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Kinetics Model of Drum Drying of Pumpkin Pulp
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( Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract

Drum drying characteristics of pumpkin pulp were investigated by using a single drum dryer with
applicator rolls. The drum drying process was divided into two phases: pulp phase and flake phase.
Under these two conditions, moisture content of the samples under different steam pressures was measured
in order to analyze the relationship of the drying rate with the inner pressure and drying time. It indicated
from the results that, most of the moisture evaporated during the pulp phase. The higher the steam
pressure was, the higher the drying rate became. It was also shown that during the flake phase, only
falling rate period was taken place. As the steam pressure increased, on one hand, the initial moisture
content of flake phase became less and the drying rate became decreased, on the other hand, the
decreasing of the drying rate was slow down and the drying time was much shorter. The experimental
moisture loss data were fitted with 10 thin-layer drying models. Consequently, of all the drying models, a
semi-theoretical Midilli-Kucuk model was fitted best.
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Fig. 1 Pulp phase and flake phase in drum drying
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Tab.1 Main thin-layer drying models

LB 2 FR LB J7 7
Newton My =exp( —kt)
Page My =exp( - k")

Henderson and Pabis

Modified Page

My =aexp( —kt)
My =exp( = (kt)")
Logarithmic My =aexp( —kt) +c
Two-term My =aexp( —kyt) +bexp( —k,t)

Wang and Singh My =1+at+ bt

Approximation of

My =aexp( —kt) + (1 —a)exp( —kbt)
diffusion
My =aexp( —kt) + (1 —a)exp( —gt)

Verma et al

Midilli-Kucuk My =aexp( —kt") +bt
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Tab.2 Statistical analysis of kinetic models of pumpkin pulp dried by drum dryer

T4 B Ty #AE )/ MPa R’ Eqns X
0.3 0.991 04 0. 026 26 29.31425 x10°*
Newton My =exp( —kt) 0.4 0.989 49 0.028 71 49.946 03 x 10 ~*
0.5 0.97592 0. 04279 76. 63833 x 10 °*
0.3 0.991 04 0. 026 26 31.21119 x10°*
Page M, =exp( - k") 0.4 0.989 59 0. 028 57 58.904 98 x 10 ~*
0.5 0. 994 40 0. 020 63 7.240 15 x 10
0.3 0.991 07 0. 026 21 30.240 10 x 10 ~*
Henderson and Pabis My =aexp( - kt) 0.4 0.989 53 0. 028 65 51.942 67 x 10 ~*
0.5 0.977 94 0. 040 95 94.064 75 x 10 ~*
0.3 0.991 04 0. 026 26 31.097 78 x 10 ~*
Modified Page My =exp( - (kt)") 0.4 0.989 59 0. 028 57 59.06542 x10~*
0.5 0.994 40 0. 020 63 7.246 19 x 10 ~*
0.3 0.988 35 0.029 95 93.13449 x10 ~*
Logarithmic My = aexp( —kt) +¢ 0.4 0.984 23 0.035 17 174.542 75 x 10 ~*
0.5 0.955 49 0.058 17 552.17291 x 10 ~*
0.3 0.991 07 0. 026 21 36.292 80 x 10 ~*
Two-term My = aexp( = kot) +bexp( —k,t) 0.4 0.989 53 0.028 65 62.344 01 x 10 ~*
0.5 0.977 94 0. 040 95 112.892 68 x 10 ~*
0.3 0.41257 0.212 67 801. 84513 x 10 ~*
Wang and Singh Mg = 1+at+b 0.4 0.504 23 0.197 20 660. 955 86 x 10 ~*
0.5 0.678 22 0. 156 41 443.24538 x 10 ~*
0.3 0.991 04 0. 026 26 34.644 11 x 10 ~*
Approximation of diffusion ~ My =aexp( —kt) + (1 —a)exp( - kbt) 0.4 0. 989 49 0.028 71 59.028 31 x 10 ~*
0.5 0.97592 0. 04279 90. 743 63 x 10 ~*
0.3 0.991 46 0. 025 63 39.925 16 x 10 ~*
Verma et al My =aexp( —kt) + (1 —a)exp( - gt) 0.4 0. 989 83 0. 028 24 64.056 59 x 10 ~*
0.5 0.998 46 0.010 80 0.004 17 x10~*
0.3 0.994 31 0. 020 92 1.34933 x10 4
Midilli-Kucuk My = aexp( - kt") + bt 0.4 0.997 12 0.015 04 1.11907 x 10 ~*
0.5 0.998 53 0.010 56 0.02511 x10°*
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Fig.7 Experimental and predicted moisture content obtained

with Midilli-Kucuk model under different steam pressures

for pumpkin pulp dried by drum dryer
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