$35%5 £48 #l % F W Vol. 35,No. 4
2014 &£ 8 B Journal of Refrigeration August , 2014

XEHES.0253 - 4339(2014) 04 — 0034 - 08
doi: 10. 3969/j. issn. 0253 — 4339. 2014. 04. 034

Rig A H R BRIIEIREE ST iR
M B EWHC SR AR

(1 E£ERWAEFARINBEESABRARLEDESLEE M 510642;2 LERUKRFTEZERE M 510642)
W OE NSO KU O SRR VR BRIAE (LAF AR FRFAR ) W0 B o A B, SR A T — A Sz =T =X BR 21 4 52 56
- EVE RIS, AT BRAAE R 2247 B B [l R IR AN T BB ST E VR A RR i S, ST A SRR . A TC T R 4
PR, DR T 5025 SRR R R b R IR T35 50, HORBE AR B2 43 AR 1928 S R 3000 318 0. 25 0. 08, W3 4 A2 3 15 B FIAH XoF
TR YR T A0 4 JEHASRIRE AR M2 R B2 (P <0.05) , FAIBITH B, 2 FAH T A0 5 R 3R |, A
W29k 17 min; iz PR 013 5 36 E 57 45 DU AR O B OG TFIRLEE A eR R A | Il A 7 R SR B L ARV B S IR SRR IR A G 5
ToATREAT I AH 1L, 35 B AT 40 BOME N - M R HE I 155 5. 74% RH - IREAR 0. 43 °C MR FE X I3 A e S 22 /0N | I diL P [1]
SRR RS, A5 45 5 g H RO URF AR BE R AL 5%

SEHEIE WRAIAE ; IR IR 400

R E 43S . TB658; TB61 1 ERFRIAAG ;A

Experimental Study on Distribution of Temperature and Humidity Field
in Vertical Open Display Cabinet for Fruits and Vegetables
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Abstract In order to investigate the distribution of temperature and relative humidity of the fruit and vegetable open display cabinet with
single-band air curtain, an experimental platform of the vertical open display cabinet was used for refrigeration test. The distribution char-
acteristics of temperature and relative humidity of the testing display cabinet under the cooling and temperature raising conditions was ana-
lyzed. The effect of night covers was also explored. The experimental results showed that the temperature and humidity are well-distributed
under temperature raising condition, and the coefficient variation (CV) of temperature and the relative humidity distribution is 0.25 and
0. 08 respectively. The temperature and relative humidity of the right of the display cabinet are higher than those of the left horizontally.
The distribution of temperature and relative humidity in four shelves differs significantly (P <0.05) in the orthogonal direction. During
the steady-state operation the temperature and relative humidity distribution in four shelves is periodic oscillation and the period is about 17
min. To study the overall temperature and relative humidity of the display cabinet, the linear regression method was used to predict the
effect of the relative humidity on the temperature. The regression model showed that temperature is linear with the relative humidity. Night
covers can keep the relative humidity and the amplitude of temperature with minor changes, shorten the cooling time and prolong the tem-
perature raising time. Compared with no night covers, the average relative humidity is higher by 5. 74% RH and average temperature is
lower by 0.43 °C. The results will provide references to optimize the performance design of the fruit and vegetable open display cabinet.

Keywords display cabinet; temperature; relative humidity; distribution
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Fig.1 Schematic diagram of open display cabinet structure
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Fig.3 Temperature variation in a cycle of cabinet
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Fig. 4 Temperature distribution in two conditions of cabinet

8 .
61 e
O Ll
24 N
> e \,
e ™
20— ERE e AR

0 2 4 6 8 10 12 14 16 18
B A /min
5 —BEHENEEST
Fig. 5 Temperature distribution in a cycle
FH Matlab % 4 X6 ik 285 3 22 I S 1 7 A7 ity T 42
&, 6 iR

©

9 ~ 7.5
| - -

(@)

= 6 ‘ 6.5

E: Al

=3 1155
0. 5
1.5 . 45

s !

