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Melon weak microwave-assisted hot air drying characteristics

and mathematical model
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Abstract: Objective: Using Xinjiang melon as raw material, ex-
plore melon slices in weak microwave-assisted hot air drying in

the process of drying characteristics. Methods: Using R?, X? and
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RMSE as evaluation indexes, compare melon slices of wet basis
moisture content under different conditions, the drying rate,
moisture content than the distinction, and melon dry dynamics
model was set up, and the drying characteristic curve of melon
slices was gotten at different slice thickness, the cycle time of mi-
crowave, the hot air cycle time. Results: The thinner the slice,
the longer the circulation drying time of microwave and dry hot
air, the faster the moisture content of the dry base decreased.
The faster the drying rate, and the more the moisture ratio chan-
ges. The drying process of melon slice can be divided into two sta-
ges, accelerated drying and reduced drying. and accelerated
drying was the main drying stage. Different slice thickness, mi-
crowave circulation time and dry-hot air circulation time, the
Thompson equation can better reflect the drying characteristics
and laws of melon slices. The R? ranged from 0.992 9~0.999 9,
X% ranged from 9.55X 1076 ~1.51 X 10"%, RMSE ranged from
0.002 68~0.027 47. The predicted values of Thompson equation
were similar to the true ones, R? was 0.995 0, X? was 3.93 X
107*, and RMSE was 0.016 58. Conclusion: The model can be
used to predict the moisture variation during the dry-hot air
drying of melon slices.
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Microwave-assisted hot air device
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Table 1

Vegetable and fruit thin layer drying models and expressions

TR

B J5

Yt Iy i

Appoximation of Diffusion
Newton

Page

Parabolic

Thompson

MR = Bexp(Kt)
MR =exp(—Kt)

MR =exp(—KtN)

InMR =InB— Kt
InMR = — Kt

In(—InMR) =InK + Nln¢

MR =A+Bt+Ct?
t=A-+BInMR +C(InMR)?
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1074 ~4.12X 107%, ¥ Iy AR 47 #E 22 RMSE 24 0.015 69 ~
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2% RMSE 7y 0.005 84~0.027 47, Thompson 5 & R* 1) fix
/IME W KT Page J7 7 #1 Parabolic J5 #1 . X* i) fe KAH
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KZFR?HJ 0.974 1~0.985 2, K5 XK 5.74 X 107" ~
1.44X 10 % 57 AR AR ME L RMSE 3 0.021 86~0.030 99;
Parabolic J7 FEtH 6 28 R* 2/ 0.996 5~0.998 8, K X*

x2 ARAVRE

curve of melon slices

of melon slices

4,91 X 107" ~4.68 X 107%, 4 J7 4R 4% #f 22 RMSE 3}
0.016 75~ 0. 058 34; Thompson J5 & % & % R* N
0.996 7~0.999 5, K X*H 2.26 X 107> ~3.38X 107", ¥
7 M AT HE 2 RMSE 2 0.004 05~0.013 90, Thompson J5
& R* W e /ME R F Page J7 F2Hl Parabolic J5 #14, X° 1
RMSE # g KAE B & /N T Page J5 & 1 Parabolic 7 £ 1Y .

