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Dynamic Model of Heat Pump Drying for Cabbage Seeds
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Abstract

Twelve kinds of semi-empirical and empirical mathematical drying models were analyzed. Using
experimental data of the heat pump cabbage seeds drying from the finding references, the twelve kinds of
drying models have been studied according to the considerations or no considerations of dry air’ s
temperature and relative humidity. Four statistical indexes including coefficient of determination R*, root
mean square error E,,,, reduced mean square of the deviation y°, mean relative percent deviation E
have been used as the criterion for selection and analysis of different models. Results showed that after
considering influences of both temperature and humidity of dry air, most of the twelve models have higher
R’, lower ', E,, and E,,. The models of modified Henderson and Pabis, Midilli et al and Two-term

exponential are more accurate than others.

%42 % 5 11 )

Key words

518

TR 5~ M R LA S v, [ PN Ah 2 3 2
T—RIMAE LR XA 55T
X5 MR T RN U AR S 0 R U R
e (1% 28 BB AT SRR e AR AR BT . SR IR
e, AT 5o S B R S R R A A T R
X PSS HO Bl 7 (19 30 25 TR R R e E VR T,
Ve T RAR Y I N 56 0 %5 FE 3 152 R, (H B A AT
FER LSRG " o AR SCFE MG B 4 LA AR O

Wk H 3. 2011 -01-20 f&[ H . 2011 -03 19

Seeds, Heat pump drying, Dynamic model

il b, LA SRR 1 R T M ], ST R R N S ikt
M s SR L MR S i 52 B W) Y T MR R, OF 5 A%
JE B B — T 2 R T 14 R T AT H R
IE AT RV R AR T MR R Sl SR S Tk R
BE— TR TR Ff 1 P AL AL TSR 5 B B
WAL o

1 THRERE

LA, PR 4 SR 1 F 98 2 B 57 A8 5%
B b, AR S8 50 B HAT AT N TR A

w E K [ ARFLE L S BT E (51076112) Fil i 55 24 AL 18 4 24 ) o5 L TURHIT 56 42 %¢ B33 B (200800560041 )
EZ B I, LS WA KV, 328 S HOE T 5T, E-mail : zhb01 @ yeah. net
BEIESE: B, B2, A S0, B2 AFHRE T E: G A5, E-mail; zhaoyang@ tju. edu. cn



LR

RAE Y S - ST T IR TR R Bl A BT 5T 119

SCHFAGE RN F T 4 92 06 B ok B k6,9 ], BF 5
XE AT, IELR G FEBWE 1 PR, A
PLE W% R G0 i PR T AT i R0 44 2 A< Tl g
TR o EIRIE TR R B v, T 4 PR 46 AL R
6 5 72 Sy v o T R AR, 40 S0 S i) R A Al
Ve B MV BEER o T AL 40 B2 BE 2% vh 5 AP LAz
A PRI T 1 AT AR 2 il BV AR Y T
T, SE IV BE AR P R Y TR s R TR
AR ARl . TR AE VR B b 5 T e as A 4
Jei i BE BTG, T84 1 I IR O S R A 7R R S TR I
2RI AL, PR A R4 ML AR S T — 16
o FET PRz KA g, 28 SAE RBLIR ) T 7242 B
i P AT T B 2 WO S TR TR A TR E T
FEPIRE, 5 YRR R R K o ik AZE R AR TEH
HRBCERIE AT K 43 5, TR AR B i Ak S WA 5
BRI o R 2 ) FH % S 30 2 B AT T SR b
TR SR, S8 b TR R R S5 mm, F T ) IR
KN 30% il BOE TR B B P R G5
P 23 AR TR G R, A B AT T TR
e WAL 1 D T3 BNONER/ i< D0 T4 530 Al 8 53 ol <1
10 415255, Horp T4 25 SR B 30 .35 .40 . 45°C 4
SR E K 25% 30% 40% ., SZEHsE] &y 200 min, )
A BRI 10 ming PEANSEIR S ECS UGS WX
#k[6,9],

