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Theoretical Calculation and Experimental Study on the Performance of
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Abstract The effect of the temperature of the calibration tank, face velocity, and circulation rate on the performance of a CO,air-cooler
are analyzed using theoretical calculation and experimental study. The theoretical calculation is carried out by establishing a mathematical
model, the results of which show that when the temperature of the calibration tank increases from —30 C to —10 °C, the coefficient of
the heat transfer increases by 5. 8% , and the corresponding refrigerating capacity increases by 5. 9% . Under the calculation conditions,
the best face velocity (3.2 m/s) occurs, providing the best air-cooler performance; in addition, the coefficient of heat transfer of the air-
cooler increases rapidly with an increase in the circulation rate, and the growth tends to be smooth, with the best circulation rate at about
three. Comparing the experimental value with the theoretical calculation of the CO,air-cooler, the results show that the theoretical calcula-
tion is higher, the error of which is between 14. 8% and 25% ; however, the trends between the theoretical calculation and the experimen-
tal value are basically the same, verifying the rationality of the mathematical model.
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Fig. 3 The heat transfer coefficient and cooling capacity

change with calibrating tank temperature
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Fig. 4 Effect of face velocity on heat transfer coefficient
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ratio calibrating tank temperatures
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Fig.7 Comparisons of calculated and measured face velocity

33 EERSMAENERESLRE
xftk

Al 8 AL I FEE S LR AEA — E AR B
e NEEMER 5 PR B AR AR 34 0 e SR R
JRIZEHE TR, BITE 3 FHRIME R A AL BT
TERAS , BB = TS0 fE, 220 23% . It
TR AR RS BT IR



¥$39% £38 #l % F W Vol. 39,No. 3
2018 £ 6 A Journal of Refrigeration June, 2018

23 PPEARE 2R SR, MEDs . IR %A 22, 2007 223-

224. (XING Zhenxi. Development and application of Air-

21r cooler technology[ C]//An anthology of the academic annu-

\O
T

HERBRE/(W/(m>K))

15F
—— SZIGAH
—— 7 EHA{E
13 i 1 1 1 1 1
1 2 3 4 5
(BINRES

E 8 BIMERMITEEFLE ERHXTLL
Fig. 8 Comparisons of calculated and measured

circulation ratio
‘ A
4 _2|:| Te

AR SCHE ST BE R G LAl L B TSR o b
TR HERARE A0 T XUORIAIE PR A X KBLIE FA R
BRIV B s [ s ) YA UL AZ 56 15 257 7 5056
DR, XoF L T v IKUHIL ) S 6 (A S T, B e T
B ORI B SRR

1) Bt A R L B 1 T e, AR IR B R 2
BIbt 2 T o

2) e 00 T XU G A% PR BB 2 3 XL
B 2.7 m/s ZBAEE] 3.2 m/s I AL R B0 hn i
R, ZJA TR, AR XGEE (3.2 m/s)
52 KM i

3) UAEFIERM 1 1 5 I R R B 2
KTV, Ga&THNER 3 HALGIHEIEE
etk

4) ¥ RHLTT A8 = T 5L B0 {8, 76 45 TU% b 45 2R
RN 14. 8% ~25% R AR AR IEA —F

S ik

(1] SR, 3R R SRRl v ) 6 10 FH AF 5 BR M % T
RIEE[ 1], %1% ,2012,31(3) :3743. (MA Biao, JI Zha-
oliang. The recent research and future application of refrig-
erant CO,[J]. Refrigeration, 2012,31(3) ;3743.)

(2] JHHRE. ¥ XUBLH A Y S e K 7 SRR v % i 19 LT
[J]. SR, 2009(1) : 38-39. (XING Zhenxi. The de-
velopment of air-cooler technology and its application in the
refrigerated storage of fruit and vegetable[ J]. China Fruit &
Vegetable, 2009(1) ; 38-39.)