H1 2 4 WA R [R] T #vas 06 5 T 4 e IA) R L Page J7
FEAHE B R 0.969 2~0.987 8, K Jr X*H 2.86 X
1074 ~1.12 X 107, ¥ 7 M b5 Y 22 RMSE 3} 0.015 31~
0.028 30; Parabolic 77 F2 #H ¢ & ¥t R* & 0.979 4 ~
0.998 8, K75 X*Jy 8.46 X 10 ' ~5.39X 10, ¥ )7 A7
2 RMSE 3} 0.024 81~0.061 43; Thompson 75 F& 4 ¢ &
$ R? 7 0.999 2~0.999 9. K H7 X*H 9.55X 10 * ~6.19 X
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Table 2 Model fitting results under different slice thickness conditions
TR P B/ mm [ )= 5 R* X RMSE
5 In(—InMR) = —3.407 6+1.269 0lnz 0.978 1 9.49X10* 0.026 67
7 In(—InMR)=—3.641 3+1.277 2Int 0.971 4 1.29 X103 0.031 68
Page J 9 In(—InMR)=—3.252 5+1.138 8lnz 0.979 5 8.17 X104 0.025 56
11 In(—InMR)=—23.574 0+1.207 7lnz 0.983 1 3.90x 101 0.237 63
13 In(—InMR)=—3.554 0+1.168 2Inz 0.986 6 5.39 X104 0.211 93
5 MR =0.980 9—0.047 5¢+0.000 6¢2 0.998 2 3.87 X101 0.016 06
7 MR =0.981 8—0.039 8¢+0.000 412 0.998 4 3.52X10* 0.015 69
Parabolic J5 & 9 MR =0.957 4—0.038 0z +0.000 4¢? 0.994 4 8.46 X101 0.024 81
11 MR =0.971 6—0.035 6£-+0.000 372 0.996 8 4.12X1073 0.055 58
13 MR =0.965 6—0.032 5¢+0.000 3¢2 0.996 0 1.45X103 0.033 39
5 t=0.499 3—17.045InMR —1.854 7(InMR)? 0.998 4 1.51 X103 0.016 06
7 t=0.794 7—20.234InMR —2.326 6(InMR)? 0.997 4 2.53 X101 0.015 69
Thompson J7 2 9 t=0.121 7—22.564InMR —2.495 1(InMR)? 0.999 3 6.19X10° 0.024 81
11 t=0.032 3—23.147InMR — 2.442 8(InMR)? 0.999 5 8.58X10°° 0.055 58
13 t=0.579 4—25.856IlnMR —2.752 3(InMR)? 0.999 7 4.55X107° 0.033 39
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Table 3 Model under the conditions of different cycle of microwave drying time fitting results

Hm B e i /s 1 R? 1 RMSE
60 In(—InMR) = —3.906 8-+1.236 5lnt 0.978 1 9.49X10°'  0.026 67
90 In(—InMR)=—3.561 7-+1.179 1lnz 0.9714  1.29X107%  0.031 68
Page J % 120 In(—InMR)=—3.607 2-+1.225 2lnt 0.9795  8.17X10°'  0.025 56
150 In(—InMR) = —3.449 3-+1.271 6lnt 0.9831  3.90X10° '  0.237 63
180 In(—InMR) = —3.242 7-+1.258 5lnt 0.986 6  5.39X10° ' 0.211 93
60 MR =0.977 9—0.029 3¢+0.000 2¢2 0.997 9 3.46X107%  0.052 13
90 MR =0.965 9—0.032 9¢+0.000 3¢ 0.9965  8.57X107'  0.025 67
Parabolic J7 & 120 MR =0.976 1—0.036 3¢+0.000 3¢ 0.997 3  4.68X107%  0.058 34
150 MR =0.980 1—0.046 0¢+0.000 6¢2 0.9975  2.53X107%  0.041 08
180 MR =0.985 6—0.053 4¢+0.000 7¢7 0.9988  4.91X10°'  0.016 75
60 +=0.766 0—27.537InMR —3.001 6(InMR)? 0.998 4  1.10X10°*  0.009 10
90 £=0.257 3—24.886InMR —2.579 2(InMR)? 0.9995  2.26X10°°  0.004 05
Thompson J5 7 120 £=0.159 0—23.089InMR —2.706 8(InMR)? 0.9982  1.67X10° '  0.010 56
150 +=0.563 3—17.646InMR —1.994 4(InMR)? 0.996 7 3.38X10°'  0.013 90
180 £=0.057 1—16.443InMR —2.261 5(InMR)? 0.9988  2.19X10° '  0.009 36

x4 TRATFHAZTSERTENETREMUSER

Table 4 Under the condition of different hot air circulation drying time model fitting results

