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ABSTRACT

In the present study, an Evacuated Flat Plate Collector technology is used for research purposes. This paper is
about the comparative simulative study of the performance of an Evacuated FPC based on the specifications, and
its characterization based on radiation/weather data in different climatic conditions across India. An Evacuated
Flat Plate Collector consists of a glass cover, an absorber, a serpentine tube, an aluminium frame and the inner
gas used is a noble gas. The absorber plate collects sun energy and transfers the heat into the pipes which run
through the absorber plate. The fluid runs through pipes under the absorber plate and the heat from the sunlight
is transferred via the absorber to the fluid as it flows through the pipes. In this paper, maintaining 55% Efficiency
throughout the year, as per Performance Specifications of an Evacuated Flat Plate Collector, and its
characterization based on the annual average analysis of Radiation data, the Mean Desired Temperature is

calculated month wise, and also annual average Energy Gain is realized for different locations across India.
Keywords — absorber, Evacuated Flat plate Collector, serpentine tube.

. Introduction

Solar energy has always been a viable option
for the energy problems faced by the world. Solar
energy is the radiation resulted by nuclear fusion
reactions in the sun. The 30% of the solar power
actually reaches the Earth, every 20 minutes the sun
produces enough power to supply the earth with its
need for an entire year. This solar radiation can be
directly converted into heat. The utilization of solar
energy require its detailed analysis including
modeling, neural networks estimation, sunshine hours,
and average analysis of diffuse radiation, DNI, Global
Radiation.

Research articles are there on High efficiency
Evacuated Flat Plate Collector [6-7] however, no
information yet is available on operating temperature
conditions in different climatic conditions. However,
in this research article, maintaining 55% efficiency
throughout the vyear, as per the performance
specification of an Evacuated Flat Plate Collector,
installed at Solar Energy Centre as shown in Figure 2,
the mean desired temperature and average Energy
Gain is calculated month-wise based on the analysis of
the radiation data in different climatic conditions.

Il.  Evacuated Flat Plate Collector

An Evacuated Flat plate collector consists of
an absorber plate in an insulated box covered with
transparent sheets. The fluid used for heat transfer
generally flows through a metallic pipe, which is
connected to the absorber strip. The outer casing
which provides mechanical strength to the equipment
is insulated to reduce the heat losses from back and
sides of the collector. The absorber is usually made of

metallic materials such as copper, steel or aluminium.
The collector housing is highly insulated at the back
and sides to reduce the heat losses.
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Fig. 1 Schematic of Solar Evacuated Flat Plate
Collector

These collectors work best when the angle of
the sun is at an optimum angle to the absorber area,
and their performance drops off with lesser incidental
angles.

I1l1.  Specification of an Evacuated Flat
Plate Collector
Specification given by TVP Solar
Energy Performance:-
Thermal output@180°C — 550 W/m? 1877 BTU/h
(1000 W/m?, T ams — 30°C).
Operating Conditions:-
Stagnation temperature- 325°C, 617°F
Maximum Operating Pressure -15 bar.
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Calculated Figures

Optical Efficiency or zero loss Efficiency o= 70%
First order Heat Loss Coefficient a; (W/m K% =20.333

Second order Heat Loss Coefficient ag (W/m~K"™) =
0.0088

-

Fig. 2 Experimental Demonstratin of an Evacuated
FPC at Solar Energy Centre
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Fig. 3 Performance Characteristics Curve of an
Evacuated FPC installed at SEC

V. Results and Discussions

4.1 Annual analysis of Radiation data for different

4.2 Performance Characterization of an Evacuated
Flat Plate Collector at 55% Efficiency

At 55% Efficiency of the Performance Characteristics
of an Evacuated Flat Plate Collector, the average
monthly and annual Energy Gain in KWh per meter
square received is realized for different locations
across India and the corresponding Mean Desired
Temperature is calculated as shown in the Figure [4-
8].
421 At Haryana_SEC: Performance
Characterization of an Evacuated Flat Plate
Collector at 55% Efficiency

\

140 = Mean

120 - Desired
Temperature

100 maintaining
55%

80 - efficiency

°C)

D
o
!

