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Numerical Simulation of Heat Collector Structure for High
Temperature Thermoelectric Generator

GAO Huai-bin, LIU Xiao-jiang, MA Yu, ZHANG Chuan-wei
(College of Mechanical Engineering, Xi’an University of Science and Technology, Xi'an, China, Post Code: 710054 )

Abstract: A cylindrical thermoelectric generator (TEG) was designed for high temperature flue gas, and
a shunt bucket was set in the device to enhance the heat transfer effect of the flue gas side. The tempera-
ture field, velocity field and exhaust pressure drop of the TEG were simulated by using Ansys Fluent soft-
ware. The influence of the diameters for different shunt buckets, end cap holes and shunt holes on the
temperature distribution at the cold and hot ends of thermoelectric modules (TEM) was analyzed. The re-
sult shows that high effective thermoelectric generation can be achieved by setting a shunt bucket in the
high-temperature flue gas channel; the heat transfer effect of the device is better than that of the open
structure when the end cover of the shunt bucket is not open; the temeperature difference between the hot
and cold ends of the thermoelectric module can be increased by appropriately increasing the diameter of
the shunt bucket or decreasing the diameter of the shunt hole appropriately. The heat exchange effect is
the best when the diameter of the shunt hole is 2 mm. The temperature distribution and temperature
difference uniformity of the thermoelectric module will be reduced when the diameter of the shunt bucket
is larger; the pressure drop of flue gas will be decreased with the increasing diameter of the shunt hole or
the decreasing diameter of the shunt bucket.
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Fig. 4 Temperature distribution of thermoelectric modules under different diameters of end cap hole

at shunt bucket diameter of D =120 mm
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Fig. 5 Temperature distribution of thermoelectric modules under different diameters of end cap hole

at shunt bucket diameter of D =130 mm
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Fig. 6 Temperature distribution of thermoelectric modules under different diameters of end cap hole

RZ/C

200
180
160
140
120
100
80
60
40

—a— Vit s RIFAL
—*—d,=15mm
——d,=18 mm

it

. X .,
‘\,——dr//
1 2 3 '
BHFS
(b) ¥ P 2=

at shunt bucket diameter of D =140 mm



76 - W 3

[ 2023 4F

K7 KoL EAE d, =2 mm B AR 5 L
R oAU R . Al A
T 2t AL 3 TR, S 3t AR TSI it FLAR Y
DAL R T st AL A AL e, L s o AL ELAS
R S 2t #8023 A P A A, 0B LA 1)
BRI , 73 TFL AL B U0 i 2 s 8 L LA R TR
FREYHE T8/ )N o 73370 A0 3 e I FL IR, 233 LA 4
LA A 43 VA ELAR R RN o R R A3 i
-5 A T PR ) B A AR A3 i
V5 AN i 253 7 e W2 0] 15 A B N w7 T W L0 G )
TRHR R B 90N o 73 I S TSI R — B
A0 AR A AL AL A I T A2 A AN K 5 T 0 Y A s i
ARITFUR , 2% 73U FL A 0 3EE 1 36 AR L 1) 3 T T
H AR EARBOR , 2573 AL ) 30 3 1 5 A 1)
BRI,

i 2t AT ALEE G B IR A8 ARG T
FLE5H o 3 b T T LI il AR A TR
A Je A 1) T DA S i FLAHE H 20 A BE TR 33 L
AR AR 5K, AT 325 B b DY 3 37 L S 25 ) A
SRR ARG A 7 LA U R IR ARG, 1%
PAER BRI o 3D 3 A T AL
I, A SHE AR 25 2 BB A F LTS T i, 4%
S AL S TR R R 3 R, MRS o i AL R A
e TS PN BE TR T Ak A 3T R, AR TR IT ALY
I3 DR A5 A AR 5, AT S R R AR B v i i
ZER T o AT FLEGHE

AT S5 AR AR K i e AL AR I e A U
WP 8 Jrz o MNP rh ol U Y s il O e
WEE AR B BB RS R . X A A S
F PR T P BE A R I A 0 A A Y 4 AT D
/I AT 25070 5 46 BRI 3 22 8] PR 3L T8 I Y
ERWTRU:E NP I R WAR L el L) | o S W
AR SOHE B 0 3 e T L A R SR e, 3 TR
— 77 Th ity i AT LI 28 53 AR BE T 23 £ L) v il
R IE K, J33AL LA R S U R4 0y
LA SRR BH 748 K5 53— T i s 2t A T AL J <
AR A MALALIAL 1, YA 23 AR - 4 PG 1 = 18] Y
G , DTS A B 30 20 1A ) o i A = T
R, SR 22 R e PG I A 1 AR BEL T 8 O

