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Experimental Research on the Performance of Storage Box with Semiconductor
Refrigeration Applied in Cold Chain

Qiu Lanlan Wang Yu Zhu Jieru Bao Jun Liu Jinxiang

(College of Urban Construction, Nanjing Tech University, Nanjing, 210009, China)

Abstract Despite its small volume and quick refrigeration, semiconductor refrigeration plates have good application potential in refrigera-
ted transportation. To examine the cooling capacity of the storage box with a semiconductor, an experimental bench was established to in-
vestigate the working performance of a storage box with two semiconductors types, namely, TEC1-12706 and TEC1-12712. The twice ex-
periments started with 2 000 mL ice cubes and the combination with 1 500 mL ice cubes, 3 kg foodstuffs , and 3 bottles of mineral water
with a volume of 500 mL respectively in the storage box. Meanwhile, different heat dissipation method of the hot side and fan arrangement
of the cold side were both considered during the test. The results show that the TEC1-12712 with water-cooling has a larger cooling capaci-
ty than the TEC1-12706 with air-cooling. Comparing the performance of same type of refrigeration chip using water and air-cooling, it was
inferred that the water-cooling has a better cooling effect and a shorter resistance time. Moreover, a better airflow distribution appears when
the fan is arranged below the cold side of the refrigeration chip rather than beside it. With the cold storage demand for a volume of 0.1 m’
two chips of the TEC1-12706 type with air-cooling on the hot side are preferred. Over 10 hours, the center temperature of the box was
maintained at 6 C and the minimum value in the box was approximately 0 “C. With the freezing demand, two chips of type TEC1-12712
with water-cooling on the hot side and the fan below the cold side are preferred. With this application method, the center temperature is
controlled below 0 °C within 3 hours.

Keywords cold chain; semiconductor refrigeration; refrigeration performance test; temperature field; operating conditions
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Fig.1 The principle of the experimental bench for the

semiconductor refrigeration storage box
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Fig.2 Physical map of the semiconductor refrigeration

storage box and its water tank
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Fig.3 Structure of semiconductor refrigeration

unit with air cooling for the hot side
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Fig.4 Structure of semiconductor refrigeration unit with

water cooling for the hot side and the fan installed below
and beside the cold side
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Tab.2 Parameters of the semiconductor refrigeration chip
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Fig.5 The ice box and food applied in the experiment
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Tab.3 Type and uncertainties of the instruments
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Fig.6 Temperature variation of each measuring point after

adding ice cubes in the storage box
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refrigeration chip with the air cooling for the hot side
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Tab.4 Parameter analysis for the measuring points of the semiconductor type TEC1-12706 and
TEC1-12712 with air cooling for the hot side

vkBLE K

Vi 4

BT AL T

Pk 1 . L L L At E]/h
s WA T A TEC1-12706 B 238 -1 0 4 10
i A I Y TECT-12712 # 250 0 3 3 10

2) X, 601
HI & 7 (a) AT, W5 TEC1-12706 %124 SR ] v 50T
A AR, B ESEEI(E R 107 V, B FHE R 2.9 401
AT o 20
P=UI=10.7x2.9=31.03 W (1) s
HEL 7 (b)) AT, W F TEC1-12712 B2 Skl 4 1%
FoT AR PRI 1.7 VT 5. 7 ol
ACFRTIRR 0
P=UI=11.7%5.7=66.69 W (2)

& 6 AL 7 w0, s X2 2L TECT-12706
AUFI TEC1-12712 AU SR R T AR B, fiff 58 46
PIE AR AR , BACIRIR S R 4EFE 10 h; T4y
WL K 31.03 W I 66.69 W, £ b rik, i K%
K TEC1-12706 B T 44 68 BEAE AR, 850%
a1 e R AR TECT-12706 #Y 2 &
PRIV A6, 28 40 A [l B 12 20 7 =, iF — 20 5%
A B M S PR RE
2.2 TEC1-12706 & #ix X 4 5 TEC1-12706
B R K%

SIS A A DR A 5 4R 7K VA EL YA S AL
B FWREI R H TEC1-12706 542 S 44 6 ¥ F- pE 47
o FEU N A DK BRA F A N 25 T T
BEI E] A2 AE AN & 6 (a) (& 8 FIEL 9 7R

1) FFAR Ik,

MK 6(a) [ 8 1k 5 Al 5, M K ¥4 5 2K
TEC1-12706 A TAE B, #35 Ge S B A7 80, TEC -
12706 RV 850545 i, WvR i 3 7 SF- 243 2
-13 °C, & RCE YR 2 R - 10 °C 48 R 0 i
FEIRF-10 °C, Al 44525 4 h;3. 7 h 5, Paimid HK iR
JE TR HIE A 52 M R A IR A5OR . I X