®mEpergy Gain

Energu Gain in KWh per metre square )

40 in KWh per
20 - metre square
at 55%
0 Efficiency
[9 VI o VI o NV I o N I o N o N I o N Q VI & VI 9 VRN o NI o\
::gz§z:::ggd
c 9 35 5 S sS D298 S
S2SgE3528028
(& J

Fig. 4 Maintaining 55% efficiency, Mean Desired
Operating Temperature and Month wise average

Energy Gain in KWh per meter square at
Haryana_SEC
422 At Gujarat_Gandhinagar:  Performance

Characterization of an Evacuated Flat Plate

locations Collector at 55% Efficiency
Table 1 Annual average analysis of Radiation/Weather data at different locations
Energy Energy Energy Energy
Global  Diffuse DNI Global Gain Gain Gain Gain
Stations Hori- Rad. (Avg.) Tilted (annual) (annual) (annual) (annual)
covered Air zontal  (Avg.) w/m? Rad. in KWh in KWh in KWh per  in KWh per
. Temp Rad. W/m? (Avg.) per meter per meter meter meter
n 0 2
India ()] (Avg.g W/m square square square square
W/m (Global (Diffused (DNI) (Global
Horizontal Rad.) Tilted
Rad.) Rad.)
Haryana_SEC 27.39 517 246 392 548 1516 715 1144 1592
Gujarat_ 2820 543 253 437 568 1402 576 1219 1477
Gandhinagar
Leh_Ladakh 8.75 544 203 627 622 1432 519 1653 1578
Rajasthan_
Jodhpur 2.80 536 282 481 561 1617 791 1527 1666
Chennai 30.70 562 254 442 575 1477 655 1186 1477
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Fig. 5 Maintaining 55% efficiency, Mean Desired
Temperature range and Month wise average Energy

Gain in  KWh per meter square at
Gujarat_Gandhinagar
423 At Leh_Ladakh: Performance
Characterization of an Evacuated Flat Plate
Collector at 55% Efficiency
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Fig. 6 Maintaining 55% efficiency, Mean Desired
Temperature range and Month wise average Energy
Gain in KWh per meter square at Leh_Ladakh

424

At Rajasthan_Jodhpur : Performance

Characterization of an Evacuated Flat Plate
Collector at 55% Efficiency
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Fig. 7 Maintaining 55% efficiency, Mean Desired
Temperature range and Month wise average Energy
Gain in KWh per meter square at Rajasthan_Jodhpur

425 At Chennai: Performance Characterization
of an Evacuated Flat Plate Collector at 55%
Efficiency
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Fig. 8 Maintaining 55% efficiency, Mean Desired
Temperature range and Month wise average Energy
Gain in KWh per meter square at Chennai

Table 2 Calculated Mean Desired Temperature, at Haryana SEC, maintaining 55% Efficiency

Energy Gain Mean Desired Energy Gain in KWh Mean Desired
Month in KWh per Temperature per meter square at Temperature
meter square at maintaining half of Global at half of
55% Efficiency 55% Efficiency(°C) Radiation Global Radiation(°C)
Jan 51 89 46 99
Feb 73 102 66 113
Mar 94 115 86 127
Apr 84 115 77 127
May 93 121 84 132
Jun 81 119 73 130
Jul 50 117 46 128
Aug 81 116 73 128
Sep 71 115 64 127
Oct 77 109 70 120
Nov 57 97 51 107
Dec 60 96 54 107
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Table 3 Calculated Mean Desired Temperature, at Gujarat_Gandhinagar, maintaining 55% Efficiency

