okT, Yz : .
g L>»A; = ( 2 ) (quasi-neutrality)
£ et Lightaa «  The number of particles in a Debye sphere must be
S Solar wind /v onsign much greater than 1
2 Interstellar space il 3 -1 4 3 o
g 102 P Fluorescent light Solids Ny=n=-mAy; > 1 (collectivity)
[t

Aurora Flames

» Collisions must occur less frequently than typical
_. | GiE plasma oscillations
102 - " wt > 1 (collisionality)
100 10° 10" 10%
Number Density (Charged Particles / m3) Plasmas are often treated as a fluid
with additional affects, such as
bienycecny s Ecucaton Ficject magnetic and electric fields

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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High-energy-density systems are defined as systems having
pressures above 1 Mbar or energy densities above 100 . Los Alamos

NATIONAL LABORATORY

G\]/m3 EST.1943
1 Mbar = 1 million atmospheres log n(H)/m* R.P. Drake, _ _

20 25 30 35 40 High-Energy-Density Physics

| | | | I

Short Pulse /
Laser Plasmas
10~ Gamma-Ray -~ 6
Bursts

P(gas)=1 Gbar  E(fermi)=kT  Progenitors

Big Bang \1 Mbar
8- a4
1 Gbar
< P(total)=1 Mbar )
e =
= ~
o 6 60 M(sun) Brown Dwarl -2 o
9 L 3
HED regime:
lonized EN > 10'2 erg/cm?
4 (10" Jim?) -0
E(coutomb)=kT 4— Accessible by: full NIF
=—t— |nitial NIF
2 am Pinet <+——— Omega and Z-pinch _{-2
| 1 L ;
10 -5 0 5 10
log p(g/cm?)

HED systems are technically a plasma, but are
often treated and modeled as a traditional fluid

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA




Type la supernovae are “standard candles” A .
that help determine the age of the universe - Los Alamos

NATIONAL LABORATORY
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Cassiopeia A Remnant

White Dwarf '2C ignition Explosion Ejecta & Hydrodynamic
W S

A | »
&
71
7 .
y
&

*

Accretion
Convective Mixing (Rayleigh-Taylor)
Shear (Kelvin-Helmholtz) Shock Wave ¥
Shock-driven (Richtmyer-Meshkov) 10 light years diameter (10" km)

Instabilities are important in:
* Pre-ignition conditions
« Triggering ignition Image from NASA's Chandra

. : . X-Ray Observatory
Final chemical structure chandra. harvard edu

Slide courtesy of
Kathy Prestridge

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



Inertial Confinement Fusion (ICF) seeks to use LA-UR XK
high power lasers to generate fusion by - Los Alamos
compressing DT fuel

Drive

/‘

Target Shell

Slide courtesy of
Elizabeth,Merritt

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



Inertial Confinement Fusion (ICF) seeks to use ~ LA-UR XK
high power lasers to generate fusion by - Los Alamos
compressing DT fuel

Drive Ablation Front

\ |/

“— _

& ™~

/ 1\

/‘

Target Shell

Slide courtesy of
Elizabeth,Merritt
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Inertial Confinement Fusion (ICF) seeks to use LA-UR XK
high power lasers to generate fusion by - Los Alamos
compressing DT fuel

Drive Ablation Front

\ |/

Remaining Target Shell

Hot ‘r.'f)‘)'

\/j

ne e {
PDressed

. -

& ™~

/ 1\

This is ideally how the process should work, but...

