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Experimental Study on Performance of Semiconductor Cooling Device
for Communication Cabinet Cooling

Yang Wansheng Chen Shilin  Bi Yin

(School of Civil and Transportation Engineering, Guangdong University of Technology, Guangzhou, 510006, China)

Abstract In this study, a cabinet semiconductor cooling device was designed and its refrigerating capacity and cooling efficiency were
tested using a test platform. The performance parameters were obtained according to test-based analyses of the refrigerating capacity, cool-
ing efficiency, and other factors. According to the test results, for an average indoor temperature of 26 “C and 200-360 W input power,
the cooling efficiency first increases and then decreases, reaching a maximum value of 69.5% when the input power is 232 W. Mean-

while, the average cooling capacity of the refrigeration chamber is 455.46 kJ and the power of the semiconductor cooling device is 151.8

W, which can remove 3.04% of the energy in a 5 kW communication cabinet.

Keywords communications cabinet; semiconductor refrigeration; refrigerating efficiency

W& TR I R B ML INALAE R 5545 )
SR RORCREHTIN 2 B R, A TE AL
s AL N 5 B K HLAE T, NP IR A R AE AR T
Wris i faris AT, EEXTEPERET T BEMLR TR | o I i
(B T HI TR AR AT B B i AT S e Al
KA I R HAR , XS AL DS N3 A Bk Ml
BLE AR R e th T 2R aer 5., HiEfE
U 52 IR HIZE B &5 G, M ARA AT &
ENIOL0/ S

B NAMIFFREN SR AE LS = M R Gk T TR
ST, 7EXA T, C. D. Patel &1 # 7 TR
FEFLARGE KL D5 A | A5 5028 v PAGH T RS TR
DXt 2 AN, C. K. Kailash 257 858 T
WA AR B A B 2 By i e A k2 (R B 23 B R
INEZ P FREE A 520 . R, Sharma 2550 F1)
CFD B V& $GH 38 AL B R XML #0R 1

Wk H 9 .2016 4 10 H 23 H

(s, AREH PR 2% KO sEEAT T 05T, BF 9T 3
W 32 KU R 2207 3l A, WU T X T o0 385
Ve PRt 3B A ey Al A MR S PRl T R, B2
AR IR AT HIL 5 25 1A XUl XU A 20
U7 30T 1T B 1 25 R SRCR BEAT S g0k, 2
B 7V AR S A He 2 AT 38 XLv 2007 A7
O S I e A VA @i = )1
TERAAEVS H 7 T, A S50 AR A P A e B8
BEAAR R SAG AR S T PSR AR ) e R A 3D
SR = PR B G|AT 2L TR
oA B A3 A R IR B A J . CFD BEUBIE 5T
TR IAGS TR SR BE G oA BAUAE R S S
SERYY G RAF P 12— 2 BE B S e
VR AR TR . BT X A R A A B U
Eailve RGAT TR, & XIS AA R T
PRSI, 3 TR IR RSG5 R,



$38% F5H
2017 £ 10 A

B NG R S0 % B HOHEAE TR

Vol. 38, No. 5
October, 2017

RERIR IR ARG HA BRI 8 5 & FTRe
PR R B0E F T P RE T TSR ML A A B H PR
ARG RBRIEN T E, SEREIIEH LR R S
L AT RERRT 40% . B AR 2 H —Fh o
RV J S ST T S0 i S S R A B XA 3R
SO AT T SCG IR, S0 45 SR 5 B (AR A G

