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ABSTRACT  

 "As a result of the lack of power in Iraq and the rising demand for processing power of renewable 

energy plays an important role for the processing of power. The basis of thesis is to convert mechanical 

energy into electrical energy using a water turbine. Open channel, which will be conducted by the 

experimental part dimensions (long 16000mm, high 450mm and width 300mm).  Six water velocity were 

tested namely (0.86, 1.26, 1.311, 1.51, 1.697 and 1.81 m/s) took velocities when the channel are straight and 

when they are tilted with the use of three nozzles. The results showed that the extracted power increased 

with velocity. At water velocity of 1.81 m/s, the power produced was 3.587W. LAPVIEW program was used 

to control and operate the open channel test bench.  FLUNET was used to model the turbine and analyses 

flow around the turbine. Continuity and Naver-stockes equations were solved for a steady, three dimensions 

and incompressible flow. Turbulence model was tackled by using (k -w). The numerical results showed that 

at 1.81 m/s velocity water, the power produced was 3.14 W. An agreement of more than 90% was obtained 

between the experimental and theoretical results." 
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INTRODUCTION  

"Hydropower provides about 96 percent of the renewable energy in the United States. Other renewable 

resources include geothermal, wave power, tidal power, wind power, and solar power. Hydroelectric power 

plants do not use up resources to create electricity nor do they pollute the air, land, or water, as other power 

plants may. Hydroelectric power has played an important part in the development of this Nation's electric 

power industry. Both small and large hydroelectric power developments were instrumental in the early 

expansion of the electric power industry.Hydroelectric power comes from flowing water, water in motion ". 

"Syed Shah Khalid,elt,[1] studied the hydrodynamic analysis of fixed pitch vertical axis tidal turbine and 

variable pitch is numerically analyzed. The simulation was 2D modeling un study flow through the turbine 

blades is performed using ANSYS CFX hereafter CFX, which is based on a Reynolds-Averaged Navies-

Stokes (RANS) model. Main parameters of this model are: number of blades N= 3, chord length C = 0.375 

m, diameter D = 5 m, height of blade H = 4 m and stream speed = 2.2 m/sec and blade profile is 

NACA0018. There is an error of 5.8 and 4.5% for fixed pitch and variable pitch VATT, respectively. The 

simulation results that with parametric of turbine performance for four- bladed. For both fixed and variable 

pitch show that the maximum Cp and the peak power at smaller revolution per minute N was greater that 

variable pitch turbine, and tip speed ratio"." Adam L. Niblick[2] investigated the feasibility of a micro-scale 

tidal hydrokinetic generator to power autonomous oceanographic instrumentation, with emphasis on turbine 

design and performance. Three prototype-scale turbines (two three-bladed designs, with 15% and 30% 
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solidity, and a four-bladed design with 30% solidity and higher helical pitch) and several other arrangement 

in the shaft and stent manufactured and tested in a water flume capable of flow rates up to 0.8 m/s. Model 

experimental trends moving correctly but deviates from experimental values to certain conditions, indicating 

the need for further study of secondary effects for a high chord-to-radius ratio turbine". "Taylor Jessica 

Hall[3] presented on renewable energy clean, the kinetic energy of water currents in the oceans, rivers, and 

estuaries studied and considered as a source of unexpected and environmentally beneficial. The experiments 

were run for static (λ = 0) and dynamic configurations (λ = 1.3, 1.6, 2.0, 3.2, 3.6), and with the turbine in 

partial (single-blade) and full (four-bladed) configurations. The Reynolds Average Navier Stokes (RANS) 

equations with a SST-kw turbulence closure model were applied using the commercial computational fluid 

dynamics software ANSYS FLUENT v12.0.Agreement excellent quality trends are found in the 

experimental results, and the actual values of the expected stander of good simulations exhibition 

agreement". "Sounthisack Phommachanh1, elt[4] investigated Ducted Water Current Turbine Triple Helix 

with very low head less than 2m and water current at river or in the ocean, economical ecological use for 

small hydro power rating between 100 to 1000 kW still represent an unsolved problem. In the simulation the 

efficiency result was 23% at 0.97 tip speed ratio with velocity 0.15 m/s and the highest efficiency is 45% at 

