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Abstract— Flat-plate solar collectors (FPSC) heaters are widely utilized for heating water in residential buildings and other commercial and industrial applications. The main disadvantage of solar water heater is their low efficiency. Improving the thermal characteristics of the working fluid in solar water heater can dramatically increase its thermal efficiency. The aim of the present experimental investigation is to study the effect of using Alumina nanofluids as a working fluid for the solar water heater on its efficiency. Triton X-100 (Iso-Octyl Phenoxy Polyethxy Ethanol) was used as a surfactant and its stability and aggregation of the suspension was investigated. Outdoor experiments have been carried out in New Borg El-Arab city, Alexandria, Egypt according to ASHRAE Standard 86-93. Two similar water heaters systems using pure water and the nanofluids were tested at the same time, locations and similar conditions.  The results showed that using nanofluid of 0.15% Alumina particles improves the FPSC thermal efficiency by 18%. More than concentration of surfactant were tested and the results showed that more stable nanofluid could be prepared to employ suitable surfactant concentration and by sophisticating preparation protocol.
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Nomenclature
	Ac
	Surface area of solar collector (m2)

	(Cp)np
	Heat capacity of nanoparticles (J/kg K)

	(Cp)bf
	Heat capacity of base fluid (water) (J/kg K)

	(Cp)nf
	Heat capacity of nanofluid (J/kg K)

	FR
	Heat removal factor

	Gt
	Global solar radiation (W/m2)

	m°
	Mass flow rate of fluid flow (kg/s)

	Qu
	Rate of useful energy gained (W)

	Ul
	Combined measurement and scatter uncertainties of each parameter (%)

	Um°
	Uncertainty of mass flow rate (%)

	UGt
	Uncertainty of GT (%)

	Ut
	Uncertainty of ∆To,i (%)

	Uɳi
	Uncertainty of ɳi (%)

	Ui,s
	Random uncertainty of the ith component (%)

	Ui,u
	Systematic uncertainty of the ith component (%)

	t
	Time (s)

	Ta
	Ambient temperature (K)

	Ti
	Inlet fluid temperature of solar collector (K)

	To
	Outlet fluid temperature of solar collector (K)

	To.init
	Collector outlet initial fluid temperature (K)

	To,t
	Collector outlet fluid temperature after time t (K)

	Ul
	Overall loss coefficient of solar collector (W/m2 K)

	Greek symbols
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	Absorptance- transmittance product
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	Time constant for solar collector (min)

	ɳi
	Instantaneous collector efficiency

	Ф
	Volume fraction of nanoparticles in nanofluid

	∆Toi
	Temperature rise across the collector (= To - Ti )

	Subscripts

	TEM
	transmission electron microscopy

	PV
	Polypropylene

	FPSC
	Flat plate solar collector

	IEP
	Isoelectric point

	DDW
	Double distilled water


I. Introduction

Sustainable energy generation is one of the most important challenges faced by our society today. The most promising solution is apparently efficient utilization of solar energy as the amount of solar energy incident on the Earth’s surface is greater than the world consumption of energy in a year with minimal environmental impact for its generation. Solar thermal energy is a convenient source of heating, for which the technology does not depend on scarce and finite energy resources. Solar thermal collectors are practically heat exchangers that transform solar radiation energy to internal energy of transport medium. Among them, flat-plate solar collectors (FPSC) are the most common collectors for domestic water heating systems in many countries today. Due to the convection and radiation losses, these types of solar thermal collectors have comparatively low efficiency and outlet temperatures. To improve the FPSC performance, a large number of studies on solar thermal collectors used high-thermal-conductivity fluid instead of base fluid such as water. 

Recently, researchers have paid much attention to nanofluids as heat absorbing medium to increase the FPSC efficiency significantly. Apparently, metallic solids have higher thermal conductivity than most liquids, therefore, it can be expected that the fluids containing suspended metallic solid particles in nanoscale have higher thermal conductivity than the usual heat transfer fluids. The suspension of nanoparticles (1–100 nm) in a conventional base fluid is called a nanofluid. Compared to suspensions with particles in millimeter to micrometer scales, the nanofluids show better rheological properties, stability, and considerably higher thermal conductivities.