W, WFFEEE SRR IR ZEXT A e AR AL T
REELA E B | B A I BRI S A B, P B AR
BATHBHIRN s TN 20% ZEAT I, 45 AT R
TR E BB 1T IBH A B B/ IME ; FTRCRE N 20% , 25
TR AN Bl A (R A B 38, A AR 1
AT HAREA N e > AT SR A iR £
JIE o8 26 B a4 A BEL S i /) 5 B A v 5 B XU 1Y) 3
I, P B AR S AT AP N, B TS X — &
P BRI AT T AR T OO RE AT 5T, 15K
555K FHN T IRBE S 40 28 1 25 AL FRAL A A 0L 3 35 1R
JE (VMM JRGIR B2 ) R A b 08 3 R 2 B )
(PER KB 2k TR ¥ Mk XRS5 ~
41 °C Bl T, B 2E RGBS 7E 20 ~ 55 °C Y
A5 AT R 5 v B XU 25 56 T
DRI B2 91 B JE OG5 X 38V 2R 53501 R 35% 1 25% 1 4
RS HEAT AR T SEIR ST 15 B AR SRR
R 25% B PEBEOL T A %l 35% ih i tkfg, S
] 78 4510 ST T A 1 i o R R RE R DR A, X 3
C A Bhili 25 T W HIT WA B 2017 T 5%, DT
2 A RGBT A e ML ZE Y T BERICR #E 4T X6
LU, 45241725 8- T W A 4 AL A0 B 5 i A 7 il D LA
2T RBRICR , R AT 1 R R 30% ~50% .,
HEALAE g F BRI T 3 £ s A T A
T FRGE N RS 3 15 L 1 BRI TR il
AR K BEFERF AT T 407, BT IR 2 T D e JE o 4
gy 9 3 25 P St EAT T REAEXT HE . FEIRK
B 55, 0 E ) BSR4 B L He A
GAHLES R A JE SRR L /D 359% A A, R RCSET X)
HOPHESE BRI oy B SR A T T S8R SR, b 1
OIS N R B R 15 %05 B A
EAE LA TR 3 ERTI R A1 400 W 28 <
BN 1.3 m/s I ERAE SRR N 70% ~114% , W%
T L b AR A LG R B I H R 1, E
SEINEE A M IR T DHE T IV S T R S e R B
A RN R REAE 5 7 T 119 o7 FHRICR Fn el ik v 1y, &
R A PHALAL T AL I 2 0 R G R 40% ~
50% , &S IFE T Mol iE R B A R4,
TEE NI IR E S 27 °C FizfT, it A shis il
SRS A MY, AT EH2 R4 COP k% 6. 23,

HA B RERR, g &R SR T — o A
BB/ ] s A — PR AL 5 25 8 R 46, 1 3kt S
R VI A AT B T S T B A FUUR = At
(1 R e, BFFE ] =R TR B BT
IV RE Sy, S B AE 20 C R 2% F Y EER Al i
20. 8, LA B AT RESICR

K i [ N S22 X AR B b AT TSR
U. Ghoshal 45" NI 2 506 H0 2 1) ffy B X2 34
BT R IIT TIRA R BRI R T, J-F5E T/
TSR PR AR TR R SRR X 2 A A
PERERURZIR, X, C. Xuan'' X} 2400 U 28 1E
TR, B A A RE SR LR R A H A R, B
HATHEm RS 250, BRI AR, 2k SRR %
FEE RO A ECHSCR 2% B E R R, G. S.
Attey" "™ 45 Hi il FH ] P BOIBARTIE 3R R 45, 2 SR
TS BT 82 E . N. M. Khattab 5577 72 5%
TR A | B AR B R BRI REL 0.
Sullivan V5T T2 SEGI A S ERS SRS TR
TAER O, DR R AR B A H B a1, 2528
A A A DA K o R, TT AR AR A AN B A
S AE AR HHOR BIR v it 2 BT HR I 500 8 2808 T 1
FH RT3 ok S RN L, & B 7E K
0.75 L/min B, K& B IE SRR o] £ 3 7 2R E 1T
B CPU IR R E7E 50 °C, i /KIR TR E e 4.7
C, BuE T E AT VR 1 A B DL SRV RIS
PIAE IR S5 PR R T A, E A2 Xk
B S R IR VIR IV I o ol XA A
DUFRP BT AT T SIS, 15t K HUROR
U (Ll B T5 ZEINA 0 K G 38 2R G 5 IV AR
R AR FHEAEAUN, 2 SRENS AT
JUAERS ST Pk & ', 2 8 H T as MK BEIr ik
B LTANAEDN BHIF AR , 254 BN B K
NIk 339 W, A WIS i ad 2 SR G 0
WFSE BE/INZS [ (1 m? ) il PREE, 150 R B
Y G 3 ) PSRRI B0V B 45 M 2 S T > AR V8 3
R ER R, P HER) T AE AT S R R0%R
WABYIHER, ;2P E ke 2k SRR A
Vo i RN AL ARG VA SRS P RE 206, 75 218 A M Rk
54 bt KU LS B v HUK IR BE I 56 &R, oG
PR AL IS A AR AR HL L AR A A A &
KON, VAR e A v Sl B 22 ARG, il A M g
P s A HIK IR G FEFL TRV B v R
BN, VA TR BE R, 2= AR 1 AR V4 Sty TR 2 0k
AN IBATPERERR S BRI DT 0 i S0 KT 4
Bt 7K AT 202 SR AT B9 52 ), DR 5



