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Gravitational Water Vortex Turbine (GWVT) is an emerging concept and showing its 
future possibility in power production by utilizing the vortex produced in its casing. GWVT 
performance showed comparable power efficiency and yield with conventional 
hydropower turbine, thus it is applicable in rural area due to its portability. This study 
aimed to evaluate the performance of actual physical experiment of enclosed GWVT via 
horizontal orientation. Conical GWVT was designed in fully enclosed system with conical 
turbine basin. Different flow rates (5.33 L/s, 6.01 L/s, 6.3 L/s and 6.45 L/s) were 
manipulated by controlling the mechanical valves and loads with 1 kg increment until the 
turbine was forced to stop. The optimum rpm and torque were then identified for energy 
production. The experimental results showed that the enclosed GWVT turbine produced 
at the best operating condition under flow rate of 6.3L/s with torque produced at 5.47 
Nm., shaft angular velocity of 12.71 rad/s, actual power produced of 69.39W and 
efficiency of 16.06%. Power efficiency found in this study was comparable with the 
conventional GWVT turbine studies. Thus, it is feasible to operate GWVT in an enclosed 
casing. The result explained that the turbine worked the best at 6.3 L/s flow rate for the 
vortex formation to be more stable, thus harnessing more power. The results are useful 
as a pilot scale design prior to the actual turbine implementation in rural areas. 
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1. Introduction 
 

Progress in economy of a country is highly influenced by developments in sustainable energy 
supply as part of their macroeconomics approach [1]. Many countries including developed and 
developing countries rely on fossil fuel as their sustainable energy supply, which contribute to 
environmental problems such as air pollution and global warming [2,3]. The availability of fossil fuel 
around the world remains questionable. A shift to limitless renewable energy is thus provides an 
alternative to produce electricity for their economical demand. From the agricultural aspects, 
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renewable energy shows homogenous relationship as it is easy to merge the two subjects for 
operations [4]. In Malaysia, power source attribution is found to be 88.4% from fossil fuel and 11.4% 
from hydropower [5]. This shows that Malaysia still heavily relies on conventional fossil fuel resources 
as their main power source. 

Issues on the lacking of rural electrification in Malaysia, especially in Sarawak and Sabah states 
are yet to be fully addressed. As studied via image segmentation with regional technique, it was 
found that 1623 locations in Sarawak had to live without electricity on the average [6]. The population 
of electricity coverage in Sarawak and Sabah rural areas are calculated to be at 79% compared to 
99.62% in Peninsular Malaysia [7]. From the thousands of schools there, 809 are not connected to 
grid electricity and their power supply relies on diesel generators. Thus, lacking from grid power may 
persist for another ten years if not resolved immediately [8]. Sarawak has 2.77 million population and 
contributes to 40% of Malaysia’s land, averagely 124,450 km2 based on 2017 according to 
Department of Statistics Malaysia [9]. Sarawak still has 1.1 million people staying in rural areas. Based 
on the study by Khengwee et al., [10], approximately 41,004 families did not receive electricity access 
for continuous 24 hours within 2014 to 2016. 

Apart from that, micro hydro turbine is amongst ready technology which can provide electricity 
to these rural areas and caters for the hydropower generation of up to 100kW. Several sites of micro 
hydro-energy potential remain untapped due to the limitations of hydraulic head besides the 
requirement of large flow rates for the power generation. The application of conventional turbines 
such as Kaplan or Pelton turbines at these locations requires the design to be down-sized but more 
flow rate is required. To suit the volume of water entering the turbine, the design needs to be 
modified by providing bigger clearance for the fluid to operate efficiently and increases its fabrication 
cost. 

Hydropower turbines falls into two major categories which are impulse turbine and reaction 
turbine [11]. The recent development of micro hydropower turbines is the Gravitational Water 
Vortex Turbine (GWVT) which provides better alternative to the conventional turbine as it is capable 
to extract more power compared to the conventional turbine with low hydraulic head. As the vortex 
flows from the radial direction, a vortex is formed and produces power from its swirl. The 
components of the vortex formed consist of tangential, axial and radial velocities. To date, limited 
actual experimental studies have been carried out on GWVT, with the earliest study was from 2013 
[12]. Conventional GWVT requires free surface vortex supplied as its inlet, forcing the turbine in 
upright position only [13]. By enclosing the conical GWVT and substituting its inlet with penstock, the 
vortex flow is fully enclosed in its casing. The casing operates as the vortex’s container and supports 
the formation of vortex [14]. By utilizing the proper design such as basin shape and overall basin 
configuration, a stronger vortex can be induced. Another similar operation turbine is called the Pump-
as-turbine (PAT), also known as reverse-running centrifugal pump [15]. This turbine operates by 
water entering radially from the side of the turbine, providing swirl velocity, contacting the runner 
blade, before finally exiting axially using a volute casing. 