Energy Gain Mean Desired Energy Gain Mean Desired
in KWh per Temperature in KWh per meter Temperature
Month meter square at maintaining square at at half of
55% Efficiency 55% Efficiency half of Global Global Radiation

c) Radiation ‘c)
Jan 88 105 80 116
Feb 90 108 82 119
Mar 102 119 93 131
Apr 95 118 87 129
May 105 119 96 130
Jun 80 118 72 129
Jul 23 122 21 134
Aug 17 112 16 123
Sep 45 119 41 131
Oct 60 118 55 130
Nov 40 117 36 129
Dec 70 125 64 138

Table 4 Calculated Mean Desired Temperature, at Leh_Ladakh, maintaining 55% Efficiency

Energy Gain Mean Desired Energy Gain Mean Desired

in KWh per Temperature in KWh per meter Temperature
Month meter square at maintaining square at at half of

55% Efficiency 55% Efficiency half of Global Global Radiation
‘c) Radiation (°c)

Jan 39 84 35 97
Feb 37 88 34 100
Mar 76 101 69 114
Apr 69 97 63 109
May 95 102 86 114
Jun 50 106 45 118
Jul 100 109 91 120
Aug 87 115 79 127
Sep 76 105 69 117
Oct 97 113 88 127
Nov 80 105 72 118
Dec 58 92 53 105
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Table 5 Calculated Mean Desired Temperature, at Rajasthan_Jodhpur, maintaining 55% Efficiency

Energy Gain Mean Desired Energy Gain Mean Desired
in KWh per meter Temperature in KWh per meter Temperature
Month square at maintaining square at at half of
55% Efficiency 55% Efficiency half of Global Global Radiation

‘c) Radiation c)
Jan 80 99 73 110
Feb 88 108 80 119
Mar 102 123 93 136
Apr 84 120 78 289
May 105 121 106 281
Jun 91 118 93 280
Jul 62 117 62 278
Aug 32 110 31 263
Sep 50 115 50 283
Oct 46 76 33 156
Nov 82 104 74 115
Dec 58 79 53 87

Table 6 Calculated Mean Desired Temperature, at Chennai, maintaining 55% Efficiency

Energy Gain Mean Desired Energy Gain Mean Desired
in KWh per meter Temperature in KWh per meter Temperature
Month square at maintaining square at at half of
55% Efficiency 55% Efficiency half of Global Global Radiation
(°c) Radiation °c)
Jan 87 112 79 123
Feb 80 114 73 126
Mar 96 119 87 131
Apr 81 127 74 139
May 75 119 68 130
Jun 64 120 58 131
Jul 49 117 45 128
Aug 59 119 54 130
Sep 54 116 49 127
Oct 54 117 49 129
Nov 68 111 62 121
Dec 61 110 56 121
V. Conclusion wise average analysis of Weather/Radiation data for

As per the design specifications of the the year 2012.
performance characteristics of an Evacuated FPC, the
system can deliver 55% efficiency at 180°C of mean 5.1 AtHaryana_ SEC,
desired temperature. However, the simulative study The mean desired temperature to be
reveals that, maintaining 55% efficiency throughout ~ maintained, ranges from 89°C (Jan) to 121°C (May),
the year, the temperature range varies across different ~ also an annual Energy Gain of 872 KWh per meter
locations as concluded below based on the month- square is realized as shown in Table 2.
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5.2 At Gujarat_Gandhinagar,

The mean desired temperature range to be
maintained is from 105°C (January) to 125°C
(December) and an annual Energy Gain of 815 KWh
per meter square is realized as shown in Table 3.

5.3 At Leh_Ladakh,

The mean desired temperature ranges from
84°C (January) to 115°C (August) and an annual
Energy Gain of 864 KWh per meter square is realized
as shown in Table 4.

5.4 At Rajasthan_ Jodhpur,

The mean desired temperature range to be
maintained is from 76°C (October) to 123°C (March)
and an annual Energy Gain of 880 KWh per meter
square is realized as shown in Table 5.

5.5 At Chennai,

The mean desired temperature range is
maintained from 110°C (December) to 127°C (April)
and an annual Energy Gain of 828 KWh per meter
square is realized as shown in Table 6.
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