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Abstract 

In the shift from fossil fuel-based energy, the imperative of 

tapping into water resources as a renewable energy reservoir is 

underscored. This study delves into the potential of low-head 

water for small-scale power generation, specifically focusing on 

the Archimedes turbine designed for operation in such conditions. 

The primary objective is meticulously examining pressure 

characteristics at varying heads (0.7 m, 0.8 m, 0.9 m, and 1 m) 

using Computational Fluid Dynamics (CFD). These parameters 
play a crucial role in defining the turbine's performance 

landscape. Data analysis reveals a notable reduction in the 

Archimedes turbine's efficiency as the head diminishes. 

Interestingly, the double-screw Archimedes turbine demonstrates 

optimal performance at higher flow rates, particularly at a 

volumetric flow rate of 0.025 m3/s. Despite the peak performance 

at a 1-meter head, pressure patterns suggest sufficient kinetic 

energy within lower head flows (down to 0.7 meters) to facilitate 

turbine rotation. This study contributes to a more rigorous 

understanding of the Archimedes turbine's performance under 

varied head conditions, emphasizing the potential for practical 

power generation at lower head levels. 
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1 Introduction 
Hydroelectric power is a pivotal energy source in Indonesia's 

pursuit of Sustainable Development Goal 7—achieving 

widespread use of renewable energy[1], [2]. This commitment is 

evident in Indonesia's remarkable electrification ratio of 99.20%, 

with a specific focus on harnessing micro-hydro energy to address 

the energy needs of remote and inaccessible areas[1], [3], [4]. The 
Micro Hydro Power Plant (PLTMH) is a viable alternative for 

supplying electricity to challenging terrains. Notably, Aceh, which 

is characterized by relatively low flow potential, strategically 
employs the Archimedes Screw Turbine (AST) due to its 

suitability for low water potential applications[5],[6]. 

The AST presents several advantages, including its ability to 

operate at low heads, ease of installation and maintenance, 

minimal disruption to river ecology, and fish-friendly 

characteristics[7], [8]. By converting water's kinetic and potential 

energy into electricity, the AST proves to be an efficient and 

environmentally friendly energy solution[9]. 

Past research efforts, both experimental and numerical, have 

been dedicated to optimizing AST designs[10]. Researchers have 

explored parameters such as runner blade configuration[11], [12], 
inlet flow conditions[13], [14], turbine slope[15], and various 

combinations thereof to obtain optimal turbine designs[16]–[18] 

and turbine performance [16], [19], [20]. Despite the advantages 

of experimental research, the significant time and cost have 

prompted researchers to turn to numerical simulations. This 

approach allows for a cost-effective and time-efficient exploration 

of flow characteristic values within the turbine, complementing 

findings that may be challenging to measure experimentally[21]–

[24]. 

However, a notable gap in existing research pertains to the 

performance of low-head Archimedes turbines below 1 meter 

despite the prevalence of such conditions in numerous rivers and 
irrigation systems in Indonesia. This research addresses this gap 

by conducting simulations to assess the impact of head variations 

(0.7 m, 0.8 m, 0.9 m, and 1 m) on heat and pressure within the 

turbine, providing valuable insights into the dynamics of low-head 

Archimedes turbines. 

2 Research Methods 

The method used in this research is numerical simulation of an 

Archimedes turbine, which has dimensions as shown in Fig. 1 and 

Table 1. 

 

Table 1. Table 1 Design parameters of the Archimedes turbine  

Parameters  Dimension (m) 

Head (H)  0.7 

0.8 

0.9 

1 

Pitch (λ)  0.275 

Outerdiameter(Do)  0.241 

Insidediameter(Di)  0.123 

Turbine length(TL)  2 

Bladenumber(N)  Twoblade 

 

The Archimedes Screw Turbine geometric design was created 

using SOLIDWORKS software. The model was then exported 

into ANSYS for the meshing process  prior to simulation as shown 

in Fig. 2. 
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Fig. 1. Archimedes turbine design. 

 
 

 
Fig. 2. Meshing model in turbine geometry. 

 

The geometric shape determines the choice of mesh type in the 

modeling process. When dealing with intricate shapes, especially 

those involving annulus shapes, the tetrahedral mesh type is 

considered suitable due to its ability to accommodate complex 

geometries[25]. 

Data is collected for pressure to assess the flow pattern of 

energy working along the turbine. The specific locations for 

scrutinizing the pressure pattern include the turbine inlet, turbine 

center, and turbine outlet. Fig. 3 illustrates the determination of 

plane locations, divided into five sections at distances of 0.25 m, 
0.7 m, 1 m, 1.6 m, and 2 m from the turbine inlet. This 

segmentation allows for a comprehensive examination of the flow 

patterns at different points along the turbine, providing valuable 

insights into the system's dynamic behavior. 

 
Fig. 3. Location of planes. 

