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Application of an Infrared Drying to Drying Process
for Red Pepper
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Summary

This study was conducted to investigate the possibility of application of an infrared drying to dry-
ing process for red pepper. The performance of seramic heaters and the variation of temperature and
moisture content of red pepper were analyzed during an infrared drying of red peppers. Also, the qua-
lity of dried red pepper was analyzed.

The following results were obtained from this study.

1. The surface temperature of infrared heaters and the rising time required for steady state were mai-
nly affected by electrical power consumed.

2. The heat energy required for heating red pepper was proposed to be calculated by the equation in
terms of enthalpy of air and net heat flux by infrared heater in a drying chamber. The statistical
model for net heat flux was developed.

3. The performance of the infrared heater used for heating red pepper was much affected by the dista-
nce of radiation, and the difference of temperatures appeared between the radiated surface and the
inside of red pepper.

4. Electrical capacity of the infrared heater had a significant effect on the heating of red pepper. Howe-
ver, the effect of shape of heater on heating was not significant.

5. The variation of temperature of red pepper largely appeared in the range of 30 to 60% (db) in mois-
ture content. The temperature of red pepper was almost constant at low moisture content.

6. The temperature of red pepper and heating time had significant effects on the quality for radiant
heating.

7. When the electrical capacity of infrared heater and the distance of radiation are carefully designed
in a dryer with the insulated drying chamber, infrared drying might be very effective in red pepper
drying.
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Table 1. Initial conditions of harvested red
pepper (Dabog) for experiment

Property Mean SD
MC(%) 80.3 2.5
Weight(g) 75 2.0
Length(cm) 10.8 16
Thickness of 1.6 0.2
pericarp(mm)
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Table 2. The general properties of seramic IR heaters

Type Dimension Surface Main Surface
P (mm) area{m?) material color
Circular 17¢ X 245L 0.0131 Zirconium dioxide Dark gray
Trough A 60W X 245L 0.0294 Zirconium dioxide White
Trough B 60W X 245L 0.0294 Zirconium dioxide Dark gray
Table 3. Characteristic values of the heat flow sensor
Sensitivity Temperature . Size
constant range Impedance Material (LXWXT)
0.017mV/{W/m? -20 to 120 300Q polyester 80X 20X 1.5mm
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. Air conditioner

. Motor and fan
. Heater and controller
. Drying chamber

Tray

. Infrared generator

. Temperature sensors
. Load cell

. 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 4. List of experimental and measuring equipments

Item

Specification & remarks

Air conditioner

Experimental dryer

Personal computer

for measurement

Load cell

A/D converter

Filter & amp for

load cell

Subsidiary heater

& controller

Motor & fan

Watt-hour meter

Temperature sensor
& amp.

Anemometer
Electric balance

Color meter

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/10 ,V
Resolution © 1/5000

Conversion time - 25us
Resolution : 12 bit
Channel : 8Ch

Made by Hando Eng. (Korea)

Heater . 600 W
Controller : DDF-120 R/E (Jung Kyung inst.)

Motor . DC 100W
Fan : Centrifugal type

220V, single phase

I) Sensor : Pt 100
Amp. | made by Hando Eng. (Korea)
1) CA thermocouple and indicator

Hot wire type
Accuracy - 0.01 gr

Double-beam color analyzer, Tokyo Denshoku
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Table 5. Experimental conditions of medium of air

Factor Range of value
Thickness of medium(h) 0.3~0.5m
Air velocity(v) 0.2~1.0m/s
Dry bulb temperature of air(T)| 40.0~80.0C
Relative humidity of air (RH) | 145~83.0%
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Table 6. The general properties of seramic IR heaters
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Circular 025 13 370 Environmental conditions of
Trough A 0.25 15 320 stagnant air: 29.9C
Trough B 0.43 10 450 40% RH
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Table 7. Factors included in statistical models and number of possible combinations

Factors

h, V, RH, hXV, hXRH, VXRH

No. of combinations

33

Notes) h : thickness of medium(m)

RH : relative humidity of air (dec.)

E 7o) vER 22150 o8] TAHE 23R
Hel ¥4 Jd9e SAS/STAT(version 6.04) 9] RS-
QUARE procedure® o] &3}o] B8 A5} 247

V : air velocity (m/s)

5k Mallows®) Cpakel ©|a) Egh 2] o] o4
oAV WRASE & Y4 F, Cp & e
2 $e 230l @ /4ol a4 A,

Table 8. Selected variables for multiple regression models

Selected variables R? Cp
f,(V, RH, hXRH, VXRH) 0.9047 4.095
£,(h, V, RH, hXRH, VXRH) 0.9048 6.000
£(V, RH, hXRH) 0.8881 20.128
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Table 9. The effect of distance of IR radiation on the temperature of red pepper in the room temperature.

