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Numerical Simulation and Experimental Study of a Thermoelectric Refrigeration
Thermal Management System Based on Flat Heat Pipes

Chen Chong Liu Kehan Shi Bo

( College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016,
China)

Abstract Existing thermal management schemes struggle to actively and efficiently create a low-temperature heat sink in a limited
enclosed space. Hence, a composite thermoelectric refrigeration thermal management system based on flat heat pipes is proposed in this
study. A numerical simulation model of the composite system was developed, and an experimental platform for the composite
thermoelectric refrigeration thermal management system was established to verify the accuracy of the model. The results showed that the
proposed composite thermal management system provided a low-temperature heat sink for the entire thermal management system in a
limited space and solved the problem of heat accumulation at the hot end of the thermoelectric refrigeration module by coupling with the
plate heat pipe. The thermoelectric refrigeration system based on a flat-plate heat pipe was considerably better than that based on
aluminum fins in terms of 1-12 A working current. The cooling capacity and COP ( coefficient of performance) of a single thermoelectric

module plate were effectively increased by 38.35% and 14. 81%, respectively, under the best working conditions.

Keywords thermal management; low temperature heat sink; flat heat pipe; thermoelectric refrigeration

W& = PERE R AL B T i R B A
JE R RE AR UL A X A PR 5E 1) R BOR nT 2) | B
ATAERY TARPREE I PRIE B 7B K AR 2 B A7 i
B2, N PR TR IR W R RS AT, A R &P 2 ) Y
P BT S E — RSP, W LRI
FGE MV B T3 AOME PR UIE 15 £ 32 47 3R 35 14 2 PA]
P, A T s A Y AR ;3 1l PV D7 S UR T
A (A 3 B Bl AR R A DT, 76 PR i i =
(9 TARZRAFZER T ME LUK AR 5 28 U e BAR
REAS S UL A SRR A DT, (ER B R 254 52 2% 1Y
R 7RG IRk, D o E R IR, Toffe B
LR R AR RV N T R A A, A

WeH H 31:2024-07-01 ;& 18] H 38 . 2024-08-05 ; 5 71 H 11 :2024-08-21

VAR — BB RIAAAE 2| 5 3 P A T A L
AR T V4 RE A 1 5 L T T A i PRI T P 3 9 {1
IR AT AN L B 7 R 52 TR AR S R G A
P, B RNVS RGO TR AR B 28 A B Bk fn S5
ZRERAE IR T IR e, A SR R e R
B AU s . BB Be i v B 23 I T i 1
FROF IR O O &R ETY KB AR - $A vk
R A

FACHL TRV 2R 90 2 S BT L A R T o
BT E O R v A SR A, Fh T AL TR
A FRRIC LS, T ¥4 Al P2 DR S 38 , PA) akg HG
PRREALLL T B 5 R A 12 e A5 A P i B



%46 % S5
2025 47 10 A

il v 2 4

Vol. 46,No. 5
October, 2025

BT 1M PR Ve R PERE A IR 2R, e IR
PMEREXT H RS PERERYSZ M B . PRI, 278 15
SRIG IS, A pRBA R T v e A S R EA ) LS A 8 g H:
REALC L OCHE . 20U 45 i Ao S B 5T A5 Hh IV
I B B 015 TG A v St VR B2 5 2= T R
Al AR T RS R K A S AR T
BT SR T S0 A, 45 R R W AV T
Wr LA R . T R0 VAR S A i
I RERS A R o BV RGEPERE , EHLEOEHL
1) ik 4 A SR A P K s ] v S AR A
REAS K o PR IS 245 1) A8, P o S P k)
AN A3 JE AR 1) A4 A7) 0 0 3 | SR H Ay
Ve P R 4 e PR 5K 22 SE R TR, A BRI
AT 32 381 626 AR AR i i B2, 0 /v R o T 22 O S8R
I H AV HAT B o iy, o 5 5 A Y
BEG Wl A BACREL AT A e R v A R Ok A
i e AR AU AE O B BEAE 5 S AT O, i — 2B 3 T
RGN ¥ 5EF COP (14 E 3 %L, coefficient of per-
formance)

PRI, AR SCHR HE P AR A S AL Ve R AR
AIPVE PR G758, Tl T AL R A, 23 T AR S
BT B v R GE A7 B, I a4 e o
WRGEE G IR T REAUI R AR, TR
WS TR RSO0 T, (8 FH B H3 R P Al e
WA Y 2 AAE T R PERE2E R A T AR
A5 LRV B v B I EE L COP LA K il v o 45
SRR B0 UE TP AR A S A TRV AR
B HIVE BT T AT MR 0, 0 Je 2 AL 1l v
ARG R AR AL TR B

1 BB 57%

1.1 HIB4ER

T A B AR R R AR QA 1
JIE7 IR RIA ¥4 vt 2 24 v 8 1 30 1o e O XL
XFHLR A AT N I 72 23 I R A TR I, Rk vk
FEP AR A SRS e R AR e PR A Y
PRI Ak A AR AL P38 3 A T RICEA ) o e R
JE RGE AT 5 30 XA 4 DR AR RERS 7 R
T T A 1 R AR B, A AR AN AR e Yk B
REAS IR 42 = AR VA B COP , R 22 #2416 458 = 1) il
R,

KB IR 1508 TECOT- 12715, By 127
XTHRELAE (PN 45) SO B, A SCE A Tl
FRATFNH 7 5 Fa 0 HA e 1 ¥4 PR BE RS I, SR B AT T
BRI X BB SOk 18 ] TR R R fL v, 2

IS 2 fioh A BEL X A R T 2 A AR Y s el AR LA G 1) fF
5%, P BUFN N BRI 2 [RIAEAE Y[R BR T AN 2 0 A
B PERE A 520, A IS8 2ok A% v ] DL 20 TTDRE
AR R DL R s R R 1 30 A A%
1 B2 AR B AN ] 1 K 2 PR

KEJih A

p oul:0 P‘a\\\

st

B PUR
WLk S He oo
B 2 s

Z$<:y
X
(a) AR A IR
)

(b) LTI Fr ¥ #i
B 1 e F4 RS EE

Fig.1 Physical model of thermoelectric refrigeration system
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Fig.2 Thermoelectric cooling plate model
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Tab.1 Geometric structure parameters of thermoelectric

refrigeration system
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Tab.2 Initial boundary conditions of simulation analysis
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Fig.4 Comparison of fin temperatures under different grids
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Fig.5 Test principle of the experimental bench
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Tab.5 Measuring instruments and relative uncertainty
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Fig.7 Temperature comparison of experimental results
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