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Drying Characteristics and Dynamic Model Analysis of Carrot Heat Pump Drying

LI Gailian, HAN Lucong, WANG Guanghong, PENG Yuhang, JIN Tingxiang*

(School of Energy and Power Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

ABSTRACT: The work aims to optimize the heat pump drying process and improve the quality of dried carrots. The
effects of the initial drying temperature, drying temperature rise value and slice thickness on the heat pump drying
characteristics of carrots were investigated, and the relations of these conditions on the effective moisture diffusion
coefficient and drying activation energy were explored. A drying kinetic model that could accurately predict the changes
in moisture content of carrots during heat pump drying was identified, thus the moisture migration pattern of carrots under
different heat pump drying conditions could be predicted. The variation of drying rate was positively correlated with the
variation of initial drying temperature and temperature rise value, and negatively correlated with slice thickness. The
carrot heat pump drying process showed a decreasing rate, where the slice thickness had the greatest influence on the
drying rate and the temperature rise value Af had the least influence. Comparing analysis of four thin-layer drying models
showed that the Page model could better describe the drying process and moisture migration of carrot heat pump, with an
average error of 5.76% in the fitted values relative to the test values. Within the scope of this test, the effective water
diffusion coefficient of carrots ranged from 3.040 1x107'°~7.155 5x107'° m?%s. This coefficient showed an increasing

trend as the drying temperature, the temperature rise value increased, and the slice thickness decreased. The Arrhenius
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equation showed that the activation energy of carrot drying under this test condition was 13.374 kJ/mol. In conclusion, the

Page model can better predict the moisture migration pattern during carrot heat pump drying and thus optimize the heat

pump drying process parameters. The research conducted in this paper provides a theoretical basis for the industrial

production of carrot heat pump drying.

KEY WORDS: drying characteristics; drying kinetics; heat pump drying; activation energy; effective moisture diffusion coefficient
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Fig.1 Flow chart of drying treatment
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Fig.2 Heat pump drying characteristics and drying rate curves of carrots at
different initial temperature
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Fig.3 Heat pump drying characteristics and drying rate curves of carrots at
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Fig.4 Heat pump drying characteristics and drying rate curves of carrots at
different slice thickness
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Tab.2 Fitting results of Lewis (Newton) model
S A e 2 PRAEERA
VIR IR B /°C BIHESC YR TR /mm k R? W27 /107 10
50 10 4 0.797 5 0.991 1 4.7 4.74
55 10 4 0.864 3 0.988 5 5.7 5.73
60 10 4 0.929 2 0.989 0 5.1 5.09
55 5 4 0.823 2 0.990 1 5.2 5.18
55 15 4 09139 0.988 6 5.4 5.39
55 10 3 1.0315 0.990 3 4.1 4.07
55 10 5 0.7019 0.9851 8.9 8.87
* 3 Page HEHMEGHER
Tab.3 Fitting results of Page model
g A A BRI SHY PO bR
PItRIEEC BIHE/SC YRR /mm k n R Fe2EF M0 10
50 10 4 0.747 3 1.140 4 0.998 3 0.913 1.02
55 10 4 0.813 4 1.1549 0.996 9 1.500 1.68
60 10 4 0.8855 1.147 4 0.996 7 1.500 1.69
55 5 4 0.771 7 1.148 2 0.997 9 1.100 1.19
55 15 4 0.866 8 1.156 0 0.997 0 1.400 1.54
55 10 3 0.996 0 1.172 0 0.999 8 0.082 8 0.092 1
55 10 5 0.6372 1.163 7 0.994 8 3.100 3.41
% 4 Henderson #HEYELER
Tab.4 Fitting results of Henderson mode
2% kA BRI S WA bR
VIt EE/C iR THE/SC U1 R/ mm k n R? %27 J7 /107 /o™
50 10 4 1.098 6 0.868 5 0.995 6 2.300 2.600
55 10 4 1.110 1 0.948 4 0.993 6 3.200 3.540
60 10 4 1.108 5 1.017 6 0.992 4 2.900 3.290
55 5 4 1.104 6 0.900 3 0.994 9 2.600 2.940
55 15 4 1.1159 1.006 9 0.993 8 2.900 3.230
55 10 3 1.1630 1.176 8 0.998 4 0.643 0.715
55 10 5 1.092 9 0.761 2 0.989 8 6.100 6.750
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Tab.5 Fitting results of Wang-Singh mode

F A e S0 W e bR
WL IREE/C iR THE/C U1 F BB /mm k n R’ 5% 227 )7 F1/107° 21073
50 10 4 —0.506 7 0.061 7 0.944 5 29.4 3.3
55 10 4 -0.5279 0.065 8 0.922 8 38.6 43
60 10 4 —0.544 7 0.069 3 0.888 4 51.8 5.8
55 5 4 —0.515 1 0.063 3 0.937 8 32.3 3.6
55 15 4 —0.541 2 0.068 5 0.897 3 48.7 5.4
55 10 3 —0.566 6 0.073 8 0.808 9 80.1 8.9
55 10 5 —0.472 6 0.054 8 0.978 2 13.0 1.5
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Tab.6 Undetermined coefficients of parameters k and n

ZH o B y X
k 0.67924  0.01382 0.00951  —0.179 4
n 1.124 96 7x107* 7.8x107*  —0.004 15

B k. n EDNRBARARX (14) ~ (15),
aER (16) ~ (17),
k=0.67924+0.013 826 +0.009 51A0—0.179 4L  (16)
n=1.12496+0.000 76 —0.000 78A6 —0.004 15L  (17)
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Tab.7 Effective moisture diffusivity of carrots under
different heat pump drying conditions

TR A HROK S HF
WIATREE/CC  RTHE/PC YIRS /mm BU/(1071 m?s™)
50 4.8547
55 10 4 5.177
60 5.652
5 5.079 8
55 10 4 5.177
15 5.469 6
3 7.1555
55 10 4 5.177
5 3.040 1
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