T 13k T35 JRy BBy Ay AR BH D g S R TR S
FARITALIT B sl B RG0S w5 T FLINE, i
T i LA T L VR A BE T DAL A I
i) | DT B0 Bl H 1 R MR FEARR s EList sl BHL 7 B
Ui o ST FL ELAR AR T )

22

| —=— SEERIAL
20 —®— d=15mm
18 ——d=18mm
16 —v—d=21mm
T 14 _W
£ 12
w100
ﬁﬂ 8 _W‘W
6 atasastad, o, A, Assiad
4 -v—v~v—v—v\v,v\v/v—7~yfV‘Vy_v—V-v~v/"v\'Y'
ok
I N T SO T R B BN B
2 4 6 8 10 12 14 16 18 20 22 24
MLUFS
(a) D=120 mm
22
20 F —a— Y R
—®—d=15mm
18- —4—d,=18 mm
- 16
& 14
£ 12
B0
ﬁﬂ 8
6
4+
sk
0 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24
IMLFE
(b) D=130 mm
22
L —=—SmEARIFAL
20 —*—d=15mm
18 —4—d =18 mm
_ 16 *V—d]=21 mm
=2 14
£ 121
Bogor
b ol
6 ’M
L g v "
; —v—v—v~v—v—v—vw«va—v-v-V-V" T~
0 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24
MLUFS
(c) D=140 mm

7 ARBELEARTARAHON
RS iRIE
Fig. 7 Flue gas velocity of shunt hole outlet under

different diameters of end cap hole



55 9 1 e VR, 25« i T U 2 K R B AR IR 5 A I 1 ELE S <77 -
150 300 Hhi I BE ¥ Y BE
270 —=— d,=2 mm —0— d,=2 mm
125 240 = d=3mm —O— d,=3mm
L —4*— d=4mm —— d,=4 mm
100 - —A— ¢ =18 mm 210 L
Q\CS —— di=21 mm S\J 180
& 75t 150
B B 120t
50 - ./‘/ 90
B O "
— 30+
I ! L 0 1' 2' 3| :1
120 130 140 o
3 Vi B /mm BERFS
(a) ¥ P i E
8 AEmZEFLERE THHSER 200 T
Fig. 8 Exhaust pressure drop under different 180F —— dz=3 mm
. —A— d,=4mm
diameters of end cap hole 160 - /:
-—
* 4 * 4 1/, Si 140
4.2 SRILEZEMDREE R R 220 .
Nl TN \ E B
KO ~ 11 Sy i AR TTFLES T P A v
Vo1 5 s 4 N P 100 +
P P25t HE B 2 A ELAR D MR AL EAR d, 72
N 80 -
R A .
60 1 1 1 1
300 1 2 3 4
yjo| PULE ek BT S
240 —o—dZ;B :2 —o—d;’:‘ :: (b) YRR 22
210k —4—d,=4mm —A—d,=4 mm
- " s 4 = s 4
oot T L — H10 S7RMERED =130 mm i, RASRAEET
= 150f . A RARE S T
w120 Fig. 10 Temperature distribution of thermoelectric modules
90 |-
60 - ) under different diameters of shunt hole at
30 = B shunt bucket diameter of D =130 mm
R T S
( )ﬁiﬁj‘z& MNP AT LU, 8 AR B v R ot 88 I ik 72
a) {3 v
200 — W MR B 7 0 ¥ 5 BT, B iR AL AR
is0f —edsim L 20 B K T S . 3 ORI A B
6ol (D =120 mm) i, H et 5B 4 HA R I 3 25 B 25
;TJH 140 - AL AR B3 T R AR s 23 VAR BLAR R (D =
2ol 130,140 mm) i, Hts BE 034 SR 1 B 22 B8
1or / SRR AR B RSB 7 B K. 4%
80 PRS0 V4 R S it P8 % T 22 A Y B S AR 2
60— : : : SE2E KR 4 CHIRE] 123 °C, BEAS R0
o o PR RIMUE 2 B . R T4 RAL LA
X AW
. TR AR AR S RSTHUAN, ARTE 53t FLAL 9 BE
9 HHWHERZED =120 mm i, RESHRALERT - . .
. IR A 2 A Ty B P 1T 54716143

