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ABSTRACT: installed capacity of solar jeCt in India is about 4.22
In this present work, the performance GW. India is planning togfoduce 100 GW of solar power by
evaluation and comparison between mirror 2022. Considering t that solar cell efficiency
augmented silicon PV panel system, 2D CPC based i
silicon PV panel system and 3D compound parabolic i t be provided to make
concentration for a simple poly-crystalline silicon i i r installed capacity.
solar cell of area 10 x 10 mm is examined. We d djfferent non
compared all the three systems in view of productivity i i g techniques
increment aspect for different inclination angles from i i . i gmented system
ground horizontal surface ranging. The percentage bolicgconcentrator system are used
increment in power output found in case of 3D i t experimeftations on poly crystalline
compound parabolic concentrator is maximum of g ili . i nstrains, experimentation
the above mentioned systems i.e, 23% for 280, e i i -crystalline silicon solar cell
solar cell temperature increases, its efficienc s rabolic concentrator system.
Thus, to keep the solar cell temperaj
prescribed range and also to make mad
utilization of the heat received by the sun, a the
heat exchanger unit is installed 2 The mirror augmentation of photo-voltaic panels is a
panel which extracts the heat 0 Is; thereb effective way of increasing the electrical energy output
maintaining the solar cel 259, The panel. The general idea is to increase the solar
thermal performance ' efficiency

A. MIRROR AUGMENTATION SYSTEM:

gy that reaches the panel by adding a number of
irrors around it. If the mirrors are correctly positioned, a
evaluated for all
system found t

bigger percentage of solar rays will reach the panel, and
therefore its effective area, i.e. its solar exposition area, will
be increased.

, Refecrr )

The global need fo
makes it inevitable to

i constantly increasing and
orce the use of alternative
resources. The sun is ong?of the richest energy sources in
this context and is almost inexhaustible. Energy efficiency
and solar technology are important elements to any
building or community design. Also, they are important to
the nation and to the Earth. The Sun is a massive reservoir
of clean energy and the power from the sun's rays that
reach the earth is called as solar energy. Solar energy is the
most readily available source of energy. Solar energy
received in the form of radiation can be converted directly
or indirectly into other forms of energy such as heat and Fig. 1. Configuration of mirror augmentation system

electricity which can be utilized by the man. Currently, the
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Fig. 2. Mirror augmented solar panel with regular solar
panel

B. COMPOUND PARABOLIC CONCENTRATOR:

The design of compound parabolic concentrator is
structurally simpler than other types of concentrated
collectors. The area of the cell used in a system with CPC is
10 x10 mm, which is considered as the bench marking. The
output aperture diameter of the parabola is so adjusted
that it will cover the complete cell area so as to concentrate
solar radiations impinge upon it. By theoretical
calculations, the length of parabola is derived by adjustj
the maximum allowable half angle of acceptance iy

loss OTg
parabola is kept

TABLE I. ROR AUGMENTATION
Parameter After Truncation
Concentration ratio NA
Absorber width 180*180 mm? NA
Height of CPC (H) 200mm NA
Width of entrance 150*150 mm? NA
aperture
The reflectivity of the 88 % NA
reflector (p)

Average efficiency of 320 NA
thermal
Acceptance angle 15 +15 NA
A

verage number of 1 NA
reflections
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TABLE II. DESIGN PARAMETERS OF 2D CPC SYSTEM
Parameter Value After Truncation
Concentration ratio 3x 2x
180*180
Absorber width 80%18 NA
mm?
Height of CPC (H) 250 mm 150 mm
i *
Width of entrance | 300*300 280%280 mm?
aperture mm?
The reflectivity of the 91 % 91 %
reflector (p)
Average efficiency of 48 % max
thermal theoretical
The acceptance angle 15+15
Average number of
. 2.8
reflections

TABLE IIl.

