
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 12, December 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

Experimental Evaluation of Hydrokinetic Turbine 

Performance: A Comparative Study of Inlet and 

Outlet Channel Angles 
 

Akhmad Nurdin1, Zuryati Djafar2*, Nasruddin Azis3, Wahyu H. Piarah4 
 

1Mechanical Engineering Department, Faculty of Industrial Technology, Universitas Balikpapan,  

Balikpapan – East Kalimantan 76114, Indonesia 

Email: akhmad.nurdin[at]uniba-bpn.ac.id 

 
2Mechanical Engineering Department, Faculty of Engineering, Universitas Hasanuddin,  

Bontomarannu, Gowa, South Sulawesi 92171 Indonesia 

Email: zuryatidjafar[at]unhas.ac.id 

 
3Mechanical Engineering Department, Faculty of Engineering, Universitas Hasanuddin, 

Bontomarannu, Gowa, South Sulawesi 92171 Indonesia 

Email: teknikuh[at]gmail.com 

 
4Mechanical Engineering Department, Faculty of Engineering, Universitas Hasanuddin, 

Bontomarannu, Gowa, South Sulawesi 92171 Indonesia 

Email: wahyupiarah[at]unhas.ac.id 

 

 

Abstract: The hydrokinetic turbine is a recent renewable energy technology capable of converting kinetic energy of natural water 

currents into mechanical and electrical power. The performance of these systems is strongly influenced by the geometry of flow-guide 

channel used to direct and accelerate water flow into and out of turbine. Therefore, this study investigates the performance of a horizontal-

axis hydrokinetic turbine by examining the effects of nozzle inlet angles (10°, 20°, 30°) and diffuser outlet angles (10°, 13.9°, 15°) on 

mechanical power and energy conversion efficiency. The turbine system was tested in the Manggar River, with configurations mounted 

on a floating platform and towed at controlled speeds. Results showed that the 30° nozzle inlet angle yielded the highest mechanical power, 

while the 13.9° diffuser outlet angle achieved the best power coefficient. The findings highlight that optimal channel geometry must be 

chosen based on specific performance goals, such as maximizing mechanical output or improving energy conversion efficiency, offering 

practical guidance for deploying turbines in low-flow river environments. 
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1. Introduction 
 

Fossil fuels are still the primary source of electricity 

generation compared to renewable energy. Data from the 

Institute for Essential Services Reform (IESR) on February 9, 

2022, showed that energy systems in Southeast Asia remained 

highly dependent on fossil fuels, particularly coal [1]. 

Although renewable energy generation capacity has 

increased, there is a significant rise in conventional energy 

consumption, such as coal [2]. The dependence persists 

because energy generation planning focuses mainly on 

market prices and coal costs, ignoring environmental impacts 

[3]. 

 

In this context, renewable power plants are needed to reduce 

environmental impacts. Previous studies have explored 

sources like wind, solar, hydro, geothermal, and bioenergy 

[4], as well as ocean wave, biomass, and nuclear energy, 

accompanied by cost analyses [5], [6], [7], [8], [9]. However, 

solar and wind are intermittent [10], while hydropower and 

geothermal require large initial investment [11],[12]. 

Hydropower is considered one of the cleanest and most 

efficient renewable sources [13]. Hydrokinetic plants 

(PLTHK) use river flow to generate electricity and have 

strong potential in Malaysia and Indonesia. The key challenge 

is limited river flow-velocity data due to low flow speeds [14]. 

