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Abstract

The performance of single and two stage solar concentrator were studied
experimentally. The ratio of the primary to the secondary mirrors diameter is taking to
be 0.5, depending on the theoretical calculation for the accumulated energy by the
concentrator with ratio between 0.0 to 0.9. The design of the systems were designed
and examined by using a ray-tracing program. The efficiency of the single and the two
stage concentrators are calculated and compared with and without cooling systems.

Introduction

Because of  the spherical
aberration, the image of the sun is
wider when focussed by a spherical
mirror than when focussed by a
parabolic mirror [1]. The importance of
spherical mirror as means to
concentrate solar energy, may be
emphasized by their low cost in
addition, their low concentration may
be improved by the introduction of the
second mirror at their focal plane.The
focus of the primary mirror coincides
with the focus of the secondary mirror.
The irradiance of a two-stage
concentrator without any defects, at a
distance r from the center of the sun
image is given by [2],
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Where Ji(nr) is the first Bessel
function (g) is the ratio of the
secondary to the primary mirror, from
this equation, it is shown that for a
single stage (€=0) the irradiant is;

To compare the performance of a
single and two-stage concentrators
with different (g), one could use the
accumulated energy by a circle of
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radius (o) which is given by the
relation;
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The first term of equation (3) represent
the accumulated energy for a single
stage concentrator. This equation was
solved by using Mathematical
Computer Added Design (MCAD) [3],
depending on this reference, one
conclude that the accumulated energy
in two stage concentrator with (e=0.5)
is the best (figure (1)), so this
theoretical results was used in the
design of the two stage concentrator.
The energy conversion efficiency can
be calculated using the equation;
Where (Im, Vm) are the maximum
current and voltage point, P; is the
incident solar power density and A, is
the receiving area of the solar cell [4].
The  design procedure for a
concentrator involves the choice ofa
basic geometry followed by an analysis
of the shape using the yearly solar
radiation data, the most convenient
method for examine three- dimensional
module structure is computer ray
tracing [5].The primary and the
secondary mirror , the diameter of each
mirror, the distance between the
mirrors (Th) and the refractive index of
the spacing between the mirrors. An
optimization for these input parameters
to give the best-accumulated energy
was done by using least square method
which find the design after an
optimization. Figure (2) shows this
optimized system.

Experimental arrangement

Silicon solar cell of diameter (10 cm)
was used (SZ100-0) of a surface
(78.5£1.5 cm), thickness (0.5+.15
mm), and with refractive index for the

antireflective coating (n=2.2). The
applied base material of solar cell is a
single -crystalline silicon, which is n-
doped n sensitized face. The cell was
supplied with tin-plated connections,
which can solder using all usual
soldering process. The short circuit
current (Is.) and the open- voltage (Voc)
are measured using (7045 digital
multimeter supplied by (Electro plan
company). Solar intensity meter (118
from Instruments Haenni Mesgerate)
was always used to give the radiation
incident on the solar cell. The
temperature of the solar cell is
measured by digital thermometer
module (2754-PT100), and a cooling
system was used with flow rate water
(0.006l/sec). The I-V characteristic
behavior of the cell is drawn in figure
(4,5). The efficiency of the solar cell is
calculated using equation (4), where
Pi=300 W/m?, 3000 W/m® for single
and two-stage concentrator
respectively.

Results & Discussion

The I-V characteristic of the solar cell
with and without cooling was
measured using simple electric circuit
shown in figure (3). Without cooling
and at Pi=300W/m’ the cell efficiency
and output power were 5.08% and).
0.119 watt respectively. With cooling
the efficiency of the cell and output
power are improved and become 6.8%
and 0.162 watt respectively (at a cell
temperature=306 K) Voc is also
improved (table 1). When the one stage
concentrator was used, the irradiance
on the cell is increased to 1200 W/m?,
the efficiency also increased to 14.7%
and the output power has increased to
0.382 watt and the temperature of the
cell become T=333 K while when the
cooling was used, the efficiency
increased to 16.7% and output power
to 0433 watt while the cell
temperature (T=308 K) (Figure (4).
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Using two-stage concentrator increased
the irradiance to 3000 W/em® so the
temperature of the cell was raised to
366 K the efficiency increased to
16.2% and output power to 0.3496. So
that cooling is necessary to improve
efficiency and output power, which
increased, to 21.7% and 0.5132 watt.
Voc also increased to 0.475 with
cooling (T=333 K ) as shown in figure
concentrator will increased the output
power of the solar cell. Moreover it is
more efficient with low cost, and its
manufacturing is easy than the other
concentrators.

Parameter | Cell Two-stage
Without | With Without | With Without | With
cooling | cooling | cooling | cooling | cooling | coolin
n% 5.082 6.8 14.7 16.7 16. 21.7
OQutput 0.119 0.162 0.382 0.4333 0.3946 0.5132
| power watt
Cell Temp. | 318 306 333 308 369 3313
| (Kelvin)
Isc (mA) 565 660 116 1173 11399 1481.86
Voc (volt) | 0.468 0.525 ).435 0.4942 0.454 0.475
Incident 300 300 200 1200 3000 3000
power w/m
Concentra- | 1 1 4 4 10 10
tion ratio

Table (1) Parameters for the solar cell with single and two-stage concentrator
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Figure (%):1-V characteristics of silicon solar cell using single —stage
concentrator with cooling.
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Figure (5): I-V characteristic of silicon cell using double stage

concentrators with cooling.

References

1- Kritchman, E.M. 1983“Ideal sec-
ond stages tandem with spherical
mirrors”, olar nergy, ol. 0,
No.5, PP 481-482.

2- Born, M. and E.Wolf, 1975 “Prin-
ciple of optics”, PERGAON, New
York, pp416.

3- Al-Hamdani, Ali H. 2000, “Effect
of solar cell shapes on the accu-
mulated energy”, Arab Energy and
Sustainable Development, pp705.



J. of Um-Salama for Science Vol 1 (2) 2004

4- Pulfrey, D. L. 1978, “Photovol- 5- Bowden, S. 1996, “A high effi-
taic power Generation”, New York: ciency photovoltiac roof tile” Ph.
Van Nostrand Reinfhol, pp50. D. thesis, University of New South

Wales.

U jpal) AU 5 Aglal) dsuadd) i 38 all 1) agls
Bl as d Jo** Al Jlas Gislu** dldaadl o Ao

Aol i Lcadd) 48U & gay S at
c 3y Amala— il 2 glal) AdS—ply Judl) and **

A g ne ABINNY g A gil BT el el Aas Sl Caediiiuly Llee Oila jall S e glal gy

il g & anai a5+ Agasadl) AN e Amaniall AUl 4 kil cillual) e el dllyy 1,0 N

3aal gl 4l yall 3 S e el 'Sgl_ﬁsl\e_ua.‘f)ae“ Jw\@'ﬁen\_)g Pl.\iﬁu\gi})ﬂ‘ L)u\
c2 8 daghie 35y pae g 99 Lagiijliay (il el



