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Abstract: Solar energy is one of the good potential energy sources which are not available in 

certain limit. As the solar energy is renewable and clean energy source now a days the use of this 

energy is in much more in demand and thus the equipment and the systems are under design or 

development that meets the demand of the day to day life. Solar air heating system, solar water 

heating system, solar cells etc. are the most relevant examples of that. In the colder countries like 

UK, the heating of the building is most hot issue, and the heating of such buildings by electricity 

or by any other conventional source is costly for person and for the environment as well. Solar 

air heating is one rising solution in this situation which is neither costly nor harmful to the 

environment infect which is environmental friendly. Different kinds of the design of solar air 

heaters are available as per the consumer’s demands and requirements. Solar air heating is best 

option for space heating as it cuts off the bill compare to electrical heating system. Different 

changes in the basic design of solar air heating provide wide range of application of the solar air 

heating system. This system is neither complicated nor demanding of the extra maintenance and 

care.  
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I. INTRODUCTION 

Solar energy can be used to heat air, which helps to heat the building. This eliminates the requirement 

of the cool air required for any other heating system. In domestic houses this should save up to a third 

of your heating bills. During the day sunlight shines through the glazing and hits the surface of the 

thermal absorber, warming it by absorption. Such a system does not need any special panels; the 

existing roof or wall does the job. One just needs a fan that helps the warmer or cold air to circulate 

throughout the building. This kind of system is suitable for open environmental buildings rather that 

closed environmental buildings as it gives more space to the air and in case of the closed building more 

number of the fans and vents are required so that air may have good space to roam. 

 

 

Figure 1: http://www.greentown.ca/Images/air%20diagram.gif           http://cache.eb.com/eb/image?id=63235&rendTypeId=4 

 

Following elements are required to create the solar heating system: 

  PV panels which provides good skin for the absorption of the heat and provides noise protection.  
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  Double windows with internal adjustable blinds serving as absorber 

  Transparent second cover on the primary cover which provides the protection as well. 

In well-designed systems, the ratio of energy demand for fan operation to total energy output (heat) 

should be from 1:15 to 1:25. In ideal cases, the energy required for operating a fan is given by PV 

panels, this is more advantageous system as PV panels are self-operating and controlling equipment, 

they can control the heating of the air and which is directly connected to fan as well. 

 

Applications 

 solar space heating  induced cooling (e.g. solar ”chimneys“) 

 fresh or cool air preheating  power generation (hybrid PV-systems) 

 water heating systems as a system of the 

solar water heater.(in summer time) 

 shading (e.g. window collectors) 

 

Advantages and limitations 

In comparison to passive solar systems they show the following positive characteristics: 

  Better way of using solar energy without any restriction or resistant. 

  better timing and adaptation to demand through heat supply from buffer storage in the evening 

and at night 

  better heat distribution (solar heat may also be supplied to rooms facing north) 

Solar air heating systems also have a disadvantage as no system is 100%: 

  Air is not that good conductor of the heat as water (0.0003 kWh/m³K versus 1.16 kWh/m³K for 

water). 

  As air is not good conductor of the heat more amount of air or volume of air is required to 

transport a fixed heat. 

  As a result, large volume of the system and the equipments are required for the system. 

 

Types of solar air system 

    

Figure 2 

 

Type 1  

It is a very simple construction. In this system collector, might be glazed or unglazed and ambient air 

passes through them directly into the room to provide ventilation and heating. It may be used in 

dehumidification and for large industrial buildings for adequate ventilation. 

 

Type 2  

Room air is being used in this kind of system and collector collects room air for operation. Now heated 

air rises to the thermal storage ceiling from which it comes back to the room. This system uses natural 

convection and is well suited for apartment buildings. 
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Type 3  

This system is suitable for poorly insulated buildings. This heated air passes through the gap in 

between insulated wall and face. In This system, it is considerably high heat or air loss. 

