
VI Latin American Hydro Power & Systems Meeting - IAHR 
October 29-31, 2025: Montevideo, Uruguay 

 

EFFECT OF THE TEST CHANNEL ON THE PERFORMANCE 
OF AN H-DARRIEUS HYDROKINETIC TURBINE 

Christian Jair Martínez Urrutia(a), Isabela Florindo Pinheiro(b), Geraldo Lúcio Tiago Filho(c), Ramiro 
Gustavo Ramírez Camacho(d), Antônio Carlos Barkett Botan(e), Nelson Díaz Gautier(f)) 

 

(a) Fluminense Federal University (UFF) – Colombia – christian.m.u@outlook.com   

(b) Fluminense Federal University (UFF) – Brazil – isabelaflorindo@id.uff.br 

(c) Federal University of Itajubá (UNIFEI) – Brazil – gltiagofilho@gmail.com 

(d) Federal University of Itajubá (UNIFEI) – Bolivia – ramirez@unifei.edu.br 

(e) Federal University of Itajubá (UNIFEI) – Brazil – acbotan@yahoo.com.br 

(f) Aeronautic Technologic Institute (ITA) – Venezuela – ndiazg28@gmail.com 

 
INTRODUCTION 

The current demand for more efficient and 
environmentally sustainable energy generation 
methods has driven significant improvements in 
alternative energy systems. One promising area is 
hydrokinetic energy  (Yadav et al., 2023), which 
harnesses the kinetic energy of moving water from 
tides, waves, and currents in oceans, rivers, and 
canals (Nago et al., 2022).  

Vertical-axis hydrokinetic turbines 
(VAHTs) are among the most notable existing 
technologies for harnessing hydrokinetic energy 
primarily due to their ability to operate without the 
need for flow-alignment systems, the relative ease 
of installing key components above water surface, 
among other advantages (Badrul Salleh et al., 
2019; Kirke, 2020). However, these turbines 
require additional elements or mechanisms to 
enhance their performance (Shen et al., 2024). A 
well-known adopted technique to enhance turbine 
performance involves reducing the fluid pressure 
on the blade moving against the current. This can 
be achieved by placing various types of upstream 
deflectors to redirect the flow and minimize 
resistance in the drag zone (Bizhanpour et al., 
2023; Chen et al., 2024; Maldar et al., 2022; R. 
Patel & Patel, 2022; V. K. Patel & Patel, 2021; 
Salleh et al., 2022; Wahyudi et al., 2015; Wu et al., 
2023).  

Most research on hydrokinetic turbines is 
based on experimental studies scaled according to 
the constraints of the testing channel, as well as 
computational fluid dynamics (CFD) simulations 
to optimize turbine configurations. However, 
performance results in many experimental studies 
are significantly affected by wall interference, 
since the ratio of the turbine diameter to channel 
width (𝐷/𝑊) is often around 0.25. Conversely, 
most CFD studies assume negligible wall effects 
by extending the distance between the turbine and 
domain boundaries, typically maintaining 𝐷/𝑊 
ratios below 0.1 (Li et al., 2023). 

Although CFD analysis provides a more 
adaptable and cost-effective simulation of the 
turbine performance and experimental tests 
provide essential validation through real-world 
data, discrepancies can arise between both 
approaches. In particular, numerical models may 
fail to accurately replicate experimental results 
when viscous friction in the boundary layer near 
the channel walls cannot be neglected, given the 
significant difference in the 𝐷/𝑊 ratios typically 
used in experiments and simulations. 

Therefore, the present study investigates, 
through CFD analysis, the changes in the 
performance curve of an H-Darrieus hydrokinetic 
turbine (H-DHT) when channel walls are 
positioned sufficiently far to eliminate their 
influence. This study was based on the 
experimental work conducted by Patel et al. 
(2019), who demonstrated that the efficiency of an 
H-DHT can be improved by placing a blocking 
plate upstream of the drag zone. However, the 
results of the current analysis reveal that such 
performance enhancement mechanisms may not 
function as expected under idealized, wall-free 
conditions. 

