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A B S T R A C T

A pump working as a turbine is a hydraulic machine type that can operate as both a pump and a turbine (PAT) by 
reversing the flow direction. The PAT could be an effective method for meeting global energy demands, 
particularly in rural and isolated areas. Furthermore, the operating costs of micro-hydropower systems are lower 
compared to conventional hydrodynamic turbines, although they require a high initial investment. The pump-as- 
turbine has been applied in various engineering fields, including irrigation, sewage, reverse osmosis, water 
piping networks, storage, and pressure-reducing valves. Reducing pressure in a pipe distribution system also 
decreases leaks within piping systems. To estimate the performance of a pump-as-turbine (PAT), the influence of 
pump design parameters and its best efficiency point should be identified. Current research focuses on designing 
a 3D centrifugal pump from scratch by applied reverse engineering for existing pump’s impeller part and extract 
power from pipe distribution system. The extracted dimensions by reverse engineering were validated in two 
steps, results of pump design equations, and the result of CFTurbo software. Numerical simulations were carried 
out for a 3D centrifugal pump operating as a turbine at its best efficiency point in terms of velocity and head 
using pump to turbine transformation equations. Subsequently, simulations were conducted based on data 
collected from a water company, using the pump-as-turbine during low water consumption periods. This 
approach reduces pressure within the Seri Aman pipe distribution system, allowing for the transfer of mechanical 
power that could be used to produce electricity.

1. Introduction

In recent years, the demand for energy from renewable resources has 
increased dramatically, while natural resources like oil and fossil gas are 
becoming scarce [1]. Conventional green power resources, such as wind 
turbines, sea wave power harvesting, and solar energy technologies, are 
sustainable but are more expensive and complex, with higher mainte
nance costs. In contrast, pump as turbines (PATs) are more affordable 
and have lower maintenance requirements. Additionally, the availabil
ity of spare parts, the low cost of hydro plants, and their ability to 
operate as both pumps and turbines in reverse flow make PATs an 
attractive solution [2]. Their wide application range and capability to 

work with downstream residual pressure make them ideal for in-pipe 
energy recovery in existing water infrastructures [3,4]. These systems 
have been built all throughout the world, but they are especially popular 
in developing countries like East Asia and Africa [5]. In recent years, 
there has been a growing interest in using pumps as turbines (PATs), 
particularly for power supply systems in isolated places, both on and off 
the grid. A complete assessment of the current state of knowledge and 
experience in this field has been presented, Ansys Fluent software in
cludes comprehensive models for accurately treating and simulating 
steady-state and turbulent flow over pipes and intricate geometries [6,
7]. The solution model must address near-wall flow and vortex forma
tion within the geometry, which can impact fluid element velocity di
rection [8]. PATs are utilized for energy recovery in water distribution 
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networks (WDNs) and small hydropower plants [9–11]. The prediction 
of the transition from pump to turbine mode depends on velocity tri
angles, impeller angles, and the pump’s best efficiency point [12–14]. 
Besides power generation, PATs also act as throttle valves for flow 
control. Furthermore, pressure reducing valves (PRVs), which typically 
cause mechanical dissipation of hydraulic energy, are often used to 
manage the pressure regime within the system and to handle topo
graphical discontinuities along the pipeline path [15]. This helps avoid 
high pressures in the network, which could lead to ruptures and water 
leakages [16,17]. Approximately 40% of the gross energy potential 
available in a PRV may be recovered by replacing the valve with a PAT 
[5,18]. An economic assessment was included in a case study of a 
particular installation. The design of pumps for turbine mode is a topic 
that has received substantial attention [19,20]. The hydraulic behaviour 

