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NUMERICAL SIMULATION OF HEAT-TRANSFER IN A TWO-DIMENSIONAL AGITATED

VESSEL BY THE THERMAL IMMERSED BOUNDARY-LATTICE BOLTZMANN METHOD
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The thermal immersed boundary—lattice Boltzmann method is applied to the numerical
simulation of heat transfer in a two-dimensional agitated vessel. An adiabatic thin blade
oscillates translationally while periodically changing its pitching angle in a square vessel
where the bottom wall is heated and the other walls are adiabatic. We consider the
following two cases for the Reynolds numbers Re = 10 and 100: (A) the blade oscillates
near the top of the vessel and induces downward flows; (B) the blade oscillates near the
bottom of the vessel and induces upward flows. We calculate the time variations of the
mean temperature and the mean Nusselt number to compare the efficiencies between the
two cases. In addition, we calculate the work done by the blade. As a result, the mean
temperature in the case (B) increases more rapidly with less work than that in the case

(A) both for Re = 10 and 100. In addition, it is found that for Re = 100 the heat can be
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extensively transfered by the reverse Karman vortices.

Key Words: Lattice Boltzmann method, Immersed boundary method, Heat transfer,

Forced convection, Agitation
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Fig.1 Simulation model for a two-dimensional agitated ves-

sel: (a) computational domain; (b) adiabatic blade.
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Fig.2 Snapshots of the flow and temperature fields for the downward agitations A(0) and A(1.57) and the upward agitations

B(0.57) and B(r) at various nondimensional time t*(= tar/L?) for Re = 10.
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Fig.3 Time variations of the mean temperature in the ves- Fig.4 Time variations of the mean Nusselt number of the
sel for Re =10 (t* = tar/L?). bottom wall of the vessel for Re = 10. The upper and lower

horizontal axes indicate the number of oscillations n and the

i L nondimensional time t*(= tar/L?), respectively.
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Fig.5 Dimensionless work Cyw done by the blade until the
mean temperature in the vessel reaches (T') = 0.9 for Re =
10.
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Fig.6 Snapshots of the flow and temperature fields for the downward agitations A(0) and A(1.57) and the upward agitations

B(0.57) and B(r) at various nondimensional time ¢*(= tar/L?) for Re = 100.

Fig.7 Time variations of the mean temperature in the ves-
sel for Re = 100 (t* = tar/L?).
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Fig.8 Time variations of the mean Nusselt number of the
bottom wall of the vessel for Re = 100. The upper and lower
horizontal axes indicate the number of oscillations n and the

nondimensional time t*(= tar/L?), respectively.
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Fig.9 Dimensionless work Cyw done by the blade until the
mean temperature in the vessel reaches (T') = 0.9 for Re =
100.
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