05
PN B8 B /m
& 6 BEIIIEBER ST

Fig. 6 Temperature field distribution in cabinet

*Elj‘] %fg/m 0 0



$£35% F4H
2014 £ 8 A

Hl% F |
Journal of Refrigeration

Vol. 35,No. 4
August, 2014

MEL6 AT LIE H FERRAIERR S B AT I B, AR N
TR IR T A AR R R m T RE, A
KT mRE, 2 AR 2 R R (P <
0.05) , HaBil B P08 43 50l i T 22 A7 B I B F- 3
fH2.30 C.1.79 C, XARNEH PG FALRE
AN AFAGHE PN TR B RRAE AN Pt 22 A
BTG 4 E 480006 5 oA BB R 1 R
FETF &, 51 255 2 ZM2LEE 25
AEE(P>0.05),55 2.3 4 2502 6] 16 B 43 4 47
TEEFRE(P<0.05), XIEHME 1.2 ZiiesE
AT ALK, DA% AR L 49 S I EL A R P B )
V£, AT AR ) ROt 34 R AR 2, B AR
B MAESE 3 4 J2 2L, th T RREAE T A K-S
T FURUHIL R B2 9 52 i), DR A0 1) S [ SR, <
T A —E, HLEET BUXUX, i T vE i i i b
PR 22, ERRASIBITINEL, 5 1 2L 55 4 2
TR E B R 25 7T 3K 4. 97 °C 55 4 J2AHA AR (CF1y
N 7.49 +1.84 °C) HERE 3 J2HM4ER 2. 06 °C , Bl
Rt DI T AR TR AT, 45 J2 Fie 4 2 T 2 9 i
oitE & 20 17 min; R 5 REORE 5 1,
2.3 .4 EHA5E 028 S R B 0 0.29,0.33
0.28.0. 18, F W& 2 16 Z2 1] i et 25 U0 sl AP AR A K 22
5t
2.2 BRIVMEIRE D T

1) AR T O S o0 A b

FETCTREAS 5% T, A T RB AR A B 1T B B vl
T ARSI P o T 0 5k RS A 5 2 A R, &
m=k 2 iR,

FE 2 FTLAE H, I R T s o A 1 ik 25 A )
VREEAY AT 25 S W3 (P < 0. 05) , 33 42 PR R AH L U T
L, 1L B B ph T v 455 1 AN XURE A 28 W AR AR A1
1o Tk 2 ORI PG 2 AR HEAT A3 e, T A8 245 7K
RVRLT35: 3 2 S b/ B8 DR A NS0 E DO RS R S A G S K
k1 73. 63 £5.94% RH) FLAIXHE BE 43 A 4835 50 (A8 53
AHCH0.08)

2) RS BETHY B E A et

FETCITRET A1 T, W BRI A2 1T i B i
FEG AR E A TS . o3 I — IR A N A
AT T AE X I R B [ A AR AR A, KB 7 AT DL
L FE—AN R P B 2 [ 3 N R I T AT A2 AR
PR A R v T 2 A S ) R PR A S P A N R
T,

FH Matlab 544 X6 AH X 35 8 0 2 (8 00 47 ity 1o 420
G, AR PN R BE R A AR A AR VS A 4 3 TR
[, A br J A B B S 46 7 — 4R 35 AL 9 K [

TR B BRIl A5 B Be g 1), An i 8 R

2 W TR FRFIAEIR 35 R 3
Tab. 2 Effect of humidity field in two conditions

of cabinet
T
LRI T 5
[ml3:/ % RH K3/ % RH
1 79.0 40.3
2 78.0 43.2
3 65.3 42.5
4 71.5 46.7
5 67.3 35.8
6 67.8 39.4
7 80.0 46.7
8 74.2 49.0
- {H 73.63 42.95
PrifE2E 5.94 4. 40
5 R AL 0. 08 0.10
t 11.73
I P =0.000"
90 |
280 |
é
70 |
ﬁg 6 |
kUl Y S

