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Efficient Utilization of Energy 'in Drying Process for Rewetted

Red Pepper
—Hot-air-convective and Infrared-radiant Drying—
ERE N TR R T T R N R
H. K. Koh, Y. J. Cho, J. B. Park, Y. H. Kim, S, W. Kang

Summary

Red pepper is one of the most important agricultural products in Korea. Generally, raw red

pepper is dried after harvest and the dried red pepper is powdered. Washing process is necessary

to produce clean powder before powdering process.

This study, therefore, was performed to analyze the drying characteristics of the rewetted

red pepper and the energy utility during hot-air-convective and infrared-radiant drying. Drying

effectiveness, De, was defined for the analysis of energy utility in this study, and its value was

determined according to the energy source.

Infrared-radiant drying was more favorable than

convective drying according to drying effectiveness. But the temperature variation was appeared

between the radiant surface and opposite surface of red pepper in infrared-radiant drying.
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Table 1. List of experimental equipments

A wst

2 dfAdor £HY + Ud5EF 2 4 (load cell)

AFHE

A AR TAHReH Az
L

+ 54T & UASE Ay 22 AF AL

ARg-sigleh, =g Mo S E ALEY A 4w

70_
dede 457 915kl AARATE 42 sgieh

o dE AE
A2 Al AHE8 3F e el Aol A Ay

d AEsh, v, AEs TR 4 ZF ARA

Item

Remarks

Air Conditioner

Experimental dryer

Personal computer

Load cell

A/D converter

Filter & Amp. for load cell
Subsidiary heater & controller
Motor & fan

Seramic infrared heater
Watt-hour meter
Temperature sensor & Amp.

Anemometer

Electric balance

Vol. 16-Refer Mitamura Riken (Japan)
Self-made

Drying chamber: 40cm x 40cm x 60cm
NEC PC-8001 MK II (Japan)

Rated output: 9.2825 mV/10V
Resolution: 1/5000

Conversion time: 25 us
Resolution: 12 bit
Channel: 8 ch

Made by Hando Eng. (Korea)
Heater: 600 W
Controller: DDF-120 R/E (Junk Kyung inst.)

Motor: DC 100 W

Fan: Centrifugal type

Circular bar, 300 W
Panel, 300 W
Panel, 500 W

Type & power:

220 V, single phase

Sensor: Pt 100
Amp: made by Hando Eng. (Korea)

Hot wire type

Accuracy: 0.01 g
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1. Air conditioner 5. Tray
2. Motor and fan 6. Infrared generator
3. Heater and controller 7. Temperature sensors
4. Drying chamber 8. Load cell

9. Filter and amp.
10. Data acquisition system
11. Watt-hour meter
12. DC voltage controller

Fig. 1. Schematic diagram of experimental apparatus

for the drying test.
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Table 2. Physical properties of various raw red peppers
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Physical Jugtoma Dabog Jinsol

property Mean | STD Mean STD Mean | STD
MC (% wb) 82.8 1.8 80.3 2.5 80.6 1.8
Weight (g) 12.6 2.8 7.5 2.0 9.3 1.8
Length (cm) 11.3 1.0 10.8 1.6 10.2 0.9
(without stem) (8.8) , (0.9) (8.7) (1.4) (7.8) (1.1)
Max. diameter (cm) 1.8 0.2 1.5 0.2 1.7 0.2
Thickness of pericarp (mm) 2.5 \ 0.3 1.6 0.2 2.0 0.3
Bone dry wt.(g) 1.86 0.47 1.71 0.35 1.65 0.26
Projected area (cm?) 18.0 2.4 124 | 2.1 11.1 1.4
Volume (cms) 14.9 3.6 13.5 2.9 11.6 2.0
Density (g/cm’) 0.727 | 0.042 0.648 0.048 0.742 0.074
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Table 8. The ratio of the weight of cach scction to the weight of the whole red pepper

R MC Total Pericarp & placenta Seed Stem
Variety | (g wh) Wt. (g)
- 18 Mean(%) STD Mean(%) STD Mean(%) STD
Jugtoma 82.8 12.6 81.0 2.8 12.3 2.7 6.7 1.5
20.3 2.3 64.1 5.9 29.1 6.0 6.8 1.0
Dabog 80.3 7.5 84.5 4.0 10.0 3.5 5.5 0.8
17.8 2.1 67.1 2.9 27.5 2.8 5.4 1.3
Jinsol 80.6 9.3 80.2 1.8 14.6 1.6 5.2 0.6
19.7 2.1 59.0 5.0 36.4 4.5 4.6 1.4
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Fig. 4. Inner temperature of dricd red pepper dur-
ing radiation by panel-type infrared heater
of 300 W (variety: Jinsol)
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Fig. 5. Inner temperature of dried red pepper
during radiation by panel-type infrared
heater of 500 W (variety: Jinsol)
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Table 4. Temperature of dried red pepper with respect to type of energy source during heating.