/‘

Target Shell

Slide courtesy of
Elizabeth.Merritt

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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ICF capsules are prone to instabilities at ,
- Los Alamos

i nterfaces NATIONAEI;TL..Q“B:)RATORY

Real Life Rayleigh-Taylor &
Richtmyer-Meshkov
instabilities

Different target layer densities
Rayleigh-Taylor

Strong Shear flows
Kelvin-Helmoltz

Multiple shocks
Richtmyer-Meshkov

Kelvin-Helmholtz
instabilities

Instabilities can mix ablator
material into the fuel and degrade
and/or prevent ignition

Slide courtesy of BRI
Kathy Prestridge and
zabeth Merritt

Cloar Security Adminietration

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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National labs are trying to extend low-energy |
density fluid experiments into the high-energy - LosAlamos
density regime o

Doss et al., Phys. Plasmas 20, 012707 (2013)

. o c i ., Phys. Pl ;
Experiments In the HE[_) plgsma regime are where fluid Doss et Z..,ﬁhﬁ.ﬁéiﬂi 2 T o
dynamics approximations may break down Flippo et al., JPCS 688, 012018 (2016)
« Relevant to mix in ICF capsules and S e
_ Extrapolation to this
astrophysics o point, lack of
. = experimental results
« Used to benchmark hydrodynamics and GEJ _ P \
advanced turbulence models S | ¢
: : @ Fluids experiments
_ W|delly benchmarked In low-energy- gi give detailed
density (LED) fluid regimes e.qg. C - measurements,
c strongly constrain
aerospace S models
— Do we need to include HED effects? T
o -
>
&

log(energy density)

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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National labs are trying to extend low-energy |
density fluid experiments into the high-energy - LosAlamos
density regime o

Doss et al., Phys. Plasmas 20, 012707 (2013)

Experiments In the HEI? pIa;ma regime are where fluid Py Do as 20 teengs a0t
dynamics approximations may break down Flippo et al., JPCS 688, 012018 (2016)
* Relevant to mix in ICF capsules and :
astrophysics s
« Used to benchmark hydrodynamics and g i
advanced turbulence models S Designing experiments in
. . I intermediate range is critical to: b
— Widely benchmarked in low-energy- Q Verify extrapolation/scaling
; : i 2 Reduce uncertainties
density (LED) fluid regimes e.qg. £t Better comstaim models
aerospace S
— Do we need to include HED effects? oy %
@)
National labs are some of the only = g
institutions extending hydrodynamics L
and turbulences models beyond LED log(energy density)
regimes y

\_

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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Brief overview of Shock Physics and RMI
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A shock wave may be considered as a moving LA-UR XXX
front that exhibits a sharp discontinuity in fluid - LosAlamos
properties

EST.1943

Euler Conservation Laws:

. 0
Continuity i -V - (pu)
ot
Density
0
Momentum a(pu) = -V - (puu) —Vp
P1, U1, P1 Us N
eroey (554 0e) =+ ) e
nergy —\|\—+pe|=—-V-|pule+— pu
Lo, U, Po at\ 2 2
t Conservation laws must be obeyed, even

with the presence of a discontinuity

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA Slide 16



In order to close the equations, an assumption L UR R0
has to be made about the relation between - Los Alamos
energy and pressure

EST.1943

Euler Conservation Laws:

dp

Continuity — = -V (pu)
ot
Density 9
Momentum 3 (pu) = =V - (puu) — Vp
P1, U1, P1 Us > 5 2
d (pu u
Energy 3 <p7 + pe) = -V [pu (e + 7) + pu]
,00; u(), pO t
t : __p b _ C
Polytropic gas pE —y 7 o

Shock waves are supersonic, which
means the wave travels faster than
information

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA




LA-UR-XX-XXXX

When a shock interacts with an interface,
reflections and rarefactions can occur = LosNamos

EST.1943

Light material> Heavy material

A Interface!
Den5|ty Reflected wave
)u )
P2, U2, P2 U, U
P1, U1, P1 Us |
Po, U, Po |
! . >
t t
Heavy material=> Light material
Density Rarefaction wave
Up U
plrulr pl us |
Interface
Po, Up, Po >
D2, Uy, P2 . t

Shocks and rarefactions move material, which can
change the material properties, generate new
interfaces and give rise to instabilities.




