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A Study on the Combined Equipment for the Pre-cooling and
the Thawing using the Low Temperature Vacuum System
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Abstract

We need refrigeration system which can maintain the freshness of agricultural
products, because of being distance from a tiller to a consumer. Vacuum pre—cooling
system has an advantage in quality maintenance through rapid cooling down by using
latent heat of evaporation of stored products. A number of thawing methods in current
use have also several disadvantages in thawing time, discoloration mass loss caused by
drying, capital costs and running cost. These damages are, it is claimed, either
eliminated or improved by the vacuum thawing system. An experimental study on the
pre-cooling for the bean sprouts and cabbage, and thawing for hairtail and croaker by
the low temperature vacuum system were carried out. The cabbage cooling time with
this pre-cooling vacuum system took about 60 minutes to reach from 23.2 T to 4.5 T at
5mmHg abs. (6.66x10* MPa). The croaker thawing time with this low temperature
vacuum thawing system took about 170 minutes to reach from -10.3 C to -0.8 C at 20
mmtlg abs. (2.67%10° MPa). The vacuum pre-cooling and thawing system have merits
compared with present systems in their short intervals to cool down and to thaw
without any quality losses.
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Fig. 1ol 483 71aS o438 oy 2 )%
HE AEEA A5EE JenArnh

AELAT AR oyt siFo] o|FojAE
AFE71(vacuum chamber), A3L&7] WHEE
Ao FdHoT FAHE7 93 AEyx

-

(rotary type oil vacuum pump)® F7% 7
AgY o] A B
&8 HZ(driving pump)@r e d(water
tank), s1E A Yo AT FHsr) A% A7)
7} 71 (electric heater) zh Beol 2z 9 by
S AR 48 A% 28 &35 (on-line
measuring unit) $23 FA o] i)

HA gy 3 osfedae] gl &g
stz AFE719 271 0 1.000 x 1,1,220 mm
2] %%63’%715*1 ‘41‘j*°”4° 0.88m* olt} X

Folle 38 ol W360 x H180

ol# Ef (water jet air ejector),

A e RN A shE %é?—‘é °
MAEE Hof gom oy B E 4% F R
o U BEY 5 JLE 0 200 mme) H23
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(M Vacuum chamber
® Hectric heater

® Water jet air ejector
@ Water tank

® Data logger

@ Feed water valve

@ Rotary type oit vacuum pump
(& Ejector pump

(® Vapor/water separator

(0 Personal computer

Fig. 1 Schematic diagram of the experimental apparatus.
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Fig. 2 Temperature measurement position for the
vacuum pre-cooling.
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Table 1 Experimental parameter for the vacuum

pre-cooling.

Pressure 5 mmlig abs.
Saturated 16 ¢
temperature

1) Water

Material 2 Bean sprouts

@ Cabbage
23 T3 s AEgry
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Fig. 3 Temperature measurement position for the
vacuum thawing,

Table 2 Experimental parameters of the vacuum

thawing.
Pressure 20 mmHg abs.
Saturated 99
temperature
. @ Croaker
Material © Hairtail
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Table 2+ dlF5Agol A AlEgo)z 239
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OEjector
700 OVacuum pump
AEjector+Vacuum pump

Vacuum pressure, P (mmHg abs.)

Time, t (min.)

Fig. 4 Vacuum pumping characteristic curve.
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Fig. 5 Pre-cooling curve of water.
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Table 3 Results of vacuum pre-cooling.
Mass Mass Saturated Initial Final Estimated | Quantity
. (gr) reducing | temperature | temperature | temperature | pre-cooling| of heat
Material ) .
o ) rate time
[nitial | Final | (%) () (C) () (min.) | (kcal/ke)
Water | 1,000 | 984 0.6 1.6 30.0 5.0 21 17.3
Bean 1y y05 11084 1.9 1.6 30.0 5.0 24 15.7
sprouts
Cabbage | 1.846 | 1.810 1.9 1.6 30.0 5.0 68 17.1
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Fig. 9 Thawing curve of croaker.
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Table 4 Results of vacuum thawing.
Mass Mass Saturated Initial Final Thawing | Quantity
R (kg) reducing| temperature | temperature | temperature time of heat
Material rate
Initial| Final | = () () (C) (c) (min.) | (kcal/kg)
Hairtail { 21.1 | 19.7 9.5 29.0 -12.2 0.0 230 74.61
Croaker | 16.5 | 14.5 12.1 22.0 -10.8 -0.8 170 72.83
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