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Abstract- Gorlov Helical Turbine is a helical bladed vertical axis hydrokinetic turbine generally employed to generate energy 

from the low-velocity currents of perennial/tidal sources. This study aims to determine the performance of NACA 4412 bladed 

GHTs by varying the helical blades' index of revolution. Nine turbine models with diameters of 0.6 m and heights of 0.6 m 

were designed with different indexes of revolution and then subjected to computational simulation. Simulation results indicate 

that the output power generated by the best configuration (index of revolution =0.25, P= 0.951 W) is consistent with the values 

derived using the analytical formula (index of revolution =0.25, P=1.11 W).). The research findings suggest that the turbine 

with 0.25 as the index of revolution is the best among the class. Following the earlier research findings, the helical and overlap 

angle corresponding to this configuration were 600 and 900, respectively. A model with 0.25 as the index of revolution was 

fabricated and tested at a river creek. The results were found to agree with the simulations accounting for the losses. The 

study's findings could promote the installation of hydrokinetic turbines in river creeks, hence enhancing SHP grid capacity in 

India. 

Keywords Cross Flow Turbines, Gorlov Helical Turbines (GHT), Index of revolution, Computational simulation, 

Experimentation, Optimisation, Renewable energy. 

 

1. Introduction 

Electrification has resulted in a dramatic lifestyle 

alteration in every facet of modern civilisation. The increased 

demand for electricity has resulted in several technologies 

that convert energy from natural power sources to electricity 

[1]. The extensive use of petroleum and coal has aggrieved 

the effects of global warming. This has compelled many 

developing countries to accelerate the adoption of renewable 

energy technologies. The ocean and perennial sources are the 

most prevalent renewable energy sources (currents). Tidal 

energy (including perennial sources), compared with other 

clean energy sources such as wind, sun and geothermal, is 

continuous and foreseeable for the future. Hydropower is a 

critical renewable energy source. The immense reservoirs, 

seas, and river streams all have energy potential in the form 

of currents. Conventional turbines are ideally suited for 

applications requiring a low discharge with a high head or a 

high discharge with a low head. They are, nevertheless, 

ineffective in ultra-low head scenarios. Another possible 

location is in the tailrace of irrigation dams. Hydropower 

potential from such systems is frequently untapped based on 

perceived economic impracticality. Hydrokinetic turbines are 

the optimal choice for these types of energy sources. 

Hydrokinetic turbines do not require a reservoir or a 

spillway, simplifying their design and construction. Based on 

the direction of current and the position of the turbine axis, 

hydrokinetic turbines can be classified as axial or cross-flow. 

The rotational axis of axial-flow hydrokinetic turbines is 

horizontal/inclined or parallel to the current direction. Axial-

flow turbines are better suited to applications like ocean 

currents. Contrary to axial-flow turbines, the rotational axis 

of cross-flow hydrokinetic turbines is always orthogonal to 

the incoming current. The cross-flow turbine's cylindrical 

feature enables it to use the channel's depth effectively. The 

self-starting capability of the cross-flow turbine is well-

known. Vertical axis cross-flow hydrokinetic turbines and 
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horizontal axis cross-flow hydrokinetic turbines are the two 

types of cross-flow turbines. Horizontal axis cross-flow 

turbines are well suited for applications in shallow water. 

Vertical axis cross-flow hydrokinetic turbines, on the 

other hand, may operate at higher depths. Two basic vertical 

axis cross-flow turbines are the Savonius [2] and Darrieus 

[3]. H-Darrieus turbines, Squirrel cage turbines, Lucid 

turbines, and Gorlov turbines are modified variants of 

Darrieus turbines. 

According to the National Statistical Office's 

(Government of India) Energy Statistical Report - 2021, 

India's total renewable energy reserve is 1,097,465 MW. 

Small hydropower accounts for only 1.93 per cent of the 

reserve (21,134 MW). Small Hydel Power Plants, according 

to Indian norms, are those with a capacity of between 2 and 

25 MW. Over the years, the contribution of small 

hydropower [4] towards cumulative hydropower has not 

changed much, owing to the reluctance to identify and adopt 

better technology. The best solution for this problem is to 

employ cross-flow hydrokinetic turbines in canal systems, 

irrigation dam tailraces, and smaller river streams, thereby 

boosting the small hydropower sector's share.  

The Gorlov Helical Turbine (GHT) is a water turbine 

based on the Darrieus turbine's design. In GHT, helical 

blades of a specific aerofoil cross-section replaced the 

vertical blades of the Darrieus turbine. The GHT [5] is a 

cost-effective, environmentally friendly reaction turbine that 

generates hydropower from free (kinetic) and low-head 

(potential) water streams. Although this is a new technology, 

the turbine has already been deployed in several high-tide-

potential coastal locations. One of the oldest operating 

projects is in the Uldolmok Strait of South Korea (Figure 

1).

 

Fig. 1. GHT being installed in South Korea. 

M. Gorlov [5] investigated the effectiveness of a three-

bladed GHT with a diameter of 0.6096 m and a height of 

0.8636 m. Gorlov employed a 0.1778 m chord- NACA0020 

(National Advisory Committee for Aeronautics) aerofoil for 

stability. The turbine was found to have an efficiency of 35% 

at a flow rate of 1.54 m/s. Shiono et al. [6] investigated four 

versions of GHT. Each of them had a different helical blade 

configuration.  The turbine blades' solidity was altered from 

0.20 to 0.50 in 0.1 increments while maintaining a constant 

diameter and height (AR=1). While solidity substantially 

influenced starting characteristics, the blade inclination 

angle had no such effect. The turbine with a solidity of 0.4 

had the maximum efficiency. 

