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Modeling and Evaluation of Infrared Radiation Drying for Apple Slices

Lin Xi’ na
(School of Agricultural and Food Engineering, Shandong University of Technology, Zibo 255049 , China)

Wang Xiangyou

Abstract

The traditional drying models fitted to experimental data and the drying coefficients were determined
by means of nonlinear least square based on the Matlab software using the Gauss — Newton algorithm. The
experimental data from infrared radiation drying of apple slices were used as measured samples. The tests
were performed with the materials temperature of 60°C , the radiation power of 750 W, the radiation
distances of 100 mm and materials thickness of 5 mm. 15 different mathematical drying models were
compared by some evaluation targets such as coefficient of determination (R®), square sum of error
(SSE) and root mean square error (RMSE). It showed that the Modified Page equation- Il model could
sufficiently predict and control the infrared radiation drying process of apple slices.
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Tab.1 Mathematical models of drying

=2 BTy 5 LT 4 B
1 My =exp( —kt) Newton/ Lewis
2 My =exp( — k") Page
3 Mg =exp(( -kt)") Modified Page equation- |
4 My =exp( —k(t/L*)") Modified Page equation- Il
5 My =aexp( —kt) +c¢ Logarithmic/ Yagcioglu et al.
6 My =aexp( —kt) Henderson and Papis
7 My =aexp( —kt) + (1 —a)exp( —gt) Verma et al.
8 My =aexp( —kt") + bt Midilli and Kucuk
9 My =aexp( —kt) + (1 -a)exp( —kbt) Diffision approximation
10 My =1+at+b’ Wang and Sing
11 Mg =aexp( —kt) +bexp( —kt) Two-term
12 My =aexp( —kt) + (1 -a)exp( - kat) Two-term exponential
13 t=alaM, +b(InMy)? Thompson
14 My =aexp( —kt) +bexp( —gt) +cexp( —ht) Modified Henderson and Papis
15 My =exp( - ct/L*) Simplified Fick’ s diffusion( SFFD) equation

T My BRI 50 Ron TR IR s b SRR THREBE W 80, b, 0,8, h,n R 4 T 10 9 B0 L R w T RPN L
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PR SSMEREAS 2 T Matlab B0 F) T 5 34— 44
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2 (SSE) K ¥975 1% 22 1 R (RMSE ) 45 481 & 11t B2 3t
FEAR X A% S8 T MR B R AT HE BRI PR A, 5 O
R ELHN T M i B A T DT B e 3t T A 47 7
TR

2 HBESH®

2.1 RIEH R
I FH A P D SR R W T U T KR R
1, B SR R/ 85 U, G/, T
JOT A R, TR A B A i . 3 3 2 R S R
PR — 7 J5BE 1 RAE AR - G 5, SR 5
SERY) R R BT E S 0,005 mol/L, ik i Sy 4°C 1)
FRBERR VW R 30 min B BT LA S .
2.2 MEIR
KA F R —& TERAT T WETEE £/
K A3 AR T8 2B, R L ke B e 4 ) T e R 1Y
Pt , HAE mr s A
My=(M -M)/(M,-M,) (1)
L M —— B2 & KE, %
— Vi E K, %
M,——) G &K E, %
R T R E M, =M /M, R A
K3 B AE
2.3 FTRERNESMEETENIER
T o R AT B R R T R B AR AR T R

T2, i e AR 4 b 6 9 D R B R IR 2T
I (SSE) Je 375 1 72 i) M (RMSE ) 25 2 %00 J7 e it
ATEAG
2.3.1 ERK

PSE R R R/ E T IR B 5 O 2
] AR A DGR IE . 2 R® BRI 1B, Fm MG Iy 7
XS H W e H R, B R I, 8 275 M (i
AL, R RN

ZMI—M DMy =My, )

R =
\/[ 2 (MRl - MRPM)Z] [ Z (MR, _ MRH,,M)Z]
(2)
Aep M, ——SEK A I
M, ——HK s
N—— R 56 R 5
2.3.2 iEETIH

DR 2EF-J7 Al (SSE ) S B i {5 A1 55 00 DS B A 1Y
BRZEV-J7 A, SSE B T, Ul B R 10 0 4 AU
B, SSE IR AN

bbL: 2 (M _L_MRMPJ)Z (3)

2.3.3 HHiRZEMR

PR Z A (RMSE) SFR S H81 A A o 15 22 5
[l AR E 5 2%, RMSE (14 {5 322 35 T % R B A 3R
fR4F . RMSE i8N



130

i3

AT O

2010 4

YR AR AE R SEIMAEREAS , X 1S Fh A& G+ R

3 BETRGEEEETFRFLIMTREFER

Pl

At

(a) Newton F& 7
(f) Henderson and Papis i il
(k) Two-term F& 7

it

1.0|g o SifE
N — TliE
081 eg B
<osl N BET
= 04
0.2 e
0 20 40 60 80
I} 8] / min
(@)
10 o s
08 — HOlf
------ wZE Lot
SO6L ey B R
0.4
0.2
0 20 40 60 80
f§ 1] / min
(d)
1.0
o Slfi
0.8 — T
= 0.6 w wE B
s < WETH
0.4 .
02 )
.
0 20 40 60 80
{5 1] / min
@
10 o sl
0.8 — il
o . AN
~ 06f e T
= 04
02
0 20 40 60 80
i [5) / min
(O]
1.0 ® Sl
(e — A
e W LA
« 0.6 ° e Rt
*s
0.4 ...
L]
0.2 ‘o,
0 20 40 60 80
I 1]/ min
(m)
&l 1
Fig. 1

