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Abstract -

Micro-hydropower has gained attention in recent years with growing interest in low-head
turbines due to their efficiency, cost effectiveness and ability to operate at low flow rates
with minimal environmental impact. Among these systems the Archimedes screw turbine
(AST) is a promising option for supplying electricity to rural and remote areas. This study
investigates the performance of an AST fabricated with a galvanized iron (GI) runner
through laboratory experiments and CFD modelling. Experiments were conducted at
inclination angles between 20° and 40° with flow rates of 1-5 kg-s™*. Parameters such as
torque, rotational speed, output power and hydraulic efficiency were evaluated and the
maximum efficiency of 72.51% was recorded at 20° inclination angle and 1 kg-s™* flow rate.
A three-dimensional CFD model was developed in ANSYS fluent using a polyhedral mesh,
Eulerian multiphase approach and the realizable k-¢& turbulence model. The numerical
predictions matched closely with experimental results showing a peak efficiency of 70%.
Pressure contours and transient flow fields provided insight into flow behaviour. Results
highlight GI as a practical and durable runner material for AST in rural low-head micro-
hydropower systems.

Keywords: Archimedes screw turbine, Runner material, Flow rate, Computational fluid
dynamics, Micro-hydropower.

1. Introduction

Energy is essential for economic and social growth and is vital for all human activities [1].
Conventional sources like coal and petroleum are limited in supply and highly polluting
which makes the use of renewable energy resources necessary [2,3]. Renewable sources
such as hydropower, solar, wind, biomass and geothermal offer clean and sustainable
alternatives [4-6]. However, their utilization depends on geographical and climatic
conditions. Solar energy is often available for a short period during cloudy or rainy
weather [7-10] and is available in two forms like solar thermal which heats working
fluids [11-13] and photovoltaic systems which generate electricity [14-15]. Wind energy
also varies with regional climate. Thermal and nuclear energy are strongly discouraged
due to their severe environmental impacts and association with human health risks.
Hydropower remains the most reliable renewable energy source because it uses water
that is running or stored [16-19]. However, large projects can have negative effects on
the environment [20-22], as Xiao et al. [23] found that the Ertan hydropower station
caused erosion and habitat degradation. Li et al. [24] found a similar result in the Jinsha
River basin as such projects disturb the balance of nature. Micro-hydropower systems on
the other hand provide local and environmentally safe energy options that can be without
undue disturbance to the environment. These systems have a water source, turbine and
generator where the turbine converts energy of water into mechanical power and
generator transforms this mechanical energy into electrical energy [25-27]. Khan et al.
[28] found that micro-hydropower systems in rural Pakistan could provide clean and
low-cost energy with less emissions. In a similar study, Triana et al. [29] found that micro-
hydropower system could be a better option for rural communities in Indonesia leading
to environmentally beneficial practices.

