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Table 1 Nomenclature of microwave drying simulation of carrot

5 2 3L 5 2 3L
M, o, B T R p A% kg -m?
E W 3 5% L /V-m™ (o WA ] kg K
ko B oy & I P gk ak T Wk B i B/ °C
&, (RSP A8 t 18 /s
o w5 £/Sem™ k FHARB/Weom™ K
® 78 4R % frad - 57! c % B K 5% /mol - m™
& HZA B wH/Fm™ Dy TR YA F B m?e s
Mo BN A S S Do 1B AT
&' - K E.x K5 w8y 7F AL FE kg - mol™!
&" A~ AL B T . AR F B /m-s™!
Q Wy BB 8 O AL /W e m™ Ceq F #5 K 2 3K % /mol - m™
f TR IR F w BEAKFEg o
n Slik @ E M TR AR E/g !
E W 3 R t B 1] /s

1211 MR KA NOAE S PRI I R O A R e AR s (9)

J, B AR R T R e i AR i T RE
Bl -t T SH 1) ok e MR AR AR Qo (3) BRI
SO AR A i B AR AN S (4) B s B
S BE AN T2 ML, 5 SO B ADRL BT
FaAE s (5) FroRt,

e FAT7 H iy R~ 1 S T A ) Y e L
A% PhoE A SR N, sk (6) L (7) L (8) BT R,

JIt R 7K 3 A 13 i ) D7 R A5 (10) I RPN
Borh Ko BUCR BOh 2R BT JE & oy BT
D) FroRlPy B8 A7k 73 i P98 1) 2 T 9 HE
7&K S R A (12) BrRt,

gil, W1 M TR Z YO AR S
B, gk 3 pos
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Table 2 Control equation of microwave drying simulation of carrot

Feg kil AEWEE:
Jra s -l 2 _L .
Bk R Vi, (VXE)—k, (\8, e, )E_o 1)
ky=w\/&gu, (2)
QZZWfE()E//EZ (3)
BRI R S nxkE=0 (4)
M HAE-(n-E)n=(n-E )n-E, (5)
g,&,—joo/ ; :
A AR pszaa—tTW- (=kVT)=Q (6)
0.148+0.641M
1+M N
C,=1.755+2.345w (8)
T i R A A n(=k)VT=h, (T, -T)+An- (DVe) 9)
R 2 ‘;—iw- (=D, Ve)=0 (10)
[ -E i
D, =2.779x10%xp | ~0.97-— 4 +0.059M (11)
A5 i R E n- (=D Ve)=h, (ceq—c) (12)
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Table 3 Initial conditions and material parameters of microwave drying simulation of carrot
Hak HAL B K, B Ik

45 G w455 E E TY°C 20

J& 71 Py/Pa 101 325

14 K 5K JE co/mol - m™! 45 500

A1 45 IR A K E w% 89
& A 12/ mm 40
o 2%/ mm 5
B AR Z f] GHz 2.45 [14]
KE) T8 F My o/ kg mol™ 0.018 [7]
KEGA- B F e, 0.28337+80.67 [14]
K g A- B AL &7, 0.057+20 [14]
Koy F H k) Wem™ K 0.57+1.7x10°T [14]
Koy % & pJ kgem™ 998 [13]
FAHE Eyf J-mol™! 29 850.17 [13]
R AN SR S 65 [15]
WY PR e, 15 [15]
WY e A% pl kgom™ 1 490 [11]
WY P AR CJ Jokg! K 3 640 [11]
A B hy/Wem 2 K 25 [16]
A5 R &4 h,/m-s™ 0.018 [17]
i A Ak w2 R/kgmol ™ K 8.314 [13]
1.2.1.2 JUfar e 8 5 s d) o3 s 1 s, i o s e A2,