Several investigations have been conducted to increase flow 

velocity in wind turbine and hydrokinetic. A previous study 

[15] comprehensively discussed the concept of shrouded 

wind turbine. In an optimization effort, this study evaluated 

shroud inlet angle and found that 30° obtained the best 

velocity augmentation compared to 45° and 60°. This result 

was consistent at inlet velocity of 6 m/s and 10 m/s. Another 

report on diffuser by [16],[17] showed a rise in flow power in 

wind and hydro turbine by increasing power coefficient 

around the rotor. This was similar to the results obtained with 

venturi shapes [18]. Furthermore, optimizing diffuser outlet 

shape using Bezier curves showed innovative hydrofoil 

profile configurations. Among the 1,200 solutions analyzed, 

the top 80 configurations had outlet angle of 13.9°, obtaining 

power coefficients of 98% and 118% without and with tip 

clearance, respectively [19]. A systematic review [20] of 155 

studies on horizontal-axis turbine with diffuser additions 

found that 58% reported an increase in the power coefficient 

compared to a plain turbine of the same diameter. Design of 

experiments (DOE) simulation [21] showed that specific 

diffuser geometries could increase flow velocity by 

approximately 31.7% (3.62 m/s) with a curved profile on the 

inside. Another study [22] used CFD simulation on a Micro-

Horizontal Axis Diffuser-Augmented Turbine (MHDT) 

system with ANSYS Fluent software and obtained an average 

increase in power coefficient of 0.668 at a tip speed ratio 

(TSR) of 4.25, compared to 0.442 for turbine without diffuser. 
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An optimization method based on axisymmetric Reynolds-

Averaged Navier-Stokes (RANS) was also used to design 

ducting geometry to enhance wind turbine thrust, generating 

power increase of approximately 1.43 times the Betz limit 

[23]. Experimental study [24] on a full-scale Diffuser-

Augmented Wind Turbine (DAWT) showed a velocity 

increase from 1.02 m/s to 2.41 m/s, and an augmentation ratio 

of 8.32 compared to a bare wind turbine. Furthermore, [15] 

numerical simulation was performed to optimize diffuser 

design in micro-hydrokinetic turbine. The use of response 

surface optimization method produced a 48% increase in 

power at an outlet-to-inlet area ratio. An investigation was 

also conducted on [25] geometry of wind turbine shrouds with 

variations in inlet angle and shroud profile, including ring-

shaped boundary layer control methods. The results showed 

an increase in velocity and power by 80%, with an optimal 

inlet angle of approximately 30-45°. 

 

Based on the description above, this study aims to 

experimentally evaluate how variations in nozzle inlet and 

diffuser outlet angles affect the mechanical output and 

efficiency of a horizontal-axis hydrokinetic turbine. The 

results provide critical experimental evidence for optimizing 

turbine design under realistic river conditions, offering design 

insights that are vital for advancing micro-hydro energy 

solutions in resource-constrained areas. 

 

2. Methodology 
 

This study used a full-scale experimental method designed to 

evaluate the influence of inlet nozzle angles and diffuser 

outlet angles on the performance of horizontal-axis 

hydrokinetic turbine. Experiments were conducted in the 

Manggar River, located in Manggar, East Balikpapan, 

Balikpapan City, East Kalimantan Province, Indonesia. The 

method enabled precise measurement of flow conditions, 

turbine dynamics, and power output. Kinetic energy from 

river flow was converted into electricity by rotating turbine 

and electromechanical converter. A horizontal-axis 

hydrokinetic turbine prototype was used to study how the 

guiding channel shape and size influence power generation. 

Equipment size and placement appear in Figure 1. 

 

 
Figure 1: Hydrokinetic turbine equipment installation 

All equipment and sensors were fixed to a custom floating 

platform to ensure correlation with the incoming flow. The 

platform was towed with a motorboat at controlled speed to 

adjust flow velocity into turbine guide channel. The turbine 

was operated at a depth of 1.2 meters. 

 

Data acquisition was initiated after flow inside the guide 

channel reached steady-state conditions, as verified by the 

upstream and downstream flow meters. The primary 

parameters measured were flow velocity before and after the 

rotor, shaft rotational speed (rpm), generator output voltage 

and current, and pressure differentials across the channel. All 

data were recorded using a data logger for further analysis and 

interpretation. The experiments were conducted for diffuser 

models with outlet angles of 10°, 13.9°, and 15°, as well as 

nozzle models with inlet angles of 10°, 20°, and 30°. 

 

2.1. Fundamental equation of the system 

 

The equation for power generated by flow entering the guide 

channel is expressed as follows. 