Choi [1] was the firstly who introduced the term of nanofluids to refer to the fluid with suspended nanoparticles. He showed that the addition of a few amount (less than 1% by volume) of nanoparticles to conventional heat transfer liquids increase the thermal conductivity of the fluid up to approximately two times.

Li et al. [2] presented a procedure for preparing a nanofluid with and without dispersant. The dispersion of Cu nanoparticles in water was investigated with different pH (a measure of how acidic/basic fluid is), dispersant types and concentrations in terms of zeta potential, absorbency and sedimentation photographs. It was found that as the concentration of Triton X-100 increased, the absorbency improved with an optimum concentration of 0.43 % of Triton X-100 (mass fraction). They concluded that the higher absolute value of zeta potential brought about more improvement in the absorbency, and more stability of the system. 

Faizal et al. [3] analyzed the potential of size reduction of a flat-plate solar collector when multi-walled carbon nanotubes (MWCNT) nanofluid was used as an absorbing medium in the presence of surfactant Triton X-100. The thermal efficiency of 0.2 wt% MWCNT nanofluid decreased without surfactant, while it increased with a surfactant. However, by increasing the concentration of MWCNT up to 0.4 wt%, the thermal efficiency increased even without surfactant.

Xuan et al. [4] experimentally studied the influence of surfactant sodium dodecyl benzoic sulfate (SDBS) on impinging heat transfer performance of Cu–water nanofluids. The results revealed the decline of the impinging heat transfer performance of nanofluids was dependent upon the mass fraction of SDBS and the volume fraction of suspended nanoparticles. For the nanofluid with the nanoparticle volume fraction of 0.34%, when the mass fraction of SDBS increased from 0.05 wt.% to 0.1 wt.%, the heat transfer coefficient decreased from 21,000 to 20,000 W/m2 K.

Uoesfl et al. [5] experimentally illustrated the effect of mass flow rate, the mass fraction of nanoparticles (Al2O3), and surfactant (Triton X-100) on the efficiency of a flat-plate solar water heater. They examined two different weight fractions of the nanofluid, 0.2 %, and 0.4 %. The stability of dispersion was maintained during three days after sonication. They concluded that the solar collector efficiency decreases with decreasing mass flow rate. The efficiency of solar collector operated with 0.2 wt% Al2O3 nanofluid was greater than that operated with pure water by 28.3%. The addition of surfactant enhanced the efficiency by 15.63 % at maximum.

Uoesfl et al. [6] experimentally examined the effect of pH on the efficiency of flat-plate solar collector operated with 0.2 wt% MWCNT-Triton X-100-water nanofluid at pH of 3.5, 6.5, and 9.5. The isoelectric point of MWCNT was 7.4, at which the molecules carry no electrical charge. It was found that the pH of the nanofluid near to the isoelectric point (IEP) leads to low stability of suspended nanoparticles due to small interparticle repulsion force, and vice versa. They showed that the efficiency of solar collector was more enhanced when it was operated with pH more far from the isoelectric point. A similar experiment was carried out by Goudarzi et al. [7] to investigate the effect of pH of two nanofluids, 0.1 wt.% CuO– H2O and 0.2 wt.% Al2O3–H2O on the efficiency of the new cylindrical solar collector. Sodium dodecyl sulfonate (SDS) was employed as an additive to enhance the stability of nanofluids. The efficiency of solar collector was evaluated based on ASHRAE standard. It was found that the thermal efficiency of the collector was high at pH far from isoelectric point (as the nanofluids became more acidic or basic). The efficiency with Al2O3 was higher than that with CuO.

