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LBM (Lattice Boltzmann Method) AOKI Lab.

|
af; fi— i
i i i
SRT: —+e -Vfi=——"— 4 L
ot T
P P (eq - u) N (eq-w)? |ul’]  Collision Streaming
@ c? 2cd 2c? Step: Step:

Collision Model Collision Process Number of Relaxation Time
SRT (Single Relaxation Time) Distribution function 1
TRT (Two Relaxation Time)t! Distribution function 2
MRT (Multiple Relaxation Time) 2] Moment 15,19, 27
CascadedB! Central Moment 27
Cumulant! Cumulant 27

[1] Ginzburg, |., Verhaeghe, F., dHumieres, D.,Commun. Comput. Phys., 3, 427-478 (2008).

[2] D. d'Humieres, |. Ginzburg, M. Krafczyk, P. Lallemand, and L.-S. Lou, Philos. Trans. R. Soc. London, Ser. A 360, 437 (2002).
[3] Geier, M., Greiner, A, & Korvink, J. G., Phys. Rev. E, 73, 066705 (2006).

[4] Geier, M., Schonherr, M., Pasquali, A., & Krafczyk, M., Comput. Math. Appl., 70(4), 507-547 (2015).

Cumulant LBM AOKI Lab.

* High Accuracy and Stability for high-Reynolds number flows

Laplace Transformation of f;

FEY,Z) =LIf¢E —uv—v]—w)] =e e VW2 j f(&)e=3d¢

Cumulant Statistical Quantity = e UETVY~WZ z ﬁ-jke_Eice_YjCe_ZkC
—
5, 0%0PY /
L e 4 5
kapy = PECENCEIA In(F(E,Y,Z)) o

Cumulant Collision term

* _ eq afy:. moment
kaﬁ)/ - waﬁ)’kaﬁy +(1- waﬁy)kaﬁy wqpy: relaxation

Geier, M., Schénherr, M., Pasquali, A., & Krafczyk, M. Computers & Mathematics with Applications, 70(4), 507-547 (2015).
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Interpolated bounce-back scheme el -zuwf“_ 2
fijik(x,t + At) ° fL/(x, t fa"(x + c At t)
2Vl/i' ijk " QYwa 1 X \ X 4
2qf i (xt) + (1 — ZQ)fijk’(x + &AL, t) + ]kp(iék “ H) <O <q< E) | !

Wijip(&ijk 'uwall)) N 2g-1)

R 2 1 NG
2q fijir (x,8) + 2 24 fiji(x, ) <E <q= 1) C;:O
fa(x,t + AL)

s
*Bouzidi, M., et al., Physics of Fluids, Vol. 13, No. 11 (2001), pp. 3452-3459.
wall - Uwall
q

Hydrodynamic force*

At,t + At)
Fijr(x,t) = (§ije—uwan) fije (6, t) — (§ijir — Wwar) fiji (2, t + AL) —
1
Fayia = Z Z Fiji(x,t)
x€boundary i,j,k=-1 fa(x,t + At)

*Wen, Binghai, et al. Journal of Computational Physics 266 (2014): 161-170.

AMR (Adaptive Mesh Refinement) B

to assign high-resolution mesh near the interfaces o

t=1.7s t=22s t=35s t=50s

2D: Quad-based refinement/coarsening
3D: Octree-based

(ns x ns x ns)

d

*Shintaro Matsushita, Takayuki Aoki, Journal of Computational Physics, Vol. 445, 15 Nov 2021, 110605 ds




Dynamic Load Balance AOKI Lab.
using Space-filling Curve

Ordering by using Morton Space-filling Curve
Each sub-domain has the same number of blocks

Tree 1 Tree 2
*Seiya Watanabe, Takayuki Aoki, Computer Physics Communications, Vol. 445, 15 Nov 2021, 110605 13
Overlapplng computation with AOKI Lab.
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https://www.youtube.com/channel/UCJlavxr4dG9OFkymtkbKZmOw
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