$38% F5H
2017 £ 10 A

Hl% F |
Journal of Refrigeration

Vol. 38,No. 5
October, 2017

THIAERE S HORE HUK K R R R kAR
BAR B P 4% Ge A 5 ¥ BIK IR B2 AT
Vo B I, VA JECAR PN L R R AR B SR AP R
Ansys FPFEEST T2 SRS R 10 = 450D X &
TR F A B AE RS R R B B AT T O B
ZERRI Y RIRHS AT 10 L, 3 ANELS
Sk TEC1-12706 B2 S04V A A7 7046 7K Tt v
FIPHIREAE 30 min NIEEN 0 ~5 C, B H %20
P HOAER B A SRR 46 b 380 T S Ak
B AT SR A R sk X2 5 A SR KA Xt
e AT A FE A P A5 AR BE A RE I 5 43T LA T 34
i R AV TBCHRAS 11 2 S AR 1 V& A 5 2R FH S A
ARG S AT A 0 A5 GSOR T T 2R F BV R
FRRTH A 2 AT A RS AL R

AR SCHRE S — 0 3E A {5 HUAE N S 2EAT SR iR
(77 BE ALDLAR - Ay A B A AR R A DL S
e SRV H2%E BANSS A R S ELAR R,

1 KR ERMIX RS

1.1 XWkE

IRIFSEANE TS H R A ORI K
Wil R 2R, AR SCBe T IR RS A T S8 o 5 a1
NS

23R T 2R Y21 ARV 202l v
INE RIS R AR SR A B
PORTBHF L AL, 178 /N2 BB PAAROR SO AR A, il v
/N NEBIR SR 500 mm x 260 mm x 170 mm;ﬂégﬁﬁi

e 2 A
8 gg’ﬁ‘ié’] //
=gl =)
13 3 1

1A 52 BRI 3 B (RAR) ;4 KU X &
FL;5 IR A 6 PV HIIAR ;7 S I AR ;8 2
SR F 59 BICHRGE T 17510 HOHGEE 1511
V8 /INEE 5 12 WR BT £ 513 FRRUR .

E 1 FSEHQKEHENKRE
Fig. 1 Performance test principle of semiconductor

refrigeration device
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Tab. 1 Test instruments and performance parameters
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Tab. 2 Performance parameters of air cooling semiconductor refrigeration device in unsteady process (50 min)

A B HIRNERER V8 /N 2 S HSANEMR  HIeNE Xt
iR/ W L/ V w2/C 25 AR % H /K] W/ k) WRE/ %
200 9.85 16.3 66 389.33 390. 83 0.40
240 10.93 12.9 69 527.74 522.51 1.00
280 11. 67 11.6 69 497.93 506. 38 1. 60
320 12. 90 10.3 71 444.70 439.63 1.20
360 13. 81 8.9 71 417. 62 419. 45 0.40
S — — — 455. 45 455.76 0.92
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Fig. 2 The refrigeration device heat release

under different power
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Fig.3 The refrigeration device input power and voltage
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Tab. 3 Heat release of air cooling semiconductor refrigeration device

AT/ W B NEWA/KD BIANERRELK BN B K VAR RO %
200 388. 89 0.44 389. 33 99. 89
240 527. 40 0.34 527.74 99. 94
280 497. 62 0. 31 497.93 99. 94
320 444.43 0.27 444.70 99. 94
360 417. 39 0.24 417.62 99. 94

