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On the Effective Thermal Diffusivity of Water-Protein~Fat Food System

Jai-Yul KONG

Department of Refrigeration and Food Preservation Engineering
National Fisheries University of Busan, Namgu, Busan, 608 Korea

One dimensional unsteady heat conduction was studied on soybean curd as a water-protein-fat

foodsystem.

This heterogeneous soybean curd could be treated as homogeneous material as for the
unsteady heat conduction by “effective® thermal diffusivity.

Measurements were made with a apparatus designed and constructed by the author and also

made with ice to establish the reliability, the reproducibility and the accuracy of the apparatus.

It was found that the effective thermal diffusivity of soybean curd was substantially dependent

on the fraction of protein and fat as well as water.

*& i

&Y ML, s EREE] Mfsts A%

P god, & I8 QoA HiES R L BiE
-4 ABLE sl E Fips Az SHEst
oh. Baiehe} dlulx] BIRY fifolete BEHN
HEdAE 2 BEEE PEs.

ol = SERRIT o, ER-EENES BHEe
gl gleiA] HEY AL HEEH) o} HERR
3 HRERS HERY RES g4 HRS
MREsle 4tkel BEe 2o HEE HEE
B, LW#AER, BE(EE #BEHE)Y ke R
stz ot ol BWEERS BEY WHaAde W
Fetk(addititive properties)o] giarsts] =) & i
LBy R i8] Heo o), BEHE =1 MURE

Hal A mkbke) Wzl gech. $abohel
B BRY BRRSY EHEMEHE I & BK
B9 PR A HEsly) o Fd) AR
e HEfiv o] o, HHPLEE A9 B

#ol Seigla $& el H% EEYAL &
HE W BAMEsS e ARG BEASY BER
paE A4S GHA 9A G el gphanes
6,7)

2= & gl Al o)A Bl ZWHE Tol
A, BEH B RALHY BEREEES W
3 B oE A& BAES KRR SEEAAY 2
BESE Bt AR BRRY MEde2
RES FHREUE D AHRIBES HETER
EEMCE AT WEEE BEd Qe #A
S EEAY MENEL &S BEEENK
108f% 459 100 AUR @ W Eol RS A
7 WS T Mol WEY @R WHE R M
s WES BRI+ dod RHK HE S

REY 5 g7 dFolch. ol 5 g FAERA  #
BEE B E#EHpHEs #ERstE toluened

HEHEMEE RIE 504 F¢ Wil wotine A4
EAE & & F ek AEEIHDG E —KRT
B EEHEES FAstd BEK A&
HHREHES Wk BRste, BRves THER &

okrnl o
2 X

— 134 —



KEEFBEAR PR B&e AR

i “Afi%h"(effective, apparent)eh= BUBHY H&
& = omd B 24 Bife] WHSIES
staleh. AR RO ITHRAEAA AR Red A 7
o], ¥ o] EEEE—REREY BEE Jldte 4l &
TrERRr iR BB bEA MEEEEE REhgdz,
A HesRe] FBffio]l WHE 3R AR B
e Bameks st o BRE ®Ed-

L #

KE: XPE BARE A4 98°C Fhael &
B fifisle CaCl2 gmAldle 491 #iks
Aor] kg WA WKL &S Bk
S5k “Exo|”E 10fRE] AAA e}

HEte] HEEAYE £2AE, RIFE hexaneo® i
Ha BRAE % WHE 1:3 kR BEY EA
ATE FAY

KA Fle-d 5088 FRhy, 24MERY FiR: WRAR
% AE LB 488500 BiiEA17L &) FrEtste Hie
s, REFS 4R Soxhletghe =, oz H
EE-2 Kjeldahlpho = filiE shgch' wE: &
bl ghste] 3 &Mt FHAE 2 HE R
AoEE 3. KAk A-$+ Karl Fischer
EREE MR

2. FERHL

OF T VS R ERE
134 AR R S 2RR AL

q=l-g% )
=K @
o, X 2he] K= ©

R 3¢ &AM FRERENERE XEEe R
2 HdEEeRel et e

Fig. 1804 B F& who} zho] 3 Foz ER
1 A% & Bt 84 BT BE 6ol od
£ BEE 62 WHAA K 4, 5 64 WA
o SIREEM 5

o

hs]

[1.CY 6Cx, 0)="0, €Y
[(B-C] 606, t)=0, )

FolA A R 7ol gelAch

G—0, x

g =1= e (zyier) 0
A4, erf(z)E% S:e‘ﬂz dnz AR
(2) HBHE

BIEHE WREEhe el (thermal diffusi-
vity-cel)#] 7 g Fig.2¢] Em3l=t

Boundary Condition 2

a(w, )-8,

Ly

e

Boundary Condition 1
e(o,t)=es t20

Fig. 1. Schematic model for one-dimensional
transient heat conduction in a semi-
infinite solid.
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Fig. 2. Schematic diagram of thermal diffusi-
vity-cell. .
Length unit: (#m)
1) Sample
2) Thermocouple
3) Copper cooling plate
4) Heater
5) Refrigerant pipe
6) Thermocouple for temperature control
7) Sample container
8) Container lid
9) Inner insulator
10) Outer insulator
11) Expansion valve
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Fig. 3. Comparison of experimental temperature
distribution with computed one in ice
when plate temperature is —11°C.
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Fig. 4. Comparison of experimental temperature
distribution with computed one in ice
when plate temperature is —21°C.
K(L): 4.62X10-3(m?/hr)
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Fig. 5. Comparison of measured results with
computed ones (Analytical solution
with ill-controlled plate temperature)
K[Ly): 3.31X1073(m2/hr]
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Fig. 6. Comparison of measured results with
computed ones. (Numerical solution
with moving boundary condition)
K(Lv): 4,08X1073(m2/hr)
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Fig. 7. Determination of thermal diffusivity, X

by curve_ fitting.
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Fig. 12. Dependency of effective thermal diffu-
sivity of frozen soybean curd on water
and fat contents.
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Nomenclature

C, : Specific heat capacity, (kcal/kg.°C]
: Heat flux, (kcal/m?)

: Time, (hr)

: Length along the heat flow, (]

R

: Temperature, [°C)

D> D> R

°

: Initial temperature, [°C)

: Temperature of cooling plate, [°C]

: Thermal diffusivity, (m?/Ar]

: Thermal conductivity, (keal/m.hr.°C)

: Density, [kg/m*)

L;, L, L Length between position 1, 2 and

LI

3 and the surface of sample, (7]

X,’: Volume fraction of water content [—)

X Bk
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