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HOW DOES A CENTRIFUGAL PUMP WORK?

@ Fluid enters the impeller axially through the eye
then by centrifugal action or force continues radially
and discharges around the entire circumference.

® The fluid in passing through the impeller receives
energy from the vanes giving an increase of
pressure and velocity.

® The kinetic (velocity) energy of the discharging
fluid is partly converted to pressure energy by
suitable design of impeller vanes and volute
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Component division

@ A centrifugal pump has two main components:
® A rotating component
® comprised of an impeller and a shaft

® A stationary component
® comprised of a volute casing, casing cover, and bearings.
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Impeller serves to convert mechanical energy of the pump into
velocity energy speed of fluid which is pumped continuously,
so that the liquid on the suction side can continually fill the
empty caused by the displacement of fluid that entered
previously.

Vanes of Impeller

Vane is blades of the impeller as a place of passage of fluid in
the impeller.

The Eye of Impeller
The eye of impeller is the entrance side of suction direction of
impeller.
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Impellers of pumps are classified based on
the number of points that the liquid can enter the
impeller and also on the amount of webbing
between the impeller blades. Impellers can be
either single- suction or double-suction.

@ A single-suction impeller allows liquid to enter
the center of the blades from only one direction.
A double-suction impeller allows liquid to enter
the center of the impeller blades from both sides

simultaneously giving twice the discharge at a
given head..
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@ Impellers designs can be
® Open,
® Semi-open,
® Enclosed.

® The open impeller consists only of blades
attached to a hub.

The semi-open impeller is constructed with a
circular plate (the web) attached to one side of
the blades.

® The enclosed impeller has circular plates
attached to both sides of the blades are also
referred to as shrouded |mpellers
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The vanes are attached to the hub. There is no shroud to support the vanes. These are
cood designs for pumping stringy materials such as paper stock.

Pump efficiency is maintained by setting a close clearance between the impeller vanes
and the volute or back plate.

Since there 15 no shroud to strengthen the vanes, their use 1s often limited to small
inexpensive pumps

The vanes are attached to the hub with a shroud on one side of the impeller. The
pump efficiency is maintained by setting a close clearance between the vanes and the
volute or back-plate.

Some of these semi-open impellers have pump out vanes on the back of the shroud
that reduce the pressure on the back of the shroud and prevent foreign matter from
lodging in back of the impeller, interfering with its operation.

In this design the vanes are attached to the hub with a shroud on either side of the
impeller. These designs maintain pump efficiency by the use of close clearance wear
rings.

Closed impellers are sensitive to clogging with solids so their use is limited to the
pumping of reasonably clear liguids.

01l refineries use closed impellers because of the problem of maintaining a close
tolerance between a semi-open impeller and the pump volute. Explosive products
would ignite if the impeller came into contact with the volute, but in the closed

impeller version soft wear rings would make the contact.
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DIFFUSER

In some pumps, diffusers are used. These
consist of a floating ring of stationary guide
vanes surrounding the impeller.

The purpose of the diffuser is to increase
the efficiency of the centrifugal pump by
allowing a more gradual expansion and less
turbulent area for the liquid to reduce in
velocity.

The diffuser vanes are designed in a manner
that the liquid exiting the impeller will
encounter an ever- increasing flow area as
it passes through the diffuser. This increase
in flow area causes a reduction in flow velocity,
converting kinetic energy into flow pressure.
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VOLUTE CASING

® The casing usually has the suction and discharge
branches arranged at the back so impeller and
spindle can be removed from the front without
breaking pipe joints. The dischar%e branch is usually
on the pump centre line so that the pump is not
'handecﬁ)' . The number of impeller vanes is not fixed
but usually there are six to ten.

® The volute casing is like a divergent nozzle which is
wrapped around the impeller and serves two main
functions

® (1) It enables velocity energy to be converted into pressure
energy, the degree of conversion is governed mainly by
the degree of divergence

® (2) It accommodates the gradual increase in quantity of
fluid that builds at discharge from the circumference of
the impeller.
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@ For the velocity to be constant the volute is

made so that cross sectional pipe area
iIncreases uniformly from cutwater to throat.

With an impeller having six vanes than the
cross sectional area of volute at first vane will
be 1/6" of the throat area as one vane is
pumping 1/6" of water quantity, similarly 1/3¢
at second vane and so on, taking vanes in
turn from cut water to throat.

® |f the discharge line were chocked or blocked
then the pump would merely churn water so
the fitting of relief valve is not essential.
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® Pumps of this type are called double volute
pumps (they may also be referred to a split
volute pumps). In some applications the double
volute minimizes radial forces imparted to the
shaft and bearings due to imbalances in the
pressure around the impeller.
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Shaft

Shaft serves to continue the torque from the drive during
operation and the seat of the impeller and other rotating parts.
- Shaft is to transmit the torques,

- Support the impeller and other rotating parts,

- Minimum clearance between the rotating and stationary parts
Loads involved are:

- Torque,

- Weight of the parts, and

- Both the radial and axial hydraulic forces.

