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ABSTRACT

Solar air heater systems are used both for domestit industrial applications.
Efficient solar heaters are depending basicallyhenabsorber plate type and shape and the
air mass flow rate. The present paper presents sxperimental results on two solar air
collectors: one with porous absorber and the seedgtidone corrugated absorber. The two
collectors have identical geometry. The tests weade in climatic conditions of Bucharest -
Romania (44° 26' 0" N/ 26° 6' 0" E). The paraneteere sampled for both collectors in the
same time, in order to obtain a direct comparisetwben their behavior. The measurements
of ambient temperature, solar irradiance, wind dpabsorbing plate temperature and the inlet
and outlet air temperature were performed for veriair flow rates throughout the collector.
The result shows that the efficiency of the cotbeatith porous absorber is higher than the
one with corrugated absorber for the same air fla@s and in the same outdoor conditions.
Keywords: Solar air collector, Thermal efficiency, Porousatber, Corrugated absorber

1. INTRODUCTION

The solar energy technologies have a relativelydost and are environmentally friendly.
One of these technologies is referring to solahaater system. They are simple devices that
heats air by utilizing solar energy from the sulnefe are various factors affecting the air heater
efficiency like the type of the absorber plate sglaover, air mass flow rate, collector size, wind
speed, air inlet temperature, etc. Among all, theogber plate shape factor is the most
important parameter in the design of any type ohaater. Several designs for solar air heaters
have been proposed and some of them provided gadormance. Research was performed in
order to experimentally investigate the efficierudya single and double pass solar air heater
having fins attached and using a steel wire mesibssrber plate [1]. The study reported higher
efficiency values for double pass collector in camgon with single pass ones by 7-19.4%.
Other researcher investigated the case of pordéledwith different thicknesses soldered on
the collectors’ back [2]. The results indicatedt i@ highest collector efficiency and air outlet
temperature are achieved by solar air heating syst#¢h a thickness porous baffles of 6 mm
and an air mass flow rate of 0.025 kg/s. Both a@rpemtally and numerically investigation are
known for the thermal efficiency of the single pasdar air collector with offset strip fins
attached on a plate in the air flow pass [3].

Another study experimentally investigated the tharperformance of double and single flow
for three types of solar air collectors, namely fitate, finned and “V” corrugated [4]. The

1Corresponding author, emaihhtan77 @yahoo.com
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double pass operation of the collector leads tih&urimprovement of the efficiency compared
to the single pass of operation in all three types.

In [5] it is presented an experimental investigatam the thermal performance of a solar air
heater with three different shapes of obstaclesvétitbut obstacles. The test results always
yield higher efficiency values for the type withsbéicles than for the type without obstacles flat
plate collector. The obstacles ensure a goodair éiver and under the absorber plates, educe
the dead zones in the collector and create thelembe. Experimental research was performed
to determine the effect of an artificial roughnessa surface on the heat transfer to fluid flow
in the duct of a solar air heater [6]. The absopbate is the most important component due to
its role in a solar collector for air heating. Tthermal efficiency of the solar thermal collector
is increased by increasing the absorber area.rBiffanodifications have been suggested and
applied to increase the surface area of the absplae [7 , 8].

The first objective of this research was to expentally determine the performances of
two different solar air collectors. In this studgme analyzed two types of solar air collectors
with high thermal performance suitable for air ivegt first one with porous absorber made of
soft steel and the second with U-corrugated absanlagle of aluminum. The second objective
of the research was to provide a comparison betweeperformances of these two types of
solar air collectors at various air flow rates.

2. COLLECTORSDESCRIPTION AND EXPERIMENTAL SETUP

The two geometrically similar collectors, one wétporous absorber plate, and the other
with “U”- corrugated absorber are presented inrégoo. 1. The dimensions of two collectors
are 1.4 m x 0.7 m x 0.08 m. Two types of absorkstep were used the first one was made of
soft steel with two layers of a mesh wire and theosd one was made of aluminum. The
dimension and plate thickness for all two collestaere 1.52 m x 0.7 m x 0.0007 m and 1.4
m x 1.13 m x 0.00035 m respectively. Normal windglass of 4 mm thickness was used as
glazing. Single cover glass was used for eacheofwio collectors.

The air flow throughout the collectors accordingheir structure was as follows: in the
case of the porous plate, consisting of a doubleel metwork arranged in a “V” configuration,
the air current was directly oriented from the iniethe outlet of the collector and in the case
of single pass “U” corrugated absorber there wdaeeu three baffles — figure no.1. The
collectors were tested under different weather itimms; an experimental setup is constructed
and tested in the Politehnica University of BucBgrRomania.

(a (b ‘ LT H
omadl 1]

—1f= 0.19

fj 0.70 [«

Figure 1: The experimental set-up and a schematic asserhiig colar air heater with (a) mesh absorber and
(b) “U"- corrugated absorber. (all dimensions in m)
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The parameters to be measured was: inlet, outletpor and indoor air temperatures, wind
velocities, pressure and air flow, as well as sotadiance intensity on the collecting area.
There were used 32 thermal transducers distribateshly, on the bottom surface of the
absorber plates, at identical positions along tiection of flow for each collector. Inlet air
temperatures were measured by two well insulatedrtal transducers. To measure the outlet
air temperatures four thermal transducers weralfadethe end section of each collector. The
ambient temperature and humidity was measured tBleatronic thermo-hygrometer placed
behind the collectors’ body. The total solar radmaincident on the surface of the collectors
was measured by a pyranometer placed adjacent tglazing cover of the collectors; all the
measurement devices were connected to a compimemeéasured variables were recorded at
time intervals of 10 sec. and includes: absorbategemperature at several selected locations,
inlet and outlet temperatures of the air circulgtithroughout the collectors, ambient
temperature and air flow rates. The air flow wasvjated by axial fans placed at the outlet of
the collectors.

