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Abstract Heat flow characteristics in the newly developed Wave Heat Sink were analyzed under natural and
forced convections by Icepak program using the finite volume method. Temperature distribution and thermal
resistance of Wave Heat Sink with/without air vent hole on the top of fin were compared with those of a
commercial Al extruded heat sink(Intel Heat Sink). Under the natural convection, the maximum temperature
was 45.1°C in the air vent hole typed Wave Heat Sink, which was superior to that of Intel Heat Sink. The
thermal resistance was 2.51°C/W in the air vent hole typed Wave Heat Sink, and it changed to 2.65°C/W and
2.16°C/W with changes of gravity direction and fin height, respectively. Under the forced convection, the
maximum temperature became lower than that under the natural convection. In addition, the thermal
resistance lowered in the air vent hole typed Wave Heat Sink with higher fin height and it decreased with

increasing the air flux.

Key words wave heat sink, natural / forced convection, heat flow, thermal resistance.
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Fig. 1. Joint structure of fin and base in the newly developed Wave Heat Sink

Fig. 2. Schematic diagram of heat sinks ;

Table 1. Dimensions of heat sinks

(a) Intel heat sink, (b) Wave Heat Sink and (c) Wave Heat Sink with air vent

Inte] Heat Sink

Wave Heat Sink ‘Wave Heat Sinkwith air vent

Number of fin (ea.) 23 12 12

Fin thickness (mm) 0.8 05 0.5

Fin height (mm) 36 18 18

Fin pitch (mm) 2 1.8 1.8

Vent length (mm) 10

Heat sink sizewidthXlengthX height (mm®) 68X90X62.4 68X90X28.4 68X90X28.4
. base - Al 6063 base - Al 6063

Materials Al 6063 fin - Al 1050 fin - Al 1050
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Table 2. Boundary conditions employed in the study.
Natural Forced

convection convection

Heat source 10W 100W

Flow regime Laminar (ze;l;:lr:clljlll?t]iton)

Ambient temperature 20°C

Number of iterations 100

Mesh type Hexa unstructured

Mesh parameters Normal

Convergence criteria Flow: 1.0¢™, Energy: 1.0e”
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Fig. 3. Variation of heat flow in natural convection ; (a), (b), (¢) temperature contours, (d), (e), (f) air flow raté.
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Intel Heat Sink

Wave Heat Sink

Wave Heat Sink with air vent
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72.1C
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3.425m/s

Fig. 4. Variation of heat flow in forced convection ;

ol migbH el H2k7}t 533°C, dlolH SEAAE W
E7 Qe Fx27F 77.1°C, HEZ = 27 72.1°CH
o z}zto]l A ZES Table 3904 AHE zHzt 0.333
°C/W, 0.571°C/W, 0.521°C/WSith. Hd 371 &

= 747y 314 mis, 340 m/s, 3.425 misE <lE 615*012
AN 71 =gA JeRgA, HA ) /% 58

ojlH JEHAXT} HWtHoZ HH}EHI JEZ wjZErh
AdFebes g8 9l & o]
S|EQART v 73 °1f ﬂoli 6‘15*01
ZH A2 MolM Eojee W 3719 5F
st vE) Y s|EA = | FA2 W F717t
ol AT Ads s27] widl Jok Azd

Fig. 5. Temperature contours of the bottom of base in heat
sinks ; (a) intel heat sink, (b) wave heat sink and (c) wave heat
sink with air vent

(a), (b), (c) temperature contours, (d), (e), (f) air flow rate.
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Fig. 6. Variation of heat flow and thermal resistance value with gravity direction , fan location and fin height in Wave Heat Sink

with air vent ;
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Fig. 7. Thermal resistance change with air flux in the air vent
hole typed wave heat sink under the forced convection.

(a) natural convection and (b) forced convection.
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