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Design of drying machine with co-heating and dehumidification and

testing of its drying performance on shiitake mushrooms
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Abstract: Objective: In order to improve the mushroom drying
efficiency and reduce the power consumption, a new type of co-
heating and dehumidification drying machine was designed and
built. Methods: The drying machine was a closed system, which
took the semiconductor refrigeration piece as the main
component, with its hot end as heat source for air pre-heating and
its cold end as the cold source for water vapor condensation. On
the device, the mushroom drying rate at different drying

temperatures (55 and 65 ‘C) and sample mass (200 and 400 g)
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were tested. Results: Nine thin layer mathematical drying models
were used to simulate the drying rate, which revealed that the
Midilli model had a better predict effect than the others. In
addition, it was found that the higher drying temperature
resulted in a greater color change and a higher shrinkage rate.
The comprehensive energy efficiency ratio of the drying machine
was 1.96, and the power consumption of drying mushroom was
81.21 MJ/kg. Conclusion: In the experiment., the indexes such as
moisture content and color change of dried mushroom met the
national standards, and the energy-saving effect was remarkable
compared with the traditional electric heating drying machine.

Keywords: co-heating and dehumidification; energy saving and
mushroom;

emission reduction; semiconductor refrigeration;

drying model
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Figure 1 Simple diagram of loop structure

drying machine
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Figure 2

Schematic diagram of co-heating and

dehumidification drying machine
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Figure 3 Heating &. cooling units structure
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Table 1 Thin layer drying models

LA 2 FR fEiA
Modified page-® MR=exp [— (k) ]"
MR =aexp(—kt)

Henderson and Pabis!"
MR =aexp(—kt)+c
MR =aexp(—kot) +bhexp(—k1t)

Logarithmic®!
Two-term model ™’
Approximation of diffusion™®) MR =aexp(—kt)+(1—a)exp(—kbt)
MR=1+at+bt?

MR =aexp| —c(t/L?*)]

MR =exp[ —c (t/L*)"]

Wang and Singh['!
Simplified Fick’s diffusion!'?]

Modified Page equation-11t'2]
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Figure 4 The variation trend of mushroom water

content with time
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Table 2 The fitting results of mushroom thin layer drying models under different temperatures and masses

BRI 4 K T/C m/g R R? x? RMSE

Modified page 55 200 k=0.196 1, n=0.891 9 0.998 27 0.000 14 0.001 57
65 200 k=0.310 8, n=0.792 8 0.993 29 0.000 60 0.005 40

55 400 k=0.1517, n=0.885 8 0.998 42 0.000 12 0.001 65

65 400 k=0.268 4, n=0.858 6 0.996 51 0.000 32 0.002 85

Henderson and Pabis 55 200 @=0.976 5, £k=0.189 1 0.994 62 0.000 44 0.004 88
65 200 a=0.959 4, £=0.285 2 0.979 90 0.001 80 0.016 19

55 400 a=0.971 0, £=0.145 4 0.994 33 0.000 42 0.005 94

65 400 a=0.972 3, £=0.2551 0.990 48 0.000 86 0.007 78

Logarithmic 55 200 a=0.920 9, £=0.236 4, ¢=0.081 3 0.999 53 0.000 04 0.000 43
65 200 a=0.897 3, k=0.406 6, ¢c=0.105 6 0.999 75 0.000 03 0.000 20

55 400 a=0.9152, £=0.182 3, ¢=0.082 9 0.998 85 0.000 09 0.001 20

65 400 a=0.913 1, £=0.334 3, ¢=0.090 3 0.999 80 0.000 02 0.000 16

Two-term model 55 200 a=0.225 3, ko=0.067 3, b=0.779 5, k1=0.268 4 0.999 60 0.000 04 0.000 36
65 200 a=0.0611, kg=—0.0551, 6=0.939 4, £, =0.3815 0.999 87 0.000 02 0.000 11

55 400 a=0.589 1, ko =0.101 0, b=0.417 7, k1 =0.297 6 0.999 38 0.000 05 0.000 65

65 400 a=0.0347, ko=—0.0894, H=0.966 2, £, =0.3099 0.999 91 0.000 01 0.000 07

Approximation of diffusion 55 200 a=1.548 5, £=0.194 2, »=1.000 0 0.993 56 0.000 05 0.005 85
65 200 a=1.548 5, k=0.298 9, b=1.000 6 0.977 14 0.002 05 0.018 42

55 400 a=1.548 5, £k=0.150 5, 6=1.000 0 0.992 68 0.000 55 0.007 67

65 400  a=1.548 5, £=0.263 1, 6=1.000 0 0.989 11 0.000 99 0.008 90

Wang and Singh 55 200 a=—0.166 3, 6=0.008 1 0.986 98 0.001 07 0.011 82
65 200 a=—0.239 2, b=0.015 8 0.968 16 0.002 85 0.025 66

55 400 a=—0.129 8, b=0.005 0 0.983 87 0.001 21 0.016 90

65 400 a=—0.219 1, b=0.013 7 0.984 04 0.001 45 0.013 04

Simplified Fick’s diffusion 55 200 a=0.976 5, ¢=0.099 1, [=0.725 3 0.994 61 0.000 49 0.004 89
65 200 a=0.959 4, ¢=0.0154, [=0.232 1 0.979 90 0.002 02 0.016 19

55 400 a=0.971 0, ¢=0.140 0, [=0.982 4 0.994 32 0.000 46 0.005 95

65 400 a=0.972 2, ¢=0.016 2, /=0.251 8 0.990 48 0.000 97 0.007 78

Modified Page equation-11 55 200 ¢=0.1613, [=—0.812 4, n=0.892 2 0.998 27 0.000 16 0.001 57
65 200 ¢=0.296 4, [=—0.833 4, n=0.793 2 0.993 29 0.000 68 0.005 40

55 400 ¢c=0.254 1, [=—1.184 9, n=0.886 0 0.998 42 0.000 13 0.001 65

65 400 ¢=0.296 3, [=—0.950 7, n=0.858 8 0.996 51 0.000 36 0.002 85

Midilli 55 200 a=1.003 7, k=0.2252, n=0.971 4, b=0.004 5 0.999 45 0.000 06 0.000 50
65 200 a=1.000 4, £=0.363 5, n=0.984 0, H=0.009 8 0.999 85 0.000 02 0.000 12

55 400 a=1.006 3, £=0.1851, n=0.929 1, 6=0.002 4 0.998 96 0.000 09 0.001 09

65 400 a=1.000 4, £=0.302 6, n=1.003 4, H=0.008 1 0.999 91 0.000 01 0.000 07
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Table 3 Color characteristics of Lentinus edodes under

4 drying conditions

, g
FE A AL Aa Ab
/%
55 °C/200 g 10.50  1.70 1.17  10.70 66.67
55 °C/400 g 9.38  3.82 3.25  10.64 61.91
65 °C/200 g 12.38  5.36  10.22  16.92 78.57
65 “C/400 g 14.14  3.54 6.76  16.07 75.11
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