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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 ShiBo
(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing, 210016,
China)
Abstract In order to solve the problem that it is difficult for existing thermal management schemes to actively and efficiently create
low temperature heat sink in limited enclosed space, a composite thermoelectric refrigeration thermal management system based on
flat heat pipes is proposed in this study. The numerical simulation model of the composite system is established, and the experimental
platform of the composite thermoelectric refrigeration thermal management system is set up to verify the accuracy of the model. The
results show that the proposed composite thermal management system provides low temperature heat sink for the whole thermal
management system in a limited space, and solves the phenomenon of high heat flow heat accumulation at the hot end of the
thermoelectric refrigeration unit by coupling the plate heat pipe. The thermoelectric refrigeration system based on flat-plate heat pipe
is much better than the thermoelectric refrigeration system based on aluminum fins in the overall working current, and the cooling
capacity and COP of a single cooling plate are effectively increased by 38.35% and 14.81% under the best working condition.
Keywords thermal management; low temperature heat sink ; flat heat pipe; thermoelectric refrigeration

BEE i TERE . AR AL I T B RGBT K
J&, RS R BT AR A K 2RO %), A
SE T SE A AR PR R ORAIE LT e K AR 8 is AT
FIRTHR, J9ORBE R T 8% IE W S 30817, A RS M
2] RV B SR IGE — AR BIBRA . W AERA
i, ARG WA T A BLRIE B 2 AT
BEEAITE, BEAR T & IsAT TSR I
Ji s TR, B ERERATT, £
PABEIR E e 0 AR S P EOR N HE ORI s 26
AR A B RENE SR A RIR AT, EAER
PR SRR IR 8N T RS R IR N T
PRIZ L], /SR Toffe Bt LU 4 HA el i) 4 82
FF L e A o BRI Dy — o R,
5 RE BT AL, B A RENS A U N
(1] DAY 2 (At A T PR 5 P2 PR At FA T rp A v 7 B
PR HASURAEHIAS RGUHEL, REHIE RGTC

TORAEHL . 2 A S B A IR, IR s T
IRV B, RSS2 R
BB B A s i 7 203 N2 T L1 A A
B FOLERA AN R FHRE-#4 FL KA 145 U

P ¥ 2R 8 v R A R AL A i
n, B FEN ORI 2 A R R SR I, R TR
FLYAL IR AR LR T, 3 B v o o L P PR T
m, R HARRRER L T R, R aEl P T
L RE B R A T s L PR RE RN
DRVER S O B A o SR P g L ) 4 P i 11 B Wi
Ko B, Al B FREINN, AF R
A BRSO B e L RE AU LE IR S . SRR <5
(13 2o S IR BT TE AT Hh R S 8 e 09 3R A5 AR Y
Vol B 5 2 UM R AU Tnr B R A AR X
Yo KV AN 3 BV B A T QR R AT S 56 2y
B, 4530 EAEBERVEN LR 2 e .tk



AL, A I ECAEA T RE AT R i A Ha
A RGVERE, TENLEOE AR e A B R R
R ET AR AR B, PR BES = AR 2 42T
) AL, P I S HREAT: PR I A AT PR 38 2 T P A
A& RV 73, TTHOHE A F A e Ay ) s B
Pk B ERMMA, 8, AT 2 BRI H
WBEE, Ai/NAPamiRZEBUER, B PIRAVERA
PR, o SIEENA T ai G, DR
BEL, AT E i 1) v o 5 SRy SR Aty iy PR IR R 00
REME RREE AT HUR, 1 — BRI R G4 2
COP (PEREREL, coefficient of performance).
BRI, AR SCHE A TAR AV 5 R )4 A A
GRRE RS TTR, B A RS, Sl T
A TOU T RIS R B, JREd s
WHHA RGLW G, Wik | AU E BT A R
Peo VEADIE TR RS S T, fHfRsE A
HMFRCRE T () 2 MVE BT ROPEREZE 2, L
g5 7 AE PR Ja L A i 4 B B2 . COP
DA o B 5 S H AR, B0E TP IRIVE 5
PRI P AR G 1 BV B T S AT AT MR AL
P, NJEEERERA RGN E st 7O K .

1 RE55X

1.1 ¥Bi&a

FEFPHCAE A KA 1
Fas, I B il B i B, i fh A
VIR A AR A S N I A 2 s AT R IR, #Ra K
VOB ARG SRR, R A i ¥4 B #siy 7=
A ) v BRI A R AR P d I 8 AT, (R
A IR T RTE AT A X e A, ARIE AR B
REMSAE KH L LU= R SR R, AR
R R, IR AR KR B = AR A COP,
SRR LR R A

EAHH

anmi—

AL RV
HRE R b R
WL =

o

'Y
XX

(a) PR ITAE AR 2

| fih 58,

fihal BEd,

WA IE5,

(b Ahe il F o b
B 1 #Aei4 REGIEERE

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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Tab.3 Physical property parameters of the model
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Tab.4 Details of experimental equipment
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Tab.5 Measuring instruments and relative uncertainty

B6 skBHKE

Fig.6 Experimental device

. . A
MR YHZE v b7
EFE
N X
B TE R AY R 0~10 0.2 m/s 4%
/(m/s)
TRBGEME \EE/ K 73.15~533.15 0.50K  1.25%
Hii R HE/V 0~30 05V  3.33%
Hi IR FLIR/A 0~20 05A  4.17%

o T AR () e, AN B AT AR
TR RA . B Y NEZNER X1, x,
xn IEREL, BRI Y=Y (xps 220 s Xn)s 1M 815 625
On N X1» X2s s xn AR E BE, T Y BIAS
T FE N



oY oY 1
&#@;@ﬂLL+%;@ﬁ2m)

1 n
PR R, HER KA EE R 6
FT7R o

RS5 BSEAHER

Tab.5 Uncertainty of each parameter
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