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Abstract

AT AFARRF A

This study was carried out to investigate the thermo-physical properties and design Freezing time prediction model from
data of freezing test of Kimchi, Density of Kimchi were measured as 1001.9+0.03 kg/m3 at unfrozen state, 987.0+0.07 kg/m’
at frozen state and volume of the Kimchi expanded 4.67% at -15C. Initial freezing point of Kimchi and seasoning were 4.07C and
-2.5T, respectively. Freezing ratio of Kimchi were estimated more than 50% at -5.0C, more than 75% at -10T and
approximately 90% at -25T. To obtain equation for freezing time prediction of Kimchi, freezing time(Y) was regressed
against the reciprocal(X;) of difference of initial freezing point and freezing medium temperature, reciprocal(Xy) of surface
heat transfer coefficient, the initial temperature(X;) and thickness(X;) of samples. As results of the multiple regression
analysis, equations were obtained as follows. Ykincs=3.856X:+13982.8X,+8305.166X:+ 3559.181X4-639.189(R’=0.9632). These
equations shown better results than previous models, and the accuracy of its was very high as average absolute difference of
about 10% in the difference between the fitted and experimental results.
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Fig. 3. Ice content during freezing of Kimchi calculated by
different methods.
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Table 1. Comparison between published and measured
values of thermal diffusivity for ice.

Temperature  Published” ~ Measured  Difference

Liowe 3G 8ot |
WA

.
2 ‘ = Material o
5 :'f; S . () (wifh) (ot (%)
a i 3ls 409x10° 62
5 -3
3 395%10 -104
5005 3 5~6  436x10°
0 — o 420% 107 37
m..iﬂm,f GOO ;mb}—- :Z(S)i 183 -Zi
7008 - ! -17~-18  475x10° 7 9y e
Langlh unit : mm 440x10 -74

. Lo . . ] " Values from International Critical Tables.
Fig. 1. Schematic diagram of experimental installation for

measuring thermal diffusivity.

|. Expansion valve 2. Sample 3. Sample container 4. Stirrer Table 2. Thermal diffusivity and thermal conductivity of

5. Insulation vessel 6. Thermocouple 7. Copper cooling plate 8. Kimchi in unfrozen and frozen state.
Heater 9. Refergerant pipe  10. Lid  11. Thermocouple for temperature Temperature  Thermal diffusivity  Thermal conductivity
control (©) (m'/hr) W/mC)
15~20 4.89%10™ 0.513
5~10 471x10® 0.508
-5~-6 144x 107 0.734
49 -10~-11 1.57x10° 0.799
—&— Seasioning
2 O Kimchi
o Table 3. Thermo-physical data of Kimchi for freezing time
o% prediction.
g Above freezing  Below freezing
3 Density (kg/m) 10019 987.0
2 Thermal conductivity (W/m'C) 051 0.80
Specific heat (J/m'C) 3.86x10° 1.86%10°
Latent heat (J/m) 306.14 X 10°
Freezing point ('C) 24
8 s . : ) Water content (%) 91.75

0 5000 10000 15000 20000

Freezing time(sec)
5;|__| 574A|7|— 01|7: Em' jHI:H-
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Fig. 2. Initial freezing point of Kimchi.
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Table 4. Experimental test conditions and results of Kimchi.

' Suface  Thickness _— Experimental
pp b Medmo e () Dimscls vlcs brezing
B T o Wagh fime*

W O wo o b B " S m
K196 522 8B 1860 1828 01% Ol 017 3™

K2 92 191208 17243 020 018 018§ 41875
K3 94 191318 18210 GI% 0¥ 018 7MW
K4 149 1616415 13743 0286 0179 0111 56607
Ks 136 516015 400 0215 0l 013 S0
K6 81 38 10683 0341 0117 019 6L
K7 1 0% 879 Ly142 26775 0165 0107 004 42618
K8 63 149533 833 014 009 005 4027
K9 6l 19183 21029 029 0097 0095 5276
K10 68 11060 1845 0242 014 004 613
Kl 66 Y4 e 0218 0l 0 s
kK2 65 17452 8352 0187 0100 0095 48985
K13 66 2198 19233 0231 012 009 %65
K4 67 446 18421 0242 0103 004 6188
K15 81 <402 161l 1916254 598 0362 00m 0207 197
K16 80 Y1074 5017 0463 0116 019 14370
K 62 B SH0 0408 00% 023 19K
K18 44 1811625 598 0362 00M 0207 BB
K19 52 45%2 161l 2515200 3982 053 0088 023 132
K20 61 LT 0419 0483 0097 0231 M8
KU R %19 470 0443 018 023 1R
K2 8 1911939 5385 0383 013 024 1293
K23 101 1310953 578 0362 Ci%6 026 10330

K4 133 352 057 170650 85T 032 014 018 10633
K5 122 201860 5508 0514 0155 0165 13600
K% 122 2N%H sm 050 0155 016 1300
k2 11l 3019320 3806 071 QM5 0167 2470

KB 116 2315030 485 091 0150 0l 13075
K9 1i4 2817480 4054 070 018 0l 17763
K30 92 21%00 5064 0540 018 0170 4687

* Final freezing time at -18°C
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Fig. 4. Density and volume ratio of frozen and unfrozen
Kimchi.
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Fig. 5. A plot of predicted versus measured freezing time of
Kimchi.