 

The analysis of fluid flow patterns in the Archimedes screw 

turbine system relies on input parameters determined by standard 

values provided by the CFD software, which align with the 

specific fluid conditions applied. The selection of input data must 

be tailored to the defined objectives and parameters. The 

simulation employs the analysis of Partial Differential Equations 

(PDE) to interpret conservation laws, encompassing mass, 

momentum, and energy, transforming them into numerical 

formulations. Conservation laws play a pivotal role in solving 
simulation problems through CFD. According to the fluid mass 

balance, the rate of change in fluid mass equals the mass flow rate 

into the fluid section. As fluid properties vary with space (x, y, z) 

and time (t), the fluid density ρ is expressed as ρ (x, y, z, t), and 

fluid velocity components are denoted as dx/dt = u, dy/dt = v, and 

dz/dt = w. The Eq. 1 represents non-compressible fluids under 

steady conditions [22]. 

 
𝜕(𝜌𝑢)

𝜕𝑥
+

(𝜕𝜌𝑣)

𝜕𝑦
+

𝜕(𝜌𝑤)

𝜕𝑧
= 0  (1) 

 

where ρ is the fluid density (kg/m3) and x, y, z are the Cartesian 

coordinate directions. 

The momentum equation was developed from the Navier-
Stokes equation using the finite volume method according to the 

steady state[26] as shown in Eq. 2-Eq. 4. 

 

x-momentum:  

[
𝜕(𝜌𝑢)

𝜕𝑡
+

𝜕(𝜌𝑢2)

𝜕𝑥
+

𝜕(𝜌𝑢𝑣)

𝜕𝑦
+

𝜕(𝜌𝑢𝑤)

𝜕𝑧
] =− 𝜕𝑝

𝜕𝑥
+ 1

𝑅𝑒𝑓
[
𝜕𝜏𝑥𝑥
𝜕𝑥

+
𝜕𝜏𝑥𝑦
𝜕𝑦

+ 𝜕𝜏𝑥𝑧
𝜕𝑧

]    (2) 

y-momentum: 

[
𝜕(𝜌𝑢)

𝜕𝑡
+

𝜕(𝜌𝑢2)

𝜕𝑥
+

𝜕(𝜌𝑢𝑣)

𝜕𝑦
+

𝜕(𝜌𝑢𝑤)

𝜕𝑧
] = −

𝜕𝑝

𝜕𝑥
+

1

𝑅𝑒𝑓
[
𝜕𝜏𝑥𝑥
𝜕𝑥

+
𝜕𝜏𝑥𝑦

𝜕𝑦
+

𝜕𝜏𝑥𝑧
𝜕𝑧

]    (3) 

z-momentum: 

[
𝜕(𝜌𝑤)

𝜕𝑡
+

𝜕(𝜌𝑢𝑤)

𝜕𝑥
+

𝜕(𝜌𝑣𝑤)

𝜕𝑦
+

𝜕(𝜌𝑤2)

𝜕𝑧
] =− 𝜕𝑝

𝜕𝑧
+ 1

𝑅𝑒𝑓
[
𝜕𝜏𝑥𝑧
𝜕𝑥

+
𝜕𝜏𝑦𝑧

𝜕𝑦
+ 𝜕𝜏𝑧𝑧

𝜕𝑧
]    (4) 

 
This equation is resolved through an iterative method. The 

initial solution value is typically the necessary estimate of to 

initiate the calculation. Numerical equations generate more precise 

estimates when all variables align with the three fluid flow 

equations. 
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In this study, the k-ε model was used with a turbulence 

intensity of 5%, due to the turbulent flow conditions in the turbine, 
which are characterized by fluctuating speeds. Boundary condition 

at inlet velocity normal to boundary and reference frame wall 

absolute. The simulation modeling used in this study is decribed in 

reference [12]. 

The newly derived value is subsequently employed as the 

initial value in successive calculations. This process continues 

until the error value or residual change becomes sufficiently small 

or converges. Each repetition in the process of attaining a solution 

is referred to as an iteration. For steady-state analysis, the 

calculation process is reiterated until convergence. In non-steady-

state conditions, the process persists until the subsequent 
calculation is complete. 

3 Results and Discussion 

The CFD results-primarily depict the pressure distribution 

characteristics in the Archimedes turbine. Changes in pressure 

along the turbine signify the momentum responsible for the 

turbine's performance. The simulation encompasses two flow 

discharge variations, Q1= 0.0125 m3/s and Q2= 0.025 m3/s. The 

experimental data utilized refers to the research on the 

experimental study of the effect of flow on Archimedes Screw 

Turbines [14]. 

 

3.1 Pressure Distribution at Q1= 0.0125 m3/s 
Fig. 4 illustrates the pressure distribution along the turbine. 

This figure displays the flow patterns within the turbine at various 

heads. The observed pattern indicates that the inlet is larger than 

the outlet, attributing this asymmetry to fluid flow collision at the 

inlet, converting into momentum that drives turbine rotation. This 

observation aligns with findings from Omar's research [25], which 

noted a decrease in pressure inside the Archimedes Screw Turbine 

due to an increase in flow velocity along the turbine. Flow 

velocity changes lead to kinetic energy variations, transforming 

into rotational energy. Consequently, closer to the outlet, the static 

pressure of the flow decreases. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 4. Pressure count on the turbine. 
At a head of 1 m, the pressure contour changes from the inlet 

to the outlet, exhibiting a relatively consistent color gradient. 