of a PAT is similar to that of a Francis turbine; however, a PAT typically 
features a larger diameter impeller and backward-swept blades [21–23] 
claimed that the best performances for PATs result in pressure drops 
smaller than those typically produced by a PRV, with output pressure 
levels that ensure water delivery to consumers within the designed head 
limitations of the piping network [24]. proposed approximating the 
relative head and power curves across the processed flow rate for any 
given machine with second- and third-order polynomials [25]. proposed 
a new method to develop PAT head and power curves relative to the best 
efficiency point (BEP), interpolating to second- and third-degree poly
nomials, respectively. Research involving reverse engineering has been 
conducted to measure impeller design parameters and design a volute as 
the second part of a simulated 3D centrifugal pump model. The design 
parameter equations were described by [26–29]. Additionally, the new 
3D model was validated by establishing design parameters within 
CFTurbo software, with the goal of ensuring accuracy for impeller an
gles, velocity triangles, and volute design. Model performance curves 
were plotted. A key aspect of understanding PAT performance is 
analyzing and estimating pump design parameters and their relation to 
performance curves. Illustrating the transformation equations from 
pump to turbine helps compare these performance curves. The contri
bution of this research lies in recreating PAT model from pump’s 
impeller scratch through reverse engineering result in extracting power 
from a pipe distribution network. The approach includes extracting 
design parameters of the pump’s impeller part by reverse engineering 
(Fig. 1) and design volute according to the extracted parameters. In 
addition, validate extracted impeller and volute parameters (predicted 
through impeller parameters and volute design equation) in two steps, 
result of pump design equations, and CFTurbo software result using 
same design parameters. The validation includes impeller design pa
rameters value (Table 1), velocity triangles value (Table 1, Fig 7), and 
volute design parameters (Fig 5). Furthermore, the robust parameter of 
the pump would be used to create a 3D model using CATIA software. 
presenting a pump performance curve and defining transformation 
equations for the pump operating in reverse direction (PAT) to print PAT 

Nomenclature

PATs Pump as turbine;
WDN Water district network;
D1 Inlet diameter;
α1 Inlet main flow angle;
Dshrou Shroud impeller diameter;
Dshaft Shaft inner Diameter;
b2 Outer width of blade;
β1 Inlet impeller relative angle value;
Q Pump Flowrate;
Vr Radial velocity;
Wu Whirl velocity;
W Relative velocity;
ηh Pump efficiency;
Qth Theoretical pump flowrate;
L Length;
Vth Theoretical velocity at pump output;
dS Pump Suction inlet diameter;
g Water gravitational acceleration;
σ slip factor;
kw Factor;
Pt Turbine power;
Ptb Turbine Power at best efficiency point;
ηt Turbine efficiency;
c,b,a Pump to turbine head, flowrate convert’s constant;
ω Angular velocity;

PRVs Pressure reduction valve;
U1 Tangential velocity at inlet;
D2 Outlet diameter;
α2 Outlet main flow angle;
Dhub Shaft outer Diameter;
Z Number of impeller blade;
β2 Outlet impeller relative angle value;
N Impeller speed;
H Pump head;
V Main flow velocity;
Vu Circumential velocity;
Nsp Pump specific speed;
f Pump friction coefficient;
Qact Actual pump flowrate;
D3 First volute diameter;
dD Pump deliver outlet diameter;
K3 Volute velocity constant;
P Power;
Qt Turbine flowrate;
Qtbep Turbine flowrate at best efficiency point;
Hpbep Pump head at best efficiency point;
Hpbep Pump head at best efficiency point;
Hloss Head of losses;
Nst Turbine specific speed;
ρ Fluid density;

Fig. 1. pump’s impeller Ready for Reverse engineering.
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performance curves. The comparison between power extracted theo
retically and by Ansys simulation intended to validate the simulation 
results, The importance of the solutions model used lies in its applica
bility to solve fluid flow near walls (share stress) and the creation of 
vortices and its challenge of boundary condition as important require
ment for software validation, which can change the flow state from 
laminar to turbulent even at low Reynolds number values. The limita
tion of flow depending on the Reynolds number was overcome when the 
solution model predicted that viscous forces could dominate the flow. 
Extracting transformed torque using the 6 DOF method depends on 
angular velocity and rotor moment of inertia (calculated using Catia 
software). In addition, expression option was applied to get angular 
velocity through dividing linear velocity by PAT’s rotor radius. Finally, 
the established model functions as a turbine and is conducted to reduce 
the pressure value of the Seri Aman pipe distribution network by using 
Ansys software setup which validate previously, the extracted energy 
during periods of low water consumption, pipe network data obtained 

from [30].