Sy 455.15 0.32 455.45 —
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Fig. 4 Enthalpy variation of refrigeration device

under different conditions
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Fig.5 The instantaneous air temperature in

refrigeration chamber
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Tab. 4 The instantaneous heat release changes with time
Ve /N2 S I AR 5 I T A 56 2R
W AW 0 <7<2 min T >2 min P
Qpoienia =T +b Qpoeniat =0 = (Q = Q) e 77
a b Qo B
200 37.612 -6.115 0. 369 75.230 0.182 7.7
240 67. 624 -20.062 0. 401 141. 340 0.232 5.3
280 66. 454 4.580 0.353 132.910 0.277 3.4
320 54.211 7.023 0. 087 108. 420 0.248 17.1
360 60. 137 1. 658 0.175 120. 270 0.297 16.9
P4y 57.208 -2.583 0.277 115. 634 0. 247 10. 1

RS ARBWADETHLNENES

TR IR R A 01 B A8 X A2 TE Y B 18]

Tab. 5 The refrigeration chamber air stable temperature/humidity and stable time under different input power

oAt il /s il /N il /AR il e /A 23 B IR B A
W PIhhi Tt 1 S UGLiERORITIE S SE AR X G E F s ]

/C /C /Y% /% /min

200 25.6 9.2 52 66 50.0

240 25.6 12.7 70 69 42.0

280 25.6 13.9 70 69 37.0

320 25.6 15.2 70 71 35.0

360 25.6 16.6 72 71 28.0

F-H 25.6 13.5 67 69 —

ARSI T2 SR, FT A VA /N P 2 SR I

AR
ggz_aum_o (8)
t, —t = Ce™ (9)
Mr=00f,t=t,,7 =0, %=1, [LAK(9)
CIECS

t=t, —(t, —t,)e (0 <71) (10)

s o /N N A I BE L °C 5 1 i
/INE N SHIRIEE , °C 5 1, HHIR/NE émhm

MR, C o HERH

H12¢ 6 FIH1 R AR T 00 R S LR Sl (e 5
BRI, AR IR 220 0. 28% , R i B AL 1T
B SR A B, T LR FH IR R X6 i v /N2

P2 IR BEERTH S

3 6 H%/NE IR IR FE B AT E ) T4
Tab. 6 Relationship between instantaneous

temperature and time

IR 5N R] PR G 2R

AT HR
WA b=t = (t, —1,) e~ (1 50) LiERORES

/W 2/ %

[ ty o

200 9.2 25.6 0. 098 0.70
240 12.7 25.6 0. 101 0. 10
280 13.9 25.6 0. 114 0.20
320 15.2 25.6 0.114 0.30
360 16.6 25.6 0. 127 0. 10
-8 — — — 0.28
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Tab.7 Change of refrigeration device temperature and moisture content under different conditions

AR RNERRSEE, N NERE N VN
/W (g/kg TZ=R) (kg TAR) A2/ C B2/ (kg TER)
200 10. 70 4.78 16.3 5.92
240 14. 35 6.30 12.9 8. 05
280 14. 45 6. 84 11.6 7.61
320 14. 42 7.55 10.3 6. 87
360 14.72 8.34 8.9 6.38
Ty 13.73 6.76 12.0 6.97
3 7 AT LU B RIA/INE 2 SRR 2 i -
2 S AR, K 6 Bk, K 6 al . K 1811 4=3.67e-6P-0.003P+0.98P-86.46] 10 ~
F AR AR, 0 /N U T T 22 0 R 1 G167 T R=0.944 -
B Y F T AR AR BT LUR R4/ B R R 14 1P
SELEE § IR, 034 /I R 2 S S o B oAl |, 2
i ADIFRAE 250 W BT I 5 35 ik 2% 3k B B KA 5 3% B0l o oonrais X
WSS SEHE— A5 BT T 4574 5 8 7 i A D A 00 e : |, ®
T N
2.1.4 BHIN R 200 240%}&;(% /\)320 360
BHR G AEMR ST 07 /s — Be i i
OO VRBP4 G PRI 4 TR 2 Eﬁﬂ@¢$W§Z§f§§ﬁﬁ§§5ﬁk

B S RS A R EEPEN R IR —
FEM G e v 1 ¥4 /0N 3 HICHA i 455 1 o AR I A
Tt P I R A S A5 1 N B 0 AR R, PR
AR, HRAADY:
n = QIQ+ Q> (11)
W
o MR, % 5 O, WIEHGE KT 0, 4
BIGEE kJ; Q, NEAERE K],
ARSI LAY IS 6] 2 50 min, AS[R] T