𝑃1 =  
1

2
. 𝜌. 𝐴1. 𝑣𝑜

3.         (1) 

Where P1is the incoming kinetic power (W), ρ is fluid density 

(kg/m³), A1 is the cross-sectional area of flow (m²), and v0 is 

the freestream flow velocity (m/s). 

 

When a fluid flows through the converter at a constant mass 

flow rate, as shown in Figure 2. 

 

 
Figure 2: Mechanical energy extraction scheme in fluid 

flow extraction according to the basic theory of 

momentum [25] 

 

As shown in Figure 2 and applying the law of conservation of 

momentum, the mechanical power of fluid delivered to the 

converter can be expressed as: 

𝑃𝑚 =  
1

4
. 𝜌. 𝐴𝑡 . (𝑣1

2 − 𝑣2
2)𝑡𝑤𝑜(𝑣1 + 𝑣2).  (2) 

 

In this equation, Atis the cross-sectional area at the throat (m²), 

v1and v2are flow velocity before and after the rotor (m/s). 

 

The power coefficient Cp, which represents the efficiency of 

power extraction from the available kinetic energy, is defined 

as. 

𝐶𝑝 =  
𝑃𝑚

𝑃1
                     (3) 

 

The power coefficient can be directly expressed as a function 

of the velocity ratio, as shown in Figure 2. 

Paper ID: SR251207114443 DOI: https://dx.doi.org/10.21275/SR251207114443 1429 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 12, December 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

 
Figure 3: Betz's elementary graph of the relationship 

between the flow power coefficient and the speed ratio 

before and after the converter [25] 

 

2.2. Guide channel design 

 

Flow-guiding system used in this study comprised two 

primary configurations, namely a throat section combined 

with nozzle (inlet), and another with a diffuser (outlet). These 

guiding components were designed and fabricated as 

interchangeable modules to allow comparative analysis of 

different inlet and outlet angles under consistent throat 

dimensions. 

 

2.2.1. Nozzle channel configuration 

Nozzle configuration had a constant axial length and three 

inlet angles of 10°, 20°, and 30° to accelerate incoming fluid 

before passing through the throat and rotor sections, 

increasing velocity and extractable energy. Figure 4 shows 

structural details of nozzle and isometric view. 

 

 
Figure 4: Nozzle model (a) shape of hydrokinetic turbine 

nozzle channel, (b) isometric shape of the hydrokinetic 

turbine nozzle channel 

 

Each nozzle ensured a seamless transition from ambient flow 

to turbine throat, minimizing flow separation and turbulence. 

The differences in inlet angle were used to investigate how 

flow convergence affected power extraction and turbine 

performance. 

 

2.2.2. Diffuser channel configuration 

Diffuser expanded flow area after the throat and rotor to 

create a pressure drop, improving suction and increasing 

blade-flow velocity. Three diffuser specimens were 

constructed, each with an outlet angle of 10°, 13.9°, and 15°, 

respectively, and an identical axial length of 370 mm. 

 

A previous study by [19] using Computational Fluid 

Dynamics (CFD) identified an outlet angle of 13.9° as 

optimal, yielding a power coefficient of 98% under ideal 

conditions (without blade tip clearance) and up to 118% when 

blade tip clearance was considered. The geometric 

optimisation of the diffuser outlet in that study used Bezier 

curve modelling to refine the hydrofoil shape and the flow 

divergence profile. Another experiment used CFD method 

based on Response Surface Methodology (RSM) [21] to 

examine diffuser design and optimization for horizontal-axis 

hydrokinetic turbine. The results showed that curved portions 

on diffuser surface could increase flow velocity by 

approximately 31.7% compared to the case without a diffuser, 

using a two-dimensional flat airfoil as the basic shape. These 

findings showed that, in regions with low current speeds, 

optimizing diffuser design was essential to improve turbine 

efficiency in terms of energy and flow rate. 

 

In this study, the fabricated diffuser specimens were designed 

using similar geometric principles to validate CFD-based 

results under real-flow conditions. Figure 5 shows a visual 

and isometric rendering of diffuser channel. 

