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ABSTRACT 

 

Sri Lanka is an island in the Indian Ocean and water is freely available around the island. 

Most of the people from rural areas are farmers and they cultivate in large areas. But they 

do not have electricity for pumping water to their agricultural. Normally channels are used to 

convey water into land but most of the time agricultural lands are situated at higher 

positions than the channels which make it difficult to transport water. The kinematic energy 

of water flow in those channels could be converted into useful energy, which in turn could 

be used for pumping water to higher elevations. For this purpose a simple method such as 

water wheel could be easily employed to generate electricity. 

This study mainly focused on to carry out a feasible study based on the existing details of 

water wheel with related accessories and improves the overall working efficiency while 

developing a new system or modification of the present system and transfer the technology 

to the rural community.  

A theoretical analysis of the water wheel was done based on 6 blades straight type wheel. 

The performance testing of water wheels in open channel were carry out for three types of 

blades and two different numbers of blades( 6 and 12).Based on the results It shows that 

5% deviation between theoretical and experimental values of power and 36% deviation 

between theoretical and experimental values of R.P.M. 
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Also results obtained by testing of water wheels showed that experimental results of 12 

blades water wheels were more powerful compared with 6 blades water wheels. It is 

approximately 2.5-3 times factor. 

Based on this results calculations were carried out for 6 blade water wheel and predictions 

were done for a   twelve wheel inclined blade wheel type considering the factors that affect 

the performance of the wheel. According to the test results,   the average power output of 

the 12 blade curved type water wheel was 9.5 W. Solid works software was used to carry 

out the simulation to determine the stability and properties of blade. 

According to analysis, floating type water wheel was found to be economical for rural areas 

because the cost of building a plant is US$ 340 and it is cheaper than other methods.   
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NOMENCLATURE 
 

Parameter Units Description 

D m Water wheel diameter 

L m Water wheel width 

B m Depth of water wheel 

vam m/s Upstream flow velocity 

 
k 

 
- 

 
Extraction coefficient 

α deg Incidence angle 

CR - Drag coefficient 

CP - 
Lift coefficient 
 

θ [deg] 
Angle between zero active and full 
active position of the blade 

g m/s2 Gravity 

ρ kg/m3 Density 

v m/s Velocity 
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1. INTRODUCTION 

Crisis of energy becomes worse case due to gradual depletion of fossil fuel and the 

increasing price of the fuel in the global market. Sri Lanka almost totally depends on fossil 

fuel to generate energy and efforts are being made to explore the use of renewable sources 

whenever permissible. When fossil fuel is used to generate the energy, households and 

industries face a major problem in recovering the energy consumption bill. Renewable 

energy will be used as the only solution to avoid difficulties in meeting energy bills. 

Some projects are carrying out in renewable sector to reduce the power consumption. 

Hydro power is one of renewable source and which can be used to generate the power as 

well as pumping the water into higher position. Water wheel is designed to pump water for 

reservoirs in higher position to achieve the water requirement and generate electricity.  

1.1 Pico Hydropower 

Systems with electricity generation less than five kilowatts are usually called Pico hydro 

systems. Pico hydro potential in Sri Lanka has not fully surveyed yet and also it is difficult to 

identify the available locations. However, a plenty of opportunities exist to develop Pico 

hydro systems. Remote communities that require small amount of electricity can be full 

filled by using Pico hydro system. The Pico hydropower system is simple in construction, 

low cost, easy maintain and no need of high technologies. So this kind of Pico hydro 

system is suitable for rural villages in Sri Lanka because they have not access to national 

grid and it also contributes for saving fossil fuels. 

1.2 Floating type Water Wheel 

Floating water wheel is a rotating machine, which converts kinetic energy and positional 

energies into useful power and floats according to the available streams level. Main part of 

this kind of structure is the water wheel. Blades or buckets (Normally made of wooden or 

metal) arranged around the rim and formed the drive surface. Most commonly, the wheel is 

mounded perpendicular to horizontal axis, but some wheel is mounted perpendicular to 

vertical axis. Mounting type depends on the type of application. The major types of water 

wheels are discussed in Table1-1. 
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Table 1-2: Type of water wheel [14] 

Waterwheel Descriptions 

Undershot Waterwheel 

 

 This type is the oldest type and less 

efficient. 

 This is suitable for flat streams and no 

advantages from the head of stream. 

 This is suitable for floating type 

application. 

 Cheaper and simpler to build. 

Overshot Waterwheel 

 

 The wheel is mounted vertically and 

rotated by falling water to blades or 

bucket. 

 This type of water wheel is more 

efficient than undershot waterwheel. 

 

Backshot Waterwheel 

 

 

 Also called pitchback water wheel 

 The wheel is mounted vertically and 

water is introduced just behind the 

center line of the wheel. 

 The full amount of potential energy is 

converted into useful energy. 
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Breastshot Water wheel 

 

 

 

 Breast shot wheels are suitable for 

steady flows and high-volume flows. 

 A breastshot wheel requires a good 

trash rake to collect the debris in the 

stream. 

 

1.3 Applications of the Water wheel  

The water wheel can be used to generate electrical power, where people experience lack of 

electricity for the agricultural purposes. Moreover the water mill is used for grinding grains, 

producing flour for bread, malt for beer, or coarse meal for porridge. 

1.4 Objectives of the Study 

 Theoretically analyze the performance of water wheel designs 

 Identify key parameters influencing the performance 

 Design and construct a water wheel energy converter 

 Experimentally analyze the performance 

 Compare the analytical and experimental results and propose design of improved 

version 
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2 METHODOLOGY 

Following gives the step wise procedure carried out to achieve the objectives of the study 

 

2.1 Study of the existing floating type water wheels   

Existing systems were evaluated through this process. Especially technical factors of the 

systems were focused. Internet and Text books were used as the major resources.  

 Condition of existing water wheel, limitations and short comings. Also consider the 

method of floating and find out their efficiencies with different environmental 

conditions. 

 Theoretical analysis for flat blade water wheel. 

 

2.2 Testing of water wheels  

 Various types of water wheels were tested at Paitigala in Galle district and take the 

readings for further evaluation. 

 Power outputs for different types of water wheels were analyzed. 

 

2.3 Selection and Design of a water wheel and accessories 

 Selection and design of water wheel 

Factors were considered such as type, flow rate, blade angle, number of blades and 

diameter of wheel, material of turbines to minimize corrosion and the cost. 

 Design of floating structure. 

 Design of parts for electricity generation and water pumping purpose. 
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3. LITERETURE REVIEW 

3.1 The History of the water wheel 

The waterwheel is a device that used to generates the power by falling water to wheel. This 

rotation of the wheel is transmitted to machinery via the shaft of the wheel. In earlier, this 

type of mechanism was used to supply the water demand in villages and later to drive 

sawmills and textile mills. This was probably the first method of creating mechanical energy 

that replaced humans and animals.  

