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The energy gain of domestic solar water heating systems is i energy conversion and

the Hottel-Whillier-Bliss equation. The low-iron g
than medium (MiG-12 mm) and high iron gla

% higher thermal efficiency
r a peak summer day. The effect of

material and operational costs [3]. The solar flat plate
depends on local meteorological conditions, incident solar
radiatio ientagien, tilt angles, absorber, and cover materials [4,5]. The three major
parts of 2 plate, glazing, and insulation. The absorber plate absorbs solar
radiation and“fansmits it to the working fluid, the glazing traps the short-wave radiation, and
insulation preve he heat losses [6]. Glazing is the top cover of SFPC and it has three major
purposes: to diminiSi convective and radiative losses from the absorber, to allow solar radiation
to absorber plate, and to protect the absorber plate from the environment [7]. Glass and plastics
are commonly used materials to glaze solar flat plate collectors. Glasses transmit the maximum
amount of short-wave radiation and plastics transmit both short-wave and long-wave radiations.
The plastics are strong, lightweight, and low-cost materials but they can not withstand high
temperatures like glasses [8]. The side and bottom ends of SFPC are usually well insulated but
the major heat losses occur from the glass cover [9]. Therefore, SFPC’s thermal performance
also depends on the glass cover material and its thickness. In this technical brief, the thermal
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performance of SFPC has been analyzed considering the optical characteristics of the twelve
glazing types of various thicknesses (acrylic, low-, medium-, and high-iron glasses) for Vellore
(12.91° N, 79.13° E) in Tamilnadu, India. For this purpose, the spectral characteristics of the
transparent materials were measured using a spectrophotometer and solar optical properties of
glazing materials were utilized to estimate thermal and optical efficiencies of SFPC.

2. Materials and methods

The transparent acrylic, as well as glass samples having various thicknesses chosen for
this study. The acrylic sheets and glasses were procured fro mavathi Glass- Saint
Gobain dealers, Vellore, Tamilnadu, India. The four differen esses of Acrylic glass
sheets are termed as AGS- 4mm, AGS- Smm, AGS- 6mm, a 8mm along with three
different thicknesses of low-iron glass, namely LiG- 6m
selected. Similarly, one medium-iron glass, namely MiG-
samples termed as HiG- 4mm, HiG- 6mm, HiG-
Fig. 1a shows the photograph of different types of t

105 = AGS-4mm - AGS-S5mm — AGS-8mm -+ AGS-8mm -+ LiG-68mm — LiG- 8mm)
—— LiG-12mm -+ MiG-12Zmm —— HiG- 4mm - HiG- 6mm —- HiG- 8mm — HiG- 12mm

Transmission (%)

T T
1200 1500

Wavelength (nm)

(b)

Fig. 1. a.) Glass cover samples b.) Spectral transmission of SFPC glass covers
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The transparent samples were characterized to determine transmission for different wavelengths
using Lambda 950 UV/Vis/NIR spectrophotometer. The spectral transmission data of glass
covers were further deduced to obtain solar transmittance using a weighted average method as
per British Standard European Norm 410 [10,11]. Experiments were conducted to explore
spectral properties of various glass covers of AGS, LiG, MiG, and HiG using a
spectrophotometer in the solar spectrum range 300-2500 nm as depicted in Fig. 1(b). The
spectrophotometer has a wavelength accuracy of + 0.08 nm in the Ultraviolet-Visible region and
+ 0.30 nm in the Near-Infrared region. The instrument works on the principle of double-beam,
double monochromatic, ratio recording spectrophotometer. The detecters used in the systems
have photomultiplier and peltier controlled lead sulfide (PbS) for U s and NIR wavelength
range, respectively.

Eq. (1) was used to obtain solar transmittance of twel of solar flat plate
collector where S\ is the relative spectral distribution of the A is wavelength
interval (2 nm), and (A) is spectral transmissi d from the
spectrophotometer.

A=2500nm

ey

The SFPC is designed 1
around without sun tracki

to be fixed in one position year-
ot and dry climatic zone and has peak

respectively. 487 . 0 is am incidence angle, The value of k is 0° for the
i surface. For a collector tilt angle of 10°, the value

A 1+Sin(k) )
exp(B/sin B)'( 2 )+(C1 +

s(k) — sin(B)sin(k))+C1.
1-Sin(k)

)

The design parameters of the SFPC are presented in Fig. 2. The analysis was carried out
for peak summer and winter days at Vellore to arrive at optimum collector tilt (11.5°) and
orientation (south) for year-around maximum incident solar flux. Table 1 shows the various
parameters considered for the thermal analysis of a flat plate collector. The thermal performance
of the collector can be investigated by the parameters such as collector efficiency factor (F'), heat
removal factor (Fr), useful heat flux (Q,), thermal efficiency (nt), and optical efficiency (mop)-
The values are obtained with Eqgs. (3)-(7) [13,14]. In Eq. (4), The values of Fr and overall loss
coefficient (U;) cannot be directly computed as the value of one is dependent on the other.
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Therefore, an iterative procedure is followed. For the first iteration, U; has been assumed as 4
W/m?K and it is a reasonable assumption for a collector with a glass cover [13]. Eq. (5) is called
the Hottel-Whillier-Bliss equation which is used to calculate useful energy gain when the inlet
fluid temperature is known. S denotes the incident radiation absorbed by the absorber plate and
estimated as a product of incident flux (I) and transmissivity-absorptivity product, ta, and @ is
absorber plate effectiveness.