Otanicar and Golden [8] studied the environmental and economic aspects of nanofluid utilization in solar collector compared to conventional solar collectors without nanofluids for domestic hot water systems. They concluded that the solar collector with nanofluid had a slightly longer payback period due to the cost of nanoparticles while at the end of its lifetime the same economic saving could be gained compared to a conventional solar collector.

Otanicar et al. [9] employed carbon nanotubes, graphite, and silver to prepare nanofluids to be utilized in the solar collector. They proposed a numerical model of a solar collector with direct absorption nanofluids. The collector performance predicted by the model was compared with the experimental data. They showed that the efficiency rapidly increases with volume fraction in its lower range, and subsequently, the efficiency asymptotically converged in the higher volume fraction ranges.

Said et al. [10] experimentally examined the influence of TiO2-water nanofluid on the performance of flat plate solar collector. Thermo-physical properties were improved and the extent of sedimentation was reduced by using Polyethylene Glycol (PEG 400) dispersant. The energy efficiency was increased by 76.6% at 0.1% volume fraction and 0.5 kg/min flow rate, whereas the highest exergy efficiency was 16.9 %. They showed that the pressure drop and pumping power for TiO2 nanofluid was very close to those for the base fluid. 

As mentioned above literature, there are only a few researchers committed to using Al2O3–H2O nanofluid combined with triton X-100 surfactant. It is believed that the performance of the FPSC strongly affected by the ambient conditions of the hot arid zones. The main purpose of this study is to discuss the feasibility for nanofluids apply to the flat-plate solar collector and investigate, experimentally the effect of using Al2O3–H2O nanofluid with surfactant on improving the FPSC efficiency under the conditions of the hot arid area.
II. Experimental Setup and procedure

A. Experimental Setup
Two identical flat plate solar water heaters using pure water and nanofluids as working fluids are tested. A schematic diagram and a photograph of the tested solar water heater are shown in Fig. 1 and Fig. 2, respectively. The heaters are located outdoors on Energy Resources Engineering (ERE) building roof at Egypt-Japan University of Science and Technology (E-JUST) in New Borg El-Arab city, Alexandria, Egypt (Longitude/Latitude: E 029º 42´ / N 30º 55´).  As the collector tilt angle has a significant effect on the captured radiation by the non-tracking collector from the sun and to acquire the maximum irradiation, the solar collectors (1) (see Fig. 1) were installed with the optimal tilt angle of 30°. The specifications of the tested flat plate solar collector are given in Table 1. An electrical pump (6) (UPS25-60) is used to circulate the aqueous medium as the solar collector is a forced convection system. A tank (2) with an approximate capacity of 360 liters was installed for absorbing the thermal load from the solar collector. A heat exchanger (3) was inserted into the tank to transmit the heat load from the closed loop medium (heat transfer medium) to the domestic water. Two K-type bolt M8 thermocouples (9 and 10) have been installed inside the inlet and outlet tubes of the collector to measure the inlet and outlet temperature of the working fluid of the collector. Another K type thermocouple (11) is used to record the ambient temperature. A copper tube is installed to the collector, upstream the pump, to enable using an ultrasonic flow meter (KATRONIC CAT flow 200) (4) to obtain a precision record for flow rate.  A bypass flow line with a simple valve (7) is connected in parallel with the electric pump to regulate the mass flow rate of the working medium in the solar system. A pyrometer (PY 67210 LI-COR) (14) is installed perpendicular to the solar collector to measure the total solar radiation received by the collector. A twenty-four channels data acquisition (OM-320 OMEG) (12) is connected with all sensors to copy all data via USB interfaces to a PC computer (12). A feed tank (13) is used for supplying the pumping system with the working fluid and the makeup water. An air vent (15) in the top of the system is used to extract any bubbles and gasses mixed with the working fluid. A Porto log weather station (16) (466 A Rain Wise) (as shown in Fig. 2) is used to measure wind speed, ambient temperature, and total radiation. To minimize the experiment measuring error, measurements were collected each minute and averaged over the data period. Thermocouples are calibrated using ice and boiled water. The ultrasonic flow meter was calibrated by using the same copper tube in the system and collecting a knowing mass of water in a certain time. Repeated process was recorded and a calibration equation for the device was obtained.
Double distilled water (DDW) was used as a base fluid in the closed loop of the Flat Plate Solar Collectors. Nanomaterial of aluminum oxide (Al2O3) (sigma Aldrich providers) that is commercially available in a spherical shape with size less than 20nm was used. The nonionic surfactant Triton X-100 from (Oxford Indian chemicals laboratory) was added to the nanofluid, AL2O3 -H2O.
Stable nanofluid preparation with regular dispersion is the key step to improve thermal properties of the medium fluid. The physical properties and image of aluminum oxide (nanoparticles) are given in table 2 and fig. 3. In the present study, the mass concentration of Al2O3 in double distilled water is 0.15%. Three methods were performed to increase dispersion attitude and lowering Al2O3 aggregation. The solution was firstly dispersed using a disperser 500W (T18D, 
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Figure 1.  A schematic diagram of the experimental setup.
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Figure 2.  Experimental setup for the study and portable meteorological weather station.