Fig. 6 The refrigeration chamber air temperature
difference & moisture content difference with

input power
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Tab. 8 Refrigeration efficiency of semiconductor refrigeration chip during the transient process under different conditions

WAL/ e /NE IR AR Ve /INaE Bl 22 T 47 4D AR A HXHR 2/
w 2/C /(g/kg TER) B/ % B % %
200 16.3 5.87 61.69 61.82 0.21
240 12.9 7.98 70. 28 69. 05 1.75
280 11.6 7. 54 57.18 58. 49 2.29
320 10.3 6. 74 44. 87 43. 40 3.06
360 8.9 6.33 37.60 37. 44 0.43
1y — — 54.32 54. 04 1.55
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Fig.7 Air cooling average refrigeration efficiency
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Tab. 9 Heat release of cooling channels under different conditions

H AL/ W 200 240 280 320 360 S
=EEF/C 6.1 7.2 8.3 9.5 10.7 8.4
P/ k) 721. 65 990. 72 1 098. 56 1 220. 64 1348.75 1 076. 06

F10 AEIRTRIEEESE

Tab. 10 The performance parameters under different conditions
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Fig. 9 Change of the ratio between refrigerating

potential and heat release

3 &g

ASCHIE T — R0 AT 38 AE AL 2 SRS A
BE CUIRBSEEREE N 26 CHE, XA /NE NS R
HEATVR EN LS AR BT 4518 .

1) Yk AR N 200 ~360 W I, 6l /NE 1y
WMEAHG A 455. 45 kI, §il78 /N E SF 24 B8 1AL
P 455. 76 kI, HilVe /ANE A B E SR
B 1 - B AR R 224 0. 92%

2) M A T Ky 200,240 280,320 360 W i,
VA /NS SR B A B 5 B T B A B Y A X
RESNHT.7% 5.3% 3.4% 17. 1% .16.9% , V-
PR R2E R 10. 1%

3) F AT ZBR O ¥ /N 2 I8 B B R IR R R
1R, VAR Ve HV RSO 2 IS R kD ke

AR IS B AR 151.8 W, 7E 5 kW BB S ML
R 1202 ] DAt 3B 3 15 WA 3. 04% (G A58
HIBEE 10 2 ARG A 75 8 s, rT s (s
HLAE 30. 4% A9, AT IR R 1) 2l 36 3 15 AILAE 1)
PR,

ARSCZITARA 2015 AN 530 H (Hi—1HE) (2014A010106031)
JUARA B B e T AN 5 A e U 4 T ) BC I H
(2013B091500094 ) #1 Kk B 2020 #F 5% #1 61 87 3 4 Wi H
(734340-DEW-COOL-4-CDC-MSCA-RIS ) %% Bh, ( The project
was supported by the first batch of Guangdong Province 2015 Pub-
lic Welfare Program ( No. 2014A010106031 ), the Competitive
Allocation of Special Funds in Guangdong province China Acade-
my of Sciences Comprehensive Strategic ( No. 2013B091500094 )
and Orizon 2020-Research and Innovation Framework Programme

(No. 734340-DEW-COOL-4-CDC-MSCA-RIS) . )
&% 3k

[1] PATEL C D, SHARMA R K, BASH C E, et al. Thermal
considerations in cooling large scale high compute density
data centers[ J]. Inter Society Conference on Thermal Phe-

nomena, 2002, 6(2) : 767-776.



$38% F5H

2017 510 A

B NG R S0 % B HOHEAE TR

Vol. 38, No. 5
October, 2017

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

KARKI C K, PATANKAR S V. Airflow distribution
through perforated tiles in raised-floor data centers [ J ].
Building & Environment, 2006, 41(6) ; 734-744.
SHARMA R, BASH C, PATEL C. Dimensionless parame-
ters for evaluation of thermal design and performance of
large-scale data centers[ J]. American Institute of Aeronau-
tics and Astronautics, 2002, 91(30); 1-7.

ARBHDE. 5 R R RGBT A LU Ir 2= [T].
JTPEHL 7, 2008, 32(6) : 35-38. (LIN Yangguang. Solu-
tion of air distribution for computer room with limited infor-
mation[ J]. Guangxi Electric Power, 2008, 32(6) . 35-
38.)

e, i, il Bdsm s L 2 X RS
ST [T]. EHATRE, 2010, 38(2): 29-31.
(LYU Aihua, MEI Sheng, YANG Wansheng. Experimen-
tal tests on air conditioning ventilation of data communica-
tion equipment room [ J]. Building Energy Efficiency,
2010, 38(2): 29-31.)

