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transition flow free molecular flow

* Local thermodynamic o _ _ -
equilibrium (LTE) « Collision frequency is not high » Collisions between
. Energy of molecules enough to maintain equilibrium. atmospheric molecules are
are distributed - Momentum exchange via negligible.

collisions between atmospheric

according to Maxwell _ e
molecules is still important.

distribution

e

Boltzmann equation

07 © 471

at(nf)+05(nf)+Fac nf) ff (f* f, %~ 1) e,odQde,

n . number density, f: velocity distribution function, ¢ :
molecular velocity, ¢, : relative molecular speed, F : external
force per unit mass, subscript * : post-collision values, f and
fi - distribution functions of two different types of
molecules of class ¢ and ¢, respectively, o : collision cross-
section, ¢ : time, r : physical space, 2: solid angle

0 .

Navier-Stokes
equations
« First order moment of f
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Our Venus MHD simulation
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« Semidiscrete central scheme [Kurganov and Tadmor, 2000]
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Example: Shock tube test

Rusanov scheme
(TVD Lax-Friedrichs)
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Our new scheme:
4th order semidiscrete
scheme (UNO limiter)
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Example: Sinusoidal wave propagation

Rusanov scheme
(TVD Lax-Friedrichs)

2nd order semidiscrete
scheme (minmod limiter)

Our new scheme:
4th order semidiscrete
scheme (UNO limiter)
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1st semidiscrete Rusanov

2nd semidiscrete minmod

3rd semidiscrete CWENO

Cells L1 Order L1 Order L1 Order

250 4. 83325E-02 - 1. 63945E-03 - 3. 85717E-04 -

500 2. 46431E-02 0.97181 4. 42086E-04 1. 89081 2.66221E-05 3. 85685
1000 1. 24432E-02 0. 98583 1. 16929E-04 1. 91869 1. 47139E-06 4.17737
2000 6. 25228E-03 0. 99290 3. 05034E-05 1.93859 8. 43951E-08 4.12388

20 3. 99376E-01 - 1. 03053E-01 - 9. 31360E-02 -
40 2. 48004E-01 0.68738 4. 60404E-02 1.16241 3. 63891E-02 1.35583
80 1. 39207E-01 0.83313 1. 33480E-02 1. 78628 8. 89501E-03 2.03244

160 7. 38891E-02 0.91380 3. 80682E-03 1.80997 1. 60762E-03 2. 46807

320 3. 80833E-02 0. 95620 1.02616E-03 1.89133 1. 56522E-04 3. 36049

640 1. 93353E-02 0.97792 2. 15924E-04 1. 89491 9. 41271E-06 4. 05561

2nd semidiscrete UNO 4th semidiscrete UNO
Cells L1 Order L1 Order L1 Order
20 3. 37455E-02 - 3. 26428E-03 -
40 8. 25809E-03 2.03082 2. 19966E-04 3. 89141
80 2. 05666E-03 2. 00550 1. 47912E-05 3. 89447

160 5. 13916E-04 2. 00070 1.01675E-06 3. 86270

320 1. 28487E-04 1. 99991 9. 57824E-08 3. 40806

640 3. 21247E-05 1.99987 1. 07240E-08 3. 15892
CFL = 0.4
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Backup charts
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« Semidiscrete central scheme [Kurganov and Tadmor, 2000]
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