2. Design of the pump theory and numerical analysis

The impeller is the part of the pump responsible for delivering and 
accelerating fluid by transferring energy from a diesel or electric motor. 
To understand impeller design and enhance research reliability, a closed 
impeller model was selected to measure all design parameters, as shown 
in Fig. 1, internal diameter (D1), outer diameter (D2), the angle of the 
impeller blade in a plane parallel to D1 (β1), and the angle of the impeller 
blade in a plane perpendicular to D1 (α1). Similarly, the angle of the 
impeller blade in a plane parallel to D2 (β2) and the angle of the impeller 
blade in a plane perpendicular to D2 (α2) were also measured.

2.1. Measuring design parameters for impeller model

Reverse engineering has been carried out. Moreover, tools are used 
to measure angles and length. Reverse engineering was conducted, and 
various tools were used to measure the angles and lengths accurately. It 
was essential to section the impeller to measure inner blade parameters, 
which are critical for simulating the blade’s inner curve and twist, the 
sketch of dimensions was illustrated in Fig 2 and 3.

The impeller suction is cut through two stages. First, a welding ma
chine is used due to the thick shaft and base impeller zone, which ex
ceeds the capacity of local laser cutting machines. Second, a cutter tool is 
used for the cover and shroud zones.

The design parameters are as below in Table 1.

2.2. Design pump’s volute

The second important part of the centrifugal pump is called the 
volute (case), which serves as a cover for the pump’s impeller. The 
impeller rotates to impart power to the fluid inside the volute. The fluid 
enters the volute through the inlet and is delivered to the pumping 
system through the outlet. The angle between the pump’s inlet and 

Table 1 
The Pump Design Parameter.

Impeller Design Dimensions Impeller Design 
Parameters

Value UNIT

Inlet main flow angle α1 90◦ degree
Inlet impeller relative angle 

value
β1 18◦ degree

Shroud impeller diameter Dshroud 120 mm
Outlet impeller diameter D2 250 mm
Outlet main flow angle α2 7.6◦ degree
Outlet impeller relative angle 

value
β2 9.5◦ degree

Impeller speed N 1450 RPM
Pump Flowrate Q 60 M3/h
Pump head H 20 M
Shaft inner Diameter Dshaft 30 mm
Shaft outer Diameter Dhub 40 mm
Outer width of blade b2 17.2 mm
Number of impeller blade Z 6 −

Fig. 2. Impeller Blade Dimensions.

Fig. 3. Pump impeller Dimensions.
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outlet is 90◦, and the diameter of the volute increases toward the pump’s 
outlet to convert kinetic energy into pressure energy. In contrast, when 
the pump operates in reverse flow as a turbine (PAT), the fluid enters 

from the pump outlet and flows toward the inlet, as shown in Fig. 4. 

dS > dD (1) 

because α1 equal to 90◦ led to the equation for calculation volute 
through value as below. 

β1 = tan− 1[
V1

U1
(2) 

Fig. 4. volute velocity constant chart.

Table 2 
Theoretical Impeller design Velocities value.

NO Impeller 
Velocities

Parameters Pump inlet 
value

Pump outlet 
value

UNIT

1 Radial velocity Vr 2 1.4 m/s
2 Main Flow 

velocity
V 2 10.6 m/s

3 Peripheral 
velocity

U 6.1 18.9 m/s

4 Whirl velocity Wu 6.1 8.5 m/s
5 Circumential 

velocity
Vu 0 10.4 m/s

6 Relative velocity W 6.5 8.6 m/s
7 Absolute flow 

angle
α 90◦ 7.6◦ degree

8 Relative angle β 18◦ 9.5◦ degree
9 slip σ - 0.88 degree

Fig. 5. Pump Volute Dimensions.

Fig. 6. Pump velocity Tringle.

