g3 ol&% g R FF

An Experimental Study on the Pre-cooling and Melting
by the Low Temperature Vacuum Heat Transfer
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Abstract

To maintain the freshness of agricultural products, because of
stand away between producer and its consumer, we need
refrigeration system that can supply to consumer at cold chain as
soon as gathering at the place of production.

General refrigeration system consists of refrigeration chamber or
low temperature store. But the vacuum technology to cool down the
products have the merits its rapid cooling down interval and saved
refrigerator system.

Pre-cooling system suggests possibility get low pre—-cooled
temperature, suitable for fishes, meat, vegetables, fruit etc.
Pre-cooling system have the advantage in quality maintenance
through rapid refrigeration of ferment directly generate heat.

Vacuum pre-cooling system’s principle is that water saturated
temperature is lowered according to the vacuum pressure established
in the storage chamber, the temperature of products will be lowered
consequently, due to the latent heat of evaporation of stored
products. To establish appropriate vacuum in vacuum stored

chamber, the rotary type vacuum pump was used to establish the



desired vacuum pressure in the stored chamber, then water-driven
gas suction ejector was used to maintain its vacuum pressure.

A number of thawing methods in current use have several
disadvantages in melting time, discoloration and damage due to
oxidation from the presence of warm air, weight loss caused by
drying, partial cooking of the food extremities due to excess heat
and high floor space requirements, capital costs and running cost.

These damages to efficient processing are, it is claimed, either
eliminated or improved by the vacuum thawing.

An experimental study on the pre-cooling for the sprouted beans
and cabbage and melting for hair tail and yellow-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 232 (C) to 45 () at 5
( mmHg abs.). In case of sprouted beans took about 60 minutes to
reach from 17.9 (C) to 1.0 (C) at 5 (mmHg abs.).

The quality for the cabbage and sprouted beans before and after
experiments were in good condition with small weight loss.

The yellow croaker melting time with this low temperature

vacuum melting system took about 170 minutes to reach from -10.3

_iv_



() to 08 () at 20 (mmHg abs.). In case of hair tail took
about 220 minutes to reach from -122 () to 0.0 () at 20
( mmHg abs.).

The quality for the yellow croaker and hair tail before and after
experiments were in good condition with small weight loss.

The vacuum pre-cooling and melting system have the merit to
compare with present systems in their short intervals to cooling

down and to melt without any quality losses.
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Table 1.1 Distribution of pre—cooling method

T
10

-

Al

pom

J

H
50
[0

KJ

JOA 2 ol

Ol

3

(.

==

J

Ell
KJ

pum

J

i)
<0

ol

o

J

<
|

-

ol
B

Ol

—

S

J1o1 2

e
[=)

0ol



oY

X

el
op

A3l Aok B.C. 110078l olw] F=of

10

3Fo] 1988 o]

7}s

ol o281, (b)e] F5 FAVLeE Arbwkel A B,

o

l

S|

o] 1970 el = Izt

o =&

j

w~

=

>~

Jrb el A B

A

=i

il
o], 1980 A HE w&

i

HA =Y

WA Fig. 1.1 9 Sy

a

S

.]

S
A

140

IREANA e As AYe E7]L
1

<
=

o

=
Hin
Ho
=0
ol

Mo
Mo

ol
N
Njo
iy

fuy

)

o
)
v
el

ot

<

!

il

Mo

gl glolA

Aok whea, ol

T

-

ol

~<H



el

2 %

}H Table 1.2 ¥ o] e}

of wel BHe

Y

H



Quantity of frozen food, 1,000 (M/T)
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(Others) == » (Dried sea woods)
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(b) Production value for processed marine product
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Fig. 1.1 The fact of processed marine product



Table 1.2 Distribution of melting method

@ oisE2| XMl#=20 (e EF

U2 oHSERl © 2EE

S oflsSEX] -

AT AlC =0 of
‘H\ﬂlﬂhul 100 <

A2 oliSERl - IEE

HIERIAES

{ NS
JIZOIHEHAES

@22 0128t HsEX

TT T o
- 2N | uw

e
— 2SO0

ALO I-éo:l

s E

o-g
2o (RIZoHSER)
HEA SRR

@ & 1A SHSEXI

[ FSPJISEL=



Mo
o

35}

o] A

()

Hn

<ol

o

==
1o

=

—
o

—

0
i3
T

b
o}y

i
4r
o

_
1o

o)
Hin

P
Ho

)

oA

AR

To-

)