Table 1.  Specification of flat plate solar collector

	Specification
	Dimension
	Unit

	Flat plate

	Occupied area
	2.25 (250 Х 90)
	m2

	Absorption area
	2.1  (230*85)
	m2

	Weight
	40
	Kg

	Insulation tank
	360
	L

	Collector capacity
	4
	Liter

	Anti-leakage 
	Rubber (E.P.D.M)

	Insulation 
	(Polyurethane 40 kg/m3)  

4 cm on back, 2 cm on sides

	frame

	Glass (float)

transmittance
	T = 3

91%
	mm

	Header Pipe(Cu)
	Ф 28    n =2
	mm

	Riser pipes(Cu)
	Ф 12.5  n = 6
	mm

	Tilt angle
	30
	Deg

	Insulation (Polyurethane 40 Kg/m3)
	4    on back

2   on sides
	Cm

Cm

	Absorption sheet

	Coating Method
	Selective coating

	Sheet
	copper(Cu)

	Thermal Emission
	7%

	Solar Absorption
	96/2%

	Insulation Tank and heat exchanger

	Insulation material: 
	7 cm  Polyurethane, density : 40 kg/m3

	Heat exchanger tubes:
	Cu  (D=½ in)(L=15 m) 

	Tank material
	galvanized steel sheets coating by Alenamald

	tank volume
	360 liters


IKA) for 15 minutes, and then it was sonicated with an ultrasonic vibrator (with UP-200S ultrasonic model) as shown in fig. 4. The confirmed ways for minifying aggregation and clustering nanoparticles and improve suspension are to use the high shear (disperser) and ultrasound vibrator [2] and [11]. The compatible surfactant (activator), Triton X-100, was added to the nanofluid for the production of a homogenous dispersion of nano-powder in double distilled water [12].
Table 1 : Alumina (Al2O3) nanoparticles physical properties