1.9 tip speed ratio with velocity 0.3 m/s. At 3 defferent types of turbines chord length best result was when 

the result was c=30mm, also with venturi duct design the turbines have a self starting with very low velocity 

condition 0.15 m/s. Parameters that are obtained from simulation in ANSYS Fluent and through the 

experimental of the flow analysis by using PIV (Particle Image Velocimetry)". "Esther R. Bruce [5] simulated 

the experimental data by using computational fluid dynamic CFD the Gorlov cross flow was the turbine used 

to produce the power. The experiment selected was conducted by A.L.Niblick at the University of 

Washington's. Obtaining a greater understanding of the impact a Gorlov cross flow tidal turbine has on the 

flow structure around the turbine and the wake downstream is vital to optimize the design and improve 

power generation. In order to get the optimum design of Gorlov cross flow turbine in addition to improve the 

power generation the wake downstream is vital in 3D CFD model. The CFD commercial code used in this 

three dimensional simulation is k-w shear stress transport turbulence. The study show that the Gorlov turbine 

in produce uniform torque distribution because of the simulations position of each turbine blades being in 

energy azimuthal position."  

METHODOLOGY 

A. Turbine and Test Rig Description 

"The three‐bladed, cross‐flow helical turbine (Figure 1) is intended for operation in low to moderate currents to 

provide power for autonomous oceanographic instrumentation deployments. Turbine rotor parameters are 

given in Table 1.The laboratory test rig consists of an optical encoder to measure angular position used to 

Tachometer (ω). Flume velocity is controlled by an adjustable recirculation pump frequency. The velocity of 

the flume measurement by current meter." 

 

Fig1: LAB scale turbine and experimental test rig. 
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Table 1. parameters of double turbine. 

value parameters 

NACA0021 Blade profile  

 

 

Model 1 

3 Number of blades 

15cm Turbine diameter (D) 

4cm Chord of  blade 

23cm Turbine height (H) 

06deg Helical pitch angle 

0.1cm Blade thickness 

NACA0021 Blade profile  

 

 

Model 2 

3 Number of blades 

15cm Turbine diameter (D) 

8cm Chord of  blade 

23cm Turbine height (H) 

60deg Helical pitch angle 

0.1cm Blade thickness 

Numerical solution 

"In parallel with measurements, numerical simulations of the steady flow in the impeller of Double Gorlov 

Helical Turbine (DGHT) were carried out. In order to verify the capabilities of the numerical model to 

describe the flow features inside the impeller, three-dimensional numerical simulation of the steady flow has 

been carried out.The flow across the turbine was simulated numerically by using commercial CFD package 

ANSYS Fluent (14.5). Because of the complexity of turbine-body configurations and viscous effects, it is 

difficult to obtain an analytical solution of the Navier- Stokes equation for practical configuration. This 

chapter analyzes the flow field over turbine, using governing partial differential equations in three dimensions 

which are based on conservation of mass and momentum equations. To demonstrate the effect of turbulence 

on the flow, a turbulence model that involves the solution of two transport equation (k−w ) model is used. The 

geometry is generated using SOLIDWORKS 2013 and exported to ANSYS Fluent (14.5.7)." 

"The final point in a good mesh is the total number of cells generated. It is vital to have enough number of cells 

for a good resolution but memory requirements increase as the number of cells increase. The average number 

of cells in this study are (3-4) millions." 

"The boundary conditions, velocity inlet, Rotating reference frame. It is the maximum number of iterations 

performed to get the solver terminates. The numbers of iterations are (1500) which are needed in this study. 

The boundary condition: 1- velocity inlet (0.86m/sec, 1.26m/sec, 1.311m/sec, 1.51m/sec, 1.679m/sec and 

1.81m/sec).2-output pressure is zero equal atmospheric pressure." 

Experimental Work and Lab view 

A.Experimental work 

"The experimental rig consists of the following, as shown in figure (2)." 
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Fig2: Photo of open channel. 

"The dimension  of open channel width 300mm,depth 450mm and length 16m.The Instrumentations used in 

experimental work (current meter :is use to measurement velocity of water),(point gage: is use to 

measurement depth of water in the channel) and the flow measure directly in Controls of channel." 

"The dimensions of the turbine was chosen to suit the dimensions of the open channel that will be put inside 

.The turbine Type, designed and fabricated by hand. In the design turbine used dimensions of the turbine 

section the dimensions section are (see Table 1) To manufacture the turbine, an aluminum plate was cut into 

a rectangle shape, after that the section to make angle 60deg. in all the side of the rectangle plate as shown 

figure (3)." 

 

Model 1             Model 2 

Fig 3: The blade of tow model of turbine. 

