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PUMP CLINIC 8
START-UP AND OPERATION OF CENTRIFUGAL PUMPS

OPERATION
Pumps are generally selected for a given capacity and total head when operating at rated speed.
These characteristics are referred to as ‘rated conditions of service’ and, with few exceptions,
represent those conditions at or near which the pump will operate the greatest part of the time.
Positive displacement pumps can not operate at any greater flows than rated, except by increasing
the speed; nor can they operate at lower flows except by reducing their operating speed or
bypassing some of the flow back to the source of supply.
On the other hand, centrifugal pumps can operate over a wide range of capacities, from near zero
flow to well beyond the rated capacity. Because a centrifugal pump will always operate at the
intersection of its head-capacity and system-head curves, the pump operating capacity may be
altered either by throttling the pump discharge (hence altering the system-head curve, or by varying
the pump speed (changing the pump head-capacity curve).
This makes the centrifugal pump very flexible in a wide range of services and applications which
require the pump to operate at capacities and heads differing considerably from the rated conditions.
There are, however, some limitations imposed upon such operation by hydraulic, mechanical, or
thermodynamic considerations.

Operation of Centrifugal Pumps at Reduced Flows
There are certain minimum operating flows which must be imposed on centrifugal pumps for either
hydraulic or mechanical reasons. Four limiting factors must be considered:
·
·
·
·

Radial thrust
Temperature rise
Internal recirculation
Shape of the power curve

For sustained operation, it is imperative to adhere to the minimum flow limits recommended by the
pump manufacturer
The thermodynamic problem that arises when a centrifugal pump is operated at extremely reduced
flows is caused by the heating up of the liquid handled.
The difference between the power consumed and the water power developed represents the power
losses in the pump, except for a small amount lost in the pump bearings. These power losses are
converted to heat and transferred to the liquid passing through the pump.
If the pump were to operate against a completely closed valve, the power losses would be equal to
the shutoff power and since there would be no flow through the pump, all this power would go into
heating the small quantity of liquid contained in the pump casing. The pump casing would heat up,
and a certain amount of heat would be dissipated by radiation and convection to the atmosphere.
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However, because the temperature rise in the liquid pumped could be quite rapid, it is generally
safer to ignore the dissipation of heat through radiation and the absorption of heat by the casing.
Calculations for determining the temperature rise in the liquid are available from Kelair.
The maximum permissible temperature rise in a centrifugal pump varies over a wide range,
depending on the type of service and installation. The minimum capacity based on thermodynamic
considerations is then established as that capacity at which the temperature rise is the maximum
permitted.
There are also hydraulic considerations which may affect the minimum flow at which a centrifugal
pump can operate. In recent years, correlation has been developed between operation at low flows
and the appearance of hydraulic pulsations both in the suction and in the discharge of centrifugal
impellers.
It has been proven that these pulsations are caused by the development of an internal recirculation
at the inlet and discharge of an impeller at certain flows below the best efficiency capacity. The
pump manufacturer’s recommendations on minimum flows dictated by these considerations should
always be followed.
The NPSHR curve becomes increasingly unstable at low flows. As a rule of thumb, do not operate
pumps at flowrates lower than that equivalent to the left-hand end of the NPSHR curve. This rule
has to be considered in conjunction with other issues detailed in this section.

Priming
With the exception of self-priming pumps, no centrifugal pump should ever be started until it is fully
primed. That is, until it has been filled with the liquid pumped and all the air contained in the pump
has been expelled.
Reciprocating pumps of the piston or plunger type are, in principle, self-priming. However, if quick
starting is required, priming connections should be piped to a supply above the pump.
Positive displacement pumps of the rotating type, such as rotary or screw pumps, have clearances
that allow the liquid in the pump to drain back to the suction. When pumping low viscosity liquids,
the pump may completely dry out when it is idle. In such cases, a foot valve should be used to help
keep the pump primed. Alternately, a vacuum device may be used to prime the pump.
When handling liquids of higher viscosity, foot valves are usually not required because liquid is
retained in the clearances and acts as a seal when the pump is restarted. However, before the initial
start of a rotating positive displacement pump, some of the liquid to be pumped should be introduced
through the discharge side of the pump to wet the rotating element.
The various methods and arrangements used for priming pumps are available from Kelair.

FINAL CHECKS BEFORE START-UP
A few last-minute checks are recommended before a pump is placed into service for its initial start.
·

Lubricate the bearings with fresh grease if the pump has been standing for a long time
since delivery. With oil-lubricated bearings, fill the bearing housing with the correct
quantity and quality of oil (as per manufacturer’s recommendations).

·

Open any sealing and cooling liquid valves where applicable. A mechanical seal should
not normally show a leak, but a soft-packed gland should drip during the start-up period
and be adjusted as required.
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·

Check that the cooling/sealing liquid outlet pipes are not blocked, where applicable.

·

Fill the pump casing by opening the suction valve, or through a filling pipe. Vent
casings by opening the discharge valve, or ventcocks when fitted.

·

Ensure the pump shaft turns freely by hand. If it does not, check for foreign matter in
the pump, an over-tightened gland or pipe stresses causing the impeller to seize in the
casing.

·

Check the direction of rotation by running the motor for a few seconds.

It is recommended when checking the direction of rotation, that coupling halves are
disconnected to eliminate the risk of loosening the impeller, which could cause damage to
the pump.

