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Flucidation of Heat Transfer Phenomena in a Thermoelectric
Generator of Super—Capacity waste Heat from Ship
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ABSTRACT

As environmental regulations on exhaust gas are being enforced around the world, and marine transportation is gradually
being strengthened. It is believed that various methods will be attempted to the emission regulations. The thermoelectric power
generation system can convert thermal energy into electrical energy. It can be applied without limiting the functions of the
equipment and parts in the existing ship and has the advantage of not incurring large maintenance costs, which have spread
to ship applications. In order to optimize the design of the thermoelectric power generation system, the heat transfer
phenomenon due to the internal position was analyzed through CFD, and cross-validation was carried out through comparison
with actual experimental values. Before conducting CFD of the thermoelectric power generation system, By setting the porous
domain for the fin was applied to TEM to derive accurate results while reducing the calculation load. Comparing the fin that
was applied to TEM and porous domain CFD results confirmed that the fin and porous domain CFD results have a great
agreement with a maximum error of less than 0.5%. After that, performed a CFD of the entire thermoelectric power generation
system, analyzed the heat transfer phenomena in a thermoelectric generator, and based on the results, conducted a comparison
verification with the experimental results. The result of the comparison indicates the maximum error in the cooling jacket and
power generation. This is analyzed in the experimental and CFD adiabatic efficiency difference, the heat loss difference at
different locations in the actual experiment. In this study establishes an analysis methodology through comparative verification
of experiments and CFD, It is expected that can optimize the design of thermoelectric power generation systems through the

established methodology.
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Fig. 2 Schematic of Fin Structure

Table 1 Boundary condition

Parameter Value
Air Inlet 208.64C, 13.17m/s
Water Inlet 19.92°C, 0.33m/s
Turbulence Model k-¢
TEM Conductor Conductivity 1.1W/mk
FIN Material Copper
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Table 2 Boundary Conditions for Single TEM

parameter Value
Air Inlet 237.15C, 10~20m/s
Water Inlet 20.15C, 0.5m/s
Turbulence Model SST
TEM Conductor Conductivity 1.1 W/mk
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P2 = Outlet Pressure

dx = Distance

= Inlet Velocity
P1 =Inlet Pressure

Fig. 3 Analysis for Porous Domain Input Parameter
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Table 3 Boundary Conditions for Porous Domain

parameter Value
Normalized Velocity [-]
Air Inlet 241C, 15m/s
B 0.000 1.408 2.815
Water Inlet 18.5C, 5.25m/s
TEM Conductor Conductivity 1.1 W/mk Fig. 5 3D—Streamline distribution of thermoelectric
generator
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Fig. 6 Velocity distribution of thermoelectric generator
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Table 4 Summary of CFD and Experimental Validation

Parameter Experiment CFD Error

Air Inlet Temp 208.64 C 208.64 C 0.00 %
Air Outlet Temp 161.64 C 177.81 C | 10.00 %
Air Differential Temp 47°C 3083 C | 344%
Air Average Temp 185.14C 193.23°C | 437%
Water Inlet Temp 19.92°C 1992°C | 0.00%
Water Outlet Temp 2530 °C 23.14°C | 853%
Water Differential Temp 538 °C 322°C 40.1 %
Cooling Jacket 4420°C 3694 C | 1642%
Power generation 159.41' W 188.88 W | 18.49 %
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