ncc@ulakbim.gov.tr

O

Lattice Boltzmann Metodu’na Giris
Alihan Atilla Cinar, Burakhan Sukuroglu
Istanbul Teknik Universitesi



Akis Analizinde Numerik Yontemler N-RKWE

» Geleneksel yontemler
Akiskanlar mekanigi denklemlerinin ayriklagtiriimasini temel alan yontemiler;

v Sonlu farklar (Finite Difference)
v Sonlu hacimler (Finite Volume)

v' Sonlu elemanlar (Finite Element)

» Parcacik bazli yontemler

v" Molekiler dinamik (Molecular dynamics)

v' Kafes gaz modelleri (Lattice gas models)

v' Coklu parcacik carpisma dinamigi (Multi-particle collision dynamics)
v

Dogrudan simulasyon Monte Carlo (Direct Simulation Monte Carlo)
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Lattice Boltzmann Metodu Nerede ?
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» Lattice Boltzmann Metodu

> Temel: Lattice Gaz Modelleri

> Olcek: Mezoskopik

» Parcacik  dagilimlarinin  degigsimi  incelenir
(Parcaciklarin kendisi dedil)

» Denklem: Boltzmann Denklemi

» ZayiIf sikistirilabilir Navier-Stokes denklemi igin
ikinci dereceden dogruluk
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Neden Lattice Boltzmann Metodu ?

Avantaj

« Paralellestiriimeye uygunluk

* Geleneksel yontemlere gore hizli

« Dusuk numerik disipasyon

« Multifaz akislara uygulama kolayligi

* Mezoskopik fizik igin uygun
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Dezavantaj

Yogun bellek kullanimi

Kendiliginden zaman bagimlidir

YUuksek derecede sikistirilabilir ve sabit
sicaklikli akiglari simule etmek igin uygun
deqildir.

Sinir kosullarinin uygulanmasi
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Populer LBM Coztcileri e EURO S
Code Lattice Grid Structure  Collision Parallelization No-slip Boundary  Turbulence Model
Structure Models Condition
D2Q09, Structured / SRT/TRT/ Domain De- half-way ADM/WALE/
D3Q15, Uniform MRT/ELB/  composition bounce-back / Smagorinsky model /
OpenLB EEhIt) RLB (MPI) interpolated Dynamic Smagorinsky
D3Q27 bounce-back model / Shear-improved
Smagorinsky model
PA LA B O S D3Q19 Structured / SRT/TRT/ Multi-block Interpolated Smagorinsky model /
Non-uniform MRT Domain De- bounce-back Dynamic Smagorinsky
erids via composition
multi-block (MPD
D3Q19/ Block-structured SRT/TRT/ GPU parallel  Interpolated Smagorinsky model
@WGLBQVIU D3Q27 adaptive grids ~~ MRT/CLBM bounce-back
D3Q27 Structured / MRT-CM MPI and Immersed Boundary WALE
Non-uniform multithreading  Approach combined
with the
non-equilibrium
wall function
ultraFluidX® D3Q27 Structured / cumulant GPU parallel  Interpolated Smagorinsky; Wall function
- non-uniform collision bounce-back (Malaspinas & Sagaut)
Altair octree-based operator
local refinement  (advanced
MRT)
°4 D3Q19/ Structured / SRT / HRR MPI Immersed Boundary Smagorinsky model /
K ProLB D3Q27 Non-uniform Approach combined  Shear-Improved

octree mesh

with the wall
function

Smagorinsky




LBM Uygulamalari TURNE EURO

Tuarbllansh Akislar: Turbulansh kanal akisi, anlik vortisite alaninin
izohacim temsili (Open LB) - [Hausmann vd. 2019, Comput. Math. Appl.]

Termal Akislar: Sogutmali aracin icindeki
hava akisinin akim cizgileri ile temsili

(Open LB) - [Gaedtke vd. 2018, Comput.
Math. Appl.]

Tuarbulansh Akislar: Hiz baylkliga ile renklendirilmis vortisite es
yuzeyleri ile temsil edilen slat ve flap yuvasindaki anlik akis
(ProLB) — [Soni vd. 2022, AIAA]
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LBM Uygulamalari TRAYE EJR O

* Arazi bolgesinde atmosferik ruzgar akislarinin incelenmesi— Palabos (Schubiger - 2020)
*» Ayrilmis turbulansli akis incelenmesi (kut cisimlerin iz bolgesi,dinamik perdovites vs.) Xflow (Chavez - 2020)
** YUksek Reynolds sayili otomotiv akiglari— ultraFluidX (Niedermeier - 2018)

% Yuksek binalar etrafindaki ruzgar yuklerinin incelenmesi — ProLB (Feng — 2021)

¥luent DES

Tepe boyunca elde edilen hiz alani— Palabos [1]

Errorat  Errorat  Average
2m (%) 5m(%) error (%)

CPU time per core and million cells

Palabos LES 15.7 0.3 8.0
Fluent RANS 14.6 5.5 10.0 ) ] ] ) ) )
Fluent DES 274 71 17.3 % [1] Schubiger Wind Energy Science Discussion (2020))
= , [2] Chavez-Modena, et al., Energies (2020))
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Kar;:la;t:rma%&?&’ﬂﬁétf@@f?ﬂﬁzgﬁfﬁﬁﬁdﬂi dedisim Binalar etrafinda hiz biiyiiklidii ile renklendirilmis Q kriteri [3] Niedermeier, etal., WCCM XIil (2018))
Tokyo Shinjuku Modeli - ProlB [4] [4] Feng et al., Advances in Modeling Earth System (2021))
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