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Abstract

The relationships between thermal conductivities and soluble solid contents, water contents,
temperature, density and hardness of 30 types fruits and vegetables were studied by the tepid probe test
system. A BP artificial neural network model was presented and optimized for the prediction of thermal
conductivities of fruits and vegetables according to the error analysis. The result showed that the optimal
model was able to predict thermal conductivity with a mean relative error of 1. 11% , a mean absolute
error of 0.0057 W/ (m+K). The model can be incorporated in heat transfer calculations during fruits and

vegetables processing.
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Fig. 1 Schematic diagram of thermal conductivity

measurement system
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Tab.1 Experimental data of glycerin at 20°C

WS s RORBEZE AV, /mV R RET/C O d(AY) Zd(Ine) /mVes T R 22/ % KPEHICHE R
1 18 2.938 1.19 0. 000 598 1. 69 0.999 946 1" "
2 20 2.599 1.05 0. 000 595 0. 68 0.9999325" "
3 19 2.469 1.00 0. 000 593 0. 46 0.9999732"*
4 21 2.331 0.94 0. 000 585 -0.89 0.9999185" "
5 20 2.337 0.95 0. 000 591 0. 00 0.9999329"*
6 20 2. 150 0. 87 0. 000 588 -0.74 0.9999678"*
7 20 2.134 0. 86 0. 000 596 0. 49 0.9999099 " *
8 20 2.390 0.97 0. 000 597 -1.02 0.9999923" "
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A5 0.256 W/(m - K),0.170 W/(m - K) F1
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Tab.2 Determinated data of fruits and vegetables

&K BARAE A/ 4 FIKES % BEPE/tom 3 fifi BF /kg - om ~2 AEMEEEY &R/ % SR/ W (m-K) !
# N 7 90. 50 ~96. 58 0.962 ~1.187 5.8~7.8 3.00 ~4.25 0.522 ~0. 587
Et ! 19 88. 14 ~88.79 0.577 ~0. 962 2.8 ~12.4 9.80 ~14.50 0. 340 ~0. 504
F i 20 89.93 ~97.16 0.842 ~1.173 0.4 ~4.6 4.20 ~8. 60 0.537 ~0. 580
Ell 20 70. 20 ~89. 42 0.898 ~1.182 3.1~11.4 9.70 ~14. 30 0.376 ~0. 571
Bk 37 86.96 ~91. 54 0.792 ~1.239 0.2~12.2 8.50 ~15.25 0.393 ~0. 573
Bk 2 84.90 ~93.07 0. 900 ~0. 968 0.8 ~8.4 8.10 ~12.99 0. 555 ~0. 560
i 10 77.08 ~81. 18 0.857 ~1.188 0.4~6.8 13.57 ~20.25 0. 402 ~0. 507
HE 2 92.20 ~92. 40 0. 800 ~0. 851 7.7 ~8.1 7.30 ~7.75 0.432 ~0. 439
Fas 3 89. 50 ~90. 70 1.020 ~ 1. 022 0.6 ~6.2 11.40 ~11.90 0.410 ~0. 581
gk 20 76.24 ~88. 65 1.027 ~ 1. 546 15.2 ~19.8 4.10 ~6.77 0.512 ~0. 546
A 11 85. 63 ~93. 80 0. 828 ~1.082 7.4 ~18.4 5.51 ~11.50 0.497 ~0. 558
i 1 94. 86 0. 549 9.8 3.26 0.228
SEN 6 92.73 ~95. 02 0.970 ~1. 380 11.8 ~20.0 3.85~5.50 0. 389 ~0. 503
i 5 3 87.25 ~87.93 0.502 ~0.974 15.6 ~19.9 7.50 ~9.20 0.477 ~0. 534
5 5 86. 18 ~87. 86 0.997 ~1.040 6.6 ~13.6 11.30 ~14.00 0. 543 ~0. 567
%R 2 96. 10 ~96. 40 1.045 ~1.051 15.9 ~19.2 2.30 ~3.50 0. 530 ~0. 562
B 16 86.24 ~96. 34 0.746 ~1.954 5.2 ~20.0 3.60 ~14. 80 0.434 ~0. 558
g 1 92.56 2.313 19.6 8.00 0. 540
N 1 88.17 0. 956 8.0 11.20 0.472
bR 2 93.11 ~93.63 0.926 ~0. 954 15.6 ~16.2 3.30 ~5.20 0.491 ~0. 561
B 1 94,31 1.013 16.3 5.30 0. 555
25 I 1 90. 56 0.579 10.6 9.80 0.471
TR 3 94.38 ~96. 68 0. 864 ~0. 784 8.8 ~14.6 3.00 ~3.50 0. 405 ~0. 467
21 4 93.20 ~95. 34 0. 805 ~1.090 4.3~6.6 3.75 ~5.50 0.431 ~0. 492
e 3 85.30 ~ 86. 87 0.962 ~1.014 1.1~2.8 12.50 ~15. 50 0.427 ~0.526
AN 3 2 85.20 ~88. 60 0. 900 ~0. 920 14.3 ~15.6 11.00 ~15.72 0.432 ~0. 448
BrAE e 8 86. 74 ~92.96 0.798 ~0.996 0.1~14.8 6.50 ~14.75 0.502 ~0.575
¥l 2 90. 10 ~90. 80 0.945 ~0.977 2.8~3.8 7.75 ~7.76 0.434 ~0. 459
NS5 2 92.90 ~94. 10 0. 820 ~0. 845 10.9 ~11.4 5.10 ~5.50 0.495 ~0. 522
iEial 2 94.35 ~95.77 0.811 ~0. 984 17.0 ~19.8 3.25~3.75 0.551 ~0. 605
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Tab.3 Error parameters in the prediction of thermal

conductivity with different neural network

configurations
WE KM E, E, E, .

¥ o&xf /% /W-(m-K) ™' /We(m-K) !

1 12 2. 04 0.0104 0.016 4 0.914
1 14 1.79 0.009 1 0.0136 0.941
1 16 1.28 0.006 5 0.0100 0. 968
1 18 1. 16 0. 006 0 0.0100 0. 968
1 20 1.27 0. 006 6 0.0100 0. 968
2 8 1.20 0. 006 0 0.0100 0.968
2 10 1. 14 0.0059 0.0100 0. 968
2 12 1. 11 0.005 7 0.0100 0. 968
2 14 1.35 0.006 8 0.0100 0. 968

N1 11% ¥4 atist 2% £, #0.0057 W/(m-K),
T bR 2 E, 8 0.010 W/ (m-K) , &K R R
1 0.968 i A 5 AR Y OC R AN 2 s .
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