
PROCESS ENGINEERING  

The 17
th

. Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 1922 - 

CONSTRUCTION AND THERMAL PERFORMANCE 

EVALUATION OF FLAT PLATE 

 SOLAR COLLECTORS 

Darwesh, M.*A. H. Elmetwalli*, A. Derbala,**,  

T. Fouda*** and M. Morad**** 

ABSTRACT 

A solar energy systems (two solar water heaters and a storage tank) were 

constructed to deremine their actual thermal performance under average 

weather conditions. The system consisted of five components; collector 

box, absorber plate, copper pipes, insulation material, and glass cover).   

The thermal test of performance for the two areas of solar collectors (2 

and 2.994m
2
) with three flow rates of water (2, 7.5 and 12 l/min) were 

computed. The thermal performance of the solar collectors was 

evaluated in terms of the useful heat energy gain or the collector 

efficiency. 

The main results of this research work can be summarized as follows: 

The daily average absorbed solar radiation during these experiments 

were 14.31, 14.22 and 13.93 kWh/day at with the use 2.994 m
2
 of solar 

collector area under water flow rates (2, 7.5 and 12 l/min), while they 

were 10.19, 9.77 and 9.31 kWh/day with the use of 2 m
2
 of solar collector 

area under 2, 7.5 and 12 l/min water flow rates. The daily average 

absorbed solar radiation converted into useful heat gain during the 

experimental work were 11.08, 11.26 and 9.49 under (2, 7.5 and 12 l/min 

water flow rates, respectively) under the use of 2.994 m
2
 of solar 

collector area. While they were 8.30, 7.41 and 6.88 kWh/day under 2, 7.5 

and 12 l/min water flow rates with the use of 2m
2
 of solar collector 

area.The daily average overall thermal efficiency during these 

experiments were  62 and 64 % with the use of 2.994 and 2m
2
 of solar 

collector areas , respectively. Consequently 38% and 36% of the total 

solar energy available were lost. 
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INTRODUCTION 

n Egypt, the annual average of global solar radiation is 5.4-7.1 

kW.h/m
2
/day, while the annual average solar radiation on full 

tracking system is 7.5 -10.5 kW.h/m2.day. From these numbers it 

can be concluded that Egypt has a great potential of solar energy, which 

can be considered as a reliable energy resource all over the year [N. R. E. 

A. and U. S. A. I. D. (1991)]. Saha (2003) reported that the flat-plate 

collectors have the advantages such as: they can use both beam and 

diffuse solar radiation, they do not need orientation towards the sun, they 

require little maintenance, and they are mechanically simpler and they 

easiest and least expensive to fabricate. Kalogirou(2004) stated that flat – 

plate solar collectors absorbs the incoming solar radiation and converts it 

into heat and also transfers this heat to a fluid flowing through the 

collector. These conversions depend on the absolute performances of 

many different materials such as glazing materials, collector absorbing 

plates and used fluids. The solar collector thermal efficiency was defined 

as the ratio of the useful energy delivered to the energy incident on the 

collector aperture. Awady and Atter (2005) field an Egyptian Patent for 

an “Electronic Solar-Tracking System”. They declared that it improves 

the daily efficiency of solar-collecting panels by virtue of continual 

automatic aligning of their surfaces normal to incident radiation. In this 

invention, photo-electronic sensors detect incident-rays direction with a 

suitably designed shield assuring the normality of the plate-collector. A 

40% increase in daily energy-reception is estimated over fixed plate-

collectors. Abdellatif et al. (2006a,b) compared between two similar solar 

water heaters of flat plate type . They revealed that, the solar water heater 

which tracked the sun's ray once each half hour from sunrise by 20.98 %. 