Starting and Stopping Procedures
The steps necessary to start a centrifugal pump depend upon its type and upon the service on which
it is installed. For example, standby pumps are generally held ready for immediate starting. The
suction and discharge gate valves are held open and reverse flow through the pump is prevented by
the check valve in the discharge line.
The methods followed in starting are greatly influenced by the shape of the power-capacity curve of
the pump. High and medium head pumps (low and medium specific speeds) have power curves
that rise from zero flow to the normal capacity condition. Such pumps should be started against a
closed discharge valve to reduce the starting load on the driver.
A check valve is equivalent to a closed valve for this purpose, as long as another pump is already on
the line. The check valve will not lift until the pump being started comes up to a speed sufficient to
generate a head high enough the lift the check valve from its seat. If a pump is started with a closed
discharge valve, the recirculation bypass line must be open to prevent overheating. If a bypass line
is not installed, start the pump with the discharge valve cracked open.
Low head pumps (high specific speed) of the mixed flow and propeller type, have power curves that
rise sharply with a reduction in capacity; they should be started with the discharge valve wide open
against a check valve, if required to prevent backflow.
Assuming that the pump in question is motor-driven, that its shutoff power does not exceed the safe
motor power, and that it is to be started against a closed or cracked open gate valve, the starting
procedure is as follows:
1. Prime the pump, opening the suction valve, closing the drains, etc to prepare the pump
for operation.
2. Open the valve in the cooling water supply to the bearings, where applicable.
3. Open the valve in the cooling water supply if the stuffing boxes are water-cooled.
4. Open the valve in the sealing liquid supply if the pump is so fitted.
5. Open the warn-up valve of a pump handling hot liquids if the pump is not normally kept
at operating temperature. When the pump is warmed up, close the valve.
6. Open the valve in the recirculating line if the pump should not be operated against dead
shutoff (if fitted) or slightly crack open the discharge valve.
7. Start the motor.
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8. Open the discharge valve slowly.
9. Observe the leakage from the stuffing boxes and adjust the sealing liquid valve for
proper flow to ensure the lubrication of the packing. If the packing is new, do not tighten
up on the gland immediately, but let the packing run in before reducing the leakage
through the stuffing boxes.
10. Check the general mechanical operation of pump and motor eg; bearing temperature,
noise vibration.
11. Close the valve in the recirculating line once there is sufficient flow through the pump to
prevent overheating.
If the pump is to be started against a closed check valve with the discharge gate valve open, the
steps are the same, except the discharge gate valve is opened prior to the motor being started.
In certain cases, the cooling water to the bearings and the sealing water to the seal cages are
provided by the pump. This, of course, eliminates the need for the steps listed for the cooling and
sealing supply.
Just as in starting a pump, the stopping procedure depends upon the type and service of the pump.
Generally the steps followed to stop a pump which can operate against a closed gate valve are:
1) Open the valve in the recirculating line.
2) Stop the motor.
3) Close the gate valve.
4) Open the warm-up valve if the pump is to be kept at operating temperature.
5) Close the valve in the cooling water supply to the bearings and to the water-cooled
stuffing boxes.
6) If the sealing liquid supply is not required while the pump is idle, close the valve in this
supply line.
7) Close the suction valve, open the drain valves, etc as required by the particular
installation or if the pump is to be opened up for inspection.
In general, the starting and stopping of steam-turbine-driven pumps require the same steps and
sequence prescribed for a motor-driven pump. As a rule, steam turbines have various drains and
seals which must be opened or closed before and after operation. Similarly, many turbines require
warming up before starting.
Finally, some turbines require turning gear operation if they are kept on the line ready to start up.
The operator should therefore follow the steps outlined by the turbine manufacturer in starting and
stopping the turbine.
Most of the steps listed for starting and stopping centrifugal pumps are equally applicable to positive
displacement pumps. There is, however, a notable exception and that is:

Never operate a positive displacement pump against a closed discharge. If the gate valve
on the discharge must be closed, always start the pump with the recirculation bypass valve
open.
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Auxiliary Services on Standby Pumps
Standby pumps are frequently started up from a remote location, and several methods of operation
are available for the auxiliary services, such as the cooling water supply to the bearings or to watercooled stuffing boxes:
a) A constant flow may be kept through the bearing jackets, seal plates, oil coolers and
through the stuffing box lantern rings, whether the pump is running or on standby service.
b) The service connections may be opened automatically whenever the pump is started up
eg via solenoid valves.
c) The service connections may be kept closed while the pump is idle, and the operator may
be instructed to open them shortly after the pump has been put on line automatically.
The choice among these methods must be dictated by the specific circumstances surrounding each
case. There are, however, certain cases where sealing liquid supply to the pump stuffing boxes
must be maintained, whether the pump is running or not. This is the case when the pump handles a
liquid which is corrosive to the packing or which may crystallise and deposit on the shaft sleeves. It
is also the case when the sealing supply is used to prevent air infiltration into a pump when it is
operating under a vacuum.
Restarting Motor-Driven Pumps after Power Failure
Assuming that power failure will not cause the pump to go into reverse rotation, that is, that a check
valve will protect the pump against reverse flow, there is generally no reason why the pump would
be permitted to restart once current has been re-established. Whether the pump will start again
automatically when power is restored will depend on the type of motor control logic used.
Because pumps operating on a suction lift may lose their prime during the time that power is off, it is
preferable to use starters with low load protection for such installations to prevent an automatic
restart. This does not apply, of course, if the pumps are automatically primed, or if some protection
device is incorporated so that the pump can not run unless it is primed.
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