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Numerical Analysis on the Enhancement of Heat Transfer
of Heated Obstacles Using the Periodic Vortices Generated
by a Vertical Flat Plate
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abstract

A concept is proposed to enhance the heat transfer of heated obstacles located in a channel. Air
flows steadily in the channel. A vertical flat plate is fixed in the upper stream of the obstacles and
serves as a vortex generator. Vortices generated periodically from the edge of the plate hit the surfaces
of the obstacles, destroy thermal boundary layers and remove heated air around the obstacles. The
effects of Reynolds number of the air flow, the height of the plate and the interval between the
plate and the heated obstacles are investigated by the numerical analysis. The air is treated as
an incompressible Newtonian fluid, and the flow is assumed to be laminar. The governing field
equations, which are the equation of continuity, the momentum equations and the energy equation,
are discretized in space by the finite element method. The semidiscrete equations thus obtained are
integrated in time by a fractional-step method. Through numerical experiments, it has been found
that the use of the vortex generator yields the heat transfer effect about 1.6 times as higher as the
effect in the case of no vortex generator, and that there exists an optimum distance corresponding
to the highest effect of heat transfer between the vortex generator and the heated obstacle.
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Fig. 1 Two-dimensional vortex generators with various shapes of cross-sections
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Fig. 2 Comparison of computed average Nusselt number for various shapes of vortex generators
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(b) Size of the computational region

Fig. 3 A computational model
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Fig. 9 Patterns of thermal boundary layer for different values of Reynolds number (H = 0.5, D = 2.0)
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Fig. 10 Flow patterns for different size of the interval between a plate and heated obstacles (Re = 104, H = 0.5)
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Fig. 11 Variation of average Nusselt number with the height of plate (Re = 10%)
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Fig. 12 Temperature and flow patterns for different size of the plate height (left: temperature, right: velocity vector)
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