Penstock inlet design offers better performance to turbine when the core requirements of inlet 
are met, i.e., matching nozzle design with runner type for better conversion of hydraulic head to 
kinetic energy [16]. This is seen from the cross-flow turbine which focusses on nozzle entry arc, 
allowing tangential velocity to be increased upon contacting runner blade [17]. Blade design and 
penstock relationship is unique for various turbine in harnessing power from water flow. Blade design 
configurations like blade angle and blade numbers are also crucial in influencing turbine efficiency. 
Some of the design configurations include the vortex angle, which found in GWVT. Study by Singh 
and Nestmann [18] found that blade’s inlet and relative flow angle at blade’s exit are inter-related. 
As the number of blade increases, the rotational velocity decreases which subsequently increases the 
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axial velocity of water and ultimately reduces the turbine’s efficiency [18]. Additionally, 5 numbers 
of blade ranging from 2 to 7 produced the highest torque due to the best clearance between blades 
[19]. As part of the mixed flow turbine, one of the most important parameter outputs is the tangential 
velocity as it converts flow to mechanical energy [20]. A runner blade produces torque via tangential 
force contacting upon it thus producing power through shaft rotation (rpm) [21]. As a result, torque 
is present as a key performance parameter in turbines [22]. During physical experiment, one of the 
instruments capable of measuring torque is the prony brake dynamometer system which converts 
the acting torque from the rotating parts to a load measuring scale at a fixed distance [23]. 

SOLIDWORKS® Flow Simulation is part of the Computational fluid dynamics (CFD) software which 
carries out fluid flow analysis [24]. The software uses Navier-Stokes equations in its solver [25]. 
SOLIDWORKS® Flow Simulation is able to calculate laminar and turbulent flow cases. Since turbulence 
flow has an inconsistent nature, SOLIDWORKS® Flow Simulation applies Favre-averaged Navier-
Stokes equations which is a time-averaged analysis. By applying this method, Reynolds stresses is 
then added into the equations. SOLIDWORKS® Flow Simulation applies transport equations which are 
associated with turbulent kinetic energy and dissipation rate, known as the k-ε mode [25]. 
Furthermore, a study by Zarate-Orrego et al., [26] proposed that numerical simulation could improve 
vortex flow prior to actual implementation by understanding the vortex nature. By identifying the 
torque generated from incoming flow’s velocity, it is possible to predict the power output from the 
designed turbine given that the CFD analysis is setup under suitable boundary conditions [27]. 

In our previous study, we had simulated the turbine’s optimal design parameter and determined 
its actual power output capacity at different flow rate using SOLIDWORKS® Flow Simulation [28]. 
Design parameters included enclosing the turbine casing using conical design, runner blade of 90°, 
and 12 numbers of blade were found to be the optimized turbine configuration. The orientation of 
the turbine selected was horizontal as this orientation provided better startup and reduced the 
torque fluctuation during turbine operation [28]. However, the actual experimental study in enclosed 
GWVT is still limited and yet to be established. Therefore, as continuity from our previous work, this 
study aimed to evaluate the performance of the actual physical experiment of enclosed GWVT via 
horizontal orientation in fully enclosed system with conical turbine basin to produce optimum power 
output for energy production. 
 
2. Experimental Methodology 
 

The proposed turbine design in this study followed the conical GWVT features with additional 
modification to its casing, based on our previous study [28]. The inlet penstock used was 2“ in 
diameter pipe angled radially from the turbine axial axis to ensure water enters perpendicularly. The 
conical design was based on the ratio 0.3 diameter (0.3D) of the total diameter [29]. The additional 
benefits for this design are this version of modified conical GWVT, unlike the conventional GWVT 
which restricts the assembly to be facing upright and allows it to operate horizontally. Four flow rates 
i.e 5.33 L/s, 6.01 L/s, 6.3 L/s and 6.45 L/s were determined to operate the turbine as a result of 
opening the butterfly valve at 25°, 50°, 75° and 90°. Each flow rates were able to operate the turbine 
at their respective speed and torque. Thus, to identify the flow rate with the best efficiency in terms 
of actual power produced compared to the theoretical power, a prony brake dynamometer was 
introduced at the shaft which allowed the loading to be imposed. The loading started at 1 kg and 
increment of 1 kg was continuously added until the shaft stopped rotating. At each interval, the 
corresponding rpm was also recorded. The values of load and rpm allowed us to calculate the actual 
power output at the turbine’s shaft and also to plot the performance curve. 
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2.1 Layout of Actual Physical Experiment 
 

