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while effective efficiency decreases. The effective efficiency of the system increases with
an addition in the number of glass covers and width of the duct. Thermal and effective
efficiency increases with the increase in solar insolation. An increase in velocity increases
the convective heat transfer coefficient of air, which reduces the useful heat gain by in-
creasing the top losses which in turn affects the increase in effective efficiency for the rise

in velocity in the solar air heater. The effect of mass flow rate, the number of glass covers,
heat flux, velocity and variation in width of duct on thermal and effective efficiencies of
roughened solar air heater are presented in the form of plots in the present study.

© 2016 Published by Elsevier Ltd.

1. Introduction

A solar air heater is a thermal system which is used to convert solar energy into thermal energy. A wider application of
solar air heater involves drying of agricultural and marine products, space heating and heating of buildings to maintain
comfort in the winter season. Solar fish dryers are very useful for small fisherman groups. It has been noted that the
performance efficiency of solar air heater is very low because of low convective heat transfer coefficient between absorber
plate and flowing working fluid (air). The presence of a laminar viscous sub layer is the possible cause for low convective
heat transfer coefficient. The resistance to heat transfer arises due to this laminar viscous sub layer is eliminated by pro-
viding artificial roughness on the underside of the absorber plate. Many researchers investigated the effect of various
roughness geometries on heat transfer and friction characteristics in the solar air heater. The researchers have also de-
veloped mathematical algorithms as an analytical tool to simulate solar thermal systems and to optimize the thermal
performance of solar air heater. The optimization technique helps to predict an optimized set of designs and operating
parameters. Ahmad et.al. [1] experimentally investigated the effect of system and operating parameters, viz. geometry of

* Corresponding author.
E-mail address: vipingawande@gmail.com (V.B. Gawande).

http://dx.doi.org/10.1016/].csite.2016.03.003
2214-157X/© 2016 Published by Elsevier Ltd.


www.sciencedirect.com/science/journal/2214157X
www.elsevier.com/locate/csite
http://dx.doi.org/10.1016/j.csite.2016.03.003
http://dx.doi.org/10.1016/j.csite.2016.03.003
http://dx.doi.org/10.1016/j.csite.2016.03.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.csite.2016.03.003&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.csite.2016.03.003&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.csite.2016.03.003&domain=pdf
mailto:vipingawande@gmail.com
http://dx.doi.org/10.1016/j.csite.2016.03.003

20 V.B. Gawande et al. / Case Studies in Thermal Engineering 8 (2016) 19-31
Nomenclature U. Edge loss coefficient, Wm™2K~.
D Equivalent or hydraulic diameter of duct, mm. Dimensionless parameters
Ap Surface area of the absorber plate, m~2.
C Conversion factor. e/D Relative roughness height.
e Rib height, mm. f Friction factor.
Fo Heat removal .factor. f, Friction factor for rough surface.
Fp Collector efficiency factor. f, Friction factor for smooth surface.
G Mass velocity of air, kgs~' m~2. Nu Nusselt number.
h Heat transfer coefficient, W m~2K~'. Nu, Nusselt number of rough surfaces.
hyw Convegtivelheat transfer coefficient of wind, Nu, Nusselt number of smooth surfaces.
Wm K™ . Pr Prandtl number.
w Height of the duct, mm, Ple Relative roughness pitch.
I Solar insolation, W m~™~. Re Reynolds number.
K Thermal conductivity of air, Wm™!K~1, W/H Duct aspect ratio.
K; Thermlal ) conductivity of insulation, I Turbulence intensity,.
Wm~ K™
m Mass flow rate, kg s~ 1. Greek symbols
Ao Cross section area of orifice, m2.
w Width of the duct, mm. Dynamic viscosity, N s m 2
APy Pressure drop across orifice meter, Nm~2, ﬁ Density of air, kg 1']1*3 )
AP Pressure drop across duct test section, N m~2, . ! P -
c d Shomfic Heatpof air kg1 K- Pm Density of manometer fluid, kg m 3.
LP Ipl ¢ lensth of d £ g : k Turbulent kinetic energy, m? s—2.
L1 Tn et I engt h Ofthuc d' rntm. B Ratio of orifice diameter to pipe diameter.
L2 Oestl i?g t(l)l fz L;C » mm. v Kinematic viscosity, m? s~ 1.
P3 Piltlcrf r:rlrllg ot duct, mm. 0 Tilt angle of manometer, degree.
P L K Thermal diffusivity, m? s~ 1.
U Mean airflow velocity in the duct, ms~ 1. o Chamfer angle Y
Ca Coefficient of discharge for orifice meter. e Emittance of pi ate
u Air flow velocity in x direction, ms~ . Sp Emittance of glass.cover
Air flow velocity in y direction, ms~1. & ; ’
¥ Air temperaturey K y Nth Thermal efficiency.
. . C Effective efficiency.
Ahg Difference in levels of U-tube manometer, m. Nletf Transmission effi CSI ency.
T, Outlet temperature of air, K. e Motor efficiency '
T; Inlet temperature of air, K. 2:" Pump efficiency.
&’l Ll\;ls?fﬁltﬁrenaliegr;t#rsv()f absorber plate, K. T Transmittance absorbtance product of glass
> cover.
T, Average plate temperature, K.
T¢ Average air temperature, K. .
N Number of glass covers. Subscripts
L Length of the test section. .
AT Bulk mean temperature of flowing fluid, K. THPP Thermo hydraulic performance parameter.
AT/l Temperature rise parameter, m? KW !, r Roughened.
U, Overall heat loss coefficient, Wm~2 K~ 1. S Smooth. ) ]
U, Top loss coefficient, W m~2 K~ !. CFD Computational Fluid Dynamics.
Up Bottom loss coefficient, Wm™2 K~ 1.

wire screen matrices, insolation, inlet temperatures and mass flow rates on thermohydraulic performance characteristics of
packed bed solar air heaters. Their study reported that relatively higher enhancement in the thermohydraulic efficiency has
been found corresponding to higher values of temperature rise parameter. They suggested that it would be advantageous to
use packed bed solar air heater when higher grade energy is required even when the insolation is relatively low. The effect
of roughness and operating parameters on the thermal as well as the hydraulic performance of roughened solar air heaters
was discussed and the thermohydraulic performance of roughened solar air heaters was compared with that of conven-
tional smooth solar air heaters by Gupta et. al. [2]. Their study found that the systems operating in a specified range of
Reynolds number shows better thermohydraulic performance depending upon the insolation. Thermohydraulic investiga-
tions on a packed bed solar air heater having its duct packed with blackened wire screen matrices of different geometrical
parameters (wire diameter and pitch) were carried out by Mittal et. al. [3]. The thermohydraulic performance of a solar air
heater was evaluated using a mathematical model and they reported that packed bed solar air heater is thermohydraulically
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