
  

 

Abstract—In large water supply system where the source is 

elevated, the water reaches its destination with still a lot of 

energy to spare. This energy can be tapped by installing 

appropriate hydraulic turbine along the pipeline. A prototype 

gas/steam turbine-derivative axial flow impulse-type was 

designed and simulated using the Solid Works flow simulation 

software. It was then fabricated and tested. The experimental 

results indicated that at no load condition, the rotational speed 

ranges from 650 to 850 RPM depending on the water flow rate 

which ranges from 8.51 to 18.34 l/s. At 381 RPM, the torque was 

3.05 N-m and the efficiency was 42%.  The maximum efficiency 

occurred within the 300-350 RPM range. The flow at the exit 

was not much disturbed demonstrating that its installation did 

not hamper the supply line. It is recommended that further 

studies of prototypes designed on the same concept be done. 

 
Index Terms—Axial flow, gas/steam turbine-derivative, 

hydraulic turbine, impulse-type. 

 

I.  INTRODUCTION 

Bulk supply of water for household consumption, 

irrigation, agriculture, commercial and industrial processes 

usually involved large amount of water. In most cases the 

water from its source reaches its destination with still a lot of 

energy to spare. A hydraulic turbine may be installed along 

the supply line in order to tap and harness this source of 

energy for power generation. However, caution must be 

observed that the turbine shall be properly designed in such a 

way that its installation will not hamper the normal operating 

process of supplying water.  

The only existing type of turbine that is appropriate to be 

installed along a pipeline is a propeller tubular type. A study 

was conducted of this type with variable guide opening [1]. 

The basic design data of tubular type hydroturbine, output 

power head, and efficiency characteristics due to the guide 

vane opening angle were examined in detail in this study 

using Computational Fluid Dynamics (CFD). Moreover, 

influences of pressure, tangential and axial velocity 

distributions on turbine performance were investigated by the 

use of the commercially available CFD codes. The results 

indicated that the performance of the turbine is very 

dependent on the flow rate, head, angular velocity, impeller 

size, vane inlet and outlet angles, guide vane opening, shape 

of the impeller and guide vanes, and number of blades. It is 
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imperative that a particular turbine must be designed for 

every situation. However, since it is quite costly to make a 

prototype and test its performance for every situation, what is 

being commonly practice is to utilize CFD code for the 

design. The use of CFD code as a tool in solving and learning 

insights into the complex three dimensional phenomena of 

hydraulic turbines is increasingly gaining acceptance [2]. 

 

II.   THEORY 

A hydraulic turbine concept which is axial and impulse 

type was designed based on how gas or steam turbine works. 

The concept was patterned after a typical steam or gas turbine 

engine design, i.e., having stages of stationary blades and 

moving blades [3], [4]. Fig. 1 shows the schematic diagram of 

the stator guide vanes which act as row of nozzles and the 

row of rotor blades. For convenience, the rotor blades are 

assumed to be smooth such that W1 and W2 are equal. In 

addition, β1 and β2 are also set to be equal and that the water 

passage area between rotor blades is made constant so that 

there is no pressure drop across the rotor. 

 

Fig. 1. Schematic diagram of the velocities in the inlet and outlet of the rotor. 

 

The schematic diagram of Fig. 1 is reconstructed as a 

velocity triangle in Fig. 2. The inlet and outlet angles and 
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velocities are shown with the rotor velocity as the common 

base. 

 
Fig. 2. Velocity triangle for an axial hydraulic turbine. 

 

The energy transfer can be formulated from the velocity 

triangle of Fig. 2. Let  

E = work done per unit mass flow 

E = V ( Cx1 – Cx2 )/g       

Eg = W/m          

= work done per unit mass flow  

= V ( Cx1 + Cx2 ) 

= V ( Wx1 + Wx2 ) 

Let  

Ca a constant and β1 = β2  

W/m = VCa ( tanβ1 + tanβ2 ) 

=  2VCa tanβ1                                  (1) 

The Diagram Efficiency can then be calculated as 

D.E. = 2V ( C1 sin α1 – V ) ( 1 + ωR ) / C1
2
 

= 2 [ ( V(C1)sinα1 – ( V/C1)
2
 ] ( 1 + ωR ) 

The maximum Diagram Efficiency can then be computed 

by setting the first order differential to zero as shown in the 

equations below. 
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From Fig. 2,    

