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Article Info Abstract
Using the pump as turbine (PAT) for energy recovery has received considerable attention
Article history: in recent years as an efficient and economical approach. This study investigates the
Received: 24 December 2024 performance of a centrifugal PAT both numerically and experimentally within its
operational range. For numerical analysis, design and simulation processes were
Revised: 1 June 2025 conducted using CFturbo and CFX software. The validity of numerical simulations was
Accepted: 20 July 2025 confirmed by comparing them with experimental results. Due to the absence of a flow

control mechanism at the impeller inlet, a significant reduction in efficiency is observed
compared to pumping mode, particularly under off-design conditions. To enhance PAT
performance, a diffuser with fixed blades was designed, and the impact of its blade angles
Keywords: on performance was numerically analyzed by varying angles between 15° and 35°.
Turbulent kinetic energy parameter was employed to evaluate performance at different
fixed blade angles. Results indicate that the blades' installation angle substantially affects
both the distribution and the magnitude turbulent kinetic energy. Higher turbulence
intensity was primarily concentrated in the impeller and volute tongue. Comparison of
turbulent kinetic energy contours indicates that for a PAT with fixed blades at 25°, the
distribution is more uniform, resulting in an efficiency improvement of 2.63% at the
design point.

Pump as turbine,

micro hydropower plant,
energy recovery,

fixed blades angle,
numerical solution.

Introduction conventional turbines, including ease of procurement,
Energy, as a fundamental factor, plays a crucial role in the maintenance, and lower costs [13-15].

development of human societies and facilitates continuous L . .
Because pumps are not optimized for turbine operation, the

progress in social, economic, and cultural domains. ) . ) . )
fluid enters the impeller at an inappropriate angle, causing

Hydropower is recognized as the largest sustainable source of
renewable electricity generation and is effective in reducing
air pollution [5, 6]. Given the country's topography, there are
significant elevation differences between reservoirs and
consumption sites [7]. The utilization of pressure-reducing
power plants for electricity generation from this excess
pressure, in addition to supplying part of the grid demand,
provides the capability to regulate pressure within
permissible limits [11, 12]. In developing countries, PAT Methodology
technology is proposed as a cost-effective alternative to
conventional turbines. PATs offer advantages over

flow separation and reduced efficiency. In the present study,
a diffuser with fixed blades has been designed. The blade
angle of the diffuser has a direct influence on the flow field
distribution and energy conversion rate. Through numerical
simulations and flow field analysis, the optimal blade angle
of the diffuser has been determined to achieve a broader
operating range with high efficiency.

The complete three-dimensional fluid domain of the pump
was created using CFturbo software and is presented in
Figure 1. For the numerical analysis of incompressible flow
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in  turbomachines, three-dimensional  Navier-Stokes

equations were employed.

A structured mesh was employed for the impeller and
diffuser, while an unstructured mesh was used for the volute.
Grid independence was performed by examining the
efficiency parameter, and a mesh with 5.6 million elements
was selected. To validate the numerical simulations, the
centrifugal PAT was compared with experimental results.
Figure 5 illustrates the schematic and configuration of the
PAT power plant in urban water distribution network
pipelines.

Figure 6 compares the required head, power output, and
efficiency obtained from numerical simulations and
experimental investigations. It is observed that the head,
power, and efficiency curves derived from numerical
simulations exhibit approximately similar trends to those
obtained from experiments. The generated computational
grid and the numerical solution settings appear reasonable,
given the validation performed.

Results and Discussion

Investigation of PAT efficiency revealed significant
performance degradation under off-design operating
conditions. In the present study, a diffuser with fixed blades
has been designed to enhance the PAT performance. The
design and meshing of the diffusers were carried out in
Design Modeler and TurboGrid software, respectively,
followed by numerical analysis. A diffuser with appropriate
blade angles can provide a more uniform and stable flow
pattern, reduces pressure fluctuations, and improves overall
performance. For projects with considerable flow-rate
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variations, adding fixed-blade diffusers with an optimum
angle is not efficient across the entire operating range. The
turbulent kinetic energy criterion was employed to assess the
flow conditions in the PAT.

A comparison of turbulent kinetic energy contours for PAT
with various fixed-blade installation angles has been
conducted across the operational range. As the flow rate
increases and approaches the design point, the performance
of the PAT with fixed blades at a 25-degree angle improves
(Figure 9), indicating that 25° is optimal. Furthermore, the
distribution of turbulent kinetic energy in this configuration
is more uniform, thereby reducing energy losses.

Conclusion
The fixed blade angle is a critical parameter influencing the
PAT performance. Its role in energy conversion, efficiency,
flow stability, power recovery, and operational range
underscores the importance of selecting an optimal
configuration.

This study investigates the effect of fixed blade angle on PAT
performance within the operational range of a micro-
hydropower plant. Numerical analysis results indicate that a
diffuser with 25-degree fixed blades represents the optimal
configuration, as it enhances hydraulic performance and
efficiency across a flow rate range of 135 to 240 m°/h
compared to the main PAT. Comparison of turbulent kinetic
energy contours between the optimal configuration and the
original PAT reveals a significant reduction in turbulence
intensity within the operational range, indicating lower
losses. The most substantial efficiency improvement occurs
at a flow rate of 200 m*h, with an efficiency increase of
5.78%.
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Table 1. Geometrical characteristics of the impeller.

Parameter Value
Number of Blades 6
Suction Diameter (mm) 120
Impeller Diameter 260
(mm)

Outlet Width (mm) 19
Blade Angle B1 (°) 27
Blade Angle B2 (°) 20

Figure 1. Geometrical model of the pump designed in
CFturbo software.
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Figure 2. Mesh generation for the impeller, diffuser,
and volute.
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Figure 6. Comparison of experimental and numerical
performance curves of the pump as turbine.
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Table 2. Comparison of required head and power output of PAT with various diffusers.

Q Head (m) Power (kW)
(m*h) " without  15-degree  25-degree  35-degree without  15-degree  25-degree  35-degree
blades blades blades blades blades blades blades blades
100 19.29 19.96 20.84 21.45 2.76 3.09 2.91 2.87
120 22.31 22.62 23.61 23.97 4.48 4.67 4.64 4.59
140 24.95 25.38 25.75 26.63 6.36 6.32 6.49 6.54
160 28.24 29.89 28.34 29.74 8.58 8.64 8.78 8.93
180 31.09 32.43 30.43 32.08 10.89 10.53 11.05 11.21
200 33.75 34.55 32.25 33.12 12.47 12.02 12.93 12.83
220 37.38 37.94 35.02 35.65 14.54 13.26 14.67 14.98
240 41.04 42.35 38.69 37.72 15.48 14.39 15.95 16.06
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Table 3. Specific speed with various diffusers. LA :’ ST
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Figure 7. Comparison of efficiency of the pump as
turbine with different diffusers.
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Figure 8. Comparison of turbulent Kkinetic energy contours at a flow rate of 140 m*/h.
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Figure 9. Comparison of turbulent kinetic energy contours at a flow rate of 180 m3/h.
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Figure 10. Comparison of turbulent kinetic energy contours at a flow rate of 220 m*/h.
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Figure 11. Total losses of the main pump as turbine at
various flow rates.
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Figure 12. Total losses of the pump as turbine with
optimized diffuser at various flow rates.
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Figure 13. Comparison of streamlines between the pump
as turbine with the main and optimized diffuser.
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