The general layout of the actual experimental setup is shown in Figure 1. The setup consisted a 
water tank (720 L), a submersible pump (1.5 hp), a plastic butterfly valve (4”) and the prony brake 
dynamometer which came with two (2) measuring scales attached to the belting around the shaft. 
The water was pumped at a head of 7 m throughout the experiment, allowing water flows with 
sufficient kinetic energy for turbine operation. The pump selected also would allow for the maximum 
of 9.2 L/s to ensure the turbine would never over fill as the maximum capacity was 23.3 L. Therefore, 
the runner blades always partially submerged. Water was discharged from the pump through a 4” 
pipe line but reduced to 2” upon entering the turbine by using a tapper. This allowed the water to 
enter at higher velocity by reducing the flow area. The 4” butterfly valve allowed the flow rate to be 
manipulated by controlling the gate disc opening. The water then flowed through the turbine radially 
to produce vortex swirl and discharged back to the water tank. At the same time, data was collected 
at the turbine shaft for the corresponding rpm and loadings to determine torque. 
 

 

 
Fig. 1. General layout of actual physical experimental rig 

 

 
Fig. 2. Fabricated turbine body assembled on 
steel structure 

1. Water stored 
in the basin was 

pumped up 
through 

delivery pipe.

2. The plastic 
valve actuator 
controls the 
output of the 

pump flow rate.

3. Water was 
injected into 

turbine rotates 
the runner.

4. Water was 
discharged back 
into basin and 
continuously 

repeat.

5. Rpm was 
recorded using 

tachometer 
while load 

using weighing 
scale to 

determine 
torque
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There were 9 main components of the turbine specification as in our previous study, as shown in 
Figure 3 [28]. The detailed turbine geometry design specification is stipulated in Table 1. The size and 
dimension setups were chosen to meet a 10 kW size turbine while being paired to a low speed 
permanent magnetic synchronous generator (PMG) [30]. 
 

 
Fig. 3. Schematic diagram of enclosed GWVT labelled by numbers [28] 

 
Table 1 
Specification of turbine dimension [28] 
No. Parts Specifications No. Parts Specifications 

1 Shaft Lshaft = 500 mm 
Øshaft= 50 mm 

6 Long Sleeve (Discharge side) ØS1 = 50 mm 
LS1 = 140 mm 

2 Inlet (Middle Casing) Øinlet= 57 mm 
W = 100 mm 

7 Short Sleeve (Motorside) Øinner = 50 mm 
LS2 = 10 mm 

3 Draft tube (outlet) Øoutlet = 100 mm 8 Bolts Øbolt = 10 mm 
4 Motorside Cover Ømotor = 450 mm 9 Cone Body Øcone = 330 mm 
5 Runner ØRB = 280 mm       

 
The conical basin provides the structure for artificial vortex formation when water was introduced 

tangentially. The optimum vortex strength for conical basin between outer cone diameter and 
discharge diameter ratio of (d/D) at 30%. Any radius distance along the conical casing was determined 
using the following equation 
 

𝑟𝑝𝑖 =  
𝑑

2
+ [

𝐷

2
−

𝑑

2

𝐻𝑐
] ℎ𝑝𝑖             (1) 

 
where 𝑟𝑝𝑖 and ℎ𝑝𝑖 represents the radial distance and the corresponding length of the conical basin, 

respectively while d represents the discharge diameter of conical basin. 
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Fig. 4. Runner blade and 2” shaft 
mated using keyway locking system 

 
Table 2 
Runner blade specification 
Item Specification 

Runner Blade diameter 280mm 
Runner Blade width 250mm 
Runner Blade Angle, α 90°  
Number of blades, Z 12 

 
2.2 Flow Rate Measurement 
 

One of the methods to determine flow rate is the bucket method which relies on a bucket (known 
capacity) and stopwatch as its measuring tools. To improve the accuracy of this method, a large water 
basin was used as the container for filling. This container was able to accommodate the 0.0408 m3/s 
pump running at around 10 kW of power. The water collection was repeated for each valve rounds 
at minimum of 3 readings and the average value was identified as the main data. As the pump used 
in this experiment was with known output (0.0408 m3/s), the rough figure of pump output was 
estimated at each valve rounds given losses was neglected throughout the system. 
 
