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Abstract: Objective Based on Dincer model, the drying characteristic of Chaenomeles sinensis under different drying condition was
investigated in order to provide theoretical foundation for applying Dincer model to analyze heat and mass transfer during Chinese

herbs drying process and select suitable drying technology and process. Methods C. sinensis slice of thickness 12 mm was dried by
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the three different drying methods, namely air impingement drying, medium and short infrared waved drying and pulsed vacuum
drying. Also, 9, 12 and 15 mm C. sinensis slices were dried under air impingement drying method. The drying characteristic, color
value, rehydration ration, vitamin C (VC), general flavone, and microstructure were studied. Results At the same drying temperature,
the drying rate sorted in order of size was air impingement drying, medium and short infrared waved drying and pulsed vacuum drying
and the drying activation energy was 43.10, 36.95 and 20.37 kJ/mol in corresponding. Decreasing slice thickness enhanced drying rate.
The Weibull distribution model simulation result showed that the scale parameter a ranged from 47.85 to 324.51. Smaller o value meant
short drying time. The shape parameter f was between 1.218 7 and 1.290 8 under air impingement drying as well as medium and short
infrared waved drying method, which showed that drying was falling rate process controlled by internal moisture diffusion. However,
the shape parameter  was between 1.218 7 and 1.290 8 under pulsed vacuum drying method, which illustrated that drying was
controlled both by internal moisture diffusion and surface moisture evaporation. The calculated moisture diffusion coefficient was
ranged from (1.66 x 107%) to (1.13 x 1077) m?%s and decreased as o increased. The Dincer model simulation result showed that the lag
factor (G) was range from 1.135 6 to 1.337 6, which declared that there was a short raising rate drying period during the initial drying
process. Heat transfer Biot number (Bi) value was between 1.171 4 and 136.041 2 and decreased as drying temperature increased.
Effective moisture diffusion (Detr) value calculated by Diner model was range from (3.26 x 107°) to (6.33 x 107%) m%s. At the same
drying temperature, (Defr) value was larger than (D), but smaller than (Dcar). Mass transfer (k) was ranged from (9.02 x 107) to (8.82 x 107°)
m/s and increased as drying temperature increased. Air impingement drying method was suitable for C. sinensis slice drying, and
drying temperature of 60 ‘C and thickness of 12 mm was the most optimum drying process. Under above drying circumstance, the
drying time, brightness L*, color difference value AE, VC, general flavone and rehydration ratio were 5 h, 62.80 + 1.70, 19.62 <+ 2.60,
(1.107 8 = 0.005 0) mg/g, (36.74 + 0.60) mg/g and 7.11 + 0.24, respectively. Conclusion Such investigation result can provide
theoretical foundation for applying Dincer model to describe heat and mass transfer characteristics during Chinese herbs drying and
filtrating suitable C. sinensis slice drying method and process.

Key words: Chaenomeles sinensis (Thouin) Koehne; drying; drying characteristic; Weibull distribution model; Dincer model; air
impingement drying; medium and short infrared waved drying; pulsed vacuum drying; color value; vitamin C; general flavone;

rehydration ration; microstructure; activation energy; internal moisture diffusion; surface moisture evaporation
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Table 1 Design for experiments with run conditions
included
T4 = TR C Y B /mm WM E/g
ARG AR 50 12 117.73+0.18
60 117.5140.61
70 117.08+0.04
60 9 117.05+0.13
60 15 117.9440.12
HRATE A AR 50 12 116.68+0.11
60 114.28+0.21
70 115.52+0.59
HA kT4 50 12 104.7940.29
60 99.5841.61
70 100.3141.92
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Fig. 1 Drying curves of C. sinensis by different drying methods
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Fig.2 Drying rate curves of C. sinensis by different drying method
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Fig. 3 Drying curves and drying rate curves of C. sinensis at different thickness under air impingement drying method
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Table 2 Drying characteristic of C. sinensis simulation result based on Weibull distribution model
FHT7 R Vs o/min B D*esi/(m2s™) Deal/(m?s7") Re P
ARG DA 50 °C; 12mm 136.28 0.9316 5.09X 107 3.96X10°8 778 0.9917
60 ‘C; 12mm 79.06 0.980 6 8.05X107 6.83X 1078 848 09805
70 °C; 12 mm 47.85 0.955 8 1.30% 1078 1.13X107 8.60  0.9962
60 ‘C; 9 mm 52.57 0.967 7 1.18X 1078 1.03X 107 8.73  0.9936
60 ‘C; 15mm 140.42 0.943 6 476X107° 3.85X 1078 8.07 09931
LM AN 50 °C 162.70 0.9920 4.60X107° 3.32X10°8 721 0.9890
60 C 110.36 0.859 9 6.01X107° 4.89X108 8.14 09929
70 °C 64.84 0.960 3 1.03X1078 8.33X10°% 8.10 09922
A KB+ 50 °C 324.51 1.2459 2.50X107° 1.66X 1078 6.66  0.996 4
60 C 236.72 1.290 8 3.45X107° 2.28X1078 6.61  0.9969
70 °C 233.49 12187 3.88X 107 231X10°8 596 09921
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Table 3 Drying characteristic of C. sinensis simulation result based on Dincer model
T 07 T %A G S/s7! = Bi Det/(m2s7h)  k/(ms™) w

SRS TE 50°C; 12mm 11498 1.55X107* 0.9473 23923 1.26X10°%  9.02X10 1.3300
60°C; 12mm  1.1378 245X10% 0.9933 1.8099  3.87X10°%  1.17X105 0.9550

70°C; 12mm 11356 3.95X10% 0.9925 17174 633X10°%  1.81X105 1.0954

60°C; 9mm  1.1370 3.58X10* 0.9862 17749  5.68X10°%  1.68X105 0.9524

60°C; 15mm 11527 1.45X10% 09591 25576  2.08X10°%  885X1076 1.0029

HRE IR LA T I 50 °C 12925 1.40X10™% 09506 543802 7.52X10° 6.81X107° 1.6378
60 C 12485 1.54X10% 0989  21.5970 133X10%  4.79X107° 0.599 6

70 °C 12434  3.13X10% 09851 193364 236X10%  7.61X107° 13816

HA kBT 45 50 C 13376 0.80X10™% 0.9514 136.0412 3.26X10° 7.40X107°5 1.7502
60 °C 13222 1.04X10% 09807  99.6977 4.80X10° 7.97X107° 17510

70 °C 13129 1.18X10* 09104 826710 640X10° 8.82X107° 0.9665
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Fig. 4 Color value, VC and general flavone content of C. sinensis by different drying methods
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Fig. 5 Rehydration ratio of C. sinensis by different drying methods

a-50 CAMRH T b-70 CHREMWASII TR c-70 CHT KT
a-50 ‘C air impingement drying b-70 ‘C medium and short infrared waved drying ¢-70 C pulsed vacuum drying
B6 TETERAR FHEAKMSMALLES

Fig. 6 Microstructure of C. sinensis by different drying methods
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