 

Type 4  

It is the classical solar air heating system and is mostly used. There would be the provision of the 

channel through which air circulates. This channel might be in floor or in walls. it takes more time to 

heat the room almost about four to six hours. The advantage of this system consists in the large 

radiating surfaces, which provide for a comfortable climate. This system with forced ventilation 

provides best efficiency and nice performance.  

 

Type 5 

It is an advanced version of type 4; room air is circulated through separate channels of the storage. So in 

this system heat can be stored for long of time and released when it is required. However, this system is 

costlier than any other systems. 

 

Type 6  

It is having a connection of solar air collector, via a heat exchanger, to the conventional heating system. 

Thus, common radiators and floor or wall heating components are in used. This system also provides 

domestic hot water and is particularly suited for conventional fitting and for buildings in which heat 

must be transported over long distances. 

II. INTRODUCTION OF BACKGROUND OF THE PROJECT: 

Diagram shown below describes the modelling of the PV driven fan solar system for various kinds of 

applications. The system consists of a perforated aluminium plate with the holes of the x mm diameter 

and the y mm apart, which is being connected to fan from the back of the plate and is sealed from the 

front by the transparent cover. Transparent consist of the PV module on the top as shown in figure 

and air is being injected from the bottom of the system. Now due to the heated air, by the PV modules, 

it passes through the pores of the plate and drives the fan and as a result the fan produces some 

amount of the electricity which might be used in several applications. There are many aspects related 

to this task but the main aspect of this project is to look at the relation between solar radiation and its 

effect on the fan, as the flow rate of the heated air and as a result the speed of the fan depends on the 

sun availability and its contact with the PV module. Different aspects that are going to be covered in 

this project would be current and voltage produced by the fan at different availability of the sun and 

other that comparison of the pressure drop or rise with flow rate. Here different parameters affect the 

system and one of them is fan, its characteristics, its performance and working. 

 

 

Objective of the project: 

To look at the relation of the pressure change and flow rate of the air generated by fan and fan 

properties and characteristics in relation of PV panel. 
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System Specification: 

Equipments/Apparatus used: 

Duct Fan 

Door Power Pack 

Ultrasonic Anemometer Manometer 

Voltmeter  

 

System design: 

A duct of X m length is having a fan at one end and another end is having a door operating in right to 

left direction, having a length of 12.5 cm, which is divided in 10 equal parts so that at each part one can 

take reading of flow rate and pressure. Now there is one flow measuring instrument i.e. ultrasonic 

anemometer inside the duct, which is 21 m apart from fan. One connection is for manometer, which is 

useful to read the pressure in side the duct, which is 67 m apart from the fan. 

 
 

Picture 1               Picture 2 

 

Now here the question is how much electricity should provide to the fan. 

So for the specified fan (12 V, 10 W, 830 m Amp) 

 

Air IN Fan 

PV Module 
   Al Plate 

View 1 (Side View) 

View 2 (Front View) 

Transparent 

Sealing 

Perforation on 

this face of Al 

Plate 
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Graph 2 

Graph 1 

 

As mentioned, above fan is of 12 V, 10 W, 830 m Amp. 

So for verification, 

P = IV => I = P/V = 10/12 = 0.833 Amp, which is as per the specification. So the resistance R = V/I 

= 12/0.833 = 14.4 ohm 

 

For, 12 V fan, the full sun friction would be 1000 w/m2 (as per second diagram) and hence for the 

above condition, 

V= IR = 0.6 * 14.4 = 8.64 V = 5.2 W where 0.6 is the value of I 

 

For half sun, it is 500 W/m2 

V= IR = 0.3*14.4 = 4.32 V where 0.3 is the value of I 

 

As mentioned above, by applying current the fan is to be operated at specific current, now which will 

create some flow of air and some pressure in side the duct and which are meant to read and the plot of 

this readings gives us a specific nature of curve and says the relation of the flow rate and pressure 

change inside the duct for different current values. The graph told above helps to compare the data 

given by the manufacturer and the graph provided. There would be the series of the curves in the same 

graph as the values are meant to taken for the different sun availability. i.e. 1000 w/m2, 90 w/m2, 800 

w/m2 etc… 

III. SPECIFICATION OF THE FAN  

The fan that was under observation has following characteristics, the fan is 12V, 10W,830mAmp. 

