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Abstract; To research the influence factors of each parameter in the
Weibull distribution function, with lily at different infrared radiation
heater’s temperature, different pressure of drying chamber and dif-
ferent thickness of materials being taken as subjects, Weibull distri-
bution function was used to simulate and analyze the dynamic curve
of lily. The results showed that Weibull distribution function could
simulate the vacuum far-infrared drying process well (R*=0.995 3~
0.999 7 ); the size parameter « of the model was significantly corre-
lated with the infrared radiation heater’s temperature (P<C0.01).
The scale parameter 8 of the model was related to the pressure of the
drying chamber and the materials’ thickness, while temperature did

not have significant influence on it; the diffusion coefficient of mois-
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ture during drying process ranges was between 0.401 3 X 1079 ~
1.307 5X 1079 m?/s and the activation energy of lily during vacuum
far-infrared drying process was calculated, equal to 55.130 3 kJ/mol,
less than the hot air drying 86.911 2 kJ/mol. Reducing the pressure
of the drying chamber does good to keeping the content of the total
phenol; both the infrared lily can keep good color in radiation heater’
s temperature of 140 “C and the pressure of the drying chamber of
12 kPa.

Keywords: Lily; Vacuum far-infrared radiation drying; Weibull dis-

tribution model
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Figure 1 Drying curves of lily at different radiation

heater’s temperature
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w Table 1 Weibull model simulation result at different
s £ infrared radiation heater’s temperature
S 2
2 £ -
ol LR IR , ‘ )
. 3 . 5 a/min B R? RMSE X
By 2 WEE/C
T £
-z 100 311.794 3 1.1599 0.9953 8.01X10% 3.82X10°*
%
f» 120 221.734 4 1.108 5 0.9997 4.71X10* 2.62X10 °
= \ \ ! . |
00 100 200 300 400 500 140 151.276 6 1.2053 0.9995 1.87X10°% 1.56X101*
T H bt (] 160 118.642 9 1.189 4 0.997 9 1.95X10°% 2.16X10*
Drying time/min _ B .
180 95.696 3 1.219 8 0.999 3 5.42X10"* 7.74X10°

B2 FARAFTREEATESGTHRGL

Figure 2 Drying curves of lily at different pressure
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Figure 3 Drying curves lily bulbs atdifferent

material thickness
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Table 2 Weibull model simulation result at different

pressure of drying chamber

THR=EE
71 /kPa

«/min B R? RMSE X2

0.8 141.851 7 1.230 8 0.998 0 2.22X10°% 2.02X10°*

12 151.276 6 1.2053 0.999 5 1.87X1073 1.56xX10"*

40 163.363 5 1.1756 0.999 1 1.05X10 % 8.06X10 °

T R Dy 140 C L WPRHR S 2.74 mm,

R3 TEMBEEFZMHET Weibull #EHIE
Table 3 Weibull model simulation result at different

thickness of materials

YRLEE S/ _ ‘ . ‘
a/min B R? RMSE X

mm

2.05 137.243 8 1.2159 0.997 7 2.40X107% 2.39X10°*

2.74 151.276 6 1.2053 0.999 5 1.87X1073 1.56X10"*

3.13 167.752 4 1.1839 0.998 8 1.75X10°% 1.16X10*

T RSB 140 °CL TR E IR 1N 12 kPa,

N TR R, B3R 1 AT R AR AR R &R T o
£ 95.696 3~311.794 3, AR HAREIE S o KRB E %
(P<C0.01), %@ 5% AR IR B8 8005 o fEBR /DN, 229 % S AR BE A
100 “CTH3 180 CHY ,a fE I/ 69.3 %0 » 1k WA 1 i 8 5 A I
FLAR AR TR 385 iR 2 I, TR % K JJ M 40 kPa
3 0.8 kPa B} .o {8 M 163.363 5 min f& %] 141.851 7 min,
T LR EE S o (B BE % T 45 2 1R T i R AR T 00/ (0 T 4 =8
JES R o (EEEMAR B2 (P>>0.1); g1 35 3 A 201, 4 k5 132 i
JIN o LA B U DS o HL )RR BE XS o B R AR B (P>
0.1),

TEAR S p 5 YPRE A% 5 7 vh R R B B iy e %
Hi 1~3 AL AP T g HIYIEE S 1.108 5~1.230 8,
BAEFE KT 1, Ut B A& B2 38 41 0 T 1 A7 76 1 10 48 V5 B B 5
RIA S B p AR 2R B3 (P>0.1), H TG W] 2 AL . 3t
B S (] 6 S0 AR B T R ) 0 k)R FTEAE S 4T
ST T R B AR 0K o B L . X5 R SN A
X B FEEPITTLE R — B
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Table 4 Effective moisture diffusion coefficient and

activation energy of lily drying at different in-

frared radiation heater’s temperature

AR AR B/ D/ D/ E./

C (107 19m? « s71) (10 °m? »+ s ') (k] +»mol™ 1)
100 0.522 2 0.401 3

120 0.657 9 0.564 3

140 1.053 6 0.827 1 55.130 3
160 1.372 6 1.054 6

180 1.686 6 1.307 5

T TSN 12 kPa, WRHE B 2.74 mm,

x5 BETRIBHFITATREENTHER
KEYBARMMTIRE LR

Table 5 Effective moisture diffusion coefficient and
activation energy of lily drying at different pres-
sure of drying chamber