Turbine for power generation comes in several varieties that can be used to produce
energy such as impulse, reaction and gravity turbines [30-32]. Among these, Archimedes
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screw turbine is one type that is of particular interest due to its simple design, long life
and efficiency in low-head situations [32]. ASTs are friendly for aquatic organisms like
fish as it can pass through the turbine without getting serious injuries. It is suitable for
rural regions where the installation of other types of turbines is expensive both in
installation and maintenance costs [33-35]. Based on this, Helmizar et al. [36] examined
the suitability of AST for small head locations through laboratory tests. The study found
that smaller inclination angle help in assisting water filling with reduced slippage and
enhanced hydraulic energy. The primary focus of the study was the design optimization
in order to improve turbine performance. Further, Indarto et al. [37] observed that
parameters such as the blade number, inclination angle and shaft length strongly
influence the efficiency. While, Maulana et al. [38] used CFD model to validate that AST
can sustain rotation even when heads are below one meter with double screw designs
performing best at higher flows. Darmono and Pranoto [39] observed that variations in
thread number significantly affect torque, power and pressure drop, highlighting the
significant role of screw geometry. Uniyal et al. [40] revealed that artificial neural
networks exceed response surface methodology in performance prediction yielding
greater accuracy in turbine simulation. AST was chosen to be ideal solution for rural
application owing to its adaptability and minimal environmental impact. Imawati et al.
[41] developed a pico-hydro AST designed to operate under varying flow rates in order
to achieve stable output with simple design and ease of installation. Muzaka et al. [42]
and Edirisinghe et al. [43] demonstrated that performance of AST is strongly dependent
on the angle of inclination achieving better output even at 45°. Economically, Zamani et
al. [44] used a genetic algorithm to optimize the AST design and observed payback
periods ranging from 2.55 to 5.93 years confirming its economic feasibility. The choice of
material also affects the durability and performance of AST as it influences corrosion
resistance, efficiency and frictional losses. According to experimental study by Kashyap
et al. [45] stainless steel lowers friction and prevents rusting and found that more than
70% of conventional water mill locations are appropriate for AST installations. Further,
a mild steel design was tested under low flow conditions by Lee and Lee [46] who also
developed regression models connecting torque, RPM and inclination angles thereby,
finding a good correlation value of more than 60%. Mild steel AST were tested by Abbas
etal. [47] using CFD and experimental models which revealed deviations of less than 5%.
In a 3D RANS-based CFD model, Shahverdi et al. [48] employed smooth steel and attained
an overall efficiency of 83%. According to Abdullah et al. [49] a stainless-steel AST was
used at different flow rates and inclination angles which resulted in an increase in
efficiency of 81%.

Overall, existing research highlights the effectiveness and environment sustainability of
AST for low head hydropower applications. To enhance energy capture and efficiency
most studies focus on the optimizing key parameters such as the inclination angle, blade
number, screw length and overall geometry. Material selection also plays a vital role in
minimizing friction and corrosion losses, improving durability and performance.
However, limited studies have explored alternative materials that offer similar efficiency
at lower cost with better corrosion resistance. Furthermore, few studies combine
experimental and numerical analyses to examine internal flow behaviour and only a small
number validate CFD models against experimental results for greater accuracy. To
address these research gaps the study aims to,

1) To design and test a galvanized iron Archimedes screw turbine for low-head hydro-
power use.

2) To create a CFD model of the turbine and validate its performance by comparing
simulation results with experimental data.
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2. Methodology
This study adopts a combined experimental and numerical approach to evaluate the
performance of an AST equipped with GI runner. The methodology involves the design
and manufacturing the turbine, experimental testing under controlled conditions,
computational fluid dynamics simulation and validation.

2.1 Experimental setup and parameters

The equipment was fabricated at the lab scale to test the performance of the device in
controlled conditions. A control valve regulated the flow of water pumped from a storage
tank to the turbine, with a flow meter monitoring the flow rate. The flow behaviour and
operational characteristics of the screw turbine setup were designed in accordance with
the analytical model presented in [50], which provides equations for estimating the flow
volume through AST under varying operating conditions. The overall schematic diagram
and the actual laboratory set up used for testing is shown below in Figures 1 and 2. The
speed of the turbine was noted by a digital tachometer and the torque was calculated by
a rope-brake mechanism consisting of a 0.1m diameter drum and 0.0064 m diameter
rope. The turbine used a GI steel runner coated with protective paint to resist corrosion
and improve durability. Screw inclination was adjusted with an angle gauge for precise
positioning.
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Fig. 1. Schematic view of setup. Fig. 2. Actual view of setup.
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The effect of inclination angle on the AST performance was examined in [51,52],
indicating both the pitch ratio and inclination testing are necessary for power output and
efficiency outcome. In references [53,54], it was discovered that changes in head had an
impact on both torque and total energy output, highlighting the impact of head on the
torque performance. In order to assess their combined impact on the turbine efficiency,
head, flow rate and inclination angle were all considered in the study. To ensure accurate
and consistent results, four set of readings were taken at two-hour intervals for each
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variation in flow rate and inclination angle. The main parameters used in the experiment
are shown in Table 1.