Fig. 7. volute and impeller 3D in CATIA software.
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U1 =
π ND1

60
(3) 

U2 =
π ND2

60
(4) 

Fig. 8. Impeller and Volute in one geometry using Boolean tool.

Fig. 9. Pump’s Impeller and Volute mesh in Ansys Program.

Fig. 10. PAT inlet and outlet zone.

Fig. 11. Mesh skewness value result.
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ηh =
Qact

Qth
(5) 

Nsp =
N

̅̅̅̅
Q

√

H
3
4

(6) 

To determine the basic parameters of pump volute design, Stepanoff’s 
theory has been applied, with support from charts. figure out the 
equation constant value as seen in Fig. 4.

Head loss of fluid in the pump is calculated through the equation 
below 

Hloss = f
L V2

D 2g
(7) 

Ratio =
D3 − D2

D2
× 100 (8) 

where D2 is an outer impeller diameter, D3 is first pump’s volute 
diameter 

Vth = K3
̅̅̅̅̅̅̅̅̅
2gH

√
(9) 

From volute velocity constant Fig. 4, at specific speed value Ns 
(19.8), K3 value has extracted (0.44).

From pump’s specification the pump efficiency value is (80). 

η =
Qactual

Qtheoretical
(10) 

Qtheoretical = Vth ×
πd2

th
4

(11) 

dth =

̅̅̅̅̅̅̅
Qth
πVth

4

√

dth =

̅̅̅̅̅̅̅
Qth
πVth

4

√

(12) 

2.3. Design of the impeller theory and numerical analysis

This research includes an additional step to validate the pump’s 
impeller model by building a new model in the software and simulating 
it as designed in CATIA. The models are then matched in the CFTurbo 
program to ensure the reliability of the impeller model dimensions. A 
trusted design supports successful simulation results, with all fluid ve
locities inside the impeller, generated by its rotation direction and 
impeller angles. Pump’s velocity tringle is depicted in Fig. 6.

When the pump impeller is in operation, slip at the impeller angles is 
noted. This reduction in angle value, which alters pump impeller ve
locities, can lead to deviations in pump output head and discharge. Slip 
at the impeller’s trailing edge is calculated using the GÜLICH/ WIESNER 
equations. 

σ = f1

[

1 −

̅̅̅̅̅̅̅̅̅̅̅̅̅
sinβ2b

√

Z0.7

]

kw (13) 

Fig 12. Output power of model according to number of mesh element.

Fig. 13. Convergence PAT result at boundary conditions velocity 7.9 m/s, head 
44 m.

Fig. 14. characteristics curve of designed pump and pump as turbine (PAT).
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Fig. 15. Power and Head curves according to the Flowrate.

Fig. 16. Theoretical and Simulation PAT power curve comparison.

Fig. 17. Power extracted from Seri Aman WDN during low water consumption value.

A. Abdulshaheed et al.                                                                                                                                                                                                                         Results in Engineering 28 (2025) 108124 

7 



f1 = 1for radial impeller
⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

1ford1m/d2 ≤ E lim

kw1 −

{
d1m/d2 − E lim

1 − E lim

}3

d1m =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

0.5
(
d2

1hub + d2
1shroud

)√

⎫
⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎭

(14) 

E lim = exp
[
8.16sinβ2b

Z

]

(15) 

sβ2 = 0.5
(
sβ2hub + sβ2shroud

)
(16) 

The equations of impeller velocities parameters are shown (16-20). 

Vu2 =
H g
U2

(17) 

Vr1 =
Q

π
4

(
d2

s − d2
h

) (18) 

Vr2 =
Q

πb2d2
(19) 

Wu = U2 − Vu2 (20) 

W2 = Vr2secβ2 (21) 

Theoretical Impeller angle and velocities is explained in Table 2.
Due to impeller angle blockage caused by rotational liquid flow, the 

impeller angle values vary, resulting in changes in impeller velocity 

values. The GÜLICH/ WIESNER slip method is applied in Eqs. (13-16), 
primarily for the outer angles (β2 and α2).

