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Prediction of Thermal Conductivity of Spherical -Shaped Fruits

Jong-Wha Hur* and  Gil-Duk Suh**

ABSTRACTS

T?TE thermal Conductivities along the position of spherical shaped fruits, such as, apple,

mandarine orange, citrus hagyul were predicted by the analysis of the cooling curves obtained

by the hydrocooling procedure using ice water,

The thermal conductivity was independent of temperature.
The thermal conductivities along the position of the fruits were nearly constant, but their

small deviations were inherited by the improper spherical shapeand the heterogenous structural

composition of the fruits.
The thermal conductivities of apple, mandarine orange, and citrus hagyul were found to be

0.353, 0.430, and 0.397 Kcal /mh T, respectively,
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Nomenclature
a : Thermal diffusivity (7 /h )
¢ : Sepecific heat (' Kcal /Kg T )
k : Thermal conductivity ( Kcal /mh T)
R : Radius of fruits (em)
r : Distance from center (cm)
o : Density ( g /en®)
: Temperature ( T )
To : Initial temperature of sample ( C )
Po : Temperature of cooling medium ( T )
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Fig. 3. Cooling Curves of Apple
(R=3.9cm) in Ice-Water ( 0 T )

. Experimental

! Numerical

30

Temperature{eC)

i 1 Iy 1 i A

0 10 15 20 25 30 335 40

Time {(min)

5
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Tabte 1. Numerical Value of Temperature Ratio, T’Io‘o—-"ll“(c))

o TR 61 | 02| 03 {04 |05 |06 | 07 |08 | 098 | 1o
0.001 0.000 | 0.000 | 0.000 | 0,000 | 0.000 | 0,000 | 0.000 | 0.000 | 0.028 | 1.000
0.005 0.000 | 0.000 | 0.000 | 0.000 | 0.0u0 | 0,000 | 0.038 | 0,056 | 0.038 | 1.000
0.010 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.007 | 0.048 { 0,196 | 0.532 | 1.000
0.015 0.000 | 0.000 | 0.000 | 0.001 | 0.007 | 0.035 | 0.119 | 0.310 | 0.620 | 1.000
0.020 0.000 | 0,000 | 0,006 | 0,007 { 0,025 | 0.076 | 0.191 | 0.396 | 0.686 | 1.000
0.025 0.000 | 0.002 | 0.006 | 0.182 | 0.051 | 0.123 | 0.257 | 0.464 | 0.727 | 1.000
0.030 0.002 | 0.005 | 0.014 | 0.036 | 0.082 | 0.17t | 0.315 | 0.518 | 0,759 | 1.000
0.040 0.014 | 0.023 | 0.044 | 0.085 | 0.154.| 0.262 | 0.413 | 0.599 | 0.804 | 1.000
0.050 0.039 | 0.056 | 0.089 | 0.144 | 0.228 | 0.343 | U.490 | 0,659 | 0.835 | 1.000
0.060 0.079 | 0.102 | 0,144 | 0.208 | 0.298 | 0.414 | 0.552 | 0.705 | 0.859 | 1.000
0.070 0.129 | 0.156 | 0.203 | 0.272 | 0.363 | 0.475 | 0.604 ; 0,741 | 0.877 [ 1.000
0.080 0.185 | 0.214 | 0.263 | 0.333 | 0,422 | 0.529 | 0.647 | 0,771 | 0.892 | 1.000
0.090 0.244 | 0.273 | 0.323 | 0.391 | 0.476 | 0.576 | 0.685 | 0,797 | 0.904 | 1.000
0.100 0.303 | 0.332| 0.380 | 0.445 { 0.526 | 0.618 | 0.717 | 0,818 | 0,915 | 1.000
0.120 0.414 | 0.441 | v.484 | 0.541 | 0.610 | 0.689 | 0.771 | 0.854 | 0.931 | 1.000
0,140 0.513 | 0.536 | 0.573 | 0.622 | 0.680 | 0.745 [ 0.813 | 0.881 | 0.994 | [.000
0.160 0.59 | 0.617 | 0.648 | 0.689 | 0.738 | 0,791 | 0.848 { 0.903 | 0.995 | 1.000
0.180 0.669 | 0.685 | 0.710 | 0.744 | 0.785 | 0.829 | 0.875 | 0.921 | 0.963 | 1.000
0.200 0.727 | 0.741 | 0.762 | 0.790 | 0.823 | 0.860 | 0.898 | 0,935 | 0.970 | 1.000
0.220 0.776 | 0.787 | 0.804 | 0.827 | 0.855 | 0.885 | 0.916 | 0.946 | 0.975 | 1.000
0.240 0.816 | 0.825{ 0.839 | 0.858 | 0.881 | 0.906 | 0.931 | 0.956 | 0,980 { 1,000°
0.260 0.849 | 0.856 | 0.868 | 0.884 | 0,902 | 0,922 | 0.943 | 0.964 | 0.983 ; 1.000
0.280 0.876 | 0.882 | 0.892 | 0.905| 0.920 | 0.936 | 0.954 | 0.970| 0.986 [ 1.000
0.300 0.898 | 0.903 | 0.911 | 0.921 | 0.934 | 0,948 | 0.962 | 0,976 | 0.989 | 1,000
0.400 0.962 | 0.964 | 0.967 | 0,971 0.975 | 0.981 | 0.986 | 0.991 | 0.996 | 1.000
0.500 0.986 | 0.987 | 0.988 | 0.989 | 0,991 | 0.993 ] 0.995 | 0.997 0.998 | 1.000
0.600 0.995 | 0.995 | 0.995 | 0.996 | 0.997 | 0.997 | 0.998 | 0.999| 0.999 | 1.000
0.700 0.998 | 0.998 | 0.998 | 0.999 | 0.999 | 0.999 | 0.999 | 1.000| 1.000 | 1.000

