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.k"j Siberian Supercomputer Center =
: 2020

NKS-1P system (RSC hot water cooling system):

* 27 nodes: 2 CPU Intel Xeon E5-2697v4 [128 GB DDR4, 256 GB DDR4]
(864 cores) (1 node with 2x375GB Intel Optane [IMDT])

* 16 nodes: 1 CPU Intel Xeon Phi 7290 KNL [16 GB MCDRAM+96 GB
DDR4] (1152 cores)

* 1 node: 2 CPU Intel Xeon Platinum 8268 [192 GB DDR4, 4TB SSD]

* Intel OmniPath 100Gbit

* Intel Lustre — 200 TB

UBMuMI

NKS-30T system (air cooling system) 2009-2011 years:
* 576 CPU Intel Xeon E5450/E5540(2688 cores)

80 CPU Intel Xeon X5670(480 cores)

120 GPU NVIDIA Tesla M 2090(61440 threads)
Infiniband QDR

HP Ibrix—90 TB
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Introduction

* One of application of plasma physics 1s construction of magnetic trap for
confinement of the thermonuclear plasmas.

* Excess of thermonuclear power over put power was demonstrated
experimentally in tokamaks (Q ~ 1). The International Thermonuclear
Experimental Reactor (ITER) considering as prototype of commercial reactor is
being built now.

* Parameters of the best stellarators are close to the parameters of the best
tokamaks.

» Alternative conceptions of magnetic plasma confinement (such as open traps and
field-reversed configurations, FRCs) are developed. '




Introduction

Open magnetic traps : GDT (BINP SBRAS),
Norman (TAE Technologies, USA)

GDT facility C-2W Ti=l1keV, t*= 5ms
[=7m , D=Im, Te=1 keV, 3=0.6 L=3m, D=40 cm
T= 20 million°C
1B +p---- 3 “He
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Magnetic trap

A. Shosin 23 Apr 2018 , Budker’s Universe , volume Special Issue, N1

MHD stabilizers
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A. D. Beklemishev Diamagnetic “bubble” equilibria in linear traps Phys. Plasmas23, 082506 (2016)




Equations

The kinetic Vlasov equation (ions) Maxwell’s equations (magnetic field, electric field, ...)

G .50 . 0K n=n.  Quasineutral plasma
at or m; 0V Q otE AT
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V(7)) = — 3£, "."*, 5 divB =0
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Heat conduction equation (electron’s temperature)

MHD equations (electrons) iy (aaT; + (F{,V)T,,) = (v = 1)(Q. — divd, — podivi)
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State equation
Pe = NeTe
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Algorithm

v Cylinder coordinate system due to the axial
symmetry, r=0 is singularity
v Hybrid model, the ions are described kinetically, the

electrons - with MHD

v’ Particles-in-cell method with PIC form-factor
v' Shifted for half of the steps grids

v'"Mixed Euler-Lagrangian decomposition for the

parallelization

i,k+1 i+1 k+1

A

ik i+1k

particles >> cells



One time step

Parallel Method

Ppagupvy

4 | | MPIBeastHE |
-1 Grid — particles :
: Ton velocities
- Lagrangian stage J ‘
Ion coordinates Particle exchanges: ri. vi J”..j b 3
— = 'ﬁ -+ :
MPI Reduce: Vi, ne . "
' Particles — grid | . ! : !
; ‘ Grid exchange: Vi. ne 4 =
, & s
Currents Grid exchange: U f :#:
Electron velocities Grid exchange: Ve _:ﬁ:— f
Eulerian stage Electric field Grid exchange: E
~ Magnetic field Grid exchange: H
Electron temperature Grid exchange: Te
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Numerical Experiments

g 4 &

Intel Xeon Intel Xeon Intel Xeon
Platinum 8268 E5-2697Av4 Phi 7290
(2x24cores, 2.9GHz) (2x16cores, 2.6 GHz) (1x72cores, 1.5GHz)
AVX512 AVX512
mpiifort -axCORE-AVX512 mpiifort -axCORE-AVX512
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Numerical Experiments
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MPI on MPI on
Intel Xeon MPI off s (15, 15), (15,32),
Platinum 8268 S S

(2x24cores, 2.9GHz)

Intel Xeon Phi 7290 6
l (KNL) avxs12 10300 4650 1070

Intel Xeon E5-2697A v4

(Broadwell) 2089 1019 582
Intel Xeon
ES-2697Av4 Intel Xeon Platinum 8268 6 368
(2x16cores, 2.6 GHz) (CascadeLake) 1054 379
Intel Xeon Platinum 8268 3
(Cascadelake) avx512 1472 713 37
Intel Xeon
Phi 7290

(1x72cores, 1.5GHz)



Time steps - 4.8e6
Background ions - 1.2e5
Beam ions - 1.3e6

Grid: 100x300
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Results
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Absolute value of magnetic field
Grid: 100x300



Conclusion

J The numerical code is applicable for simulation with parameters close
to real experimental conditions.

1 Formation of quasi-stationary structure of magnetic field with region
of negligible field i1s demonstrated.

 This code have high potential for auto-vectorization
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