The Richtmyer-Meshkov instability (RMI) Is a U R0
shock driven instability at the interface of two - Los Alamos
disparate densities

EST.1943

l l l a Shock Vp T b Vortex Rollup
. l Spike
o 0 G\ 0
Interface
\/p £y \ 2(1
W : / \
Heavy Vu Pz X
Nix.r) = alsros(ky) A" we
@ Zhou, Y. Phy. Report (2017)
—
Dw VpXVp . .
L= Tt Tu—w( w) M cemesiie
——| Light |h| Light P
Baroclinic Vortex Vortex
production  stretching dilation
e

The deposition of baroclinic vorticity drives
the RMI, which gives rise to bubbles and
Operated by Los Alamos National Security, LLC fo Splkes that Cause materlals to mIX
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Initially, RMI growth is linear, but can quickly |
become nonlinear * Los Alamos

EST.1943

Linear growth equation:
da(t)
dt

= agAkAu

« Valid for agk < 1
* 8, and A may be pre-shock, post-shock or averaged
values

Niederhaus and Jacobs (2003), J. Fluid Mech. Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA Slide 20



Initially, RMI growth is linear, but can quickly

become nonlinear

MM ‘ELJ'L e
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LA-UR-XX-XXXX

s Los Alamos
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Linear growth theory:
da(t)
dt

e Valid for apgk < 1
* 8, and A may be pre-shock, post-shock or averaged
values

= agAkAu

Non-linear growth theory:

« There exist several formulations
» Bubble (+) and spike (-) growth handled separately
« Sadot et al (1998) found single formula to describe

growth
1+ uOkt

t —
w(t) = uo 7 + Dy st + E} t2
e 1+ Augk?
bS T 14+ A 2nC

Db,S = (1 i A)U()k

Equations shows that RMI growth is dependent on:

Niederhaus and Jacobs (2003)’ J. Fluid Mech. Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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Atwood number can affect the phase of the RMI
growth, as well as asymmetries in bubble to * LosNlamos
spike growth

light-heavy heavy-light . Atwood number, A
¢ A= P1—P2
P1tpP2

L—.AJL:-‘AJL-.AJ A a4 A AAA‘A‘

iriiiiiel MMM
ax

Y Waddell, et al (2001) Phys.
Fluids, 13

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



Initial conditions affect the rate at which the LAUR XK XX
RMI transitions from linear to non-linear and - Los Alamos
even to turbulence

EST.1943

o, .
B . o o [ o Atwood number, A
2 AT - . 4= e
e Initial condition at the interface
« k = wavenumber
:: REPIE o o * a, = amplitude of perturbation
3 665 (7.64)

R aQ| .?6‘0 »

1150 (10.20) p ﬁ,, / Aol 765 (5.40)

915 (10.51) [

¥
1750 (15.52) ‘w . (&
S o \

1365 (15.68) 1115 (7.86)

2300 (20.40) a
1765 (20.27)

1415 (9.98)

2700 (23.95) d i/
. I 2065 (23.72) B

2265 (26.02)

2265 (15.98) Py

Balasubramanian, S., Orlicz, G.C,,
Prestridge, K.P., (2013). J. Turbulence 14,

170 lamos National Security, LLC for the U.S. Department of Energy's NNSA



Mach number has a similar effect as initial | L UR R0
conditions, and affects the growth and - Los Alamos
mixedness of the layer

NATIONAL LABORATORY
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 Atwood number, A

P1—P2
‘ - A=
,q ,,n:f:s, ; . Pt |
3 ~ _— e |nitial condition at the interface

« k =wavenumber
* a, = amplitude of perturbation

« Mach number of the shock
e M =Y o = [YPo
cs' ° Po

« M<1, subsonic
« M>1, supersonic

Orlicz, S. Balasubramanian, Prestridge (2013) Phys. Fluids.
Orlicz, S. Balasubramanian, Vorobieff, Prestridge (2015) Phys.
Fluids

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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Fluid’s experiments found that reshock increases f
- Los Alamos

instability growth rate and can lead to turbulence

g -

Without reshock, growth slows and stagnates

With reshock, layer initially compresses before
growing more quickly

Growth after reshock dependent on:
Reshock Mach?
Growth/mix of layer at re-shock?