S
[}

0O 2 4 6 8 10 12 14 16 18
F} 8] /min
B 7 — 1B RNEMEES

Fig.7 Relative humidity distribution in a cycle

%RH

VA% o
LW SSS3S3

AT E/%RH

—

7 1.5 40
3 msmm e

8 BRIIIEIR B
Fig. 8 Humidity field distribution in cabinet

NI '8 T LA i 2 [0 R T 0 £

05
MAREE/Mm 0



$355 F4H
2014 £ 8 A

Rz A A XS BRIEREE R D XK

Vol. 35, No. 4
August, 2014

HE AR RN B 43 A R 30 R MR 5 . IR 3% el 1
PIAS R B (R BE AT (030 255 RS (140 A PR G 8 8 1=
(CFIME R (75.57 +6.14) % RH) HA A 844 41 (7%
SERBCN 0.08) , BRI B B B A A X B A AR B
Bo) (55 RECH 0.13) o 5 IR R Be Ak 3 AR
L, a0 445 S B AF X W B IR (P34 (42,95 =
5.06)%RH) , MIRZERAHIXT IR IE A R E , 452
AR A A 2 R (P <0.05) , AHXHE .
FARSHEIES>HE2Z>83 2, FEMERS
ARG B R I PR35 1, IR % L 298 17 min; AR
S RBORE B 4 J2 2R X B 0 sh /N (R S &R
BN 0.15) 55 1 JZHZEHHEE W S B K (B R
#h0.26),

2.3 BR3HEIREXTHEXNEE R 0

FETCTTREAT 2514 T, Il T 050 A IR T 050 Al 52 5
AT FEAE R B AR, 5 R A SR AUK 28770
TR | AR AZ A K 25 T s, [
B, BTS2 45 N ARG 22 ] B2 460 55 1 5 e, N =)
T DX AT I P I S MR AR . PRAIAE SR 1 JE M 2R 2R
i A [l /), 32 s i B R B B K TR 52
M 5 A 3 TSOAHNS T8 B i 5 o RSAE T A 7 IX sl T T
FLARBN 3 AR N PR W, AR RR IS
A HSF 30 P88 X A G B ) s e R AR FR MR B AE 22 A
PSS U0 A5 P S 9 B , A T U B AR X T B 1
FEME, LAAS I o5 T R AR I B2 A B4 (R AR, 32
AR RN A T R SRR (Y, % RH) TR E
( X, C) (RIS | [ 25 51T .

Y = 34.48 +7.84X (2)

(19.00) (17.41)

Horp () PR XTI R B ¢ Goit e, A
MUE R &5 R F/, SR E 8, a1 E R =
0. 6434 , FHIFHXHE BEAE ALY 63. 34% A H il B A9 A8
TR fgRE . RERIAM ¢ Goit i KT 2 In SHE, B 7E
95% I B 5 AT N R4 RERIU (1) R, B E
TR X AR B B, MR (2) iTLUE
L R X 1) S ) S — T 2R M &R AR E R
JERTFE 1 °C, AR N 7. 84% RH
2.4 TTRET XTBRTIFEIRIE E A 220

FEA T REAT AT X R A A TR 1 43 A LA
PEATRIFSE X EL Ay Mr A TE T RE AT P AR 451 T AR N IR
TR (A 22 5 G5 A0 9 B,

PNEEIIYE S =R @ RS O U LI S v ]
REAS SR AR NI EE - i T 2 5% (P >0.05),
FERRASIBAT O B, PARR S5 A I A P I B 0 A 22 S 1
FE(P<0.05) ;A TRBAT AT, A P T B - 2 ME ok

”

100 125
< 4120 )
i 115 <
= WP
Eo 110 m§
= 5
; : : : : 0
20 40 60 80 100
8] /min
—— BRENEE) ----- TR (AR
———-BMHRE) — == ERIEE)

E 9 T Re T A IRIE EFHRIR 00
Fig. 9 Effect of night covers on temperature and
humidity field distribution

5.07 C, lLICTT BB A1 T - F 4R EEAL 0. 43 C,
AT REAT Z5 1 A P B 0 sl R R AN (B R R
BN 0.20)

FEA T RET AT AR RO B 2 TR
REAT 25 E T (P < 0.05), HAH X 1 B - 4 14 K
67.52% RH, JC 7 HE ¥ 4% 1 & AH X 1 B2 7 ¥
61.78% RH; N7 RECE , TERSB1Th B, A .
T RE AT I A AR O B AR S R A5 R 0. 140 18, 3%
BT REAT T LAY/ IV PR A X 1 38 sl R

B X B A T AR 2] R Rk R T Gk ST () 749 5 i) 2
P8 455 3% 3 s,

R 3 TyRET X HIS A0 (2 iR B 8] B 2
Tab. 3 Effect of night covers on cooling and

temperature raising time

Y

TH v the ki H BT
IV FERT/min 9.9 8.9
[A] YR AERY/ min 7.7 9.8

MWF 3 [ LLE eIt i B — R
AP, REAS T LAZA 40 1 min B9 1% B[R] FIEE K 2. 1
min B RIS E] PR, 24T B A BUR 85 7 h  f
fig, AT RL A REAT LA R BERUR .

