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ABSTRACT

The global community is intensifying efforts to regulate greenhouse gas emissions, including in the maritime transport sector,
to combat global warming. The International Maritime Organization (IMO) has mandated a 50% reduction in global ship
greenhouse gas emissions by 2050, based on 2008 levels. In line with these regulations, waste heat-to-electricity conversion
systems have emerged as a promising technology to minimize the environmental impact of vessels. To enhance the performance
of waste heat-to-electricity conversion systems, extensive research is being conducted. This study focuses on numerical analysis
and optimization techniques to investigate the heat transfer characteristics based on variations in Fin shape and arrangement
within the system. Through numerical simulations, the heat exchange performance of Fins with different thicknesses and spacing
is compared and analyzed. The results demonstrate that thinner Fins exhibit superior heat transfer performance compared to
thicker ones. Furthermore, it is observed that reducing the spacing between Fins leads to increased heat exchange and,
consequently, higher electricity generation. In this study, optimizing the Fin shape and arrangement within the waste
heat-to-electricity conversion system is proposed as a means to maximize its performance. By leveraging numerical analysis and
optimization techniques, it is anticipated that the efficiency and effectiveness of the waste heat-to-electricity conversion system

can be significantly improved, thereby supporting the maritime industry in achieving its environmental goals.
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Fig. 2 Schematic of Fin parameter

Table 1 Fin parameters of CFD analysis cases

Case Fin Thickness [mm] Fin Pitch [mm]
Case 01 1
Case 02 0.15 2
Case 03 3
Case 04 1
Case 05 0.3 2
Case 06 3
Case 07 1
Case 08 045 2
Case 09 3
Case 10 1
Case 11 0.6 2
Case 12 3
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Table 2 Boundary condition

Parameter Value
Air Inlet 255.85 °C / 10 m/s
Water Inlet 36 °C / 0.5 m/s
Turbulence Model SST
Y+ <5
Fin Material cooper
TEM Conductor Conductivity 1.1 W/mK
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Table 3 Temperature difference by Fin shape variable

Case Hot Side [T ] | Cold Side [TC ] dT [C ]
Case 01 131.356 41.214 90.142 @ Case 02 - ) Case 05
Case 02 119.712 40.619 79.093
Case 03 108.880 40.031 68.849
Case 04 123.937 40.811 83.126
Case 05 119.820 40.625 79.195
Case 06 109.730 40.082 69.648
Case 07 111.571 40.107 71.464 it 1
Case 08 119.048 40.578 78.470 9 Cose 08 @Gt
Case 09 110.200 40.109 70.091 Fig. 6 TEM Hot Side Temperature at 2mm Fin thickness
Case 10 103.218 39.672 63.546
Case 11 117.726 40.499 77.226
Case 12 110.409 40.120 70.289 .. .. Temperature [C ]

170
(a) Case 03 (b) Case 06

thick 06 3 pitch (<) Case 09 (d) Case 12

Fig. 4 Temperature difference by Fin shape variable Fig. 7 TEM Hot Side Temperature at 3mm Fin thickness
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Table 5 TEG Power by fin shape variable

Case dP [ Pa] Case Power [ W ]
Case 01 31.918 Case 01 21.249
Case 02 16.068 Case 02 16.043
Case 03 11.205 Case 03 11.925
Case 04 34.840 Case 04 17.849
Case 05 18.853 Case 05 16.087
Case 06 12.764 Case 06 12.223
Case 07 45.386 Case 07 12.913
Case 08 22.157 Case 08 15.773
Case 09 14.628 Case 09 12.389
Case 10 52.676 Case 10 10.053
Case 11 25.735 Case 11 15.243
Case 12 16.680 Case 12 12.464

dp

thick os 3 pitch

Fig. 8 Pressure difference by Fin shape variable
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Fig. 9 TEG Power by Fin shape variable

