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General Pumping Fundamentals
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Here are the important points to consider about suction piping when the liquid being pumped is below
the level of the pump:

First, suction lift is when the level of water to be pumped is below the centerline of the pump.
Sometimes suction lift is also referred to as ‘negative suction head’.

The ability of the pump to lift water is the result of a partial vacuum created at the center of the
pump.

This works similar to sucking soda from a straw. As you gently suck on a straw, you are creating
a vacuum or a pressure differential. Less pressure is exerted on the liquid inside the straw, so
that the greater pressure is exerted on the liquid around the outside of the straw, causing the
liquid in the straw to move up. By sucking on the straw, this allows atmospheric pressure to move
the liquid.

Look at the diagram illustrated as “1”. The foot valve is located at the end of the suction pipe of a
pump. It opens to allow water to enter the suction side, but closes to prevent water from passing
back out of the bottom end.

The suction side of pipe should be one diameter larger than the pump inlet. The required eccentric

reducer should be turned so that the top is flat and the bottom tapered.

Notice in illustration “2” that the liquid is above the level of the pump. Sometimes this is referred to as
‘flooded suction’ or ‘suction head’ situations.

Points to Note are:

* If an elbow and bell are used, they should be at least one pipe diameter from the tank bottom and side.
This type of suction piping must have a gate valve which can be used to prevent the reverse flow when
the pump has to be removed. In the illustrations you can see in both cases the discharge head is from
the centerline of the pump to the level of the discharge water. The total head is the difference between
the two liquid levels.



Pump Definitions (Larger Glossary in the rear of this manual)

Fluid: Any substance that can be pumped such as oil, water, refrigerant, or even air.

Gasket: Flat material that is compressed between two flanges to from a seal.

Gland follower: A bushing used to compress the packing in the stuffing box and to control leakoff.
Gland sealing line: A line that directs sealing fluid to the stuffing box.

Horizontal pumps: Pumps in which the Center line of the shaft is horizontal.

Impeller: The part of the pump that increases the speed of the fluid being handled.

Inboard: The end of the pump closest to the motor.

Inter-stage diaphragm: A barrier that separates stages of a multi-stage pump.

Key: A rectangular piece of metal that prevents the impeller from rotating on the shaft.
Keyway: The area on the shaft that accepts the key.

Kinetic energy: Energy associated with motion.

Lantern ring: A metal ring located between rings of packing that distributes gland sealing fluid.
Leak-off: Fluid that leaks from the stuffing box.

Mechanical seal: A mechanical device that seals the pump stuffing box.

Mixed flow pump: A pump that uses both axial-flow and radial-flow components in one
impeller.

Multi-stage pumps: Pumps with more than one impeller.
Outboard: The end of the pump farthest from the motor.
Packing: Soft, pliable material that seals the stuffing box.

Positive displacement pumps: Pumps that move fluids by physically displacing the fluid inside the
pump.

Radial bearings: Bearings that prevent shaft movement in any direction outward from the cen-ter line
of the pump.

Radial flow: Flow at 90° to the center line of the shaft.
Retaining nut: A nut that keeps the parts in place.

Rotor: The rotating parts, usually including the impeller, shaft, bearing housings, and all other parts
included between the bearing housing and the impeller.



Score: To cause lines, grooves or scratches.

Shaft: A cylindrical bar that transmits power from the driver to the pump impeller.
Shaft sleeve: A replaceable tubular covering on the shaft.

Shroud: The metal covering over the vanes of an impeller.

Slop drain: The drain from the area that collects leak-off from the stuffing box.
Slurry: A thick, viscous fluid, usually containing small particles.

Stages: Impellers in a multi-stage pump.

Stethoscope: A metal device that can amplify and pinpoint pump sounds.
Strainer: A device that retains solid pieces while letting liquids through.
Stuffing box: The area of the pump where the shaft penetrates the casing.
Suction: The place where fluid enters the pump.

Suction eye: The place where fluid enters the pump impeller.

Throat bushing: A bushing at the bottom of the stuffing box that prevents packing from being
pushed out of the stuffing box into the suction eye of the impeller.

Thrust: Force, usually along the center line of the pump.

Thrust bearings: Bearings that prevent shaft movement back and forth in the same direction as the
center line of the shaft.

Troubleshooting: Locating a problem.

Vanes: The parts of the impeller that push and increase the speed of the fluid in the pump.
Vertical pumps: Pumps in which the center line of the shaft runs vertically.

Volute: The part of the pump that changes the speed of the fluid into pressure.

Wearing rings: Replaceable rings on the impeller or the casing that wear as the pump oper-ates.



Understanding the Basic Pump

Pumps are used to move or raise fluids. They are not only very useful, but are excellent examples of
hydrostatics. Pumps are of two general types, hydrostatic or positive displacement pumps, and pumps
depending on dynamic forces, such as centrifugal pumps. Here we will only consider positive
displacement pumps, which can be understood purely by hydrostatic considerations. They have a piston
(or equivalent) moving in a closely-fitting cylinder, and forces are exerted on the fluid by motion of the
piston.
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BASICS OF A CENTRIFUGAL PUMP

We have already seen an important example of this in the hydraulic lever or hydraulic press, which we
have called quasi -static. The simplest pump is the syringe, filled by withdrawing the piston and emptied
by pressing it back in, as its port is immersed in the fluid or removed from it.

