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validated assumptions, one can develop a
ABSTRACT
methodology for computing the turbomachinery
flow, so that very good and engineering useful
This paper presents the numerical investigation of
results are obtained [5].
the 3D flow in the impeller and the suction-elbow
However, computing the real flow
of a storage pump by using commercial code
(unsteady and turbulent) through the whole storage
FLUENT 6.0. First the investigated centrifugal
pump requires large computer memory and CPU
pump is described, then the equations that governs
time even for our days computers. As a result, a
the flow and the boundary conditions imposed and
simplified simulation technique must be employed
in the end the results of the flow simulation.
to obtain useful results for pump analysis, using
currently available computing resources.
KEYWORDS
storage pump, numerical investigation, turbulent
flow
NOMENCLATURE
cp 

p  p IN
[-]
gH

pressure coefficient
[m/s2]

g

2.
COMPUTATIONAL DOMAIN,
EQUATIONS AND BOUNDARY
CONDITIONS
The investigated storage pump has two stages with
the impellers situated in opposition and a suctionelbow of complex geometry, Figure 1. Each
impeller has five blades, Figure 2.
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turbulent kinetic energy
1.

INTRODUCTION
The progress in the field of Computational
Fluid Dynamics (CFD) has made this technology an
important tool in analysis and design of hydraulic
turbomachinery. The turbomachinery flow is
essentially unsteady due to the rotor-stator
interaction. On the other hand, rigorously speaking,
the geometrical periodicity of the rotor blade
channels cannot be used since there are differences
in the flow from one inter-blade channel to another.
However, with carefully chosen and experimentally

Figure 1. Cross section through the storage pump

Figure 2. Isometric view of the storage pump
impeller
The computational domain includes only the
impeller of the centrifugal pump. For the numerical
investigation only one inter-blade channel is used
because of the symmetry of the geometry.
Figure 3 shows the 3D computational domain with
boundary conditions corresponding to an inter-blade
channel of the impeller. The computational domain
is bounded upstream by an annular section
(wrapped on the same annular surface as the suction
outlet section, but different in angular extension)
and extends downstream up to cylindrical patch, in
order to impose the boundary conditions on the
outlet section.

Figure 4. Mesh generated on the 3D computational
domain of the inter-blade channel
For the flow analysis presented in this paper we
consider a 3D turbulent flow model. A steady
relative 3D flow is computed,
 V  0

(1a)
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The numerical solution of flow equations (1a) and
(1b) is obtained with the expert code FLUENT 6.0,
[3], using a Reynolds-averaged Navier-Stokes
(RANS) solver. As a result, the viscosity coefficient
is written as a sum of molecular viscosity µ and
turbulent viscosity µT, and the last term in the righthand-side of (1b) becomes     T V  .
For the first case, when only the impeller
domain is considered, we solve a relative flow, in a
rotating frame of reference with angular speed
ω  k ( k being the unit vector of the pump axis
direction).
By introducing the relative velocity

Figure 3. Isometric view of the inter-blade channel
of the impeller
The inter-blade channel domain is discretized with
500k cells using a structured mesh coupled with a
special boundary layer discretization on the blade
faces, see Figure 4.
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with r the position vector, the left hand side of (1b)
becomes
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An important assumption used in the present
computation is that the relative flow is steady. This

