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Experimental investigation on solar air heater with
double pass aluminium cans

Umang J Patdiwala, Kaushik J Savaliya, Maulik G Sukhadiya

Abstract— solar air heaters are used for applications at low
and moderate temperatures such as; crop drying, timber
seasoning, and space heating. This method substantially
improves the collector efficiency by increasing the fluid velocity
and enhancing the heat-transfer coefficient between the
absorber plate and air. These types of collectors had been
designed as a proposal to use an absorbing plate made of
aluminium cans into the double-pass channel in a flat-plate to
build absorber plates of SAHs at a suitable cost. In the first
type (Type I), cans had been staggered as in order on absorber
plate, while in Type Il they were arranged in zigzag. Type I11 is
a flat plate arrange with baffles. For the same flow rate, the
efficiency of the double pass is found to be higher than the
single pass. An efficiency test was used to find the best fin
arrangement of the receiver. Air enters the upper channel and
lower channel of the air heater flows to outside in the parallel
direction. If 2-10 m/s speed limit of air in piping system is
assumed, proposed some arrangement fin technology enables
an efficiency improvement in relation to the smooth pipe
arrangement of the solar collector with black paint.

Index Terms:-Introduction, Experimental Setup, Thermal
performance, Result and Discuss.

I. INTRODUCTION

The main applications for SAHSs are space heating, drying
and paint spraying operations. Numerous SAH devices have
been developed and used experimentally [1]. A glass or
transparent cover is fixed above the absorber plate and the
system is insulated thermally from the back and from the
sides. SAHs are simple in design and maintenance.
Corrosion and leakage problems are less severe compared
with liquid heater solar systems. The main drawback of an
SAH is that the heat-transfer coefficient between the absorber
plate and the air stream is low, which results in a lower
thermal efficiency of the heater. However, different
modifications are suggested and applied to improve the
heat-transfer coefficient between the absorber plate and air
[2]. There are different factors affecting the SAH efficiency,
e.g. collector length, collector depth, type of absorber plate,
glass cover, wind speed, etc. Increasing the absorber plate
shape area will increase the heat transfer to the flowing air,
but on the other hand, will increase the pressure drop in the

Manuscript received June 12, 2014.

Umang Patdiwala, Asst. Prof., Mechanical Engineering, Gujarat
Technology University/Gandhinagar Institute of Technology, Ahmedabad,
India, 9904405926.

Kaushik Savaliya, Asst. Prof, Mechanical Engineering, Gujarat
Technology University/Gandhinagar Institute of Technology, Ahmedabad,
India, 9909431271.

Maulik Sukhadiya, M.E. Research Scholar, Mechanical Engineering,
Gujarat Technology University/Gandhinagar Institute of Technology,
Ahmedabad, India, 9428411317.

77

collector; this increases the required power consumption to
pump the air flow crossing the collector [3]. Several
configurations of SAHs have been developed in literature.
Various designs, with different shapes and dimensions of the
air flow passage in plate type solar air collectors were tested.
The double-flow type SAHs have been introduced for
increasing the heat-transfer area, leading to improved
thermal performance. The increases of thermal energy
between the absorber plate and the air, which clearly
improves the thermal performances of the solar collectors
with obstacles arranged into the air channel duct. Sahu and
Bhagoria [4] planned to investigate the effect for different
pitch of 90 degree broken wire rib roughness on the
enhancement of thermal performance of SAH. Ghoneim [5]
investigated the effects of gap thickness on the performance
of compound honeycomb using the solar collector. Sadasuke
are made on the performance of a collector with a flow in the
upper channel on the absorber plate as well as in the lower
channel. Njomo [6] examined the unsteady state heat
exchanges governing the functioning of an unglazed
one-pass SAH utilizing a non-porous selective absorber. The
mathematical model developed is then used to predict the
thermal performances of such a collector.

A. Solar Collectors

A solar thermal collector is a solar collector specifically
intended to collect heat, that is, to absorb sunlight to provide
heat. There are various types of thermal collectors, such as
solar parabolic, solar trough and solar towers. These types of
collectors are generally used in solar power plants where
solar heat is used to generate electricity by heating water to
produce steam and driving a turbine connected to the
electrical generator [7]. Fig. 1 shows the classification of
solar collectors.