More complicated pumps have valves allowing them to work repetitively. These are usually check valves
that open to allow passage in one direction, and close automatically to prevent reverse flow. There are
many kinds of valves, and they are usually the most trouble-prone and complicated part of a pump. The
force pump has two check valves in the cylinder, one for supply and the other for delivery. The supply
valve opens when the cylinder volume increases, the delivery valve when the cylinder volume decreases.

The lift pump has a supply valve and a valve in the piston that allows the liquid to pass around it when
the volume of the cylinder is reduced. The delivery in this case is from the upper part of the cylinder which
the piston does not enter.

Diaphragm pumps are force pumps in which the oscillating diaphragm takes the place of the piston. The
diaphragm may be moved mechanically, or by the pressure of the fluid on one side of the diaphragm.



Some positive displacement pumps are shown below. The force and lift pumps are typically used for
water. The force pump has two valves in the cylinder, while the lift pump has a one valve in the cylinder
and one in the piston.

The maximum lift, or "suction," is determined by the atmospheric pressure, and either cylinder must be
within this height of the free surface. The force pump, however, can give an arbitrarily large pressure to
the discharged fluid, as in the case of a diesel engine injector. A nozzle can be used to convert the
pressure to velocity, to produce a jet, as for firefighting. Fire fighting force pumps usually have two
cylinders feeding one receiver alternately. The air space in the receiver helps to make the water pressure
uniform.

The three pumps on the right are typically used for air, but would be equally applicable to liquids. The
Roots blower has no valves, their place taken by the sliding contact between the rotors and the housing.
The Roots blower can either exhaust a receiver or provide air under moderate pressure, in large volumes.
The bellows is a very old device, requiring no accurate machining. The single valve is in one or both sides
of the expandable chamber. Another valve can be placed at the nozzle if required. The valve can be a
piece of soft leather held close to holes in the chamber. The bicycle pump uses the valve on the valve
stem of the tire or inner tube to hold pressure in the tire. The piston, which is attached to the discharge
tube, has a flexible seal that seals when the cylinder is moved to compress the air, but allows air to pass
when the movement is reversed.

Diaphragm and vane pumps are not shown, but they act the same way by varying the volume of a
chamber, and directing the flow with check valves.
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Types of Pumps

The family of pumps comprises a large number of types based on application and capabilities. The
two major groups of pumps are dynamic and positive displacement.

Dynamic Pumps (Centrifugal Pump)

Centrifugal pumps are classified into three general categories:

Radial flow—a centrifugal pump in which the pressure is developed wholly by centrifugal force. Mixed
flow—a centrifugal pump in which the pressure is developed partly by centrifugal force and partly by
the lift of the vanes of the impeller on the liquid.

Axial flow—a centrifugal pump in which the pressure is developed by the propelling or lifting action

of the vanes of the impeller on the liquid.
Positive Displacement Pumps

A Positive Displacement Pump has an expanding cavity on the suction side of the pump and a decreasing
cavity on the discharge side. Liquid is allowed to flow into the pump as the cavity on the suction side expands
and the liquid is forced out of the discharge as the cavity collapses.

This principle applies to all types of Positive Displacement Pumps whether the pump is a rotary lobe,

gear within a gear, piston, diaphragm, screw, progressing cavity, etc.

A Positive Displacement Pump, unlike a Centrifugal Pump, will produce the same flow at a given RPM no
matter what the discharge pressure is. A Positive Displacement Pump cannot be operated against a closed
valve on the discharge side of the pump, i.e. it does not have a shut-off head like a Centrifugal Pump does.
If a Positive Displacement Pump is allowed to operate against a closed discharge valve it will continue to
produce flow which will increase the pressure in the discharge line until either the line bursts or the pump is
severely damaged or both.

Types of Positive Displacement Pumps
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There are many types of positive displacement
pumps. We will look at:

@ Plunger pumps

<@ Diaphragm pumps

*  Progressing cavity pumps, and

@ Screw pumps
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Description

The vane(s) may be blades, buckets, rollers, or slippers that cooperate with a
dam to draw fluid into and out of the pump chamber.

Fluid is drawn in and out of the pump chamber by a piston(s) reciprocating within a
cylinder(s) and operating port valves.

Pumping and sealing depends on the elasticity of a flexible member(s) that may be a
tube, vane, or a liner.

Fluid is carried between rotor screw threads as they mesh with internal threads
on the stator.

Description

Fluid is carried between gear teeth and is expelled by the meshing of the gears that
cooperate to provide continuous sealing between the pump inlet and outlet.

Fluid is carried between rotor lobes that cooperate to provide continuous sealing
between the pump inlet and outlet.

Fluid is carried in spaces between piston surfaces not requiring contacts between
rotor surfaces.

Fluid is carried between rotor screw threads as they mesh.

In the same way, the progressing cavity and the screw are two other types of mechanical action that can
be used to provide movement of the liquid through the pump.

Plunger Pump

The plunger pump is a positive displacement pump that uses a plunger or piston to force liquid from the
suction side to the discharge side of the pump. It is used for heavy sludge. The movement of the plunger
or piston inside the pump creates pressure inside the pump, so you have to be careful that this kind of
pump is never operated against any closed discharge valve.

All discharge valves must be open before the pump is started, to prevent any fast build-up of pressure

that could damage the pump.



