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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 m2. 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, 

Arif, & 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. 

 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.   
 

 
Fig.(1): Cross-section of a typical liquid flat plate 

collector 
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(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. (Ihaddadene, 

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.  

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.

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (2) solar water heating system 
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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.

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4): schematic diagram of SWHS 

 

Table (1): characteristics of the collector 

Item Characteristic 

Collector dimension 1.04 m ×0.74 m 

Effective collector 

dimension 

0.9 m × 0.6 m 

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 conductivity, 

0.021 w/m2 

The thickness of 4.1 cm 

Air gap 0.04    

 

 

Fig. (3): collector cross section  
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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: 

 

𝑅𝑒 =  
𝜌 𝑉 𝐷

𝜇
                               (1) 

where 𝜌 is the water density, V is the average 

velocity in the pipe, D is the pipe diameter and 𝜇 

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  

𝑄𝑖 = 𝐼. 𝐴                                       (2) 

where A is the surface area of collector, m2. 

I is the solar radiation intensity, W/𝑚2.  

The transparent solar ray through the glass is the 

transmission 𝜏 and absorbed solar ray by 

absorber plate is the absorption 𝛼. The product 

of two parameters is called effective 

transmittance-absorption coefficient. Thus, 

𝑄𝑖 = 𝐼(𝜏𝛼). 𝐴                                        (3) 

𝜏 and 𝛼 are transmittance and absorption of 

glazing and absorber plate. 

The heat loss rate  (𝑄𝑜) is depend on the overall 

heat loss coefficient (𝑈𝐿) and the temperature of 

the collector. Then, 

𝑄𝑜 = 𝑈𝐿𝐴(𝑇𝑐 − 𝑇𝑎)                                   (4) 

The overall heat loss coefficient is equal to 

(Dabhane & Adhau, 2014):  

𝑈𝐿 = 𝑈𝑡 +   𝑈𝑏 + 𝑈𝑒                               (5) 

The top heat loss coefficient (𝑈𝑡) is given by 

(John A. Duffie, 2013): 

 𝑈𝑡 = (
𝑁

𝐶

𝑇𝑃𝑚
[

(𝑇𝑃𝑚−𝑇𝑎)

(𝑁+𝑓)
]

𝑒 +
1

ℎ𝑤
)

−1

+

𝜎(𝑇𝑃𝑚+𝑇𝑎)(𝑇𝑃𝑚
2+𝑇𝑎

2)
1

𝜀𝑃+0.00591𝑁ℎ𝑤
+

2𝑁+𝑓−1+0.133𝜀𝑃
𝜀𝑔

−𝑁
                     (6) 

Where: 

          N is the number of glass covers 

  𝑓 = (1 + 0.089 ℎ𝑤 − 0.1166 ℎ𝑤𝜀𝑃)(1 +
             0.07866𝑁)                                        
  𝐶 = 52091 −
0.000051𝛽2)       𝑓𝑜𝑟 0˚<𝛽<70˚; 

for 70˚<𝛽<90˚, use 𝛽=70˚ 

𝑒 = 0.43091 − 100/𝑇𝑃𝑚)                         
          β is collector tilt (deg)  

          𝜀𝑔  is emittance of glass (0.88) 

          𝜀𝑃  is emittance plate 

          𝑇𝑎 is ambient temperature (K) 

          𝑇𝑃𝑚 is mean plate temperature (K) 

         ℎ𝑤is wind heat transfer coefficient (W/m2  

℃) 

The 𝐾𝑖 and 𝐿𝑖 are the insulation thermal 

conductivity and thickness respectively, 𝐴𝑒 is 

edge area 

𝑈𝑏 =  
𝐾𝑖

𝐿𝑖
                                             (7) 

𝑈𝑒 =  𝑈𝑏  (
𝐴𝑒

𝐴𝐶
)                                              (8)   

where 𝑈𝑏 and 𝑈𝑒 are bottom loss coefficient and 

edge loss coefficient  

The extracted useful energy rate (𝑄𝑢)  by the 

solar collector can be expressed by: 

𝑄�̇� = 𝐼𝜏𝛼. 𝐴 − 𝑈𝐿𝐴(𝑇𝑖 − 𝑇𝑎)                (9) 

 The carried-out amount of heat in the fluid in 

the collector also can be measured as the useful 

energy rate, therefore: 

�̇�𝑢 = �̇�𝐶𝑃(𝑇𝑜 − 𝑇𝑖)                              (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,  

𝐹𝑅 =
�̇� 𝐶𝑝 

𝐴. 𝑈𝐿 
[1 − exp (−

𝐴. 𝑈𝐿𝐹′

𝑚.𝐶𝑝
)]             (11) 

where 𝐹′ is collector efficiency factor. 