11

/L@ | m——
o—J’/ 9
2
, /'5""—<_"?
3 | @ 2
¢ %—ﬂm ;
5/ 6| \7 \8

BT RS G A
Fig. 1 Schematic diagram of the heat pump drying test rig
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Tab.1 Fitting results of coefficients in different drying models under 4 conditions
B2 TR Fikx AR, 1(9) f(1) ft,é)
Lewis M, =exp( -kt) k=0.02 0.019 +0.003 3¢ -0.006 8 -0.000 7 -0.005 8 -0.003 7¢ +0. 000 7¢
a=0.9483 0.897 5 +0. 164 6¢ 0.2236 +0.019 1z 0.868 7 +0.236 5¢ +0. 000 3¢
Henderson and Pabis M, =aexp( -kt)
k=0.0189 0.016 9 +0. 006 3¢ -0.0199 +0.001¢ -0.007 8 +0. 002 5¢ +0.000 7¢
k=0.0369 0.0497 -0.041 1 0.0817 -0.001 2¢ 0.0402 -0. 067 6¢ +0. 000 4¢
Page M, =exp( -ki")
n=0.8516 0.7534 +0.317 4¢ 0.2742 +0.015 1¢ 0.5267 +0.434¢ +0. 005 2¢
k=0.0208 0.020 6 +0. 000 5¢ -0.004 8 -0.000 7t -0.005 3 -0.008 3¢ +0.000 8¢
Wik Page M, =exp( - (kt)")
n=0.8517 0.699 5 +0.493 6¢ 0.226 6 +0. 016 6¢ 0.5782 +0.581 3¢ +0.002 7t
a=0.9355 0.853 9 +0.264 9¢ 0.780 7 +0.004 1¢ 0.709 1 +0.373 7¢ +0. 003 8¢
Logarithmic My =aexp( —kt) +c k=0.0209 0.019 4 +0.004 8¢ -0.006 4 +0.000 7¢ 0.001 7 +0.008 2¢ +0. 000 4¢
¢=0.089 6 0.0455-0.0553¢ 0.089 6 -0.001 8¢ 0.228 8 +0. 050 5¢ —0.005 7t
a=0.8909 0.446 4 -0.797¢ 0.708 3 -0.012¢ 0.863 7 +0.200 8¢ —-0.003 1¢
My, =aexp( - kyt) + ky =0.022 0.1057 -0.081 6¢ -0.050 9 +0.002 9 ~0.006 5 +0. 005 4¢) +0. 000 6¢
Two-term bexp( —k 1)
P ! b=0.076 1 0.5579 +0.787 2 0.3153 +0.011 3¢ 0.1416 -0.175 7¢ +0. 002 8¢
k, =0.0047 0.0105 +0.018 8¢ -0.0119 +0.000 7 0.103 4 -0.279 5¢ +0.001 7t
My =aexp( —kt) + a=0.2037 0.2022 +0.007 1¢ 0.1275 -0.000 9t 0.168 3 -0.389 4¢ +0. 003 3¢
Two-term exponential (1 -a)exp( - kat)
XpL k=0.0797 0.076 6 +0.009 1 -0.139 8 +0. 008 8¢ -0.046 1 +0.261 7¢ +0. 001 6¢
a=-0.0136 -0.0106 -0.009 4¢ -0.003 1 -0.000 3t -0.007 +0.004 5¢ -0.000 2
Wang and Singh M, =1+at+ b
b =0.000 047 2.9x107°+5.6x10 % -5.4x107 +L4x10 7% 1.97x10 7 -3x10 ¢ +9.6x10 "
a=0.797 0.6129 +0.611 8¢ 2.053 6 -0.046 3¢ 0.166 9 -0. 466 6¢ +0. 002 2¢
M, =aexp( -kt) +
Diffusion approach k=0.0163 0.0115 +0.015 6¢ 0.0199 -0. 000 3¢ 0.0007 +6.016 4¢ +0. 000 6¢
(1 -a)exp( —kbt)
b=4.983 7.898 4 -9.406 5¢ 0.808 6 +0. 064 3¢ 0.003 7 -0. 020 9¢ +0. 000 3¢
a=0.2001 0.616 6 +0.603 1 0.054 5 +0.003 6¢ 0.164 1 -0.551 7¢ +0.003 1z
M, =aexp( —kt) +
Verma et al k=0.0807 0.0115+0.015 8¢ 0.023 8 +0. 001 5¢ -0.018 1 +11.952¢ -0. 070 5¢
(1-a)exp( -gt)
£=0.0163 0.118 5 -0. 119 6¢ -0.004 5 +0. 000 6¢ -0.007 3 -0. 008 9¢ +0. 000 6¢
a=0.4558 0.6311+0.461 2¢ -0.3123 -0. 181 5¢ 0.402 6 -0.501 3¢ +0. 007 43¢
k=0.0276 -0.208 4 +0.8337¢ -1.095 +0. 114 6¢ 0.0375 +0.731 8¢ —0.009 38¢
M, =aexp( -kt/100) + b=0.0702 0.5707 -1.268 3¢ 2.4226 +0. 066 5¢ 0.4513 -0. 124 7¢ +0. 003 76t
Bk Handerson and Pabis bexp( - gt/100) + g=3 0.0127 +0.012 1 0.58 +0.069 7t 0.6147 +2.260 6¢ -0.012 97¢
cexp( —ht/100) c=0.474 0.144 7 +0.526 2¢ 0.754 3 +0.080 2¢ 1718 1 -1. 112 4¢ -0. 034 29¢
h=0.0134 0.1344-0.1697¢ 0.6397 +0.081 7t -2.7527-3.5517¢ +0. 198 82¢
a=1.0402 0.9356 +0.211 4¢ 0.974 4 +0. 000 75¢ 0.978 9 +0. 001 4¢ +0. 000 6¢
M, =aexp( -k(1/100)") + k=0.089 8 0.0131+0.0952¢ 0.4159 +0.035 53¢ 0.034 +1.5539¢ +0.033¢
Midilli et al
bt/100 n=0.6097 0.986 5 -0.573 5¢ 1.159 2 -0. 008 99¢ 0.889 4 +0.991 6¢ -0.009 9t
b= -0.0006 0.000 5 -0.002¢ 0.114 -0.003 32¢ 0.077 5 +0. 149 3¢ - 0. 003 6¢
TR TR AR SCRR PR E T AT 4 R Ly iyl
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Tab.2 Values of fitting assessment indices of different drying models considering influences of different parameters

