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Abstract: Drying and storage of rapeseed directly affects its physiological characteristics, potential for breeding, as well as processing
characteristics and quality of rapeseed oil produced. In order to provide a technical basis for designing equipment and optimization of process
control for hot-air drying of rapeseed, the characteristics of hot-air-dried rapeseed (Brassica napus) under different conditions of moisture
content, hot air temperature, and air.velocities were investigated; and the applicability of 10 mathematical models for the process of hot
air-drying rapeseed was compared. The results showed that there was no apparent constant-rate drying period in the hot-air-drying process, and
moisture removal mainly occurred in the falling-rate'drying period. Of the various models tested, the page model was found to be the best
mathematical model for describing the drying characteristics of rapeseed and the predicted drying characteristic curves fitted well with results
obtained. Hot air temperature was the main factor that affected the drying process of rapeseed. With the increase of temperature, the effective
moisture diffusion coefficient of rapeseed increased. When the hot air temperature increased from 45 “C to 65 °C, the coefficient increased
from 3.835% 10" “m?/s to 7.666x10™'° m*/s and the activation energy for rapeseed drying was 29.26 kJ/mol.
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Table 1 Drying experimental design of rapeseed hot air drying
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7 R 1.5 m/s 60 C
8 65 C
9 0.3 m/s
10 Adb AR E 0.6 m/s
%34 11 19.47%d.b., g 0.9 m/s
12 FRGEJE 50 C 1.2 m/s
13 1.5m/s

L5 FhRER

G 10 FEUApEm (38 2) S SEF Xtk
BRI AL, MR R, B2 BiiR
7 RMSE 3 NSECRIN R ER, Hit & A5
A

Rzzl_Z(MR MR ) )
ZN:<MR MR,
MR, -MR, )
S
N-n

145



DR EmBHE Modern Food Science and Technology

2014, Vol.30, No.8

i (6)
N

i (MRexp,i _MRpre,i )2
RMSE=

E: MRegpi 2 MRy 207814 50 1 AS4438 509 IR FTAF MR
FARR TN FTAF MR; N 34 L3058 209440 n AARR o A2k
89K

1.6 AR Y HABER RS ITE

FE R TR B AWK TR AT LU Fick
JHUTFERAE, ST, REERAERIEER
IREIPPEL, 0 T BRI (B T ERSEI T 5, A R0K
g (7)) S

2
lnMR:lniz-n Degft D
n- 4L,

E: Dop AR FKSY R AS, ms; Lo TIAS AN
—¥, m, @it (7) XF MR A8 F t s &, Froh &t
ATERMMAE, b ALAEET A E35) Do

ERERT LA (8) tH:

Ea
InD ;=InD,- _T

E: Dy Arrhenius FAEAE4ATE F, m'fs; E, HiEALAE,
kJ/mol; R AEMAFE, kI/(molK); T A#shBE, K. it
#) (8) XF InDgA8xTF I/T #9uhK, 45 ZIATHM LS
A A AT AR B0

17 HApsLE <§>

K Office 2010 (Excel) k7241, FA'SPSS
16.0 B 6t SEU BT IV

2 #R51He

2.1 i SATE AT B AR

2.1.1 s AIKFERS i FAF TR e Bk
EHURUIREE 2,50 C . RGER 1.5 mis FU&E T,

A HSEATVIIA S KFE N 1531 %d.b.. 19.47 %d.b Al
21.20 %d b XHERATTRREER A0 . B 1 iserT
TEANRIWIAG & AR e 2k . B 1a FTLLER
e JHSEATFIIRIMG S K Sk, TR R KA EL)
AR s THEEAT 7K 43 LA AT B B ST 1
JE i I 1b ATRAE Hi s AT E AT FE
BAT I R R TR B, AR R B R AR B
TUEB B WIS K TSR R e 3 2
TETIERTH], 7T RINIAE B /K 35 Tl R 15
M /N

146

)

Log < 15.31 %d.b.
081 O 19.47 %d.b.
- ] X 21.10 %d.b.
:-b\ 0.6+ @
® gl 2 8 o
' B oo
= = g < g
02} = 2
%% 10 20 30 40 50 60
i} 18] / min
b IE < 1531%d.b.
TE‘ 1ok O 19.47% d.b.
5 S = 21.20% d.b.
Z 0.99
¥ 061
H O
% 03l © B =
&
0.0 s T Bz e o
0 10 20 30 40 50 60
[ [i] /mim