 Ca = C1cos α1                                (3) 

where C1 is obtained from (2). Sustituting into (1) and 

simplifying will result to 

 

W/m = (4V
2
/sinα1)cosα1tanβ1 

= 4V
2
 tan β1 / tan α1 

 

The major differences of the hydraulic turbines and 

gas/steam turbines were identified and considered in the 

design. The orientation of the hydraulic turbine was 

considered in setting up since the gravitational effect of water 

may affect the flow pattern as it would tend to settle 

downward. The main reason why the hydraulic turbine was 

installed horizontally was that it is the position in which the 

maximum effect of settling down of water occurs while the 

rotor is rotating. It means that if it is stable in a horizontal 

position then it will be stable in any other positions. In the 

operation side, gas turbines operate at high speed with 

rotational speed of 12,000 RPM or more with operating 

temperature of up to 1000
o
C [5]. Steam turbines have speeds 

higher than 6,500 RPM and operating temperature of 500
o
C 

[6]. In contrast, hydraulic turbines have speeds lower than 

1200 RPM with operating temperature almost the same as the 

surrounding temperature. 

 

III. METHODOLOGY 

The design of the prototype started with the sizing of the 

prototype based on the available size of PVC pipes and 

source of water for the experiment, i.e., flow rate and head. 

The other parameters such as the inlet and outlet blade angles, 

number of blades of the inlet and outlet guide vanes, and the 

rotating impeller, their size and configuration were 

determined after several computer simulations. 

Theoretical computations for the available power based on 

the head and flow rate were done. The design of the prototype 

as to its configuration was obtained by computer simulation 

using the SolidWorks Flow Simulation software [7], [8]. The 

prototype was then fabricated and installed at its 

experimental site. The installed experimental set-up was then 

commissioned. At this stage, alignment of the set up and 

adjustments were made to see to it that it ran with minimal 

vibrations. After commissioning, experiments then followed. 

Experimental data on the flow rate, torque developed, shaft 

angular velocity, inlet and outlet pressures were gathered. 

The results were then analysed and secondary data such as 

power generated, and efficiency were calculated and 

compared to the data gathered from computer simulations. 

 

IV. COMPUTER SIMULATION 

Fig. 3 shows the configuration of the hydraulic turbine. 

The following design parameters were used in the design and 

simulation of the hydraulic turbine: 

Q = 18 liters/second  (0.018 m
3
/second) 

Rotor outside diameter = 6 inches (0.1524 m) 

Rotor root diameter = 4 inches ( 0.1016 m) 

Mean rotor radius = 2.5 inches (0.0635 m) 

Number of blades of inlet guide vanes  = 17 

Number of blades of the rotor = 16 

Number of blades of the outlet guide vanes = 12 

 

 
Fig. 3. Configuration of the prototype turbine. 

 

 
Fig. 4. Velocity profile at the front plane. 
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Fig. 4 and Fig. 5 illustrate the typical velocity and pressure 

profile results respectively. Fig. 4 shows the increasing 

velocity from the center to the tip of the rotating impeller. In 

Fig. 5 the direction of flow is from right to left. The high 

pressure region is at the entrance of the static inlet guide 

vanes. 
 

 
Fig. 5. Pressure profile at the right plane. 

 

There were many computer simulations done in the 

finalization of the prototype configuration. Fig. 6 below is an 

example of a rejected configuration. 

 

 
Fig. 6.  Example of a rejected configuration. 

 

The axis of the shaft of the rotating impeller as shown in 

Fig. 6 is in vertical position. The flow emanates from the top 

towards the bottom part. The color indicates the pressure 

distribution from the inlet (red) to the impeller (yellow 

orange) and then to the exit vanes (yellow). The 

multidirectional arrows indicate the flow trajectory, obvious 

in posting uneven distribution of pressure in the rotating 

impeller. This result suggests pressure differences which are 

likely to cause vibration and speed up wear and tear process 

of the impeller. There are also uneven trajectory flows of 

water across the inlet to the exit vanes as indicated by the 

crowding in some spots, while sparse distribution is observed 

in other areas.  

 
Fig. 7. Example of an acceptable configuration. 

