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turbine for a hydroelectric power plant (HPP) 
site is influenced by factors such as available 
head and flow rate, generator operating 
speed, and power requirements for low flow 
conditions (Okot 2013). Micro-HP turbines 
like Archimedes screw turbine, gravitational 
water vortex power plant (GWVPP), and 
waterwheel turbine are suitable for low head 
and low flow rate conditions. 

GWVPP is a micro-HP scheme suitable 
for low flow rates and heads in rivers and 
streams, offering a new addition to the 0.7 to 
2 m head range (Zotlöterer 2017). The 
GWVPP system, consisting of a runner, 
basin, and canal, offers environmental safety, 
ease of manufacture, low maintenance costs, 
no water storage, increased surface water 
area, and aquatic life safety (Dhakal et al. 
2014, Rahman et al. 2017 and Khan et al. 
2018).  

Recent interest in GWVPPs has led to 
studies assessing their performance, focusing 
on energy efficiency. The impact of runners' 
shapes on overall efficiency has been studied. 
Dhakal's study found that curved blades were 
82% more efficient than twisted and straight 
blades, outperforming both profiles (Dhakal 
et al. 2017b). Kueh's experimental study on 
runner profiles revealed that despite a 22.24% 
improvement in efficiency, the ideal 
efficiency was not achieved due to limitations 
in friction torque and load-cell components 
(Kueh et al. 2017). Chen's study on basin-to-
blade ratio setups revealed that cross-flow 
blades outperformed other runner profiles 
with an efficiency of 68.84% (Khan et al. 
2018). Two different runner profiles were 
optimized numerically, with the findings 
indicating that curved profiles exhibited 
better efficiency (ranging from 9.80% to 
25.89%) compared to flat profiles (with 
efficiency ranging from 8.8% to 23.32%) 
(Faraji et al. 2022). 

Previous research on GWVPPs was 
primarily relied on traditional energy 
efficiency, but exergy efficiency offers a 
more comprehensive view of energy quality. 
Exergy efficiency measures the valuable 
work a system can produce, considering 
irreversible processes and inefficiencies. This 
study applied an exergy-based method to 
evaluate the effectiveness of a GWVPP, 
aiming to experimentally study the GWVPP 
system by using the optimized parameters of 
the numerical study of Faraji et al. (2022) and 
perform an exergy analysis of the GWVPP 
system. The study involved the complete 
design, manufacturing, and experimental 
testing of a GWVPP test rig. The test rig 
underwent evaluation at different rotational 
speeds, assessing power, torque, and 
efficiency and applying the first law of 
thermodynamics to determine system exergy 
efficiency. 
 
Materials and Methods 
Experimental set-up 

The experimental test rig includes a 1000 
L water storage tank, a two hp centrifugal 
pump, a 1000 L overhead reservoir, a 
GWVPP basin, a canal, and a runner 
assembly. The basin and canal are placed 
above the water storage tank, and the 
GWVPP runner optimizes the design with 
specific parameters. These parameters were 
selected based on a previous study by Faraji 
et al. (2022). The GWVPP runner's 
performance was evaluated using digital 
tachometers and Prony brake dynamometers 
at various operating speeds. The experimental 
test rig (Figure 1) was located at the Nelson 
Mandela African Institution of Science and 
Technology (NM-AIST) in Tanzania. 
Replicas or controls were used for reliability 
and statistical significance. 

 




