In the Greek and Roman world, they have used this technology to fulfill their requirement. 

They used driving water wheels for milling, pulling, crushing and sawing wood. 

  

3.1.1 Spiral Tube water wheel  

 

      

Figure 3-3: Spiral tube water wheel [8] 

The wheel fixed with spiral tubes. When the water wheel is rotating, spiral tubes also 

rotated it-self. The waterwheel revolves, when water passing around it. Thus once per 

revolution each water collector or tube dips into water. Majority of water passes through the 

spiral followed by a core of air, when the wheel rotates. A new core of water is formed on 

every rotation and this phenomenon is happened continuously.  

Therefore series of core which contain both water and air formed in every spiral pipe when 

waterwheel is rotating. When the collector rises out of the canal it is full of water and after 

that it dips again into water. When the wheel is rotating, pressure head develops within 

each coil of tube and the water is discharged to header of tank. 

 

http://www.worldlingo.com/ma/enwiki/en/Milling
http://www.worldlingo.com/ma/enwiki/en/Fulling
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3.1.2 Water Wheel Bucket Elevator  

 

Figure 3-4: Water wheel buckets elevator [8]  

Hollow bamboo containers or buckets are fixed around the rim and wheel submerged as 

shown in Figure 3-2.  

3.1.3 Bicycled Powered Pump 

It is a bicycle powered pumping system, which creates efficient way of pumping water by 

utilizing a human powered bicycle for communities where electricity is unavailable or 

impractical. Here Stationary pump and bike attached by belt. Mechanical energy produced 

by pedaling and draws water. Piston pump oscillates by rotational energy of bike. When 

piston goes down, vacuum is created which pulls in water and when piston goes up, water 

is pushed out  

 

Figure 3-3: Bicycle powered Pump [15] 
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4. THEORETICAL ANALYSIS OF THE WATER WHEEL 

Designing of the water wheels is mainly based on theory of flat plate in fluid flow and 

experimental approach. One blade of the water wheel is considered to be in water at a time 

for calculation purpose 

4.1 Theoretical Approach 

Theories of the flat plate placed in a fluid flow are used for design the water wheel 

theoretical analysis. The basic hypothesis that one active blade is taken into account only at 

a time. i.e. water wheel consist of six straight type blades. In these conditions the velocities 

and the forces on the water wheel blade are presented in Figure 4.1.  

 

 

 

 

 

 

 

 

 

Figure.4-1: Forces on Water Wheel Blade [9] 

Figure 4.1 shows that How the relative velocity, the tangential velocity and forces are acting 

on the blade. Following relationships based on fluid characteristics on flat plate placed in a 

fluid flow were used for calculation. 

1. The submerged surface of the blade 

S=L x (D/2) x (1-cosθ/sinα)      (1) 

2. The advanced (lift) force 

P=Cp x (ρ/2) x vr 
2 x S       (2) 

3. The dragged force 

R= CR x (ρ/2) x  vr 
2  x S       (3) 

4. The Consequence force 

F= √(P2+R2)        (4) 

5. The useful force and its angle 

Fu= F x cosε         (5) 
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 ε= arctan (CR/ CP) – (α-γ)        (6) 

Where γ is the relative velocity angle 

6. The useful couple 

M =Fu x (D/4) x  (1+Cosθ/Sinα)       (7) 

Where θ is the angle between the zero action position and the maximum load position of 

the blade 

7. The instantaneous power and the average power of the water wheel 

Nu= M x ω= Fu  x vt        (8) 

Nmed =Ki Σ(Nu/n)        (9) 

where n is the number of the calculus points between the zero action position and the 

maximum load position of the blade and ki is a coefficient of influence that take into account 

the blade from the backward of the active blade. For undershot water wheel type Ki is 1.6. 

8. Maximal power of the flow 

Nmax = (ρ/2) x Smax  x vam
3        (10) 

Where Smax = L. h is the maximum submerged surface of the blade and h is the drowning 

ratio. 

9. Hydraulic efficiency of the water wheel 

 η= Nmed/ Nmax        (11) 

10. Angular speed 

ω= 4vt/[D(1+ Cosθ/Sinα)]      (12) 

11. Rotational speed 

nmed= (30/πn) x  Σ ωj        (13) 

The values of drag (CR) and lift (CP) coefficients for the flat plate placed in a fluid flow, was 

considered according to Appendix 1. 

4.2 Dimensions of the Model  

The testing of water wheel was done to verify the theoretical approach. Following 

dimensions were considered for theoretical evaluation purpose. 

 Outer diameter of water wheel (D)  0.60 m 

 Width of water wheel (L)    0.20 m 

 Blade depth of water wheel (B)   0.10 m 
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Figure 4-2 Model of Water Wheel 

4.3 Assumptions on the Theoretical Analysis  

 One blade of the water wheel is in the water at a time. 

 Flow of water is steady, incompressible and laminar. 

 There is no energy loss due to friction and other causes. 

 An average value of velocity profile of water flow was used for calculation. 

 Six number of calculus points were considered for the analysis. 

4.4 Theoretical Calculation  

The following calculations were done as per the equations (1) to (13) to measure the water 

wheel output. 

By geometrical relationship in the Figure.2.1 

 θ = cos-1[{(0.5 x D) – (B x h)}/ (0.5 x D)]     (14) 

       α = (90 – θ ) + θ x (m / m+1)        (15) 

Where m is no. calculus points 

From equation (13)      θ = cos-1[{(0.5 x 0.60) – (0.10 x 0.80)}/ (0.5 x 0.60)] 

        = 42.83 degrees 

From equation (15) for (m= 1) 

    α  = (90 – θ ) + θ x (m / m+1) 

      = (90 – 42.83) + 42.83 (1/2) 

      = 53.29 degrees  

Similarly for all calculus points, i.e. 1≤m ≤ 6  
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Table 4-1:  α and m Values 

m α (Deg.) 

1 53.29 

2 59.40 

3 65.52 

4 71.64 

5 77.76 

6 83.88 

For first calculus point, 

The submerged surface of the blade, 

    S   = L x (D/2) x [1-(cosθ/sinα)]     

    = 0.20 m x (0.60 m / 2) x [1- cos (42.83)/sin (53.29)] 

    = 0.005 m2 

Similarly for other calculus points, 1≤m ≤ 6 

Table 4-2: m and S Values 

m S (m2) 

1 0.005 

2 0.009 

3 0.012 

4 0.014 

5 0.015 

6 0.016 

 

4.4.1 Average Velocity of water flow 

The average velocity of water flow (Vam) is taken as 0.605 ms-1 in theoretical analysis 

because the theoretical velocity shall be same as experimental velocity. 