 
Appendix 1       Graph 3            Diagram 2 
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IV. BACKGROUND STUDY OF THE FAN PERFORMANCE CURVES 

Fan performance curves help in the designing of a system by supplying the design to the engineer 

with information that informs about how a fan will work under different conditions and parameters. 

This helps to select a proper fan which will provide the required airflow when being used in specially 

designed duct system. 

 

Ho = KpVΔPt 

Where: Ho = mechanical power imparted to the air by the fan (be sure to keep track of the proper 

units and convert to hp or watts) 

V = volumetric flow rate of air through the fan ΔPt = total pressure produced by the fan = Pt, fan 

outlet – Pt, fan inlet = ΔPt 

Kp is a compressibility factor. If ΔPt < 12 in H2O, then Kp is set equal to 1. 

The fan efficiency is the ratio of the power imparted to the air to the mechanical power supplied to 

the fan. 

ηt = Ho/Ŵ where: Ŵ = mechanical shaft power supplied to the fan 

 

The system characteristic curve, or system curve gives the pressure drop or the change through a duct 

system as a function of air flow rate. Note the curve passes through the origin (i.e. zero flow rate and 

zero pressure drop). The relationship between pressure drop and flow rate is quadratic so if only one 

point is known on the curve, the entire curve can be generated. The nature of the curve also depends on 

the duct conditions as a result it may change with the change in duct system. (e.g., dampers are opened 

or closed). This changes the entire system characteristic curve. 

In Figure, the balance point (shown with circle) is the intersection of the fan pressure curve and the 

system characteristic curve. This is the operating point of the fan given for the given specification of 

the duct or the system. 

From fluid mechanics that the total pressure in 

a fluid stream is equal to the static pressure of 

the stream plus the velocity pressure: 

Pt = Ps + Pv; It is easy to measure Ps with 

pressure taps and a manometer or a 

differential pressure gauge, but measuring Pv 

is difficult in field installations (like our air 

handling unit) because of physical constraints. 

Fortunately, but still Pv can be known if the 

flow rate and the area of the duct is known to 

us. 

 

Procedure 

 

1) Level and zero manometer. At a 

specific location fan speeds perform a 

pitot tube traverse at the upper end of the vertical duct of the air handling unit, and also measure 

the centreline velocity pressure. Do not change the position of the dampers in the duct system 

for these measurements as if it changes the whole specified parameters changes. 

 

2) The fan pressure curve for any given fan speed can be constructed as follows: at each flow rate, 

 

Graph 4: Figure: Sketch of fan pressure and system 

characteristic curves and fan power curve showing 

the balance point between the fan and the duct 

system. 
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measures the pressure at a specific point of location for the fan. Change the volumetric flow rate 

by opening or closing dampers on the ductwork. This exercise changes the the system 

characteristic curve and moves the balance point along the fan pressure curve. Here recording 

of the electrical power supplied to the fan is necessary and that can be done with the help of 

voltmeter. Collect the readings to draw the fan pressure curves for the air handling unit fan at 

several different fan speeds. Here it is necessary to record each fan speed data throughout the 

practical. 

 

V. INTRODUCTION OF ANEMOMETER USED 

 

The UA6 measures air velocity, volume flow and airstream temperature with readings displayed in 

m/sec, ft/min, mph, knots, kph, cfm, m³/sec, °C or °F, all in one hand held instrument. 