I [A]/h
[ 8 #ifsk 4 H TEC1-12706 B LS4k #1:4 F T1ERT
Ei SR B R R E R 2L
Fig.8 Temperature variation of each measuring point with

the semiconductor type TEC1-12706 and water cooling
of the hot side
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Tab.5 Parameter analysis for the measuring points of the semiconductor type TEC1-12706 with air cooling and

water cooling for the hot side when adding ice cubes in the storage box
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Tab.6 Parameter analysis for the measuring points of the semiconductor type TEC1-12706 with

air cooling and water cooling for the hot side when adding food in the storage box
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Fig.9 Temperature variation of each measuring point

after adding food in the storage box
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Tab.7 Parameter analysis for the measuring points of the semiconductor type TEC1-12712 with water cooling of the hot

side and the fan below or beside the cold side when adding ice cubes in the storage box
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Tab.8 Parameter analysis for the measuring points of the semiconductor type TEC1-12712 with water cooling for the hot

side and the fan or beside the cold side when adding food in the storage box
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after adding food in the storage box
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Tab.9 Parameter analysis for the measuring points of the semiconductor type TEC1-12706 with air cooling
of the hot side and TEC1-12712 with water cooling of the hot side
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AIEE (AN 4(b) ), 2% K A8 bR b 2 B 00 3 03
FIA R AR 3 T 26 XURS V& i RUR 452 S Al ve - i
BB (WE 4(a)), 5 KR P KSR R
bt

PR, v XU T k5 =0 TECT-12712 B T4
B, 38 BV 0 345 VA AR FH V4 R A 5 2 i XU A oy =X
) TEC1-12712 B TAERY , Nl SRR TRA
2.4 &t TR H TEC1-12712 # 0 TECI-
12706 B F 2K H))8 FEREXTEE

ST I ) 68 T A XL 4 A s XS R R Y
H TEC1-12706 #4444 H- B At 7K ¥4 FA o AL
B F WG H TEC1-12712 AU S48 ¥4 F vE 47
o FEPRN I A UK BRE A6 R P9 25 T BE T
T BE ) A2 AL E N 6 (a) (1 9(a) ([ 10(a) (&
11(a) Fis,

1) E sy L,

& 6(a) F9(a) K 10(a) & 11(a) FZK9 Al
HILTE 30 °C Ry PREE IR BT, $om K% 7 ) TECL-
12706 AU TAERF  FEAVKEET 10 h (NFE AR G-
— 138 —

TEEZIA 4 °C R FHE 10 h YRR AT I A5 5744
BEEZR 6 °C, MK 77K TEC1-12712 & T 4E
B R AR VK ERET 1.5 h IR IR RS RTR B 20 R - 10
C,3 h WAARHUDREL -4 C R EFEF,3 h
PR R T T 5 2 1T, T 0 L e (IR 24
H=5 C,3 h BIFEART I AREEZS R 0 °C |, PRz i e
FATE 3 h WATERFFEAOREETE 0 C LR,

2) i FHIE XS LY

& 9 1Y XF b AT 4, #om K2 T Y TECT-
12706 HU R 18 7 TAERTIE A 1F K ik v i a5
RS | T R KA A TECT1-12712 B SR
Y& R TE A HI K i 27 AN B R s B B 20K, ) K4
AR o 3 A TR VA VR
3 it

A SCHE HE R TEC1-12706 A1 TEC1-12712 B2
SR B H 7 AT A AR I A AR
S B T RSO T Ve v XU T RORURI
A PR A XA R 7 V2 %o R A P ) 5 2 A )5
e, A5 2] EZEE5B AT .

1) 7 5255 v g R R #Aosi K% 7 28 TECL-
12706 A1 ARSI R Y IREEIREE N 30 °C ), il
BB 0.1 m® BFIER NI REL R 6
C, HRBYERF 10 h b HZ AL v A8 18 G 1F
R A Ve B FHVA JEA

2) TESZE N R P K ¥ HL¥ v XURS T IR
I TEC1-12712 BYHIA F, YA BT IR 30 C
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I OB AT AR 0.1 m® BOAE IR P33 S 2 e
Yy R-2 C, HREZERF 3 h; I FIZ ARG B i ¥ At
T AR R R AR VR R EE PV URA

3) B2 V% g AU 0 ok X 4 g XU T R A
DAL SV, ¥4 St v 1 ] S s AL i B A A
AR AT V& V2 % 42 i 4 152 R g St FH XL
iR

4)TEC1-12712 B s K& 1 K, 45 h H 7E
fith AR A R B 2L A Y R A i R Oy =, S BR
AR T TEC1-12706 B2 SR H1 A, Bt
BEARIES 317K B9 AL, TECT-12712 B F w76 K
TR VA TR B FH VA R A S0 B A N S

S
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