From Geometry of Fig No. 4.1,  

Vr =  √( Vam
2 – 2 x Vam x Vt x sin α + Vt

2)   (16) 

Vt  = (Vam x sin α) x 0.5 x [1+( cosθ/sinα)]    (17) 
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tan γ = (Vt x cosα) / (Vam - Vt x sin α)     (18) 

For all calculus points, i.e. 1≤m ≤ 6 we found below values to Vr, Vt, ε and γ parameters 

using excel sheets. 

Table 4-3:  Values for m, Vam, Vt, Vr, γ and ε Parameters 

 

 

 

 

 

 

 

 

 

4.4.2 Calculation of forces 

From above equations, in this moment that consider only first calculus point, i.e. m = 1 

The advanced (lift) force, P = Cp x (ρ/2) x vr 
2 x S  

     = 2.19 x (1000/2) x 0.717 x 0.005 

     = 2.874 N 

The dragged force, R  = CR x (ρ/2) x vr 
2 x S 

     = 1.4 x (1000/2) x 0.717 x 0.005 

     = 1.837N 

The Consequence force, F  = √ (P2+R2)    

     = √ (2.874 2+1.837 2) 

     = 3.412 N 

The useful force and its angle, Fu = F x cosε   

      = 3.412 x cos 29.320 

      = 2.974 N  

The useful couple, M   =Fu x (D/4) x (1+Cosθ/Sinα)   

     =2.974 x (0.60/4)x(1+Cos42.83/Sin53.29) 

     = 0.854Nm 

 

m Vam(m/s) Vt(m/s) Vr(m/s) γ (Deg.) ε  (Deg.) 

1 0.605 0.464 0.717 50.017 29.320 

2 0.605 0.482 0.659 52.268 34.287 

3 0.605 0.497 0.593 53.479 39.909 

4 0.605 0.509 0.520 52.733 42.579 

5 0.605 0.517 0.441 47.846 41.459 

6 0.605 0.523 0.357 33.127 29.783 
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The instantaneous power, Nu  = Fu  x Vt (= M x ω) 

                = 2.974 x 0.464 

                = 1.381 W 

For all calculus points, i.e. 1≤m ≤ 6 we found following values respect to each parameter. 

Table 4-4:  Values For P, R, F, Fu, M and Nu Parameters 

m P(N) R(N) F(N) Fu (N) M(Nm) Nu (W) 

1 2.874 1.837 3.412 2.974 0.854 1.381 

2 3.279 2.893 4.372 3.613 1.003 1.742 

3 2.213 2.828 3.592 2.755 0.746 1.370 

4 1.623 2.987 3.399 2.503 0.665 1.274 

5 0.888 2.634 2.780 2.083 0.547 1.078 

6 0.322 1.931 1.957 1.699 0.443 0.888 

 

Σ Nu 

 

7.733 

 

The average power of the water wheel, Nmed = Ki Σ(Nu/m)  

            = 1.6 x Σ(Nu/m) 

= (1.6/6) x (7.733) 

= 2.062 W 

Maximal power of the flow:, Nmax    = (ρ/2) x Smax  x vam
3    

= (1000/2) x 0.2 x 0.8 x 0.6053   

           = 40.96 W 

Hydraulic efficiency of the water wheel, η = Nmed/ Nmax 

        = 2.062/ 40.96 

       = 5.034% 

Angular speed, ω  = 4vt/[D(1+ Cosθ/Sinα)] 

= (4 x 0.464) / [0.60 x (1+Cos42.83 /Sin 53.29)] 

    = 1.617 rad/ s 

For all calculus points, i.e. 1≤m ≤ 6, we found each ω values. 
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Table 4-5: m and ω Values 

m 
Angular velocity, 

 ω (rad/s) 

1 1.617 

2 1.736 

3 1.835 

4 1.914 

5 1.970 

6 2.005 

Σ ωj 11.077 

 

Rotational speed, nmed   = (30/π.m) x Σ ωj 

= (30/π x 6) x (11.077) 

      = 17.631 rpm 

4.5 Results of Theoretical Analysis 

Results of theoretical calculation are tabulated in Table 4-6, when parameters of water 

wheel are set as (D x L x B) 0.6 x 0.1 x0.2 m respectively. 

Table 4-6: Theoretical Results for 6 Blade Straight Type Water Wheel 

Parameter Result 

The useful couple, M 0.854Nm 

The average power of the water wheel, Nmed 2.062 W 

Maximal power of the flow:, Nmax 40.960 W 

Hydraulic efficiency of the water wheel, η 5.034% 

Rotational speed, nmed 17.630 rpm 

 

4.6 Design of Breaking Load Test  

Small leather strip is used for performance test and following were assumed for test. 

 V- Belt theory was used to design power transmission mechanism. 

 Friction loss was neglected. 
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Figure 4-3: Forces on Belt Drive 

Power Transmitted by a belt drive can be obtained from the following equation 

Power Transmitted, P = (T1-T2) x V        (19)  

Where: - T1= Tension in the tight side in N 

               T2= Tension in the Slack Side in N 

                V= Velocity of the belt in ms-1 

                 r = Radius of the pulley 

V=  r x ω = r x  r.p.m.x 2π/60       (20) 

And also Torque exerted on driving pulley (τ) can be obtained from following equation. 

τ = (T1-T2) x r          (21) 

The ratio of Driving Tension for V-belt can be obtained from the following equation.2.3 log 

(T1/T2) = μθ cosecβ        (22) 

Where: μ:- Coefficient of the friction between the belt and sides of the groove. 

            θ:- Angle of contact in radians. 

            β:- Groove angle 

Assume that total power developed by the water wheel is transmitted by the belt. 

Type A belt is selected for design from the Appendix: 2 

Diameter of the drive pulley is 180 mm 

For a belt drive from equation No 1,2 and 3  

P= (T1-T2) r ω     

Drive Pulley 

Tight Side 
Slack Side 
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40.96 W = (T1-T2)*0.09*60*2π/60 

(T1-T2)   = 86.92N          (23) 

Assume:                  μ=0.3. 

                                θ=1800= π rad  

From Appendix: 2 

                              2β= 320  

From the equation (22) 

          2.3 log (T1/T2) = μθ cosecβ 

          2.3 log (T1/T2) = 0.3 x π cosec160 

          T1/T2                = 30.66 

              T1                 = 30.66T2      (24)  

From equation (23) and (24) 

          T1                     = 89.851 N 

          T2                     = 2.931 N 

According to T1 and T2 values maximum breaking load tension is 89.851 N (9.159 kg). It is 

proved that tight side tension can be measured by 25 kg spring balance.  
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5. PERFOMENCE TESTING OF WATER WHEELS 

The site for the testing of power output of water wheel is selected in Pitigala area. Testing 

apparatus were assembled in the site as shown in Fig.5-1and readings were taken for 

different types of water wheels. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-1 Testing Apparatus 

 

Spring balance was used to measure the tight side tension (T1) and bucket was attached to 

the slack side of the rope. Then by adding sand to the bucket tension of the slack side (T2) 

was changed. At that time reading of the spring balance was obtained and the rotational 

speed of the water wheel was taken by digital tachometer. The weight of the sand was 

obtained by electronic balance.  