M, BKEL, FEIR. JE T N RUZ Z8 R AL AP A AR
EHASHE DGRBS [ T]. AR TSR, 2004,
18 (6): 685-689. ( SUN Shimei, ZHANG
ZHUANG Jun. Heat transfer enhancement based upon the

Hong,

microlayer evaporation for heat pipe heat exchanger[ J].
Journal of Chemical Engineering of Chinese Universities,
2004, 18(6) : 685-689. )

E5. 35 kW B oo VS 5 I s PR BT BT ST
[D]. AIE. &M Tk K2, 2013. (WANG Meng. De-
sign and study of 35 kW composite air conditioning module
with heat pipe for data center[ D]. Hefei; Hefei University
of Technology, 2013. )

XA, B A ) B e PR RE S 06 B BB I
[D]. K. HmE k2, 2011. (CAO Shuangjun. Experi-
mental and numerical investigation on heat transfer charac-
teristic of a novel gravity-assisted heat pipe heat exchanger
[D]. Changsha:Central South University, 2011. )
BT, Far v W EPE UK O T S T
[J]. ASTHEEE KA, 2008, 27(1) : 45-47. (MIAO
Yaqin, LI Qihe. Experimental study on the performance of
a heat pipe radiator cooled by environmental air[ J]. Build-
ing Energy & Environment, 2008, 27(1); 4547.)
hFEIE, BRAS, JAUAE. 3 ko I FH AR i A S AR L2
BATREW 1 (1], dbmt Tl K224k, 2013, 39(1):
103-108. (MA Guoyuan, CHEN Jie, ZHOU Feng. Energy
saving potential for the telecommunication base station using
a thermosyphon heat exchanger[ J]. Journal of Beijing Uni-
versity of Technology, 2013, 39(1) : 103-108. )

DAL, B, SR, S5 N TEAE B iy P A
AGMIABBE[ ], WTHAERETR, 2013, 31(6) : 100-
103. (HUANG Zhongli, YAO Yuan, LUO Chao, et al.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Experimental study of heat pipe heat exchanger used in
communication base station [ J]. Renewable Energy Re-
sources, 2013, 31(6) . 100-103. )
Mrix, IR, I SC. J3 8 B SR S IR Y
[T bl 3 TR 52 52 4, 2003, 25 (3): 285-288.
(CHEN Lan, SU Junlin, WU Yiwen. Experimental study
on the working fluid filling rates of a special separate type
heat pipe[ J]. University of Shanghai for Science and Tech-
nology, 2003, 25(3) :285-288. )
Wy, 25, XIete 25, (5 RALD PVE 25 I8 R G0N At
SE[J]. 5B, 2010, 26(10) :141-145. ( TIAN Hao,
LI Zhen, LIU Xiachua, et al. Study on the application of
heat pipe air conditioning system in information room[ J].
Building Science, 2010, 26(10) :141-145.)
G%, PRIRAE, B0, S5, fHCEE A Ay s UV SR
WREREE LRI [J]. % 524, 2012, 33(6) :32-
37. (JIN Xin, QU Xiaohua, SHI Junye, et al. Research
on the performance of telecommunication base station with
separate heat pipe [ J]. Journal of Refrigeration, 2012, 33
(6):32-37.)
SRR, A4, HARTE. AU/ 1m] A — (kX
LI R GEEFE [ 1], W% =4k, 2015, 36(3):29-
33. (ZHANG Hainan, SHAO Shuangquan, TIAN Chan-
gqing. Performance analysis on integrated system of me-
chanical refrigeration and thermosyphon[ J]. Journal of Re-
frigeration, 2015, 36(3): 29-33.)
GHOSHAL U, GHOSHAL S, MCDOWELL C, et al. En-
hanced thermoelectric cooling at cold junction interfaces
[J]. Applied Physics Letters, 2002, 80 (16): 3006-
3008.
XUAN X C. On the optimal design of multistage thermoe-
lectric coolers[ J]. Semiconductor Science & Technology,
2002, 17(2) : 625-629.
ATTEY G S. Enhanced thermoelectric refrigeration system
COP through low thermal impedance liquid heat transfer
system[ J]. American Institute of Physics, 1998, 95(5) :
519-524.
KHATTAB N M, SHENAWY E T E. Optimal operation of
thermoelectric cooler driven by solar thermoelectric genera-
tor[ J]. Energy Conversion and Management, 2006, 47
(4) . 407-426.
PAN Y, LIN B, CHEN J. Performance analysis and para-
metric optimal design of an irreversible multi-couple ther-
moelectric refrigerator under various operating conditions
[J]. Applied Energy, 2007, 84(9) : 882-892.
SULLIVAN O. Array of thermoelectric coolers for on-chip
thermal management[ J]. Journal of Electronic Packaging,
2012, 21(5): 1-8.
MEH, TEE, 25, 5§ KRS KSR
— 9] —