3. THERMAL ANALYSIS

The useful power supplied by the collector is thardity of heat transferred to the air and
can be obtained by computing the air temperatutiati@n according to the following equation

[9]:

Qu :mcp (Ta,out _Ta,in) (1)
where:m is the mass flow rate of air in [kg/s], given yuation (2):
2
m=pV = ,ov”'jI (2)

whereV is the volume of the air leaving the collector bg tuct with diamete, v is the air
speed in [m/s] angb is the density of air in [kg/fh
The specific heat of air is assumed to vary lineaith temperature°C) by [10]:

C, =0.0057+ 0.000066T - 27) ©)

where: (T, ., —T.;») is the air temperature increase between colleater and outlet.
The solar energy absorbed by the solar collectdase is given by:

Q, =(1a) I: A, (4)

where | is the rate of incidence of radiation per unit aséthe tilted collector surface [WHjp
A, the collector area [fhand (ra) the effective product transmittance— absorptahbe.term

(ra) represents the fraction of the solar radiationodied by the collectors and depends

mainly on the transmittance of the transparentsglesver and on the absorbance of the
absorbent. It can be evaluated by using the fotigvaquation:

: ra
)= (5)
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The thermal efficiency of a solar air collectodefined as the ratio of the power supplied
by the collector to the total energy absorbed kg gblar collector surface, efficiency of a
collector is expressed as [9]:

- me (Ta,out _Ta,in)
A(ra)l;

n (6)

After measuring the ambient temperature that isbgith inlet air temperature, the outlet
temperatures, solar radiation, outlet air velocityd timing the intervals, the heating
characteristic of the collector, the air flow ratbge heat flux and finally the conversion
efficiency of solar energy in thermal energy wesenputed.

4. RESUALTSAND DISCUTION

Two different types of solar air collectors desedhin the previous sections were tested
under the same outdoor conditions in the 2014héntable no.1 are presented the average air
temperatures measured during the day for eacheo#tlines inside the solar collector where
thermal transducers was mounted and for a flow oht@.33kg/s:Ts1, Ts2, Ts3, Tssa- air
temperatures for the first, second, third and folines respectively of the collector with mesh
absorber anda1, Ta2, Ta3 Tas- air temperatures for the first, second, third &oatth lines
respectively of the collector with “U”- corrugateabsorber. AlsoTse and Tao -outlet
temperature - for mesh and “U”- corrugated absoréspectively was measured..

Table 1. Average air temper ature on 01-10-2014
Tsl TsZ Ts3 Ts,4 Ts,o Ta,l Ta,z Ta,3 Ta,4 Ta,o

Time
(min)
0 25 29 31 34| 46 24 25 28 32
5 28 39 42 50| 46 27 29 35 3¢
10 29 41 47 57| 45 30 32 39 43
15 29 42 49 59| 45 30 32 41 44
20 31 43 51 61| 46 32 34 43 48

OO0

Ot

Bl WW

Figure no. 2 shows the efficiency of “U”-corrugatend porous collectors - as single pass
and through-pass modes at 935 W#ular irradiation. It can be seen that the efficieof the
air collectors is strongly dependent on the aiwfiate. The thermal efficiencies of both air
collectors increased constantly up to 0.7 kg/staed tend to approach a constant value. This
figure clearly shows that the porous collector wrenefficient than the corrugated plate. The
air flow passing throughout the holes of the porooitector contribute to increase the surface
per unit volume ratio and therefore increase teentlal efficiency in comparison with the “U”-
corrugated collector. The “U”-corrugated collechars the significant advantage of absorbing
a greater quantity of solar radiation than poranigector because of multiple absorption and
reflections of incident radiation. This study shothiat the porous collector is 2—10% more
efficient than the “U”-corrugated plate collectdhese two collectors were tested in the same
experimental facility and under the same meteoioldgconditions, the comparison is
considered to be a true reflection of the perforrean
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Figure 2: Comparison of two collector efficiency at the saffoe rate.

In figure no. 3 is presented the temperature specinside the collectors at three different
air flow rate 0.33, 0.66 and 1 kg/s (0.34, 0.68 &X® kg/s ). Figure no. 3a indicates that the
high temperature zone exactly corresponds to tihheuscabsorber while the low temperature
zone corresponds to the corrugated absorber -amsindfigure no. 3b. The high temperature
zone is caused by the large area contact betweeairtnd network holes. From figure no. 3a
and b, the results shows that by increasing the flas rate simultaneously the air temperature
drops in collectors.

ﬁAir outlet
U 033 1

(A)

60
55
50

3

25

Air inlet Air inlet Air inlet

Figure 3. Temperature distribution of the absorber platifiéint flow rate; A) porous absorber plate and B)
“U” corrugated absorber plate.
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5. CONCLUSION

Two types of solar air heat collectors with por@isorber and with “U”- corrugated
absorber were studied comparatively in order t@sssheir performances. The test results
showed that the efficiency of solar air collectoas be improved by using porous media. Also
the results shows that the average performandeeo$dlar air heater with porous absorber is
approximately 6% higher than the collector with “l¢brrugated absorber. The effects of the
air mass flow rate to the efficiency of collectogne investigated and the collectors were tested
in three different mass flow rates 0.33, 0.66 arkh/s (0.34, 0.68 and 1.02 kg/)mThe
thermal efficiency of the heater improves with gasing air flow rates due to an enhanced heat
transfer to the air flow and an optimum value watamed.
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