The obtained results also showed that, the water inlet temperature was 

directly proportional to the solar energy system heat losses and 

consequently it was inversely proportional to the overall thermal 

efficiency. The daily average heat transfer efficiencies for the two solar 

panels using two different water inlet temperatures (29.5 and 18.8° C) 

were 81.12 % and 91.47%, consequently 18.88 % and 8.53% of the 

absorbed solar energy were lost, respectively. Nuntaphan et al.  (2009) 

used the collector area of about 4m
2
 and experimented the volume of 

I 
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water in the storage tank between 100 and 300 liters  with the mass flow 

rate of between 6 and 12 l/ min. They found that a single solar collector 

can produce approximately 48-56°C hot water at an average solar 

radiation of 600-700 W/ m
2
  at mass flow rate 0.2 kg/s. Also, their results 

showed that the higher water volume exhibited lower water temperature 

and the mass flow rate of water had no effect on the water temperature 

under these conditions. Therefore the objectives of this study are to 

contruct a solar energy system and optimize some operating parameters 

affecting the performance of the used system (collector area and fluid 

flow rate). 

MATERIALS AND METHODS 

The flat plate solar collectors were designed and constructed in a private 

workshop, and installed on a roof of the house in Denosher village, El-

Mehalla El-Kobra, ElGhrabia Governorate at latitude angle of (30.95°N 

and 31.09°E) in order to collect and utilize the solar energy available as a 

heat source. The thermal test of performance for the two areas of solar 

collectors of 2 and 2.994 m
2
 (the combination between 0.994 m² and 2 m² 

connected in series) with three flow rate of water (2, 7.5 and 12 l/min) 

were used.                                                                                         

Materials 

Solar water heaters (solar collectors) 

 Two solar collectors were used having a net surface area of 0.99 and 

2m
2
. Each solar collector consisted of five components (collector box, 

absorber plate, copper pipes, insulation material, and glass cover), as 

demonstrated in Figures. (1and2). 

- The solar collector boxes are rectangular in shape and made of 

aluminum bar 2 mm thick.  

- The gross dimensions of the large-scale solar collector box are 2.8 

m length, 1.8 m width, and 0.12 m depth, with a net upper surface 

area of 5.88 m
2
, while the gross dimensions of the small-size solar 

collector are 1.50 m length, 0.78 m width, and 0.12 m depth, with 

a net upper surface area of 1.17 m
2
.   

- The absorber plate of both solar water heaters is rectangular in 

shape, and formed of an aluminum sheet which is a good 

conductor of heat. It was painted with matt black paint in order to 
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Fig. 1: Cross section of tubes bonded to backing large sheet 

Fig. 2: Cross section of tubes bonded to backing to small  

sheet 

Fig. 2: Cross section of tubes bonded to backing small sheet 
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absorb the maximum amount of the solar energy incident on its 

surface. The gross dimensions of the absorber plate are 2 m 

length,1 m width and 2 mm thick, 1.42 m length, 0.70 m width, 

and 2 mm thick with a net upper surface area of  2 m
2
 and 

0.99m
2
 for large-size and small-size solar collectors respectively. 

- A 12 mm diameter copper pipes (10 pipes and 7 pipes) are 

distributed at  equidistant of 10 cm and attached to the upper 

surface of the absorber plate using slap ties each 10 cm long 

throughout the length of each pipe. A 12 mm diameter was 

functioned to increase the surface area of heat transfer per unit 

volume of water. These copper pipes were also painted with matt 

black paint. 

- To reduce the solar collector heat losses from the sides and back 

of the collector 50 mm thick of insulation material (fiberglass 

wool) was placed in the bottom and sides of the solar collector. 

- To minimize the reflection of radiation and reduce heat losses by  

convection, a clear glass cover 5 mm thick was situated to cover 

the solar collector box and a distance between the absorber plate 

and glass cover was 5 cm. 

Temperature Measurements 

The thermocouples were put in all system to measure temperatures of 

system components as shown in Figure 3 and Figure 4. Thermocouples 

were put in many locations including: glass, absorber plate, outlet hot 

water, inlet hot water. Some points took three sensors according to the 

nature and importance of this part.The three sensors distributed as a 

diagonal line on the absorber plate which took a rectangular shape, then 

the averages of temperatures were taken in the calculation. 

Instrumentation 

-The global positioning system (GPS). The GPS was used to identify 

the actual coordinates for the experimental work area. The accuracy of 

the used GPS was ± 5 meters.  

-Data-loggers. The components of two data loggers were eight channels 

for each other, keyboard, monitor, programmed card and controllers. The 

programmed card employed two programs (Visual Basic andMatlab).  
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Inlet temperatures of 
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Sensors No.3&4  

Absorber plate 

temperature 

Sensor No. 5&6&7 
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the solar collectors. 