2.3 Torque Measurement 
 

A dynamometer measures torque of a rotating shaft by identifying the load produced when 
friction force was applied tangentially on the shaft and the distance of applied force. A proper 
dynamometer suitable for this is the pony brake dynamometer. The value of braking force was taken 
in this study which represented the amount of force imposed on a shaft at a pulley’s radius to stop 
its rotation. The torque from a pony brake dynamometer was calculated as below [31] 
 
𝑇 = 𝐹𝑟              (2) 
 

From the equation of torque, 𝐹 represents net force on a pony brake and 𝑟 represents drum 
radius. Net force was calculated by 
 
𝐹 = (𝐿𝑜𝑎𝑑𝐴 − 𝐿𝑜𝑎𝑑𝐵) × 9.81 𝑚

𝑠2⁄           (3) 

 
F represents net force, Load A represents scale A reading, Load B represents scale B reading. 
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2.4 Rpm Measurement 
 

The instrument to measure rotations in shaft is called a tachometer. A tachometer displays a shaft 
rotation speed either by a calibrated analogue dial or digital display. A tachometer has a diversity of 
operating method based on suitability of working condition. This experiment used the handheld 
direct contact tachometer where the rubber tip of tachometer was placed on the shaft throughout 
the measuring time. For this study, the tachometer was maintained for 60 seconds for each turbine 
settings. The value of shaft speed was substituted into the equation below to determine the angular 
velocity 
 

𝜔 =
2𝜋𝑁

60
              (4) 

 
From the equation above, 𝜔 represents angular velocity and 𝑁 represents shaft’s rpm (rotation 

speed). 
 
2.5 Turbine Actual Power 
 
𝑃𝑎𝑐𝑡𝑢𝑎𝑙 = 𝑇𝜔              (5) 
 

From the equation above, 𝑃 is the power produced by shaft, 𝑇 represents torque while 𝜔 is 
angular velocity. The general formula of potential power (𝑃𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙) in a fluid is given by 

 
𝑃𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 =  𝜌𝑔𝑄ℎ             (6) 

 
where 𝜌 is density of water (kg/m3), 𝑔 is gravity (m/s2), 𝑄 is flow rate (m3/s) and ℎ is net head (m). 
The available power in a given flow is mainly affected by volume flow rate and available net head. 
The equation also gives us a general insight for turbine selection. For example, after identifying the 
head available was high we usually employed impulse turbine to suit the turbine site requirement, 
as well as the available power from the site to size our turbine. The efficiency of the turbine was then 
calculated as below 
 

𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 =
𝑃𝑎𝑐𝑡𝑢𝑎𝑙

𝑃𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙
 × 100%            (7) 

 
where 𝜂𝑡𝑢𝑟𝑏𝑖𝑛𝑒 represents performance of the turbine. During the experiment, the efficiency of the 
turbine would be mainly viewed at 2 perspectives which were the best efficiency point during load 
application and the different flow rate while keeping head constant. Since the flow rate was 
controlled by a valve, we could identify the efficiency produced at each increment of flow rate. 

The performance curve of a turbine exhibited a lot of key parameters such as RPM, Torque, Power 
and Efficiency, and these data were viewed together in a multiple graph plot [32]. Usually, the 
performance curve of a turbine follows a quadratic shape with a maximum point on top indicating 
the best efficiency point. The performance curve of model tests was required to estimate the 
parameters produced by the actual turbine later. During practical implementation, the performance 
curve provides important parameters such as output and efficiency. The turbines to be implemented 
on the site can further be identified by numbers and sizes too, which ultimately account to economic 
feasibility [33]. This is usually the main factor in project development to estimate the time needed to 
regain project investment cost. 
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3. Results and Discussion 
3.1 Flow Rate Results 
 

The performance of the turbine under actual turbine experiment was tested at four valve 
openings (using a 4” plastic valve) which consisted of fully opened, three-quarter opened, half 
opened and quarter opened. After turning on the pump, a gradual load of 1kg was imposed on the 
turbine until the shaft was fully stopped. The rpm of the shaft was measured for each load imposed. 
Time taken for the pump to fill 100L of water was taken by diverting the discharge pipe to another 
tank. The time taken was repeated three times for each valve openings. The values were then average 
out. Table 3 below shows the recorded time taken for each valve openings and their respective flow 
rate: 
 

