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The flow field in volute and circular casings interacting with a centrifugal impeller is obtained
by numerical analysis. In the present study, effects of the volute and circular casings on the
flow pattern have been investigated by successively combining a volute casing and a circular
casing with a single centrifugal impeller. The numerical calculations are carried out with a
multiple frame ofreference to predict the flow field inside the entire impeller and casings. The
impeller flow field is solved in a rotating frame and the flow field in the casings in a stationary
frame. The static pressure and velocity in the casing and impeller, and the static pressures and
secondary velocity vectors at several cross-sectional planes of the casings are calculated. The
calculations show that the curvature of the casings creates pressure gradients that cause
vortices at cross-sectional planes of the casings.
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1 INTRODUCTION

The three dimensional flow pattern inside the
volute and circular casings of centrifugal pumps
are strongly influenced by secondary flows that are
created by the curvature of the casing passages. The
flow pattern in casings also affects the performance
of the pump.

In recent years improved computational algo-
rithms and hardware development have contrib-
uted to enhance CFD capability. It is now feasible

to use CFD codes for a realistic prediction of
the complex 3D turbulent flow in the entire pump.
The objective of this study is to investigate the
secondary flow in volute and circular casings of
centrifugal pumps. Several numerical calculations
are carried out with a multiple frame of reference to

predict the flow pattern inside the entire impeller
and casing, whereby the impeller flow field is solved
in a rotating frame, and the casing in a fixed one.
The two frames of reference are connected in such a

way that they each have a fixed relative position
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throughout the calculation. The appropriate trans-
formation occurs across a sliding interface without
any interface averaging. This approach accounts
for interaction between the two frames. The present
calculations are done using a commercially avail-
able software package TASCflow (1995).

IMPELLER AND CASING GEOMETRY
AND TEST CONDITIONS

The impeller employed in this analysis is a com-
mercial one with axial inlet and radial outlet and
was designed to operate at the following design
point:

Mass flow rate /Vhop 730.0 kg/s,
Head H 46.68 m,

Speed n 1482 rpm.

The impeller is shrouded and has five backswept
blades. The blade profile varies between the hub and
the shroud. The blade angle at the inlet varies from
18.5 (from tangential) at the shroud to 30.0 at the
hub. The blade angle at the outlet is 23.5 At the
outlet the impeller has a diameter of d2 508 mm
and a width ofb2 72.5 mm. The shape ofthe single
volute casing is derived on the basis of the theory of
a constant average velocity for all sections of the
volute, according to Stepanoff (1949). This means
that volute areas increase proportionally to their
angular advancement from the volute tongue. The
volute has a width of b3 94.3 mm and a base circle
with a diameter of d3 538 mm. Three volute area

geometries having different opening angles ofcasing
side walls 0 30, 50 and 70 were examined in
these studies. The circular casing is of a constant
axial depth of b--217.5 mm throughout and has a
diameter of d4 700 mm.

3 COMPUTATIONAL METHOD

3.1 Governing Equations and Numerical Scheme

The flow solver of the CFD code employs for in-
compressible turbulent flow the continuity equation

and the 3D time-averaged Navier-Stokes equa-
tions (Reynolds equations). The eddy viscosity
assumption is used to model the Reynolds stresses.
The turbulent viscosity is determined by means of
the standard k-e turbulence model. The walls are
modeled using a log-law wall function. The trans-

port equations are discretized using the conserva-
tive finite volume method. For the present study
the advection terms in the integral equations are
modeled employing a second order accurate skewed
upwind differencing scheme with physical advec-
tion correction. The software is well documented.

3.2 Computational Domain, Grid Generation
and Boundary Conditions

The grid of the impeller models all impeller blades
and passages, and has a total of 55 860 nodes, as
shown in Fig. 1. The grids of the volute and the

Impeller

Volute casing

Discharge nozzle

Circular casing

FIGURE Grids of the computational domains.
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circular casings were both generated in two blocks
(one for the casing and one for the discharge nozzle)
for a total of 57 816 nodes for volute casing and
34 317 nodes for the circular casing, Fig. 1.
At the inlet of the computational domain, the

mass flow rate in the absolute frame of reference,
turbulence intensity, length scale and the reference
pressure at one grid point are specified. The inlet
velocity vector is in the axial direction. The blades,
hub and shroud surfaces and casings surfaces
are modeled as solid walls. All periodic grid sur-
faces are defined as periodic boundary conditions.
The fluid variables are extrapolated at the outlet
of the discharge nozzle sectional plane. The grids
of the impeller and the casing are connected by
means of a sliding interface. The sliding interface is
a frozen rotor interface. It means the reference
change occurs as the flow crosses the interface

without imposing any circumferential averaging.
The two components remain fixed for the entire
simulation.