Diaphragm Pumps
In this type of pump, a diaphragm provides the mechanical action used to force liquid from the suction to
the discharge side of the pump. The advantage the diaphragm has over the plunger is that the diaphragm
pump does not come in contact with moving metal. This can be important when pumping abrasive or
corrosive materials.

There are three main types of diaphragm pumps available:
1. Diaphragm sludge pump
2. Chemical metering or proportional pump
3. Air-powered double-diaphragm pump

Pump Categories

Let's cover the essentials first. The key to the whole operation is, of course, the pump. And regardless of what
type it is (reciprocating piston, centrifugal, turbine or jet- ejector, for either shallow or deep well applications),
its purpose is to move water and generate the delivery force we call pressure. Sometimes — with centrifugal
pumps in particular — pressure is not referred to in pounds per square inch but rather as the equivalent in
elevation, called head. No matter; head in feet divided by 2.31 equals pressure, so it's simple enough to
establish a common figure.

Pumps may be classified on the basis of the application they serve. All pumps may be divided into two
major categories: (1) dynamic, in which energy is continuously added to increase the fluid velocities within
the machine, and (2) displacement, in which the energy is periodically added by application of force.
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Glenn

Bernoulli’'s Equation Research

Center

V = Velocity
p = Pressure
r = Density

Restrictions :
Inviscid
Steady
Incompressible (low velocity)
No heat addition.

Negligible change in height.

Along a streamline:
static pressure + dynamic pressure = total pressure

p, + %2 P,

(Ps-i- ﬂz) = (PS+ .[_\.,.2)2

Here is where Bernoulli's equation figures in. As the Walgr slows down and its kinefic energy decreases,
that water's pressure's potential energy increases (to conserve energy). Thus, the slowing is
accompanied by a pressure rise. That is why the water pressure at the outer edge of the pump housing
is higher than the water pressure near the center of the impeller. When water is actively flowing through
the pump, arriving through a hole near the center of the impeller and leaving through a hole near the
outer edge of the pump housing, the pressure rise between center and edge of the pump is not as large.

IMPELLER BLADE

INLET

FLOW TRACES

VANELESS
DIFFUSER

COMMON PUMP IMPELLER



Basic Water Pump

The water pump commonly found in our systems is centrifugal pumps. These pumps work by spinning
water around in a circle inside a cylindrical pump housing. The pump makes the water spin by pushing it
with an impeller. The blades of this impeller project outward from an axle like the arms of a turnstile and,
as the impeller spins, the water spins with it. As the water spins, the pressure near the outer edge of the
pump housing becomes much higher than near the center of the impeller.

There are many ways to understand this rise in pressure, and here are two:
CENTRIFUGAL FORCE ACTS THIS WAY

BUT RELEASED
PARTICLE GOES
THIS WAY

ROTATING CYLINDER

CENTRIFUGAL WATER EFFECTS

First, you can view the water between the impeller blades as an object traveling in a circle. Objects do
not naturally travel in a circle--they need an inward force to cause them to accelerate inward as they spin.
Without such an inward force, an object will travel in a straight line and will not complete the circle. In a
centrifugal pump, that inward force is provided by high-pressure water near the outer edge of the pump
housing. The water at the edge of the pump pushes inward on the water between the impeller blades
and makes it possible for that water to travel in a circle. The water pressure at the edge of the turning
impeller rises until it is able to keep water circling with the impeller blades.

You can also view the water as an incompressible fluid, one that obeys Bernoulli's equation in the
appropriate contexts. As water drifts outward between the impeller blades of the pump, it must move
faster and faster because its circular path is getting larger and larger. The impeller blades cause the
water to move faster and faster. By the time the water has reached the outer edge of the impeller, it is
moving quite fast. However, when the water leaves the impeller and arrives at the outer edge of the
cylindrical pump housing, it slows down.
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Types of Water Pumps

The most common type of water pumps used for municipal and domestic water supplies is
variable displacement pumps. A variable displacement pump will produce at different rates relative to
the amount of pressure or lift the pump is working against. Centrifugal pumps are variable displacement
pumps that are by far used the most. The water production well industry almost exclusively uses Turbine
pumps, which are a type of centrifugal pump.

The turbine pump utilizes impellers enclosed in single or multiple bowls or stages to lift water by
centrifugal force. The impellers may be of either a semi-open or closed type. Impellers are rotated by the
pump motor, which provides the horsepower needed to overcome the pumping head. A more thorough
discussion of how these and other pumps work is presented later in this section. The size and number of
stages, horsepower of the motor and pumping head are the key components related to the pump’s lifting
capacity.

Vertical turbine pumps are commonly used in groundwater wells. These pumps are driven by a shaft
rotated by a motor on the surface. The shaft turns the impellers within the pump housing while the water
moves up the column.

This type of pumping system is also called a line -shaft turbine. The rotating shaft in a line shaft turbine
is actually housed within the column pipe that delivers the water to the surface. The size of the column,
impeller, and bowls are selected based on the desired pumping rate and lift requirements.

Column pipe sections can be threaded or coupled together while the drive shaft is coupled and
suspended within the column by spider bearings. The spider bearings provide both a seal at the column
pipe joints and keep the shaft aligned within the column. The water passing through the column pipe
serves as the lubricant for the bearings. Some vertical turbines are lubricated by oil rather than water.
These pumps are essentially the same as water lubricated units; only the drive shaft is enclosed within
an oil tube.