Talukdar et al. [7] investigated the performance of the 

GHT based on the solidity ratio. Talukdar et al. field-tested 

the turbines in an open channel. They found that the turbine 

with a solidity ratio of 0.38 at a TSR of 1.02 developed a 

maximum power coefficient of 0.20 at a velocity of 0.87 m/s. 

Additionally, the influence of the solidity ratio on the 

turbines' performance was investigated at various immersion 

levels. The power coefficient was observed to decrease as the 

immersion depth decreased. This impact was particularly 

noticeable in turbines with a low solidity ratio (σ=0.31). 

Pongduang et al. [8] studied the impacts of the helical 

angle on the GHT’s performance. In a towing tank, two tidal 

turbines with diameters of 0.5 m and 0.6 m (height = 1.25 m) 

were tested. The blade's profile was NACA0020 (0.07 m 

chord length). Three-bladed models with helical angles of 

1500, 1350, and 1200 were tested under a spectrum of flow 

conditions. According to the studies, the model with a helical 

angle of 1350 functioned well for TSR bandwidth of 2.2 to 

2.5. 

BK. Kirke [9] investigated the impact of pitch angles on 

hydrokinetic cross-flow turbines with straight and helical 

blades. It is well established that pitch variation improves 

starting torque and efficiency. However, only two pitch 

values were investigated (50 and 100). According to studies, 

the 100-pitch turbine had a Cp (max) of roughly 0.4. 

Mosbahi et al. [10,11] investigated the performance 

of the Darrieus turbine with delta blades numerically and 

experimentally. The performance of the turbine was 

quantitatively assessed in context with the leading-edge 

sweep angles from 100 to 400. Experiments were conducted 

to validate the best findings (leading-edge sweep angle=300). 

The current article's numerical methodology is based on 

Mosbahi et al. [10,11] and Shashikumar et al. [12-14]. 

This literature survey indicates that various 

experimental and computational investigations on the GHT 

have been conducted to determine its performance using CP, 

CT, and solidity ratios. However, the effects of helical angle 

and pitch of the blade are not well assessed. Pongduang et al. 

[8] conducted the only study on the helical angle, focusing 

exclusively on 120o, 135o, and 150o. Similarly, the survey by 

BK. Kirke [9] on the pitch of the turbine blade is also 

confined to two specific values (50 and 100). U. Divakaran et 

al. [38] investigated the influence of helical angles (ranging 

from 60º to 90º) on the performance of helical VAWT 

(Vertical Axis Wind Turbine) numerically. The turbine's 

diameter and height were 2.7 and 3 m, respectively. The 

performance of a 60º helical VAWT was said to exceed all 

other VAWT blade designs and peaked at a lower TSR. U. 

Divakaran et al. also concluded that wakes for non-straight 

blade VAWTs diminish rapidly. Philip Marsh et al. [38] 

investigated the effects of blade overlap angles and sectional 

inclination angles on the performance of GHT. The output 
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power, torque oscillations, and mounting force were 

calculated for turbines with overlap angles (refer to figure 4) 

ranging from 00 to 1200 and section inclination angles 

ranging from -150 to 450. The results showed that straight-

bladed turbines with no blade overlap produced the most 

power. 

The present research recommends analysing the 

turbine's performance using the 'index of revolution,' which 

is a function of the helical profile's pitch and angle. Section 2 

expands on the notion of the index of revolution. The present 

study examines GHTs numerically by altering the index of 

revolution under identical flow conditions. A prototype GHT 

with optimal parameters is fabricated and experimentally 

confirmed following simulation recommendations. The 

following are the study's objectives:  

(i) To study the performance of a GHT numerically and 

experimentally at various revolution indices (0.1 to 0.5 with 

a 0.05 increment). 

(ii) To find out the optimum configurations of GHT in terms 

of helical and blade overlap angle. 

2. Index of Revolution   

The study investigates the parametric optimisation of 

GHT with respect to the Index of revolution [15] and further 

a methodology to implement them in a perennial/tidal source. 

Even though there are various parameters to be optimised, 

such as helical angle and solidity ratio [16], the effort has 

been concentrated on the helical blade profile's index of 

revolution (pitch). Index of revolution may be defined as the 

fraction of the pitch of one complete helical turn measured 

parallel to the axis and fitted between the turbine discs (refer 

to Figure 2, 4).  

A 3-D model [17] was created using SolidWorks and 

subjected to the cross-flow velocity of 1.5 m/s. Since a 

helical cross-flow turbine is known for its automated self-

starting capability, no rudders were provided. The parameters 

governing [18] helical turbine design include the radius of 

the disc, blade cross-sectional geometry (profile), helical-

pitch angle, aspect ratio, number of blades, solidity ratio and 

design of strut. The study concentrated on the revolution 

index (pitch) in this research work. The Index of revolution 

was incremented by a value of 0.05 until half of the total 

revolution of the helix was reached. In all cases, the pitch of 

the helix had to be decreased to readjust the model's 

geometry (height being fixed to 0.600 m). Details of the 

geometric configuration of GHT in terms of the Index of 

revolution are given in Table 1. Further details regarding 

Centre of Gravity (CG) and Moment of Inertia (MOI) are 

provided in Table 2. 

As indicated by equation 1, the Index of revolution is 

defined as the ratio of the turbine's height to the pitch of the 

helical blades. In other words, the Index of revolution can be 

defined as the percentage of helical pitch that will be 

considered for the turbine (refer to Figure 2). 

Index of revolution = (Height of turbine, H / Pitch of helical 

blades, P)                                                                             (1) 

Table 1 indicates how parameters such as helical angle, 

overlap angle and enwinding ratio are related to indices of 

revolution. The pitch angle that the helical blade makes with 

a horizontal plane is referred to as the helical pitch angle or 

helical angle (φ). The plane angle generated by the cross-

section of a single blade projected on the top of the blade to 

the bottom plane is the blade overlap angle (β). The Index of 

revolution, helical angle and blade overlap angle are 

illustrated in figure 4. The enwinding ratio is a metric that 

measures the helicity of helical blades and is computed using 

equation 2. 