	Item
	Value
	Unit

	Size of particles
	Less than 20
	nm

	Shape of particles
	spherical
	

	Density
	3600
	kg/m3

	Al2O3  content
	99.7%
	

	Thermal conductivity
	30
	W/mk

	Specific heat coefficient
	880
	J/kg K
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Figure 3.   Alumina nanoparticles powder.
The effects of dispersant were investigated and discussed for three samples of Al2O3-H2O nanofluid with fixed nanoparticles mass fraction and different surfactant concentration as shown in table 3 and fig. 5. The transmission electron microscopy (TEM) photographs of Al2O3 with double distilled water are presented in fig. 6 to illustrate the difference evenness of suspension between two cases. The figure shows that sample 2 has a remarkable dispersion for nanoparticles than sample 1. An aggregation and clustering will appear absolutely due to a high surface energy of nanoparticles [13]. After 60 days, fall agglomeration occurs in sample 1 on the other hand sample 3 and sample 2 have low suspension and dispersion. All the three samples have agglomeration in the bottom of the test tube. Agglomeration problem is the biggest challenge for nanofluid and a lot of research are currently conducted to solve this problem.  TEM photographs for sample 3 have more dispersion for nanoparticles than sample 2 and sample 1, even though; sample 1 has more clustering as shown in fig. 5. After working for 20 days, the Alumina nanofluid color change. Since the nanofluid had been extracted from the solar system, it was noted that some particles deposited inside PV tubes. A certain design is required to get the used nanofluid concentration close to the original one [14]. Figure 7 shows the visual changes of nanofluid after working 20 days inside the solar system. While tubes were cleaned and washed by water after extracting Alumina nanofluid, the drain (water) contained nanoparticles as its color changed close to Alumina nanofluid color.
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Figure 4.  a) High shear disperser and b) ultrasound.
Table 2: Mass fraction for three samples

	
	Al2O3
	Triton X-100 / 1 L of nanofluid

	Sample 1
	0.15% WT
	0 mL

	Sample 2
	0.15% WT
	15 mL

	Sample 3
	0.15% WT
	30mL
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(a)
After 4 days

(b) after 60 days

Figure 5.  Samples of nanofluid after different days (W: double distilled water)

B. Experimental procedure and test method

A number of standers describe thermal performance test procedure for both flat plate and concentrated solar collector are available [15]. ASHRAE Standard 86-93 [16] for evaluating the thermal performance of FPSC is used in the present work. In this standard, the instantaneous efficiency for various combinations of inlet working fluid temperature, ambient temperature, and incident radiation are used to determine the thermal performance of FPSC. It should be grantee that the experiment measurement is performed under steady-state or quasi-steady-state conditions. 
FPSC heat capacity determination in terms of the time constant is needed for obtaining the collector testing [17]. In addition, determination of the time response of the solar collector is necessary to estimate the collector transient behavior and select the correct time intervals for steady-state efficiency tests. During the existence of transient conditions, the thermal performance test is not required as part of the absorbed solar radiation is used to warm up the system components. The collector time constant represents the time required for a fluid leaving the collector to change through  0.632 of the total main steady state value after a step change in inlet fluid temperature or incident radiation [18]. For determining the time constant, using ASHRAE standard outlines, first operate the collector after reaching steady conditions with a slight difference between ambient temperature and inlet fluid temperature. Next, covering the collector with an opaque surface to shield it from receiving insolation and the reduction of water outlet temperature (pump should be running) is continuously observed as a function of time. The time constant is calculated as the time required for:
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Where TO,t is outlet fluid temperature after time t, To,init is the outlet initial fluid temperature and Ti is the inlet fluid temperature.
In the present study, the time constant of a solar collector in each test run was found to be less than 5 min. The time constant of water in the present FPSC is shown in fig. 8. According to this figure and equation (1), the resulted time constant was 2.654 min. With regard to ASHRAE Standard 93-86, steady-state conditions are not only maintained during the data period, but also must maintain during the pre-data period [15]. A test period contains both the pre-data period (specified time interval prior to the data period) and the data periods. For attaining steady state conditions the mass flow rate and irradiation must be kept within ±1% and ±32 W/m2, respectively. In addition, the outdoor ambient and inlet temperature must not vary more than ±1.5 K and ±0.1 K respectively for the entire test period. For outdoor tests with a fixed test installation, the length of the pre-data period is 15 min and the duration of the data period does not exceed 5 min interval or an interval equal to the collector time constant.
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Figure 6.  Transmission electron microscopy (TEM) for three samples (1, 2, and 3) in range 200 and 20 nm a)-scale is 20 nm, and b)-scale is 200 nm.
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Figure 7.  the visual changes of Alumina nanofluid after working 20 days inside the solar system. a): before experiment, b): after experiment.