"And also it is designed piece circular diameter of 15cm in order to connect the three blades. The final shape 

of turbine as shown figure (4)." 

 

Fig 4: The tow model of turbine. 
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B. Lab View work 

"The LABVIEW database connectivity toolset is an add-on package for accessing databases. The toolkit 

contains a set of high-level functions for performing the most common database tasks and advanced functions 

for customized tasks [7]." 

"LABVIEW software consists of three parts: the front panel, which is the interface between the program and 

the user; the block diagram (the program itself) and the icon connector, which is responsible for data flow 

between routines [8].All the three parts are shown on the pc screen, see figure (5)." 

 

Fig 5: The block diagram of LABVIEW software. 

"In the work used 1-Current Sensor (ACS712): The Allegro™ ACS712 provides economical and precise 

solutions for AC or DC current sensing in industrial, commercial, and communications systems.2- Flow rat 

sensor: The Flow Rate Sensor measures the velocity of water in a river, stream, or canal. It can be used to 

study the discharge, flow patterns, and sediment transport of a stream or river. 3-Sensor DAQ: the Sensor 

DAQ interface provides connectivity between Vernier or custom sensors and a Windows computer running 

LabVIEW software." 

"During equation (1) calculation power of fluid inside channel." 

 

"The power (P) transferred between the machine and the fluids:" 

 

Results and discussion 

A. Experimental results 

"The velocities, power extracted from the turbine and rotational speeds were obtained at these speeds. Table 

(1) shows the results obtained." 
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Table1. The experimental results. 

Types of turbine  Velocity of water 

(m/sec) 

Power 

(watt) 

rpm 

Model 1 68.0 

68.0 

68366 

68.6 

680.1 

1.81 

2.23 

2.26 

2.28 

2.67 

3.11 

3.587 

37 

40 

41 

43 

46 

50 

Model 2 68.0 

68.0 

68366 

68.6 

680.1 

1.81 

4.05 

4.778 

5.. 

5.69 

5.8 

6.33 

50 

52 

55 

60 

64 

67 

"Figure (6) shows the relation between velocity (V) and power output from the turbine. It shows that as V 

increases, power(P) increases too. This is because the increase in speed entering means increase in kinetic 

energy entering. Thus the increase in the power of the entry flow increases the power extraction from turbine." 

"Figure (7) shows the relation between velocity (V) and power output from the turbine. It shows that as V 

increases, torque (T) increases too. This is because the increase in speed entering means increase in kinetic 

energy entering. Thus the increase in the torque of the entry flow increases the torque from turbine." 

"Figure (8) shows the relation between velocity (V) and kinetic energy. It shows that as V increases, the kinetic 

energy (KE ) increases too. This is because the increase in speed entering means increase in kinetic energy 

entering and thus the increase in power of the entry flow thus increasing of extracted power from the turbine." 

"Figure (10) shows the variation of Cp with Tip speed ratio λ. It shows that this turbine work properly. Even 

though the extracted power obtained in this research proved to be of a small scale. However, this turbine is 

simple to design, easy to manufacture and cheap to produce." 

"The results of numerical cases, which are the flow field pressure and velocity in the open channel of the 

turbine, are presented and discussed in this section. The inlet conditions vary under different inlet velocities. 

Four sections were taken in the turbine region to describe the changes in pressure, and velocity. Figures (11) 

and (14) show the results of static pressure and velocity magnitude in z-direction when the inlet velocity were 

0.86, 1.26, 1.311, 1.51, 1.697 and 1,81 m/s and in the existence of the pressure drop across the turbine. It was 

found that the pressure distribution inside the system has great experienced variations, among which the 

pressure drop with turbine area is very large. This is because of the existence of the turbine which causes the 

pressure drop during the numerical simulation, and the results shown in Fig.11to 12) reflect this effect." 

"The velocity of the water flow decreases, for which the main reason is that the turbine pressure drop has an 

inverse effect on the water velocity, as shown in Figures (13 to14) .Also, it is noted that the turbulent flows 

are significantly affected by the existence of the wall. The near-wall modeling significantly impacts the 

fidelity of numerical solutions, in as much as walls are the main source of mean vortices and turbulence. In 

the near wall zone, the solution variables have large gradients, and the momentum and other scalar transports 

occur vigorously. It can be noted that the speed is minimum in the center of the turbine (stagnation point) as 

shown in figure (13to 14), but was high at the tips of the blades due to the radial velocity." 

