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Abstract: This experimental study investigated the effect of tip clearance and bypass flow on the cooling performance of a
straight fin heat sink. Both the horizontal and vertical directions of the bypass flow were studied by using a mass flow
controller and test sections. The thermal resistance of a heat sink was obtained to elucidate the response of the cooling
performance to tip clearance and bypass flow. The thermal resistance of a straight fin heat sink gradually increases with
increasing tip clearance. A flow guide unit was employed to reduce the bypass flow. An optimal distance from the leading
edge of the heat sink to the flow guide unit was found for the fixed volume flow rate. The contribution of the flow guide unit
to the thermal performance of a heat sink increases with increasing volume flow rate.
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Table 1 Experimental variables

d Volume Flow | 10, 15,20 SLM
BO“;Tt,a‘"y Rate (Q)
condition Input heat (q) | 7£0.15W
Width (W) 30 mm
Base plate | Length (L) 32 mm
Thickness (T) | 2 mm
Number (n) 8
Fi Thickness (t) |2 mm
in
Channel (w) 2 mm
Height (h) 8 mm
Height (H) 8,9,10, 11 mm
Duct -
Width (D) 31, 32, 34, 36 mm
Micro manometer Multi
MEC Oscilloscope  meter
Flow Test section '
2
i Power Data 10
MFC supply
controller
Thin film Thermocouple
heater

Fig. 1 Experimental setup
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Fig. 2 Schematic diagram of the geometry. (a) Side view;
(b) Top view of the test section
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Fig. 5 Thermal resistance vs Tip clearance: (a) Q=10; (b)
Q=15; (c) Q=20
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Table 2 CFD results of volume flow rate

d None 4mm
Q CFM |Ratio (%)| CFM | Ratio (%)
Inlet 0.35 100 0.35 100
Clear fluid 0.07 18.3 0.03 9.4
inter fin 0.29 81.7 0.32 90.6
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Fig. 7 Thermal resistance as a function of the distance
and tip clearance
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and bypass
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