Fig. 9 Temperature distribution of thermoelectric modules
under different diameters of shunt hole at

shunt bucket diameter of D =120 mm

Al FE TR AR , DRI R v 0 L A R S AR X A v
BT AR R, d TR AL A
VAR -5 4 R T 2 18] (4 BR R 38 B9 1) BE AR )N P



.78 - W 3 o TR

WP G0 A PAY A 30 T T A AL 1] 328 T 1 R o i
MR R BB EZ T S RAL ER Y 2 mm
I, BERE 72T B A M R, BT 3 HE A A R ) A
it P 5 Y 2 SE 0 K5 00N, T 2R 4 HEPR AL BB Y
Pl B2 55 i 22 R 20T . M ELAE O 120,130 AN
140 mm [, 4 HELR AL SR )R 22 35 [ 23 1 145 ~
149 °C 149 ~ 154 CHi1 141 ~162 C,

300
PR EE VURE
270 —#—d,=2mm —C—d,=2mnm
240 —*—d,=3mm —0—d,=3mm
210 F —4—d,=4mm —/—d,=4mnm
o 1801
B 150
B 10t
90 [
0r ===
or T
0 1 2 3 4
TS
(a) VP IELBE
200
—®—d =2 mm
180 ——d,=3mm
—&—d =4 mm
160
g 140r
H
H 120
100
80
60 2 3 4
BHF5
(b) ¥& P 22

B 11 SREERZ D =140 mm i, RESRIAERET
HREERNEES S
Fig. 11 Temperature distribution of thermoelectric
modules under different diameters of shunt hole

at shunt bucket diameter of D =140 mm

FTIHE AT UL, 2330 LB AR o R A B v i o Uk 2
OISR o 23 L BB, A AR B i
T RE oA R v PRt 22 B 2, 0 AL AR N 2 mm
I 3 AR B o 38R A AR E — R
A SR AR R B ) v PRl 22, (ELIE R B AR AR
SRR R BRI B A il 22 R 1 S PR AR

K12 M9 ~ P 11 Hr oy i 2% 23 i L H Y

R

2023 4
22
20+ —=&— d,=2 mm
—e— d,=3 mm
181 —a— d,=4mm
16
T 14 *W
:;E 125
Bo10r
Jﬁaﬁ . _M
6F
4 AM
20 o
B 2 4 6 8 10 12 14 16 18 20 22 24
MMLUFS
(a) D=120 mm
22
50| —=— d=2mm
—o— d,=3mm
18 —&— d,=4 mm
_16f
Lo _M
J§ 12
10
b gl
6F
ab
o b
0 2 4 6 8 10 12 14 16 18 20 22 24
NMLFS
(b) D=130 mm
22
20
18+
_ 16t
@ 14t
jﬁ( 12
10
® ol
6
4t
o F
072 4 6 8 10 12 14 16 18 20 22 24
NMLFS
(c) D=140 mm

B 12 WEEERSRILEEMNESRELSZNE
Fig. 12 Influence of bucket and shunt hole

diameters on flue gas velocity

ST 2L, o3 i £L AL #4 U B A > R AL B
AR B34 DR T DR/ , % 73 L B T8 1 3 AR AL 1] 3
WTh s, HLAT AR EARASOR, 450t LA 0 i 5 0
SR BA Y] o Al EAR /N (D =120 mm)
S 9 2 MU 1) 45 U L SO AR G LU 5 2 205
5 243 A ELARHE K (D =130 mm, D =140 mm) fif,
T AL 1) 2% U LR B 25 S B R o I PR Dl o3



59 1]

e P, 45+ e i 22 A P R R AR AR A A B ) ELE Y 79 -

VA ELARH/ NI 43T A1 BE 15 i PRl 3 P B ) B
B, i 43 T AL 32 AR i 43 U L ALk 15 I /)N
M6 53 A B 3G , 43 VA A1 BE 5 46 Bl 18 Py
RE A FE B I, 11t 23 T L 32 B0 A3 SRR 1 R, i
B B0 3 R A 433 L R R A T 9
BT Il ZE(E N, Fr LA A FAEE 9 RE THT BRI 1% R
B 22 ek AL O AR b
AL B PR TN o 32 T 208 A R Ay
T FLAS AN AR B, AR e o S R A T R S
LR S BE 3 AL AR R B RN . AR TR A
PR ¥4 A P8 R 9 22 Y 24 50 A2 S A B A
S AL EAR T E WAL R, 22 K e R G AR A
(A3 AR B 25 43 i L ELAR A0/ N ek 2 43 A BLAR
/N RS T4 g (Anf&l 9 ~ 181 1)