Food grade oil is supplied to the tube through a gravity feed system during operation. The oil tube is
suspended within the column by spider flanges, while the line shaft is supported within the oil tube by
brass or redwood bearings. A continuous supply of oil lubricates the drive shaft as it proceeds
downward through the oil tube.

A small hole located at the top of the pump bow unit allows excess oil to enter the well. This results in
the formation of an oil film on the water surface within oil- lubricated wells. Careful operation of oil
lubricated turbines is needed to ensure that the pumping levels do not drop enough to allow oil to enter
the pump.

Both water and oil lubricated turbine pump units can be driven by electric or fuel powered motors. Most
installations use an electric motor that is connected to the drive shaft by a keyway and nut. However,
where electricity is not readily available, fuel powered engines may be connected to the drive shaft by a
right angle drive gear. Also, both oil and water lubricated systems will have a strainer attached to the
intake to prevent sediment from entering the pump.

When the line shaft turbine is turned off, water will flow back down the column, turning the impellers in a
reverse direction. A pump and shaft can easily be broken if the motor were to turn on during this process.
This is why a time delay or ratchet assembly is often installed on these motors to either prevent the
motor from turning on before reverse rotation stops or simply not allow it to reverse at all.
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There are three main types of diaphragm pumps:

In the first type, the diaphragm is sealed with one side in the fluid to be pumped, and the other in air or
hydraulic fluid. The diaphragm is flexed, causing the volume of the pump chamber to increase and
decrease. A pair of non-return check valves prevents reverse flow of the fluid.

As described above, the second type of diaphragm pump works with volumetric positive displacement,
but differs in that the prime mover of the diaphragm is neither oil nor air; but is electro-mechanical, working
through a crank or geared motor drive. This method flexes the diaphragm through simple mechanical
action, and one side of the diaphragm is open to air. The third type of diaphragm pump has one or more
unsealed diaphragms with the fluid to be pumped on both sides. The diaphragm(s) again are flexed,
causing the volume to change.

When the volume of a chamber of either type of pump is increased (the diaphragm moving up), the pressure
decreases, and fluid is drawn into the chamber. When the chamber pressure later increases from decreased
volume (the diaphragm moving down), the fluid previously drawn in is forced out. Finally, the diaphragm
moving up once again draws fluid into the chamber, completing the cycle. This action is similar to that of the
cylinder in an internal combustion engine.

Cavitation

Cavitation is defined as the phenomenon of formation of vapor bubbles of a flowing liquid in a region where
the pressure of the liquid falls below its vapor pressure. Cavitation is usually divided into two classes of
behavior: inertial (or transient) cavitation and non-inertial cavitation. Inertial cavitation is the process where a
void or bubble in a liquid rapidly collapses, producing a shock wave. Such cavitation often occurs in pumps,
propellers, impellers, and in the vascular tissues of plants. Non-inertial cavitation is the process in which a
bubble in a fluid is forced to oscillate in size or shape due to some form of energy input, such as an acoustic
field. Such cavitation is often employed in ultrasonic cleaning baths and can also be observed in pumps,
propellers etc.

Cavitation is, in many cases, an undesirable occurrence. In devices such as propellers and pumps,
cavitation causes a great deal of noise, damage to components, vibrations, and a loss of efficiency. When
the cavitation bubbles collapse, they force liquid energy into very small volumes, thereby creating spots
of high temperature and emitting shock waves, the latter of which are a source of noise. The noise created
by cavitation is a particular problem for military submarines, as it increases the chances of being detected
by passive sonar. Although the collapse of a cavity is a relatively low-energy event, highly localized
collapses can erode metals, such as steel, over time. The pitting caused by the collapse of cavities
produces great wear on components and can dramatically shorten a propeller's or pump's lifetime.

After a surface is initially affected by cavitation, it tends to erode at an accelerating pace. The cavitation pits
increase the turbulence of the fluid flow and create crevasses that act as nucleation sites for additional
cavitation bubbles. The pits also increase the component's surface area and leave behind residual stresses.
This makes the surface more prone to stress corrosion.

Impeller

An impeller is a rotating component of a centrifugal pump, usually made of iron, steel, aluminum or plastic,
which transfers energy from the motor that drives the pump to the fluid being pumped by accelerating the
fluid outwards from the center of rotation. The velocity achieved by the impeller transfers into pressure
when the outward movement of the fluid is confined by the pump casing. Impellers are usually short
cylinders with an open inlet (called an eye) to accept incoming fluid, vanes to push the fluid radically, and
a splined center to accept a driveshatft.
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Progressing Cavity Pump

PROGRESSIVE CAVITY PUMP

In this type of pump, components referred to as a rotor and an elastic stator provide the mechanical
action used to force liquid from the suction side to the discharge side of the pump. As the rotor turns
within the stator, cavities are formed which progress from the suction to the discharge end of the pump,
conveying the pumped material. The continuous seal between the rotor and the stator helices keeps the
fluid moving steadily at a fixed flow rate proportional to the pump's rotational speed. Progressing cavity
pumps are used to pump material very high in solids content. The progressive cavity pump must never
be run dry, because the friction between the rotor and stator will quickly damage the pump.

More on the Progressive Cavity Pump

A progressive cavity pump is also known as a progressing cavity pump, eccentric screw pump or even
just cavity pump and, as is common in engineering generally, these pumps can often be referred to by
using a generalized trademark. Hence names can vary from industry to industry and even regionally;
examples include: Mono pump, Moyno pump, Mohno pump and Nemo pump.