RIE 0

SR B2 AU ) T R AR5 A I
Gy AR R T — RO SRS ST 5 1R
WFFERTR . BESE T A AL B o A e XS AR X
A B 118 5 ] O 2 FRTY BE A X 8 B 43 A A s, 5
SRR

D) FETTREA A5 0F T, RIAEfERR B AT Bir B
(] Yk T 0 23 PR 5 R8T 00 45 T I 2 0 W B 3
A 28 5 2, 0D 0 4 SR Y I 2 T B A 58



$355 F4H
2014 £ 8 A

Hl% F |
Journal of Refrigeration

Vol. 35,No. 4
August, 2014

%,

2)FETCRETT S5 AF N, BRFNAE KT J7 1) VR B
Oy AANIES]  ZE TR AR R B YR T A 88, 7Rk
BiZTH B4 EBIBENIRE M MR R, L2
ZOFBNRERT TEMAE . 51 2/ 4 B4R
JEZE IR 4.97 C; 2L SRR A R 24 17
min AR S5 1 5 45 J2 SR 2R A X B oy A 22 7 W
MXNRE 4 ZES>E1ESHE 22 S>H3 2, Hip
551 JZ LA B D s K

3) ST A AT s R B G TR ) R RO Y
T AR BT B, B %o AH Xof b %) 52 i) A —
JCMEC R ENF IR B B 1 °C, AR
FERETN 7. 84% RH

4) 5T REA A L, FE A W RB AT AR BRI AR
SRR B 5. 74% RH, F- 2R AR 0. 43 ¢,
REAS T 9/ )Nk B FURE X B 9 30 B MR e S as AT
B B — 432 JELAOT P, 7 RS T 4 6t 38 U e (1) 7R B
K R ]

FH T AE N P I B A A 2 S, 78 SR PR R
B b P2k AR TP AT R R A AR SR 3 R
TR 251, 2 IR 4% X 3 4% J2 TR B TR TR 3 1 %
ST AL, LLA BB PR EE SR (H A
THE R, FEFIE RSB T B B, A FE A5 19
T K- R BB X AR B A T T 1) 0 A R = A s
AR TE X EEA TER A AE ST

S 3k

(1] Aoviik, THER R K. BRI &R E BRI BT
ST, H1¥8 2, 2011,32(2) :3944. ( Yu Kezhi,
Ding Guoliang, Chen Tianji. Research Development of Nu-
merical Simulation for Display Cabinets and Air Curtains
[J]. Journal of Refrigeration, 2011, 32(2); 39-44. )

[2] Amin M, Dabiri D, Navaz H K. Experimental Investiga-
tion of the Effect of Various Parameters on the Infiltration
Rates of Single Band Open Vertical Refrigerated Display
Cases with Zero Back Panel Flow[J]. ASHRAE Transac-
tions, 2009, 115(2); 255-265.

[3] Laguerre O, Hoang M H, Osswald V, et al. Experimental
study of heat transfer and air flow in a refrigerated display
cabinet[ J ]. Journal of Food Engineering,2012,113(2):
310-321.

[4] YuKZ, DingG L, Chen T J. A correlation model of ther-
mal entrainment factor for air curtain in a vertical open dis-
play cabinet[ J]. Applied Thermal Engineering, 2009, 29
(14/15) : 2904-2913.