Shaft sleeve

Shaft sleeve serves to protect the shaft from erosion,
corrosion and wear of the stuffing box. In multi-stage pump
can be as leakage joint, internal bearings and inter stage or
distance s|eeve. Mohd Hanif Dewan, Senior Lecturer, IMA,
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Wearing Rings

' Centrifugal pumps contain rotating impellers
within stationary pump casings. To allow the
impeller to rotate freely within the pump casing, a
small clearance is designed to be maintained
between the impeller and the pump casing.

' 'To maximize the efficiency of a centrifugal pump,
it is necessary to minimize the amount of liquid
leaking through this clearance from the high
pressure or discharge side of the pump back to the
low pressure or suction side
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@ Some wear or erosion will occur at the point
where the impeller and the pump casing nearly
come 1nto contact.

® This wear is due to the erosion caused by liquid
leaking through this tight clearance and other
causes.

® As wear occurs, the clearances become larger and
the rate of leakage increases. Eventually, the
leakage could become unacceptably large and
maintenance would be required on the pump
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® To minimize the cost of pump maintenance,
many centrifugal pumps are designed with
wearing rings which are replaceable rings that
attached to the impeller and/or the pump casing
to allow a small running clearance between the
impeller and the pump casing without causing
wear of the actual impeller or pump casing
material.

® These wearing rings are designed to be replaced
periodically during the life of a pump and prevent
the more costly replacement of the impeller or the
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Stuffing Box

' In almost all centrifugal pumps, the rotating shaft
that drives the impeller penetrates the pressure
boundary of the pump casing. It is important that
the pump is designed properly to control the
amount of liquid that leaks along the shaft at the
point that the shaft penetrates the pump casing.

Factors considered when choosing a method
include the pressure and temperature of the fluid
being pumped, the size of the pump, and the
chemical and physical characteristics of the fluid
being pumped.
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One of the simplest types of shaft seal is the
stuffing box which is cylindrical space in the
pump casing surrounding the shaft.

' Rings of packing material are placed in this

space to form a seal to control the rate of
leakage along the shaft.

® The packing rings are held in place by a gland

which is in turn, held in place by studs with
adjusting nuts.

@ As the adjusting nuts are tightened, they move

02/11/14

the gland in and compress the packing. This
axial compression causes the packing to
expand radially, forming a tight seal between
the rotating.shatt.and the inside wall of the
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’ The high speed rotation of the shaft generates
a significant amount of heat as it rubs against
the packing rings.

@ If no lubrication and cooling are provided to
the packing, the temperature of the packing
increases to the point where damage occurs to
the packing, the pump shaft, and possibly
nearby pump bearings.

' Stuffing boxes are normally designed to
allow a small amount of controlled leakage
along the shaft to provide lubrication and
cooling to the packing.

' The leakage rate can be adjusted by tightening
and loosening the packing gland.
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Lantern Ring

? It is not always possible to use a standard stuffing
box to seal the shaft of a centrifugal pump. The
pump suction may be under a vacuum so that
outward leakage is impossible or the fluid may be
too hot to provide adequate cooling of the
packing. These conditions require a modification
to the standard stuffing box.

' One method of adequately cooling the packing
under these conditions is to include a lantern ring
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? A lantern ring is a perforated hollow ring
located near the center of the packing box that
receives relatively cool, clean liquid from
either the discharge of the pump or from an
external source and distributes the liquid
uniformly around the shaft to provide
lubrication and cooling.

® The fluid entering the lantern ring can cool the
shaft and packing, lubricate the packing, or
seal the joint between the shaft and packing
against leakage of air into the pump in the
event the pump suction pressure is less than
that of the atmosphere.
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BALANCING HOLES IN IMPELLERS

® The impeller sometimes contains balancing holes
that connect the space around the hub to the
suction side of the impeller.

® The balancing holes have a total cross-
sectional area that is considerably greater than
the cross-sectional area of the annular space
between the wearing ring and the hub.

® The result is suction pressure on both sides of the
impeller hub, which maintains a hydraulic
balance of axial thrust.
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Centrifugal Pump Classification by Flow

® The manner in which fluid flows through the
pump is determined by the design of the pump
casing and the impeller.

® The three types of flow through a centrifugal
pump are

® Radial flow,
® Axial flow,
® Mixed flow.
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Radial Flow Pumps

In a radial flow pump, the liquid enters at the center
of the impeller and is directed out along the impeller
blades in a direction at right angles to the pump

shaft.

® The impeller of a typical radial flow pump and the
flow through a radial flow pump are shown in Figure
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Axial Flow Pumps

® In an axial flow pump, the impeller pushes the
liquid in a direction parallel to the pump shaft.

@ Axial flow pumps are sometimes called propeller
pumps because they operate essentially the same
as the propeller of a boat.

® The impeller of a typical axial flow pump and the
flow through a radial flow pump are shown in
Figure
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Mixed Flow Pumps

® Mixed flow pumps borrow characteristics from
both radial flow and axial flow pumps.

® As liquid flows through the impeller of a mixed
flow pump, the impeller blades push the liquid
out away from the pump shaft and to the pump
suction at an angle greater than 9o".

® The impeller of a typical mixed flow pump and
the flow through a mixed flow pump are shown in
Figure
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