This type of pump transfers fluid by means of the progress, through the pump, of a sequence of small, fixed
shape, discrete cavities, as its rotor is turned. This leads to the volumetric flow rate being proportional to the
rotation rate (bi-directionally) and to low levels of shearing being applied to the pumped fluid. Hence, these
pumps have application in fluid metering and pumping of viscous or shear sensitive materials. It should be
noted that the cavities taper down toward their ends and overlap with their neighbors, so that, in general, no
flow pulsing is caused by the arrival of cavities at the outlet, other than that caused by compression of the fluid
or pump components.

The principle of this pumping technique is frequently misunderstood; often it is believed to occur due to
a dynamic effect caused by drag, or friction against the moving teeth of the screw rotor. However, in
reality it is due to sealed cavities, like a piston pump, and so has similar operational characteristics, such
as being able to pump at extremely low rates, even to high pressure, revealing the effect to be purely
positive displacement.
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The mechanical layout that causes the cavities to, uniquely, be of fixed dimensions as they move through
the pump, is hard to visualize (its essentially 3D nature renders diagrams quite ineffective for
explanation), but it is accomplished by the preservation in shape of the gap formed between a helical
shaft and a two start, twice the wavelength and double the diameter, helical hole, as the shaft is "rolled"
around the inside surface of the hole. The motion of the rotor being the same as the smaller gears of a
planetary gears system. This form of motion gives rise to the curves called Hypocycloids.

In order to produce a seal between cavities, the rotor requires a circular cross-section and the stator an
oval one. The rotor so takes a form similar to a corkscrew, and this, combined with the off-center rotary
motion, leads to the name; eccentric screw pump.

Different rotor shapes and rotor/stator pitch ratios exist, but are specialized in that they don't generally
allow complete sealing, so reducing low speed pressure and flow rate linearity, but improving actual flow
rates, for a given pump size, and/or the pumps solids handling ability.

DRIVE SHAFT

METAL
CASTING

FLEXIBLE
STATOR

HELICAL
SCREW
ROTOR

PROGRESSIVE CAVITY PUMP

At a high enough pressure the sliding seals between cavities will leak some fluid rather than pumping it,
so when pumping against high pressures a longer pump with more cavities is more effective, since each
seal has only to deal with the pressure difference between adjacent cavities. Pumps with between two
and a dozen or so cavities exist.
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In operation, progressive cavity pumps are fundamentally fixed flow rate pumps, like piston pumps and
peristaltic pumps, and this type of pump needs a fundamentally different understanding to the types of
pumps to which people are more commonly first introduced, namely ones that can be thought of as
generating a pressure. This can lead to the mistaken assumption that all pumps can have their flow rates
adjusted by using a valve attached to their outlet, but with this type of pump this assumption is a problem,
since such a valve will have practically no effect on the flow rate and completely closing it will involve
very high, probably damaging, pressures being generated. In order to prevent this, pumps are often fitted
with cut- off pressure switches, burst disks (deliberately weak and easily replaced points), or a bypass
pipe that allows a variable amount a fluid to return to the inlet. With a bypass fitted, a fixed flow rate pump
is effectively converted to a fixed pressure one.

At the points where the rotor touches the stator, the surfaces are generally traveling transversely, so small
areas of sliding contact occur, these areas need to be lubricated by the fluid being pumped (Hydrodynamic
lubrication), this can mean that more torque is required for starting, and if allowed to operate without fluid,
called 'run dry', rapid deterioration of the stator can result.

While progressive cavity pumps offer long life and reliable service transporting thick or lumpy fluids,
abrasive fluids will significantly shorten the life of the stator. However, slurries (particulates in a medium)
can be pumped reliably, as long as the medium is viscous enough to maintain a lubrication layer around
the particles and so provide protection to the stator.

Specific designs involve the rotor of the pump being made of a steel, coated in a smooth hard surface,
normally chromium, with the body (the stator) made of a molded elastomer inside a metal tube body. The
Elastomer core of the stator forms the required complex cavities. The rotor is held against the inside
surface of the stator by angled link arms, bearings (which have to be within the fluid) allowing it to roll
around the inner surface (un-driven). Elastomer is used for the stator to simplify the creation of the
complex internal shape, created by means of casting, and also improves the quality and longevity of the
seals by progressively swelling due to absorption of water and/or other common constituents of pumped
fluids. Elastomer/pumped fluid compatibility will thus need to be taken into account.

Two common designs of stator are the "Equal-walled" and the "Unequal walled". The latter, having
greater elastomer wall thickness at the peaks, allows larger-sized solids to pass through because of its
increased ability to distort under pressure.

PROGRESSIVE CAVITY PUMP
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Key Pump Words

NPSH: Net positive suction head - related to how much suction lift a pump can achieve by creating a
partial vacuum. Atmospheric pressure then pushes liquid into the pump. A method of calculating if the
pump will work or not.

S.G.: Specific gravity. Weight of liquid in comparison to water at approx. 20 deg ¢ (SG = 1).

Specific Speed: A number which is the function of pump flow, head, efficiency etc. Not used in day to
day pump selection, but very useful, as pumps with similar specific speed will have similar shaped
curves, similar efficiency / NPSH / solids handling characteristics.

Vapor Pressure: If the vapor pressure of a liquid is greater than the surrounding air pressure, the
liquid will boil.

