Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing

Numerical simulation of pulsar
wind and Supernova shell
Interaction and mixing.

A. V. Gorodnichev, G. V. Dolgolyova, V. A. Zhmailo,
E. A. Novikova, V. P. Statsenko

RFNC VNIIEF, Sarov
A report at IWPCTM 9,
Cambridge, 2004



Cambridge, UK

Proceedings of the 9th International Waﬂho on the -thvl s of Compyessible Turbulent Mlx ng

N (Type 1I)

Remnants (Jun, 1998)

Edited by S.B. Dalziel

July 2004



Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

Cambridge, UK Edited by S.B. Dalziel



oceedings of the 9th International ngaF]oS?eSPhisE (g
1) Initial Data:
yo,
Ry Ry R,
r~ p u | T
0+R i
° pulsar wind
(PW)
RO - Rl ,01 r
RY|V—I|T
R, +R, ol -1 R2 0
r
R )2
I

Cambridge, UK

["'Model of SN expansion.

July 2004

2) Units:
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3) Pulsar wind is given at
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4y Gasdynamics equations, y = A

(no magnetic field, no radiation, ideal fully ionized plasma)

Two types of computations:

4.1. 2D direct modelling (Yanilkin, “EGAK?”,...).
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4.2. 1D computation: gasdynamics + K,e — turbulent mixing model
(Statsenko, Dolgolyova,..., 2003).

Mass fraction equations:
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Equations for turbulent energy and its dissipation
rate:
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furbulent mixing effect. 1D computation.

Cambridge, UK Edited by S.B. Dalziel



Proceedings of the 9th International Workshop on the Physics of Compressible Turbulent Mixing July 2004

2D computations:

1. Initial data — as in the 1D task,

but there are random perturbations in density
(1% level, everywhere).

2. No semiempirical models.

3. Spherical grid, 800*400 cells.

4. Angle averaging of computed data.
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2D computations.
Concentrations field.
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2D computations.
Density fields.
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Partial density profiles:
1.

2.
3.
A

Total density profiles:

Pulsar wind
He shell

H shell
Star wind

1. 1D computations
2. 2D computations
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Summary.

Both types of our computations give good agreement
between computed size of wind region and observed size of
Crab Nebula. This is additional support of pulsar nature of
Crab Nebula.

Both types of our computations give effect of turbulent
mixing of different shells in this SN remnants.

In particular there is a mixing of pulsar wind and other
shells, but masses of mixed shell in 1D and 2D computations
are very different. Besides, mixed mass from the 1D
computations appears to be small comparing to
observations, temp of mixing from the 2D — appears to be
reasonable.

This work shows use data of Crab Nebula observation for
turbulent mixing models development.

Further investigations are planned.
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