Enwinding ratio = (Number of blades, N x blade overlap 

angle, β / 360)                                                                      (2)          

The higher the enwinding ratio, the greater the helicity is. 

The enwinding ratio is usually less kept below two for an 

efficient design. The blade element distribution will be more 

uniform if the enwinding ratio is near a positive integer. 

 

Fig. 2. Concept of index of revolution. 

 

Fig. 3. GHTs with different indices of revolution. 
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Table 1. Geometric configuration of GHT in terms of Index 

of revolution 

Table 2. CG and MOI of GHT in terms of Index of  

revolution 

Index of 

revolution 

Mass 

(kg) 

CG (m) MOI 

Izz 

(kg 

m2) 

X Y Z 

0.1 30.99 

0 0 0.31 2.79 

0.15 30.99 

0.2 30.99 

0.25 30.97 

0.3 30.98 

0.35 31.00 

0.4 31.00 

0.45 30.99 

0.5 30.98 

 

3. Design of GHT (Analytical Model) 

As recommended in the literature and experiment [19], 

the number of blades was determined to be three. The NACA 

4412 blade profile with a 0.120 m chord was adopted, unlike 

previous studies While S1210 looks to have an advantage 

over NACA 4412 in performance, it is more complex to 

fabricate. Figure 5 compares the several standard profiles used 

for the purpose mentioned earlier. The helical sweep is 

typically three times the height of the turbine. For example, a 

turbine with a height of 0.600 m would have a helical sweep 

height of 1.800 m.  

 

Fig. 4. Blade trajectory, helical angle (φ) and blade overlap 

angle (β) of turbine with 0.25 as the index of revolution. 

 

 

Fig. 5. Comparison of various aerofoil profiles of GHT 

Height of the 

turbine, H (m) 
Pitch of the helix, P 

(m) 

Index of 

revolution = (H/P) 

Helical angle, φ Overlap angle, β Enwinding ratio 

0.600 

6.000 0.10 73.21 36 0.30 

4.000 0.15 65.08 54.02 0.45 

3.000 0.20 62.12 71.98 0.60 

2.400 0.25 60.00 90.11 0.75 

2.000 0.30 51.21 108.13 0.90 

1.714 0.35 44.32 126 1.05 

1.500 0.40 41.52 143.92 1.20 

1.333 0.45 36.12 162.08 1.35 

1.200 0.50 33.27 180 1.50 
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During the initial part of the investigation, a series 

of simulations by varying heights was undertaken to 

determine the optimal height. The turbine's height was 

switched between 0.500 m and 0.900 m in a step size of 

0.050 m. (9 Models). The model with a 0.600 m height 

outperformed the others in terms of torque. Following that, 

nine Gorlov Helical Turbines with a diameter of 0.600 m and 

a height of 0.600 m were modelled. Each model had a unique 

revolution index (starting from 0.10 and ending with 0.50, 

refer to Figure 3). Additional simulations with input flow 

velocities ranging from 1.1 m/s to 1.7 m/s were performed 

for all turbines with indices of revolution (0.10 to 0.50) to 

establish the correlation between power coefficient and TSR. 

The Gorlov turbine's physical/analytical calculations are as 

follows. The turbine's most often utilised geometrical 

property is its relative solidity, expressed as the ratio  

nb

D
 =

                                                                          (3)  

The solidity ratio indicates the proportion of the turbine's 

diameter that is solid compared to the entire circumference. 

In short, it refers to the effective frontal area resisting the 

fluid. The solidity ratio is often employed to find the 

tangential force acting on the turbine. M. Gavasheli [19] 

derived an equation to evaluate the solidity ratio in blade area 

projections on the turbine shaft plane. Indicating the helical 

turbine's solidity by P (in terms of blade projection on the 

lateral plane), 

1

2
( sin( ) sin )

n

j

nHr j j
P d d

n n

 

 =

= + − −                          (4) 

The relative solidity of the turbine σ = P/2Hr is calculated as 

follows: 

1

( sin( ) sin )
n

j

n j j
d d

n n

 


 =

= + − −                        (5) 

For example, for a four-blade turbine configuration, the 

relative solidity would be: 

4
( sin( ) sin sin( ) sin

4 4 2 2

3 3
sin( ) sin sin( ) sin )

4 4

d d d

d d

   




 
 

= + − − + − −

+ − − + − −
       (6) 

Further simplification of the equation involves 

incorporating the value of 'd' in terms of the chord (in 

radians). The authors opted for a triple-blade configuration 

due to its self-starting characteristics, and hence the 

expression for relative solidity is: 

3
( 3 sin 3 cos )d d d


= − + +

                           (7) 

Further, in order to find the tangential force on the 

turbine the following formula is employed: 

21
F

2
dC AV=

                                                        (8) 

The force is partially due to pressure exerted by the 

moving fluid on the projected area estimated with a relative 

solidity ratio. The torque is calculated according to equation 

9. 

0.5T FD=                                                                           (9) 

As indicated above, formulas are used for the 

tangential drag force, torque, and power developed by the 

turbine. A primary study on the tangential force of the 

turbine blades was made for a whole set of parameters, 

including turbine, blade chord length, etc. Knowing the value 

of the Tip Speed Ratio (TSR), the turbine's angular/rotational 

velocity can be estimated as: 

2V

D


 =                                                                             (10) 

The power of the turbine can be estimated using the idealistic 

formula: 

idealP T =                                                                       (11) 

However, in actual practice, the shaft power of the 

turbine and the final output will be further reduced due to 

mechanical transmission losses, gearbox efficiency (ηm) and 

generator efficiency(ηe). The equation can be modified 

according to equation 12. 

actual p m e idealP C P =                                                 (12) 

The coefficient of power in the above equation can 

be estimated using: 

31

2

p

T
C

AV





=

                                                       (13) 

The Tip Speed ratio can be estimated using: 

f

R
TSR

V


=                                                              (14) 

The model meant for simulation and 

experimentation had 0.120 m chord length and 0.600 m 

height. The TSR had a value of 1.00 for sampling 

measurements (usually varied between 0.5 & 2.5). 

