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A Numerical Analysis of Convective Heat Transfer in Air Flow
Channels of a Plate Fin-tube Matrix for Heat Pipe Heat Sinks

Sung-Hoon Kim* - Hyun-Myung Shint - Chul-Ju Kim#

Abstract : A study on convective cooling characteristics has been done in the channels
with heat pipes and associated plane fins. Analysis with FLUENT V5.0 lies its purpose
on the possible enhancement of heat transfer capability between an existing three
in-line arrayed heatpipes and an extending four in-line arrayed heatpipes with
increasing channel width. Numerical analysis is limited to the laminar flow in an
isolated flow channel by employing cyclic boundary conditions for calculation purposes.
Friction factors for three and four in-line arrayed heatpipes are compared with
experimental results. In addition, temperature behavior at the plate fin for the three
in-line arrayed heatpipes is compared with experiment. Friction factors and overall
channel heat transfer coefficients (and/or Nusselt numbers) are presented as a function
of Reynolds number. An increase of number of heatpipes and channel width reults in a
decrease of the friction factor and doesn’t not result in an increase of heat transfer
performance. However, considering the 25% increase of heat load accompanies with
maximum 8 T rise of average temperature of heat pipes, the four in-line array with the
increase of channel width of heat pipe heat sink can be considered appropriate.
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- (a) Three Inline

(b) Four Inline
Fig. 1 Schematics of fin heatpipe heat sink
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Table 1 Design parameters of three and four
in-line heatpipe heat sinks
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(a) Three Pipes
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(b) Four Pipes
Fig. 2 A plan view of array of plane fin and

tube
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Fig. 3 A side view of plane fin and tube at
heatpipe heat sink and associate thermal
boundary conditions
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Fig. 6 A comparison of pressure drop between
experimental and numerical results
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Fig. 9 A comparison of temperature distribution
at plane fins between experiments and analysis.”

(b) four pipes

Fig. 8 A typical temperature distributions
(V=3 m/s, Heat Flux=7200 W/m’)
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Fig. 11 Distributions of channel heat transfer
coefficients and Nusselt number in terms of
Reynolds number
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