The following reasons were assumed as negligible for experimental analysis.  

 Friction coefficients between friction surfaces remain unchanged during the testing. 

 Water flow rate through the water wheel is constant during the test 

 Weight of the spring balance and bucket was negligible 

 Drive shaft was proper aligned and there was no loss due to improper alignment. 

 During the testing, blades was not sagging or hogging due to impact force of water. 

 Spring balance, electronic balance and Digital Tachometers were in proper 

calibrated conditions. 
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Testing of water wheels were done for different types of wheels at site. The wheels for 

testing were made by using three types of blades and two different numbers of blades 

compositions (6 and 12). 

 

 

                                                                                                       

 

  

 

 

  

 

 

Figure 5-2: Straight Type Blade  

 

  

 

 

 

 

 

 

 

 

Figure 5-4: Curve Type Blades 

Those blades were drawn in the water about 80% and assume that the flow speed was 

constant when the each part of the testing. The experimental data were collected for 

different types of water wheels and analyze those values by using graphs for identify the 

point where maximum power output is given. 

 

 

 

 

Figure 5-3: Inclined Blade at Angle 20° 

 

200 
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5.1 Performance testing of six blade straight type water  

Observations 

Table 5.1: Observation Values for Six Blade Straight Type Water Wheel 

 

 

 

 

 

 

 

 

 

 

Flow Speed of water= 0.605 ms-1, Diameter of the Pulley = 18 cm 

Specimen calculation 

Consider the first set of data from Table No.3.1, From Equation No (19) 

 P = (T1- T2) x r x RPM x (2π/60) W 

 P = (0.5- 0.075) kg x 9.81 ms-2 x 9 x 10-2 m x 18.42 x (2π/60) rad/s 

 P = 0.72 W 

 

Results 

Table 5-2: RPM Vs Power for Six Blade Straight Type Water Wheel 

RPM Power(W) 

21.03 0.00 

18.42 0.72 

16.92 1.34 

15.94 1.72 

11.32 1.89 

10.31 1.87 

03.54 0.76 

02.24 0.58 

Tight Side Tension 
(T1) /(Kg) 

Slack Side Tension 
(T2) / (Kg) 

RPM 

0.5 0.075 18.42 

1.0 0.140 16.92 

1.5 0.330 15.94 

2.0 0.490 11.32 

2.5 0.534 10.31 

3.0 0.672 03.54 

3.5 0.692 02.24 
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5.2 Performance testing of twelve blade straight type water wheel  

Observations: 

Table 5-3: Observation Values for Twelve Blade Straight Type Water Wheel  

Tight Side 

(T1) (Kg) 

Slack Side 

(T2) (Kg) 
RPM Power(W) 

- - 45.92 0.00 

1.0 0.21 42.90 3.13 

1.5 0.31 41.67 4.59 

2.0 0.54 40.70 5.49 

2.5 0.63 37.14 6.41 

3.0 0.93 33.34 6.39 

3.5 1.06 27.94 6.32 

4.0 1.08 27.17 7.34 

4.5 1.36 18.85 5.46 

5.0 1.59 0.00 0.00 

Flow Speed of water   = 0.62 ms-1 

Results: 

Table 5-4: RPM Vs Power for Twelve Blade Straight Type Water Wheel 

RPM Power(W) 

45.92 0.00 

42.90 3.13 

41.67 4.59 

40.00 5.49 

37.14 6.41 

33.34 6.39 

27.94 6.31 

27.17 7.34 

18.85 5.46 

G
ra

p
h
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o
. 

3
.1
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5.3 Performance testing of six blades inclined type water wheel  

Observations: 

Table 5-5: Observation Values for Six Blades Inclined Type Water Wheel  

Tight Side (T1) 

(Kg) 

Slack Side (T2) 

(Kg) 
RPM 

0.5 0.07 32.42 

1.0 0.14 30.07 

1.5 0.17 13.87 

2.0 0.19 11.82 

2.5 0.53 10.31 

3.0 0.67 03.57 

3.5 0.36 01.52 

 

Flow Speed of water   = 0.58 ms-1 

Results: 

Table 5-6: RPM Vs Power for Six Blades Inclined Type Water Wheel 

RPM Power(W) 

35.87 0.00 

32.42 1.28 

30.07 2.40 

13.87 1.76 

11.82 1.98 

10.31 1.88 

03.57 0.77 

01.52 0.44 
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5.4 Performance testing of twelve blades inclined type water  

Observations: 

Table 5-7: Observation Values for Twelve Blades Inclined Type Water Wheel 

Tight Side (T1) 
(Kg) 

Slack Side (T2) 
(Kg) 

RPM 

1.0 0.12 34.77 

1.5 0.18 32.22 

2.0 0.37 30.11 

2.5 0.49 27.90 

3.0 0.68 26.70 

3.5 0.84 24.81 

4.0 1.07 20.65 

4.5 1.20 21.26 

5.0 1.37 18.59 

5.5 1.53 16.87 

6.0 1.70 15.24 

6.5 1.84 14.14 

Flow Speed of water   = 0.605 ms-1 

Results: 

Table 5-8: RPM Vs Power for Twelve Blades Inclined Type Water Wheel 

 

 

 

 

 

 

  

 

 

 

 

 

 

RPM Power(W) 

38.89 0.00 

34.77 2.83 

32.22 3.93 

30.11 4.53 

27.90 5.19 

26.70 5.72 

24.81 6.09 

20.65 5.62 

21.26 6.48 

18.59 6.24 

16.87 6.19 

15.24 6.05 

14.14 6.09 

G
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o
. 

3
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5.5 Performance testing of twelve blades curved type water wheel 

Observations: 

Table 5-9: Observation Values for Twelve Blades Curved Type Water Wheel  

Tight Side 
(T1)/ (Kg) 

Slack Side (T2) 
/(Kg) 

RPM 

1.0 0.29 32.33 

1.5 0.45 31.33 

2.0 0.71 29.30 

2.5 0.85 28.80 

3.0 1.06 26.20 

3.5 1.21 25.11 

4.0 1.38 25.25 

4.5 1.55 24.19 

5.0 1.77 21.28 

5.5 1.90 21.32 

Flow Speed of water   = 0.54 ms-1 

Results: 

Table 5-10: RPM Vs Power for Twelve Blades Curved Type Water Wheel 

RPM Power(W) 

34.63 0.00 

32.33 2.12 

31.33 3.03 

29.30 3.47 

28.80 4.40 

26.20 4.70 

25.11 5.31 

25.25 6.12 

24.19 6.61 

21.28 6.36 

21.32 7.09 

G
ra

p
h

 N
o
. 