B. Solar Air Heater

A solar air heater is a simple device to heat air by utilizing
solar energy, which has many applications in drying
agricultural products, such as seeds, fruits and vegetables,
and as a low-temperature energy source. Also, solar air
heaters are utilized for heating buildings with auxiliary
heaters to save energy in winter-time [8]. Solar air heaters
can also be used for industrial purposes. Radiation energy of
sun is absorbed by an absorber plate and then transferred to
air as shown in Fig. 2. This heated air can be used further
according to our requirement. Different configurations are
possible for air flow in the passage [9]. Solar air heaters are
simple in design and maintenance.
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Depending upon the air passage in the solar air heater the
air heaters can be classified in the following ways:

Single glass cover air heater

Double glass cover air heater

Counter air heater without porous media
Counter air heater with porous media

oo
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Fig. 1 Classification of solar collectors

Il. EXPERIMENTAL SETUP AND MEASUREMENT

A model of the constructed double-flow SAH system of
collector is shown in Fig. 2, and photographs of the three
different absorber plates of the SAH collector and the view of
the absorber plate in the collector box are shown in Fig.3,
Fig.4, and Fig.5 respectively. In this study, three types of
absorber plates were used. The absorbers were made of
aluminium sheet with black selective coating. Dimension
and plate thickness for all three collectors were 1 m, 1 m and
2 mm, respectively. Normal window glass of 4 mm thickness
was used as glazing. Single cover glass was used in all three
collectors. Thermal losses through the collector backs are
mainly due to the conduction across the insulation (thickness
3 cm) and those caused by the wind and the thermal radiation
of the insulation are assumed negligible.

Fig. 2: Solar air heater

The absorber surface which is the most important part of
the SAH consisted of 3 circular cross section air flow
channels made of 32(16 _2, upper and bottom surfaces)
aluminium cans painted in black in type | and the SAH
consisted of five circular cross-section air flow channels
made of 50(25_ 2, upper and bottom surfaces) aluminium
cans painted in black in type Il. Each aluminium can was
opened on the top and bottom, their surface was cleaned
using water. Thermocouples were positioned evenly, on the
top surface of the absorber plates, at identical positions along
the direction of flow, inlet and outlet air temperatures were
measured by two well insulate thermocouples [10]. The
output from the thermocouples was measured in degrees
Celsius by temperature indicator. The total solar radiation
incident on the surface of the collector was measured with a
solar power meter. This meter was placed adjacent to the
glazing cover, at the same plane, facing due south. The
experimental setup was situated at Latitude 23° 09” 52°N
and Longitude 72° 26° 27°’E. The measured variables were
recorded at time intervals of 30 min and include isolation,
inlet and outlet temperatures of the working fluid circulating
through the collectors, ambient temperature, absorber plate
temperatures at several selected locations and air flow rates
(HTCAVM-07 digital anemometer). The air was provided by
a blower with a maximum capacity of rpm 16,000 and that
can regulate by AC veriacmeter. The blower placed at the
outlet of the collectors sucked in the air. All tests began at
10:00 AM and ended at 4:00 PM.

A. TYPE-I

In this case the solar air heater conventionally
manufactures. The temperature at the inlet and outlet are
measure also the intermediate air temperature measure by the
thermocouple. The mean plate temperature calculates. The
air is first pass in series type from the inlet of the air heater as
shown in Fig. 3. Also the wind velocity is changing from 2 to
10m/s.

Figure 3: Photograph of Type | arrangement in double solar
air heater with aluminium cans

B. TYPE-II

In this case the solar air heater conventionally
manufactures. The temperature at the inlet and outlet are
measure also the intermediate air temperature measure by the
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thermocouple. The mean plate temperature calculates. The
air is first pass in series type from the inlet of the air heater as
shown in Fig. 4. Also the wind velocity is changing from 2 to
10m/s.