Viscosity: A measure of a liquid's resistance to flow. i.e.: how thick it is. The viscosity determines
the type of pump used, the speed it can run at, and with gear pumps, the internal clearances
required.

Friction Loss: The amount of pressure / head required to 'force’ liquid through pipe and fittings.
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Screw or Auger Pump

The Archimedes' screw, Archimedean screw, or screwpump is a machine historically used for transferring
water from a low-lying body of water into irrigation ditches. It was one of several inventions and
discoveries traditionally attributed to Archimedes in the 3rd century BC.

FILL POINT

THRESHOLD LEVEL

o . SCREWS ROTATE IN A TIGHT
| e FITTING FIXED CHANNEL

AUGER PUMP

The machine consists of a screw inside a hollow pipe. Some attribute its invention to Archimedes in the 3rd
century BC, while others attribute it to Nebuchadnezzar Il in the 7th century BC. A screw can be thought of as
an inclined plane (another simple machine) wrapped around a cylinder.

The screw is turned (usually by a windmill or by manual labor) . As the bottom end of the tube turns, it
scoops up a volume of water. This amount of water will slide up in the spiral tube as the shaft is turned,
until it finally pours out from the top of the tube and feeds the irrigation system.

The contact surface between the screw and the pipe does not need to be perfectly water-tight because
of the relatively large amount of water being scooped at each turn with respect to the angular speed of
the screw. Also, water leaking from the top section of the screw leaks into the previous one and so on,
so a sort of equilibrium is achieved while using the machine, thus preventing a decrease in efficiency.

The "screw" does not necessarily need to turn inside the casing, but can be allowed to turn with it in one piece.
A screw could be sealed with pitch or some other adhesive to its casing, or, cast as a single piece in bronze,
as some researchers have postulated as being the devices used to irrigate Nebuchadnezzar IlI's Hanging
Gardens of Babylon. Depictions of Greek and Roman water screws show the screws being powered by a
human treading on the outer casing to turn the entire apparatus as one piece, which would require that the
casing be rigidly attached to the screw.
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In this type of pump, a large screw provides the mechanical action to move the liquid from the suction
side to the discharge side of the pump. Here are some typical characteristics of screw pumps:

¢ Most screw pumps rotate in the 30 to 60 rpm range, although some screw pumps are faster.
d The slope of the screw is normally either 30° or 38°.

The maximum lift for the larger diameter pumps is about 30 feet. The smaller diameter pumps have
lower lift capabilities.

OPEN SEMI-OPEN CLOSED

IMPELLER TYPES
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Centrifugal Pump

By definition, a centrifugal pump is a machine. More specifically, it is a machine that imparts energy to a
fluid. This energy infusion can cause a liquid to flow, rise to a higher level, or both.

The centrifugal pump is an extremely simple machine. It is a member of a family known as rotary
machines and consists of two basic parts: 1) the rotary element or impeller and 2) the stationary element
or casing (volute). The figure at the bottom of the page is a cross section of a centrifugal pump and shows
the two basic parts.

In operation, a centrifugal pump “slings” liquid out of the impeller via centrifugal force. One fact that must
always be remembered: A pump does not create pressure, it only provides flow. Pressure is just an
indication of the amount of resistance to flow.

Centrifugal pumps may be classified in several ways. For example, they may be either SINGLE STAGE
or MULTI-STAGE. A single-stage pump has only one impeller. A multi-stage pump has two or more
impellers housed together in one casing.

DISCHARGE

SUCTION
IMPELLER

VOLUTE CHANNEL

CENTRIFUGAL PUMP
PROGRESSIVE CAVITY TYPE
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As a rule, each impeller acts separately, discharging to the suction of the next stage impeller. This
arrangement is called series staging. Centrifugal pumps are also classified as HORIZONTAL or
VERTICAL, depending upon the position of the pump shatft.

The impellers used on centrifugal pumps may be classified as SINGLE SUCTION or DOUBLE SUCTION.
The single-suction impeller allows liquid to enter the eye from one side only. The double-suction impeller
allows liquid to enter the eye from two directions.

Impellers are also classified as CLOSED or OPEN. Closed impellers have side walls that extend from
the eye to the outer edge of the vane tips. Open impellers do not have these side walls. Some small
pumps with single-suction impellers have only a casing wearing ring and no impeller ring. In this type of
pump, the casing wearing ring is fitted into the end plate. Recirculation lines are installed on some
centrifugal pumps to prevent the pumps from overheating and becoming vapor bound, in case the
discharge is entirely shut off or the flow of fluid is stopped for extended periods.

Seal piping is installed to cool the shaft and the packing, to lubricate the packing, and to seal the rotating
joint between the shaft and the packing against air leakage. A lantern ring spacer is inserted between the
rings of the packing in the stuffing box. Seal piping leads the liquid from the discharge side of the pump
to the annular space formed by the lantern ring. The web of the ring is perforated so that the water can
flow in either direction along the shaft (between the shaft and the packing).

Water flinger rings are fitted on the shaft between the packing gland and the pump bearing housing.
These flingers prevent water in the stuffing box from flowing along the shaft and entering the bearing
housing.

We will look at the components of the centrifugal pump.

\ PACKING IN
& STUFFING BOX

BEARING

ROTATING
SHAFT

SUCTION
(Inlet)

IMPELLER
VANE

CENTRIFUGAL PUMP
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As the impeller rotates, it sucks the liquid into the center of the pump and throws it out under pressure
through the outlet. The casing that houses the impeller is referred to as the volute, the impeller fits on the
shaft inside. The volute has an inlet and outlet that carries the water as shown above.