3
.3
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5.6 Comments of experimental analysis 

 Water flow in the channel was changed from time to time hence it was difficult to 

keep the water flow speed at a constant value. When test results are compared with 

the theoretical values, it was difficult to compare. For an example the wheel with 

straight type 12 blades gave maximum value of power of 7.367W at 29.06 r.p.m. at 

flow velocity of 0.62m/s whereas the wheel with curve type inclined 12 blades gave 

maximum power of 6.357W at 19.93 r.p.m. and 7.034W at speed of 18.08r.p.m.The 

relevant flow velocities were 0.605m/s and 0.54m/s. It clearly shows that curve type 

water wheel gave relatively high power compared to other two cases in low water 

flow velocity. Also inclined type was given relatively high power compared to straight 

type. 

 Friction coefficient between pulley and the rope may be changed due to heat 

generation in between pulley and the rope as a result of friction. 

 It was difficult to get stable r.p.m. values because the water wheel drive shaft 

coupled with pulley was not properly aligned. So Average value was considered for 

calculation. 

 It was difficult to set the drowning ratio of blade and obtain constant value during the 

testing period. 

 There may be errors due to self-weight of spring balance and bucket and that was 

neglected for calculation. 

 In this cases average water flow velocity derive from surface flow velocity is 

considered for calculation but in real situations it is suitable to consider velocity 

profile of water flow and respect water flow velocities. 
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5.7 Conclusions of theoretical and experimental analysis 

 Theoretical analysis was done based on 6 blades straight type water wheel. 

Therefore it is appropriate to compare theoretical and performance testing values to 

realize availability of theoretical stuff.  

Table 5-11: Theoretical and Testing Results of Average Power and R.P.M of Water Wheel. 

 

 
Average power (W) R.P.M. 

Theoretical Analyze 2.06 17.63 

Experimental 

Analyze 
1.95 11.20 

 

There is about 5% deviation between theoretical and experimental values of power. Also 

there is 36% deviation between theoretical and experimental values of R.P.M. These small 

deviations may occur due to errors during testing. Hence it can be proved that theoretical 

stuff for 6 blades straight type water wheel can be used to design purposes of it. When 

move to the more than 6 blades, it is need to apply an efficiency factor. 

 Comparing testing values (highest power value on curve) of above various type of 

water wheel; 

Table 5-12: Compare of Testing Results for Water Wheels 

 

 

 

 

 

 

 

 

 

The above experimental results prove that 12 blades water wheels is more power full 

compare with 6 blades water wheels. It is needed approximately 2.5-3 times factor.  

 

 
Straight Inclined Curved 

6 12 6 12 12.00 

Flow 

velocity(m/s) 
0.60 0.62 0.58 0.60 0.54 

Average 

power(W) 
1.95 7.36 2.41 6.36 07.03 

R.P.M. 11.20 29.06 19.23 19.06 18.08 
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Above results are difficult to compare directly due to variation of flow velocity. But 

these results clearly show if number of blades are increasing its output power also 

increasing. 

 Straight type is lowest efficiency water wheel than other types. Relative to low flow 

velocity 12 blades curve type water wheel give some amount of higher power. It is 

prove that curve type blades give higher efficiency than other two types of blades. 

 For these models most efficiency points R.P.M. varying between 15 r.p.m. to 30 

r.p.m. The generator should be tackled with these low speeds (gearing or power 

transmission may be caused to loss water wheel power. There may be probability to 

stop the water wheel at loading position of generator) 

 During the testing it is difficult to change drowning ratio but increasing drowning ratio 

up to 100% will increase the power output. If it above 100% also it is decreasing 

output power. It faced practically to this phenomena and it shows 100% drowning 

ratio is best point for the Water wheels. 

 Theoretical analysis show that depth of blades and width of blades are increasing, 

also efficiency of water wheel is increasing. 
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6. THEORTICAL DESIGN OF THE WATER WHEEL 

It is observed that curved type blade give high performance comparing with other two types 

according to the testing results. Also it concluded that inclined type of blades give improved 

performance of power rather than straight type.  

6.1 Factors effecting to performance of the wheel 

The formulas which were described in theoretical analysis were considered for calculation. 

Power and rotational speeds calculations are done base on theoretical approach for water 

wheel and test results. 

Table 6-1:  Dimensions of models 

Model 

No 

Blade 

width 

(L)/cm 

Length of 

Blade/cm 

Effective 

depth of 

blade(B) 

Inner 

diameter of 

water wheel 

(RIM) 

Effective 

diameter of 

water wheel 

(D) 

M-1 40 20 14 50 78 

M-2 60 28 11 66.5 88.5 

M-3 40 20 16 50 82 

M-4 40 28 11 50 72 

M-5 60 28 11 50 72 

 

Models were analyzed similar as usual in theoretical calculation. Assumed that average 

flow velocity at blade center of buoyancy is 0.6 ms-1 and water wheel has six blades. 

Table 6- 2:  Output summary of models 

Model 

No 

Average 

Power,Nmed(W) 

Maximum 

Power,Nmax(W) 

Rotational 

Speed,RPM 

Hydraulic 

efficiency,% 

M-1 5.575 38.88 13.180 14.340 

M-2 17.621 58.32 12.034 30.214 

M-3 12.252 38.88 12.408 31.515 

M-4 1.963 38.88 14.528 5.0510 

M-5 2.948 58.32 14.528 5.0547 
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For twelve blade case power improvement factor can be get as 2.5-3 by according to the 

first series test results analysis. For justification we apply 2.5 as our power improvement 

factor. On the other hand rotation speeds differ slightly in the case of twelve blades. In this 

moment ultimately focused output power amount from the water wheel. Modified average 

power values for above models are given below. 

Table 6- 3: Tabulated Output Summery of Models 

Model No. 
Justified average power 

(W) 

M-1 13.94 

M-2 11.83 

M-3 30.63 

M-4 4.91 

M-5 7.37 

 

 Changing the diameter of the wheel 

Small diameter water wheel gives higher power than large diameter wheel. 

Comparing M-1 and M-2 models, their different is only effective diameter. Small 

diameter models (M-1) gives higher power than large one. 

 Changing the width of blades 

Large width wheel gives higher power than small effective width wheel. Comparing 

M-4 and M-5 models, their difference is only blade with. Large with (M-5) model 

gives higher power than small one 

 Changing drowning depth of blades 

Large effective depth wheel gives higher power than small effective depth wheel. 

Comparing M-1 and M-4 models, large effective depth model (M1) gives higher 

power than small effective depth model. 

 Changing type of curve 

Comparing M-1 and M-3 models.M-3 gives higher power rather than other model.M-

3’s curve type gives extra effective depth to the water wheel. 
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6.2 Theoretical Design of the Water Wheel  

Power and rotational speed was calculated based on previous theoretical approach for 

water wheel and test results. Design calculations carry out for six blades and predicted into 

twelve curved blades wheel. 