C. TYPE-1II

In this case the solar air heater conventionally manufactures.
The temperature at the inlet and outlet are

Figure 4: Photograph of Type Il arrangement in double solar
air heater with aluminium cans

also the intermediate air temperature measure by the
thermocouple. The mean plate temperature calculates. The
air is first pass in series type from the inlet of the air heater as
shown in Fig. 5. Also the wind velocity is changing from 2 to
10m/s.

Figure 5: Photograph of Type Il arrangement in double solar
air heater with aluminium cans

I1l. PROCEDURE FOR EXPERIMENTAL SETUP:

Here in this experiment | will work with the following
different conditions:

Double pass solar air heater with the aluminium can place
in series form.[Type-I] Double pass solar air heater with the
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aluminium can place in zigzag form.[Type-11] Double pass
solar air heater with the aluminium baffles place in offset as
zigzag form.[Type-I11] Taking the readings for air suction
from the outlet of this arrangement by thermocouple.

Here all the conditions are further work with the varying
the wind velocity of the air flowing through the air heater. In
case of all above four conditions the wind velocity is changed
with the values 2, 4, 6, 8 and 10 meters/seconds [11].

Table 4.1: Experiments Specification

Double pass solar air heater with aluminium cans

Arrangemen
TYPE - | TYPE -1l TYPE — 111
t

V=2m/s V=2m/s V=2m/s

V=4m/s V=4m/s V=4m/s

Velocity V=6m/s V=6m/s V=6m/s
V=8m/s V=8m/s V=8m/s

V=10m/s V=10m/s V=10m/s

IV. CALCULATE THERMAL EFFICIENCY

The thermal efficiency of the solar collectors () is defined
as the ratio between the energy gain and the solar radiation
incident on the collector plane,

1 = MCp(Taour — Ta,in)/ (IAc)-
(1)

Where,

m is the mass of air [kg/s],

C, is specific heat of air [k j/kg K],

T, out is temperature at outlet of air [ C],
T inis temperature at inlet of air [ C],

| is solar isolation intensity [w/m?],

A is collector area [m?],

V. RESULTS

A. Tables and Graphs

An experimental investigate on DPSAH (double pass solar
air heater) with alluminium cans the results as discuss below
with graph of efficiency with respect to time.

