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ARTICLE INFO ABSTRACT

Keywords: This paper describes performance solar water heating for flat plate collector. The system of
Flat plate collector thermal performance designed for dimensions 125 X 110 cm and width 25 cm, in such a way that
Thermal performance fluid can flow from inlet to outlet through pipe with longer is 15.9 m, designed as lope square

Solar water heated pattern, used the water as fluid flow working with two different flow rate (5.3 and 6.51 L/min).

The experiments were carried out under the University of Technology, conditions of Baghdad,
Iraq. The result shows that the water at flow rate 5.3 L/min heated more than the flow rate
6.51 L/min, which causes the higher efficiency and effectiveness of the collector, so the max-
imum temperature was (51.4 °C and 49 °C) at flow rate (5.3 L/min and 6.51 L/min) respectively.
The main conclusion is that used this system to heated the water and then used in-house, building
and other purposes.

1. Introduction

Solar energy is a provider of clean and green energy, which can be used to fulfill global energy needs [1,2]. The solar energy is
very important which is coming from the sun as a form of the solar radiation, this can be an alternative energy source. The solar
radiation can be useful for our life to the heating building, heated water in order to produce steam and used it in any way such as in
industrial and domestic. The system of solar water heating is consumed and cheapest about 20% of the family total energy con-
sumption [3]. Kabeel et al. [4] show considerable improvement in the daily solar collector efficiency is obtained with increasing the
nano-particle concentration up to 11% for concentration 3% with; this increase in efficiency is bounded by + 10% uncertainty and
the outlet water temperature was increased with increasing of nano-particle concentration by 5.46% for concentration 2%. El-Said
and Abou Al-Sood [5] displayed experiments for investigation of air injection into the shell side of shell-and-multi-tube heat ex-
changer aims to augment the thermal performance and the obtain significant impact on the heat exchanger performance enhance-
ment. Liu et al. [6] show that the maximum value of the system efficiency are 62% under small different temperatures between
ambient air temperature and the collectors’ temperature. The increase difference temperature between the temperature of collectors
and the water temperature increased the heat gain by collectors. Kabeel and El-Said [7] demonstrate hybrid solar desalination system
consisting of a humidification dehumidification unit and single stage flashing evaporation unit and they studied hybrid desalination
system give a significant operational compatibility between the air humidification dehumidification method and flash evaporation
desalination. Weitbrecht et al. [8] saw that experimentally study in the water solar collector of a flat plate with laminar flow

* Corresponding authors.

https://doi.org/10.1016/j.csite.2018.09.002

Received 23 June 2018; Received in revised form 1 September 2018; Accepted 3 September 2018

Available online 04 September 2018

2214-157X/ © 2018 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/2214157X
https://www.elsevier.com/locate/csite
https://doi.org/10.1016/j.csite.2018.09.002
https://doi.org/10.1016/j.csite.2018.09.002
https://doi.org/10.1016/j.csite.2018.09.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.csite.2018.09.002&domain=pdf

W.M. Hashim et al. Case Studies in Thermal Engineering 12 (2018) 666-671

Nomenclature Tf Mean temperature (°C)
Tout Outlet temperature (°C)

Acon Collector area (m?) A% Velocity (m/s)

Apipe Pipe cross section area (m?) Qu Useful energy gain (W)

Gy Specific heat capacity (kJ/kgK) Q Volume flow rate (m3/s)

IRad Intensity of solar radiation (W/m?) Re Reynolds number

m Mass flow rate (kg/s) n Collector efficiency

Tin Inlet fluid temperature (°C) € Effectiveness

condition and observed the distribution of the flow through the collector. The higher collector’s efficiency factor was observed at a
higher rate of water flow [8,9]. Vendramin et al. [10] shows that the maximum outlet temperature was recorded in flat plate collector
was 55 °C, while total loss of the heat to feed tube solar water heating systems was 3.2 MJ/d, corresponded to 16.4% of energy
collected by flat plate collector and 19.8% of energy supplied to hot water tank. Sontake and Kalamkar [11] noted that the maximum
efficiency of the collector at an inclined angle of 45° from the horizontal surface [12]. Kabeel et al. [13] were enhance the heat
transfer in a solar water heater by using Cu nano-particles dispersed in water for various concentrations ranging from 0% to 5%. The
water flow by the gravity of the reservoir, the discharge of water selected from 0.1 to 0.2 litter per minute, with accuracy of 0.005 L.
Bhowmik and Amin [3] obtained from an observation that the collector efficiency and heat transfer rate are strongly depended on
solar radiation. The radiation sent out by the collector absorber plate thus maximized the efficiency of the collector. The collector
efficiency is recorded without and with reflector is 51-61% respectively. Prasad et al. [14] divided the solar collector energy into two
types: air-type, used air as working fluid to transfer the heat. Another type, water (hydraulic), take the water as a heat transfers fluid.
They show that the coefficient of heat transfers was low and thermal efficiency was low when used air-type, while when used water-
type collector having high thermal performance. The solar water heater with circulating water through the tube of aluminum was
tested and designed by Mongre and Gupta [15]. The efficiency was increased by fifty-five percent by increasing the area of glazing.
Herndndez and Guzmaén [16] studies two flat plates’ collector with the coil of different material, one of them is copper and the other
coil stainless steel [17]. The objective of this article is to investigate the heating of water to use in many porpoises, as well as low cost.