The density of the fluid flowing across the turbine, ρ=1000 

kg/m3 

The velocity of fluid flow, Vf =1.5 m/s  

Number of helical blades in the turbine, N=3 

The chord length of the blade, c=0.120 m 

The turbine diameter, D=0.600 m 

Half of the blade's chord length measured in radians with 

respect to the axis of rotation is given by: 

d=c/D=0.2 rad 
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For a turbine with three blades, the relative solidity is given 

by: 

3 1 1 1
( 3 sin( ) 3 cos( )) 0.1943
5 5 5




= − + + =  

This implies that a flow resistance is made available by 19.43 

% of the overall estimated turbine's frontal area. The turbine 

height, H = 0.600 m. The frontal area of the turbine without 

considering relative solidity, A= H x D = 0.360 m2 

An unsymmetrical aerofoil -NACA 4412 was considered for 

the profile of the helical blades, as mentioned in section 3. 

The drag coefficient (average), Cd avg=0.03627  

Recalling Equation (8), the tangential force on the turbine: 

21
F 2.85

2
dC AV N= =   

For a TSR (λ) = 1.00, the angular velocity of the turbine is 

estimated as: 

2
5 /

V
rad s

D


 = =  

Turbine power, 4.275
2

ideal

D
P F W=   =  

Due to mechanical transmission losses, gearbox 

efficiency, and generator efficiency, the turbine's shaft power 

and final output would be reduced even further (refer to 

equation 12). The standard estimate is 25%. The actual 

power is: 

Pactual = 1.11 W 

4. Simulation  

4.1 Development of part geometry for simulation 

The blades of the GHT are modelled using the helical 

profile available in the SolidWorks modelling package. The 

spatial points for NACA 4412 with a chord length of 0.12 m 

are generated via an open-source web module 

(www.airfoiltools.com). The maximum and minimum values 

of blade thickness and camber are used to compute the 

aerofoil's spatial points, as shown in Figure 6. After that, the 

aerofoil profile (NACA 4412) [22] is etched onto the GHT's 

bottom disc. The inclination angle of the sectional blade and 

the angle of attack are arbitrarily fixed to zero. The sweep 

profile characteristic is employed to create the helical blades' 

requisite trajectory, as depicted in Figure 7 A. 

At this stage of the modelling, the height and index of the 

turbine's revolution can be adjusted (refer to Figure 7 B). As 

illustrated in Figure 7 C, a parallel plane is projected at the 

desired height. This plane is used to create the second disc, 

which has the same diameter as the first (refer to Figure 7 D). 

The remaining two blades are modelled using the circular 

pattern feature (refer to Figure 7 E). The axis of reference 

was set as Z (local). Figures 7 F illustrates the completed 

geometry.

Fig. 6. Profile generation using Solid works 

Fig. 7. Various stages in modelling GHT 

Figure 8 depicts the front view of GHT, highlighting 

essential geometric elements such as height (H), diameter 

(D), and helical 

blades.

Fig. 8. 3-D model of the GHT with all geometric parameters 

(front view) 

4.2 Computational domain for finite volume. 

The 3-D computational domain modelled similar to an 

open channel of a river stream and simulated using 

SolidWorks Flow Simulation Module (FSM) [26-31] is 

shown in Figure 9. The computational domain is bounded on 

all sides by four walls: bottom, left, right, and a top surface 

open to the atmosphere. The overall length of the 
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computational domain (from inlet to exit faces) is set to five 

times the diameter of the GHT (5D) [23]. The GHT is placed 

at the centre of the computational domain (2.5 times its 

diameter (2.5D) away from the computing domain's inlet and 

exit).

Fig. 9. Details of the computational domain and rotating 

region 

The computational domain is divided into GHT, rotating 

area (turbine enclosure), and outer fluid region (river stream). 

The breadth of the domain is set to three times the GHT's 

diameter (3D). The axis of the GHT is equally spaced from 

both sidewalls (in the lateral direction). According to the 

literature [23-25], the rotating zone in the simulation was 

decided as 1.5 times the diameter of the GHT. The following 

Table 3 summarises the primary computational domain 

dimensions [23-25], including the width (Wd), length (Ld), 

depth (Dd) of the turbine, turbine diameter (D), and rotating 

region diameter (Dr). 

Table 3. Details of dimensions of the computational domain 

and GHT 

Parameter Value 

Diameter of GHT, D 0.6 m 

Height of GHT, H 0.6 m 

Aspect Ratio, AR 1 

Length of the domain, Ld 3 m 

Depth of domain, Dd 1.0 m 

Width of the domain, Wd 1.8 m 

Diameter of the rotating 

region, Dr 

0.9 m 

 

4.3 Details of mesh used for computation. 

The solver allocates the computational domain and 

essential features to a hexahedral mesh by default, as 

SolidWorks FSM does not allow 'orphan meshes'. The 

rotational and outer areas are assigned with a fine mesh, 

while the outer region is assigned with a coarse mesh. 