DISCHARGE
i NOZZLE
STUFFING BOX
PACKING
IMPELLER

CASING WEAR RING

IMPELLER

CASING

CENTRIFUGAL PUMP PARTS
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Pump Performance and Curves

Let’s looks at the big picture. Before you make that purchase of the pump and motor you need to know
the basics such as:

Total dynamic head, the travel distance
Capacity, how much water you need to provide Efficiency,
help determine the impeller size
HP, how many squirrels you need RPM, how

fast the squirrels run

. PUMP CURVE
OPERATING
SHUT-OFF HEAD y AL
POINT X
= EFFICIENCY \
xI CUVE ‘%
2 RUN-OUT
L POINT
= & SYSTEM
= © CURVE
|<_E BHP
@) CURVE
— i
a FLOW RATE, Q

PUMP PERFORMANCE CURVE (CENTRIFUGAL PUMP)
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NPSH - Net Positive Suction Head

If you accept that a pump creates a partial vacuum and atmospheric pressure forces water into the suction
of the pump, then you will find NPSH a simple concept.

NPSH (a) is the Net Positive Suction Head Available, which is calculated as follows:
NPSH@) =p+s-v-f

Where:

'p'= atmospheric pressure,

's'= static suction (If liquid is below pump, it is shown as a negative value) 'v'=
liquid vapor pressure

'f'= friction loss

NPSH (a) must exceed NPSH(r) to allow pump operation without cavitation. (It is advisable to allow
approximately 1 meter difference for most installations.) The other important fact to remember is that
water will boil at much less than 100 deg cO if the pressure acting on it is less than its vapor pressure,
i.e. water at 95 deg C is just hot water at sea level, but at 1500m above sea level it is boiling water and
vapor.

The vapor pressure of water at 95 deg C is 84.53 kPa, there was enough atmospheric pressure at sea
level to contain the vapor, but once the atmospheric pressure dropped at the higher elevation, the vapor
was able to escape. This is why vapor pressure is always considered in NPSH calculations when
temperatures exceed 30 to 40 deg C.

NPSH(r) is the Net Positive Suction Head Required by the pump, which is read from the pump
performance curve. (Think of NPSH(r) as friction loss caused by the entry to the pump suction.)

Affinity Laws

The Centrifugal Pump is a very capable and flexible machine. Because of this it is unnecessary to design
a separate pump for each job. The performance of a centrifugal pump can be varied by changing the
impeller diameter or its rotational speed. Either change produces approximately the same results.
Reducing impeller diameter is probably the most common change and is usually the most economical.
The speed can be altered by changing pulley diameters or by changing the speed of the driver. In some
cases both speed and impeller diameter are changed to obtain the desired results.

When the driven speed or impeller diameter of a centrifugal pump changes, operation of the pump
changes in accordance with three fundamental laws. These laws are known as the "Laws of Affinity".
They state that:

1) Capacity varies directly as the change in speed

2) Head varies as the square of the change in speed

3) Brake horsepower varies as the cube of the change in speed If, for

example, the pump speed were doubled:

1) Capacity will double

2) Head will increase by a factor of 4 (2 to the second power)

3) Brake horsepower will increase by a factor of 8 (2 to the third power)

These principles apply regardless of the direction (up or down) of the speed or change in

diameter.
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Consider the following example. A pump operating at 1750 RPM, delivers 210 GPM at 75' TDH, and
requires 5.2 brake horsepower. What will happen if the speed is increased to 2000 RPM? First we find
the speed ratio.

Speed Ratio = 2000/1750 = 1.14
From the laws of Affinity:

1) Capacity varies directly or: 1.14 X
210 GPM = 240 GPM

2) Head varies as the square or:

1.14 X1.14 X 75=97.5"TDH
3) BHP varies as the cube or:

114X 114X 114 X5.2=7.72 BHP
Theoretically the efficiency is the same for both conditions. By calculating several points a new curve
can be drawn.

Whether it be a speed change or change in impeller diameter, the Laws of Affinity give results that
are approximate. The discrepancy between the calculated values and the actual values obtained in
test are due to hydraulic efficiency changes that result from the modification. The Laws of Affinity
give reasonably close results when the changes are not more than 50% of the original speed or 15%
of the original diameter.

Suction conditions are some of the most important factors affecting centrifugal pump operation. If they
are ignored during the design or installation stages of an application, they will probably come back to
haunt you.

Suction Lift

A pump cannot pull or "suck" a liquid up its suction pipe because liquids do not exhibit tensile strength.
Therefore, they cannot transmit tension or be pulled. When a pump creates a suction, it is simply reducing
local pressure by creating a partial vacuum. Atmospheric or some other external pressure acting on the
surface of the liquid pushes the liquid up the suction pipe into the pump.

Atmospheric pressure at sea level is called absolute pressure (PSIA) because it is a measurement using
absolute zero (a perfect vacuum) as a base. If pressure is measured using atmospheric pressure as a
base it is called gauge pressure (PSIG or simply PSI).

Atmospheric pressure, as measured at sea level, is 14.7 PSIA. In feet of head it is: Head
= PSI X 2.31 / Specific Gravity

For Water it is:
Head =14.7 X2.31/1.0=34 Ft

Thus, 34 feet is the theoretical maximum suction lift for a pump pumping cold water at sea level. No pump can
attain a suction lift of 34 ft; however, well designed ones can reach 25 ft quite easily.