==
1o

ol

wWr
H

ok

A+

@_

717

aAA =R



1.2 T4 47

1.2.1 43¢ FH a7

7 ® e 1.250x1,600x1,470 mmS] A-E&7101 F 10 (kg)o] AAF

ol 4 ( mmHg abs.)’} =

—~
fie)

o

BE 4 (9)e] A

il

—_—
o

—_—
o

t
o W] e Cheatthn

o x 1

t
1.2x[600x5

<, 1y (T ok ¢

s

AZIA, ¢+ (min)T YZAELA

22

Al

=]
=

oo

b
o}
=
ﬂwo
o
o
~N
ﬂo
)
lze)
T
K

N

_10_



€

o g

Al
&

°] Batch

=
L

T

10) = o
(¢}

°|

T oM N wﬂ - N Iy = -
) : —
5N g e = o = -
~ oy Fo T W oG )
S R T o >
S )
X S K o o ~
w < % ay ) -
- A o i
X o S y
S LE < ~ %_
% R T g e
L R A B -
- _ o) ‘»Al 1 ‘myl
OH_ =0 T ﬂﬁ! ‘_MD ﬂﬁ!
Bor %o e Q)
7M ~ MG_H o = T i
B %n * T ohy 2 L
S ) 70 = N
ol on ~ N
wf - Gl 3 = o
T ~ o Sy Mo
o e " = w0
T oW o xa . =
* I o T < & . o
—_— ok ) . o = —
7L el ] m < T )
oy B T W . ) , ~
7w o W ) T O .S
Lol ,,% B o =0 I ~ I —
g O % a5 s - S =
2ode H oW oM O o S
S o oY = d T T -
TR O W ®WON B o =T
® B W e CR) T

WAL, U Ckeal/m*hrC)=

_11_



-
T

(1.3)el A C; (keall kgC)

Al
&l

_12_



122 359 T A7

Fa

5

9] Torry A4 9

3

A

EdEold

&

g ste] APVARS}

)= o
o

5 /l¢E APV Torry

Mo

bol o= 7,

S

] o 7}

[e)

d 5

A

A Almel %7 -4 (¢)~-5 ()

3|

Ashe om,

o

—_
110

L
K
ﬁro

ul o
TS5 -

o]

At

S

o] g} 11

£

Aol o] %

=

13 3T
e WEZS T

il

o
B
sl
o)
Hin
o
=0

RS

ol

il

ojn

107 ) (1.4)

tand -

g,

121 A2 Al

3|

72}

=
=

(loss factor)

© SAAs

tan

_13_



—_
fite)

KW= Spray wateroll

Spray waterell

Bl

—~
file)

==
1o

ol

A= st

d

53] 8te] of

o]
g

=5 BolmoeEs A7

=3
"o

)

-
T

EEPRE e

s

A o] BAY o

S

:_}\
Rl

o

At

A

T
)

Spray waterd] 9]

42 ANsAT

29

shgon o

Zr =t}

(1.5)

A=

- d
LEUE

A714, F (kg

J)

S, Q (kamd v T, v (m/sec)

nozzle® WAL, g (9 .8m/sec?)

AEol B AT ARE A, o %ol AgE V=

=]
=

I

of

Ho
e

B

ZdQgsirfa 2o

AomA, o] Fofo] A7 ¢

_14_



Hhsh ol Ase a8

-
T

Fig. 2.1 o] H.o]

T

-

A o] Ale =

o}

2]

g
il

=S

(rotary type oil vacuum pump)®
[e)

(driving pump)®$%} =8 A (water tank)®, 3l

o} =% 71AETY o] AE (water jet air ejector)@, o] AE FE& I
T3t7] 4

3T

XM

ol
T

ol
=K

o
o}y

o
s

N

A 7] 7}4 7] (electric heater)®),

Bls

o

%] (on-line measuring unit)@, @ %

_15_

Photo 2.1

o2 FAE U



D Vacuum chamber @ Feed water valve

@ Electric heater @ Rotary type oil vacuum pump
® Water jet air ejector ® Ejector pump
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Fig. 2.1 Schematic diagram of experimental apparatus
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Photo 2.1 Front view of experimental apparatus
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Photo 2.2 Inside view of vacuum chamber
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Photo. 2.3 Electric heater for heat supply unit
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Table 2.1 Component analysis of aquatic products

Component Hair tail Yellow croaker
Calorie ( keal 149 93
Moisture (g7 727 78.7
Fat (g7 75 1.7
Albumen (g7 185 18.3
Glucide (g7 0.1 0.0

Carbohydrate

Fibres (g7 0.0 0.0
Lime powder ( mg) 1.2 1.3
Calcium ( mg) 46 36
Phosphorus ( mg) 191 175
Iron ( mg) 1.0 0.9
A (R.E.) 20 8.0
Retinol (pg) 20 8.0
B-carotin (pg) 0.0 0.0
Vitamin B1 ( mg) 0.13 0.05
B2 ( mg) 0.11 0.21
Naiasin ( mg) 2.3 4.4
C ( mg) 1.0 1.0
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Table 2.2 Component analysis of aquatic products

