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Test Case

We are limited to 2D geometry. Gyration of protons in 1 nT B.
*Velocity grid 45x45, -10km/s to +10km/s, Av=425.532m/s.
*Gyro period is 65.62 s, 10 full periods simulated.

*Initial state below (Vx vs. Vy), rotation is clockwise.
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Test Case

Quantities calculated from the simulations (normalized to initial values):
*Minimum and maximum value of f(v,¢?)

*Total density (conservation of mass)

*Kinetic energy

*Pressure (proxy for diffusion)

d

n(t)=m| f(v,t)d’v

K(t)==—m [ Vv f (v, t)d*v

p(O)==m [ (v=UV|f(v,t)|d*v
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Results

Below are the final states from sims. SL has maintained the correct
shape, however no. steps are ~100 and ~10 times less than in FVM.

Phase error in CFL=1 SL is likely due to Boris algorithm.
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Results: Mass Conservation

SL shows small fluctuations in total mass ~10 *—10"".
Larger fluctuations with smaller CFL.
FVVM rather constant after initial transition.

CFL=1 CFL=0.1

semi-Lag. Relativ change in Total Mass semi-Lag. Relativ change in Total Mass FVM, Relativ change in Total Mass
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Results: Min/Max Amplitudes

semi-Lag. Min ampitude with time semi-Lag. Min ampitude with time FVM, Min ampitude in time
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Results: Kinetic Energy

SL kin. energy tied to mass conservation.

FVM kin. energy increases, jump after plateau due to reshaping

of the distribution function.
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FVM time step: multidimensional system, consider dimensionally split
and unsplit schemes.

Qnsplit: propagate x&y Split: First propagete x, then y.
SImUItaneOUSIy' Step 1: Propagate x Step 2: Propagate y
D I e
: —
v v
Danger of emptying Can use large dt.
the cell, small dt.
Unsplit e Split ---=-m----
Split scheme is H : ‘ T -_
unfortunately : X x | x | x : -
too diffusive : S & |
X X X X X :
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Scalability | (FVM)

Unsplit needs cell avg + 1 flux/dim + rec. params./dim. For 2™ order this
iIs 2N+1 floats, where N is the number of dimensions. Grid processed 3
times.

Split scheme needs only avg + flux + rec. params, i.e. 3 floats. dt can be
much larger, but grid needs to be processed 3N times.

Furthermore, 2™ order Runge-Kutta needs another copy of the grid.

Memory consumption: Split ~D, where D is the number or cells.
Unsplit: D cells, but size of cell =2N+1 grows with N.

Time consumption: Both solvers itself should ~D. Unsplit has larger
data packets, split sends more (but smaller) data packets.
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