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Hot air drying characteristics and mathematical model

of oat potato compound noodles
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Abstract: The hot air drying characteristics of oat potato noodles
were investigated, and the compound noodles were prepared by using
oat potato flour. The hot air drying characteristics of compound noo-
dles were studied at different temperatures, air velocity and noodle
thickness, and the mathematical model was established. The resulted
show that the drying time will be shorter with the higher the drying
temperature. Moreover, it was found that the bigger the air velocity
was the smaller the noodles thickness was. Comparing with the air

velocity, the temperature and the noodles thickness had more effects
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on the drying rate of the compound noodles, and the falling-rate peri-
od was a main stage of the hot air drying process. The Midilli model
could represent the drying process of the compound noodles success-
fully and have a perfect fitting effect (R?>0.9), the experimental
results were in good agreement with the predicted values. Based on
all of the factors, the model could providea reliable analysis and pre-
diction for the hot air drying process of the compound noodle. The
effective moisture diffusion coefficient D, was in the order of
1071 m?/s, and it increased while the drying temperature and air
velocity increase or the thickness of the noodles decreased. The acti-
vation energy E, of the dried noodle was 43.15 kJ/mol.

Keywords: oat; potato; noodles; hot air drying; drying characteris-

tics; mathematical model
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1.2 KA E
121 JERAL B AT AR SRR 500 M k500
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P SR TR R M L 1 96 1k T 4K, o
1.2.2 BEZFREGVT B RCT SR B XU T 4R
BE WSS B0, X T 1 R M A 52 e g ST A R R R R
HARKBESR 3 K.

(D TR B8 XA 1.5 m/s, 42y 1.5 mm
I S A BE B RCT R TRLEE Oy 50.,60,70,80,90 °C , % i
& DR B AT AN TR TS .

(2) M G - B W BE D 70 °C LI R JE S 1.5 mm
Sy tE s S BB 0.5,1.0,1.5,2.0,2.5 m/s, X g &
BEE A RN TR E#HITIG .

(3) THIRJERE RE IR 70 'CL XA 1.5 m/s HIH
S T 2R E D 0.5,1.0,1.5,2.0,2.5 mm, X #EF B 5% H
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My 50,60,70,80,90 CHFKMT . EHIH K THELR
T RS 8] 43 5] R 210,180,150,120,90 min, & JEEH 90 CfF
T TR ] 50 CHE%L T 57.14% . RSB, T Ak Ak &
AR R I o 35 ) T ¢ i T R e AT . H BB 1 () RT
SEAGTH AR TR B R R B R T R . IR
BES 90 CH, TR R K, Wi 2 IEA . T
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Table 1 Thin layer drying model
=2 R 44 B LT J5

1 Newton MR =exp(—kt)
2 page MR =exp(—kt")
3 Henderson and Pabis MR =aexp(—kt)
4 Two-term MR =aexp(—kt) +bexp(—Fkit)
5 Logarithmic MR =aexp(—kt)+c
6 Midilli MR =aexp(—kt")+bt
7 Modified page MR =exp[ — (kt)"]

8 Approximation of diffusion MR =aexp(—kt)+ (1—a)exp(—kbt)
9 Verma MR =aexp(—kt)+(1—a)exp(—gt)
10 Two term exponential MR =aexp(—kt)+(1—a)exp(—kat)

11 Wang and Singh MR =1++at+bt?
12 Modified Henderson and Pabis MR =aexp(—kt) +bexp(—gt) +cexp(—ht)
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Figure 1
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Drying curves and drying rate curves of the oat potato compound noodles at different temperatures
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Figure 3 Drying curves and drying rate curves of the oat potato compound noodles at different noodle thickness
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¥4 0.5,1.0,1.5,2.0,2.5 mm B ZMF R o 1 4% T4 5 25 7 I A
fE] 4331 90,105,135,165,195 min, [ &SR N 0.5 mm i T
SRt G 2.5 mm 4% T 53.85% . 11 455 MU TR KR
ARAAE R o 18 ] AR AR s sk T B TR . ) 3Cb) Ml A T 4%
JEREA 0.5 mm Bt , T TSI 5 B2 A T AR PR BE R T 4R R R
Ao FE TR R b A% IO % 4110 38 3 AR A R b 32 B9 B AR 1 4%
) T 4% 55 B S A AR A AL i ) B A . T TR AR JRE B AR/ L R
23 SR I IR SR T S N B AR IR R
FRK ST MR 0 88t 2 5 TR (R . TR AR R

IR A 5 0 A 4 K 5 5 R 0 B 2 I T
LR T 2 PRI A2 K

2.4 ARTREFRBNEL
241 THRBIARIG SRR AR O 12 Fd 2 T g

RIZEMRE S 70 °C XA 1.5 m/s 45 JEE H 1.5 mm
THATEAE LA AR S BUE R X H RMSE, 1Lk 2,
2 2 740, Midilli 8¢ 7% R % KM 0.999 9, X% Hil RMSE
/N3 8.498 4 X107 ° Fl 0.001 2, LA TR & .
e L AR R, 0 H AT I E .

