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ABSTRACT 

The cost effectiveness in solar system is very essential to 
boost its use in domestic applications. A Techno-economical 
system is designed using microcontroller based turbine flow 
meter to measure flow of water in solar water heater. There is 
no need of bulky remote electronics system. Here a turbine is 
inserted in the pipeline which rotates around its axis the speed 
of this rotation is directly proportional to the rate of flown. 

 To measure the flow electronically through non-
contact method   one arm of the turbine can be made of a 
magnet and a Hall Effect device attached on the outer side of 
the pipe. The Hall Effect switch would pick up the passage of 
the magnetic arm and generates a pulse. By counting the 
number of pulses per second or minute depending on the 
speed of the turbine and the desired resolution (i.e. 
multiplication factor) the flow can be calculated. 

1. INTRODUCTION 

Energy is the lifeblood of our society. Solar can be effectively 
utilized in two ways-either by converting it into heat (Solar 
thermal) or electricity (Solar photovoltaic cell). With great 
concerns being voice about the decreasing  fossil fuel reserves 
and increasing environmental pollution resulting from the 

burning of large quantities of fossil fuel, the use of renewable 
sources of energy that are never ending and relatively cleaner 
has gained a lot of importance. Since the eighties a lot of 
thought has gone into how we can extend the life of our fossil 
fuel reserves and as a consequence cut down on pollution. A 
lot of work has been done on using   renewable sources of 
energy like solar, wind, tidal etc.  

Basic Solar Water Heating System 

A Solar water system consists of following major 
components: 

• Solar Collector(s) 

• Insulated Hot water Tank with Sacrificial Anode  

• Indicating and Control Instruments 

 

 

Figure1: Basic Solar Water Heating System 

 

Figure2: Controlled Solar Water Heating System 

In controlled solar water heater system with the help of 
feedback from flow meter helps to control mixture 
temperature in main tank. Hence role of flow meter is most 
important in such systems. Here cost aspect is most important 
to make system low cost, as only flow meter is very costly 
compare to sensor and motor part 

2. Selection of Flow Meter  

With most liquid flow measurements instrument, the flow rate 
is determined inferentially by measuring the liquids, velocity 
or the change in kinetic energy. Velocity depends on the 
pressure differential that is forcing the liquid through price or 
conduit. Because the pipe's cross-sectional area is known and 

remains constant, the average velocity is an indication of the 
flow rate. The basis relationship for determining the liquid's 
flow rate in such cases is: 

 Q = V x A 

Where, Q = Liquid flow through the pipe   

V = Average velocity of the flow 

A = Cross-sectional area of the pipe 

Other factors that affect liquid flow rate include the liquid's 

viscosity and density, and the friction of the liquid in contact 
with the pipe. 

 Direct measurements of liquid flows can be made 
with positive- displacement flow meters.  These units divide 
the liquid into specific increments and move it on. The total 
flow is an accumulation of the measured increments, which 
can be counted by mechanical or electronic techniques 

Principle Types 

Differential Pressure Orifice Plate, Venturi Tube, Flow 
Tube, Flow Nozzle, Pitot Tube, 
Elbow Tap, Variable-Area (Rota 
Meter) 

Positive Displacement Reciprocating Piston,  Oval Gear, 
Nutating Disc, Rotary Vane 
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Velocity Turbine, Vortex Shedding, 
Electromagnetic, Ultrasonic 
Doppler, Ultrasonic Transit Time 

Mass Coriolis , Thermal 

Open-Channel Weir, Flume 

Table1: Flow Meter Types 

Turbine Flow Meter 

The turbine flow meter translates the mechanical action of the 
turbine rotating in the liquid flow around an axis into a user-
readable rate of flow (gpm, lpm, etc.).The turbine wheel is set 

in the path of a fluid stream. The flowing fluid impinges on 
the turbine blades, imparting a force to the blade surface and 
setting the rotor in motion. When a steady rotation speed has 
been reached, the speed is proportional to fluid velocity.There 
is much different manufacturing design of turbine flow 
meters, but in general they are all based 

on the same simple principle: If a fluid moves through a pipe 
and acts on the vanes of a turbine, the turbine will start to spin 

and rotate. The rate of spin is measured to calculate the flow. 

