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Equilibrium hot particle pressure
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Energetic pressure shows an eigenfunction is forming
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CEMM energetic particle internal kink benchmark
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Equilibrium Flows are generated at the edge due to particle loss and pressure gradient

Pressure moment of marker particle
distribution

\©

x10°

ot
—

particle
number <

1.3

1.2

00 05 10 15 20 25 30
x103 ti mesteps

Parallel flow moment of marker particle
distribution

Pfirsch-Schluter Current:
j“ =2q/B dp/dr cos 0

Miyamoto (1997)



Large orbit loss has slight effect on equilibrium distribution function

Marker particle distribution function v distribution averaged in v |
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Model Equations

Assume np o <K Npy1k, but Bpor ~ Bk

0
p(m+V-V)V:JxB—V-P—V-PhOt

Py, = [ mv'Vif dv

vV=v-V
Equations of motion
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Slowing down distribution using fo = fo(F¢,€)
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Parallel performance

32 processors, 64x64 NIMROD grid
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e particle performance at 10’s us/particle/timestep
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e Algorithm is scalable, total cpu time

e Particle orbits exhibit near perfect energy conservation



Particle Sorting

e Sorting i1s important because:

— sorting makes domain decomposition of particles trivial

— cache thrashing is minimized

e Fach processor does a “bucket” sort of it’s own assigned parti-
cles

e Particles are sorted by their global logical (FE grid) coordinate

e Particles with a logical coordinate outside of the processor sub-
domain (r-block) are passed to their appropriate processor

e A locally sorted list of particles is finally tabulated on each
Processor



The Bucket Sort

1 > @|s cell number 1 23456
[ ® ®

Py red count 1 23110

green count 111112

+ @ (°0 © total count 2 342 22

local displacement 2 5 9 2 4 6

e The number of particles in each element is tabulated locally(red
count, green count)

e A global sum gives the total number of particles in each element
e A displacement array is calculated locally
e Using the displacement array, the sorted particle list is filled

e Displacement is decremented for each particle placed in the
sorted list

e Allows easy particle passing



Shape functions in logical space (p,q) !
Ni(p,q) = i(l —p)1—q) Na(p,q) = i(l +p)(1 —q)
N3(p,q) = i(l +p)(1+q) Nulp.g) = i(l —p)(1+4q)
’ | 1
P

where —1 <p<land —-1<¢g<1
shape function used for gather and scatter:
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! Alejandro Allievi and Rodolfo Bermejo, JCP, 132, (1997)



Know particle’s (R, Z), need to know (p, q)

e Search algorithm: It —1 < p <1and —1 < g < 1istrue, then
the particle is in this element

e (p, q) are needed for particle deposition and field evaluation

e FE representation for (R, Z) need to be inverted
4 4
= > RiNi(p.q), Z= > ZiNi(p,q),

(4
e Use Newton method to solve for (p, q) given (R, Z)
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o Iterate until (R — R¥)2 + (Z — ZF)?2 < ¢




The matrix on the right hand side is the inverse of the Jacobian
relating the logical coordinates to the real coordinates
—1

OR OR
Alpr. ) = 1 [bo+bgp® —ag — agp” _ | dp 9q
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1 1
_ Z(Rl —Ry+R3—Ry), by= Z(Zl — Zo + Z3 — Zy),

AP = (aby — aghy) + (aibg — agby)p® + (agby — agbs)q"



Evaluating VB terms in eqs. of motion

Need to calculate gg, ngg, e.g.
0B 4 _ ON;(p,q) 4 (8N ;O0p  ON; Oq
=y B = > B;
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9% Yol =157 %
IR 07 dp 0q
The right hand matrix is easy to compute from
4
R= 3 RiNi(p,q
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