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Computational Investigation of the Thermal Performances of Polymer Heat Sinks Passively-Cooled
by Seawater for Thermoelectric Waste Heat Recovery
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Abstract: This study computationally explored the thermal performance of passively-cooled polymer heat sinks utilizing seawater.
Polymer heat sinks are proposed as cooling modules of the cold sides of thermoelectric generators for waste heat recovery. 3-D
Computational Fluid Dynamics (CFD) modelling was conducted for a detailed numerical study. Polyphenylene sulfide (PPS) and
pyrolytic graphite (PG) were selected for the base materials of polymer heat sinks. The computational study evaluated the per-
formance of the PPS and PG heat sinks at various fin numbers and fin thicknesses. Their performances were compared with
those of aluminum (Al) and titanium (Ti) heat sinks. The study results showed that the thermal performance of the PG heat
sink was 3~4 times better than that of the Ti heat sink. This might be due mainly to the better heat spreading of the PG heat
sink than the Ti heat sink. The effect of the number of fins on the performance of the PG heat sink was dissimilar to the
cases of the PPS and Ti heat sinks. This result can be explained by the interrelationships among heat spreading, surface area
enhancement, and fluidic resistance incorporating with an increase in the number of fins.
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Figure 1: (a) Dimensions and boundary conditions of the

computational thermal and fluids model for polymer heat

sinks (b) The meshed structure of a polymer heat sink
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Table 1: Material properties of heat sinks[3]

Kin-plane Koutotplane
o (kg/m’) (W/};n—K) (W/mIiK)
Pymly,uc 1940 370 6.5
graphite
PPS 1700 20 4
Titanium 4510 15 15
Aluminum 2700 200 200
3. 4%
3.1 2F
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Figure 2: Temperature fields of (a)PG, (b)PPS, (c)Ti, (d)Al
at a heat density of 1W/cm® and an incident water velocity
of 0.1m/s
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Figure 3: Thermal resistances of the PG, PPS, Ti, Al heat

sinks with a fin thickness of 1mm as a function of the number

of fins
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Figure 4: Thermal resistances of the PG, PPS, Ti, Al heat

sinks with a fin thickness of 2.5mm as a function of the num-

ber of fins
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Figure 5: Thermal resistances of the PG, PPS, Ti, Al heat
sinks with a fin thickness of Smm as a function of the

number of fins
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