Where TO,t is outlet fluid temperature after time t, To,init is the outlet initial fluid temperature and Ti is the inlet fluid temperature.
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Figure 8.  Collector time constant for water at 5.5 l/min.

III. Data reduction and efficiency calculation
While the collector is mounted to face the sun perpendicularly and steady state condition is achieved, ASHREA standard recommended that collector testing should be performed with a range of inlet temperature conditions in every test. To minimize the heat capacity effects for the collector, tests are already performed in symmetrical pairs, around the solar noon. Thus, data on the thermal output and data on the conditions are available; furthermore, the data for each test period are averaged while other data are ignored. Measured data of the inlet and outlet fluid temperatures (Ti, To) and the working fluid mass flow rate m° could be used for calculating useful energy Qu using the following equation:
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Where Cp is the heat capacity of working fluid. Nanofluid heat capacity (Cp) nf is determined by
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Where Ф is the volume fraction of nanoparticles. (Cp) nf, (Cp) bf indicate the specific heat coefficient for nanoparticles and base fluid respectively. There is another indication for useful energy gain by how the collector absorbs energy and how it loses energy to the air, which obtained from next equation.
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Thus, FR, and Ul 
are known as the collector heat removal factor and overall heat losses coefficient, Ac is the gross collector area which was used by ASHRAE 93–2003 and defined as the total area occupied by a collector module, Gt is the solar radiation, is the absorptance transmittance product, and Ta is the ambient temperature. The instantaneous efficiency ɳi  is known as the ratio of energy gain to the total radiation gathered by a solar collector surface and determined from:
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 (6) However, FR, Ul and 
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 are not constant all the day [17], they are all being constant when the test is carried out at near normal incidence conditions within the range of tested temperature. After data had been averaged, the efficiency was plotted versus a reduced temperature parameter (Ti- Ta/ Gt). The experimental data were fitted with linear equations where according to equation (5) a straight line will result. FR (
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) represent an intercept of the line with the vertical axis (efficiency) and called absorbed energy parameter. This point is maximum collector efficiency and the temperature of the fluid entering the collector equals the ambient temperature. The slope (-FRUl) of the line is defined as removed energy parameter. In contrast, the collector efficiency is zero at the intersection of the line with the horizontal axis. This point is usually called stagnation point and exists when the mass flow rate equal zero in the collector.
In the present study the inlet, outlet temperatures, mass flow rates, irradiation and climatic conditions are measured using experimental instrumentations. All these instruments can’t be totally accurate and have some uncertainties that need to be estimated. The uncertainties in the different measured quantities are given in Table 3. Using equations 6, the combined uncertainty in the thermal efficiency of FPSC can be calculated using the following equation [19-21].

[image: image25.wmf])

(

2

2

2

2

o

i

G

m

U

U

U

U

U

t

i

+

+

+

=

o

h



(7)
Thus, Um°, UGt and UTi, and UTi are the uncertainty for mass flow rate, irradiation, inlet, and outlet fluid temperature consequently. While determining the collector efficiency for this experiment, the maximum uncertainty for all tests was within 3.87%.

