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Abstract : This study investigates prediction of natural convection around hollow hybrid fin (HHF) arrays.
The HHF array is the staggered array of the HHFs, the hollow pin fins integrated with radially-oriented
plate fins. The CFD models of the HHF arrays were generated and experimentally validated by comparing
the thermal resistance values of HHF arrays by CFD analysis with those of the measurement. 48 CFD
cases were simulated, and the results were used to develop Nu correlations of the HHF array. The
correlations include Ra and structure parameters such as outer fin diameter, inner fin diameter, fin spacing,
and fin height. The results show that the correlation-predicted Nu values were well matched with
CFD-calculated Nu values. It was found that the average discrepancy values of the correlation prediction
for the CFD calculation were 3.5% for Ra <9000, 8% for 9000<Ra<60000, and 2.8% for
60000<Ra<292000.
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Fig. 2 The CFD model and boundary conditions of
the HHF array
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Fig. 3 The schematic of the test rig setup
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Table 1 Description of equipment and components

for the experiment

Equipment and components

DC power supply Agilent 6655A

Thermocouple Omega T-type
Data logger Agilent 34970A
Data acquisition PC DAQ PC

IR Camera FLIR T440
Polyimide film heater | 75 x 75 mm

Insulation layers

Polytetrafluoro

ethylene (PTFE) 100 > 100 x 10 mm
Glass wool 100 x 100 x 10 mm
Polyethylene 100 x 100 x 100 mm

Terephthalate (PET)
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Table 2 Uncertainty of the experiment

Heat T Deviati| Bias Total Uncerta
Lo b uncertat| .
Dissipation ©C) on error nty inty
W) @0) | E0) | Ly | )

10.0 53.69 | 0.50 | 0.61 1.11 2.07

14.4 64.24| 022 | 0.63 0.85 1.32

20.7 76.90| 0.19 | 0.65 | 0.85 1.10

25.5 85.86| 0.20 | 0.67 | 0.87 1.01

30.0 93.45| 033 | 0.69 1.02 1.09
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Fig. 4 Numerically-evaluated thermal resistance values
as a function of experimentally-determined

thermal resistance values of the HHF array
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Table 3 Constants of Nusselt number correlations
for the HHF array

Low Mid High
Region (<9000) (9000 (60000
-60000) -292000)
C 0.000658 0.00169 0.00180
C, 0.258 0.231 0.105
Cs 0.430 0.156 0.223
Cy 1.490 1.601 1.491
Cs 0.855 1.877 1.332
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Fig. 6 Correlation-evaluated NuFA as a function of
numerically-determined NuFA
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