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Abstract 

The conventional energy sources are inadequate to accommodate the demand of energy which increases due to rapid 

industrialization and population growth. To overcome these problem non-conventional energy resources are used. Solar flat plate 

collector is a solar energy collector which is used to absorb solar radiation from sun and employed for heating the fluid flowing 

through it. Generally it uses circular pipe through which fluid is flow. Flat plate collector  is use to raise the temperature of 

flowing  fluid up to desired temperature that is up to 1000C. This collector absorbs both direct and diffuse solar radiation. Due to 

this reason it can works effectively on cloudy days. Hence, performance of solar flat plate collector is increased.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Solar energy is the energy that sustains life on earth for all plants, animals and peoples. It provides a compelling solution for 

society to meet their needs for clean and abundant sources of energy in the future. Energy has played a key role in bringing about 

our modern civilization. In the era of modern civilization, energy demands are likely to increase for power generation for 

industrial and domestic usage. Solar radiation is primarily transmitted to the earth by electromagnetic waves which strikes 

Earth’s surface every minute. Solar radiation provides us with enormous amount energy. Solar radiation has been utilized for 

centuries by people for heating and drying. 

The solar thermal energy is collected by a device called solar collector. A flat plate collector is such type of solar thermal 

collector which is using in such place where moderate heat is require. It can increase the temperature of the fluid up to 1000C 

above ambient temperature. Flat plate collector (FPC) is a special kind of heat exchanger that transforms solar radiation energy 

in to heat energy which is transferred through a working liquid. Different absorber material and thickness. Analysis will be done 

to obtain the FPC efficiency between mild steel mild steel material heat absorber plate. 

II. OBJECTIVES AND PROBLEM STATEMENTS 

The project is conducted to achieve following objectives 

 To design a model of flat plate collector. 

 To fabricate a model of flat plate collector as testing model. 

 To reduce the cost of  flat plate collector. 

The ability of the heat absorber plate to absorb more heat from the sun and maintain the heat is the main key in FPC 

performance. Heat absorbed by FPC depends on thermal properties as well as on the design of the heat absorber plate. Material 
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of the heat absorber plate plays a crucial role in the heat absorbing ability due to the thermal properties. Moreover, the correct 

thickness important in absorber plate selection. 

III. METHODOLOGY 

The Flat plate collector is the one of the important element in solar heating system and its also represent the 50 to 60 % total cost 

of the system. 
Table - 1 

Nomenclature Table 

Symbols Quantity 

FPC Flat Plate Collector 

d   (mm) Diameter of collector tube 

L   (mm) Length of the collector 

b   (mm) Width of the collector 

Qu  (watts) Useful heat gain 

K  (w/m.k) Thermal conductivity 

m   (kg/sec) Mass Flow rate of fluid 

Cp  (kg/kj.k) Heat capacity at constant pressure 

A    (m2) Area of collector 

ΔT  (oc) Temperature difference 

to   (oc) Outlet temperature of fluid 

ti    (oc) Inlet temperature of fluid 

It       (w/m2) Heat flux from solar radiation 

β      (rad) Collector Inclination angle 

T  (sec) Time 

ε Emissivity 

η Collector Efficiency 

α Absorbability 

IV. PRINCIPLE OF FLAT PALTE COLLECTOR 

The principles involve in FPC is to gain as much as possible the radiation energy from the sun by heat absorption. The energy 

which has been collected is transferred through conduit tubes by working fluid (usually water) which are  integrated with heat 

absorber plate. Then, the warm water carries the heat to the hot water system or to storage subsystem which can be used during 

low sun radiation.  

 
Fig. 1: Principle of flat plate collector. 

V. COMPONENTS OF FLAT PLATE COLLECTOR 

A flat plate collector is a basic and simple heat absorber which absorbs heat from the sun radiation. Flat plate collector as known 

now was developed by Hottel and Whillier in the 1950s. 

Basic flat plate collector consists of few components and their basic function is stated as: 
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 Tubing or Fluids Pipe 

To facilitate the flow of the working fluid. Water is commonly used as working fluid. Fluid enters at inlet connection and exit at 

outlet connection. In commercially used FPC copper tubes is used Copper tubing is most often used for supply of hot and cold 

tap water. Copper offers a high level of corrosion resistance, but is becoming very costly. 

To overcome this problem we are using (GI) galvanized pipe. Galvanized pipe has been coated with a layer of zinc. The zinc 

provides a barrier against corrosion so that the pipe may be exposed to the outdoor environmental elements. The protective 

barrier proves equally effective against damage from indoor humidity. We are using Serpentine flow to flow the fluid through the 

GI pipes. 

 Absorber Plate 

The absorber plate is the main element of FPC. It covers the full aperture area of the collector and is usually made out of 

materials such as copper, steel aluminum which contains high thermal conductivity (K). 
Table - 2 

Properties Aluminum Mild Steel 

Properties Aluminum Mild Steel 

Composition (%) Cu=0.05-0.2 Fe=0.7 Si=0.6 Zn=0.1 Ca=0.15-0.18 Mg=0.08 Si=0.15 

Melting point(oc) 660.3 2600 

Strength    (MPa) 70-700 247 

Density  (kg/m3) 2800 7850 

Emissivity( ε) 1 for Black body 0.09 

Weight  (kg) Less 2.5times  heavier than aluminum 

Thermal conductivity  (K) High Low 

Resistance to corrosion High Low 

Cost More Less 

The absorber plate is usually black; since dark surfaces demonstrate a high degree of sunlight absorption.to absorb incident 

solar radiation to gain heat. Then allowing efficient transfer of heat to a working fluid. 

