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Objective and Motivation
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Objective

* Develop a Eulerian hydrodynamic code in spherical geometry
that solves the equations of motion of a fluid in the frame of
reference of the target center of mass, then study the effects
of Rayleigh—Taylor instability on the deceleration phase

Motivation

e A non-inertial frame of reference can be defined so that the
imploding shell boundaries are static; a fine-mesh region can
be constructed in non-inertial coordinates that covers the dense
shell and accurately resolves hydrodynamic instabilities
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A non-inertial frame of reference is equivalent
to a moving grid with high resolution in the region

including the imploding shell
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x =11is the
position of the
imploding shell

Static grid in non-inertial
coordinates.
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A grid moving with the
imploding shell.

The code makes use of spherical geometry which allows
accurate positioning of the fine mesh region on the
imploding shell unlike in cylindrical coordinates
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In spherical geometry the fine-mesh
can be applied to the shell even at early
stages of the implosion when the shell
radius is larger.

In cylindrical geometry the fine-mesh
is practically applicable only to the
stagnation phase.
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*K. Anderson et al., Bull. Am. Phys. Soc. 46, 280 (2001).

Coordinate transformation to a non-inertial frame
is used
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Coordinate transformation:

r
X=R(1)
t=t

0=0

* r is the radial coordinate in spherical geometry

* R(t) is a time dependent reference (e.g., the shell’s center of mass)

This coordinate transformation leads to:

_ 1
9 =R(t)°x

;=g Ro,+d
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The continuity equation requires redefining the density,
in transformed coordinates
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P+ V+(pv)=0

In spherical polar coordinates, assuming azimuthal symmetry

1 1 .
P+ o, (rPpv,) I,singae (PVeSinB)=0

In new coordinates:

1
sino@

Jdg(QwgsinO )=0

1
9;Q+ 53 (QWy) + 15

With new variables in non-inertial coordinates

Q = x°R®p —+— Redefined density
w,=v, - Rx parameter

W9=V9

W¢=V¢
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The momentum equation has pseudo-force terms
in non-inertial coordinates
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3¢(pV)+V+(pvV)=-Vp

A. Radial equation:
In spherical coordinates
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1 1 .
It (PVy)+ r—zar(rzpvrvr) + mae (PVgV,SiN0)—

Transformed equation:

1 1 :
01(Qu)+ 2 (QW3)+ g ding 90 (AW, W sin© )~ o3 (wh + w})

=—x2R2%9,p - Q(xf-'? + W”:‘lR )
\W_/

Inertial forces
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Simulations of the deceleration phase showing single-
mode Rayleigh-Taylor growth in cylindrical non-inertial

coordinates
UR
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Cylindrical non-inertial transformation o = R(t) B= R(1)
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The polar and azimuthal components of the momentum
equation have no inertial forces
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B. Polar component: a term proportional to R is introduced as a result
of the transformation

1 1 . PVoV
at(p"e)+,—23r(’2PVrVe)+m%(pﬁ,sm@ﬁ o%r _

1 l

1
9t(QWg)+ 5 x(QWeWy)+ 3 psing

2o (Qw3sinoO)

2 o
Qw,ow, Qwgcoto QRw
+R S xm =XR%ep—— R °

C. Azimuthal component: if vy =wg = 0, then this equation does not
contribute and the system is reduced to 2-D geometry
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The energy equation is written in a conserved-Eularian
form with a redefined total energy &
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Assuming ideal gas EOS,

In new coordinates,

1 1 .
&+ R x(EWyx)+ YR sing P60 (WesSinO)

= ax< QI:)WX>‘ XRsin ae( QI;)WG il 9)- %%(%)

2
with total energy | £ = [ p(gﬁ 1)t Q;' ]

: o2
using |w?=(w,+XR)"+wp+wj
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The hydrodynamic equations are summarized for a 1-D
non-inertial Eulerian frame
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Q=x%R3p

2
£l oy Y-
w, =V,— XR

Transformed parameters in 1-D

W9=W¢=O

w? = (wy +XR)

0 Q +%ax(wa) =0
) R
at(QWx)*'%ax(Qw)z() =_x2R28Xp_ Q<XR+ W;i )
Qpw ' Qpx
3t§+%3x(‘fwx)—_%BX< I;)x>_gax< g >
p=pT/A A=m;/(1+2)

Transformed
hydrodynamic
equations

These are the closed set of equations used to develop the 1-D
non-inertial Eulerian hydrodynamic code to facilitate comparison
with existing Langrangian and Eulerian codes.
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Conclusion

FS€)

* The accelerated coordinate system allows the use of a static
Eulerian grid

* The new coordinates result in automatic zooming of the region
between the origin and the center of mass

* In the new-coordinate system, the sharp density gradients at the
shell boundaries are pinned around the center of mass, therefore
specifying the location of fine mesh region. As a result the sharp
density gradients at the shell boundaries are not missed

TC10342

The benefits from the new center-of-mass frame of
reference include a static grid, allowing high resolution
when needed
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Defining R(t) to be the position of the center of mass of the shell at
time t. In non-inertial coordinates, x = 1 is always the location of the
center of mass

The sharp density gradients occur at the shell boundaries that
would be around x = 1. Therefore, the finer mesh would be static
around this region

The center of the system is r = 0, which is mapped to x = 0 and is
always fixed

As R(t) changes with time the coordinates are rescaled. Since R(1)
decreases, the new coordinate allows automatic zooming to the
region between the origin and the center of mass

R and R are the velocity and acceleration of center of mass,
respectively
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The transformed density shown in non-inertial
coordinates using a static grid
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Shell boundaries with srliarp density gradients
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Position of the shell in ¢

spherical coordinates. As R(t) decreases with time, automatic zooming
of this region (between x =0 and 1)

Position of the shell in
transformed coordinates.
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Regions with sharp density gradients are static
in non-inertial coordinates
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Transformed density
(Q) (x10-1 mg)
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Transformed coordinates (x)

Grid specification
—~— '~
Shell boundaries are the locations for
Rayleigh—Taylor instability and require
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