Table 2. Physical Properties of Fruits

Sample Moisture content Density Specific heat
%) (kg /nt) ( Kcal /k9T )
Apple 87.9 0.867 0.92
Mandarine orange 88.9 0.878 0.80
Citrus hagyul 88.9 0.831 0.90
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Table 3. Thermal Properties of Apple as a Function of Position and Time
Sample r /R | t@min) | TO TTOO_TTZ ;Z ¢ X(ﬁﬁh) knfhliga)l/

T =3.90¢m 0.67 10 7.8 0.45 0.050 4.56 0.364
To=14.1T 15 5.8 0.59 0.076 4,62 0.369
20 4.5 - 0.68 0.100 4.56 0. 364
25 3.5 0.75 0.124 4.56 0.364
30 2.8 0.80 0.145 4.44 0.354
35 2.2 0.84 0.165 4,32 0.345
40 1.9 0.87 0.190 4,32 0.345
( average ) 4,48 0.358
To=14.97T 0.33 10 12.5 0.16 0.060 5.46 0.436
15 10.3 0.31 0.084 5.10 0.307
20 9.8 0.34 0.091 4,14 0.330
25 7.2 0.52 0.109 3.9 0.316
30 6.1 0.59 0.141 4,26 0.340
35 5.7 0.62 0.149 3.90 0.311
40 4.0 0.73 0.180 4.08 0.325
( average ) 4.41 0.338
To=15.3¢C 0 10 14.1 0.08 0.066 6.02 0.480
' 15 12.8 0.16 0.078 4.74 0.378
20 11.2 0.27 0.096 4.26 0.340
25 9.5 0.38 0.116 4,23 0.337
30 8.0 0.48 0.135 4.11 0.328
35 7.0 0.54 0.148 3.86 0.308
40 5.9 0.61 0.166 2.64 0.211
( average ) 4,27 0.340

Table 4. Thermal Properties of Mandarine Orange as a Function of Position and Time
Sample r /R t (min) T () %oo—L’(I)‘o I‘:—; ax(flh‘;:h ) r}:rxh(gc;l
R =3.0cn 0.50 10 10.1 0.60 0.116 6.24 0.493
To=125.5T 15 6.5 0.75 0.168 - 6.06 0.479
20 4.3 0.83 0.205 5.52 0.436
25 3.7 0.85 0.227 4,92 0.389
30 1.9 0.93 0.300 5.40 0.427
35 1.4 0.95 0.340 5.22 0.412
40 0.8 0.97 0.382 5.16 0.408
( average ) 5.50 0.435
0 10 12.3 0.52 0.143 7.74 0.612
15 9.2 0.64 0.176 6.36 0.503
20 7.1 0.72. 0.195 5.28 0.417
25 5.5 0.78 0.226 4.86 0.384
,30 4.2 0.84 0.263 4.74 0.375
35 3.2 0.87 0,286 4.44 0.351
40 2.5 0.90 0.308 4.14 0.327
( average ) 5.36 0.424
Journal of the S.A.R.E.K. Vol.12, No.2 — 166 — Sep.198"
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Table 5. Thermal Properties of Citrus Hagyul as a Function of Position and Time
Sample r /R t (min) T () T:o——z‘(()) ;: * i:rfl/oh) kmflliéa;l/
R=4.35¢cnm 0.50 10 7.2 0.28 0.057 6.47 0.484
T=10.0 ¢ 15 5.7 0.43 0.082 6.21 0.464
20 4.8 0.52 0.097 5.51 0.412
25 3.9 0.61 0.117 5.31 0.398,
30 3.5 0.6 0.129 4.88 0.365
35 3.3 0.71 0.148 4.80 0.359
40 2.9 0.75 0.165 4.68 0.350
( average ) 5.41 0.405
0 10 9.4 0.06 0.061 6.90 0.516
15 8.5 0.15 0.076 5.76 0.431
20 7.5 0.25 0.092 5.22 | 0,390
25 6.5 0.35 0.109 4.98 0.372
30. 5.8 0.42 0.123 4,68 0.350
35 5.0 0.50 0.138 . 4.50 0.337
40 4.5 0.55 0,151 4,26 0.319
- ( average ) 5.19 0.388
Table 6. Mean Values of Thermal Diffusivity and Thermal Conductivity of Fruits

k ( Kecal /mh T)

Sample a(m,/h )X 10~ k (Kcal /mh ¢) .
- from literatures
Apple 4,39 0.353 0.357%, 0.363%
Mandarine orange 5.44 0.430 .0.42130’,
Citrus hagyul 5.30 0.397 —
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