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Seamless Virtual Boundary Method for Incompressible Flow Simulation
with Heat Transfer
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*3 Division of Mechanical and System Engineering, Kyoto Institute of Technology,
Matsugasaki, Sakyo-ku, Kyoto-shi, Kyoto, 606-8585 Japan

In this paper, the seamless virtual boundary method is applied to the incompressible flow analysis
with heat transfer. In the seamless virtual boundary method, the forcing term is added not only on
the grid points near the boundary but also on the grid points inside the boundary, in order to satisfy
the velocity conditions on the virtual boundary points. Then, the smooth physical quantities can be
obtained. For the heat transfer, the forcing term satisfied the temperature condition has to be added
to the energy equation. First, we validate the present approach for the natural convection in square
cavity. The results show that the present solutions are in good agreement with reference solution.
Next, we try to apply the present approach to the flow around a heated circular cylinder. Then it is
_concluded that the present seamless virtual boundary method is applicable to the incompressible flow

analysis with heat transfer successfully.
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Fig. 1 Direct forcing estimation.
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(a) Usual direct forcing. (b) Seamlesé'forcing.

Fig. 2 Grid points added forcing term.
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(a) Usual direct forcing. (b) Seamless forcing.

Fig. 3 Comparison of pressure field.
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Fig. 4 Natural convection in square cavity.
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Fig. 5 Isothermal virtual boundary.
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(a) Pressure. (b) Temperature.

~ Fig. 6 Usual pressure and temperature fields (Ra =
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(b) Temperature.

Fig. 7 Isothermal seamless virtual boundary solution.
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Fig. 8 Adiabatic virtual boundary.
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Fig. 9 Adiabatic seamless virtual boundary solution.
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Table 1 Comparison of averaged Nusselt number.

[ Mot | Wi
Usual 2.251 | 2.288
Isotermal 2.247 | 2.298
Adiabatic 2.228 | 2.330

de Vahl Davis? || 2.243 | 2.238
le Quere et al.!® |l 2245 | 2.245
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(a) Temperature contours.
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(b) Close-up view.
Fig. 11 Snap shot of temperature field (Re = 200).
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