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Drying Characteristics and Model of Bitter Melon Slice in
Air-Impingement Jet Dryer
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Abstract: [ Objective ]In order to improve the drying quality of the bitter melon slice(BMS), shorten the drying time, the effects
of the air-impingement drying conditions on the drying characteristics of the BMS were studied and the drying kinetics model was
established to predict the moisture change in the drying process. [Method] The BMS were dried by the air-impingement jet dryer
made by the authors’ laboratory. The effects of different air temperatures (40, 50, 60, 70 and 80°C), air velocities (9, 10, 11, 12 and 13
m-s™) and slice thickness (2, 3, 4, 5 and 6 mm) on the drying characteristics of materials and effective moisture diffusion coefficient
of water were studied, and the activation energy was calculated. With the R%, y* and RMSE as the evaluation indexes, the optimum
model was screened within the five commonly used dry models fitting the experimental data by Origin 8.0 software, then the

relationships between the model parameters and drying conditions was establish and the prediction effect of the optimum drying
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model was verified. [Result] The air-impingement jet drying of BMS occurred in the falling rate drying period, and there was no
constant drying rate stage. Under the experimental condition, air temperature, air velocities and slice thickness all had a certain effect
on dry characteristics of BMS in air-impingement jet drying process. With the increase of air temperature and air velocities, the
decrease of the slice thickness, the moisture of material decreased more fast and the drying rate was rising, the drying time was short,
but the influence of air velocities was less significant than air temperature and slice thickness. The water effective diffusion
coefficient of the BMS during drying process could be calculated by Fick’s second law, and it increased with the increase of air
temperature, air velocities and slice thickness. The maximum effective diffusion coefficient was 2.9668x10° m>s™. Arrhenius was
used to calculate the activation energy of BMS in drying process and the value of Ea was 29.89 kJ-mol™. The five selected models all
had good fitness (R*>0.98), they could predict the moisture change of the BMS in air-impingement jet drying process. Of the five
models, the Two term exponential model had the highest coefficient of determination R” (0.99937), the lowest chi-square x* (0.00876)
and root mean square RMSE (0.000077), and it is the optimum model of the BMS in air-impingement jet drying. [ Conclusion] All
the factors including the air temperature, air velocities and slice thickness had influence on the drying curve, the drying rate curve
and moisture effective diffusion coefficient, and their influences were in an order of the air temperature>air velocities>slice
thickness. Two term exponential model could properly describe the air-impingement jet drying behavior of BMS and could be used

to predict the moisture change of the BMS in air-impingement jet drying process under the condition that the air temperatures

between 40 and 80°C, air velocities between 9 and 13 mrs™! and slice thickness between 2 and 6 mm.
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Table 1 Experiment design and parameters

o) R (T K (V) AR (D)
No. Temperature (‘C) Air velocity (m's™) Slice thickness (mm)
1 40 11 4

2 50 11 4

3 60 11 4

4 70 11 4

5 80 11 4

6 60 9 4

7 60 10 4

8 60 12 4

9 60 13 4

10 60 11 2

11 60 11 3

12 60 11 5

13 60 11 6
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Table 2 Drying mathematical models
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No. Model names Model equation

1 Page®! MR=exp(-kt")

2 Modified page® MR=exp[-(kt)"]

3 Logarithmic®®! MR=aexp(-kt)+c

4 Henderson and Pabis!*”! MR=aexp(-kt)

5 Two term exponential **! MR=aexp(-kt)+(1-a)exp(-kat)
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Fig. 2 Effects of temperature on drying rate curves
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Table 3 Moisture effective diffusion coefficients of bitter gourd slice under different drying conditions

hae) Al (T W (V) VIR (D) R CAEVEPAS R HROK T HUR KL
No. Temperature (‘C)  Air velocity (m's™)  Slice thicknes (mm) Linear regression formula Dy (m>s™)
1 40 11 4 InMR=-5.2001x10t-0.3722 0.9486 8.4300x107"°
2 50 11 4 InMR=-6.0744x107t-0.6895 0.9589 9.8475x10™°
3 60 11 4 InMR=-7.2052x107t-0.8922 0.9774 1.1681x107
4 70 11 4 InMR=-1.3000%107t-0.5472 0.9832 2.1075%10°
5 80 11 4 InMR=-1.8300x107t-0.0988 0.9487 2.9667x10°
6 60 9 4 InMR=-5.8342x10"t-0.8673 0.9825 9.4580x10°
7 60 10 4 InMR=-5.8190x10t-0.9734 0.9503 9.4334x10™°
8 60 12 4 InMR=-9.4967x107t-0.5360 0.9639 1.5395x10”
9 60 13 4 InMR=-9.5814x107t-0.6252 0.9804 1.5533x107
10 60 11 2 InMR=-8.6507x107t-1.2390 0.9714 3.5060x10"°
11 60 11 3 InNMR=-9.1941x107*t-0.9270 0.9617 8.3840x10™"°
12 60 11 5 InMR=-6.0472x10"t-0.6845 0.9841 1.5318x10”
13 60 11 6 InMR=-4.9878x107t-0.6224 0.9601 1.8193x10”
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Table 4 Gourd bitter slice drying model parameters, R%, RMSE and *

