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Influences of Far-Infrared Radiation on the Energy Efficiency of
Stepwise Jet Spouted Bed Drying System
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Abstract

The objective of this research was to investigate the use of drying concept combining the stepwise jet
spouted bed and FIR for drying of an agricultural product. A laboratory-scale of a combined stepwise jet spouted

bed and FIR drying system is developed and tested. The effects of various operating parameters, i.e., drying
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temperatures (70, 80 and 90 °C), and stepwise drying patterns on the drying kinetics of a selected agricultural
product (pepper grain) and energy consumption of the process as well as qualities of dried product are then in-
vestigated. In this work, stepwise supply of air velocity to the system (SV) and combination of continuous drying
with stepwise drying (CSV) at different on:off periods were selected as the stepwise drying schemes. It was found
from the experiments that combination of stepwise drying and FIR could reduce the energy consumption during
the drying process expressed in terms of specific energy consumption (SEC). Based on the results obtained in
this work it was found that energy saving in the case of combining SV drying scheme with FIR, at the drying
temperature of 70 °C, was found to be around 31 to 36% compared to that of continuous drying. In terms of
the dried product quality it was observed that drying temperature was the main factor influencing the color
changes of the dried product. Drying at higher temperatures yielded redder and darker pepper than drying at lower

temperatures. In addition, the value of broken-grain percentage of dried pepper in the case of continuous drying

and stepwise drying was not significantly different.
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20:10 330 220 15.44 -0.39°
SV 80
20:20 380 200 15.18 1.30°
20:10 270 180 14.85 -18.71°
90
20:20 350 180 14.88 -18.94°
20:10 320 220 13.21 36.31°
70
20:20 410 210 13.13 36.69°
20:10 290 200 13.66 11.18°
SV-FIR 80
20:20 350 180 13.44 12.61°
20:10 230 160 12.45 0.48°
90
20:20 320 160 12.48 0.24°
20:10 320 240 14.42 30.47°
70
20:20 370 230 14.97 27.82°
20:10 240 190 12.16 20.94°
CSV 80
20:20 280 180 12.34 19.77°
20:10 180 150 10.53 15.83
90
20:20 250 170 11.03 11.83°
20:10 310 240 14.28 31.15°
70
20:20 330 240 14.11 31.97°
20:10 230 190 12.10 21.33°
CSV-FIR 80
20:20 260 180 12.21 20.61°
20:10 180 150 10.34 17.35°
90
20:20 220 160 10.35 17.27°
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M3 19N 4. ﬂ'lﬁL‘]J'ﬁﬂullﬂa\‘iﬁlmgﬂ']ﬂmﬂ"ll'f]\ﬂllﬁﬂWﬁﬂhlﬂﬂVI@UuﬂQﬂ')EleJunl"U@]N 9

gﬂmmms Temperature | on:off period nafdonnlned mmmnﬂmmmﬁﬂ
UNNY (o) (min:min) AL/Lo Aa/ao (%)
70 - -0.123£0.003° | -1.441%0.018"™ 4.69+0.11°
Continuous 80 - -0.138+0.003" | -1.459+0.034" 4.53+0.13"
90 - -0.149£0.007° -1.628+0.080° 4.33+0.12"°
20:10 -0.113+0.006™ -1.371£0.006" 2.67+0.11°
7 20:20 -0.114+0.004" -1.369+0.005" 2.64+0.19"
20:10 -0.130+0.002° | -1.381+0.023" 2.58+0.22"
o W 20:20 -0.133+0.006" | -1.383+0.011" 2.47+0.24"
20:10 -0.144+0.007% | -1.537+0.024™ 2.60+0.16"
0 20:20 -0.149+0.012% | -1.544+0.012" 2.63+0.21°
20:10 -0.116+0.005™ -1.374+0.006" 2.69+0.23"
70 20:20 -0.112+0.011% -1.372+0.007" 2.61+0.14"
20:10 -0.132+0.004" -1.380+0.013" 2.59+0.19"
SVHIR W 20:20 -0.129+0.007" -1.377+0.010" 2.57+0.21°
20:10 -0.145+0.008% | -1.540+0.011™ 2.61+0.17"
” 20:20 -0.147+0.009* -1.545+0.008° 2.6240.15"
20:10 -0.125+0.001° | -1.457+0.028"¢ 4.33+0.10"
7 20:20 -0.123£0.004™ | -1.460+0.011" 4.37£0.18"
20:10 -0.140+0.003% | -1.482+0.036™ 4.58+0.18"
v W 20:20 -0.143£0.007% | -1.459+0.008" 4.61£0.21%
20:10 -0.151+0.001° -1.641+0.018° 4.21+0.03"
” 20:20 -0.153+0.004° -1.649+0.011° 4.33+0.22°
20:10 -0.124+0.002° -1.452+0.008" 4.36+0.18"
7 20:20 -0.125£0.003" |  -1.459+0.012" 4.39+0.22°
20:10 -0.142+0.008™ | -1.464+0.013" 4.54+0.10™
COVIIR W 20:20 -0.146+0.011% -1.458+0.012° 4.59+0.19"
20:10 -0.153+0.004% -1.644+0.008" 4.31+0.14°
0 20:20 -0.156+0.009% -1.643+0.009° 4.38+0.24"

o

fdnusmmsanguiceiuluaedniferiunueanuimdinanuandeiueiiiod vy (p<0.05)
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