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Abstract @ IMO (International Maritime Organization) in the UN (United Nations) set up that aim at reducing CO; emission from ship by up to 30
percent until 2030. The final purpose of this study is the development of marine thermoelectric generation system using waste heat from vessel of internal
combustion engines. Before the development of marine thermoelectric generation system, this paper carried out the fundamental heat analysis of marine
thermoelectric generation system. It was able to obtain the valuable results about the efficiency improvement of the thermoelectric generation system. The
results is as follows : 1) It was confirmed that the efficiency of thermoelectric generation system improves to 8.917 % with increasing the temperature
difference of peltier module by reducing the temperature difference between peltier module and heat source at the hot side. 2) System efficiency according
to change in the external load resistance was confirmed that the change width of about 6 % which does not significantly occur. 3) System efficiency in
the case stainless steel at the same condition is 8.707 %. System efficiency could be confirmed that the stainless steel is higher than duralumin (8.605 %),
copper (8.607 %).
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Table 1. The specifications of peltier element

Country of Manufacture China Japan
Maker Chiefly Choice Electronics kyocera
Model No. TES1-12705 40 x40 Module

Table 2. The peltier element properties

Item Unit China Japan
Length [mm] 30 40
Width [mm] 30 40
Area, S [mm’] 900 1600
Thickness [mm] 3 23
Temp. at the hot side, 7j, [°C] 80 20
Temp difference, AT} [°C] 76 67
Temp. at the cold side, T, [°C] 4 -47
Aver. Temp., (Ti+T)/2 [°C] 42 -13.5
Seebeck coefficient, a [VKK]  5.166E-03  4.836E-03
Internal resistance, R; [] 3.200E+00  1.900E+00
Internal resistance rate, p; [S2m] 9.600E-01 1.322E+00
Internal heat conductance, K [WK] 4214E-03  4.908E-03
Internal thermal conductivity, A: [W/mK] 1405E-02  7.055E-03
Thermoelectric figure of merit, Z [1/K] 1.979E-03 2.508E-03
Non-dimensional thermo- [[]  6237E-01  6.512E-01

electric figure of merit, ZT'
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Fig. 1. Schematic diagram of peltier element.
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Table 3. Thermal conductivity of peltier module

Item Unit  China Japan
Quality of peltier  [-] Bi-Te Bi-Te
Main body  Thickness, [mm] L5 2
of peltier
Thermal
conductivity, Ay [W/mK] 7.026E-03  6.135E-03
Quality of . Alumina
insulator L ceramics copper
Insulator of ™y iy oo £ [mm] 075 0.15
peltier
Thermal =y k1 2.000E+01  4.030E+02
conductivity, A,
Thermal conductivity of peltier [WimK] 140SE-02  7.055E-03

module, A;
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Fig. 2. Thermal conductivity of peltier module.
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Table 4. Quality & Thermal conductivity of plumbing

Quality of plumbing Thermal conductivity

[-] [W/mK]
Copper 403.0
Aluminum 236.0
Duralumin 164.0
Sliver 50.0
Stainless 15.0
Alumina-ceramics 20.0

0.01

- Copper % Aluminum

T TTTTT

—4—  Duralumin = Sliver

0.001 -o-  Stainless -~ Alumina-ceramics

T

0.0001

Tt

0.00001

Thermal resistance [mQKIW]

0.000001

IR | L TR N B S | L

0.0000001 a 2
0.1 1 10 30
Thickness of plumbing [mm]

Fig. 3. Thermal resistance with variation of thickness.
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Fig. 4. Overall heat transfer coefficient in the gas heat source.
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Fig. 5. Overall heat transfer coefficient in the water heat source.
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