Hexahedral (or quad) meshes are usually more economical 

for wall-bounded flows due to the conservation of orthogonal 

grids in the wall-normal direction [27]. Hex elements are 

more accurate since the angle between adjacent sides may be 

kept close to 90o. When the Reynolds number is large, it is 

necessary to be extremely precise with the spacing in the 

wall-normal direction. Hex grids provide for optimal wall-

normal spacing while avoiding significant face skewness. In 

order to minimise mesh distortion along the curved surface, 

the refinement level is set to the maximum level of 5 (near 

the rotating region). Meshes have a maximum size of 1x10-3 

m, a minimum size of 1.653x10-5 m, and an average size of 

0.8368x10-3 m, respectively. For the current scenario, the y+ 

value is 0.9879. (Less than one). The aspect ratio and 

Jacobian ratio of the mesh are 1 and 4. These figures are 

within acceptable limits [26,27, 32]. Figure 10 depicts the 

meshed computational domain, the rotating area, and the 

inflation layer. 

Fig. 10. Details of mesh, rotational region and mesh 

refinement. 

4.4 Mesh independence study 

The effect of the number of mesh elements on the turbine's 

performance index (coefficient of power, Cp) was 

investigated using simulations for a flow velocity of 1.5 m/s. 

[5-15] 

 
Fig. 11. Mesh independency study (variation of Cp with 

respect to the number of mesh elements) 

The turbine with an index of revolution of 0.25 was opted for 

the study. Six mesh models: K1, K2, K3, K4, K5, and K6 with 

mesh elements (1,186,922); (1,285,109); (1,499,780); 

(1,556,050); (1,639,761); and (1,743,910) respectively were 

subjected for the mesh independency study. In Figure 11, the 
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power coefficient of GHT is plotted against the number of 

mesh elements. A closed-form solution of Cp=0.2463 was 

utilised for the error estimation, which corresponded to the 

criterion described above [10-15]. When the number of mesh 

elements was raised beyond K4, there was no noticeable 

variation in the value of Cp (refer to figure 11). The meshing 

models K4 and K5 have the lowest error values, as shown in 

Table 4. The K4 mesh model was employed to maximise the 

efficiency of the numerical studies. 

Table 4. Configuration of mesh models 

Mesh 

mode

l 

Number 

of mesh 

element

s 

Cp 
Error 

percentag

e 

Computatio

n time 

(hh:mm:ss) 

K1 118692

2 

0.24416 0.9006 05:12:17 

K2 128510

9 

0.24485 0.2129 05:57:07 

K3 149978

0 

0.24612 0.1041 06:41:37 

K4 

 

155605

0 

 

0.24629 0.0327 07:07:41 

K5 163976

1 

0.24639

8 

0.0332 07:57:34 

K6 174391

0 

0.24639

9 

- 08:34:06 

 

4.5 Governing equation and turbulence modelling 

 

SolidWorks FSM is a parametric flow simulation tool 

that uses the finite volume method (FVM) to calculate a 

product's performance. The Navier-Stokes (NS) equations, 

which are representations of the mass, momentum, and 

energy conservation rules, are solved by the FSM in fluid 

domains (Equations 15-17). 

( ) 0V =
                                                                       (15) 

2
( ) ( ( ) ) ( ) ( )

3

TV V p V V V V g t    = − +   +  −   +    (16) 

2( )( ) ( ) ( )VV c T K T p V g t  =  −  + +                  (17) 

SolidWorks FSM is devoted to the simulation of 

turbines (in which the flow is often turbulent). The two-

equation model is one of the most frequently used turbulence 

models. FSM employs the K-ε model in the two-equation 

model [26]. The effects of both laminar and turbulent flows 

are considered. The flow becomes turbulent when the 

Reynolds number exceeds a predefined critical point. K-ε is 

not known to be reliable in the cases of large adverse 

pressure gradients. Hence the Favre-averaging is employed. 

The Favre-averaged NS equations are used to anticipate 

turbulent flows, which take into account the time-averaged 

effects of turbulence on the flow parameters while 

disregarding large-scale, time-dependent events. This method 

brings new elements (Reynolds stresses) into the equations. 

To solve this set of equations, FSM uses the turbulent kinetic 

energy and its rate of dissipation. 

2

1

( )( )
2i t

t ij

i j k j

kuk k

t x x x

 
  



   
+ = + − 

                        (18) 

2
2

1

( )( )
2.88 1.92i t

t ij

i j j

u

t x x x k k

    
  



   
+ = + − 

           (19) 

Equations (18) and (19) are the conservation equations of K 

and ε, respectively, where σK1 and   σε1 are constants with 

values of 1.00 and 1.30. Based on the hydraulic diameter and 

Reynolds Number, the turbulence intensity (It), turbulence 

length scale (l), turbulent kinetic energy (K), dissipation rate 

(ε) was quantified using equations 20-23: 

1

80.16 (Re) 0.0304tI
−

=  =

                                           (20) 

0.07 (Re) 0.027 ml =  =
                                         (21) 

2 33
K (V ) 3.11904 10

2
I −=  = 

                                       (22) 

3
3 2

3 2 34 1.06 10 /
K

C m s
l

 −=  = 
                                      (23) 

Where Cμ = 0.09 (empirical constant). These data were 

employed in formulating the simulation model. 

4.6 Methodology 

The meshed model was imported to the FSM. SI units 

were used for the whole system. The type of analysis was 

input 'internal' (meaning: Internal flow). The 'exclude cavity 

without flow separations' function is turned on. The 

rotational region was defined. Water was set as the fluid 

under the domain of liquids. From the 'flow characteristics' 

menu, the flow type was set as a mix of laminar and 

turbulent, excluding the effect of cavitation. The default wall 

for the thermal condition was set as adiabatic with roughness 

at zero micrometres. The velocity component along the Y 

direction was specified as 1.5m/s (along the length of 

domain, refer to Figure 9). Since the flow was set parallel to 

Y-axis, all components of gravity except the Z direction 

(refer to Figure 9) were set to zero. All velocity components 

(relative to rotating frame) except Y were set as zero. 

