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Lattice Study of the Finite Volume-Lattice Boltzmann Method in Simulation of
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ARTICLE INFORMATION ABSTRACT

A Finite Volume-Lattice Boltzmann Method (FVLBM) for simulation of viscous laminar compressible
flows in 2-D structured curvilinear coordinate system has been developed. In the present study,
validation of the presented software and accuracy assessment of four new 2D lattices D2Q9L2,
D2Q13L2, D2Q17L2 and D2Q21L2 based on increasing discrete velocities of lattice has been studied
and the optimum lattice has been introduced. The presented LBM has developed using new method of
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Finite Volume-Lattice Bloltzmann Method circular function idea instead of expansion or correction of Maxwelian function for evaluation of
Lattice Study equilibrium distribution functions. Moreover, in order to capture discontinuities in the flow field, 3rd

Viscous Laminar Compressible Flow

order MUSCL scheme has been implemented for approximation of convective term. The laminar
Curvilinear Grid System

compressible viscous flow over the NACAQ012 airfoil has been simulated in the curvilinear coordinate
system for two angle of attacks, 0 and 10 Deg. The obtained results have been compared with validated
N.S. solutions. Although the results have desirable accuracy in comparison of those of the N.S.
solutions, limitation of the presented method and results assessment obtained by the different lattices
have been investigated.
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7 Circular Function (CF)
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9 Monotone Upstream-Centered Schemes for Conservation Laws (MUSCL)
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2 Meshless methods

3 Grid generation

4 Bergures equation

5 Bhatnagar-Gross-Krook (BGK)
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Fig. 1 Viscous Circular Function schematic.
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* Lagrangian interpolation polynomial
2 Lattice

8 Particle in cell method

4 Vortex method

5 Vortex in cell method
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Table 3 velocities vector of D2Q13L2 lattice.

e; = (0,0) slpa=1

e, = cyc: (£1,0) slpa=2..5

eq = cyc: V2(£1,+1) slpa=6..9

2o =02 ep=(20  ey=0-2)

D2Q17L2 aSis e po sloylo 4 Jgu
Table 4 velocities vector of D2Q17L2 lattice

e; = (0,0) slpa=1
e, =cyc: (+£1,0) slpa=2..5
eq = cyc: V2(£1,£1) slpa=14..17

(4 2) ( 2 4) ( 4 2) 6122 4
€ = |33 €g =|\—33 €o=\{"373 :(_ __)
3’3 3’3 37 3 3773
2 4 42 2 4y C13
87:(_‘_) 39:<__;_) 611:(__’__) =<i _z)
3’3 3'3 37 3 3773

D2Q21L2 aSt e s (slaJ3 45 Jgur
Table 5 velocities vector of D2Q21L2 lattice

e; =(0,0)

eg = cyc: (£1,0)

e, = cyc: V2(+1,+1)
e, =cyc: 2(£1,0)

slpa=1
slpa=2..5
slpa=14..17
slpa=18..21

(4 2) ( 2 4) €10 4 2 2 4
€ = \3'3 e =\"3/3 =(__ __) elz:(_:__)
3’3 3’3 373 3" 3
2 4 42\ fu 4 2
g I v I B
3’3 3’3 373 3" 3

ol y0 ol "laz m ctSls Byme CYC YU Jolo adS 5 a8
WS slodae slp ossl covoar 1 adlgs slp (59 @b Jio Olgacas
sl ) e o 4 D2QR1L2 §D2QIL2

(p1 = nyZ - .X'z - yZ + 1 (22)
91 =1-(5/9)x* - (5/9)y* + (1/D)x* +x?y?
23)
+ (1/4)y*
01 =1—(7/8x* - (7/4)y* + (3/8)x* 24

+ (33/16)x2y> + (3/8)y*

@, =1—(1517/880)x2 — (15157/880)y>
+(643/1408)x* + (317/176)x2y?
+(643/1408)y* — (621/28160)x°

—(621/28160)y° @5)

Cope 4o @ oo ol slaaSid ln s 1 adlse ol mjei 6

i = %(SCZ +20c?u? + 4c?v? + 8u’v? — 8¢?
— 8u® — 8v% + 8)(1 — epy)
py—1
+———W? —ur —v*+1)
= 1%(564 +20c?u® + 20 + 4u* — 16uv?

+ 4v* —20c? — 20c? — 20u?
—20v2 + 16) @n

1 Cyclic permutation
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Fig. 3 Lagrangian interpolation polynomial coefficients
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Table 1 Lagrangian polynomial functions for four new lattices
51,5Y ol abex > &b A
D2Q9L2

P(x,y) = 1,x, y,xz,xy,yz.xzy, ;cyz.xzyzs
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Fig. 11 Mach No. comparison of flow field over NACA0012 in 0
degree angle of attack. (a) Ref. [16], (b) Present solution.
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Fig. 10 Mach No. comparison of flow field over NACA0012 in 10
degree angle of attack. (a) Ref. [16], (b) Present solution
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Fig. 14 Comparison of drag coefficient convergence for flow over
NACAO0012 in 0 degree angle of attack.
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Fig. 12 Pressure coefficient distribution comparison of flow over
NACAO0012 in 0 degree angle of attack for four new lattice solutions.
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Fig. 16 Numerical stability criteria of lattice in CF method
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