————— " omnem T Atwood number

Structure width, w (mm)

N .1 Reshock growth rate : 15 mis

OB Reshock has also been shown to drive RM
(4) First shock direction Rc.*hock Reshock direction turbU|ent4’5

335 535 595 600 610 630 660 700 800  inps

Growing RMI can be re-shocked by reflected
waves or rarefactions, changing the instability
dynamics and leading to additional mixing

1. Balakumar, B. J., et al. Phys. Fluids 20 (2008)
2. Leinov, E., et al. J. Fluid Mech 626 (2009)
3. Balasubramanian, S. et al, Phys. Fluid 24 (2012)

4. Tomkins, C. D., et al. J. Fluid Mech. (2013) 735 P aionar T e rcrtcrt of . Pt Seer Seeert At
5. Balakumar, B. J., et al. J. Fluid. Mech. 696 (2012) P Dy 0 A O I LTI OF =NErgy's Slide 25
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Experimental Facilities and Measurements

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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The Richtmyer-Meshkov instability is studied in 45

- - - ¢ LosAlamos
multiple physical regimes at LANL e

Vertical Shock Tube (VST): Shocks gases,
traditional fluid, Low Mach number

pRad Facility

pRad: Shocks gases, but at high Mach
number

Mshock: Shock plasmas

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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VST studies RMI mixing dependence on initial
condltlons and I\/Iach number * Los Alamos

EST.1943

~_
G

Shock tube dimensions:

1 5 f « ~7 m tall shock tube
. 2  5x5inch rectangle

| | Driven by piston
[UHITTJI,TA]TIM Shock speeds:
T ¢ M=1-1.5
* New upgrades will allow M=2

l l * Shot rate

.

e 20-30 shots/day
Air + acetone « 2-4 images per shot
* Drives shocks with and in gases
« Air
SF
p= 6.17lf<sg/m3 * SF6

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA Slide 28
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Main diagnostics are PIV, PLIF and pressure |
transducers * Los Alamos

EST.1943

* PIV (Particle Image Velocimetry)
« Seed particles (olive oil) scatter laser
« Concurrent time images show changes due to flow
NIt * Measures velocity field
' * Planar Laser-Induced Fluorescence (PLIF)
» Sheet of laser light which illuminates tracer particles (acetone)

SFg

A « Measures concentration of particles
/ * Pressure transducers measure changes in pressure
Optical Used to measure shock location and calculate shock speed
ACCOSS | | —
B

320

330 i

Ez40-

350

360

370

Y00Us 199]JoY

PIV and PLIF prowde detalled measurements that can
be used to highly constrain model

Operated by Los AlamSS Nauuriar woour Ly; LLC UL UIG U.O. UGPAIUNIGIHL UL LIHTIYY O ININOM Sl|de 29
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Generating repeatable initial conditions is
» Los Alamos

dlfflcu It NATIONAL LABORATORY
» Attempted to use a flapper plate with air and Sk
:\r/']‘zfe“r?iroa:e feeding into chamber
iFr)] f;‘;';ggd — « Were able to set amplitude and frequency
’’’’’’’’’ T~ N Aens . Results were not reproducible
. P * Moving to membranes
4 1—>x2 « How thin is thin enough?
/|  How much does membrane breaking affect resulting
Optical X1 instability?
acCCess
Py
e
) Repeatable initial conditions are critical for achieving B

higher order statistics, while changing initial conditions [

SEEIIE  are important for affecting the mix and testing models
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pRad offers a chance to examine RMI under high
Mach number with variable initial conditions * Los Alamos

EST.1943

 Shock tube dimensions:
e ~6 cm diameter

* Driven by powder gun
« Shock speeds:
¢ M=8-11
* Shot rate
« 5-6 shots per year
« ~30 images per shot
* Drives shocks in gases

« Currently shock driven in Xenon
» Interface separates from Helium

High Mach number tests our understanding of physics
in a new regime and may provide a stepping stone to

the HED/plasma regime . YS&

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA Slide 31
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Proton radiography is used to image the mix |
width induced by various initial conditions N DI