 

Having researched and developed our own unique ultrasonic technology, Airflow now offers a world 

first in accurate measurement for clean air and inert gas flows using a truly compact 3 pole sensor that 

is less than 60 mm (2.4") in diameter. 

 

 

Measurement of flow turbulence intensity (Tu): 

 

Flow turbulence intensity is the amount of variation of the flow from its mean value at any point 

measured as a % 

Standard deviation and is defined as follows:- 

The relative turbulence intensity Tu = Sv/V*100% 

Where Sv = the standard deviation of the sampled velocity readings = 




N

i

VViN
1

2)^()1/1(

 

v = the mean of the sampled velocity readings = 



N

i

ViN
1

/1

 

and N = the number of sampled readings 

 

 
Diagram 3 

 

SPECIFICATIONS 

 

PARAMETER 

Velocity Range: - 0-50 m/sec (0-9999 ft/min) 

Volume Range: - 0-5000 m3/sec (0-9999 x 10³ ft3 

/min) 

Velocity Resolution: - 0.01 m/sec (2 ft/min) 
 

ACCURACY 

Better than ± (1% of reading + 1 digit) 

 

TEMPERATURE RANGE 

Range: - 0-80°C (32 to 176°F) 

Temperature Accuracy: - ±1.0°C (±2°F) 

Temperature Resolution: - 0.1°C (1°F)” 
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VI. PROCEDURE OF THE PRACTICAL PERFORMED 

Fan is being driven by the supply of the electricity by the power pack connected as shown in figure. 

Now the fan is creating flow of the air and pressure in the duct as well. Flow rate of the air and 

pressure inside depends on the speed of the fan, which could be controlled by the applied current. 

Here appropriate current supply is too necessary to take care about otherwise it may destroy the fan 

and may damage to other equipments as well. So as calculated before, for full sun, it is the 8.64 V 

applied voltage for the maximum possibility of running a fan. It is possible to run the fan at 12v as well 

but more time of running at this high speed may result in to less efficiency or performance.  

 

VII. CONCLUSION 

It is clear that the PV driven fan system is helping much for heating the building and if the reverse 

design of the system is being used one can use the system for cooling as well. The efficiency and the 

performance of the system depend on the fan capacity and characteristics. So, in certain condition 

Applied 

Voltage =   8.63 v press in cm H2O       

Speed of 

the Fan =    m/s 

length 

duct 91.9 m   dia duct  5.7 m 

Door 

position   

Pressure 

Reading 

speed of 

fan 

Door 

position   

Pressure 

Reading 

speed of 

fan  

1st Point 0 cm     6th Point 6.25 cm     

fully open a 0.6 2.25   a 2.5 0.38 

  b 0.4 1.99   b 3.3 0.06 

  c 0.4 2.05   c 3.3 0.07 

2nd Point 1.25 cm     7th Point 7.50 cm     

  a 0.9 1.55   a 3.1 0.02 

  b 0.7 1.64   b 3.15 0.04 

  c 0.8 1.52   c 3.2 0.04 

3rd Point 2.5 cm     8th Point 8.75 cm     

  a 1.1 0.98   a 3.2 0.04 

  b 1.3 1.01   b 3.9 0.13 

  c 1.2 0.9   c 3.9 0.13 

4th Point 3.75 cm     9th Point 10.00 cm     

  a 1.3 0.77   a 3.8 0.06 

  b 2 0.51   b 5 0.41 

  c 1.8 0.57   c 5 0.35 

5th Point 5.00 cm      10th Point 11.25 cm     

  a 1.8 0.55   a 4.9 0.31 

  b 2.5 0.31   b 5.8 1.1 

  c 2.5 0.31   c 5.8 1.13 

       11th Point 12.50 cm     

         fully closed a 5.2 1.1 

          b 8.2 0.81 

          c 8.2 0.85 
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use of specific fan is necessary. Here the result of the practical is more or less associated with the 

system design and the compatibility of the equipments with the system. 
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