4 RESULTS

The entire three-dimensional quasi-steady flow
field in the centrifugal impeller, volute and circular
casings, is obtained by numerical analysis. The
fringed contours of static pressure and velocity
distributions at midspan of the impeller and vol-
ute casings at the design point are shown in Figs. 2
and 3, respectively. According to Fig. 2 the static

pressure distribution shows some negligible circum-
ferential nonuniformity at the impeller outlet. This
effect results in the well-known radial thrust which
is normally zero at best efficiency point for low
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FIGURE 2 Pressure distribution at the midspan of the impeller and volute casing of the centrifugal pump at the design point.
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FIGURE 3 Velocity distribution at the midspan of the impeller and volute casing of the centrifugal pump at the design point.

specific speeds and for higher specific speeds very
small. As shown in Fig. 3, the maximum relative
velocity is at the impeller periphery. At some re-

gions of the volute casing the absolute velocities are

very low. These regions are the center of vortices in
the casing (see Fig. 4). The secondary flow at the
volute casing is investigated at different cross-
sectional planes by different angular advancements
from the volute tongue, shown at the lower part of

Fig. 3. The secondary velocity vectors arising from
the passage curvature (centrifugal forces) and
boundary layers are identified in Fig. 4. These
vectors are the projections of the calculated velocity
vectors onto the investigated cross-sectional planes.
As depicted in Fig. 4 the high velocity core in the
volute is driven by the impeller. Radial outward
orientated components of the absolute velocity

exist at the shroud side and inward orientated
components exist at the hub side of the volute
walls. As a parameter, the opening angle 0 of the
volute side walls was varied. The results of the
calculated secondary velocity vectors at two dif-
ferent angular advancements are shown in Figs. 5
and 6. Figure 5 shows for 48 at 0 30 nearly
the same secondary vectors as in Fig. 4 for the same- and 0-values, although the mass flow is slightly
different (in Fig. 5 /4///4/op 0.93). Figure 6 also
represents the pressure distribution at the cross-
sectional plane at =273. According to this
figure, there exist large radial pressure gradients in
the volute. These pressure gradients effect radial
velocities and reverse them near the side walls. The
fringed contours of static pressure and velocity dis-
tributions at midspan of the impeller and circular
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FIGURE 4 Secondary flow at different cross-sectional
planes (Fig. 3) of the volute casing with an opening angle of
casing side walls of 0= 30 at angular advancements of

17, 48, 90, 175 and 228 at the design point.
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hub

0 50

FIGURE 5 Influence of geometry of the volute area on sec-
ondary flow at an angular advancement of =48 at
rh 676.3 kg/s (th/thop 0.93).

casings at the design point are shown in Fig. 7.
As in the volute casing, the flow at the impeller
periphery does not have a uniform static pressure
distribution. The nonuniformity is even more
dominant. The flow in the circular casing is split
into two parts. The first part, which can be observed
at low angular advancements, is inactive, and cir-
culates in the casing. The second part is active, and
carries the impeller mass flow out through the
discharge nozzle. This part forms a nearly volute
body of liquid inside the casing (Stepanoff, 1949).
Figure 8 shows the secondary velocity vectors
and pressure distribution at a circular casing

cross-sectional plane with an angular advancement
of p- 88

5 CONCLUSION

The results obtained show that the flow in the
volute and circular casing of centrifugal pumps are
highly three-dimensional. The presence of strong
secondary flows in the casings was confirmed. The
results indicate that reliable CFD codes for 3D
viscous flow analysis are very powerful instruments
to improve our understanding of the extremely
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FIGURE 6 Influence of geometry of the volute area on secondary flow and pressure distribution in the cross-sectional plane of
the volute at an angular advancement of 273 at rh 676.3 kg/s (////hop 0.93).

complex internal flows in turbomachines. The
results provide insights into the development of
secondary flows in casings of centrifugal pumps
under the influence of centrifugal forces caused by
passage curvature.

NOMENCLATURE

b width of circular casing (mm)
b2 impeller width (mm)

b_ volute width (mm)
Cp pressure coefficient

d2 impeller outlet diameter (mm)
d3 diameter of volute base circle (mm)
d4 diameter of circular casing (mm)
H Head (m)
rh mass flow rate (kg/s)
n rotating speed (min-1)
p static pressure (Pa)
u2 circumferential speed (m/s)
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FIGURE 7 Pressure and velocity distribution at the midspan of the impeller and in the circular casing at the design point.
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FIGURE 8 Secondary flow and pressure distribution at the cross section of circular casing at # 88 at the design point.
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absolute velocity (m/s)
relative velocity (m/s)
angular advancement (deg.)
opening angles of volute side wall (deg.)
fluid density (kg/m3)
angular velocity (s-1)
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