EST.1943

Shot# 680 679 677

* Protons are absorbed by the xenon, but pass

through helium
* Provides contrast imaging between two gases
« Highlights regions of mixing
* Initial conditions are set by membrane
« 3D printed
* Covered with Aluminized Mylar

Goal: Measure time-
dependent growth of Xe-
He turbulent mixing

region

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



LA-UR-XX-XXXX

Proton Radiography (pRad) provides shock speed and
density jump - Los Alamos

NATIONAL LABORATORY

EST.1943

| Transmission lineouts to determine
FLYER, 1.3 km/s T —— shock position & speed

\

0.89 f=

/|
/]
/

o

Kapton : u ki s »,T,‘,v “ i :: / Lo _ (7/ + 1) M 2
membrane ok Y, 1 p 2+(-D)M?
1' TR, 1651
- /e M =878

SHOCK, 1.57 km/s

P2 _ 397
L1

0.86 =

0.855

X position [cm]

Slide courtesy of At =5 us. pRad pulse width=200 ns
Kathy Prestridge

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



HED physics uses high power lasers to drive

shocks

www.lle.rochester
.edu/

Target bay

Direct-drive target

Capsule

Laser beams

Zhou, Y. Phy. Report (2017)

OMEGA 60 uses direct drive to
apply up to 30 kJ in a 1 ns pulse

Shield wall

Laser bay

Concrete box beam
“optical table”

Operated by Los Alamos National Security,

LA-UR-XX-XXXX

s Los Alamos

NATIONAL LABORATORY

Indirect-drive target EST.1943

Capsule W

entrance
hole

Diagnostic hole J
Hohlraum cylinder

NIF uses indirect drive with up
to 192 laser to apply up to 2 MJ

https://lasers.linl.gov/ab
out/what-is-nif

LLC for the U.S. Department of Energy's NNSA



Mshock is studying the RMI in an HED physics .~
regime - Los Alamos

NATIONAL LABORATORY
EST.1943

Typical OMEGA Setup

Experiment lasts ~16 ns

Shock tube dimensions:

« OMEGA: 0.5 mm diameter, 1.53 mm length
Q M sp0m 300, m"U; « NIF: 2.25 mm, 4.73 mm length

Driven two separate laser sources

1omgee | g » High control of timing between shock and re-shock
| « Shock speeds:
153 mm LF * Mach number not well known (~10-207?)
« Shot rate
Current NIF Setup * OMEGA:
. « 2-3 daysl/year,
Experiment lasts ~30 ns .
. * 14 shots per day, 2 images each shot
- « Data low resolution
* NIF:
L 2" shock « 2-3 dayslyear,

» 2-3 shots per day, 2 images per shot
« Data high resolution
80 pm

cHi « Target begins as solid, laser drives turns into plasma

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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Mshock Is studying the RMI in an HED physics
regime with two shocks

Typical OMEGA Setup

Experiment lasts ~16 ns

- Los Alamos

NATIONAL LABORATORY
EST.1943

Shock tube dimensions:
« OMEGA: 0.5 mm diameter, 1.53 mm length

—

* NIF: 2.25 mm, 4.73 mm length
Driven two separate laser sources

100 mg/ce
CH foam

High control of timing between shock and re-shock

—*—Toteiqy padop

» Shock speeds:
1.53 mm  Mach number not well known
* Shot rate
Future NIF Setup ) O'Y'EGA:
Experiment lasts ~30 ns

2-3 daysl/yearr,

[ )
4.73 mm

14 shots per day, 2 images each shot
- « Data low resolution

| * NIF:
¢ 39 shock |<4th shock » 2-3 daysl/year,

» 2-3 shots per day, 2 images per shot
« Data high resolution

80 pm

CHI

« Target begins as solid, laser drives turns into plasma

2nd shock >

Future NIF setup plans to launch multiple shocks (2 per
side) to re-shock growing layer multiple times, which has
not been tested or compared with simulations