SOF 3D CPC SYSTEM

Parametg

After Truncation

fter Truncation

2 mm
mm 210 mm
55 mm
91 % 91 %
Average 80 % 68 % max
thermal theoretical
The acceptance’angle 15 +15 15+15

BLE |

VALUES OF X, Y CALCULATED WITH THE HELP OF THE
ANGULAR METHOD OF ENGINEERING CURVE FOR 3D CPC

Sr.No X Axis Y Axis
1 30 0

2 26.25 37.50

3 22.50 70

4 16.79 97.50

5 15.00 120.00
6 11.25 137.50
7 7.50 150.00
8 3.75 157.50

Fig. 3. Model of CPC without truncation
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Parabolic concentrator

__Volt meter

Fig.4 Model of truncated CPC by taking input aperture
diameter as 12mm

I11. EXPERIMENTAL WORK:

This chapter includes the layout of experimentation,

the details of instrumentation used with individual
specifications.

The 3D compound parabolic concentrator is mounted
on the photovoltaic cell at a fixed angle as the system is
non-tracking and the readings are taken during the clear
sunny day time. The layout of the experimentation is
shown in the figure 8. It consists of a parg

stand for mounting the cell, temperature
meter, watch, multimeter, electric cables a

The main components of the setup are as follows.

The solar photovoltaic cells with concentrators.
The temperature measurement system- thermometers,
pe thermocouples.

e current and voltage measurement system (DMM)

taken The solar radiation measurement system- Sun-meter

In case of mirg

e The data acquisition system (sun simulator), data

logger

Considering efficiency and productivity aspect,
experimentation is focused on following three main data
collection fields.

1. Result of I-V curve of sun simulator.

2. Result of actual performance of Mirror augmentation
system and designed unit parabola with solar cell
system under natural atmospheric conditions.

3. Optical performance of designed parabola.

All the data collection points are interconnected during
design of concentrated photo voltaic system. Here we have
analyzed I-V characteristics of solar cell with and without
concentrators. Major objective of our study is to make use
of simple poly-crystalline silicon solar cells for
concentrated non-imaging system which is helpful to
enhance output of solar cells, but at the same time the
concentration is limited up to 10X. If it is more, it may
result in heating of the cell which can reduce its efficiency.
However, in the proposed system, besides current
generation from photons, the extraction of heat from the
photovoltaic modules via a heat transfer fluid is carried out

Fig.6 PV collector performance evaluation for 2D CPC
based system

47|Page



NOVATEUR PUBLICATIONS

International Journal of Research Publications in Engineering and Technology [IJRPET]

ISSN: 2454-7875
VOLUME 3, ISSUE 8, Aug. -2017

by incorporation of a thermal unit. Thus the heat extracted
results in cooling of the photovoltaic panels which further
can be utilized in space heating applications.[6]

IV. RESULT AND DISCUSSION:

Experiments are carried out for solar cell panel, with
and without concentrators; for Mirror augmentation
system and 2D CPC based system. In case of 3D CPC based
system, single solar cell is tested with and without 3D CPC.
The following results are obtained with the experimental
analysis which is ultimately used for comparison between
regular solar cell with compound parabolic concentration
system and mirror augmented PV system. The results are
shown in the tabulated form and the variation in
temperature; time and intensity are represented
graphically.

A. MIRROR AUGMENTATION SYSTEM:
10th Feb 2017, Time -12.40 p.m, Intensity-700 W/m?
Readings at an angle 18 degrees with and without mirror

augmentation

TABLE V. WITH MIRROR AUGMENTATION

Sr.No | Voltage (V) | Current (A) | Power (W)
1 10.3 0.03 0.309
2 10 0.04
3 9.5 0.26
4 8.5 0.53 .
5 6.5 0.67 4.355
6
7
8
9

TABLE VI.

