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Abstract
In this paper, the performance of a typical glass flat plate solar Received: 25 December 2020
collector is evaluated experimentally by the test bench designed Accepted: 12 March 2021

and constructed at Research Institute of Petroleum Industry (RIPI) P e o2

in the city of Tehran. The results of five experimental tests
including thermal performance evaluation, effective heat capacity,
time constant, radiation angle correction factor and pressure drop
are presented according to the Iranian National Standardization
Organization (INSO) standard 7129. The results show that

the highest thermal efficiency of the tested collector based on Keywords:

the gross surface area is 42.5% in ideal temperature conditions. Solar Collector,

In addition, its effective heat capacity is 42618 J/K and its time Thermal Efficiency,
constant is obtained equal tol06 seconds. Furthermore, its Time Constant,

radiation angle correction factor is 0.85 for incident angle of 450 Radiation Angle Correction
and the pressure drop of the tested collector is about 500 Pa for its Factor,

Pressure Drop, Performance
Evaluation,
National Standard 7129

working mass flow rate.
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Figure 1. A view of the test rig at Research Institute of Petroleum Industry (RIPI).
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Figure 2. Global and diffuse pranomentor, ambient temperature sensor and wind speed anemometer.
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Table 1. The properties of the solar collector.

Properties Type/Amount

Collector gross area (m?) 2.32
Absorbent area (m?) 2.25
Total mass of collector without 20
fluid (kg)
Collector type Flat plate
Cover material Glass
Number of covers 1
Operating fluid Water
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Table 2. The average values of measured parameters for different mean temperatures.

Measured parameter

Total radiation, G (W/M?) 1015
Percent of diffused radiation, G4/G 12.40
Ambient temperature, 9, (°C) 21.83

Wind speed, V,,(m/s) 3.672

Fluid inlet temperature, 9;, (°C) 22.62
Increase in fluid temperature, AT(K) 8.536
Mass flow rate, m(kg/s) 0.039
Specific heat capacity of fluid, c¢(k]/kgK) 4180

1034 1038 1072
13.20 13.63 12.72
23.18 24.18 24.75
3.096 2.861 3.126
37.98 53.33 68.70
7.367 5.953 4471
0.039 0.039 0.039
4179 4182 4190
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Figure 4. The thermal efficiency based on gross area and average temperature versus average reduced temperature difference.
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Figure 5. The thermal efficiency based on absorbent area and average temperature versus average reduced temperature difference. )\
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Table 3. The measured parameters for effective heat capacity test.

Intensity of radiation Ambient temperature Fluid inlet temperature | Fluid outlet temperature

G(W/m?) 9,(°C) 9in (°0) 9.(°C)

0 838 27.5 27.1 21.7
30.23 836 27.5 27.2 28.3
60.28 831 27.5 27.2 29.7
90.31 833 27.4 27.2 31.5
120.39 834 27.6 27.3 32.5
150.52 833 27.7 27.2 33.1
180.7 832 27.8 27.1 33.4
210.77 831 27.9 27.2 33.5
240.89 825 27.9 27.3 33.7
270.94 823 28 27.3 33.7
301.17 823 27.8 27.4 33.8
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Figure 6. The variation of inlet and outlet temperature difference and inlet fluid and ambient temperature difference with time.
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Figure 7. The variation of radiation intensity with time during effective heat capacity test.
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Table 4. The measured data for time constant test.

Ambient temperature

Fluid inlet temperature Fluid outlet temperature

sa(oc) ﬁi“("C) 8e(oc)
0 27.30 26.90 27.30
30.06 27.20 27.00 27.40
60.31 27.30 27.10 28.00
90.55 27.20 27.40 29.90
120.72 27.00 27.70 30.90
150.84 27.10 27.80 31.50
181.11 27.10 27.70 32.00
211.17 27.10 27.60 32.20
241.33 27.00 27.50 32.30
271.64 27.00 27.30 32.30
301.77 27.00 27.10 32.30
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Figure 8. The time constant test results.
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Table 5. The correction factors for different angles of incidence.

Angle (degrees) Ko
0 1
30 0.98
45 0.85
60 0.76
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Figure 9. The pressure drop versus mass flow rate.
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