Slide 36



X-ray radiography is used to image the growth om0

from initial conditions that are precision - Los Alamos
machined onto interface

EST.1943

« X-rays are generated from a laser source
Interacting with a backlighter material

* |nitial conditions are machined onto the interface
between low density foams

» Exact characterization is completed before target
completion

« Can be affected by preheating of the layer

uuuuuu

To improve feature resolution we utilize
doping profiles to highlight mixing areas

(poSt reshock) (post'reshock)

. 2rated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA

Slide 37
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X-ray radiography gives measurements of the
mix-width, but may also be able to give - Los Alamos
measure of the mixedness

Comparison of simulation results changing s, initial condition

1 T - T 300 Q Exp Data
| \ =0
0.9 i [\\ 59
A 250 So=4
08l w \ w 1 _
I\ N
Sorf T E 200 $,=10
< 1 = s,=13
Z06F A IS £ 0
2] | \ l =
2 1 | 2 150
Eo5f i‘ \ i =
\(‘ Vo
If \ |
0.4 F I \ 1 -
\ﬂw fNJ \“j \\L \ / A 100
035 A A vm/“‘ : VA Yo
TAEAVAL | IRRVAR
LIS ‘ L' I S 504
“0 50 100 150 200 250 300 350 400 450 ‘ ' '
0 5 10 15 20

Distance (um)

Time (ns)

Variance in transmission
may relate back to
model parameters

0 0 0 0
0.28 0.3 0.320.340.360.38 0.24 0.26 0.28 0.3 0.32 022 024 026 0.28 022 0.23 0.24 0.25

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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These experiments test our understanding of

hydrodynamics over a wide parameter range T
__
Medium Plasma
Shock tube dimensions 5 mm x 5 mm square 6 cm diameter 0.5 — 2.25 mm diameter
7m height 14 cm length 1.5 - 4.7 mm length
Time scale of experiment 10’s of milliseconds 50-60 microseconds 15-30 nanoseconds
Driver Piston Powder Gun Laser
Mach Number 1-2 8-11 ~10-20 ?
Atwood Number 0.67 0.99 Variable
Measures Velocity Field Mix width Mix Width
Concentration Transmission—> Density?
Initial conditions Difficult, Uses membranes Easily varied
membranes?
Number of shocks 1 to 2 (reshock) 1 to 2 (reshock) Current: 1 to 2 (reshock)

Future: 2to 4

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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What we actually do with the data
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LANL has feedback system for developing fluid

» Los Alamos

codes and mix-models
1
é@}meﬂ D@PG/
S 0,
Ky
=)

Using a mix-model simplifies the
physics of 3D systems, while allowing
additional physics of 1D and 2D
systems to study turbulence

INFORM

Physical
Understanding

SET
OEFFICIEN

VALIDATE
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LANL has developed the sophisticated BHR

- Los Alamos

mix-model implemented in the RAGE fluid code = »rsw oo

EST.1943

Academia — 1970s

(2

Eqn model (energy + scale) )

Turbulence scale

\
-S,

Turbulent KE — k
\§

« Academia and industry use two equation model for single species
k describes location of energy
* s describes size of material

Slide courtesy of
Elizabeth, Merritt
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LANL has developed the sophisticated BHR
mix-model implemented in the RAGE fluid code

Academia — 1970s

(2

\_

Egn model (energy + scale) )

Turbulence scale

\

Turbulent KE — k

National labs

\

(M

Mass flux

ultiple species inclusion

/

— J-Ka — b -— Mixedness/

« Academia and industry use two equation model for single material
k — location of energy
S — size of turbulence
« National labs have expanded model to include multi-species
a — movement of material
b — mixedness

Slide courtesy of
Elizabeth.Merritt
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LANL has developed the sophisticated BHR

- Los Alamos

mix-model implemented in the RAGE fluid code = »rsw oo

EST.1943

Academia — 1970s National labs

(5 (M )

Turbulence scale Mass flux

NI |
— J-Ka — b — Mlxednessj

Eqn model (energy + scale) ) ultiple species inclusion

Turbulent KE — k
\§

BHR initialization
parameters

kO —_— SO —— | How do we best initialize the
A simulation to match experimental
initial conditions?