$38% F5H
2017 £ 10 A

Hl% F |
Journal of Refrigeration

Vol. 38,No. 5
October, 2017

SERREE A SO I O ()], AU BT S i
2016, 5(2).12-16. ( DU Xuetao, WANG Yujue, LI
Yong. Numerical simulation and experimental research of
cooling plate structure on water cooling heat pipe radiator
[J]. Machinery Design & Manufacture, 2016, 5(2) :12-
16.)

(23] T, REF, PR RGN Ao
MILR A SRR FT[ C1//2011 1A 2 S f RAFE 2518
SCEE. AL P EEA 4, 2011, (WANG Ying, ZHU
Jiaoying, PANG Yunfeng. Comprehensive experimental
study on many heat transfer methods of hot side on semicon-
ductor refrigeration [ C ]//2011 Academic Annual Confer-
ence of Chinese Association of Refrigeration. Nanjing: Chi-
nese Association of Refrigaration, 2011. )

[24] &NIE, =, KK, NS ST I ST
[J]. 2B T K224, 2004, 30(3): 51-54. (JIN
Gangshan, LI Yan, DIAO Yongfa. Experimental investiga-
tion of small space semiconductor refrigeration[ J ]. Journal
of Lanzhou University of Technology, 2004, 30(3). 51-
54.)

[25] kZe, sk/MRY, BAUE, S5 ¥/ R HCHA X 1 AV AR
PERERYSZIR [ J]. TLIR 22741, 2008, 29(1) : 4346.
(ZHANG Yi, ZHANG Xiaosong, HU Hong, et al. Investi-
gation on thermoelectric refrigeration system with different
heat rejection at cold and hot sides[ J]. Journal of Jiangsu
University, 2008, 29(1) ; 4346. )

[26] skiedy, Bhatsr, il AKe R SURKR R PERER

WX [ 1], LR ¥ 3t % i, 2012, 5 (2): 105-111.
(ZHANG Xiaofang, ZHONG Jianxin, YANG Sui. Water
cooling effects on thermoelectric refrigerators [ J ]. Chinese
Journal of Engineering Design, 2012, 5(2) :105-111.)

[27] TRES, 2T, FEKE, 55 B RAE A0 =404
Mot S setfse[ V). RS T, 2012, 40(11)
70-75. (XU Changgui, PENG Ningtao, YAN Xianguo, et
al. 3D finite element optimization and experimental study
on the semiconductor refrigeration box[ J]. Cryogenics and
Superconductivity, 2012, 40(11); 70-75.)

(28] Lhy 5. JE TRV BOAGR I F AR v H 8 i (L Pke
PERFSELD]. I AR B TR %, 2014, (MA Guan-
gqing. Study of the hot and cold side heat transfer charac-
teristics of semiconductor refrigeration box based on the heat
pipe radiator [ D ]. Guangzhou: South China University of
Technology, 2014. )

BIEEEEN

e B A B, TR Tl K2 AR5 5800 TR 4B,
13580343059 , E-mail ; gdyangwansh@ 126. com,, #F5% J5 1] ; B il
230 BT RE NG A A

About the corresponding author

Yang Wansheng, male, Ph. D. , professor, School of Civil and
Traffic Engineering, Guangdong University of Technology, + 86
1358033059, E-mail; gdyangwansh@ 126. com. Research fields:
heating ventilating & air conditioning, building energy conserva-

tion and green building.