Considering the factors that affect the performance of the wheel below dimensions were 

considered for theoretical design. 

Blade depth of water wheel (B)  = 10 cm 

Diameter of the water wheel (D) = 50 cm 

Width of the Blade (L)  = 95 cm 

By geometrical relationship in the Fig No.2.1 

θ = cos-1[{(0.5 x D) – (B x h)}/ (0.5 x D)]     (14) 

α = (90 – θ ) + θ x (m / m+1)       (15) 

Where m is no. calculus points 

Let’s drawing ratio 0.8 

(13) Given that   θ = cos-1[{(0.5 x 0.50) – (0.10 x 0.80)}/ (0.5 x 0.50)] 

        = 47.16 degrees 

(14) Given that for first calculus point (m= 1) 

    α  = (90 – θ ) + θ x (m / m+1) 

     = (90 – 47.16) +47.16 (1/2) 

     = 66.42 degrees  

Similarly for all calculus points, i.e. 1≤m ≤ 6 

Table 6.4:  α and m Values 

m α (Deg.) 

1 66.42 

2 74.28 

3 78.21 

4 80.57 

5 82.14 

6 83.26 
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For first calculus point, the submerged surface of the blade, 

 S   = L x (D/2) x [1-(cosθ/sinα)]      

=0.95mx (0.50m/2)x(1-cos(47.16)/sin(66.42)) 

    = 0.061 m2 

Similarly for other calculus points, 1≤m ≤ 6 

Table 6-5: m and S Values 

m S (m2) 

1 0.061 

2 0.070 

3 0.072 

4 0.073 

5 0.074 

6 0.075 

In this analysis, average velocity of water flow, Vam (velocity profile) is taken as 0.605 ms-1. 

This velocity value obtains from the testing site at Pitigala.  

From Geometry of Fig No. 2.1,  

Vr =  √( Vam
2 – 2 x Vam x Vt x sin α + Vt

2)   (16) 

Vt  = (Vam x sin α) x 0.5 x [1+( cosθ/sinα)]    (17) 

tan γ = (Vt x cosα) / (Vam - Vt x sin α)     (18) 

For all calculus points, i.e. 1≤m ≤ 6 we found below values to Vr, Vt, ε and γ parameters 

using excel sheets. 

Table 6-6:  Values For m, Vam, Vt, Vr, γ and ε Parameters 

 

 

 

 

 

 

 

 

m Vam(m/s) Vt(m/s) Vr(m/s) γ (Deg.) ε  (Deg.) 

1 0.605 0.483 0.252 47.581 13.750 

2 0.605 0.497 0.185 45.068 03.377 

3 0.605 0.502 0.153 41.072 -04.549 

4 0.605 0.504 0.136 36.958 -11.022 

5 0.605 0.505 0.125 33.210 -16.340 

6 0.605 0.506 0.118 29.949 -20.723 
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From above equations, In this moment we consider only first calculus point, i.e. m = 1 

The advanced (lift) force, P = Cp x (ρ/2) x vr 
2 x S  

     = 2.19 x (1000/2) x 0.064 x 0.061 

     = 4.275 N 

The dragged force, R  = CR x (ρ/2) x vr 
2 x S 

     = 1.4 x (1000/2) x 0.064 x 0.061 

     = 2.733 N 

The Consequence force, F  = √ (P2+R2)    

     = √ (4.275 2+2.733 2) 

     = 5.074 N 

The useful force and its angle, Fu = F x cosε   

      = 5.074 x cos 13.75 

      = 4.929 N  

The useful couple, M   =Fu x (D/4) x (1+Cosθ/Sinα)   

     = 4.929(0.5/4)x(1+Cos47.16/Sin66.42) 

     = 1.073 Nm 

The instantaneous power, Nu  = Fu  x vt (= M x ω) 

                = 4.424 x 0.483 

                = 2.136 W 

For all calculus points, i.e. 1≤m ≤ 6 we found following values respect to each parameter. 

Table 6-7:  Values For P, R, F, Fu, M and Nu Parameters 

m P(N) R(N) F(N) Fu (N) M(Nm) Nu (W) 

1 4.275 2.733 5.074 9 1.073 2.380 

2 2.608 1.6676 3.096 3.091 0.659 1.537 

3 1.862 1.190 2.210 2.203 0.467 1.106 

4 1.489 0.952 1.767 1.734 0.366 0.874 

5 1.279 0.817 1.518 1.456 0.307 0.736 

6 1.149 0.735 1.364 1.27 0.269 0.646 

Σ Nu 7.279 
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The average power of the water wheel, Nmed = Ki Σ(Nu/m)  

            = 2.6 x Σ(Nu/m) 

= (2.6/6) x (7.279) 

= 3.154 W 

Angular speed, ω   = 4vt/[D(1+ Cosθ/Sinα)] 

= (4 x 0.483) / [0.50 x (1+Cos47.16 /Sin 66.42)] 

     = 1.617 rad/ s 

For all calculus points, i.e. 1≤m ≤ 6, we found each ω values. 

 

Rotational speed, nmed  = (30/π.m) x Σ ωj 

= (30/π x 6) x (14.103) 

     = 22.447rpm 

 

Twelve blade water wheel power improvement factor is considered as 2.5-3 times than six 

blade wheel output test result. So assume that power factor for curved type twelve blades 

water wheel is 3.0. 

The average power of the water wheel  = 3.1537x3.0 W              

(Twelve blade, curved)    = 9.461 W 
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7. DESIGNING OF FLOATING TYPE WATER WHEEL  

In designing part, the parts of the water wheel were designed by using solid works. The 

curved type blade was selected after the analysis of results because it gives high efficiency 

at low r.p.m.  

7.1 Blade Designing 

Blades are very important component of the design. It shoud be reliable with high impact 

forces and also environmental changes such as flooding situation. Also its deform 

charecteristics during the operation should be minimum to minimize power loss. Weight  of 

the blades should be minimized. It should keep its  curve shape for  long time. The curved 

type gauge 19 (0.5mm thikness) steel plate with anti-corroded   film blade is selected for 

design the water wheel.  

 

 

Figure 7-3 Blade profile 

Full blade profile with dimension is attached to the Appendix: 5. After that Solid work 

analysis was done for the blade to realize the blade is qualified for design, which is 

attached with Appendix: 6. 
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7.2 Wheel Designing 

 Wheel dimension is attached to the Appendix: 7  

 

Figure 7-4 Water wheel design 

 

7.3 Design of Floating Structure  

Developing of floating structure is one of the main objective. Floating structure should be 

light weighted and strong enough to bear dead load and impact forces. Also it should be 

exist in wet enviroment with minimizing corrode.Capacity of  25 liters painted four barrels 

with 28cm diameter and 46cm long can be used to design the floating structure. 