x2 AEATHEEENTESBRERRE
Table 2 Drying parameters and model coefficients of different drying models
L R? x? RMSE RIS 5
Newton 0.993 4 6.1159X10"* 0.0281 k£=0.0387
Page 0.999 5 4.196 7X107° 0.006 8 £=0.074 2,n=0.816 9
Henderson and Pabis 0.993 2 6.167 5X10 * 0.0284 £=0.037 9,a=0.977 2
Two-term 0.999 7 2.610 4X107° 0.004 5 a=0.250 6,k=0.158 4,6=0.749 6,k1=0.029 9
Logarithmic 0.994 6 5.003 8X10* 0.0247 a=0.964 7.k=0.040 7,¢=0.019 8
Midilli 0.999 9 8.498 4X10°% 0.001 2 a=1.000 2,£k=0.082 8,7=0.780 5,6=—1.029 0X10 !
Modified page 0.999 5 4.196 7X107° 0.007 1 £=0.041 4,n=817 1
Approximation of diffusion 0.999 8 2.284 8X107° 0.0026 a=0.250 4,£k=0.158 4,6=0.189 1
Verma 0.999 7 3.003 9X107° 0.004 9 @=0.794 5,£=0.031 1,g=189
Two term exponential 0.999 5 4.500 1X10°° 0.006 8 @=0.243 5,£k=0.126 0
Wang and Singh 0.845 2 0.014 2 0.093 5 a=-—0.020 1,6=9.502 6X10 °
Modified Henderson and Pabis  0.999 6 3.654 5X107° 0.005 2 a=0.5850,,k=0.029 9,6=0.164 6,2=0.029 9,c=0.250 6,h=0.158 4

2.4.2 TREIEEIE O T R UE AR R A oE B L 2R
BRI LIS I 0 F e AT LG A, SR WL 4~6. M
Pl 4~6 v FT LA i A LA A ) 1 3 54 A 7 0 (A AR
— B, Ul TR R AL A B R T U Midilli R X ot A2
A T A AT R AT BN . S R AT DL T
RIS ) FIK 2> LR E R R D E AW A TR L2
I 4 A 0 A 2 A3 e il Bl OB S S 6 ZE I REFGIR B2 .

1.0
08
Ten NORTA
- : Breny
& 0. . o
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K E v 80 %i}i@?ﬁ%
% e g4 * 90 CidE
z 0. — Midilli B {F
= 0.2
0.0
0 20 40 60 80 100 120 140 160 180 200 2%0
I [R]
Time/min
B4 FRBEFHTREDHFLS@FARTR
Midilli 4% & &9 363
Figure 4  Verification of Midilli model of hot-air drying of

oat potato compound noodles under different tem-

perature conditions
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Figure 5  Verification of Midilli model of hot-air drying of

oat potato compound noodles under different air

velocity conditions
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Figure 6  Verification of Midilli model of hot-air drying of
oat potato compound noodles under different
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Table 3 Effective moisture diffusion coefficients of oat

potato compound noodles under different temper-

ature conditions

AT R/ °C ARORSY AL/ (m? - 57D
50 2.782 710710
60 3.189 8X 10710
70 4.181 2X 10710
80 5.301 6 X 10710
90 6.965 910710

T KGE 1.5 m/s, i 25 )5 1.5 mm,

%1 FAREEATHREDLE S AEENEIK
T HERY
Table 4 Effective moisture diffusion coefficients of oat

potato compound noodles under different air ve-

locity conditions

POT R AGE/ (m e s™ 1)

ABOKIY AL/ (m? « s

0.5 3.127 6X1071°
1.0 3.930 9X 1010
1.5 4,183 4X10 10
2.0 4.726 3X 10710
2.5 5.754 9X 1010
TR 70 °C L AR 1.5 mm,
RS AAEZEE£GTHEZDORESEAEEMN
BRRSTEHRY'
Table 5  Effective moisture diffusion coefficients of oat

potato compound noodles under different noodle

thickness conditions

T 4% )5 B/ mm AROKG Y AR/ (m* s D)
0.5 7.269 9X 1010
1.0 5.698 910710
1.5 4.665 4X1071°
2.0 3.379 6X 1071
2.5 2.535 2X 10710

T RE 70 CLRGE 1.5 m/s.

B 0.5 m/s B E] 2.5 m/s. Doy BN T 0.84 £, Ui B8
R B XU 9k /S THT 46 JREJEE L T LS AL e B A R
T 2% 70 AT v B4 BT A P 3 47 O o AT O R &2 5 T 2R 0 A
BORDY BRL AR NI 3 D R P, i
AT 2% JEL JBE A 52 WA A 5 XU ) 52 T L/

MRAE 0D K InDyy A1/ T M R EAT R AE LA Ll
A BLER R 5 T B i e 2 1 % B A2 A TR IR T A
fit.E,. 4 43.15 kJ/mol (R*=0.976),
S

A R BT 5 45 S 22 W B KT % ) 1L 32 R TR 4% JE R X T
SRR MR B S T XU R R B . S XGEE D 90 °C L T
S JRE R 0.5 mm IR, T4 A W S8 9 O L T L B A T RE 4
T CE SR BRI T A% 5 W B 3 B 2% R B T R e T
PAMEFETHRIE 9 70 °CL W AR 9 1.0 mm 1 T 1 4
P DR X THT 5 T J8 5 WA S SR R OK % J 3 AE  H RE » T T
1.0 m/s #524 KUBE Y B £ 2 AF

PR 12 A TR R AT T RS B E T
Midilli 52 7 Sy o 22 T #% 55 S 1T 2% B0 P XL T R 2 5 e o
P AT A UK 730 BUR B Dy B T 100 B A X
K T R T AR VR EE A AU 0T A s K 0 B AR A Y e
P AT A THRIGLRE E. O 43.15 kJ/mol.,

ARIEWIIT T M B A BT A AR BOXCP ) TR
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