B 1 HSFET RIS Sk R TR Lk

8 7
{ Fig.1 Drying characteristic curves of rapeseed under different
initial moisture contents

VE: a: Ky, b TRk RwL,

2.1.2 ARGR AT AT R 6 R

4 1 om S 45T
0 50 C
0.8}
< A 55°C
2 o6l E = > 60 C
& c L < 45
2 R < o O 65C
041 & A < o o
O @ @ o G
02+ 5 & & 43 AgQ
58 X X
%% 10 20 30 40 50 60
14 6] / min
b a2, S 45°C
.'g 1.8D 0 50 C
3 1A AS5C
3 m
SR > 60 °C
= O 65T
= 0.9
'5
= 06f &
03F g R
0 10 20 30 40 50 60

[ {i] / min

[ 2 SRS ERERRURE TR TR Rz
Fig.2 Drying characteristic curves of rapeseed under different

hot air temperatures



MK E BB

Modern Food Science and Technology

2014, Vol.30, No.8

E: ar Kot b FRRR R ML,

B 2 NTEVIIA S /KRN 19.47 %db.. KN 1.5
m/s B RSRAFAEAS RIS R Tt i 2. A
Kl 2a FTLLE H: AR R, TRkt
AR, TS —E K (A fEmioK ) B
B (A1 . A 2b AT DATE Y F R PR Sk T
W AR RO L BEE TR AT, AR TR B T
RIPFEMIR N B SRR K o U TR, AR
PRI BE B i B e th 28 AR fh ke T— 3. BRI,
TESERRM R, AT Hm TR, TE TR, mT
DR m AL s v T FRAIRRERE, 7518511,
AT DR AR # XL .

2.1.3  Rakstih EATT IR H AR

B 3 NTEVIIA S /KRN 19.47%d.b.. FURGREE N
50 °CBHSEFFEA R RGE T IRt i 2k . B 3
ATLAE SRR A RGE T 7K o L2617 &
&, BB (AR Sy R 1
SPARE] ;RGN 5 (RS R - R AT A
RFERTIA],  E T E AR KGR 2 R 1Tl R
B LT ES. Ik, KSR HRTA5RE 1
SOMAANER R, 7ESEPREE TN R, T FIKRE
AT LK P B R

22 AT IONT B B A AR A

221 RS I AT HONT R4 64 R AR
7 /

M 2.1 H SR I T R S 56 4 A AT n]
A1, ARG B S TR M s i B B . 1B
2 H) 10 PR HILG 5 K HN 19.47%d.b. IR
FHERGEA 1.5 m/s (RIS ARG FE SR I8 1)

HARHATIIE, BIAERIE 2. MRS R 2P
A ATEER S — N EE MRS, RO,
A1 RMSE )y, BORLAFE R B - WK 2 AT, Page
AT Modified Page HRAUKT SLIGEHE LA FE S B
B S REE S T IR RECH 0,999, 11
KA 0.000041, T FTHRIRZEE N 0.0058. #
B BIGY RL B R 5, DU L2 A R AL,
DRI T 6% Page A5 Jirh SbF HA R TR I B2 A2

a

1.0@a < 0.3 mfs
4 O 0.6 m/s
- <o A 0.9mfs
s 06F a8 x 1.2m/fs
& 8 & O L5mfs
X 04} @
@@Egﬁﬁ
02F 5 8 g 8
0‘0 1 1 1 1 1 ]
0 10 20 30 40 50 60
(8] / min
b 1.5~
—_ < 0.3m's
8 ,;ﬁ 0 0.6 m/s
£ A 09 mis
§ 0 q‘f > 1.2m/s
= O 1.5m/s
i <&
o 06F W
= o
03 é @ @
0 10 20 30 40 50 60
1] / min

[ 3 SRS ERE TR RS hL
Fig.3 Drying characteristic curves of rapeseed under different
hot air velocities
VE: a; KWK, b FIRREHA,

R 2 HFATARN IR AR R HAER
Table 2 Mathematical models and their fitted result of rapeseed hot air drying