2.4. Pump performance curve calculations

The characteristics curve of the pump has been estimated through 
Affinity equation. 

(
Q2

Q1

)1
3
=

(
N1

N2

)2
3
(

H2

H1

)1
2

(22) 

Q pump flowmeter in m3 /s, H is pump head in m, N was the pump 
specific speed.

Although, the equation of estimating power could be extracted in 
case of using pump as turbine as explained in the equation below. 

P = ρgQH (23) 

where P is power, ρ is water density, g is gravitational acceleration, Q is 
pump discharge

H is total head.

2.5. Pump to turbine (PAT) transformation and performance curve 
calculations

In context of relations between different parameters of pump and 
pump working as turbine

Efficiency relation is important to estimate output and inlet power. 

ηt = ηp + 2 % (24) 

Specific speed pump-turbine has linear relationship, so that values can 
be calculated using equation below. 

Nsp = 1.125Nst + 1.73 (25) 

Considering Nst turbine specific speed, Nsp pump specific speed
Head discharge can be estimated by conducting [31] Eqs. (26,27). 

Htbep

Hpbep
=

b
ηa (26) 

Qtbep

Qpbep
= c

b0.5

ηa/2 (27) 

where Ht is turbine head, Hp pump head, Qt head discharge, Qp pump 

Fig. 18. comparison Theoretical and simulation PAT Power.

Table 3 
Seri Aman (WDN) Pressure and Flowrate result in Simulation Torque and 
Angular Velocity from PAT.

NO Flowrate 
(m3/s)

Head 
(m)

Power 
(kw)

Torque 
(N.m)

Angular 
Velocity 
(rad/s)

Power 
(kw)

1 0.0315 0.7 0.177 4.6 38 0.174
2 0.029 0.9 0.2 5 39 0.195
3 0.0285 1 0.22 5.12 39 0.2
4 0.028 1.3 0.28 5.6 39 0.22
5 0.028 1.1 0.247 5.16 39 0.2
6 0.0285 0.7 0.17 4.3 38 0.163
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discharge, a = c = 1.1, b = 1.2
The power curve estimation, in the case of the pump operating as a 

turbine, is based on relationships described as third- and second-order 
expressions, as noted in [9] 

Pt

Ptb
= 0.3902

(
Qt

Qtbep

)3

+ 2.1472
(

Qt

Qtbep

)2

− 0.8865
(

Qt

Qtbep

)

+ 0.0452

(28) 

Pt is considered as turbine power, Ptbep is power of turbine at best effi

ciency point, 
(

Qt
Qtbep

)

ratio between turbine flowrate to the turbine 

flowrate at best efficiency point 

ηt =
T × ω
ρQHg

(29) 

2.6. Draw 3D Impeller and Volute in Catia Program

The dimensions of the pump parts are ready to be modelled in CATIA 
software, one of the leading tools for mechanical design. The pump’s 
impeller is drawn using the generative shape design mode, based on 
dimensions extracted from a commercial impeller. Additionally, the 
mechanical design mode is used to define the thickness of the solid parts. 
Although each solid part is modelled as a separate body in the software, 
the Boolean tool is applied to assemble these solid parts into a single 
geometry. In contrast, the volute is also designed and modelled in CATIA 
software using the mechanical design mode.

2.7. Numerical scheme Analysis for Pump work as Turbine and validation

The pump impeller and volute design were completed using CATIA 
software. Numerical analysis was then carried out in ANSYS Fluent 
software, using the SST k-omega model. The geometry mesh, which is 
highly complex and time-consuming, plays a crucial role. Since the 
impeller and volute geometries are assembled together, one part is 
considered a standard wall, while the impeller is set as a rigid wall. To 
simulate the actual setup, the Boolean option is applied to create a 
contact zone between the two parts (walls), as shown in Fig. 8.

To model the pump-as-turbine (PAT) setup, in which the pump 
operates in reverse flow, the impeller rotates due to water pressure and 
velocity values. Since the impeller speed is initially unknown, the dy
namic mesh option is employed in ANSYS Fluent, using the six DOF 
dynamic mesh method for the impeller wall, while using remeshing 
technique for volute walls to enhance first node distance. Different mesh 
types were applied to the pump parts, the rotating zone (contact area 
between the volute and impeller), and the pump’s volute, as illustrated 
in Fig. 9.

