
The Pump Handbook Series 115

CENTRIFUGAL PUMPS 

HANDBOOK

LOCATION
A vertical turbine, mixed flow

or axial flow pump’s location in a
sump is critical to good perfor-
mance. Figures 1 and 2 provide
good design criteria for sump lay-
out. These criteria are based on a
maximum bell entrance velocity
of 6 ft/s. However, because bell
diameters vary from manufacturer
to manufacturer, these ratios must
be adjusted to accommodate the
differences. 

According to the U.S. Army
Corps of Engineer’s design guide,
”For satisfactory pump perfor-
mance based on research and pro-
totype experience, recommended
submergence, S, should be 1.25 D
or greater, and the dimensionless
flow ratio through the individual
pump should not exceed a value
of 0.40 for: 

Q/ √gD5

where 

Q= discharge, cfs

D= pump bell diameter, ft

g=  acceleration due to gravity, 
32.2 ft/s2

Submergences that are less
than, and flow rates that exceed
the above limits were investigated,
and more complex designs were
required for satisfactory hydraulic
performance.”

The recommendation of 1.25
D minimum submergence is suit-
able for storm water and flood
control pumps (provided a vortex
supressor beam is used as illus-
trated by Figure 2); however, for
continuous service pumps a sub-
mergence of 1.75 D is recom-
mended. If the submergence is
less than these values, the bell
diameter must be enlarged. For
instance, to meet a 1.25 D sub-
mergence value, the bell diame-
ter should be enlarged to produce

positive suction head (NPSH), the
noise created by a vortex comes
and goes as the vortex comes and
goes. To mitigate submerged vor-
tex formation, apply the following
strategies:
• Place a cone under the bell.

• Employ splitters.

• Fill-in intake corners.

• Use diffuser screens.

HIGH VELOCITY
As a rule, high velocity to a

pump in the intake and/or at the
bell leads to reduced life of the
pump. For a given head and capac-
ity, today’s pumps operate at
approximately double the speed of
the pumps in use before the
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an average entrance velocity of 3.3
ft/sec. This velocity may be a bit
conservative, but the cost of enlarg-
ing the diameter is low and the bene-
fits are tangible. 

VORTICES
If a vortex still occurs after you

have followed the above guidelines, it
is not generally difficult to alleviate. It
takes very little energy to form a vor-
tex; therefore, it takes very little ener-
gy to get rid of it! 

Submerged vortices, however,
can be troublesome. These vortices
will touch the floor and/or wall of an
intake. They are the result of swirling
masses of water next to or under the
pump and are not continuous.
Although submerged vortices sound
like cavitation due to the lack of net
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1960’s. The net result of these higher
speeds is a drastically increased fre-
quency of pump repairs. Slowing
down continuous service pump
speeds may be more expensive ini-
tially but the long-run savings on
maintenance will more than compen-
sate for the increased pump costs. 

A high velocity stream aimed at
or near the pump could also be a
source of premature failure. A fluid
force of this nature should be dif-
fused by piling, screens or walls in
front of the conduit outlet. Figure 3
provides a simplified depiction of dis-
tances required to diffuse a high
velocity flow out of a conduit. 

The breakup of jet streams can
be achieved by baffles as shown in
Figure 4. This configuration also pro-
motes better distribution to multiple
pumps. 

DIVIDING WALLS
Because short dividing walls are

not recommended, they are not pic-
tured in any of the figures. (Figure 1
shows no dividing wall while Figures
2 and 4 show long dividing walls.)
With multiple pump stations, the
front of the short walls can propagate
vortices when one or more pumps
are out of service. So it is better to
have no walls than short walls. Long
walls provide easy support for the
pumps, as well as drainage for indi-
vidual pump sumps when stop logs
are used. 

INTAKE TESTS
When guidelines such as those

published by the Hydraulic Institute
and the British Hydro-mechanics
Research Association (BHRA) cannot
be followed, model intake tests
should be performed, especially for
pumps larger than 50,000 gpm.  ■
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U.S. Army Corps of Engineer’s Design Instructions for Flood
Control Pumps
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