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ABSTRACT

The present work includes the design and fabrication of the flat plate solar collector system. The
performance of the system is investigated experimentally using galvanized steel sheet with 0.4mm
thickness as an absorber plate with black coating, the collector area is 0.54 m?. The test is conducted in
Iraq, Kurdistan region, Duhok city on January 10, 2019, for five hours. The collector efficiency is
satisfactory as compared with previous study. The useful heat gain and efficiency of collector have been
calculated from the collected data. The results display that there are many factors and parameters such as
wind speed, collector heat removal factor, heat losses coefficient and transmission-absorption product

affected on collector efficiency.
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1. INTRODUCTION

he solar energy is one type of renewable

energy that used as an alternative of
fossil fuel. The conversion of solar radiation into
heat is one of the simplest application of solar
energy. Nowadays, the installed solar collectors
are spread around the world and reach to about
30 million squares meters (Khedher, 2018).

A solar collector is one kind of heat
exchanger which is used to transform the solar
energy into heat. In the solar collector, the
working fluid absorbs the energy from the sun as
a source of radiation energy (John A. Duffie,
2013). Also, the easy maintenance and operation
of a solar heating system lead to employment it
in industrial and domestic sectors (Jalaluddin,
Avrif, & Tarakka, 2016).

There are two main components of solar
water system that used for heating the buildings
which are solar collectors and storage tank. The
major system component is the solar collector
which is used to heat the fluid by absorbing the
radiation from the sun and transfer it into heat in
absorber plate then transfer the absorbed heat to
working fluid.

mahir.ahmed@dpu.edu.krd,

The passive and active systems are two types
of solar water heating system used for
circulating the fluid inside the system. In the
passive system, the fluid movement depends on
gravity while in an active system, the pump is
used to move the working fluid (Dabhane &
Adhau, 2014).

Flat plate collector is one of the non-
concentrating types that used the solar heating
system for space and homes. The flat plate
collectors consist of frame, insulated box to
reduce the heat loss, dark color absorber plate to
absorb the solar radiation and cover either glass
or plastic for transmitting the radiation. In flat
plate collectors, it can heat up the fluid up to 80
°C.
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Fig.(1): Cross-section of a typical liquid flat plate
collector

omar.ali@uoz.edu.krd

49


mailto:mahir.ahmed@dpu.edu.krd
mailto:omar.ali@uoz.edu.krd
Nipeal
Text Box
https://doi.org/10.26682/sjuod.2019.22.2.6


50

Journal of University of Duhok, Vol. 22, No.2 (Pure and Eng. Sciences), Pp 49-56, 2019

(Bakari, Minja, & Njau, 2014)
experimentally investigated the effect of glass
thickness on the performance of flat plate
collector, and designed four modules with
different thicknesses and found out that 4 mm
thickness glass had higher performance than 3,
5, and 6 mm thickness. (lhaddadene,
Ihaddadene, & Mahdi, 2014) investigated
experimentally the effect of the number of
covered glass on the performance of the
collector, they found that the heat absorption by
working fluid is decreased by increasing the
number of covered glass. (Dabhane & Adhau,
2014) studied experimentally the heat removal
factor of the solar collector for high radiation
level which is higher than those for low radiation
level, and the efficiency of the collector for high-
level radiation is higher than those for low
radiation level. (Ekramian, Etemad, &
Haghshenasfard, 2014) study the effect of cross-
sectional geometry on the performance of flat
plate solar collector, and it observed that the
circular cross-section is most efficient than other
geometrics. (Guf’ta & P., 1989), studies a gap
spacing between the absorber and cover glazing
in flat plate solar collectors, and display that the
50 mm air gap more efficient than 25 and 150
mm spacing.

Data logger

Cover glass
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The aim of the present work is an
experimental  investigation to test the
performance of flat plate solar collector system
using galvanized steel as an absorbent plate in
the Duhok climate on the day January 10, 2019,
for five hours. The study includes the
investigation of the temperatures for different
parts of the system, useful energy and thermal
efficiency of the solar collector. The advantages
of this work are heating the water using solar
energy by utilizing the galvanized steel plate as
an absorber plate which is available and
unexpansive in the local markets. Also, this is
the first investigation on this expermintal study
on Duhok climate.