Specific Specific Heat Heat of
heat weight conductivity | melting
(kcallkgC)| Ckg/m®) |CkcallmhrC)| Ckeall kg)
Ice Cws = 05 Y ws T 920 kws = 20 hlv: 80
Moisture
Water| C,,, = 1.0 |7 ,, = 1,000| %2, =05 |(atl atm)
ks = 0.15
Fat Cu =05 |7, =920 -
kf] =01
Vegetable
food
y, = 130
Pancake C,, = 0.35 L kg = 2.0 -
Animality
food
r, = 1,300
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Table 2.3 Thermal and related properties of fish

Highest Specific heat Latent
Water )
Food or content free.zmg Above | Below | heat of
Food material point | freezing | freezing | fusion
(%) (C) |CEIRgK | EJ kgK)| ( BJ| ko)
Whole fish
Haddock-cod 78 -2.2 3.63 1.82 261
Halibut 75 -2.2 3.55 1.79 251
Herring, kippered 70 -2.2 3.43 1.72 235
Herring, smoked 64 -2.2 3.28 1.65 214
Menhaden 62 -2.2 3.23 1.62 208
Salmon 64 -2.2 3.28 1.65 214
Tuna 70 -2.2 3.43 1.72 235
Fillets or Steaks
Haddock-cod
30 -2.2 3.68 1.85 268
—perch
Hake-whiting 82 -2.2 3.73 1.87 275
Pollock 79 -2.2 3.65 1.84 265
Mackerel 57 2.2 3.10 1.56 191
Shellfish
Scallop, Meat 30 2.2 3.68 1.85 268
Shrimp 33 -2.2 3.75 1.89 278
Lobster 79 -2.2 3.65 1.84 265
Oyster—clams,
. 37 2.2 3.85 1.94 291
Meat and liquor
Oyster in shell 30 -2.8 3.68 1.85 268
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Fig. 3.1 Vacuum pumping characteristic curves
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Table 3.1 Experimental parameter of pre—cooling

Pressure 5 CwmmHg abs.)
Saturated temperature 16 (C)
Water,

Material Sprouted beans,
Cabbage
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Fig. 3.2 Pre—cooling curve of water
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Fig. 3.4 Quantity of heat during pre—cooling

for sprouted beans
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Photo 3.1 The sprouted beans before experiment

Photo 3.2 The sprouted beans after experiment
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Fig. 3.5 Temperature measurement position
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Fig. 3.6 Pre—cooling curve of cabbage
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Fig. 3.7 Quantity of heat during pre—cooling

for sprouted beans
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Table 3.2 Results of vacuum pre—cooling

Weight
Weight Saturated Initial Final Estimated | Quantity of
Materia| . . . ) reducing | temperature | temperature | temperature | pre-cooling heat
) Initial | Final rate time
(%) ) o)) (C) (min) | kcall kg
(gr
Water | 1,000 | 984 0.6 1.6 30.0 5.0 21 17.3
Ca‘lbag 1,846 | 1810 19 16 30.0 5.0 68 17.1
Sproute
d 1,106 | 1,084 19 1.6 30.0 5.0 24 15.7
beans
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Fig. 3.8 Temperature variation of freezing and melting.
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Table 3.3 Experimental parameters of vacuum melting

Pressure 20 (mmHg abs.)

Temperature 22 ()

Yellow croaker,
Material
Hair tail
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Fig. 3.10 Melting curve of hair tail
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Photo 3.5 The yellow croaker before experiment

Photo 3.6 The yellow croaker after experiment
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Table 3.14 Results of vacuum melting

Weight
Weight Saturated Initial Final Melting | Quantity of
reducing | temperature temperature | temperature time heat
Material | Initial | Final
rate
(9%) (C) (C) (0 ( min) | kcall kg
( kg
Hair tail | 21.1 19.7 95 29.0 -12.2 0.0 230 387.65
Yellow
16.5 14.5 12.1 22.0 -10.8 -0.8 170 413.03
croaker
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Appendix I : Specification of experimental
apparatus
Maker Size |Capacity| Power Range | Quantity
Vacuum 1000® ]
chamber x1220L
Woosung Ultimate
Vacuum
vacuum 220V press.: 1
pump 3
co. 10 ° Torr
) 32A
Water jet ) 0.5
o Ki won | x40A 4, . 1
air ejector m”/min
x40A
Ejector 20 ]
pump m’/hr
Electric |Samsung .
2kW 20~120C 2
heater |heater co.
Electric |Samsung .
4kW 20~120C 2
heater |heater co.
Cooling 800W
water x800L 1
tank x800H




. Detail drawing for

Appendix I

experimental apparatus




Appendix I : Operating manual for

experimental apparatus

D Vacuum chamber

@ Electric heater

® Water jet air ejector
(@ Water tank
© Data logger

@ Feed water valve

@ Rotary type oil vacuum pump
® Ejector pump

Vapor/water separator

@0 Personal computer

Schematic diagram of experimental apparatus
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