2. Experimental
2.1. Methodology

The collector was designed of a rectangle shape of dimension 125 X 110 cm and width 25 cm, in such a way that fluid can flows
from the inlet to outlet through the pipe with longer is 15.9 m, designed as lope square pattern as shown in Fig. 1(a) and (b) shows
schematic of the flat plate collector. The absorber collector was insulation to decrease the heat loss by conduction through the
collector, glass wool of thickness 5 cm was used to insulate the wall of inner collector faces, this face covered by aluminum foil sheet
in order to increases heat absorber by the pipe because the aluminum foil sheet is a good reflector. The absorbed collector was
covered with a transparent glass of thickness 2 mm to absorb the maximum amount of incident radiation. The inlet pipe connected
with flow meter device, thermocouple, and controlling valve to control the volume flow rate, as shown in Fig. 2(a), also Fig. 2(b) the
outlet pipe insulation and supplier by thermocouple to measure the temperature outlet of the water as shown in Fig. 3. Accuracy: The
water flows by the force of pump device (0.5hp) from the mean pipe. Measuring range: The water flow rate was selected
(0.12-0.21 L/min).

2.2. Uncertainty

The uncertainty has been analyses employing the calculations done by Holman and Gajda [18], and were given in Table 1.
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Fig. 1. (a) The rig device and (b) the schematic of rig (1 Pump, 2 Control Valve, 3 Thermocouple, 4 Flow meter, 5 Collector, 6 Pipe, 7 Aluminum
Sheet, 8 Thermocouple, 9 Pipe outlet, 10 Stand).
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Fig. 2. (a) Pipe at inlet and (b) pipe at outlet.
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Fig. 3. Compare between inlet and outlet temperatures at flow rate 5.3 L/min.

Table 1

Uncertainty of the studied parameters.
Studied parameters significance
Specific heat capacity (kJ/kg K) + 0.12
Inlet fluid temperature (°C) + 0.51
Mean temperature (°C) + 0.51
Outlet temperature (°C) + 0.52
Volume flow rate (m?/s) + 1.41
Collector efficiency + 6.04
Effectiveness + 8.22

3. Governing equations

In this work assumed that the flow rate of fluid and heat transfers were in steady state condition, the heat energy equation:

Qu= mcp(nut - in) 1)

m = pQ (2
The collector efficiency can be determined by the equations [19]:

Qu

n=-—_———
AcouIRad (3)
The velocity of the water can be calculated by divided volume flow rate over the cross section of pipe:

Q.
Apipe 4)

V=

The mean temperature of the water:
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Tour + Tin

Tf = P (5)

Reynolds number can be calculated:

R, = PP
1 (6)
Tc,o - Tc:
e= &0 ‘ol
T;,o _Tc,i (7)

4. Results and discussion

Renewable energy can be considered as an alternative energy source to meet the growing energy demand due to the scarcity and
continuous depletion of conventional fuels. The most available source of renewable energy on earth is solar energy as the earth
receives abundance of energy coming from the sun. Solar thermal collectors capture solar radiation which is then turned to thermal
energy and transferred to a working fluid subsequently. Compared to other stationary collector such as flat plate solar collector (FPC),
ETSCs have outstanding thermal performance due to lower heat loss, easy transportability, and quick installation. In addition, ETSCs
are suitable for unfavorable climates [20-23], The collector system manufactured to study the performance of the solar heated water.
All Figs. shows the value of the temperature at the inlet and the outlet during the sunny day from eight at morning to 3 pm, noted that
the maximum temperatures in the half day because of radiation of the sun are stronger. the experimentally work contains two flow
rates one of the 5.3 L/min but the other 6.51 L/min, the different outlet temperature at the two flow rates is shown in Fig. 3, and
Fig. 4, the maximum temperatures at 5.3 and 6.51 L/min is 51.4 °C, 49 °C, respectively. This means if the flow rate increases the
temperature decreases. Fig. 5, shows the average temperatures between outlet temperature at different flow rate (5.3 and 6.51 L/
min), this average begin at temperature 29.2 °C at 9 am at morning and goes rising to maximum value 50.2 °C in the half day, then
decreases gradually at 3 pm, this because of the radiation of the sun was also decreases. Fig. 6, shows the efficiency of the collector at
the different flow rate, the Fig. 6 indicated that the efficiency at 5.3 L/min higher than the efficiency of the flow rate 6.51 L/min, this
according to the flow, the slowly flow (5.3 m/L) absorbed more heat from sun than the flow (6.51 m/L). Fig. 7, shows the effec-
tiveness of the collector at the different flow rate, the results recorded that the effectiveness of the collector at the flow rate (5.3L/
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Fig. 4. Compare between inlet and outlet temperatures at flow rate 6.51 L/min.
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Fig. 5. Average outlet temperature at flow rate 5.3 and 6.51 1/min.
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Fig. 6. Variation of the efficiency of different flow rate.
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Fig. 7. Effect the flow rate on effectiveness of collector.

min) higher than the effectiveness of the collector at the flow rate (6.51 L/min), this because of the collector absorbed heat from the
sun, hence increasing the temperature of the water flow in the pipe which increases the effectiveness of the collector. These results
help us to exploit the sun's rays of use for heating water as well as in various uses.

5. Conclusion

This paper describes the major scenarios for solar thermal applications in Iraq by using the Solar water heating for flat plate
collector. The results presented here demonstrate the water at flow rate 5.3 L/min heated more than the flow rate 6.51 L/min,
because the collector observed the radiation of the sun slowly which causes the higher efficiency and effectiveness of the collector, so
the maximum temperature was (51.4 and 49 °C) at flow rate (5.3 and 6.51 L/min) respectively. This system suitable for feeding
anyway which needed to heating water because of its effectiveness of the collector and higher temperature.
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