Shallow pressure initiates near the outlet, where water flows 

toward atmospheric pressure. This suggests that at a 1-meter head, 

the flow maintains pressure until it eventually exits the outlet. 

Notably, the pressure drop pattern at a 1-meter head is lower than 

that of turbines with lower heads. A pronounced pressure drop is 

evident in turbines with a 0.7-meter head, where low pressure 

encompasses 2/3 of the turbine. This scenario indicates a 

substantial pressure loss before exiting the turbine, significantly 

influencing its rotation. After low pressure, the flow lacks kinetic 
energy, merely passing through the turbine. 

The flow pressure pattern highlights that the most significant 

pressure within the turbine is concentrated at the inlet and 

diminishes as it progresses toward the outlet for different heads, as 

illustrated in Fig. 5. 

 

 
Fig. 5. Pressure distribution pattern in Q1. 

 

Fig. 5 illustrates the pressure distribution pattern in Q1. The 
highest pressure is observed at a 1-meter head, measuring 1,652 

KPa, which is significantly larger than that of other heads. The 

pressure gradually decreases towards the inlet and further 

diminishes towards the outlet. In contrast, a distinct phenomenon 

is noted at the outlet of the 0.7-meter turbine head. While 

following a similar trend to other heads, the pressure at a distance 
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of 1.5 m from the inlet has decreased to 0.036 kPa. This suggests 

that the turbine operates optimally at lower flow rates, specifically 
at a head of 0.8 meters, indicating potential improvements in the 

turbine performance at smaller heads. 

3.2 Pressure Distribution at Q2= 0.025 m3/s 

The pressure distribution pattern in the turbine at a flow rate of 

0.025 m3/s is depicted in Figure 6. The pressure pattern at flow 

rate Q2 mirrors that at Q1. However, the pressure drop pattern 

exhibits slight differences at heads of 0.7 and 0.8 meters. The 

higher initial speed results in more significant initial momentum, 

providing more incredible energy to the turbine blade and 

lowering the pressure drop compared to a lower flow rate. 

When entering the turbine, as shown in Figure 7, it can be seen 
that the highest-pressure value is obtained at a head of 1 m, 

namely 2.2 KPa. It is much higher than other heads.  

This occurs because the impact occurs perpendicular to the 

turbine blade. A pressure drop occurs as the flow enters the 

turbine outlet. When entering the outlet, the pressure decreases 

significantly at each head until it finally reaches atmospheric 

pressure. 

Notably, based on the simulation outcomes, there is a 

discernible decrease in pressure as the free stream velocity 

increases. Nevertheless, the maximum flow rate enables the 

turbine to function effectively at heads lower than 1 meter. The 

water pattern remains consistent, wherein upon entering the 
turbine, the pressure reaches its peak at the turbine inlet and 

diminishes towards the outlet due to the transformation of 

compressive energy into rotational energy. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 6. Pressure contour at flow rate Q2. 

3.3 Comparison Graph of Highest and Lowest Head Pressure 

Simulation results for heads of 0.7 and 1 m at flow rates of 
0.0125 m3/s and 0.025 m3/s are depicted in Fig. 8. A comparative 

analysis of the highest and lowest head values under varying flow 

rates makes the influence of flow rate on the resulting pressure 

pattern apparent. 

The illustration above indicates that the flow rate Q2=0.025 

m3/s, denoted by a dotted line, exhibits higher pressure than 

Q1=0.0125 m3/s. Despite the nearly identical pressure drop 

pattern, the disparity in pressure values at a head of 1 m and a 

head of 0.7 m is negligible in Q2. This suggests that the turbine's 

performance remains robust at higher flow rates, even with a 

lower head. The initial flow momentum persists until it 
approaches the outlet, retaining sufficient energy to rotate the 

turbine. In contrast, in Q1, with a smaller flow rate, the difference 

in head has a significantly more pronounced impact. 

 

 
Fig. 7. Pressure distribution pattern in Q2. 
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Fig. 8. Pressure distribution comparison. 

4 Conclusion 

The simulation results obtained through CFD precisely reveal 

the flow patterns within the turbine and the nuanced pressure 

gradations along the turbine. A surface pressure distribution 

simulation on the turbine is conducted by idealizing the flow, 

directly calculating the pressure to meet design objectives, and 

observing the pattern of pressure changes. 

In conclusion, following simulations across various heads and 

flow rate variations, it becomes evident that the performance of 
the Archimedes double-screw turbine is optimized at higher flow 

rates, specifically at a flow of 0.025m3/s. Despite the peak 

performance occurring at a 1-meter head, the observed pressure 

pattern indicates that the flow retains sufficient energy to rotate 

the turbine even at a head of up to 0.7 meters. 
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