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Fig(®) Exergy efficiency changes during drying at all three temperatures and two replications at infrared radiation intensity 0.32 (W /cm?)
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Fig 6) Exergy changes lost during drying at all three temperatures and two replications at infrared intensity 0.49 W /cm?
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Abstract

Exergy analysis is performed to determine the exergy yields and losses using the second law of
thermodynamics. In this study, an infrared-hot air combined dryer system was studied for drying of parboiled
paddy (Fajr variety) and the exergy analysis of its drying process was investigated in laboratory scale.
Experiments were performed at 1 m/s inlet speed 0.32 and 0.49 W /cm? infrared radiation as well as three inlet
air temperatures of 40.50 and 60 ° C. The results showed that the highest exergy efficiency was at 60 ° C with
an average value of 66% and the lowest exergy loss was at temperature of 40 ° C with an average of 1.33 kJ/s.
The average exergy efficiency for 0.49 W /cm? at three temperatures of 40, 50, 60 ° C was 8.6, 1.23 and 7.28%
higher than the average exergy efficiency at 0.32 W /cm?, respectively. This study shows a successful and
efficient combination of infrared and hot air in parboiled paddy drying. This study shows a high exergy
efficiency and efficient combination of infrared and hot air in parboiled paddy drying which increases the
efficiency by increasing the inlet hot air and infrared radiation.
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Symptom List
A(m?) Cross-sectional area s(kJ /kg k) Entropy
Apc(m?) Cross-sectional area of the dryer s, (K] /kg k) Entropy for ambient
compartment sia (K] /kg k) Entropy air inlet
A;(m?) Inlet cross section Seai (K] /kg k) Entropy for ambient air inlet
Ap(m?) Infrared radiation area KT Temperature
Ay (m?) Cross section of material (product) T, (K) Inlet Air Temperature
Cp,air (K] /kg K) Special heat capacity of air T,0:(K) Ambient Inlet Air Temperature
Cpai (K] /kg K) Average heat capacity for the inlet air Tr(K) Infrared source temperature
Cpao(KJ/KgK) Average heat capacity for the outlet air Ty (k) Product temperature
C, (ki/kgK) Average Special Heat Capacity To(®) Dead state temperature
e Exergy for Inlet Air T..(k) ambient temperature
f - u(k] /kg) Internal energy
Coa Exergy for Exhaust Air u,, (k] /kg) Internal energy for the environment
E; Inlet emissive power v(m3/kg) Special volume
Ex;(k]) Exergy Input v, (m3/kg) Special volume of environment
Ex,(kJ) Exergy loss I;/((m/ /S)) A?:?:glcoltt:)i/ty
o (m/s
F Inlet shape factor __ w(ko/ko) Specific humidity
Fir_pc Infrared Visibility Factor - Drying - —= -
chamber w,; (kg water/kg Inlet air humidity ratio
e drying air)
Fip_y Infrared-Material Visibility Factor - — -
Fy_pc Drying chamber viscosity — materials waa(rb?nvgaat?rglkg Outlet air humidity ratio
> - -
g(m/s7) Accelera}tlon of gravity W, (kg) Weight of product in time
Jde Newton's law constant - -
(k7K Ent hal - (m) Z altitude coordinate
ia (KI/kg) nirance enfhalpyair z,(m) ambient altitude coordinate
haqi (K] /kg) Entrance enthalpy of ambient air -
IR Infrared radiation B Energy Quality Factor
rad Infi Ty
IRooy Infrared reflected € nfrared rad'lat'lon factor
Ropiz Infrared emitted £, Product _radlatlon féctor
IR qn Infrared transmitted pe (K] [kg) Chemical potential
Ji Jules Constant u (k] /kg) Chemical potentie}l of the_ environment
N, Chemical number of species pa(kg/m?) Density of air
my (kg air/s) Air mass transfer rate a(W/m* K*) Stephen-Boltzmann Constant
mm,, (kg water/s) Moisture Mass Transfer Rate n,, (%) Exergy Efficiency
P, (kPa) Environmental pressure
Qaps (KI/s) Energy absorbed