Table 5. Comparison of various freezing time prediction
methods.

T e
Y@ ooy ™ ey ceE HeT R’ K@
N0 87 0015 42618 3483 39M4 3966 4TI
66 1 8 003 S0 4835 MU B8 8%
9% 5 81 0018 3908 3252 M08 WMEB 435
149 25 8719 0026 56607 40226 S16 51760 55585
133 3 057 007 1533 1618 1952 1920 8RB
1y 3% 057 0030 2140 M MBS 1835 5167
8l 40 1611 005 1973 019 1y mR 14
4 4 1611 008 %87 10192 MB 1123 9y
2 % 1611 005 1820 BT WO 433% 4R
101 45 1611 0018 1850 931 10186 1355 10780

030 299 26 268
Difference range(%) to to to [
2613 1586 1561 712

1340+9.071076+5.921078 26431039497

2 OO0 I OGN LA B LD B e

=

Average difference (%)

D Cleland, A.C. & Earle, RL.(1982)
? Hung, Y.C. & Thompson, D.R.(1983)
* Pham, Q.T.(1986)

B dFdAe BsA 1A FE B2 EF &
e ZAEI A FANTE dF37] 9% 2dS g
At AX9] $4 HAFe UxE FId] Ui FHF v
2 A% Az 2l dxE 100191003 kgm'(EAZ),
987.0+£0.07 kgm' (FAFT)OINL HA AHBLL 4.67%
(15C)oldch ZAXS WAH L FgdolA 25T, 1R
40TE SAHASG X9 WHLL 50CY 9 oF 0%
o4, -10CY W oF 75% o)/, 25TY # < 90% FFo)
Aok Al Z7ILEX), AlEY FAX)Y) Alge) %7
WHAAANA FZHMA 2Aatole] A9 F4(X) 2 EHE
A2ATY 9F-X)s SYHFE L FEANN S $5
MR AAse OF3A BAS AATE A, Y=
3.856X+ 13982.8X,+8305.166X3+3559.181X+-639.189 (R*=0.9632)
of WAAE FEATE o] AL 7|Ee] Edd ulg) SAX
o} AFA)7} Blay {fAR Aoz dEhgon, 3 Ay
A% 10% $Fo)%ith

4, E1496-9907, 15-35

2 ZAY (%) PAS JHFASA. FTHEFAZ, B

FAIE, 2526

Z§5 (1989) A A
=2 535 A,
21(1), 109-115

4. I, folA (1989) BEE, A, CaCh HA7P} #AX
BEF 5L 233 Bigd nxE 4% FFAE
3}3t3] A, 4(2), 2026

5. 828, 4%, o1¥A, A4 (19D 2L H F9 A
7bet £2A7 AAEE vAe B FAFHR
8}3] =], 23(2), 183-187

6 #94, UFE, WHF (9 9FY 2 LA 9
Wrzdel Fzsh dAud Wi IAFHYIA,
23(4), 420-426

7. S, AFE, W, o)5d, YT (199%) t53A
Ao 4% AES AN oF FRAFHeLIA,
30(2), 341-347

8. Jeong, JW. (1989) Freezing time prediction of slab shape
foodstuffs by modification of plank’s equation. Ph. D.
Thesis, National Fisheries Univ. of Pusan, Korea



130

9.

10.

1L

12.

13.

FRAEALFELIA 107 A2E (2003)

Henningson, RW. (1967) Thermister cryoscopy in the food
industry. Food Technol., 21, 28-31

Creed, P.G. and James, S.J. (1985) Heat transfer during the
freezing of liver in a plate freezer. J. Food Sci, 50,
285-288

Woeolrich, W.R. (1966) Specific and latent heat of foods in
the freezing zone. ASHRAE 1J., 43-47

Nagaoka, J., Takagi, S. and Hotani, S. (1955) Experiments
on the freezing of fish in an air-blast freezer. Proc. Sth Int.
Congr. Refrig., Paris, 4: 105-110

Cleland, A.C. and Earle, R.L. Freezing time prediction for

14.

15.

16.

foods a simplified procedure. Int. J. Refrig, 5, 134~
140(1982)

Hung, Y.C. and Thompson, DR. (1983) Freezing time
prediction for slab shape foodstuffs by an improved
analytical method. J. Food Sci., 48, 555-560

Pham, Q.T. (1986) Simplified equation for prediction the
freezing time of foodstuffs. J. Food Tech., 21, 209-219
Mascheroni, RH. and Calvelo, AA. (1982) Simplified
model for freezing time calculation in foods. J. Food Sci.,
47, 1201-1207

(A4 20033 39 209, A=) 20033 4 18Y)



