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Drying Characteristics and Mathematical Model for Heat Pump Low
Temperature Drying of Tenebrio Molitor

Xue Yameng Li Baoguo

(Institute of Food Science and Engineering, University of Shanghai for Science and Technology, Shanghai, 200093, China)

Abstract In order to study the heat pump low temperature drying characteristics of biological material, the tenebrio molitors, as drying
materials , was dried with heat pump under the conditions of different air temperatures, air velocities and blanching time. The drying char-
acteristics of tenebrio molitors were studied and the drying processing was correlated by typical drying model. The results show that the dr-
ying process of tenebrio molitor could be divided into three stages, i. e. , acceleration drying period, constant-rate drying period and falling
rate drying period. The drying time can be shortened with the increasing of air temperature, air velocity and blanching time. An optimum
model was chosen based on their coefficients of determination R*,root mean square error( RMSE) and sum of squared error( SSE). It is
shown that the Midilli model was superior to others in describing the drying curves of tenebrio molitors, and the R*, RMSE and SEE value
respectively were 0.99971, 0. 00559 and 0.00104. The experimental data of MR was in agreement with the predicted results of Mildilli
model.

Keywords heat pump low temperature drying; moisture ratio; drying rate; mathematical model
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Fig.1 Schematic diagram of heat pump low

temperature drying experimental device
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Tab. 1 Test design and test parameters

ha=2 THRE, C A/ (m/s)  EZBTRE/ s
1 40 4 30
2 50 4 30
3 60 4 30
4 50 2 30
5 50 3 30
6 50 4 15
7 50 4 45
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Tab. 2 Mathematical model of drying
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1 Page MR =exp( — k")

2 Wang and Singh MR =1 +at + b’

3 Midilli MR =a exp( —kt") + bt
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Fig. 2 Effect of temperature on moisture ratio
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Fig. 3 Effect of temperature on drying rate
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Fig. 4 Effect of wind velocity on moisture ratio
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Fig. 5 Effect of wind velocity on drying rate
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Fig. 6 Effect of blanching pretreatment time

on moisture ratio
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Tab. 3 The fitting results of tenebrio molitor thin-layer drying mathematical model

A XUR/ X/

RGER BrRE R2ET I

F2 C  (m/s) WA/ s TRAR R RMSE SEE
1 40 4 30 k =2.57x107°, n=1.86434 0.99876  0.01320  0.00714
50 30 k =7.94%x107°, n=1.77614 0.99825 0.01544  0.00715
60 4 30 k =1.33x107*, n=1.74769 0.99765 0.01800  0.00810
50 2 30 k =2.43x107°, n=1.83808 0.99873  0.01315  0.00778
50 3 30 E =6.02x107°, n=1.74874 0.99870  0.01306  0.00648
50 4 15 k=7.69x107°, n=1.73970 0.99815 0.01535  0.00778
50 4 45 k =8.80x107°, n=1.79498 0.99777 0.01766  0.00842
2 40 4 30 a =-0.00232, b=8.75x10"" 0.98668 0.04620  0.08752
50 4 30 a = -0.00341, b=2.21x10"° 0.99007  0.04023  0.04854
60 4 30 a = -0.00426, b=3.64x10° 0.99109  0.03766  0.03546
50 2 30 a = -0.00205 , b=6.45x10"" 0.98820  0.04300  0.08319
50 3 30 a =-0.00269 , b=1.41x10"° 0.99052  0.03979  0.06015
50 4 15 a =-0.00294, b=1.54x10"° 0.99169  0.03631  0.04351
50 4 45 a =-0.00382, b=2.79 x10° 0.98941  0.04097  0.04532
3 40 4 30k =3.24x107°¢=0.98937, n=1.80723, b= -6.96 x 1075 0.99979  0.00497  0.00101
50 4 30 k=1.11x10"*,a=0.99073, n=1.69262 b= -1.19 x10™* 0.99970  0.00587  0.00103
60 4 30k =1.67x10"*,a=0.98427, n=1.67949, b= —1.49 x10™* 0.99947  0.00784  0.00154
50 2 30k =3.27x107%,4=0.99005, n=1.76883, b= -7.27 x1075 0.99991  0.00322  0.00047
50 3 30k =9.17x107°,a=0.99633, n=1.65659, b= —8.71 x 107> 0.99981  0.00464  0.00082
50 4 15 £ =1.29%x10"*,a=0.99584, n=1.62249, b= -1.35x10"* 0.99980 0.00468  0.00072
50 4 45k =1.05x107*,a=0.98321, n=1.73832, b= -1.28 x10™* 0.99946  0.00793  0.00169
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