Table 1. Experimental parameters undertaken for setup.

Parameters Symbol Range
Screw turbine length Siength 1.65m
Pitch Pitch 0.06 m
Head Head 0.56,0.70,0.83,0.95,1.06 m
Angle of inclination Langle 20°, 25°, 30°, 35°, 40°
Inner diameter of turbine Dinner 0.1m
Outer diameter of turbine Douter 0.2m
Load Load 0.7,0.8,0.9,0.95, 1.0 kg
Diameter of rope Drope 0.0064 m
Brake drum diameter Dbrake 0.1 m
Flow rate Frate 1-5kg-s™*
Density of water Pwa 997 kg/m3
2.2 Calculation method:

1. Turbine Efficiency (n): The efficiency of the AST is the ratio of output power to input
power. It reflects how effectively the turbine converts hydraulic energy into mechanical
energy. The formula used is:

PO’lL
n= (P—nt) x 100 (1)
2. Input Power (P;,,): This is the theoretical hydraulic power available based on the head
and discharge. It is calculated assuming no losses. The formula is:
Pip = pw X g X Hegq X Qg (Kw) 2)

where, p, = Density of water (997 %)
g = Gravitational constant (9.81 sz)

H.,q = Height of water column.
Qg4 = Discharge rate

3. Output Power (P ,,;): This is the actual power output from the turbine. It is based on

the rotational speed and torque produced by the turbine and is given by:
2XTXNXT

Pour = 60 (Kw) 3)
where, n = Rotational speed (RPM)
T = Torque

4. Torque (T,,4): Torque is the rotational force generated by the load applied on the
turbine. Itis calculated using the formula:
Torq =Loga X g X R, %)
Loaa = Applied load in Kg
. . m
g = Gravitational constant (9.81 5_2)
Diarope

R, = (Brgiq X 2 T) (m)

2.3 Computational modelling and analysis
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The hydraulic and mechanical performance of the AST with different flow conditions was
analysed through CFD simulations. The turbine geometry was made in Creo based on the
experimental set-up and imported to ANSYS Workbench for pre-processing. To
effectively capture the interaction between the flowing water and the screw blades, the
computational domains were defined. Mesh refinement was carefully applied in regions
with high velocity gradients like blade edges and shaft interface to ensure grid
independence and maintain high element quality. The implemented meshing strategy
ensured accurate capture of the complex flow behaviour within the screw channel and
improved numerical stability. The CFD modelling process including preparation of
geometry and mesh generation is illustrated in Figures 3 and 4 respectively.

Initiad Water lavel

Water mass flow ~

Fig. 3. Runner geometry for AST. Fig. 4. Final 3D meshed geometry

The final meshed model made of about 1,98,800 nodes and 1,22,363 elements ensured a
good balance between computational efficiency and precision. Further, the boundary
conditions were defined as a velocity inlet and a pressure outlet. The rotating region was
adjusted with a user-defined function (UDF). This function altered the angular velocity
on the basis of residual torque. The simulation used a 3D transient solver with Eulerian
multiphase model, realizable k-g turbulence model and SIMPLE pressure-velocity
coupling. The present CFD methodology follows the approach outlined in [55, 56], where
numerical models were validated against laboratory-scale experiments to accurately
predict flow distribution and energy conversion in AST. The parameters for the CFD
modelling are summarized in Table 2.

Table 2. CFD modelling parameters

Parameter Setting
Solver Type Pressure-based solver
Flow Type Transient (time-dependent) simulation
Multiphase Model Eulerian multiphase model (two phases: water and air)
Primary Phase Air
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Secondary Phase Water
Phase Interaction Interfacial drag with standard drag laws (if defined)
Realizable k-& with scalable wall functions and curvature
Turbulence Model )
correction
Pressure-Velocity Coupling SIMPLE (Semi-Implicit Me.thod for Pressure-Linked
Equations)
Pressure Interpolation Second-order