Sensor  No. 1&2  

Fig. 3 : Positions of thermocouples on solar collectors. 
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Fig. 4: Schematic diagram of data logger with computer. 
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The visual basic program is used to apply equation and Matlab is used to 

convert the information from analog to digital. The two data-loggers were 

connected by the fourteen sensors constructed from therimstors to 

measure the temperatures on limited positions in solar collectors and 

refrigerator unit. Figure (3) shows the schematic diagram about sensor 

channels and IC programmed computer and recording method. These 

sensors are attached with the IC computer program and data were stored 

in the computer. 

-Pyranometer.The most commonly used commercial radiometer in 

different countries is  the Kipp and Zohne solarimeter which is used in 

weather stations and field experiments for the measurement of radiation 

in the wavelength range of  0.3 to 3.0 µ.A typical instrument has an 

output of approximately 0.5 mV per 100 W/m
2
.  The expected solar 

radiation was in the range of 0 -1100 W/m
2
.  

Methods   

Experiments were conducted using two solar collectors to study the effect 

of some operating parameters on its performance. 

The studied parameters 

1- Two different solar collector areas ( 2 and 2.994 m
2
). 

2- Three different fluid flow rates ( 2, 7.5 and 12 l/min). 

Flat plate solar collector performance 

To measure thermal performance,  the useful energy gain or the collector 

efficiency, thus it is necessary to define step by step the singular heat 

flow equations in order to find the governing equations of the collector 

system. According to Duffie and Beckman (1980), Abdellatif (1985),  

Kassem et al.  (2006) and Abdellatif et al. (2009). The amount of solar 

radiation received by solar collector is: 

Available solar energy Q = RAc                                  , Watt 

Where: R is the intensity of solar radiation, in W/m
2
, 

                  Ac  collector surface area, m
2
 

Optical efficiency =  τ α  

Where: τ   transmission  and  α:  effective absorptance 

The rate of transmission of the cover τ (effective transmittance of solar 

collector cover material) can be calculated form the following equation: 

τ = τmax – 0.00437 exp [0.0936 (θ-30)]       ,decimal 
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τ = 0.90 – 0.00437 exp [0.0936(θ-30)]        ,decimal 

Thus, the absorbed solar energy QA can be found by the following 

equation:                QA = R (τα) Ac, Watt                                                 

The absorption rate of the absorber α (effective absorptance of the 

absorber plate of collector) can be computed from the following  

equation: α = αmax – 0.00476 exp [0.0940 (θ -35)]           , decimal 

The useful heat gain represents the rate of extraction of heat from the 

collector may be measured by means of the amount of heat carried away 

in fluid passed through it.  

QC = m Cp (Tfo – Tfi)                             , Watt 

Where:  

m  = mass flow rate of fluid                    , kg/s 

Cp = specific heat of fluid                       , J/kg/°C 

Tfo = outlet temperature of fluid              , °C 

Tfi  = inlet temperature of fluid                , °C 

The heat transfer efficiency can be determined by dividing the useful 

heat gain and the absorbed solar energy as given in the following 

equation: 

ηh = (QC / QA) *100                                    , % 

The amount lost by the collector to its surroundings (QL), expressed as 

of extraction under steady state conditions, is proportional to the rate of 

useful energy absorbed by the collector, less the rate of useful energy 

extracted by the collector (QC). This is expressed as follows: 

QL = QA – QC                                             , Watt  

Also, as the collector absorbs heat when its temperature is  higher than 

that of the surrounding and heat is lost to the atmosphere by convection 

and radiation. 

