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ABSTRACT

Investigates were conducted inside a controlled solar simulator room (of 3.2m length, 204m width
and 3m height) to test the affecting parameters on the unglazed transpired solar air heaters design.
The considered parameters were, the hole (perforation) diameters, dimensions apart, suitable suction
velocity under the simulated incident solar radiation of the investigation site, effect of the prevaJling
wind speed and wind direction, also effect of material being used and its thickness. Heat exchange
effectiveness was taken to govern and select the best design option.

Three main components were used in these investigations: the plenum wooden prism which holds
the perforated piates under investigation, solar simulator and the wind tunnel which simulates the
prevailing wind direction and its speed.

A prism shape wooden box of 1.5m length and 0040m x 0040m square cross section was used as
a plenum, where the perforated plates under investigation were held by the plenum aperture which
faced the solar simulator; on the other-side, a suction blower was located. Isothermal perforated plates
of different materials and different thickness were investigated. Range of different isothermal good
conductOr metals i.e. Steel, Galvanized steel and Aluminum each has thickness of 0.5mm, 0.9mm,
1.2mm and lo4mm, were investigated. Holes of 2mm, 3mm, 4mm, 5mm, and 6mm diameters and with
diiferent distances apart were distnbuted, on the plates at different square shapes of BOxBOmm,
40x40mm, 20x20mm and 10x10mm also different diamond shapes of 57x57mm, 29x29mm and
14x14mm. The perforated plates were investigated with different suction air flows of 1.3ms·' , 0.91ms·',
O.67ms·' and 0.5Bms· ' through thin isothermal perforated plates with and without a cross wind on the
upstream face.

Tungsten-halogen lamps of 2, 4, 6, and BkW were investigated to find out the suitable illumination
power resource among these resources to simulate the solar energy intensity over Ismailia region. A
small wind tunnel was used to simulate the prevailing wind speed. Wind speeds of 1.51ms·', 1.35ms·' ,
1.29ms·j and O.B6ms·' were performed to find out the prevailing wind speed effect with blowing angels
of Cf', 1:t, 3Cf', 4:t and 600 all were compared with no wind conditions.

Results indicated that, the heat exchange effectiveness was found increasing with the wind speed
Increase for the same Wind-blowing angle. Apart of the wind speed of 1.51ms·', no trend was noticed
for the effect of the blOWing wind angle with the surface. A directly relationship was found between the
heat exchange effectiveness and the wind speed in ms" for the same blOWing angle. The amount of
the measured radiation has a directly proportional with the simUlator lamp power depending on the
number of lamps in use. MeanWhile, an inverse relationship was found between the amount of
radiation and the distance between the resource and the object being investigated. Using the BkW
halogen solar simUlator can simulate the amount of the solar radiation flux on Ismailia region (Latitude
of 30.56"N and Longitude of 32.23 DE), which varies between 424Wm'2 to 659Wm·2 where the study
was conducted to find out the best design options for the unglazed transpired solar air heaters.

INTRODUCTION
The transpired solar collector concept plays

an important role in solar thermal applications.
For instance it can be used in crop drying and
building ventilation as a way to reduce the
enerb'Y requirements of these processes. The
required fans for these processes can be powered
by photovoltaic cells to reduce the operating
cost. (Gawlik, 1998).

Unglazed transpired-plate solar air-heaters
are effective devices where outside air is to be
heated directly for heating/ventilation purposes.
As the outside air in question is drawn straight
from ambient, uniformly through the whole
surface of a perforated blackened plate (the

absorber plate). The glazing traditionally used
for reducing radiant and convective hcad losses
from the plate of the covered solar collectors can
be dispensed within this situation. The
convective boundary layer is continually sucked
otf, thus virtually eliminating the convective
loss, and the intimate heat transfer between the
plate and the sucked air l'~~"rs the ' ite
temperature low, minimizing the radiant loss
(Cao et aI., 1993).

The heat exchange effectiveness measure
the effectiveness of the air to sweep and gain
surface temperature, it is taken as indicator tor
how much. the temperature gained frOI11 the
surface. It is a ratio of the air temperature
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