Discretization - Momentum Second-order upwind

Bounded second-order implicit (ensures temporal stability

Transient Formulation . .
and higher accuracy in unsteady flows)

3. Results and Discussion

Evaluating key performance parameters is essential for optimizing the efficiency and
reliability of AST. Each parameter has a different role in determining the energy
conversion efficiency and the performance of the turbine. The first parameter to consider
is the flow rate, which defines the volume of water that flows into the screw and has a
direct impact on the torque, rotational speed and power output produced by the turbine.
The head represents the available hydraulic energy which has an influence on both the
turbine load and the potential energy input. The torque tells us how much rotational force
is produced by the water on the screw blades and angular velocity measured in RPM
indicates the rotational response of the turbine. The power output indicates the total
mechanical energy produced and is the result of torque and speed outputs.

The efficiency is the final outcome parameter that indicates the extent of hydraulic energy
conversion into mechanical output. In addition to validating and identifying potential
operational conditions for small scale hydropower, experimental testing and CFD
modelling of these variables allow for accurate performance prediction. This section
presents the experimental and CFD results of an AST equipped with a GI runner and the
comparison between them. The important aspect in this analysis is that the flow, head
and angle of inclination each have an effect on the key performance parameters of torque,
angular velocity, power output and efficiency. The strong agreement between the
experimental and CFD results shows that both are reliable methods and validates the
accuracy of the simulation approach. The detailed values obtained from both
experimental work and CFD simulations for different angles of inclination are presented
in Table 3.

Table 3. Experimental and CFD Results at different inclination angles.

Tor | Angu | Angu Pow Efficie
Pow
. He Tor | que lar lar er ncy
Incli Flo Hea er i
. ad que | (N- | veloc | veloc out | Efficie (m)
natio w d - . out
(m (N- m) ity ity put ncy (CFD)
n rate (m) put
angle | (kg. ) (CFD m) (CF | (RP (RP (W) (W) (n)
©) s1) (Ex ) (Exp | D) M) M) (Ex (CF | (Exp)
p) ) (Exp | (CFD ) D)
) | ) | °
200 | 1 [ %> 057 | %" oz | 921 |es32 | |388 | 7251 | 70.00
25° 1 0(')7 0.71 0'37 0.47 | 94.2 | 93.02 44603 458 | 67.68 | 66.00
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30° 1 0é8 0.85 0'952 0.52 | 99.1 | 99.36 5;38 541 | 65.21 65.00

35° 1 0.9 0.94 0-55 0.55 | 102.5 10221599 590 | 64.54 | 63.50
5 9 8 71

40° 1 160 1.05 0'858 0.58 | 105.9 1005'2 6%551 6.39 | 62.86 | 62.00

3.1 Graphical Comparison of Experimental and CFD Results

The computational model was validated and comparative graphs were generated to
visually examine the agreement between the experimental and simulated results of the
AST with a galvanized iron runner. These graphs show how torque, angular velocity,
power output and efficiency change with inclination angle based on the experimental and
CFD analysis.

3.1.1 Effect of Flow Rate on Power Output

Increasing the flow rate results in higher power output for all inclination angles in both
experimental and computational analyses. Among all configurations tested, higher angles
produce larger outputs and lower angles produce less output as can be seen in Figures 5
and 6. This indicates that more energy is converted at higher angles because of greater
hydraulic head and torque.
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Fig 5. Flow rate vs power

3.1.2 Effect of Flow Rate on Angular Velocity

The angular velocity progressively increases with increasing flow rate for all angles of
inclination in both experimental and CFD analysis. A greater angle of inclination results
in a higher velocity of rotation. This is due to the increased hydraulic head and torque
being produced with the greater angles of inclination while the smaller angles produce
lower rates of rotation as can be seen in Figures 7 and 8. This agreement between the
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experimental and CFD findings confirms the accuracy and reliability of the numerical
model in predicting the rotational characteristics of the AST constructed from galvanized
iron runner under the different flow conditions.
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Fig. 7. Flow rate vs Angular velocity (Experimental). Fig. 8. Flow rate vs Angular
velocity (CFD).