[3] TR ¥ XA AR K ST C L/ I AR 48 v 5

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

al conference on refrigeration and air-conditioning in Shan-
dong province. Weifang: Shandong Association of Refrige-
ration, 2007 ; 223-224. )

ZHANG Z, WENG Z L, LI T X, et al. CO,condensation
heat transfer coefficient and pressure drop in a mini-channel
space condenser[ J]. Experimental Thermal and Fluid Sci-
ence, 2014, 44 . 356-363.

FANG Xiande. A new correlation of flow boiling heat trans-
fer coefficients for carbon dioxide[ J]. International Journal
of Heat and Mass Transfer, 2013, 64 :802-807.

LI Hongzhi, KRUIZENGA A, ANDERSON M, et al. De-
velopment of a new forced convection heat transfer correla-
tion for CO, in both heating and cooling modes at supercriti-
cal pressures [ J]. International Journal of Thermal Sci-
ences, 2011, 50, 2430-2442.

THOME J R, HAJAL J E. Flow boiling heat transfer to
carbon dioxide; general prediction method[ J]. Internation-
al Journal of Refrigeration, 2004, 27(3) : 294-301.
THOME J R, RIBATSKI G. State-of-the-art of two-phase
flow and flow boiling heat transfer and pressure drop of CO,
in macro- and micro-channels| J ]. International Journal of
Refrigeration, 2005, 28(8) : 1149-1168.

WANG C C, CHI K Y. Heat transfer and friction charac-
teristics of plain fin-and-tube heat exchangers, part I: new
experimental data [ J]. International Journal of Heat and
Mass Transfer, 2000, 43(15) : 2681-2691.

WANG C C, CHI K Y, CHANG C J. Heat transfer and
friction characteristics of plain fin-and-tube heat exchang-
ers, part II; correlation[ J]. International Journal of Heat
and Mass Transfer, 2000,43(15) : 2693-2700.

KIM Y. Heat transfer characteristics of flat plate finned-
tube heat exchangers with large fin pitch[ J]. International
Journal of Refrigeration, 2005, 28(6) ; 851-858.

GE Y T, TASSOU S A. The impact of geometric structure and
flow arrangement on the performance of CO, evaporators in
multi-deck medium temperature display cabinets[ J ]. Interna-
tional Journal of Refrigeration, 2012, 35(1) ;142-149.

AN C S, CHOI D H. Analysis of heat-transfer performance
of cross-flow fin-tube heat exchangers under dry and wet
conditions [ J ]. International Journal of Heat and Mass
Transfer, 2012, 55(5/6) : 1496-1504.

XL B R AL AT ICIR A WUHLES R RRPE A B 5T B
FAT T IR Bk [ 1] 7 2741, 2007, 28 (2) - 56-60.
(LIU Enhai, NAN Xiaohong, HE Yuan. Investigation of
the frosting performance and improvement of the defrosting

method for an air-cooler under low temperature condition



¥$39% £38

2018 £ 6 H

Vol. 39, No. 3

CO, % RALIERERB IR i B R SRR 52 e 2018

[15]

[16]

[J]. Journal of Refrigeration, 2007, 28(2) : 56-60. )
X R IR AT IRV KLZE R R e r AT e [0 ] 3
FARE I K23 3#,2007,26 (4) :32-36. (LIU Enhai, NAN
Xiaohong. The study on air-cooler’s frosting performance in
low temperature conditions[ J]. Building Energy & Environ-
ment, 2007, 26(4) :32-36. )

FVIE BT v S A [ M. P9 P A
K2zt Wikt , 2008. (WU Yezheng, HAN Baogi. Princi-
ple and equipment of refrigeration[ M]. Xi’an; Xi’an Jiao-

tong University Press,2008. )

BIEEEEN

PR AT R RS T RE24 B, 13116035081,
E-mail :656103169@ qq. com, BFFEJ7 [l - il ¥ &5 g 5 4k
it

About the corresponding author

Li Kun, male, master degree candidate, School of Mechanical
Engineering, Tianjin  University of Commerce, + 86
13116035081, E-mail: 656103169 @ qq. com. Research fields:

conservation and optimization design of refrigeration equipment.



