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Abstract

Numerous variables affect product cooling rate of pressure cooling system for fruits and vegetables. These
include carton vent area, initial and desired final product temperature, flow tate and temperature of the
cooling air, product size, shape and thermal properties and product configuration(whether in bulk or packed in
shipping cartons). This study was carried out to determine the influence of each of these variables as they
affect cooling time. The opening ratio and number of the vent hole were recomended as 4~10% and 2~4
ea., rtespectively, for a minimum air flow resistance and for a umiform air flow patten. In the cooling
experiment for tomatoes and mandarins, optimum air flow rate was 0.04 m/minkg in terms of energy saving.
The cooling air temperature should be about 2°C less than the desired final product temperature for reducing

cooling time.

Key words : cooling, pre-cooling, pressure cooling

N OB

A2 AYEE WAANE TP 3
BE 2719 A5 §I1TE KoAFA FIIF ©]
sle) TR F89) FI1S2E AdEta WYl
b A BT AR RS e 9438
FHeES HEIT 1A o AR i
4E ¥HFeE fYEE L 3710 BolA
3 AR 71k A WA TN WAE
= wAn 97 Bade HoRAu 12 o

Comresponding  author Hong-Sun  Yun, National
Agricultural  Mechanization Research Institate, R.D.A,,
Seodundong 249, Suwon, Korea.

P AYET ABAX] L3 LAY o8-S 9
e AREY 27, 44, 9B, 39 =
Aztel 79 2N A FAFUe] LE,
27)1FL, W4 BAFL F 22 Wik o
WE719 5719 Ralo] 9L A 80F
of B3 A7t WAl BaETH3456). 1 Fol
Me £3%, T4 57179 279 A, 1
22 WEre 25 52 W4AAY &35 &
&4 F93e T3 2ot

Azl F7|Wzte FHRE WA dxg
Agy YEv)s AR AbelolMe diF 43
2o o] o3 dojuh=ul, ] HAZ
QelM Ax dAG AFe dF 4L Al



2 FAEAZHFREA Aad A3z(1997)

v w9 Ao}, F, HHEY YAETE gRE
9] A% Ax g o8 AtE devy @
g Atk wEA £35S STNA g 249
AFE FASAE o= Axe HHYE Foiqd
WaEes $¥%9e /e e Yz W
A A gon oy Jul vhE 2eEkA ok

#H, 49Ey 37 7EEL WiEsd Jg
3719 2xa) 245 24, Wbl Mgy u
g 2R A4 FHoAL geka JRTEY
o] BojA YL Es AP =oivh weba =y
FEe) 228 YHErst T2 21 7R By
gobd ou =g Fuigke 254 2 Aotk

T AAEL HFI TFIRNE A3 ¥
Fle HAY $FAGY $F539 £ §A
2 sEEe HAYE Abele] ETYE 3UIFE
o} By)79] geko®E sl O fEo) BFYs
A gtk o8 2GR Relqe BZF 7)Y
BErd 52 W Evdn Ydss Agy 4
Qo] Ho] WzpF 7] ol&e FEAL AHeAlyI
oA e Julg 2 sA "k

P, F& AFH AEH oA 23 HnE
FAA el Mg T4 2 FHEX a4 3
Aol Bg AFelM $FHAE HAZ B =
FHEELE T /A5 AelMe B217
AGE 2~47), HPHE 4~10%2 B Ao F
o B3g b It

2 dFe F9 472ARE JIARS 538
o) AFsoas AHEF «AAA e AdA s}
ol4-9 B&3E A% HAY AR T
A7) B AxE BAs, ok HAY BL &%
Bt Wzt Frlex T8 A4EE $utd FEstn
A YT

MNE 9 g
FARE
24 PRE AA§ FAE TujA e
Jd 2&d 1 EfES T3 g T
FAARE Agdged, o BAZS Tableld)
2t

Table 1. Physical properties of fruits used

Fruit Mandarin ~ Tomato
Equivalent Dia.(mm) 489 6.64
Average Weight(kg) 0.05 0.134
Average Volume(cm®) 613 1385
Density(kg/m’) 815 967.5
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Fig. 1. Diagram of experimental setup for measur-
ing cooling time.
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Table 2. Dimension of vent hole and box

No. of Opening

Fruit  vent  ratio of V.ent hole Box size
holes  vent hole size(mm) (mm)
25% 63 X 63

Mandarin 1 5% D X 90 400x400x300
10% 127 < 127

3% 50 x 29

Tomato 3 5% 60 x 40 480x300x320
10% 80 x &0
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(a) Packing box for citrus

(b) Packing box for tomato

Fig. 2. Configuration of packing box.
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Table 3. Half cooling time of mandarin and tomato with various vent hole ratio

Air flow No. of Opening ratio Half cooling time(min.)
Produce rate ' of vent Air enterance layer _Middle layer Air exit layer
(m/minkg) PR e Center ~ Wall Center Wall Center Wall
25 21 45 36 69 60 %0
‘ . 5 21 39 41 62 66 8
Mandarin ! 10 25 37 48 5 80 77
0.04 100 38 2 165
3 40 110 140
Tomato 3 5 40 78 91
10 39 59 71
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Table 4. Half cooling time of mandarin and tomato with various airflow rate

No. of Openmg Air flow rate Half cooling time(min.)
Froduce vent hole ratio of (m3/minkg)  Air enterance la Middle 1 Air exit |
venthole(%) yer e layer exit layer
0.03 39 142 285
Mandarin Bulk stacking 0.04 39 92 166
0.05 35 87 148
0.03 42 B3 110
Tomato 3 5 0. 41 78 %4
0.05 43 78 %
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Fig. 3. Cooling rate of mandarinand tomato.
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