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Process Optimization of Red Pepper Drying
for the Improvement of Drying Efficiency
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Department of Food Engineering, Kyungnam University
*Department of Agricultural Machinery Engineering, Sungkyunkwan University

Abstract

Drying process in a fixed bed red pepper dryer was modeled and simulated. Drying efficiency
describing the effectiveness of energy usage in red pepper drying was defined as a ratio of energy
used for moisture evaporation to total energy consumption, and expressed in combination of measura-
ble temperature variables. The efficiency was compared with real evaporative efficiency and tested
in the simulated and experimental drying. An overall drying efficiency was derived, and analyzed
for various control variables consisting of drying temperature, air recycle ratio and air flow rate. Opti-
mal operation conditions of drying was then searched by Box's complex method by using it as an
objective function. Carotenoids retention was simulated and put as a constraint of product quality
in the optimization. The optimization results gave that two staged drying operation could improve
the drying efficiency compared with single staged drying. As a technique for further energy saving
automatic termination of drying appeared feasible by monitoring an exit air temperature from dryer.
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Fig. 1. Schematic diagram of a red pepper dryer
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Cuess initial control veriasbles :
for single staged drying - air temperature
sir recycle ratio and air [low rate
for two siage drying - air temperature, recy-
cle ralio and air llow rate of each stage,
and step changing time
Specify the explicit and implicit constraints
S0°'CSTSB0C, 0<Kr<t, 0<air flow rate<50
s3/min.n2, top layer moisture<0.2, carote-
noids retention2>s specified value, for the
two stage drying set Lhe appropriate boundary
of step changing time

|

Read initial values for red pepper drying *
moislure, carotenoids, temperature of red
pepper and ambient air conditlions

L

Simulate the red pepper drying of eq. (1)-(4),
carotenoids retention of eq. (10)-{13) and
drying elficiency of eq. (16), wuntil
top layer moisture arrives 0.2,

Find total drying Lime end Lhe objective
function of drying efficiency, EFF

satis{y
implicit
constraint 7

Construct a
new vertex of

reject
current

vertex of control
cantrol variables for
variables the search by
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Fig. 2. Red pepper drying optimization algorithm
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Fig. 3. An experimental red pepper dryer

Table 1. Specification of experimental drying equip-
ment

Item Specification

Drying tray 400X 400X 120(mm*) X 5
Plenum chamber 820X 600X 700(mm?>)
Motor 0.75 kW

Heater 1kW

Fan Centrifugal type
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Fig. 4. Simulation of red pepper drying process in the
experimental dryer under drying conditions of 55°C,
recycle 0 and air flow 11.9 m*/min-m®> (m,: 1.96)
—; simulated moisture, +; experimental moisture,
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Fig. 6. Drying efficiency during drying of red peppers
under drying conditions of 70°C, recycle ratio 0.6 and
air flow rate 20.0 m’/min.m*
—; Eff, —: Eff, - ; Eff,

0.8 J—
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Fig. 7. Drying efficiency during drying of red peppers
under drying conditions of 70°C, recycle ratio 0 and
air flow rate 20.0 m'/min.m?
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Fig. 8. Drying efficiency and (dC/dt)/(dM/dt) as a fun-
ction of moisture content of red peppers under the con-
ditions of Fig. 6
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Fig. 9. Effect of drying temperature on drying efficiency
and dependent variables under the conditions of recycle
ratio 0.6 and air flow 20.0 m*/min.m?

(O—0O; drying efficiency, @—@®; carotenoids retention,
A—o; drying time
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Fig. 10. Effect of recycle ratio on drying efficiency and

dependent variables under the conditions of drying tem-

perature of 70°C and air flow 20.0 m’/min.m?
{O—C; drying efficiency, @—@; carotenoids retention,
H—4; drying time
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Fig. 11. Effect of air flow rate on drying efficiency and

dependent variables under the conditions of air tempe-

rature 70°C and recycle ratio 0.6
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Table 2. Optimal two staged drying conditions satisfy-
ing quality constraint”

Control varibles 1st stage 2nd stage
Air temerature(C ) 56.2 79.9
Recycle ratio 0.789 0914
Air flow rate(m’/min.m?) 319 495

UTFotal drying time: 17.5 hr., Stage changing time: 3.8 hr.,
Carotenoids retention constraint: 51%, Attained energy
efficiency: 0.634
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Fig. 12. Change of state variables and drying efficiency
through the optimal single stage red pepper drying of
79.1°C, recycle ratio 0.847 and air flow rate 43.8 m’
/min.m?
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Fig. 13. Change of state variables and drying efficiency
through the optimal two stage red pepper drying of
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Table 3. Linearity of equation (21) between top layer moisture and several converted variables for simulated red

pepper drying under different drying conditions

—0.115
—0.097
—0.234
—0.175
-0.139
—0.116
0.186
-0.142
—0.115

Converted Drying conditions y
variable Recycle Air temperature(C ) ’

(Te' = Tun)/(Tc®— Tp) 0.0 50 1.000

60 1.000

70 1.000

80 1.000

0.6 50 1.000

60 1.000

70 1.000

80 1.000

In(T6"— Tun)/(Tc® = To) 0.0 50 1.000

60 1.000

70 1.000

80 1.000

0.6 50 1.000

60 1.000

70 1.000

80 1.000

(Te®—Twp) 0.0 50 0.999

60 1.000

70 0.999

80 0.999

0.6 50 0.999

60 0.999

70 0.999

80 1.000

(T(;I - T(;O) 00 50 0999

60 1.000

70 0.999

80 0.999

0.6 50 0.999

60 0.999

70 0.999

80 1.000

—0.097

by

—3.870
—-3.919
—3.928
—3.928
—3.851
—3.925
—3.963
—3.965
—0.390
—0.452
—0.513
—0.580
—0.394
—0.462
—0.530
—-0.596
4.506
4.553
4.561
4.565
3.583
3.697
3.777
3.818
4.506
4.553
4.561
4.565
3.583
3.697
3.777
3.818
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Table 4. Linearity of equation (21) between top layer moisture and a converted variable for simulated red pepper
drying of different pepper conditions at 70°C and zero recycle ratio

Converted Red pepper

r’ a b
variable Initial moisture(dry basis) Bone dry weight(g) ' '
(Te'— Tun)/(T6®— Tuv) 35 10 1.000 2611 —2.947

2.0 1.000 2.938 —3.305
3.0 1.000 3312 —3.721
40 10 1.000 3.079 —3477
2.0 1.000 3.490 —3.928
3.0 1.000 3.963 —4.456
45 10 1.000 3.557 ~4.016
2.0 1.000 4.052 ~4.561
3.0 1.000 4.629 —5.204
0.9 > - 1.00
0.854 - 0.904
% 0.75 1 % 0.704
g - E 0,604
g o7 g
g ‘S 050 n
g 0.65 .,E,
& Z 0401
§ 061 & 030
0585 . 0.20 .
AT 119 12 1.21 .22 1.23 120 O V4 142 144 145 148 15 152

(Te- TP,

Fig. 14. Observed linearity of equation (21) during ex-
perimental red pepper drying of Fig. 4 (=098, a,=
6.921, bi=—7.655)

W; experimental data, —; regression line
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Fig. 15. Observed linearity of equation (21) during ex-
perimental red pepper drying of Fig. 5 (r'=0.984, a,=
6.649, b= —9.124)

B; experimental data, —; regression line
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