"The comparison between experimental and numerical results for five cases was done according to equation 

(3) [9], see figure(9) the results are listed in table (3)." 
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"The results of moment obtained from FLUNET, to calculate the power of turbine, are listed in table (2)." 

Table 2. The results of fluent. 

Types of turbine Velocity of water 

(m/sec) 

Torque(N.M) Power (Watt) 

Model 1 68.0 

68.0 

68366 

68.6 

680.1 

1.81 

0.4321 

0.4520 

0.4672 

0.5041 

0.5541 

0.5997 

1.67 

1.89 

2.00 

2.27 

2.67 

3.14 

Model 2 68.0 

68.0 

68366 

68.6 

680.1 

1.81 

0.7121 

0.7534 

0.7902 

0.8421 

0.8567 

0.8932 

3.73 

4.11 

4.55 

5.29 

5.74 

6.27 

Table 3. Comparison results of power. 

Types of turbine Power(watt) Error (%) 

 Numerical Experimental 

Model 1 1.67 

1.89 

2.00 

2.27 

2.67 

3.14 

2.230 

2.260 

2.280 

2.670 

3.110 

3.587 

25.11 

16.37 

12.28 

14.98 

14.15 

12.46 

Model 2 3.73 

4.11 

4.55 

5.29 

5.74 

6.27 

4.050 

4.778 

5..00 

5.690 

5.800 

6.330 

7.9 

8.59 

13.9 

7.03 

1.034 

0.95 
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Fig 6: The relation between output power and velocity. 

 

Fig 7: The relation between Torque and velocity. 

 

Fig 8: The relation between kinetic energy and velocity. 

 

(a) 
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 (b) 

Fig 9 a, b: The comparison between experimental and numerical. 

 

(a) At velocity 0.86m/sec. 

 

(b) At velocity 1.31m/sec. 

 

(c)At velocity 1.81m/sec. 

Fig 10 a, b, c: The relation between Tip speed ratio and coefficient of power. 
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At velocity 0.86msec                  At velocity 1.26m/sec 

 

At velocity 1.311m/sec         At velocity 1.51m/sec 

 

At velocity 1.697m/sec                At velocity 1.81m/sec 

Fig 11: Static pressure distribution contours of the open channel with turbine at model 1. 

 

At velocity 0.86m/sec                         At velocity 1.26m/sec 
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At velocity 1.311m/sec                At velocity 1.51m/sec 

 

At velocity 1.697m/sec                   At velocity 1.81m/sec 

Fig 12: Static pressure distribution contours of the open channel with turbine at model 2. 

 

At velocity 0.86 m/sec                            At velocity 1.26m/sec 

 

At velocity 1.311 m/sec                 At velocity 1.51 m/sec 
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At velocity 1.697 m/sec                        At velocity 1.81 m/sec 

Fig 13: Velocity magnitude distribution contours of the open channel with turbine model 1. 

 

At velocity 0.86m/sec                At velocity 1.26m/sec 

 

At velocity 1.311m/sec               At velocity 1.51m/sec 

 

At velocity 1.697m/sec                    At velocity 1.81m/sec 

Fig 14: Velocity magnitude distribution contours of the open channel with turbine model 2. 
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Conclusions 

"The effect of the parameters on the principles turbine within the channel in a group of stable processes have 

been investigated experimentally and numerically. In the experimental study, design and construct a test rig, 

carry out experimental tests on it, and develop data acquisition techniques (hardware and software) to meet 

the requirements of the test which gives excellent results. These results with flow simulation results lead to the 

following conclusions:" 

1-"The maximum power for each model of turbine when the velocity (1.81m/sec) but the minimum power for 

each model of turbine when the velocity (0.86m/sec)." 

2-"We conclude that when increasing the velocity of water will lead to increased extracted power." 

3-"LABVIEW was used successfully in this work to control the whole experiments."  

4-"Numerical and Experimental results agreed well."  

5- "Power extracted is function of water velocity. It is still of small scale." 

Recommendations 

"The following recommendations are made for future works:"  

1- "Use different materials like fabric to construct the turbine."  

2- "Use different turbine sizes to get at optimum size."  

3- "Use different turbine blade (pockets) number to get at the best design." 

 

NATATIONS 

Latin Letters 

  Density Kg/m^3 

A Swept area of the 

rotor 

M^2 

V Velocity of water m/sec 

P Output power watt 

T Torque Nm 

KE Kinetic energy J 

Abbreviations 

CFD Computational 

Fluid Dynamics 

- 

SST Shear-Stress 

Transport 
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