BN TR LAY R i L 5 D X
SEHYJLATARE R | R e i K AW SRR A E
SCA TR0, An P 2 B o ARy s A 2 A B0 35 i
RS TRy, e e S A RS T B A R I A A
TRz 8l o W PRl b JE AR 55 T 2 Jsl 7 ) 15 A
SEHRETCAR , FARBC 5 58 B A LA AR Y | fR U
TAER 3 PRSI, SR IR T P SR ) 1 A A
L AR S E i B DR i S e TG S

E 1

The geometric model of microwave drying carrot

Fig.1
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Table 4 Experimental design scheme

KI5 R EN E LN
NR1/4 Rk sk ik 20 s,% % 20 s
R1/2 e A A 208,42 9 20 s
R1/3 i Aa 20 s, %% 7% 40 s
R1/4 e 4 ik 20 s, % 7 60 s
R1/5 e bk An 20 5,4 7 80 s
M
MR=—* 14
= (14)

A My, M,——53 5 N Wb o i %)
BT KR glg,

2) BKILHME KT MR, K
A 80 C/K 48 Hh & /K 30 min, I T 3¢ 1 /K 43 5 5
WKFRE, B K PR A

Ri=—+ (15)

A W ——F il 5 K BB R g W
— ARG T R E g,

3) MEMNE W Sg TGS K
WO A 5 mm RYPRERTE, HE S WK,
WOFR(E . @28 T R 0 i 42 4 3 NME L,
a b R 2T B R A, v IR R,

4) JEEEM BEIC10 i H A —E I AR
Mﬁﬁkm;ﬁ%$RFm#%ﬁ TR, R

0 73, L PEE W il dh 9 KR B2  —
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Table 5 Carrot sensory quality evaluation table
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ER— sk — 3 8~10;8 — % 5~7; F — % 0~4

2 K)E T B WE A 8~10; 7 B s 4k

B ok EGR 5~T 0 BBtk 0~4
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Fig.3 Electric field distribution (simulation) and temperature distribution (experiment)

of 180 s carrot samples with NR1/4
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Fig.4 Temperature distribution of B9 and B12 of carrot samples in NR1/4 experiment and simulation (320 s)
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Fig.6 Microwave drying characteristic curve of carrot
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in microwave drying (simulation)
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Fig.8 Quality indexes of microwave dried carrot samples
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Fig.9 Temperature distribution of carrot samples with different microwave tempering time (simulation)

K3
Moisture ratio/%

120

0 20 40 60 80
TR
Drying time

10 7[R 808 42 7 B 1) T 68 45 M o 4%

100

Fig.10  Drying characteristic curves of different

microwave tempering time

222 XTSRS m GE 11a s ,R1/4
M8 T3 55 F T 8 8 T 25 e/ oy 5,60+
0.25,R1/2 %M F 22 5 KRy 27.43+0.52 , 3K & H
F RI2 R4 T A8 MR E o & (gl 9),
R FERPER N, BRI G A ER, ME
S 3 I 1) ) JE K, AR B G231 2% SR T 2% 3 B [ it
K, TR K, 2800 MEELA, A
ZEARR W 11e iR, ANFZE I8 50 T8 T

A VC S EZESWHE R4 &5 %4 Fr Ve
SRR (132.56+3.65)mg/100 g, R1/2 414 F

VC &% N (87.98+4.32)mg/100 g, WK 11b
PR, ARG IR 50 R 8 TS oK IF T
B 22 5. W 11d i R1/2 ETE 6 &
mmﬁmﬁmﬁﬁﬁwﬁﬁwﬂﬁ%ﬁ%ﬁi
JECE P A543 B R1/3 R1/4 R1/5 B il &
AR AN @/*\éﬂﬁm@%ﬁﬁ%f)ﬂ},@ﬁnn
s o HAHZEA K,

i b R4 95 4 TS b6l a i@
2 EKI,VC & AUERCE R BB R /4 &
IR TE R TR

vla
o

3 &

1) RIS R R 45 R A AT 2
I ey B4 P 3 A 5 R O A LR — B, K HE
(AU FIIX B0 (A 19 RMSE BI/N T 5% , 480w L)
HERGA AR 2 IS S B Blip M4 ae A v IR RE 1 o0 A
HIK Iy I A B

