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Development of Red Pepper Dryer

—Simulation and Optimization—

= % g, ¥ F @ 2 5 I
D. H. Keum, C. H. Choi, S. Y. Kim
Summary

Simulation model wés developed to analyze drying process for tray type red pepper dryer and vali-
dated by experiments.

This model could predict satisfactorily temperatures and moisture contents of red pepper and tempe-
ratures of drying air during drying.

Optimize algorithm was developed to search control valiables (drying air temperature, air recycle
ratio and air flow rate) of red pepper dryer based on a criterion of minimizing energy consumption un-
der the constraint conditions that statisfied carotenoid retension of at least 210mg per 100g dry matter,
the moisture content of bottom layer of 15% (d.b)and drying time of less than 35 hours. Step changes
in drying air temperature and air recycle ratio were considered in the optimization.

In single step in control variables, the difference of the moisture content between top layer and bot-
tom layer was great and more fan power was required. As the drying trays were exchanged when the
moisture content of bottom layer reached to 100% (d.b), fifty percent of energy was saved and the diffe-
rence of moisture content was little.

In double step changes in control variables, optimal conditions were found by changing the step when
the moisture content of bottom layer reached to 100% (d.b) (about 19.8 hours from starting drying).
Optimum air flow rate was 18.1cmm/m? Optimum drying air temperature and air recycle ratio in the
first step was 55.8C and 0.80, and in the second step 65.6C and 0.88, respectively.

In triple step changes in control variables, the optimal conditions were found by changing the steps
when the moisture content of bottom layer reached to 250% (d.b) and 150% (d.b). Optimal air tempe-
ratures were 66.2C, 58.4C and 66.9C, and optimal air recycle ratios were 0.778, 0.785, 0.862 at each
step, respectively. Optimal air flow rate was 18.9cmm/m®

The best operating mode was triple step mode considering energy consumption, drying time, fan po-
wer, and quality of dried red pepper. When the triple step mode was used to dry the red pepper, the
energy consumption was about 16.5% ~57.2% less than that of the single step mode and the drying
time was 6.6 hours shorter than that of the double step mode.
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Table 3— 1. Drying conditions of red pepper used for validation test

Variety of red pepper

Initial moisture content (dec., d.b.)
Initial red pepper temperature (C)
Dry bulk density (kg/m®

Specific surface area (m*m®)

Bed depth

Air velocity (m/min)

Relative humidity of Ambient air (dec.)
Ambient air temperature (T)

Drying air temperature (C)

Bone dry weight of a single red pepper (g)

Dabok
4.010
19.3
68.7
1.961
151.66
0.29
11.89
0.523
20.93
55
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Table 4~ 2. Optimization results for the single step changes in control variables

Optimal control Energy Total Carotenoid Fan Tray exchanging
variables drying retention time
consumption time power

Tl) Vz) Rs) Cb4) CHVS) Mbs) tm7)
() {(cmm/m?»| (dec) | (kJ/kgH:0) (hr) kw/m® | (%,db) | (hr)
51.9 34.9 0.506 9721 34.8 2103 | 2362 124 non mixing
584 15.5 0.629 4984 344 2312 | 2496 0.16 100.0 16.4
58.3 222 0.858 4386 344 210.5 216.3 040 150.0 14.6

Note : 1) Drying air temperature
2) Air flow rate

3) Exhaust air recycle ratio

4) Carotenoid retention of bottom layer (mg/100g dry matter)

5) Average carotenoid retention (mg/100g dry matter)

6),7) Moisture content of bottom layer and drying time, respectively when red pepper are mi-

xed by exchanging trays
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Fig. 4—4 Moisture content changes for optimal
single step method(mixing)



1%

i o] BAgEl

#a k&) 21% (db) & Ve FigEKk=R
ol HLE KK Bt & A& e mio

oA we

e

25% (d.b) 2 VERE7] W E o]t

Lt 28HA| 3 3T #2485

mRREe 7] Aedes 2uAR
Az 28dYRAE FdMLdl=

o A=Y A

3o JEEKR

z733

Az2e u7] A 2 $3TFS 2A37]
Yl AxdAe ARHE FHiEF: 159 §
Zgo) Z+2} 100, 150, 200 2 250% (d.b) el o] &

W 47}A] 7ol st RE(LE

FRsA.