E Tdb Twb Tin Tfs Tbs D v
Hot air 48.9 31.4 47.4 — - - Jinsol
55.6 40.1 53.3 - — - Jinsol
56.3 39.7 53.3 - — — Gumtab
52.7 32.2 50.2 - - — Gumtab
60.9 35.6 58.6 — — — Gumtab
70.8 43.5 68.3 — — - Gumtab
Circular-bar 52.5 38.0 54.2 — — 40 Jinsol
type IR heater 53.8 39.1 53.8 59.5 53.1 40 Dabog
Panel type 52.8 40.2 56.5 - ‘ - 40 Jinsol
IR heater 53.2 40.8 56.9 - - 40 Jinsol
(300 W)
51.6 35.9 54.9 — - 40 Gumtab
54.2 38.4 57.9 60.0 — 40 Jugtoma
54.6 39.6 56.3 61.7 - 40 Dabog
55.0 39.9 57.1 61.8 - 40 Dabog
52.2 39.1 53.6 - — 40 Jinsol
Panel type 62.0 37.1 67.0 - - 40 Gumtab
IR heater 68.9 46.0 74.2 79.4 69.5 40 Dabog
(500 W)
66.7 35.2 85.6 - - 30 Gumtab
60.7 36.6 90.1 — - 30 Gumtab
Notes) E type of energy source
Tdb : dry bulb temperature of air (°C)
Twb: wet bulb temperature of air (°C)
Tin : inner temperature of dried red pepper (°C)
Tfs frontal surface temperature of dried red pepper (°C)
Tbs : back surface temperature of dried red pepper (°C)
D distance of radiation (cm)
\'% variety of red pepper
45
45L Test no.1 1 Test no.1 ‘1
40 i 40 —t |
= Test no.2 = Test no.2
2z 35 . © 35 ..1
153 3ol & Test no.3 B 40 Test no.3 |_|
mlpresns 3 -
- =] L s
§ 25 S\ Test no.4 | | £ 25P) Test no.4 |
8 A Test no.5 8 g0l a3y e
20! est no.5 | v R+ Test no.b |7
g E St :
2 15 2
E 10 E 10
5 5
0 T T L T T 0 T T T T T
0 1 2 3 4 5 6 0 1 2 ) 3 4 5 6
time (hr) time (hr)
(a) (b)

Fig. 6. Drying curves of rewetted red peppers for each drying condition.
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Table 5. Drying conditions for redrying of dried red pepper (variety: Gumtab)

Test no. Energy source Tdb Twb D v MCo(mco)
1 Hot air 52.7 32.2 - 0.5 39.66(28.40)
2 IR (panel type, 300W) 51.6 35.9 30 0.5 39.84(28.49)
3 IR (panel type, 500W) 62.0 37.1 30 0.5 40.75(28.95)
4 Hot air 60.9 35.6 - 0.5 39.11(28.12)
5 Hot air J 70.8 43.5 - 0.5 37.76(27.41)
Notes) Tdb : dry bulb temperature in drying chamber (°C)
Twb: wet bulb temperature in drying chamber (°C)
D distance of radiation (cm)
v air velocity (m/s)
MCo: initial moisture content (% db)
mco : initial moisture content (% wb)
Table 6. Drying time of rewetted red pepper for redrying (variety; Gumtab)
Test no. Initial MC (% wb) Final MC (% wb) Drying time (hr)
1 20 13 3.60
2 20 13 3.04
3 20 13 1.18
4 20 13 2.78
5 20 13 1.18
1 17 13 2.69
2 17 13 2.30
3 17 13 0.85
4 17 13 2.12
5 17 18 0.82
35 35
——— RO S——
30— Test no.1 || 0 Test no.1
LY — z —
= 25 Test no.2 | % b1 Test no.2 (~
=) 2
©
® 20 Al Test no.3 | B Test no.3 |
- \\\ —+ 2 \ —
8 15 l'\ Test no.4 |- 8 sl= Test no.4 '—
RN -
e —e— gl -
SN Test no.5 |_| & W Test no.5 ||
10 a 10737
a \\%
5 5
0 2 =
T T T T o T — T T T
0 2 3 4 5 6 0 1 3 4 5 6
time (hr) time (hr)
(a) (b)

Fig. 7. Drying rates of rewetted red peppers for each drying condition.

— 268 —



ZAansg] a7z g del 4l ol = e] AEA o] &

Table 7. Drying rates of reweted red peppers

Time Drying rate (% wb/hr)
(hr) Test no. 1 Test no. 2 Test no. 3 Test no. 4 Test no. 5
0.25 7.06 9.32 17.38 12.16 15.62
0.75 5.12 5.40 9.02 6.40 8.00
1.25 5.06 5.10 4.48 4.26 4.50
1.75 3.38 3.40 2.44 2,76 2.40
2.25 2.40 2.54 1.78 2.16 1.74
2.75 2.00 1.86 1.18 1.42 1.22
3.25 1.88 1.72 0.84 1.00 0.94
3.75 1.14 1.16 0.80
4.25 1.20 0.92 0.88
4.75 0.74 0.52
5.25 0.58
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Table 8. The variation of drying effectiveness of various energy sources with respect to time during redrying {drying
conditions: in table 5)

Time' Drying effectiveness (m? /MJ) x 10E5
(hr) Test no. 1 Test no. 2 Test no. 3 Test no. 4 Testno. 5
0.25 25.1 279 279 26.9 19.6
0.75 16.8 147 122 12,5 8.65
1.25 15.5 130 55.9 7.81 4.50
1.75 9.87 82 29.0 4.86 2.30
2.25 6.73 59.2 20.7 3.67 1.66
2.75 5.47 42.5 18.6 2.38 1.13
3.25 5.05 38.2 9.62 1.64 0.850
3.75 2.92 25.5 1.31
4.25 3.14 19.6 1.41
4.75 15.7 0.843
5.25 12.4

Initial MC 39.66 39.84 40.75 39.11 37.76
(% db)

Table 9. Average drying effectiveness during redrying of dried red pepper (variety: Gumtab)

Redrying Drying condition Average drying effectiveness (m? MJ) x 10E5
testno. 1 5.38
20% (wb) 2 54.2
to 3 7.7
18% (wb) 4 4.59
5 6.27
testno. 1 3.98
17% (wb) 2 39.7
to 3 59.8
13% (wb) 4 3.27
5 5.01
Ebbeh, ek %0 ALolE 2% LX) BO A o gg AA Hw AFS5S A s A
5 7 X AL ¢ Aot e
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