Overall weight of the structure should be less than the upthrust from floating structure, 

sturucture may float on water.  

Self weight of the water wheel      =  33 kg 

Shaft weight        =  4..6 kg 

Other accessories of structure’s weight    = 12 kg 

Two Couple of welded barrels with welded platform weight = 30 kg 

Total self weight       = 33+4.6+12+30 

         = 79.6 kg 

Upthrust force (weight) from barrels contained air   

= Volume x  Density of water x Gravitional acceleration 

       = 0.1 * 1000 

                            = 100 kg 
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This 100 kg express when all barrels totally immersed in water. According to the results 

barrels may not completely immersed in water.  

 

 

 

7.4 Pumping System Designing 

Piston type water pump can be used to reduce the material cost. Required materials for 

design the pump system are listed below. 

Material required for the piston type water pump 

 10cm diameter & 30cm length PVC tube 

 Two non-return valves 

 PVC  T socket 6cm diameter  

 Four thread socket for Non-return valves 

 Duct Reducer 

 PVC Socket for tubes 

 Crank shaft, Piston rod, Piston etc. 

 Two bearings 

 Sprocket wheel 

 Base & Fixtures 

Figure 7-3: Designed model of floating type water wheel 
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Figure 7- 4: Pumping systems 

7.5 Power Generation 

The critical problem of water wheel is the slow rotational speed because it is difficult to find 

the electrical power generator. The lowest rpm generator available in Sri Lanka market is 

700 rpm generator. So it is needed belt pulley mechanism for power transmission. First, 

large pulley attached to the shaft and connected to the large rim (Suitable bicycle rim) 

through a V belt. Then bicycle tire touch rigidly to generator. This power transmission 

convert rotation speed 1:50 ratio. This method consumes higher losses over 50% of total 

mechanical power generated on the water wheel. 

The specification of generator 

Number of poles    = 6 

Maximum power output   = 100 W 

RPM at maximum power output   = 800 

Frequency of output power   = 50 Hz 

The water wheel is rotating about 15 rpm and it can be coupled with 800 rpm generator 

through pulleys and belt system. 
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8 CONCLUSIONS 

Floating type water wheel is good for either power generation or water pumping purpose 

where no head situation in stream. The developed floating water wheel dimensions are 

given below as per the analysis. 

Water wheel   = 10 cm x 95 cm Curved type 12 Blades 

Diameter   = 50 cm 

RPM    = 22 

Mechanical output   = 10 W 

Cost Analysis for floating type water wheel for Pico hydro system can be calculated as 

below. 

For Power Generation    For Water Pumping  

Blades    =   35 US$    Blades    =   35 US$   

6 Pole generator   = 180 US$    Gear wheel Arrangement =   85 US$   

Battery Bank   =   80 US$    Material for piston pump =   25 US$   

Fabrication of raw material =   45 US$    Fabrication of raw material =   65 US$   

Total     = 340 US$   Total     = 210 US$   

According to calculation, Water pumping is cheaper than the power generation by using 

floating type water wheel.  Appropriate battery bank must be used to store energy, when 

the water wheel used for power generation. Because Water wheel has a low power output 

and it is difficult to get direct current from a generator and generator must be installed to 

convert the mechanical energy into electrical energy. 

Following characteristics of the selected generator can be used for power generation 

Number of poles    = 6 

Maximum power output   = 100 W 

RPM at maximum power output   = 800 

Frequency of output power   = 50 Hz 

Floating type water wheel has very low rotational speed due to no head situation. 

Therefore, it is recommended that curved type twelve blades water wheel can be used for 

water pumping application where electricity is not available. 

The total expenditure for power generation is found to be a minimum when compared with 

other non-renewable energy sources. 
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 Table 8.1: Comparison between Pico hydro Vs Other energy sources 

Energy 

Source 
Initial Cost 

Operation & 

maintenance cost 

Operating 

Time 

(hours 

per day) 

Life 

time 

(Years) 

Water 

Wheel 

340 US$ 

(10 W Unit) 
- 24 10 

Solar 

PV 

1,000 US$ (100W Unit) 

according to the market 

survey [10, 11] 

60 $/ kW – yr  according 

to the market survey 

[10, 11] 

5 12 

Wind 

Power 
1,000 US$ (100W Unit) [12] 

1 cent/ kWh per annual 

rated generation [12]. 
12 10 

 

Floating type water wheel is very useful for rural areas in the country, because the cost of 

building a plant is lower than other methods to generate the power. According to the Table 

8.1, it shows that total cost of initial, operation and maintenance is lower value than other 

source.  

Floating structure should be able to guide the water flow into the water wheel properly to 

gain the maximum output and the water wheel recommended to be used in a laminar flow 

area in site. 
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Appendix 1: Flat Plate, Drag and Lift Coefficients 

 

Incidence angle 

α (degree) 

Drag coefficient 

CR 

Lift coefficient 

Cp 

30 1.17 2.03 

35 1.53 2.24 

40 1.89 2.23 

45 1.17 1.17 

50 1.32 1.10 

55 1.45 1.02 

60 1.58 0.92 

65 1.70 0.79 

70 1.80 0.66 

75 1.88 0.51 

80 1.93 0.35 

85 1.96 0.18 

90 1.98 0.00 

 

 

 

 

 

 

 

http://preppingideas.com/water-pumping
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Appendix 2: Details of V Belt and Pulley 

 

 

 

 

Cross section of V-Belt 

 

Dimensions of standard V-belts according to IS: 2494-1974. 

 

Type of 

belts 

Power ranges 

in kw 

Minimum 

pitch 

diameter of 

the pulley(D) 

mm 

Top width(b) 

mm 

Thickness(t) 

mm 

A 0.7-3.5 75 13 8 

B 2.0-15.0 125 17 11 

C 7.5-75.0 200 22 14 

D 20.0-150.0 355 32 19 

E 30.0-350.0 500 38 23 
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Cross section of V-grooved pulley 

Dimensions of standard V- grooved pulleys according to IS: 2494-1974 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type 

of belt 
w d a c f e 

No. of 

sheave 

grooves 

(n) 

Groove 

angle (2β) in 

degrees 

A 11 12 3.3 8.7 10 15 6 32,34,38 

B 14 15 4.2 10.8 12.5 19 9 32,34,38 

C 19 20 5.7 14.3 17 25.5 14 34,36,38 

D 27 28 8.1 19.9 24 37 14 34,36,38 

E 32 33 9.6 23.4 29 44.5 20 - 
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Appendix 3: Technical Specification of Testo 470 digital Tachometer 

Sensor 
Optical with modulated light beam mechanically 

with adapter and cone or running wheel 

Measuring ranges 

Rpm 

 

 

1 to 99.999 min optically (rpm) 

1to 19.999 min mechanically (rpm) 

 

 

Speed 

0.10 to 1.999 m/min 

0.30 to 6500 ft/min 

4 to 78,000 in/min 

 

Lengths 

0.02 to 99.999m 

0.01 to 99.999ft 

1 to 99.999in 

Accuracy 
± 0.02% of measure value 

(± 1 digit/0/02 m/1.00inch depending on resolution) 

Working temperature 0 to 50° C 

Storage temperature –20 to +70° C 

Battery 2 x 1.5VAA 

Auto off 
30 seconds (mean/max/last measured values are 

saved) 

Dimensions 175 x 60 x 28mm (without cone or running wheel) 

Weight 190 g 

Warranty 1 year 
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Appendix 4: Measurement of flow rate by using V Notch method  

Weirs are typically installed in open channels such as streams to determine discharge (flow 

rate).  The basic principle is that discharge is directly related to the water depth above the 

crotch (bottom) of the V; this distance is called head (h).  The V-notch design causes small 

changes in discharge to have a large change in depth allowing more accurate head 

measurement than with a rectangular weir. 