155 7 T s SF[] /min 51 9 J5 R? e RMSE
2 In(—InMR)=—3.683 6+1.193 2Inr 0.987 6 5.02X10°* 0.020 44
4 In(—InMR)=—2.583 7+0.994 8lnr 0.987 8 2.86 X104 0.015 31
Page 1% 6 In(—InMR)=—3.252 5+1.138 8lnr 0.979 5 8.17X10* 0.025 56
8 In(—InMR)=—3.620 4+1.208 3lnt 0.969 5 1.03X10 3 0.028 30
10 In(—InMR)=—2.610 4+1.058 3lnr 0.969 2 1.12X10 3 0.028 30
2 MR =0,977 50,031 9z40.000 3¢2 0.9985  3.68X107%  0.053 24
4 MR =0.982 3—0.035 34+0.000 3¢2 0.998 8 2.31 X103 0.041 67
Parabolic J5 2 6 MR =0.957 4—0.038 0¢+0.000 412 0.994 4 8.46 X 10 0.024 81
8 MR =0.918 4—0.043 8¢-+0.000 5¢° 0.979 4 5.39 X103 0.061 44
10 MR =0.945 0—0.054 5¢+0.000 8¢? 0.985 7 2.60X10* 0.040 30
2 £=0.179 3—26.069InMR —2.820 3(InMR)? 0.999 9 9.55X107°  0.002 68
4 t=0.498 6—23.191InMR —2.430 7(InMR)? 0.999 8 5.38X10°° 0.006 25
Thompson J5 & 6 t=1.127 1—22.564InMR —2.495 1(InMR)? 0.999 3 6.19X10 ° 0.006 43
8 t=23.837 5—20.966InMR —2.228 7(InMR)? 0.999 7 2.92X10° 0.004 41
10 t=2.781 6—17.829InMR —2.097 5(InMR)? 0.999 2 6.02X10° 0.005 86
107°, 2 J5 AR 45 #E 22 RMSE 4 0.002 68 ~ 0.006 43, Ai=a +tb, XG+e, XG*, (8)
Thompson 52 R* 1) & /ME B i K F Page 7 #2 f1 Para- Bi=d, ‘e, XG+ f, XG*, (9)
bolic J7 2K - X* 1 RMSE K #5 K W] & /N T Page J5 72 Ci=g,+th XG+i, XG?, 10)
Fl Parabolic 5 #EMY . £5 b, 5l A 1l 34 55 0500l B T 34 A
2T R R G R R K B AR 9 A AL Dl Thompson G—YI &, mm;
TR aybyvcidiverfiagih i RFERE.
A, MR 4G Thompson LG4 H .,
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B R JREE N 5 mm B,

£=0.499 3—17.045InMR —1.854 7(InMR)*, (11)
SR RN 9 mm A,
t=1.121 7—22.564InMR —2.495 1(InMR)*, (12)
YRR 13 mm B,
t=0.579 4—25.856InMR —2.752 3(InMR)*, (13)

FHRAD . RA2D) XA FMMH A E.BH.C,
EHAAR ) KO KA A, #1453 A A F ] v &
B G E Gl G AR (8) (9 R (10) 155 =
JC— IR TT R4 % HOR R A5

a,=—2.92,b,=0.95,¢c, = —0.05,d, = —5.59,¢, =
—2.80,f1=0.10,g,=—0.52,h, =—0.33,i, =0.01,

RS A.B.CHMHER:

A=—2.9240.95G—0.05G?,

B=—5.59—2.80G+0.10G",

C=—0.52—0.33G+0.01G*,

B BN EK 7 2R W U0 R B BE (GO R By 8 1 %
MR

t=—2.9240.95G —0.05G* + (0.10G* — 2.80G —
5.591InMR + (0.01G* —0.33G —0.52) (InMR)?, a4

[F] B N R 78 AN (7] A0 38 408 26 B fB] CHD R 19 38l Jp 2%
A

t=1.88—0.02H + 0.000 7H* + (0.000 3H* +
0.02H —29.79)InMR + (0.000 02H?40.001 2H —3.15)
(InMR)?, as)

ANTF T R3S SAG I [E] (SO TR 3l J 2 B RL Y

t=—0.03+0.06S +0.02S> + (0.02S* +0.72S —
27.59) InMR + (0.001 1S*+0.07S—2.97) (InMR)*,  (16)
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with dry cycles
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