(b) Page #i 1

4 HR5R

(g) Verma et al. fE 71
(1) Two-term exponential f& 71

SETF Matlab B0F, FITI RS 074 00005 F6 0 B
R Jy 60°C , 4 5 T A g 750 W, 4 5 B
100 mm , Bk g 5 mm I 19 21 S84 51 F 5 3

1.0
0.8

1.0
0.8
< 0.6
0.4
0.2

TBEAT AR 24 fre /D — R B UL 5, 0 T 4 K

o LM

20 40 60 80
fif 18] / min
(b)

o Syl
— Bl
------ o L

20 40 60 80
{5 1] / min
(©)

o Sl

20 40 60 80

(h)

30000

20000

10000|

20 40 60 80
[ 1]/ min
(k)
_ e Sl

~10000}

—20000
—30000

(¢) Modified Page equation- [ 5 %1

(h)

SRR o 15 Bl GE T RS R AT 1005 SR AR
e GRS R X P45 BOR B B (O T E doe L 19
SR LL AN TR L s i A T RA
FRALRY GETH I PE O A8 AR R B 12 A 8 T 4 A A
(9 $0L 45 D0 BE AT E B2 00, 19 4% TR AR A 8L 5 10

(m) Thompson &7l

20 40 60 80
R[]/ min
(n)

Midilli and Kucuk 45 %Y

o LM

20 40 60 80

Fif [H] / min
(c
o Sl
4 — Filfa
----- wE LA
g 0.6 R, .. B
-
20 40 60 80
Ff 8] / min
()
o STl
M — Bl
08 Mg oy
~ 06 SR RETFR
S 04
02
—0a
20 40 60 80
f§ 1) / min
@
1.0 o SIE
0.8 ‘ — T
' SN o L
0.6 SN RZE TR
= 04
o.g .
-02
20 40 60 80
i [5) / min
M
o Sl
LoJa, — H
0.8} N T %iiﬁ
506 . T WE R
0.4
02

B G T AR A R T 5 52 0 (0L i %
Fitting curves between experimental values and values predicted by traditional models of drying
(d) Modified Page equation- I i %

(i) Diffision approximation 71
(n) Modified Henderson and Papi 457

20 40 60 80
IR [1] / min
(0)

ZERE 1 TR KRB 2 PR,
le ld e Th 1j f4U0S RORBAE, B 1k (Im (In
5 SEME A LA, TGk R R 8 I T

(e) Logarithmic %% 7Y
(j) Wang and Sing %
(o) SFFD 174

JEGETHRAE N 3 PR o 2 X 25 5 80 9 481 5 [

WA e g3 = {H

Mt e

i

4y 8, A] 45 Modified Page
equation- Il 19 #0L & e P, B2 A0 1) st R R
0.999 8,15 2% F-J7 #l (SSE) Jy 0. 000 221 8 , ¥ J5 it 22
[ AR (RMSE) Jy 0. 003 98, H 5% 7 fi) #8145 14 45 £,
I, I RS R RE W A 3t il 34 S SR D) R A 1A e T



%64 MREIE 55 SERY 5 20 AME B T AR T ST 50 131
R2 THREFERRBER
Tab.2 Results of mathematical models of drying
s B £ Bk SR i A1

1 Newton/ Lewis My =exp( —0.024 41)

2 Page My = exp( -0.106¢" %)

3 Modified Page equation- | My =exp(( —0.09052¢) %21

4 Modified Page equation- II My =exp( —0.5430(1/25)"22)

5 Logarithmic/ Yagcioglu et al. My =1.3332exp( -0.0150¢) -0.3322

6 Henderson and Papis My =1.045 6exp( —0.025 61)

7 Verma et al. M, =1.710 Texp( —0.013 1z) —0.710 7exp(0.003 7¢)

8 Midilli and Kucuk M, =0.998 3exp( —0.016 47%7¢) ~0. 001 8:

9 Diffision approximation My =2.764 6exp( —0.0113¢) —1.764 6exp( —0. 006 5¢)

10 Wang and Sing My =1-0.018 67 +8.94 x 10 51

11 Two-term K fit

12 Two-term exponential My = —2.350 3exp(0. 001 47) +3.350 3exp( 0. 003 31)

13 Thompson T fit

14 Modified Henderson and Papis TC fift

15 Simplified Fick’s diffusion( SFFD) equation My =exp( —0.609 11/25)

3 HBETREINMSAELER
Tab.3 Comparison of statistical analysis on the typical modeling of drying
s R L2 R R? SSE RMSE
1 Newton/ Lewis 0.973 6 0.022 54 0.037 54
2 Page 0.996 3 0. 004 70 0.017 69
3 Modified Page equation- | 0.9825 0.022 54 0.038 77
4 Modified Page equation- I 0.999 8 0. 000 22 0.003 98
5 Logarithmic/ Yagcioglu et al. 0.986 4 0.017 54 0.034 19
6 Henderson and Papis 0.983 4 0.058 52 0.084 27
7 Verma et al. 0.999 6 0. 003 25 0.039 72
8 Midilli and Kucuk 0.996 8 0.003 88 0.016 64
9 Diffision approximation 0.9959 0.455 41 0.587 22
10 Wang and Sing 0.999 5 0. 000 65 0. 006 59
11 Two-term exponential 0.9815 0.025 41 0.039 85
12 Simplified Fick’s diffusion ( SFFD) equation 0.983 6 0.022 54 0.037 54
5 BT, T8 SO0 D0 B DF A 48 Bk 23 5] % 25 A B iR AT 1

W, 25 B R W, Modified Page equation- I 45 %4 4]

BT Matlab 2005, 2 JHAELAE MVH BT 9T B 5, BEAS S 47 b T0U0 70 42 1) 32 2R U0 7 20 50 s S
L BT L G TR AT T & SRR TR

2 £ x Wt
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