The rate of heat loss (QL) depends on the collector overall heat transfer 

coefficient (Uo) and the collector temperature: 

QL = Uo Ac (TP – Ta)                                 , Watt 

            Where: Uo = overall heat transfer coefficient          , W/m
2
.°K 

 TP = mean temperature of the absorber plate           , °K 

 Ta = ambient air temperature surrounding the collector, °K 
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The overall heat transfer coefficient (Uo). Uo is determined by adding 

together the top (Ut), back (Ub), and edge (Ue) heat transfer coefficients 

referred to the solar collector area (Ac): 

   Uo = Ut + Ub + Ue                             , W/m
2
/°K  

Overall thermal efficiency ηo : defined as the ratio of the useful energy 

gain (QC) to the incident solar energy over a particular time period: 

ηo = (QC/ RAc) *100                             ,% 

Overall thermal efficiency ηo defined as the ratio of the useful energy 

gain (QC) to the incident solar energy over a particular time period: 

ηo = ( QC / RAC) * 100                            , % 

Temperature rise (DT) equal  the different between fluid inlet 

temperature (Tfi) and the ambient air temperature (Ta) divided by solar 

energy flux incident (R). can be determined from the following equation:  

DT = (Tfi – Ta ) / R                                 , °C.m
2
 /W  

RESULTS AND DISCUSSION 

There are many factors affecting thermal performance of solar collector 

such as, intensity of solar radiation flux incident, inlet water temperature, 

and ambient air temperature surrounding the solar collector.  

1. Solar energy available  

Figure (5) indicates that the daily average solar energy available values of 

12.11 and 14.46 kW.h/day were recorded for the fluid flow rate of 2 

l/min and collector areas of 2 and 2.994m
2
, respectively.  Meanwhile, the 

daily average solar energy available values for the fluid flow rate of 7.5 

l/min and collector areas of 2 and 2.994 m
2
 were 11.58 and 16.87 

kW.h/day. Also, its respective values  were 11.05 and 16.54 kW.h/day for 

the fluid flow rate of 12 l/min and collector areas of 2 and 2.994m². 

These differences refere to the amount of solar radiation flux incident on 

solar collectors and net surface area of them. Fluid flow rates had no 

remarkable effects on solar energy available, as it only depends upon 

solar radiation and area of solar collector . 

2. Absorbed solar radiation  

Figure (6) illustrated that the daily average absorbed solar radiation for 

fluid flow rate of 2 l/min with solar collector areas of 2 and 2.994 m
2
 

were 10.19 and 14.31 kW.h/day, respectively. Meanwhile, the daily 

average absorbed solar radiation for fluid flow rate of 7.5 l/mi 
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Fig. 5: The daily average solar energy available with different  fluid flow rates  

and solar collector areas. 

 

 

 

 

 

were 9.77 and 14.22 kW.h/day, respectively. Also, the daily average solar 

energy available for fluid flow rate of 12 l/min were 9.31 and 13.93 

kW.h/day, respectively. Furthermore, the results indicated that the fluid 

flow rates had no effect on the absorbed solar radiation. 
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Fig. 6: The daily average absorbed radiation with different flow  rates and 

solar collector areas. 
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3. Useful heat gain and heat transfer efficiency  

Figures (7) and (8), illustrated that the daily average useful heat gain 

values were 8.30 and 11.08 kW.h/day and gave daily average heat 

transfer efficiency values of 81.64 and 77.20% for the fluid flow rate of 

2l/min and solar collector areas of 2 and 2.994 m², respectively. The 

values of useful heat gain for fluid flow rate of 7.5 l/min and solar 

collector areas of 2 and 2.994 m² were 7.41 and 11.26 kW.h/day, which 

gave an average heat transfer efficiency values of 75.12 and 79.13%, 

respectively. The heat transfer efficiency values were 73.84 and 67.81% 

when daily average useful heat gain values were 6.88 and 9.49 kW.h/day 

for fluid flow rate of 12l/min and the same collector areas.  

4. Solar collector heat losses  

Figure (9) indicates that the  values of daily average solar collector heat 

losses were 1.88 and 3.22 kW.h/day for the fluid flow rate of 2 l/min and 

collector areas of 2 and 2.994 m
2
, respectively. Meanwhile, the daily 

average solar collector heat losses values for the fluid flow rate of 7.5 

l/min and collector areas of 2 and 2.994 m2 were 2.41 and 2.21 kWh/day. 

Also, its respective values  were 2.45 and 4.46 kWh/day for the  flow rate 

of 12 l/min and collector areas of 2 and 2.994m². 