 

 
Figure 5: Diffuser model (a) shape of the hydrokinetic 

turbine diffuser channel, (b) isometric shape of the 

hydrokinetic turbine diffuser channel 

 

3. Result and Discussion 
 

The performance of nozzle and diffuser channel, each with 

three angles, connected to a throat of 370 mm, was evaluated 

at a depth of 1.2 m, with flow velocity adjusted by varying the 

towing vessel speed. The results showed that nozzle with a 

30° inlet angle had the best performance. Meanwhile, diffuser 

with a 13.9° outlet angle achieved the best performance 

compared to 10° and 15°.  

 

Figures 6 and 7 show data on the relationship between power 

mechanics and flow velocity for nozzle and diffuser channel. 
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Figure 6: Relationship between power mechanics and flow 

velocity for each inlet angle. 

 

Based on the results, 30° inlet angle was optimal compared to 

20° and 10°. Similarly, a previous study [15] reported that 

using angles of 30°, 45°, and 60° found an optimal inlet angle 

of 30°. At an average river flow velocity of 1.6 m/s, the 

mechanical power extracted by turbine for 30° inlet angle was 

Pm(30°) = 150 W. In comparison, for 20° and 10° inlet angles, 

the respective values were Pm (20°) = 90 W and Pm (10°) = 75 

W. 

 

 
Figure 7: Relationship between power mechanics and flow 

velocity for each outlet angle. 

 

Figure 7 shows the mechanical power graph for diffuser outlet 

angles of 10°, 13.9°, and 15°. At the same flow velocity of 1.6 

m/s, 13.9° outlet angle produced the highest mechanical 

power of Pm(13.9°) = 92 watts. This value was greater than 

10° and 15° angles, which obtained Pm(10°) = 57 watts and 

Pm(15°) = 73 watts, respectively. Meanwhile, power 

coefficients produced by nozzle (Cp) and diffuser (Cp) with 

varying inlet and outlet angle are shown in Figures 8 and 9.  

 

 
Figure 8: Relationship power coefficient and flow velocity 

for each inlet angle. 

 

 
Figure 9: Relationship power coefficient and flow velocity 

for each outlet angle. 

 

Figure 8 shows the power coefficient alongside with inlet 

angle from 10°, 20°, and 30°. The highest power coefficient 

value was obtained at an inlet angle of 30° with Cp(30°) = 

0.51, followed by Cp(20°) = 0.48, and Cp(10°) = 0.32 at an 

average flow velocity of 2.65 m/s, 4.0 m/s, and 1.09 m/s, 

respectively. Furthermore, using a diffuser channel has 

increased the power coefficient. As presented in Figure 9, the 

highest power coefficient occurred at a diffuser outlet angle 

of 13.9°, with Cp (13.9°) = 0.44, followed by Cp (15°) = 0.39 

and Cp (10°) = 0.28, respectively. 

 

The optimal power coefficient for each nozzle and diffuser 

angle combination and the diffuser channel outlet angles can 

be determined theoretically from the speed-ratio graphs 

before and after the blade. Specifically, the addition of nozzle 

and diffuser channel to the throat channel influences the use 

of horizontal-axis hydrokinetic turbine, as described in Figure 

10. 

 

 
(a) 

 
(b) 

Figure 10: Relationship between the power coefficient and 

the ideal to flow velocity ratio (v2/v1) (a) for each inlet angle 

(b) for each outlet angle. 
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Figures 10(a) and 10(b) show the relationship between the 

velocity ratio v2/v1and the corresponding power coefficient. 

For nozzle configurations, 30° inlet angle showed the highest 

performance with a power coefficient reaching 0.50. 

Meanwhile, 13.9° outlet angle achieved a peak theoretical 

coefficient of approximately 0.54 for diffuser configurations. 

 

The intersection of the mechanical power function line (Pm) 

with the power coefficient (Cp) shows the optimal point of 

hydrokinetic turbine using a guide channel. In hydrokinetic 

turbine using throat guide channel combined with a nozzle 

and diffuser, the optimal inlet and outlet angles can be plotted 

on a graph, as shown in Figure 11. 

