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Abstract In this study, a thermoelectric module (TEM) and a diesel engine were modeled using 1-D commercial
software AMESim, and the performance of the TEM was evaluated when the engine was operated under the NEDC
driving cycle. The goal of TEM modeling was to investigate not only the waste heat recovery (WHR) rate and energy
converting efficiency, but also the heat transfer rate by taking the materials characteristics into account. In addition,
a diesel oxidation catalyst (DOC) was designed, and it was found that the waste heat recovery with TEM affects the
activation of DOC and alters engine exhaust composition. The simulation indicated that the WHR using TEM is
beneficial for decreasing the fuel consumption of vehicles, but the reduction in the exhaust temperature affects the
activation of DOC, resulting in an approximately 14% increase in CO and HC emissions. Therefore, the effect of
waste heat recovery on the automotive emission characteristics must be considered in the development of automotive
engine WHR systems.
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[Fig. 1] Typical proto-type of a thermoelectric module
(TEM)

glal ARt WEEE e

Fig. 2= Q@42 RA = n)7| glo]Ze} G- 4a} 1
olFg %

= g o 2 YeRIATHA5].

T /\]3:‘:

Ca:.t iron
I"u[e copper Pme aluminium

N?03

P Lnasn3

N CoSb3

9
i
r_%y‘
ox
tlo
=]
rﬂy‘
_0|L
N
Ho
=)
&)
m
Do
S

]

= =
BS A5

[e=]

=



A w7 HESe2 A7 Hi7] B4 W3t

o we A1 ixu E ilE g 4 7
A& dold el o3l &=ato|7F A &
= A}_&ic I:H_A o] Jﬂ—ﬁ'—ﬂo]g} 3F Zl: %1\

ol 4] BAAE Mg w717ka7) shol 22 B}
49 ol et @1z Aol offolde. 4
A Aet o s ASATIL A5
A ), oA AR Teln b e, Asers

HuE Armdiddo] oo HFHow= 9f7]9
el ofs) Wzte] €k 7+ Aze] HIUES:
7t Bt AA R oo DR AFE A
A aAlE w7] ste]zo] Hawe] 2gAtrt FaA
off whebx] 3 Fol ojs] Wzto] vk Fig2e] dxdaat

2 Aero] FANFIAT BAL ol §jo] mAlel
PEREEE B A LA A

grow Folm A e AW o T A
% e AFA] Smol ek vesh B webA
Slsk grol A AgeolH mAE wx2 R )
Astel o] A wylstolZel A Aiatel A
B2 A7} dojubA B AR AEATL 74
Sholl mre} Wetol Atk o]9} Alo] AHaA o] 1
Bop Aere] SRS 243l A%, AF, AHL AN

st b Al1dg BE ddaxte] wHEs deldt
= otk A Idax mdgo) o] 24 3y} ¢
Na(T,—T.)
= A (1
14271 /1
Aa(T, - T,)
= 2)
2p(n+1)(142r1,/1)
AN(T, — T,)?
= - 3)
2p(n+1)(1+2r1,/1)

AiaAte] 7148E 8= A(DoA N2 4zt
N-P 25 74041, aluV/ K] Seebeck 75011, 7,
I} T8 dHaape] niof Ao 2roltt (& &
WAt BEe T, 1= AR FAe r& A4
aAke] ARk} HEWS] dA%(k)e] HZ Ao

4725

At} QAR e AR AQ A
d, Ax 2844 2B gore) B0l ne AR
of WA Hp)3t RFe) 17 WA K)o o], A

ko

o WIS, WA, A, Ao o8] G
R EES R R
o A} AR Fog
HWE o g3l Grire

=3 047]*1 Z= A A AlS(figure o

" 4 . 1+n

2 T 2T, 1+2r,

[Table 1] Specification of TEM

N 127 p Q'm 0.001
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[Fig. 31 Four cylinders turbocharged diesel engine
simulation model used in this study
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[Fig. 4] A simplified model of TEMs and DOC
attached in exhaust pipe
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[Fig. 5] Exhaust temperature at exhaust manifold and
pipe where 3 TEMs were attached
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[Fig. 6] Temperatures on the surface of hot and cold

sides of TEM
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[Fig. 7] Heat recovered by using TEM

NEDC+HEE 1180% &9 &%
2} & A7 ke A3 e == Fig, 84’} 2t}
A INZ5E Aed & dAEH
56 We dgo] Aat=] it %’ﬁﬁ:x}ﬂ A71o A

4727

FE s ®)

v 1? l ﬂ“ (\H[ ﬂ
; \fl J J \IH f

0o 0. 0[: & 1.0 1.2
X Time [5]

na

—

[Fig. 81 Electric power converted from exhaust heat
using TEM
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[Table 2] Geometry of Diesel Oxidation Catalyst (DOC)

Monolith Length (mm) 76
Monolith Diameter (mm) 144
Number of Cells #/in?) 400
Wall Thickness (mm) 0.16
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attached before DOC
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