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Numerical simulation and experimental study of microwave

drying of Camellia oleifera seeds
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Abstract: [ Objective] To understand the microwave heating characteristics and moisture content changes of fresh Camellia oleifera seeds.
[Methods] Numerical simulations coupling electromagnetic loss with solid/fluid heat transfer are conducted to analyze the temperature rise
characteristics of a single C. oleifera seed, thereby determining the appropriate sample placement and microwave power ranges. Microwave
drying experiments of individual and small batches of C. oleifera seeds are performed to validate the numerical results against the actual
internal and surface temperatures. Two-term, Henderson and Pabis, and Midilli and Kucuk models are employed to fit the dry basis moisture
content changes to analyze the microwave drying kinetics of C. oleifera seeds. [ Results] The actual temperatures of C. oleifera seeds are in
general consistence with the simulated results, which validates the reliability of the numerical simulations. The microwave drying process of
C. oleifera seeds can be divided into three stages: acceleration, stabilization, and deceleration, and the Midilli and Kucuk model can
accurately describe this drying kinetics behavior. Under the preferred drying conditions (microwave power of 200~350 W, single heating
duration of 5 min, and interval duration of 2 min), a single batch of C. oleifera seeds (200 g) can achieve the desired dry basis moisture
content (9%) in 42~126 min. This drying method has a 70%~90% higher efficiency than conventional hot-air drying or infrared drying and
avoids carbonization and cracking due to overheating. [ Conclusion] Microwave heating technology can realize efficient and controllable
drying of fresh C. oleifera seeds.
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Figure 1 Microwave heating system used for Camellia

oleifera seed drying
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Table | Material parameters used in microwave heating simulations of Camellia oleifera seeds

28 AL AT R YEE 2 ZAL AR 304 R
HERF A H S — R AR e 1 2.55 43 1
R A1 H, B 50 3 - I A 0 0 — -
R S/m / 0 0 0 1.39< 10°
W kg/m? 1003 1.29 2230 2770 87 001.29
SRR W/(m-K) 055" 0.026 1.35 0.35 400
HOZE J/(kg-K) 2000 1004 703 885 385
AT 5 % — 1 1 1 1 1

T * COMSOL P & M RHEUH % .

99



100

ARESS5EBE4HE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

300 L 716
- %‘%ﬁ
— M EB .~ 15

[\
oo
T

[\ ] (=]
& =
T T

ARXT A HL H HOR T

[~
(=}
T

S
Imaginary part of relative permittivity

AHXT A v HCE
Real part of relative permittivity

—

oo
T

Nl

20 40 60 80 100 120 140

I

Temperature/ C
B2 b 247 09 A0 AT A F SRR R 0 TAL LR
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seeds at different microwave power levels
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Figure 7 Cross-sectional temperatures of Camellia oleifera seeds after microwave heating
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Figure 8 Actual and simulated temperatures of Camellia oleifera seeds during drying at different microwave power
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Table 3  Fitting results of drying kinetics models

TR MRV R, RMSE Y2 AIC WA S8

Two-term 200 0.993 86 0.009 90 0.000 100 —167.373 a,=0.509 00.4,=0.006 88 .a,=0.509 00.%,=0.006 88
250 0.98345 0.01609 0.000260 —99.363 a,=0.533 60.4,=0.010 69.a, =0.496 60.%k,=0.010 69
300 0.97140 0.018 86 0.000360 —63.472 a,;=0.479 30.4£,=0.015 66 .a,=0.557 60.%4,=0.015 66
350 0.99932  0.00223 0.000 010 —77.492 a,=0.129 44 ./, =0.156 87 .a,=1.129 70 .k, =0.022 68

Henderson and 200 0.994 63 0.00990 0.00010 —171.373 a=1.018 00.42=0.006 88

Pabis 250 0.98676  0.016 09 0.000 260 —103.363 a=1.030 00.4=0.010 69
300 0.98093 0.01886 0.000360 —67.472 a=1.037 00.4=0.015 66
350 098116 0.01661 0.000390 —53.368 a=1.02694.4=0.018 54

Midilli and Kucuk 200 0.999 05 0.003 90 0.000 020 —202.819 a=0.991 70.4=0.003 09 .7=1.325 00.6=0.002 88
250 0.997 80 0.005 87 0.000 030 —125.570 a=0.992 90.+,=0.003 74 .n=1.451 00.,h=0.005 22
300 0.999 84 0.001 39 0.000 001 —110.378 a=0.999 40 .,=0.005 79 .n=1.486 00.6=0.007 67
350 0.999 35 0.00219 0.000001  —77.737 a=1.000 47 .4=0.008 02 .7=1.321 21 .,6=0.002 75
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Figure 13 Comparison of predicted and experimental

values using Midilli and Kucuk model
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