Sr.No
1
2
3
4
5
6

0.7 1

For 18 degree

06
05 1

Current (A) 0.4 - without mirror

0.3

0.2

0.1

o
o T T T T T T T

2 4 6 8 1 1
Voltage(V)

Fig.9 I-V characteristics for mirror augmentation

Readings at angle 25 degrees with and without mirror

augmentation
TABLE VII.  WITH MIRROR AUGMENTATION
Sr.No | Voltage (V) | Current (A) | Power (W)
1 10 0.02 0.202
2 9.5 0.24 2.28
3 8.6 0.5 43
4 7 0.66 4.62
5 3.5 0.69 2.415
6 1.5 0.69 1.035
7 1 0.69 0.69
8 0.9 0.7 0.63
TABLE VIIl.  WITHQ R AUGMENTATION
Sr.No | Voltag Current(A) | Power(w)
1 0.02 0.2
2 0.12 1.14
3 0.23 2.07
4 7.5 .35 2.625
5 5 1.95
4.5 1.755
3 0. 17
2 0.39 0.78
0.39 0.39
0.39 0.351
mirror

without mirror

rrent (A) (4

Voltage (V)
Fig.10 I-V characteristics for mirror augmentation

B. 3D CPC BASED SYSTEM:

Result Table for the readings acquired at 18 degrees on
20t March, 2017 for
Concentration system at from 12.00 pm to 04.00 pm

3D Compound Parabolic

TABLE IX. READINGS AT 12 PM WITHOUT CONCENTRATOR
Resistance Voltage Radiation Power
Sr.No ()] Current (I) (\%) (W/m?) w)
1 0 25.5 0 890 0
2 1 25.3 0.02 912 0.506
3 1.2 24.6 0.02 898 0.492
4 1.5 244 0.03 917 0.732
5 2.2 24.1 0.05 914 1.205
6 33 249 0.07 927 1.743
7 4.7 244 0.1 924 2.44
8 5.6 23.7 0.12 912 2.844
9 6.8 23.2 0.15 911 3.48
10 8.2 221 0.17 898 3.757
11 10 22 0.2 922 4.4
12 15 19 0.27 928 5.13
13 20 16.2 0.3 918 4.86
14 30 12 0.35 933 4.2
15 47 8.3 0.37 938 3.071
16 56 7 0.38 934 2.66
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B

IV curve at 12 pm without
concentrator

30 1

== mA
== mW

o] 0.1

0.2 0.5

volts

Fig.11 IV curve without concentrator

TABLE X. READINGS AT 12PM WITH CONCENTRATOR
Sr. Resistance Current Voltage Radiation Power
No ()] M M) (W/m?) W)
1 0 153.2 0 890 0
2 1 120.2 0.12 912 14.42
3 1.2 115.5 0.13 898 15.01
4 1.5 109 0.15 917 16.35
5 2.2 94.1 0.21 914 19.76
6 3.3 79.8 0.25 927 19.95
7 47 66 0.3 924 19.8
8 5.6 59.3 0.32 912 18.976
9 6.8 52.5 0.34 911 17.85
10 8.2 46.1 0.36 898
11 10 411 0.37
12 15 29.4 0.42
13 20 23.1 0.44
14 30 15.9 0.46
15 47 10.6 0.48
16 56 9 0.48
IV curve at 12 pm wildj’C
m 100
A
TABLE XI.
Sr Angle Power(W) Radiation
no With (W/m?)
1 180 4.50 700
2 250 2.60 4.62 700
3 300 2.79 4.42 700
TABLE XII.  RESULTS OBTAINED FOR COMPOUND PARABOLIC
CONCENTRATION SYSTEM
Sr Angle Power (mW) Power (mW) Radiation
no without with (W/m?)
concentrator concentrator
1 180 5.22 21.66 990
2 280 6.35 23.45 992

TABLE XIll.  COMPARISON OF THE RESULTS OBTAINED FROM
MIRROR ARGUMENTATION SYSTEM AND COMPOUND PARABOLIC
CONCENTRATION SYSTEM FOR ANGLE 189

