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ARTICLE INFORMATION ABSTRACT

In this article, the ghost fluid-lattice Boltzmann method, used to simulate the curved boundaries is
combined with an extrapolation based refilling method to cope with the moving curved boundaries,
where in each iteration some of the solid nodes step into the fluid domain. The refilling method is used
to approximate the unknown density and internal energy distribution functions of such solid nodes. To
examine the accuracy of the presented method, several case studies are considered. From those case
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Tﬁ{m; Isattice Boltzmann method studies, natural convection problem between two concentric and eccentric cylinders as well as heat
Ghost fluid transfer from a cylinder in a cross flow are considered to validate the ghost-fluid lattice Boltzmann

Dirichlet and Neumann boundary conditions

method used to simulate the hydrodynamic and thermal conditions at the curved boundaries. To test the
Bilinear interpolation

accuracy of the employed refilling method, sedimentation of a single isothermal cold particle in a
vertical channel is investigated. The results show that the presented ghost fluid-lattice Boltzmann
method with refilling is capable of simulating the moving thermal curved boundaries with excellent
accuracy.
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Fig. 4 Comparison of the temperature distribution on the inner cylinder

surface with constant heat flux at Ra = 5700 and Ra=50000

slael jo cdl Hls (g0 byd b (B dilgin] mhaw (55, Lo a9 duglio 4 JS&
5x10* 45.7x10° LI,

a8 518 g3gee Sl 53 S e oo 18 Dpge 4 Sl 0 sk b
S o 00l Giales 8 b A5 jailew Cu3S e 5l 25 alold

5 (Ra) L, slael 3l axs e dlas cpl )3 6ol am oyes slaog 5
£=(8/1) S, 3l gy S (ro/7) lgless cows (Pr) Julp
Sy se hyyei 8 sy ales 3 (L) aasuine Jsb . Jily (L) sloel
Jaides 5 ol Lo g5 ald shls S jaikes 50 dlae opl o
slael gl b giluwans cpl o cwl colb [l (g5 bl glyls g0
el sl 4 a5 Jlb e cul sad abxil 10° 510%.10% L,
(& =—0.625 g Pr = 0.7.7,/1; = 2.6) s

olas diliee sla bl sl 1) A3l jailen 59, Lo aue 5SS
Ohler 5 o) 15 5l Jolo @l e amlie sl JS& 0ol 0 000 o
ol 51 e jehailen ol o a3lal 15 [32] ), Ken g 98 puizeen g [30]
@ eeS 5 S BT bgileand 5l ol mls ol patie S8
3yl cisllas ol Sen g oy, Lawgs oo 4yl ulis b g5
algil 59, 33T 3 2 -2-4
s oLy -1-2-4
Slophs ok S 59, (Selindgyap 5 (Sil> Ol it onl 5o
Loy byl a5 cud Seodls allss SO allie cpl ol onds g 5laad

1
Present study
0.8} Ren et al.
Ho et al.
o~ -
= i
:i sl Q’a. ?
~ T
R B A'JD’.
e s
I 04} ,@'UE
& : @
oy = & 4O
-~ ,—Lfo-v-@- e VPRSP W S ’(?é"&
0.2 -0 Bro-G-e SR I NN~ -_ 54
b Q0. Do o~ “6'n®—~egve--c§3-0'-ﬁc'<@g@
0 | | ! | | |
0 30 60 90 120 150 180

O (degree)
Fig. 5 Comparison of the temperature distribution on the inner cylinder
surface with constant heat flux for Ra = 103, 10%,10°, 10°

by olael jo cal jls (65,0 Lo b s allginl mlaw (55, Lo alin 5 &
Ra = 103,10%,10°,10°

268



Oed 9 (Sunosd (5 pilbo (yauzo

ol JUESH L S pxie Siie ) ) (S)w daud Sl S3ze SHlb Ghoo b (pe iy aSiud —Z9) Juws yhy) S S

Sl Les (5550 boya b jaikes (555 2 Oz Gl bawgie Lol anylie 2 Jga
Table 2 Comparison of average Nusselt number for flow around a
cylinder with isotherm boundary conditions
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Table 3 Comparison of average Nusselt number for flow around a
cylinder with isoflux boundary conditions
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Fig. 8 Comparision of isotherms for flow around stationary cylinder at

Re =40 and Pr = 0.7. (a) constant temperature and (b) constant heat

flux boundary condition on the cylinder surface. Dashed line: present

study, Solid line: Ref. [26]
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Table 1 Comparison of drag coefficient and recirculation region for
flow around a cylinder
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Fig. 7 Comparison of streamlines at (a) Re = 20 and (b) Re = 40
for flow around a cylinder. Left: Present Study. Right: Hu et al. [26]
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