BRSO BULER BUGR B IS RMSE 7
No. Model No.  Model equation Model parametric

Page MR=exp(-kt") k n
1 0.03535 1.05226 0.99834 0.01449 0.000210
2 0.03800 1.13289 0.99809 0.01551 0.000241
3 0.05426 1.12318 0.99874 0.01228 0.000151
4 0.06295 1.16350 0.99922 0.00979 0.000096
5 0.07799 1.11340 0.99859 0.01315 0.000173
6 0.04262 1.16816 0.99929 0.00930 0.000086
7 0.04801 1.15729 0.99913 0.01015 0.000103
8 0.05116 1.13055 0.99871 0.01267 0.000160
9 0.05559 1.11576 0.99788 0.01609 0.000259
10 0.06189 1.23605 0.99887 0.01151 0.000133
11 0.05116 1.22366 0.99899 0.01117 0.000125
12 0.04577 1.08353 0.99829 0.01442 0.000208
13 0.04401 1.04030 0.99868 0.01268 0.000161

Modified page MR=exp[-(kt)"] k n
1 0.04173 1.05351 0.99834 0.01449 0.000210
2 0.05576 1.13470 0.99810 0.01551 0.000240
3 0.07468 1.12433 0.99874 0.01227 0.000151
4 0.09285 1.16386 0.99922 0.00979 0.000096
5 0.10111 1.11452 0.99859 0.01315 0.000173
6 0.06713 1.16886 0.99929 0.00929 0.000086
7 0.07253 1.15817 0.99913 0.01015 0.000103
8 0.07211 1.13173 0.99871 0.01267 0.000160
9 0.07502 1.11738 0.99788 0.01609 0.000259
10 0.10527 1.23719 0.99887 0.01151 0.000133
11 0.08807 1.22472 0.99899 0.01117 0.000125
12 0.05805 1.08499 0.99829 0.01442 0.000208
13 0.04967 1.04143 0.99868 0.01268 0.000161

Logarithmic MR=aexp(-kt)+c a k c
1 1.00997 0.04098 -0.00815 0.99800 0.01648 0.000272
2 1.03306 0.05527 -0.01454 0.99621 0.02269 0.000515
3 1.0286 0.07454 -0.01192 0.99714 0.01922 0.000370
4 1.04021 0.09270 -0.01708 0.99679 0.02086 0.000435
5 1.03020 0.09901 -0.01944 0.99769 0.01775 0.000315
6 1.03799 0.06815 -0.00894 0.99641 0.02168 0.000470
7 1.03263 0.07360 -0.00768 0.99651 0.02105 0.000430
8 1.03476 0.07118 -0.01737 0.99710 0.01981 0.000392
9 1.03032 0.07374 -0.01739 0.99670 0.02098 0.000400

10 1.04412 0.10784 -0.0127 0.99378 0.02815 0.000792
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43 4 Continued table 4
WA R 44 R R R [LSItE S R RMSE .
No. Model No.  Model equation Model parametric
11 1.04961 0.08920 -0.01639 0.99442 0.02736 0.000749
12 1.01884 0.05729 -0.01084 0.99750 0.01811 0.000328
13 1.00715 0.04908 -0.00583 0.99847 0.01412 0.000199
Henderson and MR=aexp(-kt) a k
1 Pabis 1.00385 0.04177 0.99783 0.01659 0.000275
2 1.02204 0.05714 0.99560 0.02356 0.000555
3 1.01979 0.07671 0.99667 0.01995 0.000398
4 1.02751 0.09666 0.99591 0.02244 0.000504
5 1.01589 0.10399 0.99667 0.02023 0.000409
6 1.03130 0.06959 0.99614 0.02167 0.000470
7 1.02692 0.07495 0.99629 0.02091 0.000437
8 1.02193 0.07420 0.99628 0.02147 0.000461
9 1.01749 0.07690 0.99585 0.02254 0.000508
10 1.03427 0.11119 0.99312 0.02835 0.000804
11 1.03710 0.09271 0.99352 0.02825 0.000798
12 1.01088 0.05879 0.99714 0.01865 0.000348
13 1.00287 0.04977 0.99837 0.01409 0.000199
Two term MR=aexp(-kt)+ a k
1 exponential - (1-a)exp(kat) o365 0.04988 0.99864 0.01314 0.000173
2 1.63639 0.07269 0.99831 0.01460 0.000213
3 1.61944 0.09637 0.99891 0.01139 0.000130
4 1.68419 0.12480 0.99922 0.00979 0.000096
5 1.59678 0.12870 0.99874 0.01244 0.000155
6 1.69433 0.09074 0.99937 0.00876 0.000077
7 1.67891 0.09712 0.99927 0.00925 0.000086
8 1.63161 0.09375 0.99887 0.01186 0.000141
9 1.60441 0.09590 0.99811 0.01522 0.000232
10 1.76932 0.14920 0.99864 0.01260 0.000159
11 1.75718 0.12383 0.99880 0.01215 0.000148
12 1.55247 0.07186 0.99859 0.01311 0.000172
13 1.45333 0.05797 0.99889 0.01164 0.000135

T, AR BT R, AT
BREERE. M TUR T T LUA . AE 0—30
min AR K 70 LU SURR B, B TR N 1A fr 9
B, KPR T 2208, X 1550wy I,
AU B 3L S 1 UV (KA R ok 4 i

HATHIAURAE, AT R AT (0T 558 5 A i

L IR T Hg I ) o 3 iy 1T AT REE N D W REZ

A LA

OB ZESE, ST AT RE S d B e e A
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