Equations 20-23 mentioned that the turbulence parameters 

were input into the solver. The boundary conditions of the 

inlet, outlet and side walls were inserted into corresponding 

fields. The fluid velocity (Vf =1.5 m/s) indicates the inlet 

boundary condition. 'Environmental pressure' is stated as the 

output boundary condition. No-slip boundary criteria were 

provided for the side walls. All necessary parameters, such as 

the force on blades, angular velocity, and the torque of the 

turbine, were selected under the 'goals' menu in the pre-

processing operations.  
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5. Experimentation 

5.1 Fabrication of model 

The model's basic structure was fabricated using a Cold 

Rolled (CR) iron sheet (refer to Figure 12 A). As per the best 

output of the simulation (index of revolution=0.25), it was 

decided to keep the turbine's height at 0.600 m and diameter 

at 0.600 m. The chord length of the blade profile was 0.120 

m. The blade's profile was NACA 4412. A bicycle dynamo 

generator (12 V rated) was connected to the turbine shaft 

using suitable bearings. The structure of the model was 

fabricated, keeping the mean camber line of the aerofoil as a 

reference. Parallel lines were drawn perpendicular to the 

skeleton blade's edges at regular intervals. The blade pitch 

angle and angle of attack of the helical blades were arbitrary 

set as zero. A series of points on the above-mentioned line 

was established, and ice cream sticks with the requisite 

heights were glued at these locations to create an aerofoil-like 

curve (Figure 12B). Sealants were utilised to fill the area 

between the ice cream sticks (Figure 12C). The excess 

sealant was sanded after it had dried for a day. The ice cream 

sticks were wrapped with twine thread. The yarn was coated 

with an adhesive binder (Figure 12D). A chromium-based 

primer (paint) coating was provided to strengthen the 

turbine's corrosion resistance, as shown in Figure 12E. 

Finally, the second coat of paint was added to the turbine to 

make it more durable (Figure 12F). The turbine is enclosed in 

a housing structure for convenient manoeuvrability. 

Fig. 12. Various stages of manufacturing GHT 

5.2 Test rig 

The experimental test ring included GHT, Multimeters, 

Dynamo, and Housing, as shown in Figure 13. A 

computerised laser-guided tachometer was used to measure 

the rpm. The voltage and current of the dynamo were 

measured using multimeters (Metravi P11) installed on the 

upper side of the turbine casing. Ropes were used to secure 

the test rig in place, which was then removed. Throughout the  

experiment, plastic covers were utilised to keep the 

multimeters from becoming wet. 

Fig. 13. Schematic illustrations of the test setup for GHT 

5.3  Field testing and site selection 

For field testing of the GHT, a suitable stream of the 

Karamana river was chosen (refer to Figure 14). A check dam 

meant as a reservoir for the pumping station for irrigation is 

located here. The discharge and water velocity at the state-

owned water pumping station have been recorded every year. 

This data was used for the timing of the experiment. The rate 

of the stream was measured using a current metre (Nixon 

4O4, Propeller type). The check dam permits a proper 

average depth of 0.65 m in the reservoir, which is sufficient 

for submerging the GHT. The check dam's upstream width is 

34.56 m and spans 38.25 m. The turbine was 11 m upstream 

(reservoir) from the check dam, with a stream velocity of 1.5 

m/s. The output power of the turbine was computed using the 

collected data. Table 5 shows the GHT experimental data. 

Fig. 14. Field testing and installation of GHT 
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Table 5. Data from experimentation 

Index of 

revolution 

Run 

number 

Current 

(A) 

Voltage 

(V) 

Power 

(W) 
RPM 

0.25 

1 0.13 6 0.78 51 

2 0.12 5 0.60 50 

3 0.10 6.1 0.61 49 

4 0.11 5.9 0.64 51 

 

6. Uncertainty analysis and systematic error 

Equations 24 and 25 are used to compute the uncertainty. 

These equations were calculated using Moffat's method [33], 

and the output power measurement error was found to be 

2.68 %. 

P VI=                                                                                 (24)                         

1
2 2 2P V I

P V I

      
= +    

                                                              (25) 

The systematic error associated with the various 

measurement equipment investigated in this study is 

summarised in Table 6. All of the error values and 

uncertainties were within the acceptable range. 

Table 6. Systematic error of measuring instruments 

Experimental apparatus 
Systematic 

error 

Digital Multimeter (current measurement) 0.27 % 

Digital Multimeter (voltage measurement) 0.10 % 

Digital tachometer (laser based, non-contact) 3 % 

Current meter 1 % 

 

7. Results 

7.1 Results from simulation 

Nine GHTs with a unique index of revolution were 

treated to a 1.5 m/s flow velocity at the input. Table 7 

summarises the output characteristics of the nine GHTs 

designed with different indexes of revolution (0.10-0.50). 

The first two columns (from left to right) reflect the flow 

velocity and index of revolution. These are the simulation 

model's input parameters. The following columns (columns 

3-6, from left) represent the simulation model's output 

parameters. These include the GHT's rotational velocity, the 

force acting on the helical blades, the torque produced, and 

the GHT's output power. The GHT with an index of 

revolution of 0.25 clocked the maximum output power of 

0.951 W for a flow velocity of 1.5 m/s. 

7.1.1. Variation of Cp (coefficient of power) with respect 

to TSR (Tip Speed Ratio)  

The efficacy with which a hydrokinetic turbine converts 

the energy contained in the water to output power is indicated 

by the coefficient of power (Cp refer to equation 13). The Tip 

Speed Ratio is another critical metric for describing the 

turbine's performance (TSR, refer to equation 14). TSR is the 

ratio of the tangential velocity of the turbine blade to the flow 

velocity of the stream. The variation of Cp versus TSR is 

depicted in Figure 15(A-J). 
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Table 7. Output characteristics of Gorlov Helical Turbine  

The flow 

velocity of the 

fluid at the inlet 

(Vf) (m/s) 