S=ERHIIHEE

=28 M27A, WS, 2024



CFD & TEG ®

iz 7+40] 1 mmETt 2 mmY 4 ¢ =&
o}, BbdERE g Atsto] igh gk v|askglS o Case
02, Case 05, Case 08, Case 112 I vjX] 7+Z0] 2 mm=Z
A Aol 2ol thafA S3 o] WAL oF 15 W~17T W
5 Holew oY AolE 1H T o agzel WHo] ks
Ao wgEr)

Tge 2

2 e

ol oJsfiA QA A V\E“ Wol A= W A, A
594, 9 el 2 9] 50l At ol o)
o AASANA 47 T Fig, 100] EAIT AAY A o
A ALY R S-S aew me) Ael ool
A AR =R, FAREE Fig, 113} Fig, 129] EA|
sioick, 2 Foleh 2 7h2lo] U F9lolxe] 2R e v]
X = o3k B A5} Case 01, Case 04, Case 07, Case
101} Case 02, Case 05, Case 08, Case 113} Case 03,
Case 06, Case 09, Case 125 H|w3dl| HH A 2 A|A
g WiollA Aol ol FA19] 35o] Wi, o= <lsf
H FAZ FAYRASE A7 34 FAEE AeE UE
ok ol 9 FAZE 9] RuE 7194 £5Y EF ¥
si7F Hol ebf IS SAA= adE 77 dlel
s 4= qlek wvH, A Ao St wheh | ol A
9] offF o] sl ﬁa Bk, ol= 9 1HAo] {2
HollA FAI) f-5o] H&sf] Fadhz Aoz Bt g
2 WY f5 352 LH—'?L 2ok JaFe vA|=,
Fig, 113 Fig. 1201152 8 4 Sk 248 971 ol
o= dodollxs o oF 255 CR Y%t 2% E2E5 1o
L oe MA, 95t A e delolAs Ao
2932 2wl o150 CE Hort,

Fig. 10 Temperature Contour and Streamline

Measurement Position

S=FADASE =28 M27d, W15, 2024

ool e ZAS

® Case 06 (I) Case 12

Temperature [ °C ]

EE—
140 198 255

Fig. 11 Temperature Contour and Streamline at the Center
of the Front Fin of the Thermoelectric Power Module

() Case 12
Temperature [ °C ]

N
140 198 255

Fig. 12 Temperature Contour and Streamline at the Center
of the Rear Fin of the Thermoelectric Power Module

60 1.2

50 —\ 1
/ \ \
/
T 40 \\ o8
8 / \ g
g 30 / \ / \ 06 gn
1. :
£ \ 04
10 0.2
o 0
Case
Fig. 13 Comparison of pressure drop and power
generation results by case
67



Mz - 24
4. 24 %

2 AFolM e 3 B A" Yof] ARgE= Ho] F4
of Mg g S0l dish ardstr] s B A W

ok wi] 2H2 o] whef 12 Alo] 2ol tiste] HAkRAsHA
& x_]—ag—s}ggguq, £ A Avks aokstd thet gt
D) 94 g wE 14% il Tﬂﬂﬁ} u}m 7&?—%011 s <]

3) A FAZF S7retel wet 24
3P7P 7kt As i—uﬁkﬂi, 3 i3]
2ol webA= o stk }
4) J4 AL} wj x|z o] A
oA+= 0.45 mm ©]5}9] 5771
Foll F3F= vlHARE 0
A 7rA o) Wk %‘ F& mlA =
5) @ Az o] ammd ) £ oA
W Atole] WS Hojglon, grel z}—a% wefs
] 5829l o] /53 Aoz moHLt,
6) A FAZF F7IRtel weh A oA o 2 Rt §
AR, TA7F dASI W vjR] 7HHo] =713t
e} 3 Frtolla] ofF Aol sk A Bl
2 ArollA B T AJ2" YR ﬂ;ﬂ%
I ujR|ZEA o] G P AJAF HH ol

E
S

o] =& 2023 FRAIG AR o AHew g
o] 7]E 7] A (No. 2021202080023B, 414 H <
Ay A I A" i 9 ST SRR 7]
S 7P AL [RS—2023-00254491] 7 2023 A% AR (AR EA}
AR O] Aoz A7 NS U AUES ot 4
Yl A7 (P0020612, 20231 AHA S AIRIAN AR LAI)