Table 3 
Respective flow rate measured at different valve openings 
Valve Opening 25° 50° 75° 90° 

Time taken 1,s 20.97 20.06 18.04 15.3 
Time taken 2,s 17.6 14.68 16.03 16.34 
Time taken 3,s 17.78 15.18 13.59 14.94 
Average 18.79 16.64 15.89 15.53 
Flow rate (L/s) 5.33 6.01 6.3 6.45 

 
3.2 Torque Results 
 

In this experiment, the measuring scale allowed us to increase 1 kg by 1 kg as the sensitivity of 
the main scale is only 1 kg and ended up at 200 kg [22]. The frictional force opposed the counter 
clockwise motion of the shaft. As the rotating shaft was subjected to the tensional load of a belting 
system, the load produced on the tugging side of the belt (left side) was higher compared to load 
produced on the aligned with the counter clockwise motion (right side). Thus, the left belting was 
labelled as scale A while the right belting was named scale B. Based on the experimental data 
collection, scale B produced roughly quarter of the load from scale A. The maximum load found at 
scale A was 12 kg while scale B produced 4 kg concurrently. The maximum load here referred to the 
load subjected to the shaft to completely stop rotating (0 rpm). 

From the data extracted in Table 3, we could define that the maximum torque could not be the 
criteria for power production but only as a standard limit the turbine could handle load, thus the 
shaft would also stop rotating. Rated torque provides a balance with sufficient rpm to allow power 
to be produced [32]. Based on Table 4, 90° and 50° valve openings produced the highest torque at 
7.95 N.m. Nonetheless, in predicting the optimum setting for the turbine, the estimation was based 
on rated torque. Rated torque refers to the balance combination of torque and rpm which produced 
the highest power for the respective inlet flow rate. 
 

Table 4  
Rated torque and maximum torque produced at varying flow rates 
Valve Opening Rated Torque 

(N.m.) 
Rated (rpm) Power (Watt) Maximum 

Torque (N.m.) 

25° 3.98 73.67 30.64 4.47 
50° 5.96 104.67 65.30 7.95 
75° 5.47 121.33 69.39 6.95 
90° 5.47 116.33 66.53 7.95 
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The powers produced from the 90° and 50° valve openings were also very similar at 65.30W and 
66.53W which the differences came from the rpm of the shaft. However, the torque produced at 75° 
valve opening was lower (6.95 N.m.) than the two mentioned previously. Although lower maximum 
torque was produced, 75° valve opening produced the highest power (69.39W). 
 
3.3 Turbine’s Shaft Rpm Results 
 

The rated torque was able to be identified through maximum power output as a product to the 
combination of rated torque and rated rpm. The highest rated rpm produced was at 121.33 based 
on Table 4. The result was from 75° valve opening at flow rate of 0.00629 m3/s. However, the rated 
rpm dropped to 116.33 for full valve opening at flow rate of 0.00645 m3/s. In comparison to 
conventional GWVT setting, study by Dhakal et al., [34] found that the cylindrical basin rpm 
sometimes drops to below 50 as a result of the design that is constantly exposed to the atmospheric 
air [34]. It requires high precision in the inlet of the turbine to obtain a stable vortex with high vortex 
strength enough to contribute to higher rpm (above 100). Nonetheless, the study shifted to conical 
basin and found that the rpm drastically improved to 101.8 rpm and 127 rpm. This proved that using 
conical basin setup contributes to vortex formation and improves the circulation (vortex strength), 
eventually producing higher rpm when a runner blade is present. 
 
3.4 Performance Curve of Turbine at Different Flowrate 
 

Potential power was calculated using Eq. (6) to calculate the corresponding performance using 
Eq. (7). Based on Table 5, the performance curve of the enclosed GWVT was able to be constructed 
with the sufficient data computed. The performance curve relationships between rpm and torque, 
power and efficiency at different flow rates developed are shown in Figure 5. 
 