Pl 13 g i AT LR SAE R AS [R] 4338 A
SEM R B ERE . N R AT LUE Y S A LA —
SE B JR AR R 23 Bl 5 L AR 3 R R AT 5 24
Oy Tl AR — R i, H S R 2 B AT LA Y R
TR o AR RS2 Al B AL B AR
JERIVERMZER . Mo LA 2 mm, 43kl 1
k120,130 F1 140 mm B & B AH 43 50 R 99. 3,
117.2 F1142.2 Pa,

150

125

100 -

—A— d,=4 mm

75

JER%/Pa

50

25+

120 130 140
Wi B A% /mm
B 13 fWEfRMSRAERNHESERENZE

Fig. 13 Influence of bucket and shunt hole diameters

on exhaust pressure drop

5 &

-l

(1) 22 % R G AR ol T8 P i 8 0 i vl
PASEER e ti o B AR 10 v PR iR P T A A <
DAL ) AT e, i i A L7 AR ) A4 i A B v

Ui U I 25 Wb 3 R T LA A, L s L
FRRE A [R] 7 i Ak A Pl A5 e ) ¥4 A o T B UL 22
/N

(2) F3im AL BT A F AR T v T e BE 43 A 1Y)
SRS o 43I FL LA /N, A AR e R ity VL B
A5 Je v o R 25 R 45, AL E AR 2 mm B ()
AR AT o BER T AR e — R B rT LA
H R PR Ve il 22 , (B K A B 25
P AT B A3 A R 25 (R 3 ST R

(3) Y/MAR B AR —E W, M SRR 2 b 43
AL B G KRR 2 AL B —E i, M
8 25 Wi AT L AR A 8 KT T i o 20 A it L
B AR s 8 /N ity 35 A T FL IS 1) S B, L 5 B
% Uity e FE AL ELAR A0 38 K s/ s o

SE

[1] SORNEK K,FILIPOWICZ M,ZOLADEK M, et al. Comparative a-
nalysis of selected thermoelectric generators operating with wood-
fired stove[ J]. Energy,2019,166:1303 - 1313.

[2] LIGN,YI M B,TULU M B, et al. Miniature self-powering and
self-aspirating combustion-powered thermoelectric generator burn-
ing gas fuels for combined heat and power supply[ J]. Journal of
Power Sources,2021,506:230263. 1 —230263. 11.

[3] STOBART R,WIJEWARDANE M A, YANG Z. Comprehensive a-
nalysis of thermoelectric generation systems for automotive applica-
tions[ J]. Applied Thermal Engineering,2017,112.:1433 - 1444.

[4] KIMTY,KWAK J,KIM B. Energy harvesting performance of hex-
agonal shaped thermoelectric generator for passenger vehicle appli-
cations: an experimental approach [ J ]. Energy Conversion and
Management 2018 ,160 ;14 - 21.

[5] BAI W R,YUAN X H,LIU X. Numerical investigation on the per-
formances of automotive thermoelectric generator employing metal
foam[ J]. Applied Thermal Engineering,2017,124.178 —184.

(6] &Pt ) Hi, 1 A8, % S AL A DR 20 25 & B A

BIZERARALLT]. KRR M (A RB:5 TR ,
2016,49(11) ;1181 - 1186.
SHU Ge-qun, LIU Yi, TIAN Hua, et al. Structure optimization of
cylindrical thermoelectric generating system for diesel exhaust
waste heat recovery[ J]. Journal of Tianjin University ( Science and
Technology ) ,2016,49(11) ;1181 - 1186.

[7] GAO H B,ZONG S C,ZHANG C W et al. Experimental investiga-
tion of the performance of a thermoelectric generator at various op-
erating conditions [ C ]//IOP Conference Series: Earth and Envi-

ronmental Science. [OP Publishing,2021,702(1) ;012001.
(254 %»H)