Index of revolution  

Angular velocity 

of GHT (rad/s) 

Force on GHT 

blades (N) 

The torque 

generated by 

GHT (Nm) 

Output power 

(W) 

1.5 

0.10 0.822 0.614 0.638 0.524 

0.15 0.892 0.723 0.706 0.630 

0.20 0.887 0.921 0.823 0.730 

0.25 0.902 1.758 1.055 0.951 

0.30 0.898 0.932 0.714 0.641 

0.35 0.914 0.921 0.788 0.721 

0.40 0.882 0.736 0.622 0.548 

0.45 0.826 0.526 0.602 0.497 

0.50 0.842 0.514 0.542 0.456 
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Fig. 15. (A-J) Variation of Cp with respect to TSR (Indices of 

revolution 0.1-0.5) 

Figure 15(A-J) shows that TSR varies between 0.525 and 

1.275, whereas Cp varies between 0.06 and 0.24. It is evident 

from Figure 15 (J) that the GHT with 0.25 as the index of 

revolution is the best in class, as the average Cp is much 

above that of other GHTs. The Cp Vs TSR plots demonstrated 

typical patterns found in Talukdar et al. [7] and Peter Bachant 

et al. [15, 34] investigations. 

7.1.2 Velocity and pressure contours of GHT 

Figure 16 illustrates the variation in the linear 

velocity of the fluid in the direction of flow relative to the 

turbine. The plot depicts the GHT with an index of 

revolution of 0.25. The flow lines near the turbine exhibit a 

significant change in velocity, which is consistent with 

expectations. This implies that the turbine blades use the 

fluid's dynamic pressure. Figure 16 illustrates the top plane 

(XY plane) and side plane (YZ plane). The planes considered 

for the velocity plot (as shown in Figure 17 A-I) are the top 

and side midplanes, and the direction of fluid flow is marked 

in the Y direction. 

 

 

Fig. 16. Linear velocity plots of the turbine with 0.25 as the 

index of revolution. 

The velocity contours for GHTs with indices of 

revolution ranging from 0.1 to 0.5 subjected against 1.5 m/s 

are illustrated in Figure 17 A-I. 
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(A) 

 

(B) 

 

(C) 

 

(D) 

 

(E) 

 

(F) 
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(G) 

 

(H) 

 

(I) 

Fig. 17. (A-I) Velocity contour plots of GHT with different 

indices of revolution (0.10-0.50) for a flow velocity of 1.5 

m/s 

 

For GHTs with the indices of revolution of 0.10 and 0.15, 

the velocity contour (Figure 17 A, B) suggests that the GHT 

behaves more like a Darrieus turbine. For GHT with an index 

of revolution of 0.10, a low-velocity pocket is formed on the 

rear portion of the turbine. A similar low-velocity pocket can 

be observed inside the turbine. The velocity variations are 

also observed along the blades. Higher velocity can be 

observed on the leading and trailing edges of the turbine 

blades. These flow anomalies may result in flow-induced 

vibrations. Flow separation is observed on the advancing 

blades of turbines with indices of revolution 0.15, 0.20 and 

0.25. A separated low-velocity pocket can be observed on 

GHT with an index of revolution of 0.25. This low-velocity 

pocket is completely separated from the low-velocity pocket 

occurring on the rear portion of the turbine, and it is found to 

move downstream of the flow (Figure 17 D). 

For the GHT with an index of revolution of 0.30, a low-

velocity pocket envelops more than half of the turbine 

circumference (Figure 17 E). Stagnation points occur on the 

rear section of the GHT with an index of revolution of 0.35 

(Figure 17 F). As a result, the optimum range is reduced to 

GHTs with indices of revolution of 0.20 to 0.30. (Figure 17 

C-E). The velocity plot of GHT with an index of revolution 

of 0.25 is the desired one. The fluid velocity is maximum at 

the leading edges. The low-velocity pockets are formed 

further away from the turbine. This flow pattern suggests that 

the GHT rotates smoothly and effectively, as the front edge is 

exposed to greater flow velocity while the trailing blades are 

in a lower velocity pocket.  

Figure 18 illustrates the dynamic pressure variation in the 

direction of the fluid flow relative to the turbine. The plot 

depicts the GHT with an index of revolution of 0.25. Figure 

18 illustrates the top plane (XY plane) and side plane (YZ 

plane). The planes considered for the pressure plot (as shown 

in Figure 19 A-I) are the top and side midplanes, and the 

direction of fluid flow is marked in the Y direction. 

 

Fig. 18. Trajectory and dynamic pressure plot of the turbine 

with 0.25 as the index of revolution. 

The total pressure contours for GHTs with indices of 

revolution ranging from 0.1 to 0.5 subjected against 1.5 m/s 

are illustrated in Figure 19 A-I. 
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(I) 

Fig. 19. (A-I) Total pressure contour plots of GHT with 

different indices of revolution (0.10-0.50) for a flow velocity 

of 1.5 m/s 

A decrease in total pressure across the turbine is noticed 

in all conditions. This pressure loss is transformed into the 

turbine's kinetic energy. On the leading surface of 

GHT blades with indices of revolution of 0.1 and 0.15, low-

pressure pockets are observed (refer to Figures 19 A, B). As 

GHT is classified as a lift-based turbine, the significant share 

of the torque is attributed to the pressure difference between 

the leading and trailing edge of the blade. For turbines with 

an index of revolution of 0.20, a build-up of pressure at the 

leading edge is observed (refer to Figure 19 C). However, the 

pressure on the blades' trailing surface is not in order to 

develop a significant torque. 