2) Jiekk iz Bl i 3 3R T B Rk RO A
Yo TR Z5AF T B 3 AT B S BE R AR N BN e %



F23% H5M B TRBESASNY P FTRERS SRR

159

30

[27.430.52
&
25+
©
g 20}
! 16.50+0.60
e 5|
@ 11.78£0.75
< 10}
&)
5.60£0.25
5 k&
0
R1/2 R1/3 R1/4 R1/5
T X
Drying mode
(a)( 2
140 + 132.56+3.65
T 114.4543.73
o 120 £5 10373533
(=)
S 100 -87.98:432
= o s0f
& g
o3 oo
S 40}
g 20t
=127 Rz  RIA RIS
AR 15N
Drying mode
(c)VC & i

K I
Rehydration ratio/g-g

4.3540.06  4.31+0.12
4.23+0.08 o _I_ 4.24+0.14

Rll/2 Ri/3 Ri/4 Rl‘/S
T

Drying mode

(b)&E K It

7

R

XL

RRRIZRS]

QA
R

s

=

RT3
K

R
Q

3

X XXX,
R

4
3
XX
IR

BE VRN
Sensory evaluation

7

%)
5%

2
e
XX

%

T
2
X

v

X

%8
<

%
&L
o200

3
0202029

XX
o2

T
90
RRRS
QLR
3
0292

<
22
X

o2
X

XXX
K

9
20!

=
5
o

3
o2s%s

,
o
R

S

o

o202
02

.
KR
2K
X
2

/7777772777277

d0%e2s

ooy
<5
o2

%

X
k=
RS

22222523500

S
%93
B
et

%

&
2028
35

S = N W A U O 0 X
T

2222222222277

SN N

R1/3
TR
Drying mode
(d)EE P

SN
R1/.

N
=
N

B 11 RRTHRAT MRS RRER

Fig.11  Quality indexes of microwave dried carrot samples
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Effect of Microwave Drying Temperature Distribution on Drying Characteristics

and Quality of Carrot

Fu Wenjie"?, Li Jing', Pei Yongsheng', Ning Wenkai'?, Li Zhenfeng"
(‘College of Mechanical Engineering, Jiangnan University, Jiangsu Key Laboratory of Advanced
Food Manufacturing Equipment Technology, Wuxi 214122, Jiangsu)
(PJiangsu Xintaiye Electromechanical Technology Co. Ltd, Wuxi 214100, Jiangsu)

Abstract In order to improve the quality of dried carrot, and reduce the overheating area and excessive drying prob-
lem, the combination of multi—physical field simulation and microwave drying test system was performed in the study.
The effect of carrots rotation and tempering time on the temperature distribution, drying characteristics and quality (col-
or, rehydration rate, VC content and sensory evaluation) under microwave drying was also investigated. The results
showed that the RMSEs of simulated moisture ratio and experimental value were all less than 5% under the developed
drying modes, which accurately simulated the heat and mass transfer process of microwave drying for carrot. The temper-
ature uniformity index A of rotating samples decreased to 0.092 compared with that of non-rotating samples, which indi-
cated that the temperature uniformity of dried products could be improved significantly. The quality of carrot was also
improved during rotation, wherein the standard deviation of color difference was decreased to 0.18. Under R1/4 (the
samples were rotated during drying, and tempered for 60 s in a single cycle stage) condition, the temperature distribu-
tion range of carrot samples was 65-75 “C. In addition, the color difference and VC content were the best among all
drying modes. Therefore, the combination of rotation and tempering could be used to improve temperature uniformity and
quality during microwave drying. Those results can provide a guidance for industrial application of microwave drying car-
rot.

Keywords carrot; microwave drying; simulation; temperature distribution; quality