Distance Type of mc Tew Ti Tee Te t
IR heater
Circular 81.7 29.8 28.9 54.8 52.6 30
40 cm Trough A 80.5 294 29.2 544 52.9 30
Trough B 80.4 30.1 29.6 62.9 58.5 30
Circular 76.8 30.3 30.3 59.5 55.4 30
30 cm Trough A 835 294 289 60.0 55.9 30
Trough B 80.5 30.2 29.7 777 72.6 30
Circular 82.0 30.0 29.5 68.6 61.6 30
20 cm Trough A 79.8 29.0 28.8 71.0 64.1 30
Trough B 81.2 29.3 29.0 92.1 819 30
Notes) mc  moisture content {% wh)
T  : temperature ()
t : elapsed time(min.)
sub s : upper surface of red pepper
sub i . inside of red pepper
sub o: initial
sub e after t
o 30% BU NFE SHEY F 2o FWHAEE " o
$9toz BAY A3}, B2 Y Ak AR N ol
#71 A8 o B4 217} 30cmst 20eme 3 s e
$ 039 BY AEE FH402 dake AUE e e R T
BED 9%} B2 AY ) AR AEI7} A o == =g ==
25998 HE WAAEY) 20eme AT XA & R
Moz Wahe JUE HATh oldE AR B ———
n&o AL nAPUE KA B A& voire soriaminis)
2ol wabA #Es A )7} A §E ofof Fg & 5 g Fig. 5. Variation of temperature of each section
o} with respect to moisture content in red pe-
pper during heating by cicular type IR hea-
2) Txo| @A B ter (radiation distance=30cm).
GESERIE S RS EEE-LISEE L 2 T
LE 457 £ 30 o] §HEE K7 N T
A 13 BEFRE(pseudo-steady state) ol Z : i : £
=95 "k o714 BEgkESD e A P —p] e |
AQ712ke A D3] L5 Y LES A o =
% #A3he Ao oheh Ato] Aol et ¢ g N
Fgol B2FOo2H S8 S 2835 383 " @ m™ m =
do] A A He 9F 130 2 FA Uosire contanin)
F7 s e AHE v gt Fig. 6. Variation of temperature of each section

with respect to moisture content in red pe-
pper during heating by trough A type IR
heater (radiation distance=230cm).
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Fig. 11. Inside temperature of red pepper during
heating by hot air (M,=268% db, M=
10.8% db).
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Table 10. Drying conditions for the experiment
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Temperature of Moisture
Test Energy drying chamber content Air Radiation
no source dry bulb wet bulb Initial Final velocity distance
(t) (© (% db) (% db) (m/s) (cm)
Circular
1 IR heat 54 39 422.9 10.6 0.5 30
Trough A
2 IR heat 55 40 475.5 10.5 0.5 30
Trough B
3 IR heat 69 46 4194 4.7 0.5 30
4 Hot air 65 39 4034 9.7 0.5 -
5 Hot air 50 35 437.0 12.8 0.5 -
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Fig. 12. Drying curves of red pepper under the va-
rious conditions.
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- Table 11. The capsaicin content after heating raw red pepper.

Heating method tiHme:(tﬁf) céﬁzzc)m diftif,iﬁi;)
IR radiation (circular) 34.8 36.10 30
IR radiation (trough A) 17.2 102.91 30
IR radiation (trough A) 355 140.20 30
IR radiation (trough B) 25.6 15.76 30
Hot air convection (50T) 54.0 275.18 -
Hot air convection (65C) 18.0 94.57 -
Hot air convection (65C) 320 86.37 -
Hot air convection (70T) 10.0 60.21 -
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Table 12. The color of surface of red pepper after heating.

Heating method Heated material | Heated time(hr) AL Aa Ab
IR (circular) raw red pepper 34.8 -67.18 10.50 3.62
IR(trough A) raw red pepper 17.2 -66.72 12.14 484
IR(trough A) raw red pepper 355 -64.84 12.07 5.65
IR(trough B) raw red pepper 25.6 6777 8.83 331
Hot air(50C) raw red pepper 54.0 -66.41 12.64 4.88
Hot air(65C) raw red pepper 18.0 -67.00 9.32 333
Hot air(65C) raw red pepper 32.0 -67.21 9.96 357
Hot air(70C) raw red pepper 10.0 -68.48 11.09 413
IR(circular) dried red pepper 11.2 -66.48 9.32 3.28
IR (trough A) dried red pepper 9.6 -65.55 10.00 4.06
Hot air (50C) dried red pepper 11.8 -66.41 9.59 297

Notes) A : difference between standard and measured values

L  lightness

a : (+) fredness, (0) gray and (—) greenness

b : (+) yellowness, (0) gray and (—) blueness

dried red pepper . dried at 50T in an air oven during 40 hrs
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