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JOURNAL OF COMPUTATIONAL PHYSICS 82, 64-84 (1989)

Local Adaptive Mesh Refinement
for Shock Hydrodynamics
M. J. BERGER

Courant Instimute of Marhematical Sciences, New York University,
251 Mercer Street, New York, 100]2 New York

AND

P. COLELLA

Lawrence Livermore Lahoratory, Livermare, 94550 California

The aim of this work s the development of an automatic, adaptive mesh refinement strategy

for solving hyperbolic conservation laws in two dimensions.
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Sink particle
(Matsumoto 2011) Ambipolar Diffusion
Resistivity #BR
(Matsumoto 2011)
SFUMATO (AMR) _
MHD, Seflgravity Lagrange particle
(Matsumoto 2007) for chemistry
(Furuya et al. 2011)
\“@ Radiation
> (Tomida et al. 2010)
Sink cell
Some modules of (Machida, Inutsuka, & Matsumoto 200:
NG were ported to ‘\6 Resistivity (Ohmic dissipation)
AMR. 060 (Machida, Inutsuka, & Matsumoto 20006)

\\09\ MHD
(Machida, Tomisaka, & Matsumoto 2004)
Hydrodynamics

Selfgravity
(Matsumoto & Hanawa 2003)
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Enzo (M. Norman)

First star formation (Abel et al. 2003)

Block-structured grid (patch-oriented type)

Z=100

Gas

Dark matter

Time Evolution

Z2=24 Z2=20.4

12 comoving kpc on a side, projection of 0.001 of the simulation volume
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White Dwarf Deflagration

Resolution: 6 km
Initial Bubble Radius: 18 km
Ignition Offset: 42 km

Variable 1: Density [1.5e+07 - 2.0e+07]

Variable 2:

Reaction Progress [0.0 - 1.0]
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— Projection method

. %%;%(&L’C Poisson AR ZEE. divB [CHEE I DHMIER D (RNT—15) &

+ Poisson AREXZEHELD T, ELY,
— Constrained Transport (CT) method
- Staggered grid T. MGz /L ERATEET 5,
o NOHEREDEFET divB = 0MMREEESND,
- AMRTIL#E#,
— 8-wave formulation
« 8P BELT. divB OFRNZERE BIEEFIHADREELRLC,
o BHEGRELN, V—RENMLEIZLS, divB HNEFES,
— Hyperbolic divergence cleaning
« divB ZFAMICRRIES, RAFIC. AnZzBEIE S,
o FEGERELN.V—RENBEIZED,
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Projection method
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Constraint Transport (CT) method

WA EILOETES TS,
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8 waves formulation

dep+ V- (pu) =0,
1 5\, , .
d(pu) + V- [puur + (1) + ;B-) 7 - BBT] = —(V - B)B.
B+ V-uB’ —Bu’) = —(V-B)u. (36)

1,
de + V- Kc +p+ ;B-") u— B(u- B')] = —(V-B)u-B.

BRIV -BICK B NEATEIHT LIS,

0B, _ (VB V—REZEMRIT S,
ot
-, P meomAENS.
0x AR I u,

TV -BZUTESIK,

KEAHRPHEKR TV -BABEF->TLED,
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Hyperbolic divergence cleaning

EENHEHTHEEIRUVD TRIT

dep+V-(pu) =0, (24a)
I .o\,
d(pu) + V- [puur + (p + ;B-) T - BBT] = —(V - B)B. (24b)
B+ V. uB' —Bu! +¢7) =0, (24¢)
I 5
de +V - [(( +p+ ;B-) u— B(u- B)] = —B - (Vr), (24d)
7~ :mixed GLM formulation [Z&5I1E & |
& :EGLM formulation [Z& 418 dfr + ¢V - B = _(.__9/" (24¢)
p
¢, & |FTV—INTGA=4
& & EIX9E
M = —Cp, Ay =1Uy —Cp. A3y =1UlUy —Cq. Iy =1Uy —Cy. A5 =liy,

he =Uxy +Cy, A7=1Ux +Cq, Ag=1Ux+Cr. Ao =Cp.

#f#llX Dedner, Kemm, Kroner, Munz, Schnitzer, Wesenberg, 2002, JCP, 175, 645
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