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Abstract An Immersed boundary-simplified thermal lattice Boltzmann method(IB-STLBM) for fluid-structure inter-
action problem with heat transfer is developed in this work. In the IB-STLBM,fBattve simplified thermal lattice
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Boltzmann method without the evolution of distribution is used for the intermediate flow fiefi&r&it from the stander
thermal lattice Boltzmann method, STLBM directly updates the macroscopic variables instead of the distribution func-
tions, which dfers several distinct benefitiower cost in virtual memories, simpler implementation of physical boundary
condition and higher numerical stability. In addition, from the mesoscopic view, the existence of solid boundary in the
field is considered as an interference of system, which breaks the original equilibrium state of fluid particle, and a non-
equilibrium state occurs on the fluid-structure interaction physics boundary. On this basis, in the present IB-STLBM,
fluid-structural interaction duo to Immersed boundary appearance in the fluid can be expressed by the non-equilibriurr
distribution function, which is calculated by the popular non-equilibrium bounce-back boundary condition of the LBM.
Hence, the solution procedure of present IB-STLBM can satisfy the non-slip boundary by a simpler way. Numerical
experiments for the forced convection over a stationary heated circular cylinder and natural convection in a square cavity
with a circle particle are presented to verify the stability, the capability and the flexibility of IB-STLBM for fluid-structure
interaction problem with heat transfer. In the case of a stationary heated circular cylinder, quantitative and qualitative
comparisons are carried out with previous study. The results of the dréiicmod and the avenge Nusselt numbers on

the cylinder are in accordance with the results of previous study. From the case of natural convection in a square cavit
with a circle particle, some interesting phenomena can be found. First, the temperature field is clearly stirred by the sus
pended particle. Second, the temporal trajectories of the particle exhibited regular changes. Third, the particle enhance
heat transfer and the average Nusselt numbers periodically oscillate with time.
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Table 1 The boundary condition of forced convection over a
stationary heated circular cylinder

Boundary Boundary condition
u=Uv=0T=0

Au/ox = 0,0v/dx = 0,0T/dx =0

inflow boundary
outflow boundary

up boundary ou/dy =0,v=0,0T/dy=0
down boundary ou/oy =0,v=0,0T/dy=0
cylindrical T = To,—kdT/on = Qp
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2Fg  — 1
Cq = pu_zdd’ Nu= ﬁfK(TQ—bTO)dS (30)
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Table 2 Comparisons @4 andNu at different mesh sizes

Mesh 600x 400 900x 600 1200x 800
Cq 2.243 2.186 2.175
Nu 2.657 2.714 2.727

% 3 Re=40 R 7 R & Cy FAEIFRAKE Ly RIXTEE
Table 3 Comparisons @, andL,, atRe=40

Reynold number Refs. Cyq Lw

present 2.186 1.021

Re=20 Chen et al28! 2.225 0.992
Hu et all37] 2.213 1.016
Dennis et all38! 2.049 0.940
present 1.658 2.488

Re=40 Chen et al?®] 1663 2468
Hu et al.[37] 1.660 2.410
Dennis et all38! 1.522 2.345
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Table 4 Comparisons ddu at different Reynolds number

Refs. Re=20 Re=40
present 2.714 3.618
Chen et al?8! 2.729 3.667
Ahmad et af39 2.622 3.472
Ren et al3®] 2.741 3.741
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Fig.4 Streamline for the flow over a circularRé= 20 andRe= 40
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