3.1.3 Effect of Head on Angular velocity

The angular velocity increases with increasing hydraulic head, which reflects a greater
transfer of energy from the water to the turbine shaft. The CFD results show a similar
trend, which closely aligns with experimental data and validates the numerical model as
shown in Figures 9 and 10.
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Fig. 9. Head vs Angular velocity (Experimental).
Fig. 10. Head vs Angular velocity (CFD).

3.1.4 Effect of inclination angle on Efficiency

The efficiency decreases gradually with increasing angle of inclination showing that small
angles favour promising hydraulic behaviour. The CFD analysis exhibited similar results
to that observed in the experimental findings with good agreement and validating the
numerical model for predicting the efficiency behaviour as depicted in Figures 11 and 12.
Overall, both analyses indicate that the GI runner exhibits higher efficiency for moderate
angles of inclination.
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Fig. 11. Inclination vs Efficiency (Experimental).
Fig. 12. Inclination vs Efficiency (CFD).

3.1.5 Effect of Head on Efficiency

The efficiency slightly decreases with increasing head which means energy losses are
greater at larger heads. The CFD results showed a similar pattern in accordance with the
experimental results. Overall, both analyses confirm that efficiency is generally stable at
lower heads where the turbine works more efficiently as shown in Figure 13 and 14.
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Fig. 14. Head vs Efficiency (CFD).

3.1.6 Effect of Flow rate on Torque

The torque remains almost constant across all flow rates for each inclination angle,
indicating that it is mainly influenced by the applied load rather than flow variation. The
CFD results closely align with the experimental observations, demonstrating strong
agreement and validating the reliability of the numerical model in capturing torque
behaviour as depicted in Figure 15 and 16.
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3.2. Experimental and CFD analysis for flow behaviour

The results from the CFD model shows the progressive formation of flow within the AST
at a flow rate of 1 kg-s™* and at inclination angle of 20° which is the condition for the
optimum efficiency as can be seen in Figure 17. The simulation results shows that the
contours of water volume fraction capture the progressive filling of the screw chambers
leading to formation of a continuous helical water column from the inlet toward the
outlet. In early stages (a-c), there is incomplete filling and less contact between fluid and
blade, whereas in later stages (d-f), there is complete chamber filling and continuous
water motion. This behaviour shows good retention of the water in the helical channels
and smooth hydrostatic behaviour with little recirculation or flow separation. The
stabilisation of a continuous water column shows evidence of good fluid interaction and
smooth energy transfer to the screw rotor.

@ - (b)
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1

Fig. 17. CFD frames illustrating water flow behaviour at 1kg-s—" and 20° screw

inclination corresponding to the condition of peak efficiency

4. Contour Analysis for AST

The AST shows a specific pressure distribution pattern which moves from the inlet to the
outlet section reflecting the conversion of hydraulic power into mechanical energy. The
inlet surface experiences highest pressure where the water first interacts with the blades
and gradually decreases along the helical channel toward the outlet as energy is
transferred to the rotor as can be seen in Figure 18. The red regions near the inlet
represent the highest hydraulic head and available energy for conversion at 1 kg/s flow
rate and 20° inclination angle. The flow shows efficient transformation of hydraulic
potential energy into rotational mechanical energy because the pressure decreases
toward the outlet (blue regions). The GI runner maintains a stable pressure field along its
blade surface due to balanced hydraulic loading which allows smooth and continuous
rotation. Similar formations that show significant differences between the blade areas are
usually seen in the inner section of the pressure contour in Figure 19, these specific
pressure variations validate efficient torque generation and water confinement along the
screw length.
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Fig. 18. Pressure distribution on outer surface Fig. 19. Pressure contour on inner
section

Ansys
WA RY

Fig. 20. Velocity distribution around AST showing inverse pressure-velocity
behaviour and mild turbulence near the blade edges.