The turndown ratios may be more than 100:1 if the turbine 
meter is calibrated for a single fluid and used at constant 
conditions. Accuracy may be better than +/-0.1% 

 

Figure3: Industrial Flow Meter Usage 

3. SYSTEM DEVELOPMENT 

For measuring flow rate of liquid standard sensors can be used 
which are in flow rate measuring field but cost of these 
sensors is very high so it is desired to use sensors which are 
having low cost, in the developed system use the sensors 
which gives the standard value. For measuring flow rate 
A1201 or A1202 sensor is used. 

 

Figure 4: System Block Diagram 

Fluid entering the meter passes through the inlet flow 
straightened which reduces its turbulent flow pattern and 

improves the fluid’s velocity profile. Fluid then passes 
through the turbine blades causing it to rotate at a speed 
proportional to the fluid velocity. As each blade passes 
through the magnetic field, created at the base of the pickoff 
transducer, AC voltage (pulse) is generated in the pick-up coil 

(see Figure). These impulses produce an output frequency 
proportional to the volumetric flow through the meter. The 
output frequency is used to represent flow rate and/or 
tantalization of fluid passing through the turbine flow meter. 

 

 

Figure 5: Schematic Illustration of Electric Signal Generated 
by Rotor Movement 

The Turbine Flow Meter is designed to withstand the rigorous 
demands of the most remote flow measurement applications. 
Flow Meter maintains measurement accuracy and mechanical 

integrity in the corrosive and abrasive fluids commonly found 
in oil field water flood project pipelines, in-situ mining 
operations, offshore facilities and plant locations. Simple to 
install and service, it can operate in any orientation (horizontal 
to vertical) as long as the “flow direction” arrow is aligned in 
the same direction as the actual line flow. For optimum 
performance, the flow meter should be installed with a 
minimum of 10 diameters upstream pipe length and 5 

diameters downstream pipe length [19]. 

4. PERFORMANCE ANALYSIS 

Calibration and its Observation 

Sr. 

No. 

Multiplication 

Factor 

Observed 

Reading 

(LPM) 

Actual 

Reading 

(LPM) 

1 1.5 22 25 

2 1.6 23.5 25 

3 1.7 24 25 

4 1.8 25 25 

5 1.9 26.3 25 

6 2.0 28 25 

7 2.1 29.5 25 

Table 2: Calibration and its Observation 

 

Graph 1: Calibration Process 
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Comparison between Standard and Experimental Analysis 

Sr. 

No. 

Std. 

Volume 

Liter 

Std. 

Time 

Sec. 

Std. 

Flow 

Rate 

LPM 

System 

Flow 

rate 

(LPM) 

Error 

(LPM) 

1.  0.00 60 0.00 0.00 0.00 

2.  5.52 60 5.52 5.40 0.12 

3.  10.18 60 10.18 10.00 0.18 

4.  15.28 60 15.28 15.00 0.28 

5.  31.32 60 31.32 31.00 0.32 

6.  41.40 60 41.40 41.00 0.40 

Table 3: Comparison between Standard and Experimental 
Analysis

 

Graph 2: Comparison Standard and Experimental Analysis 

5. CONCLUSION 

Development of Solar Water Heater Flow measurement using 
micro controller based Turbine Flow Meter will replace the 
other conventional system used in Solar Water Heater flow 

measurement This system eliminates the manual mistakes in 
flow rate measurements. It increases the accuracy in flow rate 
measurement. 

This system is more attractive, as it provides automatic 
operation; hands free, long-range identification supports, as 
well as cover monitoring applications.  Also can be used for 
different viscosity liquids only by changing multiplication 
factor Sensors designed in the developed system are very cost 

effective and accurate. 

Please use a 9-point Times Roman font, or other Roman font 
with serifs, as close as possible in appearance to Times 
Roman in which these guidelines have been set. The goal is to 
have a 9-point text, as you see here. Please use sans-serif or 
non-proportional fonts only for special purposes, such as 
distinguishing source code text. If Times Roman is not 
available, try the font named Computer Modern Roman. On a 

Macintosh, use the font named Times.  Right margins should 
be justified, not ragged.  
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