simplifies (3) by removing the first and last terms,
and also allows the computation of impeller flow on
a single inter-blade channel. The turbulent viscosity
is computed using the RNG model.
On the inlet surface of the impeller a
constant velocity field was imposed normal on the
surface. The velocity magnitude is computed using
the flow rate of the operating point:
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For the outlet section the outflow condition
is imposed. That means both flow and turbulent
quantities remain unchanged downstream to the
outlet section.
On the periodic surfaces of the impeller the
periodicity of the velocity, pressure and turbulence
parameters were imposed:
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3.
NUMERICAL RESULTS
The pumping head is determined using the
following equation:
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We investigated five operating points of the pump
with the characteristics given in the table 1:
Table 1: Operating points of the centrifugal pump
Operating
Parameter
Symbol
Value
point
Rotational
n [rot/min]
1500
speed
Flow rate
Q [m3/s]
1
1
Pumping
H [m]
319
head
Hydraulic
Pu=ρgQH[k 3128.2
power
W]
73
Rotational
n [rot/min]
1500
speed
3
Flow rate
Q [m /s]
1.1
2
Pumping
H [m]
300
head
Hydraulic
Pu=ρgQH[k 2941.9
power
W]
5
Rotational
n [rot/min]
1500
speed
3
Flow rate
Q [m /s]
1.2
3
Pumping
H [m]
265.45
head
Hydraulic
Pu=ρgQH[k 2603.1
power
W]
35
Rotational
n [rot/min]
1500
speed
4
Flow rate
Q [m3/s]
0.9
Pumping
H [m]
336
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And the error is calculated with the equation (7):
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The results of the numerical simulation compared
with the ones given by the pump producer are
presented in table 2 and figure 5:
Table 2: Pumping head values resulted from the
numerical simulation and given by the pump
producer
Q
HFLUENT
Hcatalog
ε
[m3/s]
[m]
[m]
[%]
0.8
184.59
175
5.48
0.9
177.7
168
5.46
1
167.62
159.5
5.09
1.1
155.42
150
3.61
1.2
143.57
132.725 8.17

Figure 5. Pumping head vs. flow rate for the
investigated operating points

Figure 6. Efficiency vs. flow rate for the
investigated operating points

The efficiency of the impeller is determined using
the equation:
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The pressure coefficient is calculated with
the following relation:
cp 

(8)

M 

The results of the numerical simulation compared
with the ones given by the pump producer are
presented in table 3 and figure 6:
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The distribution of the pressure coefficient along
the pressure side and suction side of the blade for all
five operating points are presented in figure 7 to 11

Table 3: Efficiency values resulted from the
numerical simulation and given by the pump
producer
Q
HFLUENT ηcatalog ηFLUENT
[m3/s]
[m]
[%]
[%]
0.8
184.59
83
88.75
0.9
177.7
86
91.12
1
167.62
87
90.65
1.1
155.42
85
92.30
1.2
143.57
80
93.08

.

Figure 7. Pressure coefficient distribution along the blade for Q = 0.8 m3/s

Figure 8. Pressure coefficient distribution along the blade for Q = 0.9 m3/s

Figure 9. Pressure coefficient distribution along the blade for Q = 1.0 m3/s

Figure 10. Pressure coefficient distribution along the blade for Q = 1.1 m3/s

Figure 11. Pressure coefficient distribution along the blade for Q = 1.2 m3/s
From figure 7 to 11 one can observe that the
minimum value of the pressure coefficient is
located on the leading ege and this value is
decreasing while the flow rate goes up.
The NPSHr (Net Positive Suction Head required) is
defined as:
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where the variables with subscript (i) correspond to
the averaged one on inlet section of the impeller.

In figure 12 the NPSHr distribution on the
impeller blades is plotted for the five investigated
operating points.
It is well known, the maximum risk of cavitation
occurs where the largest NPSHr value
(corresponding to minimum pressure) is obtained.
Due to the sharpness of the leading edge, the
maximum NPSHr value appears at the junction
between blade suction side and the crown near to
the leading edge (the red spots in Figure 12). The
value of the NPSHr rises with the rise of the flow
rate and so the risk of cavitation is higher.

Figure 12 NPSHr on the blades of the impeller for Q = 0.8 ÷ 1.2 m3/s

4.

CONCLUSIONS
The paper presents a numerical study of the 3D
flow in the impeller of a storage pump.
Comparison between numerical results and data
given by the pump producer is presented.
A particular attention is paid to the analysis of
the flow on the impeller blade. The numerical
simulation predicts a minimum pressure on the
suction side near the crown, in agreement with
experimental observations.
The cavitation risk for the bigger flow rates is
higher than for the smaller flow rates.
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