1 3)
1 1

F' =
W.U [ +
NUJ[(W=Dy)¢ + D] * m.D;.h

mC F'UA )
Fp= P (1 exp(———P
N UiAp exp( mC, >l
Qu =Fpa.tlA,—Fp.U.A, .( (5)
(6)
(7

..

Insulated collector box
with alumimium frame

Riser tubes

0.00012 m

Absorber plate

Outer: ¢ 0.0127 m
Inner: ¢ 0.0117 m

Fig. 2. Schematic of SFPC
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Table 1 Parameters considered

Parameter Specification
Location and solar parameters:
Location of collector Vellore: 12.9165°N,
79.1325°E
Solar parameters [12]: 613.35, 0.121, and 0.395
A (W/m?%), B & C (Dimensionless) 622.52, 0.000, and 0.243

Peak summer: April 21% A, B, and C value
Peak winter: December 21*' A, B, and C value
Collector design parameters:

Collector area (Ac) (Length x Width) (mz)
Absorber area (Ap) (Length x Width) (m”)
No of tubes (N)

Collector tilt (k) (deg)

Thermal conductivity of plate material (kp) W/m
Absorber plate thickness (dp) (m)
Diameter of tube (outer (Do), inner (Di)) (m)
Wind speed (v) (m/s)

Spacing between glazing cover and
Emissivity of collector plate (ec)
Emissivity of absorber plate
Absorptivity (o)
Pitch (W) (m)

205
0° (South oriented)

0.02x 0.01

0.78,0.77, 0.75, and 0.74
0.89, 0.88, and 0.84

0.73

0.82, 0.81, 0.79 and 0.71

4. Results and discussions

The performance of the collector in terms of useful heat flux and collector efficiency factor
for LiG- 6mm is depicted in Fig. 3. The results show the availability of useful heat flux at 7 am
(LAT) in the morning during a peak summer day, whereas it is zero during the peak winter day.
The mass flow rate varying between 0.01 to 0.02 kg/s, has a significant influence on useful heat
absorbed during the diurnal time. In contrast, 0.025 kg/s mass flow rate was observed to be
insignificant. This is due to the reduction in difference of inlet and outlet fluid temperature with
the increased flow rates [15].
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mass flow ra ' ickness and the type of glass cover significantly
. It can also be observed that acrylic-based samples
samples of the same thicknesses due to light absorption
iency of LiG- 6mm is 9.8% higher than the HiG- 6mm. The
ickness significantly enhance the optical efficiency of SFPC. The
as 14.97% and 18.21% higher optical efficiency than medium
(MiG-12 mm)¥and high iron glasses (HiG- 12 mm), respectively. The optical efficiency order of
preference for aciyhic and glass covers is LiG- 6mm, LiG- 8mm, LiG- 12mm, HiG- 4mm, HiG-
6mm, HiG- 8mm, AGS- 4mm, AGS- Smm, AGS- 6mm, AGS- 8mm, MIG- 12mm, and HiG-
12mm.
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ficiency at 0.02 kg/s mass flow rate for various
of SFPC

tical parameter of the glass cover that significantly affects
of the SFPC. The acrylic glass sheet has shown better
V-VIS region. However, its spectral transmission is shallow in the
NIR region pared to the Zlass. Glass is observed to be the best compared with acrylic glass
due to its bettegBolar transmission in both UV-VIS and NIR regions for enhancing solar influx
absorbed by the abgerber plate. The iron content of glass and its thickness play a significant role
in enhancing thermdl and optical efficiency. The low-iron glass (LiG-12 mm) has 16.3% and
20% greater thermal efficiency than medium (MiG-12 mm) and high iron glass (HiG- 12 mm),
respectively, at noon on a peak summer day. The effect of glass thickness on thermal
performance is noteworthy in glasses than in acrylic glass sheets. Low iron glass (LiG-6 mm)
was observed to be the best due to its highest thermal (63.2%) and optical (75.65%) efficiencies,
among the glass cover materials considered at an optimum inclination angle of the collector for
Vellore in Tamil Nadu, India. The effect of the mass flow rate for a peak winter day is the lowest
as compared to a peak summer day. So, it is concluded that for summer days, the collector must
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be operated at higher mass flow rates to gain maximum energy efficiency. The collector must be
operated at a moderate mass flow rate during winter for reducing the pumping energy. The
results of this work help the designers to select materials and operating parameters based on
climatic conditions.
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