H Ats LGolkeH o] XS A rtol At
TA YU

68

o
ogk
lo
ox
=
fol

References
() DNV-GL. 2019. Maritime Forecast to 2050(Energy
transition outlook 2019). pp. 24.
E. A., Lindstad, E. Rialland, A. I, &
Strgmman, A. H., 2017. “State—of-the-art technologies,
measures, and potential for reducing GHG emissions from

2

Bouman,

shipping-A review.” Transportation Research Part D:
Transport and Environment, Vol. 52, pp. 408-421.

T. Endo, S. Kawajiri, Y. Kojima, K. Takahashi, T. Baba,
S. Tbaraki, T. Takahashi, M. Shinohara, 2007, “Study on
Maximizing Exergy in Automotive Engines”, SAE
Transactions, Vol. 116, No. 3: JOURNAL OF ENGINES,
pp. 347-356.

Andreasen, J. G., Meroni, A, & Haglind, F. 2017. “A

comparison of organic and steam Rankine cycle power

©)

@)

systems for waste heat recovery on large ships.”
Vol. 10, No. 4, pp. 547.

Kanimba, E., & Tian, Z. 2016.
thermoelectric

Energies,
©) “Modeling of a

generator  device.”, Thermoelectrics ~ for
Power Generation-A Look at Trends in the Technology,
Intech open sciencel open minds, pp. 461-479.

Kyuhyenn Ryu, Kusung Kim, Yonnghum Lee, Seokho
Kang, Gibeom Park, 2013, “An Investigation on Flow and
Structural Characteristics of Heat Exchanger in Rankine

New &

©)

Steam Cycle for Co-generation System’,
Renewable Energy, Vol. 9, No. 4, pp. 32-39.
Jae Kwang Lee, Jin Won Kim, Jea Young Lee, 2016,
Status

@)
“Current of Thermoelectric Power ~Generation

Technology”, Applied Chemistry for Engineering Vol. 27

No. 4, pp. 353-357.

Fankai Meng, Lingen Chen, Yuanli Feng and Bing Xiong,

2017, “Thermoelectric generator for idustrial gas phase

waste heat recovery,” energy, Vol. 135, pp. 83-90.

He, F., Zou, J., Meng, X, Gao, W., & Ai, L. 2022.

Effect of copper foam fin (CFF) shapes on thermal

®

©

performance improvement of the latent heat storage units.

Journal of Energy Storage, 45, 103520.

Sgrensen, N. N., Zahle, F., Boorsma, K., & Schepers, G.,

2016, “CFD computations of the second round of

MEXICO rotor measurements.”, Journal of Physics:

Conference series. Vol. 753, No. 2, P. 022054.

(11) Ariff, M, Salim, S. M., & Cheah, S. C., 2009, “Wall Y+
approach for dealing with turbulent flow over a surface

In Seventh

international conference on CFD in the minerals and

(10)

mounted cube! part 1-low Reynolds number.”,

process industries. CSIRO Australia., pp. 1-6.
(12) Jae—Hyeong Seo, Kunal Sandip Garud, Moo-Yeon Lee,
2021,

and

“Grey relational based Taguchi analysis on thermal
electrical performances of thermoelectric generator
system with inclined fins hot heat exchanger,” Applied

S=ERHDIHEE =28 M27R, M1, 2024



CFD E& TEG Tl ol Wz ZAS

Thermal Engineering, Vol. 184.

(13) Hyun Jun An, Jun Beom Park, Jae Gwan Kim, Jae Ho
Jeong 2022, “EES Program Validation of Thermo—Electric
Generation With CFD.”, Proceedings of the KFMA

Annual Meeting, 0, 289-293.

S=ERMDIASE =28 27, M3, 2024



	CFD 활용 TEG 핀 형상에 따른 경계층 열전달 특성에 대한 수치해석적 연구
	ABSTRACT
	1. 서론
	2. 수치해석 방법론
	3. 수치해석 결과
	4. 결론
	References