 

 
Figure 11: Relationship of power, mechanical, and power 

coefficient at each change in flow velocity for an 

inlet angle of 30° 
 

The relationship between turbine performance parameters 

and flow velocity shows a clear pattern. When turbine 

operates with optimum inlet nozzle configuration of 30°, both 

mechanical power and the power coefficient increase with 

flow velocity, though their growth patterns varied. The power 

coefficient curve shows a gradual increasing trend in the 

velocity range of 0.8–2.1 m/s, before finally reaching the 

optimum condition with a peak value of around 0.50–

0.52. The value is close to the theoretical Betz 

limit, indicating a high level of energy conversion efficiency. 

This indicates that the guide channel design can accelerate 

flow, reduce turbulence and improve momentum transfer to 

the rotor. The result confirms that the contribution of flow 

velocity to power extraction is much more dominant than the 

efficiency increases in the medium- and high-operating 

phases. The point does not indicate the same numerical value, 

but represents a transition phase in system performance. 

Meanwhile, the diffuser channel with an outlet angle of 13.9° 

produces a graph as follows: 

 

 
Figure 12: Relationship of power, mechanical and power 

coefficient at each change in flow velocity for an outlet 

angle of 13.9° 

 

The performance pattern for the 13. 9° outlet configuration 

displays a comparable trend, with both mechanical power and 

power coefficient increasing as flow speed rises, although 

they respond differently. The power coefficient first climbs 

within a speed range of roughly 0.6 –1.4 m/s, peaking around 

0.43-0.45 before slowly tapering off. This behavior implies 

that while the diffuser accelerates the flow, the outlet shape at 

the angle leads to greater flow separation and turbulence at 

higher speeds, diminishing aerodynamic efficiency. 

 

In comparison, mechanical power increases consistently with 

flow speed, reaching nearly 120 W at about 1.8–1.9 m/s. 

Similar to the inlet optimization scenario, this shows that at 

elevated speeds, power output is primarily determined by the 

flow's kinetic energy rather than by efficiency improvements. 

 

A significant aspect is the visual point of closeness, where the 

Cp curve begins to fall while the mechanical power curve 

continues to climb sharply. Although the method is not a 

proper mathematical crossing due to the differing axes, it still 

indicates a change in performance. It shows the operational 

limit at which any further increase in speed no longer 

improves conversion efficiency, and where system 

performance is determined mainly by the available flow 

energy rather than aerodynamic refinement. 

 

A significant feature of the graph in Figure 12 is the point 

where the two lines meet, despite being measured on different 

vertical scales. This intersection does not represent identical 

numerical values but signals a change in the way the system 

operates. At this point, the Cp line reaches the saturation level, 

while the Pm line shows most rapid escalation. Therefore, the 

point can be considered the threshold at which turbine 

performance improves, transitioning from primarily driven by 

increased conversion efficiency to high fluid kinetic energy. 

 

4. Conclusion 
 

In conclusion, this study shows that the performance of 

ducted hydrokinetic turbine system is significantly affected 

by differences in inlet nozzle and diffuser outlet angle. The 

results obtained are as follows: 

1) Outperforming the 20° and 10° configurations tested in 

this study, the 30° inlet nozzle arrangement produces the 

best performance, with a maximum power coefficient 

(Cp) of 0.51 at a flow velocity of 2.65 m/s. 

2) Among the various diffuser specimens, 13.9° outlet angle 

has a power coefficient (Cp) of 0.44 at a flow speed of 1.3 

m/s. 

3) A comparative study shows that although diffuser 

designs mainly improve flow stabilization and power 

conversion efficiency, nozzle configurations effectively 

increase mechanical power output. Specifically, using 

nozzle geometry, the maximum Cp is approximately 1.25 

times that of the best diffuser arrangement. 

 

This study shows that the selection of guide channel form 

should correlate with the expected design objectives, whether 

optimizing conversion efficiency or prioritizing mechanical 

power extraction. The results offer experimental validation 

for design upgrades for ducted hydrokinetic turbine, 

particularly for use in slow-moving natural river settings. 
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