A uniform temperature heat sink for cooling
of Concentrator Photo-Voltaics systems
2013

Itamar Allali (USA), José Ballester (Spain), & Feodor Brodski (Israel)

Mentor:
Dr. Albert Mosyak
Supervisor: Professor Gad Hetsroni
Faculty of Mechanical Engineering

Results

38

Cell efficiency (%)

34

50 ºC

32

75 ºC

30

100 ºC

28
26
24
22
20
1

2

5

10

20

50 100 200 500 1000

Concentration (suns)

Fig. 2. Efficiency loss caused by excessive heat.
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Fig. 3. Diagram of a CPV and its cooling system.

efficiency of energy production (Fig.
2). Since light is incident on the
cell’s upper surface, the only option
for cooling the cell is from behind,
which has been previously done by
use of micro-channel heat sinks
(Fig. 3). Our goal is to try to cool the
cell with single-phase flow of water
through a micro-pin-fin heat sink
instead, with hopes for a more
uniform cooling effect on the cell.
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Fig. 4. Photo of the experimental setup.
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A micro channel heat sink, as has been used in the
past, is a metal chamber with walls that create
various channels across the chamber (Fig. 5a). In
our experiment, a micro-pin-fin heat sink (Fig. 5b
and 6) is used instead, which is a metal chamber
with a number of pins located inside. The heat sink’s
dimensions are 10.8 x 10.8 x 4.5 mm.
Water ran from a reservoir, through a pump,
measurement equipment, and the micro-pin-fin
heat sink in our experiment (Fig. 4 and 7).
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Fig. 5. Micro-channel
(a) and micro-pin-fin
(b) heat sinks.
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Fig. 9. Histogram showing distribution of
temperatures in the heat sink (run #12).
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Fig. 10a, 10b and 10c. Profile of temperature evolution in the flow direction (runs #3, #6 and #12, respectively).
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Fig. 8. Temperature image (run #12)
from IR radiometer.
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Concentrator Photo-Voltaic
systems, or CPVs (Fig. 1), use
reflective surfaces to
concentrate solar light on a
single solar cell. This is a
cheaper way of harvesting solar
energy because the reflective
surfaces are cheaper than using
many cells, but it is problematic
because the concentrated light
heats the cell significantly. In
addition to damaging the cell,
this excessive heat reduces the
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Fig. 1. Example of a Concentrator Photo-Voltaic system.

An Infrared image of experimental run 12 (Fig. 8) shows the
distribution of temperature across the heater. Along with the
matching histogram (Fig. 9), this shows temperature distribution
that is near to uniformity. The bulk of the square in the image is
red, with the exception of green areas such as the wire that
connects the power source. The histogram’s tall peak suggests
that most of the image has the same temperature. In addition, one
can see in the profiles of experimental runs 3, 6, and 12 (Fig. 10) an
increase in uniformity. These profiles
Electrical
Mass flow
show the temperature of the heater in
No. of
exp. run
power
rate
the direction of the flow of water. As the
mass flow rate of water increases (Table
5.89 x 10-5
3
5.8
1), we get a straighter line, meaning a
more uniform temperature distribution.
1.19 x 10-4
6
10.8
The standard deviations of the three
2.92 x 10-4
12
18.8
profiles also point to increasing
uniformity (1.08, 0.92, and 0.80 ºC for
Table 1. Conditions for experiment.
runs 3, 6, and 12 respectively).
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As has been proved time and time again, a micro-channel
heat sink follows a parallel linear relationship between water
temperature and base temperature of the heater. This is
displayed in Fig. 11a, using the same inlet and outlet water
temperatures of experimental run 12. In addition, according
to the data from the IR radiometer and our calculations, the
micro-pin-fin heat sink produces a base temperature that is
near uniformity. This is clear because of the low values of
standard deviation for temperature that are displayed in the
direction of the flow of water.
Fig. 11b displays the base temperature and its relationship
with water temperature at the inlet and outlet. Looking at
these two simple figures, we can see that the micro-channel
heat sink reaches a higher maximum temperature than does
the micro-pin-fin heat sink; therefore, the micro-pin-fin heat
sink seems to be more effective in cooling and is a better
option to meet this need.
Fig. 11a (top left) and 11b (bottom left). Profile of fluid and base temperature
evolution in the flow direction (theoretical profile for micro-channels and
experimental for pin-fin).
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Fig. 6. Micro-pin-fin heat sink close up diagram.
1. Water reservoir
2. Pump and control valve
3. Flow meter
4. Thermocouples and
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Fig. 7. Experimental setup schematic diagram.
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pressure transducers
5. Chip simulator
6. Infrared radiometer
7. Water deposit

As a result of the measurements of the Infrared Radiometer, other equipment, and our calculations, we
have concluded that a micro-pin-fin heat sink with single phase flow of water achieves uniformity
significantly more than a micro-channel heat sink does. The micro-pin-fin heat sink also achieves a
lower maximum temperature. However, this difference is significant but not monumental, and it could
very well be that the benefits of the micro-pin-fin heat sink do not outweigh the costs of production.
That final conclusion can only be made from further investigation of both heat sinks.
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