For GHT with an index of revolution of 0.25, the pressure 

drop across the leading and trailing edges is the most 

significant. According to these pressure contours (Figure 19 

D), the turbine with a 0.25 index of revolution is the best in 

class. For GHTs with indices of revolution greater than 0.30 

(Figure 19 E-I), a high-pressure pocket can be seen on the 

leading, trailing, and lower camber of the blade (Figure19 E). 

A low-pressure pocket is observed in the upper camber of the 

blade. Such a pressure pattern destabilises the blades' 

mechanical stability and induces bending stress.  

7.2 Results from experimentation 

Nine GHT models with different indices of revolution 

ranging from 0.10 to 0.50 were investigated using 

computational techniques. The GHT with an index of 

revolution of 0.25 was deemed suitable for the prototype. The 

experimental findings are summarised in Table 5 of Section 

5.3. The turbine could self-start and produce energy when 

inserted into the river stream. Four runs were performed with 

a total duration clocking three hours. The turbine had the 

highest output power during the initial run. However, the 

output power reduced marginally in subsequent runs due to 

wakes and turbulence in the field caused by external agents. 

The power produced by the turbine in closed-form 

(analytical), simulation and experimental is compared in 

Table 8. In field-testing, the prototype delivered 0.65 W, 30% 

less than the figure calculated by simulation. The mismatch is 

exacerbated by the mechanical loss [35], profile shape, and 

weight. Using parametric modelling and an associated 

technique, such as a genetic algorithm, to optimise multiple 

parameters might provide further insight into this problem 

[36]. The analyses point to a realistic solution for the 

struggling SHP segment based on tailrace and runoff water. 

Integrating intelligent grids [39-42] into these areas is critical. 

Table 8. Comparison of output power 

Index of 

revolution 

Output power 

Analytical Simulation Experimentation 

0.25 1.11 W 0.951 W 0.65 W 

8. Conclusion 

The research aimed to investigate the GHT's parametric 

optimisation in terms of the index of revolution. A 

computational simulation was used to examine the influence 

of the index of revolution on the turbine's output power, 

which was then confirmed by experimental. The following 

are the outcomes of the research:  

(1) According to studies, altering the helical blades' index of 

revolution affects the GHTs output power. GHT with an 

index of revolution of 0.25 is more efficient than other 

models. 

(2) For flow velocity ranging from 1.1 m/s to 1.7 m/s, the 

coefficient of power values for GHT with 0.25 as the index of 

revolution was more significant than other turbines. 

(3) S Shiono et al. confirmed that the force on the blade 

increases with helical angle. It is understood from Table 1 

that the turbine with an index of revolution of 0.25 has a 

helical angle of 60o. U. Divakaran et al. suggested that the 

GHT with a helical angle of 60o performed exceptionally well 

compared to GHTs with other values of helical angle. 

(4) The blade overlap angle corresponding to GHT with an 

index of revolution of 0.25 is 90.1o and is believed to be the 

optimum value. Philip Marsh et al. did not include this value 

(90.1o) in their computational analysis and ended with a 

notion that the performance degraded with the blade overlap 

angle. However, the current studies suggest an optimum 

value for the blade overlap angle. 

(5) The GHT with an Index of revolution of 0.25 

demonstrated a desirable velocity profile. For GHT with an 

index of revolution of 0.25, the pressure drop across the 

leading and trailing edges is the most significant and hence 

pronounced as the best in class. For all other GHTs, pressure 

gradients are observed along with the upper and lower 

camber of the blade. This pressure pattern destabilises the 

blades' mechanical stability and induces bending stress. 
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(6) The GHTs output power was computed analytically using 

Gavasheli's technique. As per the analytical calculation, the 

output power of GHT was 1.11 W, and that of the simulation 

was 0.951 W. The prototype generated 0.65 W at a flow 

velocity of 1.5 m/s, 30% less than the simulated result. 

Mechanical loss, external agents in field-testing, and 

inaccuracy in blade profile are attributed to the mismatch. 
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Abbreviations 

GHT- Gorlov Helical Turbine.  

SHP- Small Hydro Power plant. 

H-Darrieus- Horizontal axis Darrieus water turbine. 

NACA- National Advisory Committee for Aeronautics. 

TSR- Tip Speed Ratio. 

AR- Aspect Ratio. 

FSM- Flow Simulation Module. 

QUAD- Four Nodes quadrilaterals or hexahedral elements. 

FVM- Finite volume method. 

NS- Navier-Stokes equation. 

RANS- Reynold Averaged Navier-Stokes 

CR- Cold Rolled. 

3D- Three-dimensional. 

VAWT-Vertical Axis Wind Turbine 

CG- Centre of Gravity 

MOI- Momentt of Inertia 

Nomenclature 

φ – Helical angle. 

β – Blade overlap angle. 

σ – Relative solidity. 

n, N–   Denotes the number of blades. 

b – Chord of each blade cross-section, m. 

D – Diameter of the turbine, m. 

H – Height of the turbine, m. 

P – Pitch of helix, m. 

r – Radius of the turbine, m. 

d – Half of the blade's chord in radians with respect to the 

axis of rotation, rad. 

CL – Coefficient of Lift as per NACA. 

Cd – Coefficient of drag as per NACA. 

Cp- Coefficient of power 

α – Angle of attack. 

ρ – Density of water, kg/m3. 

A – Projected area of the turbine, m2. 

Vf – velocity of the fluid, m/s. 

V – Voltage, V. 

F–Tangential force on the turbine, N. 

T– Torque developed by the turbine, N m. 

λ – Tip speed ratio (TSR). 

ω – Angular velocity of the turbine, rad/s. 

P – Power developed by the turbine, W. 

It – Turbulence Intensity. 

I – Current, A. 

l –Turbulence length scale, m. 

Re– Reynolds number. 

K – Turbulent kinetic energy, m2/s2. 

ε – Turbulence dissipation rate, m2/s3. 

Cμ – Empirical constant, having an approximate value of 

0.09. 
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