By contrast an example of a simulation where the results 

are acceptable is shown in Fig. 7. The pressure profile shows 

a uniform pressure within the inlet vanes, the rotating 

impellers and the exit vanes. The trajectory flows are evenly 

distributed specially in the rotating impeller. Based on 

several simulations, this type of acceptable simulation holds 

true for rotational speeds ranging from 150 rpm to 800 rpm.  

The velocity cut plot and flow trajectory of the acceptable 

configuration are shown in the following Fig. 8 and Fig. 9 

below respectively. 

 

 
Fig. 8. Velocity profile of water as it flows through the turbine. 

 

 
Fig. 9. Flow trajectory profile of water through the turbine. 

 

The flow trajectory shown in Fig. 9 above indicates 

circulatory flows right after the curve. This is due to the 

presence of the curve right after the exit vanes. Circulatory 

flows are undesirable for these will cause resistance to the 

flow resulting to loss in power generated. However in this 

situation and with the size of the enclosing pipe, the only way 

to have the rotating shaft connected to the driving assembly 

to the generator is by extending the shaft through the curve 

portion of the pipeline. In large size turbine this curve maybe 

eliminated since enough space for the connection of the 

rotating shaft and driving assembly can be provided by 

having an enclosure. However, the enclosure provided for the 

driving assembly would also tend to disturb the flow 

trajectory resulting to loss in power generated. This is a 

typical example of trading off design optimization to 

operation accessibility. Computer simulation is very 

important in this situation since it will speed up the process of 

deciding on the best design configurations. 

Fig. 10 shows the velocity and pressure profiles of the flow 
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of the accepted configuration. The parameters used in the 

simulation are as follows: 

Water Volumetric Flow = 18.34 liters/second 

Head = 1.75 meters of water 

The values of head and water volumetric flow are within 

the range of available water flow rates and heads in the test 

site. 

 
Fig. 10. Velocity and pressure profiles. 

 

The following figures show the constructed major parts of 

the turbine. Fig. 11 shows the front profile of the inlet vanes. 

As shown there are 17 blades with the cone placed at the 

center. Each blade was locked in with the cone and ring 

enclosure. Marine epoxy was used to strengthen the 

connection then it was polished and finished to the desired 

shape. The ring enclosure was then allowed to slide through 

the pipe. 

 

 
Fig. 11. Inlet guide vanes attached to the inlet cone. 

 

The profile of the rotating impeller is shown in Fig. 12. 

There are 16 blades made by cutting parts of the PVC pipe. 

The blades were locked into a ring made also of PVC pipe 

material, using marine epoxy and were then polished and 

finished to the desired configurations. A machined metal disk 

was inserted into the ring and the two were connected by 

marine epoxy. The disk has a keyway to facilitate assembly 

and disassembly of the impeller to the metal shaft using a 

metallic key. The metal disk serves as flywheel and thus 

makes the rotation smooth in the event of variations of 

operating parameters. 

 
Fig. 12. The rotor of the hydraulic turbine. 

 

Fig. 13 is the front profile of the exit guide vanes. The 

fabrication process is quite similar to the inlet vanes. There 

are 12 blades leading the exit portion of the pipe. Take note of 

the small pipe that is installed at the center. The pipe is 

intended to accommodate the shaft and bearings of the 

rotating impeller. The shaft bearing assembly must be water 

tight to avoid leakage of water through the inner portion of 

the small pipe. Bearings with mechanical seal were used in 

the assembly. 
 

 
Fig. 13. The outlet guide vanes. 

 

V.   EXPERIMENTAL RESULTS AND ANALYSIS 

Fig. 14 shows the results showing the torque decreases 

with increase in angular speed at constant volumetric flow 

and increase in both torque and RPM as the volumetric flow 

is increased. The maximum torque that the turbine can 

developed was not fully determined because the 

dynamometer is only capable of measuring up to 3.058 N-m 

resulting to lesser data gathered on 18.34 l/s of flow rate. 

Based on the above trend at 18.34 l/s, the torque can be 

further increased at angular speeds within the 250-300 RPM 

range. 

The trend in the data shown in Fig. 15 is quite similar to 

that in Fig. 14. Again, based on the trend the maximum power 

is expected to occur at speeds within the 250-300 RPM range. 

Higher torque values were not obtained during the 

experimentations because of the limitation of the 

dynamometer. 

The following Fig. 16 indicates that the maximum 

efficiency increases as the volumetric flow increases. 

