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« Heat sinks are an effective heat dissipation
mechanism known for increasing the performance
and reliability of electronics.

» The geometry can be altered based on its
application. Application can include; lighting and
electronic systems.

« Heat sinks can be separated into 2 categories,
passive and active.

LED Heat Sink



Motivation

Heat sink optimization:
= Fin geometry %
Fin thickness §
Fin length

Fin gap

Material

N
)

Heat sink orientation
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Literature Review == R0k A&%;;a

Yu et al. (2014)

The addition of a shorter middle fin between
the large main fins allows the thermal boundary
layer to develop more quickly, increasing thermal
performance.

Singh and Varshney (2017)

Perforations amplify the heat transfer
coefficient, larger diameter perforations have
?reater effects.

ang et al. (2014)

The cooling performance of a pin—fin radial heat : |
sink with a fin-height profile showed an SRR TS Sl
improvement of more than 45%.
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Design
complex

heat sink

3D print
heat sink

using SLM

Examine
Thermal
Properties
under
natural
convection

Q@

Identify the
effects of
orientation
and number

of fins on
heat transfer
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 Consultation with Amiga engineering has R2Smm— L

led to the final design of the heat sink. 3;m_m ,

R25mm _ Resmm  OhZEMM

» Design optimized based on the findings 2 ® O:/ i

from extensive literature review. o o e
* Innovative design, adjustable number of i

fins to suit the required application. - 2mm '2
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Experimental Setup
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Thermal imaging camera was utilised to observe the
thermal profiles of the heat sink.

A tripod, along with a level were used to measure
and alter the orientation angle of the heat sink.

Overall,
= 10 orientations (0-90 degrees)
= 3 different heat fluxes (0.75 W, 1.5 W, 2 W)

= 3 heat sink (6LF, 8LF, 1OLF)\ '
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6LF Heat Sink S8LF Heat Sink 10LF Heat Sink 6LF Heat Sink 8LF Heat Sink 10LF Heat Sink 6LF Heat Sink 8LF Heat Sink LOLF Heat Sink
| . I . I . | . | | I . I ‘
(a) Ogpg = 0.95 (b) Oqpg = 0.971 (€) Oavg = 0.971 (a) f){wy = 0.936 (¢) HGI)J = 0.95 (@) Oaug = 0.923 (b) Oayg = 0.948 © [)(wy T
30 . I .m( I u I
(d) Oqpg = 0.971 (d) O4pg = 0.957 (£) O4pg = 0.966 (€) Oavg = 0.957 () Oavg = 0.960
60°

(‘0 . I l

(®) favg = 0.971 (h) Bavg = 0.974 (i) Oavg = 0.979

v
60°
s
’

() bavg = 0.969 (8) Oavg = 0.939 (h) Oqpg = 0.952 (i) Oavg = 0.950
90° | ( e |
90°
() e, = 0.961 (k) 6, = 0.978 D6 — 0.981 . ‘
avg avg (D) Oavg (j) Bavg = 0.936 (k) Oapg = 0.961 1) Bgyg = 0.966 (j) Oqvg = 0.919 (K) Oy = 0.963 (1) Bayg = 0.963

0.75 W Input 1.5 W Input 2 W Input
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Experimental Results — Nusselt Number

Y (a) 6LF |
) ﬁ;i\ii\ﬁ\ﬁ\ —
e

- E ? # % - » Nusselt number was calculated based on the average

3 | ] temperature of the base of the heat sink and the temperature
' . . . L of the surroundings.

? _m 075W ' L * 6 LF heat sink had the highest Nusselt number for each heat
—8— 1.5W (b) 8LF input tested. Along with this, it also produced the highest

fluctuations.

 Orientation angle has a limited effect on the Nusselt number
for the ranges tested.
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An experimental study was conducted on natural convection in additive
manufactured radial heat sinks (6LF, 8LF and 10LF) exposed to a range of heat
fluxes (471.57 ,943.14 and 1257.52 ) and orientation angles (0°-90°).

. The 6LF heat sink displayed the highest heat dissipation abilities among the
geometries studied.

. The average temperature for the 8LF and 10LF cases was much higher than
the 6LF case. This was caused by the conduction mechanism dominating the
heat transfer in the higher density cases.

*  The orientation had a minimal effect on the performance of the heat sinks
and the effect was limited by the adaptations made to the fins and the
central pillar of the heat sink to promote upward convective flow.

. The correlation between the Nusselt number and the Rayleigh number has
been obtained for different heat sinks with short fins at various orientation
angles.

. Removing short fins improved heat transfer rate for all heat sinks. The heat
sink with the lowest fin density (. 6LF) showed the smallest improvement.

. Removing short fins and decreasing fin density intensified the effect of heat
sink orientation.
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Experimental Results — Average Temperature
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(a) 6 LF Heat Sink

e e a dimensionless average temperature for each case. This was done
by taking a histogram of the heat sink in the IRSoft software and
comparing the average temperature to the maximum temperature

. I in the form;
T BT BT m me m Be w ws we ws foyps Tav g

(b) 8 LF Heat Sink Havg o T
max

» To draw comparisons between tests, it was necessary to generate
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