The actual useful energy gain (𝑄𝑢) 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”. 

�̇�𝑢 = 𝐹𝑅𝐴[𝐼𝜏𝛼 − 𝑈𝐿(𝑇𝑖 − 𝑇𝑎)]             (12) 

The efficiency of the flat plate collector (η) is a 

ratio of useful energy gain to incident solar 

energy over a specific time of period. (John A. 

Duffie, 2013) 

𝜂 =
∫ �̇�𝑢 𝑑𝑡

𝐴 ∫ 𝐼𝑑𝑡
                                       (13) 

 If conditions are constant over a time period, the 

thermal efficiency of the collector reduced to: 

𝜂 =
�̇�𝑢

𝐴𝐼
                                                (14) 

𝜂 =
𝐹𝑅𝐴[𝐼𝜏𝛼 − 𝑈𝐿(𝑇𝑖 − 𝑇𝑎)]

𝐴𝐼
             (15) 

To calculate more accurate calculation for 

thermal efficiency the experimental uncertainty 

(𝜔𝜂) have been used (Holman, 2001), then: 
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𝜂 = 𝑓 (𝐼, 𝑇𝑖, 𝑇𝑎 ) 

𝜔𝜂 = {(
𝜕𝜂

𝜕𝐼
𝜔𝐼)

2

+ (
𝜕𝜂

𝜕𝑇𝑖
𝜔𝑇𝑖

)
2

+ (
𝜕𝜂

𝜕𝑇𝑎
𝜔𝑇𝑎

)
2

}

0.5

         (16) 

When  𝜔𝑇𝑖
, 𝜔𝑇𝑎

 are temperature uncertainty, 𝜔𝐼 

is pyranometer uncertainty. 
If 𝜔𝑇𝑖

= 𝜔𝑇𝑎
 = ±1℃ , 𝜔𝐼= ± 1 W/m2 

Then the efficiency uncertainty is 

 𝜔𝜂= ± 3.01% 

4. RESULTS AND DISCUSSION 

 

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)/I) 

parameter and the solar radiation increase that 

lead to maximum efficiency of the collector for 

minimum reduced temperature.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

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%. 

 

 

 

 

 

 

 

 

 

 

 

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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 پوختە 

كانزایی. ئەڤ  یا پلێتێ ووزا روژێ ئەڤ خویندنە پێك دهێت ژ دیزاینكرن و دروستكرنا كومكەرێ

ملم بو  4.0ستیلی یی گەلفەنایز كری كو ستیریا وی  تاقیكرنە هاتە ئەنجامدان بو پلیتەكێ

ئەڤ تاقیكرنە هاتە بجهئنان ل . 2م0..4بلێتی  وهەروەسا بویاغەكا رەش هاتە بكارئینان, روبەرێ

پێنج دەمژمێرا.  بو ماوێ 2402 كانینا دوویێ 04ل روژا  , ل هەرێما كوردستانا عیراقێدهوكێ

شیانێن كومكەری د پەسەندن سەبارەت خاندنەكا بەری نوكە هاتیە ئەنجامدان.  گەرماتی و 

تایێن هاتینە كومكرن. ئەنجاما هاتنە هەژماركرن بكارئینانا وان دا ووزا روژێ شیانێن كومكەرێ

 ταو  فاكتەرێن ژ دەستدانا گەرمی یێ ، F_Rدیاركر كو گەلەك فاكتەر وەكی لەزاتیا بای،  

 لسەر شیانێن كومكەری دكەن . كاریگەریێ

 

 

 الخلاصة

 تم  .معدنية صفيحة ذات الشمسية الطاقة مجمع تصنيع و تصميم الدراسة هذه تتضمن

 طلاء استخدام مع للحرارة كممتص ملم 0.4 بسمك مغلون فولاذ باستخدام للنظام تجريبي اختبار

 كانون 10 في العراق كردستان اقليم ,كدهو في الجربة تنفيذ تم .2م 0.54 بمساحة ,حراري اسود

ساعات . كانت كفاءة المجمع الشمسي مقبولة بالنسبة الى دراسة  خمس لمدة 2019 الثاني

 .تجميعها تم بيانات باستخدام الشمسي المجمع كفاءة و المكتسبة الحرارة حساب تم سابقة. 

 تؤثر التي 𝝉𝜶، معامل فقدان الحرارة و  𝑭𝑹عوامل كسرعة الرياح ،  عدة هنالك ان النتائج واظهرت

 . المجمع الكفاءة على
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