For each operating condition there are five comparative
readings were taken for changing the velocity of the air
flowing from the air heater. The change in the wind velocity
changes the mass flow rate of the air heated by the air heater.
The wind velocity is changed in order of 2, 4, 6, 8, 10 m/s for
each operate conditions. From the equation 3.4.1 we can get
the value of the air heater efficiency.
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10:00 6.59 13.81 18.67 | 17.35 17.99
Table 1 as below which shov_vs the e_fﬁuency versus time of 10:30 6.72 1416 2097 | 1875 1813
DPSAH of TYPE 1 as respectively different velocity to 2, 4,
11:00 7.39 14.42 2123 | 19.21 18.24
6, 8, and 10 m/s.
11:30 7.16 14.82 2135 | 19.07 18.36
Table: 1 Efficiency of DPSAH Type -1 arrangement 12:00 7.42 15.41 2169 | 20.01 18.55
TYPEL 12:30 7.43 15.44 2242 | 2071 | 1984
13:00 7.48 15.58 2384 | 2178 20.82
DATE | 12/5/2014t016/5/2014 | VELOCITY:- 2 /4/6/8/10 m/s
13:30 8.09 16.51 2645 | 22.46 21.49
TIME 2 mls Ammls 6mis | 8mis 10 m/s 14:00 7.64 16.62 2536 | 2122 20.36
Min - 1 1 1 1 14:30 7.52 16.51 2476 | 20.01 18.77
10:00 6.00 4 1855 | 1619 16.24 15:00 7.13 16.49 2455 | 19.21 18.45
10:30 67 13.48 1908 | 1692 16,51 15:30 6.92 16.27 2431 | 19.01 17.94
11:00 6.76 1373 2028 | 1841 16.86 16:00 6.87 15.45 2379 | 1851 16.27
11:30 6.86 14.29 2141 | 1921 18.54
12:00 6.91 14.83 2157 | 20.01 18551 Efficiency Vs Time Type 2 of DPSAH
12:30 7.18 14.93 2237 | 2071 19.78 30
13:00 7.45 15.05 2295 | 21.24 19.45 25 _
13:30 7.63 16.49 2461 | 2235 20.23
20
14:00 7.36 15.51 2394 | 2131 19.03
14:30 6.96 15.01 2319 | 20.01 18.75 15
15:00 6.81 14.74 2288 | 19.28 18.43 10
15:30 6.6 14.41 2228 | 1801 16.51
16:00 6.46 14.08 2142 | 17.11 16.14 >
o O O O O 0O o O oo o o o 9
@ Mg Mmoo Mg g mo n e
O O o A ™~~~ Mmoo st s N W W
= = = = = = = = = = = = =
—+—2m/s —B—4m/s 6m/s ——8m/s ——10m/s
Efiiciency Vs Time Type 1 of DPSAH
25
20 Table3 as below which shows the efficiency versus time of
DPSAH of TYPE 3 as respectively different velocity to 2, 4,
15 6, 8, and 10 m/s.
10
MH_"“’—’ Table: 3 Efficiency of DPSAH Type 3 arrangements
5 TYPE 3
SR8 SIZSIISIZR S8 DATE | 26/5/2014 To 30/5/2014 VELOCITY:- 2 /4/6/8/10 m/s
O O A = ™~ ™~ M Mo st N N W
A TIME 2mis 4mis 6 m/s 8mis 10 m/s
——2m/s —m—4m/s 6m/s —<—8m/s —#—10m/s
min n n n n n
Table2 as below which shows the efficiency versus time of 10:00 512 10.28 14.26 13.26 12.56
DPSAH of TYPE 2 as respectively different velocity to 2, 4, 10:30 5.63 10.84 14.85 14.24 13.04
6, 8, and 10 m/s. 11:00 5.83 11.29 15.49 14.69 13.88
11:30 5.94 11.56 16.06 15.78 14.21
- 12:00 6.08 11.71 16.72 15.76 14.48
Table: 2 Efficiency of DPSAH Type 2 arrangements
TYPE 2 12:30 6.23 12.01 17.21 15.75 14.88
13:00 6.38 12.27 17.25 16.33 15.16
DATE | 19/5/2014 To23/5/2014 | VELOCITY:- 2 /4/6/8/10 m/s
13:30 6.51 12.74 18.8 16.88 15.43
TIME 2mls 4m/s 6 m/s 8 m/s 10 m/s
- 14:00 6.36 12.49 18.11 16.17 15.44
min n n n n n
14:30 6.16 12.25 17.71 15.74 14.78
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15:00 5.94 11.85 17.89 14.85 14.51
15:30 5.72 11.29 17.82 14.28 13.88
16:00 5.68 11.24 17.14 14.13 13.81
Efficiency Vs Time T3 of DPSAH
20
15
10
5 gttt +—0——0— 00—y *——b
o O o O o 0O 0o o o o o o o
e m e me na®m e n g m Q
O O =9 =S ~N o ™Mm Mo s N N W
= i i i | = = i i i i i =

—4—2m/s —@—4m/s 6m/s —<=—8m/s —+—10m/s

VI. CONCLUSION

In the present work the conventional solar heater is
modified by using double pass with aluminium cans to
increase heat transfer rate.

The performance of double pass air heater is investigated.
The heat loss from the top cover is reduced in case of double
pass solar air heater for the entire different range of mass
flow rate. The efficiency of double pass solar air heater is
further increase by adding aluminum can son both the
channels. The path of the air travel is increased in case of
double flow solar air heater resulting higher outlet
temperature of the same mass flow rate. This collector
minimizes the heat losses to the ambient and maximizes the
heat transfer to the air stream. In these arrangements Type 2
is higher efficient with compare to other Type 1 and Type 3
arrangements. Increasing wind velocity increases the mass
flow rate. As we increase the mass flow rate it the outlet
temperature decreases due to decreasing the time for heat
transfer process from absorber to air.
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