2. EXPERIMENTAL SETUP

The flat plate water heating system has been
designed and built for this study. The system is
carried out in Duhok city (36°51'N 42°58'E).
The solar collector is tilted with an optimum
angle of 34.5° with horizontal (Khadim, Mahdi,
& Ubaid, 2014). The collector consists of an
absorber plate with 4 mm thick galvanized steel
coated by black oil paint as shown in figure 2.

Storage tank

— pump

Flow meter

e

Figure (2) solar water heating system
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Fig. (3): collector cross section
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In this study the used system is an active
system by using water circulation pump with a
constant flow rate of 2 liters/min, the system
capacity is 106 liters, also the NAPUI 16
channel data logger have been used to collect

and record the data. K-type thermocouple,
pyranometer, and anemometer are used in this
study as shown in figure 3. The collector
characteristics are shown in table 1.
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Fig. (4): schematic diagram of SWHS

Table (1): characteristics of the collector

Item Characteristic

Collector dimension 1.04 m x0.74 m

Effective collector 0.9m x0.6m

dimension

Raiser tube Copper tube,
No. of tube 9

Length 0.86 m
Diameter 12.7 mm

Absorber plate

Galvanized steel
The thickness of 0.4 mm

Cover glass

thickness 4 mm
transmission 0.88

Insulation

Thermal
0.021 w/m2
The thickness of 4.1 cm

conductivity,

Air gap
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3.MATHEMATICAL MODEL

To determine the flow type of the water in the
pipe (laminar or turbulent). The Reynolds
number is calculated as:

VD
== &
where p is the water density, V is the average
velocity in the pipe, D is the pipe diameter and u
is the dynamic viscosity of the flowing water.
From the calculation, the Reynolds number
between 443 and 560. This means the flow is
laminar.

The amount of received solar radiation by the
collector is

Q=14 (2)
where A is the surface area of collector, m2.
| is the solar radiation intensity, W/m?.
The transparent solar ray through the glass is the
transmission 7 and absorbed solar ray by
absorber plate is the absorption a. The product
of two parameters is called effective
transmittance-absorption coefficient. Thus,

Q; = I(za). A 3)

T and a are transmittance and absorption of
glazing and absorber plate.

The heat loss rate (Q,) is depend on the overall
heat loss coefficient (U,) and the temperature of
the collector. Then,

Qo = UL A(T: = Tp) (4)
The overall heat loss coefficient is equal to
(Dabhane & Adhau, 2014):

U,=Uc+ Up+U, (5)
The top heat loss coefficient (U,) is given by
(John A. Duffie, 2013):

Re

-1
N 1
Up=——=t+—| +
c (TPm_Ta) hw
Tpml N+f)
U(TPm+Ta)(TPm2+Ta2) 6
1  2N+f-1+0.133¢p N ( )
£p+0.00591Nhyy ' £g

Where:
N is the number of glass covers
f=(1+0.089 h,, —0.1166 h,ep)(1 +

0.07866N)
C =52091 —
0.00005182)  for 0°</<70°:

for 70°<4<90°, use f=70°
e = 0.43091 — 100/Tp,,)
f is collector tilt (deg)
&g Is emittance of glass (0.88)
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ep Is emittance plate

T, is ambient temperature (K)

Tp, is mean plate temperature (K)

h,,is wind heat transfer coefficient (W/m?
OC)
The K; and L; are the insulation thermal
conductivity and thickness respectively, A, is
edge area

Up=+— 7

Ue = Up (2 @®)
where U, and U, are bottom loss coefficient and
edge loss coefficient

The extracted useful energy rate (Q,) by the
solar collector can be expressed by:

Q, = Ita.A— U,A(T; — T,) (9)
The carried-out amount of heat in the fluid in
the collector also can be measured as the useful
energy rate, therefore:

Qu =mCp(T, —T}) (10)
The collector heat removal factor defines as the
ratio of actual energy gain by the collector to the
useful gain if the whole surface of the collector
is at the same temperature of inlet water. Thus,

A.UF
1 —exp(—

mC ' "
AU, mC, ) (1)

P
where F’ is collector efficiency factor.