Table 3: Uncertainty of the experiment instruments

	Parameter
	Uncertainty value

	Temperature
	± 0.1°C

	Solar radiation
	± 10 W/m2

	Wind speed
	± 0. 07 m/s

	Ambient temperature
	±0.1°C

	Volume flow rate
	±0.1 L/min
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Result and Discussions
In the present study, five tests were performed from 9:00 to 15:00 around solar noon. Each test run took about 60 min. It is necessary to know that, every test run period consists of three parts (20 min for each) in a quasi-steady state condition. Each test was carried out in different days and the accepted experimental data has been chosen. The maximum variations in inlet, outlet, ambient temperatures, and global radiation were within 1ᵒC, 1.8ᵒC, 1.4ᵒC, and 30 (W/m2), respectively according to the ASHREA standards. Solar radiation data (on both a clear day and a cloudy day) are included in fig. 9. The experimental results are presented in the form of equations and graphs such as the collector efficiency against the reduced temperature (Ti- Ta/ Gt). In the present study, the mass flow rate of working fluids is 5.5 L/m, the daily average wind speed was found to be 1.1 m/s. For October 2015, the results obtained for water and nanofluid as base fluids are given in fig. 10 and fig. 11.The Radiation climbs slowly reaching a maximum value at solar noon and slumped slightly. The difference between the inlet and outlet working fluid temperature also affected by the radiation change.
Hourly thermal efficiency profiles are used to compare the thermal efficiency of the different collectors [22-23]. Figure 12 shows the comparison between the instantaneous collector efficiency for the same flow rates and at the conditions related to fig. 10 and fig. 11. For different working fluids, the instantaneous efficiency of the collector is a maximum at solar noon as shown in fig. 12. The figure also shows that the instantaneous efficiency of the collector increased by using high dispersion Alumina nanofluid as a collector heat transfer fluid. Figure 13 shows the variations of FPSC instantaneous efficiency with the reduced temperature parameters obtained in this study by using a curve fitting technique. The figure shows that the Alumina nanofluid has a remarkable impact on the efficiency improvement for the collector. The efficiency parameters, FR (
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)
values are presented in fig. 14 and fig. 15. The value of  FR ( and (FRUl) ) 
for both Double Distilled Water and Alumina nanofluid are closed to each other and it becomes clear that it has low effect on the efficiency increasing. On the other hand, the present results show that the values of (FRUl) have a significant difference and shows that the lower removed energy parameter for Alumina nanofluid is the main reason for improving thermal efficiency. Furthermore, the difference in efficiency values at the high-temperature difference is larger than at low-temperature difference (see fig. 13). Present results show 18% increase in efficiency at high-temperature difference where (FRUl) is more controlling in FPSC efficiency. Moreover, the improvement at the low-temperature difference is 4.1% because absorbed energy parameter FR ()
 is more dominant in collector efficiency.  Figure 14 and fig. 15 show how the FR () and (FRUl) parameters of the solar collector change due to change in working fluid type. Figure 14 shows that using the nanofluid decrease the absorbed energy [6]parameter, also, this parameter could be increased if the nanofluid pH values were changed . Figure 15 depicts that the removed energy parameter is decreased by using Alumina nanofluid.
Figure 9.  Solar radiation readings for two different days, a clear day and a cloudy day.
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Figure 10.  Experimental results for water as working fluid in FPSC.
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Figure 11.  Experimental results for (Al2O3–H2O) nanofluid as working fluid in FPSC.
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Figure 12.  The instantaneous hourly efficiency of solar collector for (Al2O3–H2O) nanofluid with surfactant and D.D. water
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Figure 13.  The efficiency of solar collector for (Al2O3–H2O) nanofluid with surfactant and D.D. water
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Figure 14.  The absorbed energy parameter of the efficiency equation of  FPSC for DDW and (Al2O3–H2O)
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Figure 15.  The absorbed energy parameter of the efficiency equation of  FPSC for DDW and (Al2O3–H2O)
V. Conclusion
Alumina nanofluid impact on the FPSC thermal efficiency is investigated on outdoor condition according to the ASHREA standards. The present experimental results showed that more stable and suspension for Alumina nanofluid when using triton-X100 as a surfactant with disperser and an ultrasonic device. The efficiency and time constant for FPSC are examined and discussed. The present study showed that the FPSC thermal efficiency is improved with nanofluid compared to that of pure water. An increasing in FPSC efficiency with 18% at high-temperature difference. Moreover, the improvement at low-temperature difference is 4.1%.  It is recommended for the future work, a change of pH values for Alumina nanofluid to reach a point at which the absorbed energy [image: image44.png](K (1a))



  parameter increased. Changing the nanoparticles mass fraction and surfactant type is needed to develop a highly stable more suspension nanofluid.
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