In this project we are using mild steel as absorber plate. When we coat the mild steel plate with black paint it gives as same as 

value of emissivity of aluminum which is equal to ε= 0.09. Due to above advantageous properties we are selecting mild steel as 

absorber plate for FPC. 

 Insulator 

A material or an object that does not easily allow heat, electricity, light or sound to pass through it. Generally they are made up 

of materials such as Glass, silicon, rubber, plastic, oil, wood, foam, quartz, ceramic etc. The main function of insulator is to 

minimize heat lost from the bottom and sides of the casing of FPC. In this project we are using thermacol, foam as insulator. 

 Casing 

The main function of casing to secure mounting of transparent Glass cover, and provides good resistance against Environmental 

loads. A water-proof box surrounds the foregoing components and keeps them free from dust and moisture. 

 Glass Cover 

The small thickness of the cover makes it reasonable to consider a uniform temperature through it. The transparent cover 

typically glass which is put on the top of flat plate collector. Convection heat transfer takes place between solar radiation and on 

the surface of the glass cover. 

 
Fig. 1: Glass cover 

 Solar Meter 

Solar energy of the sun can be calculated by using solar meter .In this study we are using ISO-TECH 410 solar meter.   
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Fig. 2: ISO-TECH 410 solar meter 

Below Figures shows Actual Model of flat plate collector. 

          
                           Fig. 3: Front View          Fig. 4: Left Side View                         Fig. 5: Right Side View 

VI. SPECIFICATIONS 

Table – 3.1 

Specifications Glass Cover 

Type Value 

Glass Thickness  (mm) 4 

Glass Length       (mm) 610 

Glass Width        (mm) 400 

Table – 3.2 

Specifications Absorber Plate (Mild Steel) 

Type Value 

Plate Thickness (Gauge) 18 

Plate length (mm) 610 

Plate width  (mm) 400 

Table – 3.3 

Specifications of Collector 

Type Value 

Length of collector (mm) 580 

Width of collector (mm) 400 

Thickness of collector (mm) 65 

GI pipe Diameter (mm) 20 

Pipe Thickness  (mm) 2 

Pipe spacing  (mm) 60 

VII. ADVANTAGES AND DISADVANTAGES OF ACTUAL FLAT PLATE COLLECTOR 

Table - 4 

Advantages & Disadvantages 

Advantages Disadvantages 

Cost of  Project is low Its having more weight 

Required less maintenance Life of collector is less 

Less heat loss due to small area of collector Complex in design 

Transient effect is small Need good tracking system 
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VIII. APPLICATIONS 

 Water heating. 

 Space heating and cooling. 

 Low temperature cycle for power generation. 

 Military laundry facilities. 

 Domestic hot water. 

 Commercial SHW(solar heating workstation) system. 

IX. APPENDIX 

 Calculations 

Efficiency of Flat plate collector: Efficiency of FPC is given by the ratio of the  useful gain over some specified time period to 

the incident solar energy over the same period of time. 

η=Qu/A.It 

Where 

Qu = Useful heat gain (watts) 

Qu = m.Cp ΔT = m.Cp(t0-ti) (watts) 

 Mass 

m = 750/60(1000) = m = 0.0125 lit/sec 

 Conversion of (lit/sec) into (kg/sec) 

m =0.00924 (kg/sec) 

 Temperature Difference 

ΔT = (t0-ti) = (35-19) = 16 0c 

 Useful heat gain 

Qu = m.Cp ΔT =0.00924(4.12)(16) = 0.6091008 watts 

4) Area 

A= L (B) =580(400) = 232 mm2 (or) 0.232 m2 

5) Efficiency 

η = Qu/A.It = 0.6091008/ 0.232(5.02) = η= 13.1796 = η=13% 
Table - 4 

Readings for mild steel as absorber plate 

Parameters Value 

Cp  (kj/kg k) 4.12 

to (oc) 35 

ti  (oc) 19 

ΔT (oc) 16 

m (ml/min) 750 

L(mm) 580 

B (mm) 400 

A (m2) 0.232 

It   (w/m2) form  ISO-TECH solar meter 5.02 

η (%) 13.1796 

Efficiency of flat plate collector as aluminium as absorber plate is recorded as per [3] is equal to 46-60% 

X. RESULT AN D DISCUSSION 

By placing the tubes below the absorber plate (mild steel) useful heat gain is calculated. This result also indicates that when 

using mild steel material as absorber plate efficiency is equal to 13% 

XI. CONCLUSION 

On the basis of the result obtained in this study, the following conclusions can be drawn: 

 The design and Fabrication of  FPC is carried out successfully. 

 By using mild steel as a absorber plate instead of aluminium we are getting efficiency as 13.1796 changing the properties 

by applying black colour coating on mild steel plate. So we get same absorbability (α) as in case on Aluminium plate. 

 The Efficiency of flat plate collector is carried out during under clear sky condition. 
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