5. Overall thermal efficiency and temperature rise 

Figure (10) showed that the relationship between the daily average 

overall thermal efficiency and different fluid flow rates with two solar 

collector areas.  For the duration of the 2 m² solar collector area, the daily 

average overall thermal efficiencies were 68.68, 63.30 and 61.84% with 

fluid flow rates of 2, 7.5 and 12 l/min, respectively. Consequently 31.32, 

36.70 and 38.16% of the solar energy available was lost for different flow 

rates. The values of daily average overall thermal efficiency were 65.20, 

66.71 and 57.14% for fluid flow rates 2, 7.5 and 12 l/min for 2.994 m², 

respectively. Also, 34.80, 33.29 and 42.86% of the solar energy was lost 

for the long scale area of solar collector. The lower flow rate, the greater 

useful heat gain to storage because the high difference between inlet fluid  
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Fig. 7: The daily average useful heat gain with different fluid flow rates and solar 

collector areas. 
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Fig. 9: The daily average solar collector heat losses with different fluid flow rates 
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collector area, the greater significant relationship, the lower fluid flow 

rate. But, at the 2m
2
 solar collector area the relatioship was nearly  

constant. The greater significant relatioship is caused by the lower heat 

losses from solar collectors. The regression equations for the 2, 7.5, and 

12 l/min fluid flow rates with 2.994m
2
 solar collector area for the best fit 

were:- 

ηo= 65.131 – 66.44(DT), R
2
= 0.9211 

 ηo=69.49 – 169.48(DT), R
2
= 0.9059 

ηo= 69.65 – 167.61(DT), R
2
= 0.8290 

Also, the regression equations for the 2, 7.5, and 12 L/min with 2 m
2 

solar 

collector area for the best fit were:- 

ηo= 77.243 – 298.56(DT), R
2
= 0.9944 

ηo= 79.091 – 350.94(DT), R
2
= 0.9947 

ηo= 78.841 – 341.34(DT), R
2
= 0.9961 

The daily average total solar radiation flux incident on the horizontal and 

vertical surfaces during the experimental work were 4.066 and 5.623 

kW.h/m
2
/day, whilst, the daily average total solar radiation flux incident 

on the tilted surface with an optimum tilt angles was 6.335 kW.h/m
2
/day. 

CONCLUSION 

- The daily average absorbed solar radiation during these experiments 

were 14.31, 14.22 and 13.93 kW.h/day at 2.994 m
2
 solar collector area 

for (2, 7.5 and 12 l/min) fluid flow rates, while they were 10.19, 9.77 and 

9.31 kW.h/day at 2m
2
 solar collector area for (2, 7.5 and 12 l/min) fluid 

flow rates.  

- The daily average absorbed solar radiation converted into useful heat 

gain during the experimental work were 11.08, 11.26 and 9.49 for (2, 7.5 

and 12 l/min fluid flow rates, respectively) at 2.994 m
2
. While at 2 m

2
 

they were 8.30, 7.41 and 6.88 kW.h/day for 2, 7.5 and 12 l/min fluid flow 

rates. 

-The daily average overall thermal efficiency values during these 

experiments were  62 and 64 % at 2.994 and 2 m
2
 solar collector areas, 

respectively. Consequently  38% and 36% of the total solar energy 

available were lost. 
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 الملخص العربً

 معات الشمسية المسطحةجالاداء الحراري للمتصنيع وتقييم 
 د.محمذ درويش  د.عادل هلال د. اسعذ دربالة  ا.د طارق فىدة وا.د محمذ مراد

 9003يشكض انًذهح انكثشي  في خلال صيف  –أجشيد انذساعح فٕق عطخ يُضل تقشيح دَٕشش 

انشًغيح يركٌٕ يٍ شلاز ػُاصش أعاعيح )عخاٌ ياء ٔنزنك ذى ذصًيى ٔ ذُفيز َظاو كايم نهطاقح 

ديس يقٕو انغخاٌ انشًغي ترذٕيم انطاقح  9و;0933ٔأخش يغادرّ 9و9شًغي يغادرّ 

انضٕئيح نلأشؼح انشًغيح إني طاقح دشاسيح يرى إصادرٓا تٕاعطح يائغ انغشياٌ )انًاء( انًاس 