4 A\
Instability type KH RT RM

Slide courtesy of
Elizabeth, Merritt
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LANL has developed the sophisticated BHR

- Los Alamos

mix-model implemented in the RAGE fluid code = »rsw oo

EST.1943

Academia — 1970s National labs

(5 (M )

Turbulence scale Mass flux

NI |
— j-ka — b — Mlxednessj

Eqn model (energy + scale) ) ultiple species inclusion

Turbulent KE — k
\§

BHR initialization kO — SO —+ | How do we best initialize the
parameters simulation to match experimental
initial conditions?

AL
f N\
Instability type KH RT RM

A 4

Current methods require tuning
parameters to match
experimental conditions

Slide courtesy of
Elizabeth, Merritt
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LANL has developed the sophisticated BHR

- Los Alamos

mix-model implemented in the RAGE fluid code = »rsw oo

EST.1943

Academia — 1970s National labs

(5 (M )

Turbulence scale Mass flux

NI |
— J-Ka — b — Mlxedness/

Egn model (energy + scale) ) ultiple species inclusion

Turbulent KE — k
\§

BHR initialization
aaes Ko —Sg Modal model

N 4 ~ Experiment initial initialization
Instability type ~ KH conditions/profiles parameters

Slide courtesy of
Elizabeth,Merritt
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LANL has developed the sophisticated BHR |
mix-model implemented in the RAGE fluid code ~ =22A2mes

EST.1943
Production
Turbulent  55R.y . - e e — BHR[3.1] evolves full
kinetic g + (purRij)x = [aiPj +a;Pi] — p[Rixitjx + Rjrttik] ,
energy ! . Reynold’s stress model
S L K [ 1
+ C, (—!3Rkn R:'j.u) —Cr3p—r (Rij — —Rkk3u)
VK _kJ S 3
Diffusion Return to Isotropy
Rapid Distortion
— Cpq [(.'J,' p.j +a; p,] + Cpp [‘Qikl'}j.k + Rjkﬁ:'.k]
2 2 . 2KJVK
— Cro=pRukity 16ij + Crizag Pidij — p=———36ij.
3 3 _ 3 S _
Rapid DTstonion Dissi;ation
. S /3 o~ S /3 _ 3 _ S _x
Tur?ulence o7 —|—(‘;O£t‘_|,'5)JF :—? §—C| JOR,'J'.*.,'J'-l— E §_C3 f-'i’jP.j_ E—Cg p\/? + Cs ﬁka”Sﬂ )
scale ,
~- - Besnard, Harlow,
Net Production Diffusion Rauenzahn
“Conservation and
d (pa;) N _ - S - VK transport properties of
Mass flux gf 4 (piigay), = bP; — Rixpy — pagit; x + p(aga;)  +pCy i< Rinain | — CalpTaf- turtétgsgiij\\;v;:ihai?c:g:
g ’ v kK :
Net Production Redistribution Destruction LA-10911-MS
Diffusion
. d (pb) . _ _ _2 A VK Schwarzkopf et al. JoT (2011),
Mixedness y + (pbug) y = =20+ Daxpr+ 2parbx +p~Cp ﬁRm,,bﬂ — Cm,oTb Flow Turb. Comb (2016)
Production Redistribution 7 DESTI"LIIctiOII

Diffusion

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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Summary: LANL Is in a unique position to |
perform scaled hydrodynamic experiments s eniNamos

EST.1943

Fluid, HED and shock physics are important for:
understanding astrophysical phenomena and ICF
furthering our understanding of hydrodynamics

There are multiple hydrodynamics experiments at LANL to investigate similar physics
Vertical Shock Tube
pRad
P-24 work at OMEGA and NIF
Horizontal shock tube (see talk by Ankur Bordoloi on June 20t)

Future work will focus on:
generating scaled experiments

Comparisons with BHR

Comparisons with modal model

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA
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hank youl!
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