The formation of relatively small high-pressure regions at the blade edges indicates areas
of intense hydraulic stress which is important for determining overall durability and
material performance. The smooth pressure gradient validates the effectiveness of fluid
structure interaction and shows that turbulence remains restricted to specific zones of
the fluid domain. CFD results demonstrates mild turbulence intensity located within the
blade edges and inter-blade paths, where confined vortices steadily dissipate
downstream through the helical channel, causing little energy loss. Overall, the flow
appears laminar throughout the screw length ensuring steady hydraulic performance as
well as effective conversion of energy. As the pressure lowers, the velocity distribution
inside the fluid region rises. Higher velocities are found near the blade edges and at the
intake, whereas lower velocities are recorded downstream owing to flow expansion and
extraction of energy. Mild turbulence in the higher velocity regions, as depicted in Figure
20, aligns with the shear-induced effects, demonstrating that turbulence occurs on small-
scale and has no impact on entire flow stability. This inverse relationship between
pressure and velocity demonstrates the efficient hydraulic performance of the screw
turbine and validates the effectiveness of energy conversion from the fluid to mechanical
domain. The close agreement between CFD predictions and experimental observations
confirms the reliability of the simulation approach. Overall, the results indicate that under
optimized flow rate and inclination conditions, the GI-based Archimedes screw turbine
exhibits stable hydrodynamic behaviour, efficient hydraulic-to-mechanical energy
conversion and reliable structural performance. These findings confirm the turbine
suitability for small-scale, low-head hydropower applications and highlight its potential
as a sustainable and cost-effective renewable energy solution.

Besides its superior hydraulic performance, the GI runner demonstrated high mechanical
stability throughout experimental testing. It maintained its structural strength and
balance during operation, showing strong durability and minimal deformation under
load. Additionally, no corrosion or surface damage was observed after continuous water
exposure showing the protective effect of GI coating. The efficiency data and CFD findings
also indicated less frictional resistance between the running water and the runner surface
which was appropriate with the recorded pressure and velocity gradients. These
outcomes suggest the use of GI as a reliable, low-cost and durable alternative for small
scale hydro power systems.

Conclusion

The study evaluates hydraulic performance of an AST with GI runner under low-head
micro-hydropower systems through experimental testing and CFD simulation. The

876



Int. J.Adv.Sig.Img.Sci, Vol. 12, No. 2s, 2026

turbine was operated under different flow rates and inclination angles to effectively
evaluate its performance. The adopted methodology demonstrated its reliability through
the results obtained from both experimental and numerical methods. The experimental
data revealed that the turbine achieved its peak efficiency at 72.51% when operating at
1kg-s™* flow rate and 20° inclination angle, while numerical results confirmed 70%
efficiency under identical conditions, demonstrating reliability of both approaches. The
results showed that the turbine performance improved at lower angle of inclination and
lower flow rates, as these conditions enabled smooth water entry and stable rotational
motion which resulted in maximum hydraulic energy conversion. The pressure, velocity
and turbulence distribution maintained a stable hydraulic flow pattern that minimized
high-velocity zones and low turbulence intensity to achieve optimal energy transfer
through the screw channel.

The galvanized iron runner demonstrated good corrosion resistance, mechanical stability
and minimal frictional losses making it a durable and cost-effective alternative. The
results revealed that the GI based AST operate effectively under low-head conditions
which makes them appropriate for rural and decentralized hydropower systems that
need affordable and reliable operations. Therefore, the study successfully achieved its
objectives by proving galvanized iron as a practical, cost-effective and environmentally
friendly solution for AST applications in small scale low-head micro-hydropower
systems.

Future studies should focus on maximizing turbine efficiency by optimizing alternative
lightweight composite materials which enables to achieve better performance and longer
lifespan with lower production expenses. Integrating AST with hybrid renewable power
systems that include solar and wind energy to enhance power reliability in locations
without access to the main power grid offers promising direction for further research.
Also, use of machine learning and Al algorithms can be employed to enhance performance
and accelerate design development process.
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