Equivalent Power
Size of Generated Keeping
Power .
Tvpe of Svstem Panel/ w) same Size of Panel
yp ¥ Cell and correction factor
(mm?2) Applied for Intensity
w)
Mirror
200
Augmentation ZOOX 4.50 4.50
System
CPC based System 10x10 6.1264
103
Now, all the eferred three solar energy
concentrator tec e subjected to thermal

performance e e basis of heat energy
2] The efficiency is
the actual heat
thegyetical heat

the results

mxCpx| AxTxI |Efficiency
e 0 %
AT /a2 m
890 586.04 | 1938.42 30.23
. 980 879.06 | 2134.44 41.18
26.1 950 791.15 | 2069.10 38.23
25.7 961 849.76 | 2093.06 40.59
26.9 935 879.06 | 2036.43 43.16
25.86 853 1054.87| 1857.83 56.77
26.7 944 1172.08| 2056.03 57.01
26 972 1465.10| 2117.02 69.21
26.1 956 879.06 | 2082.17 42.22
(b) 2D CPC BASED SYSTEM:

For water kept flowing through the heat exchanger for 5
hours, mass of water accumulated, m=2 Kg, Cp= 4.186
KJ/Kg°K, Area A= 0.0324 m?

TABLE XV.  THERMAL PERFORMANCE ESTIMATION FOR 2D CPC
Teinmp T;Ttp Radi?ti"“' mxCpxdt | AxTxI | Efficiency
oC oc W/m? 1) 1) %
25.50 | 32.5 980 58604.00 571536 10.25
25.90 | 29.6 990 30983.80 577368 5.37
26.30 | 28.65 890 19683.60 519048 3.79
26.40 | 31.5 810 42727.80 472392 9.04
28.60 | 33.24 832 38883.20 | 485222.4 8.01
26.00 | 30.12 845 34533.84 492804 7.01
24.50 | 30.88 853 53489.92 | 497469.6 10.75
26.80 | 33.2 888 53670.40 | 517881.6 10.36
26.80 | 32.66 846 49153.68 | 493387.2 9.96
29.00 | 30.2 876 10068.00 | 510883.2 1.97
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(c) SOLAR AUGMENTATION BASED SYSTEM:

For water kept flowing through the heat exchanger for 5
hours, mass of water accumulated, m=2 Kg, Cp= 4.186
KJ/KgK, Area A= 0.0324 m?

TABLE XVI. THERMAL PERFORMANCE ESTIMATION FOR MIRROR
AUGMENTATION SYSTEM

Tfinmp TZ:EP Radi;iltion, mx Cpxdt AxTxI Efficiency

oc oc W/m? 0 0 %
25.27 | 29.56 958 35915.88 | 558705.6 6.43
24.9 | 28.55 970 30557.80 565704 5.40
23.28 | 29.3 985 50399.44 574452 8.77
25.68 | 26.36 845 5692.96 492804 1.16
24.9 | 28.96 855 33990.32 498636 6.82
25.33 | 29.32 879 33404.28 | 512632.8 6.52
255 | 31.2 890 47720.40 519048 9.19
25.7 | 27.34 876 13730.08 | 510883.2 2.69
26.3 | 284 754 17581.20 | 439732.8 400

29 | 323 766 27627.60 | 446731.2 6.18
V. CONCLUSION:

We proposed a performance evaluation

comparative analysis of compound parabolic conceq

more effective for better
possible electric and ther

We demonstrated the effect of heat exchanger on all
above mentioned three thermal concentration systems and
in view of harnessing extra energy available in the form of
solar cell temperature by subjecting the three systems for
thermal performance evaluation. The results obtained for
the actual thermal performance of the system is compared
with the theoretical performance of the system and the
efficiency for all the systems is calculated. We found that
the thermal performance efficiency in case of 3D CPC
system as solar cell is placed on copper heat exchanger;

heat transfer rate is high as compared with 2D CPC based
system and mirror augmentation system. It is also
observed in case of 3D CPC that the theoretical useful heat
conversion between solar cell and the water is around
46%.
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