og PR

olm HEES WU WA %t Rez
Zrson, Aekazre) Az PRe] LA

712 #3tE 3o &Kl 100% (db) ol o]
& 92 Ao

2¢A Wz e Bt SRe ¥ 439
2t}

F 4-39 49k 2o] dzdA B8P #A
glo] 3 w7 194 A e ¢
2dAN M E B &E veEhiAt

Bl ZRBEE 22D A8l 100 ¥
150% (db) ¥ AS- 127AME 228 A, 2
dANME wA dAste Rl #E@ Aoz

Table 4—3 Optimization results for the double step changes in control variables

Step changing Optimal control Energy Total Carotenoid Fan | Tray exchanging
time Variables drying retention time
consumption | time power
M, t |step| T A R (0N Car M, tm
(%,db) | (hr) (©) |(cmm/m?) | (dec.) [(k]/kg,H:0)| (hr) kw/m® | (%,db) | Chr)
100 | 19.8 | 1* 558} 181 | 0.800 4186 348 12103 (2246} 024 100 | 19.8
2" |65.6 0.880
150 | 132 | 1* [585] 17.1 | 0.653 4290 332 [2123 2276 0.21 100 | 15.8
2™ | 64.2 0.884
200 80 | 1 |642| 203 |0.695 4669 348 |2101 | 2280 | 0.32 100 | 15.0
2™ 1552 0.823
250 54 | 1% 678 175 | 0.592 4250 304 |2114 (2243 | 022 100 | 13.2
2 1632 0.852
Table 4—4 Optimization results for the triple step changes in control variables
Step changing Optimal control Energy Total Carotenoid Fan | Tray exchanging
time Variables drying retention time
consumption | time power
M. t step| T A R Co Ca M, tm
(%.db)| (hr) () {(cmm/m?) | (dec.) ((k)/kgH20)| (hr) kw/m? | (%db)| Chr)
1% 1662 189 |0.778 4161 282 2108 | 2233 | 0.27 100 14.6
250 6.0 | 2@ | 584 0.785
150 116 | 3¢ | 669 0.862
1* [ 61.1] 18.0 | 0.708 4197 326 2113 12239 ] 0.23 100 17.8
250 7.0 | 2™ | 574 0.875
100 17.8 | 3@ | 656 0.853
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Fig. 4—5 Optimal control process of air tempe-
rature and exhaust air recycle ratio
for the double step method with air
flow rate of 189 cmm/m*® (Drying
trays were exchanged when moisture
content of bottom layer reached to

100% d.b.)
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Fig. 4—6 Moisture content changes for optimal
double step method
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Table 4—5 Comparison of four different step methods.

Ch. §2ig A% ths

H4—-5€ @M =% wHESF 2844
A % XREHE T8 HF fEdRer
=2 gut e 47HA] A€ vlu Aol
HoljA 9} o] 3TA BTk A 29y
A 194 Az ¥ 3ty 165~572% &
Z = 297 Az 8 Ajolrt gleRe
2 Yehdch 42 28 A1 394 Ao
e R 62~66A% GEE R 2 U
Bt

ey AZ AU e}t AR A2QANE
a3 g 34 Yol M REP Rez
aaEn,

V.2E X 2%

BAR AFAZV AR & KK 1
F2E, BRZERS BE 3 BEBLE 458
F JE Algdold RS MRSt o) & 4
& Foho WA

139 A9 ANHQ FIRHXxOlE FFS
dA4F (210mg/100g—dry matter)o] g o2
FrAEA HTES KK 15% (db)o]d 2
AFEA8 AT 35412 013 HIFREHS 35
EA Ax 2QURE Kb XEE,
ZREE 2 7] Aeded g Bt
TZIWE AT

Step changing Optimal control variables corFsﬁgp ion drll";%?\lg pg\%r:ar
meg'lod step | T \% R time
() |(emm/m?)|(dec.)| (Kkg, H:0) (hr) kw/m?
Single step 1 519 349 0.506 9721 34.8 1.27
(Non-mixing)
Single step 1 58.4 155 0.629 4984 344 0.16
(mixing)
Double step 1 554 18.1 0.800 4186 34.8 0.24
(mixing) 2™ | 65.6 0.880
Triple step 1* 66.2 189 0.778 4161 28.2 0.27
(mixing) 2" | 584 0.785
3 66.9 0.862
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