
Science and Technology Publishing (SCI & TECH) 
ISSN: 2632-1017 

Vol. 7 Issue 7, July - 2023 

www.scitechpub.org 
SCITECHP420357 2015 

Design And Evaluation Of Hydro-Kinetic 
Turbine For Energy Generation From Streams 

And Open Channel Apparatus 
 

Umoren Ubong Saviour1 

Nwanwa Vivian Chinazom2 

Okon Aniekan Akpan3 

 
1,2,3Department of Mechanical and Aerospace Engineering 

University of Uyo, Akwa Ibom State, Nigeria 
Email: 1ubmoren16@gmail.com 

Abstract In the work, design and evaluation of 
hydro-kinetic turbine for energy generation from 
streams and open channel apparatus is 
presented. The turbine considered in the study is 
the Gravity Water Wheel (GWW) and the case 
study river was Ibagwa River located in Ibagwa 
Akwa Ibom State. SolidWorks CAD package was 
used to model the Gravity Water Wheel and the 
open channel apparatus. The open channel water 
flow apparatus setup was used to test the water 
wheel. In the experiments that were conducted 
using the open channel flow apparatus, the water 
wheel was able to achieve 20 revolutions in 9.34 
seconds, which is equivalent to over 128 rpm.  
The results from the no load test, was 8 V at no-
load condition but when a load was applied the 
voltage dropped to 5V and to stabilize the voltage, 
a battery management system circuit (BMS) was 
used to avoid excessive voltage increase. In 
addition, by reducing the discharge by varying the 
nozzle diameter of the pipe, the rpm increased 
rapidly and the water wheel was able to record 
above 10V. The output power from the water 
wheel turbine was able to charge some mobile 
phones. In all, the results show that the Water 
wheels is capable of addressing rural 
electrification problems as it has been used 
before the discovery of fossil fuels. 
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1. Introduction 

Renewable energy is defined as “energy derived 
from natural processes that are replenished at a faster rate 
than they are consumed” [1,2]. The most widely used 
renewable energy source in developed countries is gotten 
from hydropower [3,4,5]. In developing countries, the 
rising demand for electricity in combination with large 
distances means that decentralized electricity generation 
has a high priority [6,7]. In addressing this energy need 

hydropower energy is the solution as it offers numerous 
benefits.  

Notably, Nigeria has a very long coastline 
covering over 853km  [8]. As such,  the use of hydropower 
will be of immense benefit as the coastlines is an untapped 
resource in this country. The use of hydropower in highly 
industrialized countries of the world as an alternative to 
fossil fuel is at an increase [9,10]. An internal water 
network of space of about 900 Km2 [11] provides a better 
opportunity to harness this hydropower in rivers located in 
rural settlements in Nigeria, where electrical power supply 
is usually unavailable. Addressing this need, water wheels 
have been used as a source of energy for driving 
mechanically powered pumps, machines, textiles, grinding 
and many other machineries in the ancient times [12,13]. 
Therefore, this study focuses on the design and evaluation 
of a gravity water wheel for harnessing energy from 
Nigerian rivers using Ibagwa River as our case study. In 
addition, the gravity water wheel solution presented in this 
study is a portable, inexpensive hydro-kinetic turbine 
capable of producing a usable amount of power from 
streams or rivers as well as from open channel apparatus for 
laboratory studies.    

 
2. Methodology 

2.1 Evaluation of the fluid characteristics of the case 

study Ibagwa River   

1) The case study Ibagwa River was examined for its 
fluid characteristics with focus on the flow velocity, depth 
of the river and width of the river. 
2.1.1 Flow velocity 

 The flow velocity of Ibagwa River was determined using 
a Styrofoam floater and a stop watch. As the Styrofoam 
floater was dropped on the water, the distance was 
measured from the start point to the end point of the travel 
of the Styrofoam floater and the time for the travel was 
recorded using a stop watch. The flow velocity was 
calculated thus; 
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results show that the Water wheels is capable of addressing 
rural electrification problems as it has been used before the 
discovery of fossil fuels. 
4. Conclusion  

The design and evaluation of hydro-kinetic turbine 
is presented. The turbine considered is the Gravity Water 
Wheel which is designed for operation in streams and open 
channel apparatus. While the stream is used to model the 
operation in real life application, the open channel 
apparatus considered in this study is meant for laboratory 
demonstration of the hydro energy harvesting using rotating 
engine. The design calculation analytical models are 
presented along with different views of the designed water 
wheel generated using SolidWorks CAD package. The 
results of the rotational efficiency of the water wheel was 
also examined.  
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