Table 5 
Performance of turbine at various flow rate 
Valve opening (°) 25 50 75 90 

Flow Rate (L/s) 5.33 6.01 6.30 6.45 
Torque (Nm) 3.98 5.96 5.47 5.47 
Avg RPM 73.67 104.67 121.34 116.34 
Ang. Vel. (rad/s) 7.72 10.97 12.71 12.19 
Power actual (W) 30.64 65.3 69.39 66.53 
Potential Power (W) 365.6 412.69 432.25 442.28 
Performance (%) 8.39 15.83 16.06 15.05 

 
Based on Figure 5, the performance curve followed a parabolic shape with the peak of the curve 

representing the best operating region of the flow rate in operation. The highest power and 
performance were found for flow rate at 6.3 L/s with 69.39 Watt and 16.06 % performance, 
respectively. The flow rate showed high suitability towards the turbine design in comparison to the 
fully opened valve with the performance dropped a bit by roughly 1%. This justified that the inlet 
penstock played a major role in determining the rpm output. In a study by Adhikari and Wood [16], 
it was a core requirement to match the inlet nozzle with the runner design to maximize energy 
conversion of head to kinetic energy as it contributes to higher efficiency output. Thus, at a flow rate 
of 0.00629 m3/s, the penstock was able to produce stronger vortex for the turbine as the responding 
rated rpm was the highest. Even though the pump output head was at a constant 7 m throughout 
the study (neglecting any losses in pipe bends), higher velocity was recorded throughout the inlet 
pipe prior to turbine casing entry. Even though the pump output head was at a constant 7 m 
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throughout the study, it was found that the velocity of the water in the pipe before entering turbine 
casing kept increasing as volume flow rate increased due to the opening valve setting. Higher 
velocities induced the turbulence flow which provided head losses and this could be calculated using 
the Moody Chart diagram in response to pipe length and roughness. 
 

  
(a) (b) 

  
(c) (d) 

Fig. 5. Performance curve relationships between rpm and torque, power and efficiency at different flow 
rates; (a) Q= 5.3L/s, (b) Q=6.01 L/s, (c) Q=6.3L/s, (d) Q=6.45L/s 

 
The calculation of internal volume for the turbine was 0.0233m3. The calculation was made with 

the aid of computer software. The flow rate that produced the highest efficiency was 0.00629m3/s 
which was about 27% of the total turbine volume while the flow rate that produced the lowest 
efficiency was 0.00533 m3/s which was about 22.8%. This result showed that the turbine flow was 
always partially submerged during operations. It is important to understand that the turbine must be 
partially submerged to produce the highest possible efficiency. A study by Bajracharya et al., [35] in 
2012 indicated that the runner blades were not fully submerged in the rotating fluid where only the 
top inner edges were the main contact point to the runner blade as the water dipped around the 
vortex centre [35]. Thus, it is important that the flow rate does not over fill the capacity of the turbine 
as it may cause the turbine to be flooded and pressurized. Over filled flow rate will reduce the 
efficiency of operations as the formation of vortex will be disrupted. Thus, the comparison with other 
studies as shown in Table 6 indicated that the performance of GWVT in this study is comparable with 
other studies. Moreover, the actual physical experimental in this study showed high efficiency in 
terms of force and torque compared to the simulated one as higher rpm and power were harnessed 
(Table 7). 
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Table 6 
Comparison study on the performance of conventional GWVT 
No. Efficiency of Open/ FSV GWVT  Reference(s) 

1 15.1 % Mulligan and Hull [37] 
2 27.74 % Dhakal et al., [34] 
3 15.1 % Power et al., [12] 
4 16.06 % This study 

 
Table 7 
Comparison study between simulation and actual enclosed GWVT using conical 
design 
Parameter Simulation [28] This study 

Force (N) 15.31 47.56 
Torque (Nm.) 1.76 5.47 
RPM  - 121.34 
Power (Watt) - 69.39 
Performance (%) - 16.06 

 
4. Conclusion 
 

The experimental study on GWVT aimed to produce optimum power output for energy 
production has been successfully carried out. A maximum of 16.06% efficiency performance was 
achieved at 6.3 L/s flowrate with torque, shaft angular velocity and actual power produced were 5.47 
Nm., 12.71 rad/s, and 69.39 W respectively, using an enclosed system. The efficiency was comparable 
to other conventional GWVT studies. Nonetheless, this study emphasized the feasibility of running 
the turbine horizontally and within an enclosed domain to produce vortex that is able to be extracted 
for power generation. Too much flow would endanger the turbine as the pressure will be increasing 
thus affecting the fittings while too low flow rate will cause the turbine to underperformed. Thus, the 
turbine works best under partial submergence as there is sufficient space for vortex core to be 
produced providing more stable vortex for energy harnessing. The data is crucial to control the 
volume flow rate at implementation sites using valves to maintain high efficiency of power 
production and safety of the pump for long term usage. The design and operational procedure in this 
study can be used and applied in rural areas to produce electricity with small population but give 
significant impact to the community. 
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