[5] 0, RICGH 5 V. JET UK E R A %
JRAIAR Y SR BT [T ]. 7% 524 ,2011,32(4) : 63-

— 40 —

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

66. (Cai Xinmei, Song Wenji, Feng Ziping. Experimental
Study on Ice Slurry Vertical Open Display Cabinet with
Central Refrigeration[ J]. Journal of Refrigeration, 2011,
32(4): 63-66.)

g, B EA R A WCRGE SO R G 12 i R
HEER R WA A KRR [T]. Rl TR, 2012, 28
(17):275-280. (Han Xu, Lii Enli, Lu Huazhong, et al.
Coupling effect of environmental factors in fresh-keeping
transportation container with controlled atmosphere by lig-
uid nitrogen injection [ J |. Transactions of the CSAE,
2012, 28(17) : 275-280. )

Mahajan P V, Oliveira F A R, Macedo 1. Effect of temper-
ature and humidity on the transpiration rate of the whole
mushrooms[ J]. Journal of Food Engineering, 2008 (84 ) .
281-288.

SRS WG SR, A5 i T VKA X 7 SR P 7 14
PREESCR[T]. 4Ol TSR, 2009, 25(4) : 265-269.
(Guan Wengiang, Tao Xiaoyan, Zhang Na, et al. Effects
of high-humidity refrigerator on quality of fresh Tai-tsai and
celery[ J]. Transactions of the CSAE, 2009, 25(4) : 265-
269.)

Laguerre O, Derens E, Flick D. Temperature prediction in
a refrigerated display cabinet: deterministic and stochastic
approaches[ J]. Electronic Journal of Applied Statistical A-
nalysis, 2011, 4(2) . 191-202.

XUZRA, Sl IE  BEAR. PREUAR A 28 0 3 5 4 il F
(], ¥4k, 2000, 21(1); 51-55. ( Liu Dongyu,
Wu Yezheng, Cheng Song. A Study of Air Flow and Heat
Transfer in an Open Display Cabinet[ J]. Journal of Refrig-
eration, 2000, 21(1): 51-55.)

WRR S, AR 2L AR s s, MUARERRIE XS 37 U R MRS AE
BATPERE R WA B SEYG AT T[] il ¥ 24l 2004, 25
(3): 1-4. (Chen Tianji, Li Yuhong, Yu Kezhi. Experi-
mental Investigations on the Influence of Air Curtain Char-
acteristic on the Operation Performance of Vertical Low
Temperature Display Case[ J].
2004, 25(3) . 14.)

AR, SEAHUT AR ik K PRSI AR DL -5 52 56 F
¢ [D]. bifg. b5l Kbk -5 3h ) TR 5 B
2009 4F9 A.

B, B, A 5. FEANAEE X ST 2 R R A
R AR R s ()], BUE AR, 2007, 23
(12): 13-14. (Xue Mudan, Lii Yanli, Shi Haijun, et al.

Study on the Influence of the External Environment of Ver-

Journal of Refrigeration,

tical Refrigerated Display Cabinet on the Food Temperature
[J]. Modern Food Science and Technology, 2007, 23
(12) . 13-14. )

U WK B e mids 4. FRARE RIS X o v e 27 A4
RERZ IR B9 SEER AT [T]. 82441, 2007, 28(2) : 19-22.



$355 F4H
2014 £ 8 A

Rz A A XS BRIEREE R D XK

Vol. 35, No. 4
August, 2014

(Xie Kun, Chen Tianji, Yu Kezhi, et al. Experimental
Investigation on Effect of Ambient Temperature and Rela-
tive Humidity on Performance of Refrigerated Display Cabi-
net[ J]. Journal of Refrigeration, 2007, 28(2) : 19-22.)

[15] Jag. ~aHOTHE BRAE A HERE 20 AT ATt [ D]
g, BMEACIE R EEMUR S 3 ) TR 24 BE, 2008 4F 2
A.

[16] Laguerre O, Hoang M H, Flick D. Heat transfer modeling
in a refrigerated display cabinet: The influence of operating
conditions[ J |. Journal of Food Engineering,2012 (108) ;
353-364.

[17] Gaspar P D, Goncalves C C L, Pitarma R A. Experimental
analysis of the thermal entrainment factor of air curtains in
vertical open display cabinets for different ambient air con-
ditions[ J]. Applied Thermal Engineering, 2011, 31(5) :
961-969.

[18] Chen Y G, Yuan X L. Experimental study of the perform-
ance of single-band air curtains for a multi-deck refrigera-
ted display cabinet[ J]. Journal of Food Engineering, 2005
(69) : 261-267.

