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A REVIEW OF PERFORMANCE PREDICTION METHODS FOR PUMP AS TURBINES

ABSTRACT

Pump as turbine (PAT) can be preferred for electricity
generation in small and micro hydropower plants and drinking
water supply networks in isolated areas. The main reasons to
use PAT for this applications include low initial investment
costs, ease of operation and maintenance, and short delivery
times. The reliability of empirical methods used to predict PaT
performance is a major problem in PAT selection. In this study,
it is shown that PAT performance can be predicted by three-
dimensional computational fluid dynamic (CFD) simulations as
an alternative to empirical methods. For this purpose, an end
suction pump, a double suction pump and a multistage pump
were selected and their performances in turbine mode were
measured experimentally. The alignment between numerical
results and experimental measurements showed that CFD can
be used successfully in PAT selection. Also, if numerical
calculations can not be performed, the capabilities of empirical
correlations in predicting PAT performance are discussed.

SYMBOLS

ko : Turbine flow conversion coefficient

ku : Turbine head conversion coefficient

n : Efficiency

Mp : Pump efficiency

Nt : Turbine efficiency

Qopt : Pump flow rate at best efficiency point(BEP) (m3/h)
Hopt : Pump head rate at best efficiency point(BEP) (m)
ng : Pump specific speed

Q : Turbine flow rate (m?/h)

H; : Turbine head (m)

P : Shaft Power (kW)

1.INTRODUCTION

The energy requirement of the world increases in
proportion to the increasing population and demand. Regardless
of whether the capacity of water resources is large or small, the
high initial costs prevent investing in establishing electrical

energy generation plants [1]. Therefore energy producers seek
to reduce the unit cost, which increases research studies on
micro hydroelectric power plants. It has been understood that
PATs can be used as an alternative to conventional turbines to
reduce the equipment cost of micro hydroelectric power plants.

PATs have different specific speeds, hydraulic structures
and mechanical structures among each other. The most
common types of PATs in practice are end suction pumps,
double suction pumps and multistage pumps.

Pump manufacturers use performance prediction methods
for PAT selection due to difficulties in achieving experiment
results [2]. The performance prediction methods are related
with specific speed of the pump, head and the flow rate at the
best efficiency point of the pump. Coefficients of prediction
methods are shown in Table 1.

Table 1 : PAT conversion formulas
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Flow rate and head of the PAT are calculated by formula
(1) and formula (2) respectively. Chapallaz[10] stated that there
is a deviation of more than 20% in the estimations made by
these methods. Precision of these methods has a vital role on



loss of money, time and labor which are caused by wrong
predictions.

Q. = kq. Qopt (1)

Hl':kH' HOpt (2)
In this research, PAT performances of these three different
type of pumps with different specific speeds were analyzed

numerically and empirically, and compared with PAT
experiment results. The pump properties are shown in Table 2.

Table 2 : Capacity, head, efficiency, speed and specific speed

of the pumps
PAT #1 PAT #2 PAT #3
Characteristics End Suction Is)li)(;]lj(:fl Multistage
Qopi(m*/h) 123 210 335
Hopi(m) 21,3 58 131
Nopt(%0) 81,3 76,1 71,7
speed (rpm) 1800 1500 1500
ng 33,56 12,19 26,94

2. EXPERIMENTAL SETUP

The general view of the experimental setup of PAT is given
in Figure 1. PATs are tested in a closed-loop, 450 m> water tank.
Magnetic flow meter is used to measure capacity at the
discharge, power analyzers are used to measure electrical
power from the turbine generator, input and output pressure
transmitters are used to measure pressure values in the
experiment.

The inlet of the turbine is supported with a booster pump to
generate head. Generated electric is regulated to harness the
energy.
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Figue .- : View of the experimental setup of PAT [2]

3. NUMERICAL ANALYSIS

Detailed information regarding the generation of 3D flow
volumes, meshing, calculation methods, velocity and pressure
distributions are shown in the section 3.1 and 3.2.

3.1 GENERATION OF 3D VOLUMES AND MESH

The 3D flow volume is constructed using the surfaces of
the model contacting the fluid. These models do not include
casing cover for stuffing box, bearing housing and seals. After
the flow volume is formed including volute casing and
impeller, meshing is applied on the model [11].

FLUENT software was wused for flow analysis.
Incompressible Navier-Stokes equations are solved by the finite
volume method, and the turbulence is modeled by the realizable
k-& method.