The actual useful energy gain (Q,) can be
obtained by multiplying the heat removal factor
of the cotlector by maximum possible useful
energy gain by collector which is obtained when
the temperature of the inlet water is equal to the
collector temperature. It is generally known as
the “Hottel- Whillier-Bliss equation”.

Qu = FrA[lta — U, (T; — T,)] (12)
The efficiency of the flat plate collector (1) is a
ratio of useful energy gain to incident solar
energy over a specific time of period. (John A.
Duffie, 2013)

JQydt
= 13
= AT 1de (13)
If conditions are constant over a time period, the
thermal efficiency of the collector reduced to:

Fg

Qy
= (14)
n= FrA[Ita — U (T; — T,)] (15)

Al
To calculate more accurate calculation for

thermal efficiency the experimental uncertainty
(wy) have been used (Holman, 2001), then:
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n=fUTyTa)
(o) + Gon)
“n=\ar ) T \ar T

+ (66_77"1 wTa>2} (16)

When wr,, wr, are temperature uncertainty, w,
is pyranometer uncertainty.
If wr,= wr, =*1°C, w;= £ 1 W/m?
Then the efficiency uncertainty is
w,=+3.01%
4. RESULTS AND DISCUSSION

0.5

The solar water heating system using flat
plate  solar  collector is  investigated
experimentally for a particular winter day,
January 10, 2019, within five hours with average

ambient temperature is (8.7 °C). Figures 5 to 8
represent the results of the present study. The
efficiency of the collector for present study is
compared with the efficiency of a theoretical
study in (Hamood, Salim, & Abdulrazzaq, 2014)
in which the plain carbon steel as absorber plate
is used at Mosul city weather conditions as
shown in figure (5). It can be noticed that the
efficiency curve of both studies have very good
agreements. The little difference in the
effeciencies of two studies due to different
collectors size, material and weather conditions.
The figure display that the efficiency of
collectors decrease with increasing ((Ti-Ta)/l)
parameter and the solar radiation increase that
lead to maximum efficiency of the collector for
minimum reduced temperature.

efficiency %o

33

—— presen work

—C—plain carbes steel] (Hasaon S, Hamood et af)

in
0 0.01 0,02

0.03 0.04 0.05 0.06

{Ti-Ta)1

Fig.(5): comparison between present work and previous work

Figure 6 displays the change of the working
fluid temperatures with a variation of the solar
radiation. It is shown that the fluid temperature
is raised with raising solar radiation until 13:00
pm, then, the solar radiation decreases but the

fluid temperatures increase more, this due to the
remaining heat in the air gap that increases the
heat absorbed by working fluid, also the
absorbed heat from solar radiation is enough to
heat up the water temperature about (20 °C)
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Fig. (6): change in working fluid temperatures with solar radiation variation

The variation of solar collector efficiency is
represented in figure 7. The thermal efficiency
of collector increases with the enhancement of
the solar radiation till 11:45, then the collector
efficiency decreases in spite of increasing the

0
s
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solar radiation till 13:00 afternoon due to the
effect of wind speed. It is observed that the
maximum efficiency reaches to about 56% at
11:45 and the average collector efficiency is
40.16%.
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Fig. (7): solar collector efficiency with solar radiation

Figure 8 shows the variation of temperatures
at different points of the collector. It is noticed
that the absorber temperature is very high and
related to the outlet temperature of the water.
This phenomenon due to the effect of the contact
between the tube and the absorber plate and the
thermal conductivity of the absorber plate. The

maximum absorber temperature is 67.1 °C at
13:00 while the maximum temperature of outlet
water is at the end of the selected time. The
ambient temperature started from 4.3 °C and
reach to the peak value of 12.7 °C at 13:00
o’clock.
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Fig. (8): temperature at different points in the collector

5.CONCLUSION

The performance of the flat plate solar
collector has been investigated experimentally in
Duhok climate. The galvanized steel sheet has
been used as an absorber plate because it's
available and its price is cheap in Duhok city.
The temperatures of all components, wind speed,
and solar intensity are measured and collected by
the data logger. It is found out that the maximum
efficiency of the collector reaches to about 56%.
Further, there are other parameters affected on
collector efficiency such as wind speed, solar
radiation and ambient temperature. However, it
is found that the galvanized steel absorber plate
is suitable for flat plate solar collector in Duhok
climate.
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