[19] Howell R H. Effects of store relative humidity on refrigera-
ted display case performance[ J]. ASHRAE Transactions,
1993, 99(1) : 667-670.

[20] Howell R H, Rosario L, Bula A. Effects of indoor relative
humidity on refrigerated display case performance [ J].
ASHRAE Transactions, 1999, 105(1) . 275-282.

[21] Faramarzi R. Efficient display case refrigeration [ J ].
ASHRAE Journal, 1999, 41(11) . 46-52.

[22] EREZE XNEMR, 5N E. BT ER XA FE R
X SEE KRB (], Aok TR 2, 2009, 25
(2): 31-35. (Wang Guoliang, Liu Guobin, Dang Xiao-

(455 7 50)

[14] Zhang Dongliang, Zhang Xu, Liu Jun. Experimental study
of performance of digital variable multiple air conditioning
system under part load conditions [ J]. Energy and Build-
ings, 2011, 43(6) . 1175-1178.

[15] Tu Qiu, Dong Kaijun, Zou Deqiu, et al. Experimental
study on multi-split air conditioner with digital scroll com-
pressor [ J]. Applied thermal engineering, 2011, 31
2449-2457.

[16] R, BT, HeTALF R BRI M e AR PR AL
R RGAREETE [ C 1/ E A AR ES, 2011,

[17] e AR E R0 B R Az SR, b EE
FAREEHZE 23, GB/T 18430. 22008 25 & 4 1
PRI CIRZR) HILALEE 2 #8501 BRI 9 v (B4
FOHLALS]. dbnt. EARUE T i, 2008.

hu. Effects of land use on soil moisture in loess hilly and
gully region of China [ J]. Transactions of the CSAE,
2009, 25(2) . 31-35. )

(23] A2, GB/T21001. 2—2007 Y MRS 2 346
op 2 BOR[ST. dust. i EARHE T AL, 2007 4F 8
A.

[24] WA, FEEHIE2E [M]. 55 2 WL bt fh2 Tal il
fikt,2003 :60-61.

[25] WG, 5 RUR) B, 55, S OR i R5E S B RIT Y
BURS [ T]. TR R, 2012, 39(23) : 75-
77. (Zeng Zhixiong, Lii Enli, Lu Huazhong, et al. Re-
search and analysis of environmental parameters in fresh-
keeping of leafy vegetables[J]. Guangdong Agricultural

Sciences, 2012, 39(23) . 75-77.)

BIEEEEN

TEHEAR TS (1972 - ) B2 AR AR R TR E BRI BE S, 48
FAA R 27 7l 7 AP AU 5 25 4 G B PR 0 W T S
%, (020) 85283652, E-mail: hlwang @ scau. edu. en, #5777
o] ;A7 AR EEI TR A TARRPTSE . BUAEEAT BB 52T H
A FEEZRHECSAE R PRE W B AR ™ i i B A S B
ARV SN,

About the corresponding author

Wang Hailin (1972 - ), male, Ph. D./Professor, Vice-dean,
College of Engineering, South China Agricultural University,
(020) 85283652, E-mail; hlwang @ scau. edu. cn. Research
fields; agricultural products cold-chain logistics, agricultural en-
gineering. The author takes on project supported by the project
was supported by Key Technologies R&D Program of China: keep-
ing quality of agricultural products cold-chain logistics, the re-

search and application of safety and quality technology.

EEEN

KRR, 20 (1963 - ) MRS Hok, bl R A LR
Bl TR B % Z& i, 021-34206776 , E-mail ; jywu @ sjtu.
edu. en, BFFETT I HVZS RS REIRAE LS A 4, ig
Bz a R, BAE AT WA AT R AR
G Tl 25 0 A TR F AR A B IR AL R G S A R F
FEAE

About the author

Wu Jingyi (1963 - ), female, Ph. D./Professor, 021-34206776,
E-mail; jywu@ sjtu. edu. cn. Research fields: Energy management
and control of refrigeration and air-conditioning system. Energy
complex utilization. The author takes on project supported by the
National Natural Science Foundation of China: Dynamic character-
istics study of combined cooling, heating and power system based

building load prediction.