Although the maximum efficiency was not experimentally 

measured because of dynamometer limitation, the trend 

indicates that the maximum efficiency will occur at the 300 - 

350 RPM range. 

 
Fig. 14. Torque vs. RPM. 

 

Fig. 17 shows a typical simulation result where the reading 

of the turbine power is 108.173 watts as indicated in the 
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tabulated outputs. This figure is part of Fig. 10 shown 

previously.  

 
Fig. 15. Power vs RPM. 

 
Fig. 16. Efficiency vs. RPM. 

 

 
Fig. 17. Turbine power output of the CFD simulation.  

 

Several simulations were conducted and the results similar 

to Fig. 17 were plotted as shown in Fig. 18.  The plots of 

turbine power versus the angular speed of the experimental 

results and the CFD simulation in Fig. 18 agree very well 

with each other. The darkened squares and diamonds 

represent the power obtained from the CFD simulation at 

flow rates of 18.34 l/s and 15.72 l/s, respectively. The 

undarkened triangles and circles are the experimental results 

for the two flow rates, respectively. 

The plots of turbine efficiency versus angular speed of the 

experimental results and CFD simulations shown in Fig. 19 

below are consistent with each other. Take note that the 

maximum efficiency occurs at the 300-350 RPM range. 

 
Fig. 18. Plot of turbine power vs. angular speed. 

 
Fig. 19. Plot of turbine efficiency vs. angular speed. 

 

VI. CONCLUSION 

A prototype axial flow impulse-type turbine was designed 

for the purpose of fabricating a unit that can be installed along 

an existing pipeline with potential for power generation. It 

has three major parts; the inlet vanes, the rotating impeller, 

and the exit vanes. The numbers of blades are 17, 16 and 12 

for the inlet, rotor and exit vanes, respectively. The blade 

angles are 75
o 
for α1 and 45

o
 for β1 and β2. The pipe casing is 6 

inches in diameter. The hub diameter of the rotor is 4 inches. 

The computer simulations using SolidWorks software 

showed smoothness in the flow trajectories and even pressure 

distribution in each of the major parts of the turbine at 

rotational speed ranging from 100 to 600 rpm. At angular 

velocity below 50 rpm the flow trajectory and pressure 

distribution were unacceptable. The design is therefore 

applicable only to 100 to 600 rpm range of angular velocity. 

The turbine was fabricated, installed and commissioned at 

Rio Verde Water Consortium Incorporated Treatment Plant 

in Barangay Pualas, Baungon, Bukidnon, Philippines. The 

installation was not difficult since the set up simply attached 

to an existing pipeline. The turbine generated around 122 

watts of power at 381 rpm with an efficiency of 42% for a 
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flow rate of 18.34 l/s. It operated with very minimal vibration 

during the conduct of the experiments. 

The experimental results agreed well and thus validated 

the computer simulation results leading to the conclusion that 

the SolidWorks software is a reliable tool for designing this 

type of hydraulic turbine. 

This type of hydraulic turbine can tapped available 

potential power from flowing water used for other purposes 

such as for cooling of industrial equipment and water to be 

processed for household consumption. Instead of wasting, the 

available power is utilized and made useful. Hydro power is 

renewable and every watt it generated is a factor in reducing 

carbon emission and a positive step to preservation of the 

environment. 

 

VII. RECOMMENDATIONS 

The following are recommended for further study, policy 

review and action:  

1) Use the results of the study as bases in conducting 

assessments of existing water pipelines of industrial plants 

with pressure heads in excess of their operating requirements. 

The excess heads can be harnessed for power generation as 

demonstrated in the results of this study. 

2) Fabrication of a turbine assembly made of metal to be 

installed in the main process line of Rio Verde Water 

Consortium Incorporated Treatment plant; 

3) Evaluation of the performance of the installed turbine 

assembly in terms of the effect of scaling up the 

configurations as compared to the prototype;  

4) Further studies on cavitation of this type of hydraulic 

turbine particularly the pressure variations that may cause 

vaporization of the water leading to cavitation and vibrations; 

5) Formulation of a policy/regulation on the metering of 

generated power to the gridlines of electric power distributors. 

This will encourage industrial plants to harness potential 

source of hydropower. The power generated from this source 

will augment their power requirements during high demand 

and they can sell their extra power during low demand period; 

and  

6) Utilization of advanced materials such as composites for 

the vanes and rotor. 
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