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Thermophysical Properties of the Soybean Curd and Prediction of
its Thermal Conductivity

2. The “intrinsic” thermal conductivity of soybean protein and prediction of

the thermal conductivity of soybean curd
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University of Busan, Nam-gu, Busan, 608 Korea

Four heat conduction models were examined for defatted soy-protein curds in order to get

the “intrinsic” thermal conductivity of soy-protein. As the result of examination, the “intrinsic”

thermal conductivities of soy-protein, frozen and unfrozen states, were determined on the basis
of series model to be 0.488 W/m.K and 0.300 W/m.K, respectively.

By using the “intrinsic” thermal conductivity values of soybean protein and the series model,

the effective thermal conductivity of soybean curds, with and without fat, at frozen and unfrozen

states, was predicted satisfactorily.

The temperature dependency of the effective thermal conductivity of soybean curd was mostly

observed to correlate with the thermal conductivity of water and ice.
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Table 1. The models used for predicting the
effective thermal conductivies of
heterogeneous two or three compo-
nents food system

Mode! Theoreticcl equation Remarks
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v v
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Table 2. Thermal properties used to predict
the effective thermal conductivity
of soybean curd

. C A
Material 072 kY (hgimey  (W/meK)

Water 0°C) 4.19 1.000X 103 0.553
Ice (-10°C) 2.00 0.919 » 2.30
Proteins 1.26% 1.30w * —
Fats & Oil  2.1~1.6% 0.93~0.90»* —

* Measured
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Table 3. Effective thermal conductivity of unfrozen soybean curd at temperatures

between O and 20°C

Volume fraction of

Effecrive thermal conductivity, A,

composition [~] [W/m-K]

Xuw? XY Xy 0°C 5°C 10°C 15°C 20°C

Defatted soybean curd 0.9296 0.0704 trace 0.521 0.532 0.544 0.551 0.565
0.9007  0.0993 ” 0.508 0.521 0.529 0.538 0.551

0.8375 0.1285 ” 0.495 0.509 0.515 0.524 0.535

0.8165 0.1738 ” 0.479 0.489 0.497 0.502 0.513

0.7876 0.2124 ” 0.464 0.474 0.481 0.487 0.494

Whole soybean curd 0.8912 0.0651 0.0437  0.478 0.492 0.500 0.500 0.514
0.8584  0.0870 0.0582  0.459 0.471 0.478 0.485 0.490

0.8086 0.1144 0.0770  0.428 0.439 0.447 0.459 0.464

0.7680 0.1388 0.0932  0.406 0.416 0.424 0.435 0.440

0.7381  0.1567 0.1052 0.382 0.401 0.408 0.411 0.423

Table 4. Effective thermal conductivity of frozen

between —5 and —20°C

soybean curd at temperatures

Volume fraction of
compositions[—)

Effective thermal conducti-
vity, A.[W/m-k)

. X, xv, Xv, —5°C  —10°C  —15°C  —20°C
Defatted soybean curd 0.9397 0.0603 trace 1.83 1.81 1.89 1.93
0.9125 0.0875 ” 1.69 1.72 1.77 1.90
0.8378 0.1622 y 1.43 1.47 1.48 1.46
Whole soybean curd 0.9166 0. 0505 0.0329 1.40 1.41 1.42 1.43
0.8677 0. 0808 0.0515 1.08 1.09 1.23 1.14

0.7609 0.1449 0.0942

0.737  0.782  0.779  0.800

0.60
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Fig.2. Effect of composition on thermal con-
ductivity of unfrozen defatted soybean
curd (Fat/protein:0.0)
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Fig.4. Comparison of measured and predicted
thermal conductivity of unfrozen soybean
curd.
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Cy: specific heat capacity (k]J/kg-KJ
g © heat flux(kcal/h]
T : temperature[°C) [K], if specified
Xv: volume fraction{—)
Xw: weight fraction(—]
K : thermal diffusivity[(m?/s)
A : thermal conductivity(W/m-k]
p : density(kg/m?)

Subsript

e : effective value

m: mean value
f : fat or oil
P : protein
s 1 solid
W water
1 : continuous phase
2 : disphersed phase
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