R E,,/ % Epus )(2
o

G ) A S G f@) S e G ) S fee) G @) [ fé)
Lewis 0.9585 0.9586 0.9588 0.9858 22.74 22.65 13.63 13.56 0.0543 0.0542 0.0318 0.0318 0.0030 0.0030 0.0010 0.0010
Henderson and Pabis 0.9169 0.9621 0.9777 0.9888 21.39 21.14 12.94 10.84 0.0520 0.0519 0.0398 0.0281 0.0028 0.0028 0.0017 0.0008
Page 0.9670 0.9671 0.9905 0.9936 19.93  19.65 10.33 7.43  0.0484 0.0483 0.0254 0.0214 0.0024 0.0024 0.0007 0.0005
e Page 0.9670 0.9672 0.9911 0.9934 19.92 19.51 9.91 7.320.0484 0.0482 0.0252 0.0217 0.0024 0.0024 0.0007 0.0005
Logarithmic 0.9635 0.9637 0.9901 0.9912 19.81 19.27 8.28 9.65 0.0509 0.0507 0.0265 0.025 0.0027 0.0027 0.0007 0.0007
Two-term 0.9641 0.9677 0.9929 0.9938 19.8  19.23 8.33 7.41  0.0505 0.0479 0.0225 0.021 0.0026 0.0025 0.0005 0.0005
Two-term exponential 0.9674 0.9674 0.9920 0.9939 19.85 19.61 9.44 6.94  0.0481 0.0481 0.0238 0.0209 0.0024 0.0024 0.0006 0.0005
Wang and Signth 0.8971 0.8957 0.9214 0.9217 32.36  33.34 4433 4333 0.0855 0.0861 0.0747 0.0746 0.0074 0.0007 0.0058 0.0059
Diffusion approach 0.9674 0.9677 0.9917 0.9904 19.84 19.18 9.09 8.07 0.0481 0.0479 0.0242 0.0262 0.0024 0.0020 0.0006 0.0007
Verma et al 0.9674 0.9677 0.9935 0.9928 19.83 19.17 7.56 8.26 0.0481 0.0479 0.0215 0.0226 0.0024 0.0024 0.0005 0.0006
(i Handerson and Pabis 0.9666 0.9685 0.9940 0.9968 19.78  18.84 7.92 8.77 0.0487 0.0473 0.0207 0.0152 0.0025 0.0025 0.0005 0.0003
Midilli et al 0.9621 0.9670 0.9951 0.9954 29.17 2111 11.08  10.88 0.0519 0.0484 0.0187 0.0181 0.0028 0.0025 0.0004 0.0004
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