TR E S /KPa Dor/(10 'm? =5 1) De/(10 'm? + s 1)
0.8 1.162 0 0.882 1
12.0 1.053 6 0.827 1
40.0 0.938 0 0.765 9

T AR AR S 140 C LW RHEE y 2.74 mm,

*6 BETRIBPREYUHERE
KT HRBATIRFLE

ETHEH

Table 6 Effective moisture diffusion coefficient and
activation energy of lily drying at different
thickness of materials

WRHEJE /mm Deg/(10 19m? ¢ s 1) D /(10 ‘m? s 1)
2.05 0.688 6 0.510 3
2.74 1.053 6 0.827 1
3.13 1.161 9 0.973 3

T RIS 140 C L TR E I 12 kPa,

-20.2
-20.4 -
-20.6 -

_ -20.8
S 210}
- =212
214 +F
-21.6

218 s s s |
0.002 90 0002 95 0.003 00 0.003 05 0.003 10 0.003 15

1/(T+273.15)/°C
B4 RKETFEEABESTREENXZBE

Figure 4 Relation curves of calculated moisture diffusion

y=-6 630.9x-1.101 9
R>=0.996 6

coefficient and drying temperatures

HEALRE K 55.130 3 kJ/mol(R? =0.996 6), /N F 7 & # KT
HERY TG AL RE 86.911 2 kJ/mol, i BLX Fh B (9 J5 X, 1] fiE &
R TR E R TEEAHALURE NS EH R
i) 5% ) 5 DATAT 5] 22 5% ) T 1 7 Fk g
2.6 BEEENTL

W RE Y RE A2 R ENA RS Z— B R
2 2R G 7 S AL AR 450 3 58 G0 5 T BB BT O S L 0l I [
s b e S T A6 T 5 A b R RS AT B bR R T R R
R, NFEFEHBORE X THREEDTES R TH™ &G
ek 5. B S AL B R A VS B 1,82 ~
2.72 mg/g., [BEEYREE R 2.74 mm, 7EAH [0 T = K
T3 BT o B AT ) T i 2 35 8 S s 1
oo TEREEE G b A0 ML AL 2 B B 2 R R AR E L FE LA
82T AN AR P, A S AR TR B AR (100 OO B, B K 1 T
S5 I [R] 5 0 25 o kAR AR AR 0 R 5 B A I AR B g T
e TR B T B S 0 L T 2 0 O R A AR A R g 1 B IR
HE L 820 o B 28 3R 0 Ry 2 B v 5 (0 24 98 S AR 2 2 v (160,
180 °CO R, & IR 5 3 B0 25 4y it (9 28 1k o R R e 25 4 I
RIPRTE. MBS B nl LI W, 58 S AR B — s i T %
NIREAR—E B AR FE A T &b B2y m 4R 8 .1
T M 5 FE 6 AT 2 R AR B S S
2.7 BENTL

TG I B AR A AR 9L BR R Y L 1R R R 4R
SRRE TRERNXMFTEROESHIRT~8, Hp
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HEHxR
kPa
kPa
kPa a
a, 7ab b a
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g
4

o

[}
Total phenol content/(mg + g™')
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AR
Radiation heater's temperature/ C
BS RARABHREERATREEANTEESNERSE

Total phenol content of lily at different radiation

Figure 5
heater’s temperature and pressure
R7T TEAESREEEGTEARESY
Table 7 Color parameter of lily at different radiation

heater’s temperature

R4

. 5 a’ b AE

Az /C
100 77.7240.66° —0.9240.14¢ 1.73£0.09¢ 19.91+0.66¢
120 83.36+0.05% —0.184+0.16" 4.26£0.29¢ 25.7540.08*
140 77.7740.03¢ —0.10+0.02" 4.40£0.20¢ 20.26+0.069

160 81.7240.64>  0.03£0.03> 6.5740.01> 24.56+0.63"

180 78.0040.11¢
T THREE I 12 kPa Py RHEEE R 2.74 mm; Al /NG F1E %
TR 5 3 (P<C0.05)

1.43£0.03%10.4440.06*  22.4040.07¢

®8 AEATREENZHBTEABESH

Table 8 Color parameter of lily at different pressure

T EIE
71 /kPa

a’” b* AE

0.8 77.37£0.17> —0.984+0.06¢ 1.77+0.15¢ 19.57+0.17"

12 77.7740.03* —0.10£0.02" 4.4040.20> 20.2640.06¢
40 76.80+0.08¢

1.56£0.03* 8.4040.40* 20.5140.22°

O RRLEE A 140 C R B 2.74 mm R NG 0k 2
7N 25 5 I 3 (P<C0.05) .,

L RBE S TreE .o HEREA S TRLGE. 0" H
SOBEE A TR B AE— N L R a0
EM/NBEE . fF 7 R, TR S R ) — s I e S A
X AR SR L AT R R AR AR 120 T,
Lo a3k 8 Al A A S iR — e 52 1 L (BB T
M2 T g B0 0 o 2 B 3 R e B R TR A TR
0.8 kPa 112 kPa B4z B L * {622 5 1 3% .40 kPa B L~ {H %
/o B S AROI B R T AR R B BT et (RN b (R
BT O AT R R T A 2 W AL | R Y AR e 7R S B
SR E R LAY T e T3 BT R R R R 4 ™ R[] I A
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