MATERIALS AND METHODS 

This study builds upon the experimental 
work conducted by Patel et al. (2019), who 
demonstrated that the efficiency of an H-Darrieus 
hydrokinetic turbine (H-DHT) can be enhanced by 
positioning a blocking plate upstream of the drag 
zone. To replicate and expand on these findings 
under idealized conditions, a computational model 
was developed using the same turbine and channel 
configuration described in their work. The 
geometric specifications and dimensions used in 
the simulations are detailed in Table 1. 
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Table 1. H-DHT by Patel et al., (2019) dimensions and 
test channel specifications. 

Parameters Details 

Blade length (𝑙) 200 mm 

Blade profile type NACA 0018 

Blade profile cord (𝑐) 50 mm 

No. of Blades (𝑁) 3 

Rotor Diameter (𝐷) 265 mm 

Solidity (𝜎) 18% 

Width of the test channel (𝑊) 1000 mm 

Depth of water in the test channel 420 mm 

The turbine was tested under the conditions 
shown in Table 2, and the corresponding experiment 
is illustrated in Figure 1. 

Table 2. Input parameters from Patel et al., (2019) tests. 

Parameters Details 

Flow velocity 𝑉 = 0.389 𝑚/𝑠 

Reynolds number 𝑅𝑒 ≈ 20000 

Water density 𝜌 = 998.7 𝑘𝑔/𝑚ଷ 

Dynamic viscosity 𝜇 = 0.0001003𝑃𝑎. 𝑠 

 

  

Figure 1 – Patel et al., (2019) THD-H with deflector. 

Among the different configurations tested, 
the one featuring a 75 mm wide plate positioned 
90 mm from the rotor centroid showed the best 
performance, increasing the maximum power 
coefficient from 0.125 ± 0.007 for the unblocked 
turbine to 0.36 with the blocking plate. 

To analyze the free and blocked turbine 
configurations in an open space using CFD, a two-
dimensional (2D) simulation was performed in 
ANSYS FLUENT® software. The transient k-ω 
SST turbulence model was used to solve the 
URANS equations. As shown in Figure 2, the 
computational domain was established with walls 
positioned at a distance equivalent to ten times the 
turbine diameter to avoid wall interference effects 
(Malipeddi & Chatterjee, 2012). 

 
Figure 2 – Control domains in the simulations 

RESULTS 
Firstly, Figure 3 shows the performance curves for 
the H-DHT turbine in free (no blocking plate) and 
blocked configurations, comparing experimental 
and CFD results. For the free configuration 
(𝐷/𝑊 = 0.05), the CFD simulation showed a 𝐶௉ 
value 20.5% higher than the maximum 
experimental 𝐶௉ (𝐷/𝑊 = 0.265) at the same λ 
value. The numerical analysis also revealed 𝐶௉ 
variations up to 84% across different λ values. For 
the turbine with the blocking plate, the simulated 
data indicated a maximum 𝐶௉ 22.2% lower than 
the highest experimental value. 

 
Figure 3 – Performance curves of the H-DHT obtained 
experimentally for rotor free □ and with blocking □ and, 
obtained with CFD for rotor free □ and with blocking □. 

CONCLUSIONS 

This study demonstrated that adding a 
blocking plate in a specific upstream region of the 
retarding zone in a Darrieus-H hydrokinetic 
turbine can improve its performance. However, the 
turbine's efficiency – for both the free and blocked 
configurations – also varies according to the 
control domain boundary distance. 

H-DHT's performance improves when the 
counter-flow moving against the blades is 
diverted. Furthermore, efficiency increases when 
the domain walls are positioned closer to the rotor 
because of the continuity principle. Reducing the 
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channel's cross-sectional area decreases vortex 
formation while increasing flow velocity and 
pressure on the turbine. Consequently, the 
maximum 𝐶௉ value obtained experimentally was 
higher. 

Therefore, disregarding the control 
domain wall distance (in this case, the test channel 
walls) could lead to comparisons between two 
fundamentally different configurations, despite 
some numerical similarities. 
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