 

V- Notch 

Q=8/15 *µ*tan(α/2)*(2g)1/2  tan(α/2) h5/2 

α = angle in degrees 

h = measuring height [m] 

p = weir height [m] 

μ = flow constant 

Q = discharge or flow [m3/sec] 

µ=0.607165052-0.000874466963α + 6.10393334x10-6α2 

k (ft.) = 0.0144902648 -0.00033955535 α + 3.29819003x10-6 α2 -1.06215442x10-8 α3 

where α is the notch angle in degrees 
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Appendix 5:  Velocity Profile in open channel  

In open channel flow, the velocity is not constant with depth. It increases from zero at the 

invert of the channel to a maximum value close to the water surface. 

 

Velocity Profile along the depth 

 

The velocity difference results from the resistance to flow at the bottom and sides of the 

channel. The shearing stress, τ, at any point in a turbulent flow moving over a solid surface 

has been given by Prandtl as 

 

th 

In the region near the solid surface, Prandtl made two assumptions: 

1. The mixing length is proportional to y (γ =0.4y) 

2. The shear stress is constant (τ0) 

Applying these assumptions to the above equation 
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Appendix 06: Blade Profile 
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 Simulation of Blade 
Profile 
 
Date:2012/07/02 
Designer: Thanura 
Study name:Study 1 
Analysis type:Static 

Table of Contents 

DESCRIPTION 

 
ASSUMPTION 
 
MODEL INFORMATION 

STUDY PROPERTIES              

UNITS                                              

MATERIAL PROPERTIES              

LOADS AND FIXTURES              

MESH INFORMATION              

RESULTANT FORCES                

STUDY RESULTS                              

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 07: Simulation of Blade Profile 
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MODEL INFORMATION 

 

 
Model name: Blade Profile 

Current Configuration: Default 

Solid Bodies 

Document Name and 
Reference 

Treated As Volumetric Properties 
Document Path/Date 
Modified 

Thicken1

 
 

Solid Body 

Mass:8.26617 lb 
Volume:29.0733 in^3 
Density:0.284322 lb/in^3 
Weight:8.26056 lbf 

 

C:\Users\Thanura\Desktop\
Blade Profile.SLDPRT 
July 02 13:49:33 2012 
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STUDY PROPERTIES 

Study name Study 1 

Analysis type Static 

Mesh type Solid Mesh 

Thermal Effect:  On 

Thermal option Include temperature loads 

Zero strain temperature 298 Kelvin 

Include fluid pressure effects from 
SolidWorks Flow Simulation 

Off 

Solver type FFEPlus 

Inplane Effect:  Off 

Soft Spring:  Off 

Inertial Relief:  Off 

Incompatible bonding options Automatic 

Large displacement Off 

Compute free body forces On 

Friction Off 

Use Adaptive Method:  Off 

Result folder SolidWorks document 
(C:\Users\Thanura\Desktop) 

 

 

UNITS 

Unit system: SI (MKS) 

Length/Displacement mm 

Temperature Kelvin 

Angular velocity Rad/sec 

Pressure/Stress N/mm^2 (MPa) 
 

 

MATERIAL PROPERTIES 

Model Reference Properties Components 

 

Name: Galvanized Steel 
Model type: Linear Elastic 

Isotropic 
Default failure 

criterion: 
Max von Mises 
Stress 

Yield strength: 2.03943e+008 N/m^2 
Tensile strength: 3.56901e+008 N/m^2 
Elastic modulus: 2e+011 N/m^2 
Poisson's ratio: 0.29   

Mass density: 7870 kg/m^3 
 

SolidBody 
2(Thicken1)(Assem2) 

Curve Data:N/A 
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LOADS AND FIXTURES 

Fixture name Fixture Image Fixture Details 

Fixed-1 

 

Entities: 3 face(s) 
Type: Fixed Geometry 

 

Resultant Forces 
Components X Y Z Resultant 

Reaction force(N) -0.414424 -0.00047124 0.910223 1.00013 

Reaction Moment(N-m) 0 0 0 0 
 

 

Load name Load Image Load Details 

Force-1 

 

Entities: 1 face(s), 1 plane(s) 
Reference: Plane1 

Type: Apply force 
Values: ---, ---, 1 N 

 

 

 

MESH INFORMATION 

Mesh type Solid Mesh 

Mesher Used:  Curvature based mesh 

Jacobian points 4 Points 

Maximum element size 11.3929 mm 

Minimum element size 3.79759 mm 

Mesh Quality High 

 

Mesh Information - Details 

Total Nodes 21423 

Total Elements 10528 

Maximum Aspect Ratio 9.6708 

% of elements with Aspect Ratio < 3 30.6 

% of elements with Aspect Ratio > 10 0 

% of distorted elements(Jacobian) 0 

Time to complete mesh(hh;mm;ss):  00:00:03 

Computer name:  THANURA-PC 
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RESULTANT FORCES 

 Reaction Forces 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire Model N 0.414424 0.00047124 0.910223 1.00013 

Reaction Moments 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Selection 
set 

Units Sum X 
Sum Y Sum Z Resultant 

Entire 
Model 

N-m 0 0 0 0 
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    STUDY RESULTS 

 

Name Type Min Max 
Stress1 VON: von Mises Stress 3.63266e-007 N/mm^2 (MPa) 

Node: 21252 
0.0325771 N/mm^2 (MPa) 
Node: 10601 

 
Blade Profile-Study 1-Stress-Stress1 

 

Name Type Min Max 
Displacement1 URES: Resultant Displacement 0 mm 

Node: 2 
0.00044295 mm 
Node: 11 

 
Blade Profile-Study 1-Displacement-Displacement1 
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Name Type Min Max 
Strain1 ESTRN: Equivalent Strain 1.70426e-012 Element: 

7348 
7.68503e-008  
Element: 1578 

 
Blade Profile-Study 1-Strain-Strain1 
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Appendix 08: Turbine 
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