 – collector boxذٔق انًجًغ خلانّ يركٌٕ عخاٌ انًاء انشًغي يٍ عرح أجضاء سئيغيح ) صُ

انًادج  – copper pipesيٕاعيش انُذاط – absorber plateنٕح الايرصاص 

 waterطهًثح دفغ انًياِ  – glass coverانغطاء انضجاجي  – insulated materialانؼاصنح

pumpو  0989*892* 992(9 صُذٔق انًجًغ انكثيش ذى ذصُيؼّ يٍ أػًذج يٍ الأنٕييرال تأتؼاد

و922>غادح إجًانيح تً
9

 8و ٔ ػشضّ 9، نٕح الايرصاص ػثاسج ػٍ نٕح يٍ الأنٕيُيٕو طٕنّ  

يى ذى طلائّ تطلاء أعٕد يطفي نضيادج يؼايم الايرصاص ، ذى ذشكية يثادل دشاسي 9و ٔعًكّ 

يى ػهي نٕح الايرصاص ٔ طلاء انًٕاعيش تُفظ َٕع  8991ط الأدًش تقطش يٍ يٕاعيش انُذا

يادج انطلاء ، ذى ذضٔيذ جٕاَة ٔ قاع انصُذٔق تًادج ػاصنح يٍ انصٕف انضجاجي نرقهيم انفٕاقذ 

يى تذيس  >انذشاسيح تانذًم ٔ الإشؼاع ، ذى ذغطيح صُذٔق انًجًغ تهٕح يٍ انضجاج تغًك 

عى نرٕفيش عشياٌ تانذفغ نًائغ  >09يٍ نٕح الايرصاص يقذاسْا يٕفش يغافح سأعيح تيُّ ٔ ت

ٔاخ9 أيا تانُغثح نهًجًغ انصغيش ذى  >1:انرشغيم ذى ذضٔيذ انغخاٌ انشًغي تطهًثح قذسذٓا 

و 8981و تًغادح إجًانيح قذسْا 0989*0912*>89ذصُيؼّ يٍ أػًذج يٍ الأنٕييرال تأتؼاد 
9

  ،

 و 0909*0910*9;89ٕيُيٕو طٕنّ نٕح الايرصاص ػثاسج ػٍ نٕح يٍ الأن

  Produce of experimentsإجشاء انرجاسب  

 ذى ذشغيم َظاو انرغخيٍ انشًغي يٍ انغاػح انراعؼح صثادا ٔ دري انشاتؼح يغاءا 9 

و;9933)  ذى ذٕصيم انًجًؼيٍ انكثيش ٔ انصغيش ػهي انرٕاني
9

نهذصٕل ػهي أػهي دسجح  (

و 9يغادح  تاعرخذاودشاسج ٔ يقاسَح رنك 
9

 يُفشدج9  

 نرش / دقيقح( 89،  >19،  9ذى ذشغيم شلاز يؼذلاخ عشياٌ ياء  ْٔي )

و ;9933،  9ذى ذشغيم انُظاو ػهي يغادريٍ يٍ انًجًغ انشًغي )
9

) 

 -أهم النتائج المتحصل عليها:

و;9933تهغ يرٕعظ  انكفاءج انذشاسيح انكهيح نُظاو انرغخيٍ انشًغي في دانح يغادح  -
9

 =9 %

و9دانح يغادح أيا في 
9

% 9 يًا يؼُي أٌ انفاقذ يٍ كًيح  64كاٌ يرٕعظ انكفاءج انذشاسيح انكهيح 

% نهًغادريٍ انكثيشج ٔ انصغيشج يٍ انًجًغ ػهي =:% ٔ 2:انطاقح انشًغيح انًرادح ْٕ 

 انرٕاني9

و;9933% ػُذ اعرخذاو يغادح 918==تهغ يرٕعظ انكفاءج انكهيح انذشاسيح  -
9

يٍ انًجًغ ٔ  

نرش/  9يٍ انًجًغ ٔ يؼذل عشياٌ  9و9نرش/ دقيقح تيًُا ػُذ اعرخذاو يغادح  >19شياٌ يؼذل ع

 %29=29=دقيقح تهغ يرٕعظ انكفاءج انكهيح انذشاسيح 
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