Mass flow inlet boundary condition is prescribed of PAT
inlet and pressure outlet boundary condition is prescribed at the
outlet. No-slip boundary condition is applied at the walls.
Continuum domain is selected as cold water.

In the analysis, additional volumes have been placed to
ensure a uniform flow profile at the inlets and outlets.Leakage
flow does not include in the modelling due to increase
calculation time. Leakage loss and mechanical loss were
calculated using empirical formulas as given in the literature
and used in the turbine efficiency calculation.

Mesh is generated with ANSYS MESH software. Number
of elements for each PAT and area weighted average of y+

values on blade are in shown in Table 3.

Table 3: Mesh characteristics

PAT#l PAT#2 PAT#3
Number of 6930647 2642557 7428629
elements
Area weighted
average of y+ 139 325 440

values on blade

Meshing views of the PATs are shown in Figure 2.



c)
Figure 2 : View of mesh a) PAT #1 b) PAT #2
c) PAT #3

3.2 NUMERICAL RESULTS

Convergence criteria is selected such that the residuals of
continuity, momentum and turbulence drop below 10
Calculations are be repeated for different flow rates.

In PAT design, the priority is to achieve the most efficient
turbine with least changes on the pump design. Since hydraulic
geometry is constructed for pump mode operation, flow
separations and friction losses are inevitable in turbine mode.

Velocity and pressure distributions are examined for three
different PATs at their BEP.

Velocity and pressure distributions of PAT #1 in meridional
and radial sections at 156 m*/h are shown in Figure 3. It is seen
that flow separation mainly occur at the impeller. Flow is rather
smooth in the volute casing. Blade inlet angle and angle
distributions over the blade, which is designed for the pump,
have great impact flow separations. Static pressure distribution
shows that energy is absorbed from periphery to center.

a) Velocity vectors in meridional view



b) Pressure distribution in meridional view

¢) Velocity vectors in radial section

d) Pressure distribution in radial section

Figure 3: Velocity and pressure distributions of PAT #1 at 156
m’/h

Velocity and pressure distributions of PAT #2 in meridional
and radial sections at 250 m*/h are shown in Figure 4. It is seen
that the flow is quite uniform in the volute casing. On the other
hand excessive deceleration is observed in the impeller
passages. Static pressure distribution shows that energy is
absorbed from periphery to center.

a) Velocity vectors in meridional view



Velocity and pressure distributions of PAT #3 in meridional
and radial sections at 570 m*h are shown in Figure 5. The
result reveal that, unlike the other two PATs, impeller and
diffuser blade angles suit well for turbine mode operation. In
that sense no flow seperation is observed. An uniform pressure
distribution along the tangential direction is achieved.
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a) Velocity vectors in meridional view

b) Pressure distribution in meridional view
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¢) Velocity vectors in radial section

d) Pressure distribution in radial section

Figure 4: Velocity and pressure distributions of PAT #2 at 250
m'h ¢) Velocity vectors in radial section



Experimental results of H-Q and P-Q curves of PAT #2
overlap with the numerical results as seen in Figure 7.
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5. COMPARISON OF EXPERIMENTAL RESULT AND
EMPIRICAL FORMULAS

PAT performances at the best efficiency point are
compared with the empirical results from the literature.

As it is seen in Figure 9, predicted PAT performance points
using empirical formulas for PAT #1 and #2 are consistent with
experimental result, unlike PAT #3. Also, it should be noted that
the empirical formulas can only yield the BEP at the PAT.
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Figure 9: Comparison of experimental results with empirical
equations a) PAT #1 b) PAT #2 c) PAT #3

6. RESULTS

PAT performances were analyzed numerically and
empirically by selecting three pumps including an end suction,
a double suction and a multistage pump. Results were
compared with PAT experiments. For all three PAT performance
predictions, the numerical results were found to be consistent
with the experiments.

Empirical formulas are found to be successful in
predicting the BEP of PATs #1 and #2. This success could not
be achieved in PAT #3. Therefore, it would not be right to
generalize that the empirical relations are an absolutely reliable
selection method. In addition, we can only estimate one point
on the PAT performance curve with these methods.

It is considered that CFD simulations are necessary for a
correct PAT selection. Nevertheless, it is seen that empirical
relations can be used as an auxiliary tool for the selection of the
PAT.
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