Furthermore, the inlet and outlet were defined in the geometry 
category within ANSYS Fluent. The pump’s inlet serves as the outlet in 
the PAT configuration, while the pump’s outlet functions as the PAT 
inlet. As illustrated in Fig. 10

In this context, the boundary condition at the inlet was velocity- 
based, while the outlet condition was pressure-based. The turbulent 
kinetic energy and specific dissipation rate were calculated using the 
second-order upwind scheme of the finite volume method. Additionally, 
the solution for pressure and velocity was set to SIMPLE, and the acti
vation of the pseudo-time method ensured acceptable residual conver
gence 10− 5 consider cases complexity and using dynamic mesh 
approach. The time step size required for convergence was 0.0009, with 
200 time steps and 12 iterations per time step the convergence velocity 
results as shown in Fig. 13. A tetrahedral mesh type was used with a 
maximum skewness value of 92 and 3,520,234 elements as illustrated in 
Fig. 11. The volute comprised 1520000 mesh elements and the rotor 
zone was 2000000 mesh elements. The dimensionless y+ value for PAT 
model 8.13, the rotor value was 2 and the volute equal to 6.67. An 

independence mesh test was applied to ensure case convergence and 
robust results. The convergence results from the independence mesh test 
printed in Fig. 12. The power extracted value changes with mesh 
element size of the model.

The impeller rotates clockwise, with angular velocity, torque, and 
pressure calculated around and within the impeller, rotating zone, and 
volute. Torque and angular velocity depend on the power extracted from 
the water (fluid). 

P = T × ω (30) 

The torque and force report had extracted, angular velocity value 
was got by identify point in the rotation axis.

3. Results

The PAT’s impeller was created based on reverse engineering of a 
commercial model, and all pump components were designed using 
CATIA software. The design parameter values, triangle velocities, and 
lead and trail angle values are illustrated in Tables 1 and 2. One chal
lenge faced was exporting these parts as solid models into the ANSYS 
program, given the complexity of the impeller and volute designs. 
Additionally, Eqs. (1-11) were used to design the pump’s volute (case), 
as shown in Fig. 5. The chart in Fig. 4 was then used to calculate the 
volute velocity constant (K3) and the value of (D3 − D2

D2
) which was used in 

Equation (8) to calculate (D3) based on the specific speed value obtained 
from Eq. (6), D3 is important for estimating the first diameter value of 
the volute. The pump and PAT (Pump as Turbine) specification curve is 
plotted in Fig. 14 and 15. Furthermore, the pump characteristic curve 
was predicted using the affinity pump Eq. (22). The 3D design was im
ported into ANSYS after being built in CATIA software. Various mesh 
types and sizes were applied to the PAT components (volute, impeller, 
and rotating zone) in ANSYS. The general setup was transient due to the 
complexity of the geometry and unknown variables. The simulation 
model used the SST k-omega model,

The power extracted by the PAT was determined from the fluid 
moving downstream from the inlet of the PAT (pump working in reverse 
direction) to the outlet. Moreover, a dynamic mesh was generated to 
simulate the impeller’s rotation. A six-degree-of-freedom (DOF) dy
namic mesh was implemented to define the rotation of the PAT’s rotor. 
The identification of the PAT rotor’s rotation about x axis allowed the 
estimation of the energy extracted from the water by the rotating part of 
the PAT, as expressed in Equation (30).