AR AR S WMEITHHEAT
T=45 C T=50 C T=55 C T=60 C T=65 C F3)
I'Newton:  MR=exp(-kt)
k 0.028 0.039 0.042 0.052 0.064
R 0.851 0.835 0.818 0.847 0.866 0.843
s 0.006445 0.008397 0.009456 0.008746 0.008179 0.008245
RMSE 0.0803 0.0916 0.0972 0.0935 0.0904 0.0906
2 Page: MR=exp(-kt")
k 0.126 0.183 0.212 0.234 0.269
n 0.569 0.535 0.510 0.523 0.520
R 0.998 0.999 1.000 1.000 1.000 0.999
7 0.000109 0.000046 0.000020 0.000022 0.000008 0.000041
TR
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#LEW
RMSE 0.0104 0.0068 0.0045 0.0047 0.0028 0.0058
3 Modified Page: MR=exp(-(kt)")
k 0.026 0.042 0.048 0.062 0.080 -
n 0.569 0.535 0.510 0.523 0.520 -
R? 0.998 0.999 1.000 1.000 1.000 0.999
7 0.000109 0.000046 0.000020 0.000022 0.000008 0.000041
RMSE 0.0104 0.0068 0.0045 0.0047 0.0028 0.0058
4 Henderson and Pabis: MR=aexp(-kt)
a 0.867 0.844 0.832 0.842 0.853 -
k 0.023 0.031 0.033 0.042 0.052 -
R? 0.919 0.902 0.891 0.899 0.903 0.903
7’ 0.003832 0.005419 0.006182 0.006341 0.006464 0.005648
RMSE 0.0619 0.0736 0.0786 0.0796 0.0804 0.0748
5 Logarithmic: MR=aexp(-kt)+c
a 0.678 0.735 0.742 0.786 0.817 -
0.295 0.230 0.218 0.177 0.145 -
k 0.065 0.081 0.088 0.097 0.108 -
R? 0.992 0.985 0.978 0.980 0.976 0.982
7 0.000441 0.000910 0.001355 0:001408 0.001746 0.001172
RMSE 0.0210 0.0302 0.0368 0.0375 0.0418 0.0335
6 Two-term: MR=aexp(-kt)+bexp(-k,t)
a 0.406 0.456 0.455 0.495 0.492 -
b 0.591 0.541 0.543 0.504 0.507 -
k 0.137 0.190 0.239 0.246 0.302 -
ki 0.012 0.017 0.019 0.023 0.028 -
R? 0.999 0.999 0.999 0.999 0.999 0.999
7 0.000055 0.000083 0.000099 0.000058 0.000091 0.000077
RMSE 0.0074 0.0091 0.0099 0.0076 0.0096 0.0087
7 Wang and Singh: - MR=1+bt+at*
a 0.000 0.000 0.000 0.000 0.001 -
b -0.030 -0.036 -0.038 -0.041 -0.044 -
R? 0.925 0.868 0.832 0.813 0.776 0.843
7 0.003525 0.007358 0.009526 0.011712 0.014930 0.009410
RMSE 0.0594 0.0858 0.0976 0.1082 0.1222 0.0946
8 Thomson: t=aln(MR)+b(In(MR))’
a -3.630 -0.685 -0.291 -0.852 -1.371 -
b 34.611 22.846 20.503 14.998 11.131 -
R? 0.996 0.999 0.999 0.999 1.000 0.999
7 1.560645 0.539946 0.409867 0.364300 0.130609 0.601073
RMSE 1.2493 0.7348 0.6402 0.6036 0.3614 0.7179
9 Diffusion approach: MR=aexp(-kt)+(1-a)exp(-kbt)
a 0.407 0.458 0.456 0.504 0.508 -
b 0.090 0.089 0.079 10.926 0.092 -
TR
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BET
k 0.139 0.191 0.240 0.023 0.302 -
R? 0.999 0.999 0.999 0.999 0.999 0.999
x 0.000051 0.000075 0.000089 0.000052 0.009815 0.002016
RNSE 0.0071 0.0087 0.0095 0.0072 0.0991 0.0263
10 Werma et al: MR=aexp(-kt)+(1-a)exp(-gt)
a 0.593 0.458 0.544 0.504 0.492 -
g 0.139 0.191 0.240 0.246 0.302 -
0.013 0.017 0.019 0.023 0.028 -
R? 0.999 0.999 0.999 0.999 0.999 0.999
7 0.000051 0.000075 0.000089 0.000052 0.000082 0.000070
RMSE 0.0071 0.0087 0.0095 0.0072 0.0091 0.0083
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Fig.4 Variation of experimental and predicted moisture ratio by
Page model with drying time
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KA BN RBIG K, BOXUREE M 45 CHN3] 65 °C,
HA SRS 8 2% H 3.835x107"° m¥s 3 hn 2
7.666x 107" m?/s, A I TEE AL AE A 29.26 kI/mol.
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