In terms of pump parameters, the efficiency of the pump was 80%, 
which means the percentage of power output relative to power input, as 
calculated by Equation (10). As a result, the diameter of the volute (dth) 
was estimated. The head losses were computed using Equation (7). As 
fluid flows from the inlet to the outlet under specified boundary con
ditions, depicted in transition equations from the pump to the turbine 
(26,27), the potential energy of the fluid increases as it moves down
ward due to gravity. The velocity of the fluid stream in the PAT increases 
from the inlet to the outlet as the volute diameter decreases, with the 
maximum fluid velocity occurring at the turbine rotor. Additionally, the 
fluid velocity within the rotor blade increases as the fluid stream area 
decreases and due to the velocity differential between the rotor’s inlet 
and outlet diameters, resulting from the transferring energy to the rotor 
as angular velocity and torque as seen in Fig. 13. The angular velocity of 
the PAT rotor is determined using the momentum equation, where it 
equals the product of angular velocity and moment of inertia. The 
transferred momentum value is the difference between the inlet and 
outlet fluid momentum passing through the PAT rotor, while the 
moment of inertia indicates resistance to rotor movement around an 
axis.

The characteristics of the designed centrifugal pump, operating both 
in pump mode and turbine mode, are illustrated in Fig. 14. The pump 
efficiency value was estimated using Equation (10), while the power 

A. Abdulshaheed et al.                                                                                                                                                                                                                         Results in Engineering 28 (2025) 108124 

9 



curve was calculated using Equation (23). Furthermore, the PAT effi
ciency and power were computed by Eqs. (24,29) The relationship be
tween PAT power and head, which is linear, is illustrated in Fig. 15.

Simulation was carried out using ANSYS Fluent to imitate the pump 
working as a turbine, using the designed 3D model as described in the 
section "Draw 3D Impeller and Volute in CATIA Program." Moreover, the 
power extracted was calculated using Equation (30).

The output of the simulation, shown in Fig. 16, indicates a zero 
power value at a flow rate of 0.0046. The power value increases starting 
at a flow rate of 0.0092. This behaviour is due to the second-order 
momentum equation, which results in a second-order output moment 
and a trending polynomial curve type (behaviour of Eq. (28)), as well as 
the output power.

Furthermore, the simulation was carried out based on pressure and 
flow rate data (boundary conditions) measured from Puncak Niaga 
Water Company during the hours of low water consumption (4:00 AM to 
7:30 AM) as printed in Fig. 17. The pressure and flow values for the Seri 
Aman water network over one day were considered as the inlet 
boundary conditions for the existing pump working as a turbine. The 
pressure value was assumed to correspond to the head difference be
tween 4:00 AM and 7:30 AM (when customer consumption is low).

The comparison between the theoretical and simulated power 
extracted from the Seri Aman pipe network is illustrated in Fig. 18. The 
theoretical and numerical power extracted was calculated using Equa
tions (24) and (10). The pressure and flow rate values were taken from 
the water distribution system, as shown in Table 3.

The results show a prominent opportunity to save Power from WDN 
by using PAT instead of the PRV. However, PAT can be used in case of 
emergency as alternative power sources to keep surveillance and 
necessary rescue action.

4. Conclusions

The importance of this research lies in addressing the shortage of 
fossil fuels and the rising demand for power. The study involved the 
design of a 3D centrifugal pump model by applying reverse engineering 
to the impeller. Additionally, theoretical calculations for all triangle 
velocities and impeller angles were performed, and a 3D pump case 
model (volute) was designed, preparing the centrifugal pump model for 
simulation. For reliable design validation, the model was compared with 
one designed in CFTurbo, based on impeller reverse engineering data. 
To complete the 3D pump model, pump performance curves were 
generated. Once the 3D pump model was completed, it was further 
tested as a pump operating in turbine mode, identified by the perfor
mance curves. Simulation was carried out using the ANSYS program, 
and boundary conditions were calculated using the best efficiency point 
method. The proposed PAT was tested, and the theoretical and simu
lated power values were compared, as shown in Fig. 15. The purpose of 
the 3D-designed PAT model is to extract power from the Seri Aman 
Water Distribution Network (WDN) instead of using a Pressure Regu
lation Valve (PRV) during low water consumption periods. The 3D PAT 
model successfully extracted power from the Seri Aman WDN during 
this period, which would otherwise be wasted in the case of a PRV used 
to control pressure and flow, reducing the risk of pipe network leaks.
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