You will note, from the equation above, that specific gravity can have a major effect on suction lift. For example,
the theoretical maximum lift for brine (Specific Gravity = 1.2) at sea level is 28 ft.. The realistic maximum is
around 20ft. Remember to always factor in specific gravity if the liquid
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being pumped is anything but clear, cold (68 degrees F) water. In addition to pump design and suction
piping, there are two physical properties of the liquid being pumped that affect suction lift.

1) Maximum suction lift is dependent upon the pressure applied to the surface of the liquid at the suction
source. Maximum suction lift decreases as pressure decreases.

2) 2) Maximum suction lift is dependent upon the vapor pressure of the liquid being pumped. The vapor
pressure of a liquid is the pressure necessary to keep the liquid from vaporizing (boiling) at a given
temperature. Vapor pressure increases as liquid temperature increases. Maximum suction lift decreases
as vapor pressure rises.

It follows then, that the maximum suction lift of a centrifugal pump varies inversely with altitude.
Conversely, maximum suction lift will increase as the external pressure on its source increases (for
example: a closed pressure vessel).

Cavitation - Two Main Causes:

A. NPSH (r) EXCEEDS NPSH (a)

Due to low pressure the water vaporizes (boils), and higher pressure implodes into the vapor bubbles as
they pass through the pump, causing reduced performance and potentially major damage.

B. Suction or discharge recirculation. The pump is designed for a certain flow range, if there is not enough
or too much flow going through the pump, the resulting turbulence and vortexes can reduce performance
and damage the pump.

Affinity Laws - Centrifugal Pumps

If the speed or impeller diameter of a pump changes, we can calculate the resulting
performance change using:

Affinity laws

a. The flow changes proportionally to speed i.e.:

double the speed / double the flow

b. The pressure changes by the square of the difference i.e.: double
the speed / multiply the pressure by 4

c. The power changes by the cube of the difference

i.e.: double the speed / multiply the power by 8

Notes:

1. These laws apply to operating points at the same efficiency.

2. Variations in impeller diameter greater than 10% are hard to predict due to the change in relationship
between the impeller and the casing. For rough calculations you can adjust a duty point or performance
curve to suit a different speed. NPSH (r) is affected by speed / impeller diameter change = DANGER!
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Pump Casing

There are many variations of centrifugal pumps. The most common type is an end suction pump. Another
type of pump used is the split case. There are many variations of split case, such as; two-stage, single
suction, and double suction. Most of these pumps are horizontal.

There are variations of vertical centrifugal pumps. The line shaft turbine is really a multistage centrifugal
pump.

Impeller
In most centrifugal pumps, the impeller looks like a number of cupped vanes on blades mounted on a
disc or shaft. Notice in the picture below how the vanes of the impeller force the water into the outlet of
the pipe.

The shape of the vanes of the impeller is important. As the water is being thrown out of the pump, this
means you can run centrifugal pumps with the discharged valve closed for a SHORT period of time.
Remember the motor sends energy along the shaft, and if the water is in the volute too long it will heat
up and create steam. Not good!

Impellers are designed in various ways. We will look at:
Closed impellers
Semi-open impellers Opened
impellers, and Recessed
impellers

The impellers all cause a flow from the eye of the impeller to the outside of the impeller. These
impellers cause what is called radial flow, and they can be referred to as radial flow impellers.

The critical distance of the impeller and how it is installed in the casing will determine if it is high
volume / low pressure or the type of liquid that could be pumped.

Axial flow impellers look like a propeller and create a flow that is parallel to the shaft.

SPLIT-CASE
PUMP

CLOSED COUPLED PUMP
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Motor and Pump Calculations

The centrifugal pump pumps the difference between the suction and the discharge heads. There
are three kinds of discharge head:
Static head. The height we are pumping to, or the height to the discharge piping outlet that is
filling the tank from the top. Note: that if you are filling the tank from the bottom, the static head
will be constantly changing.
Pressure head. If we are pumping to a pressurized vessel (like a boiler) we must convert the
pressure units (psi. or Kg.) to head units (feet or meters).
System or dynamic head. Caused by friction in the pipes, fittings, and system components.
We get this number by making the calculations from published charts.

Suction head is measured the same way.
If the liquid level is above the pump center line, that level is a positive suction head. If the
pump is lifting a liquid level from below its center line, it is a negative suction head.
If the pump is pumping liquid from a pressurized vessel, you must convert this pressure to a
positive suction head. A vacuum in the tank would be converted to a negative suction head.
Friction in the pipes, fittings, and associated hardware is a negative suction head. Negative
suction heads are added to the pump discharge head, positive suctions
heads are subtracted from the pump discharge head.

Total Dynamic Head (TDH) is the total height that a fluid is to be pumped, taking into account
friction losses in the pipe.

TDH = Static Lift + Static Height + Friction Loss

where:
Static Lift is the height the water will rise before arriving at the pump (also known as the 'suction
head’).

Static Height is the maximum height reached by the pipe after the pump (also known as the
‘discharge head").

Friction Loss is the head equivalent to the energy losses due to viscose drag of fluid flowing in the
pipe (both on the suction and discharge sides of the pump). It is calculated via a formula or a chart,
taking into account the pipe diameter and roughness and the fluid flow rate, density, and viscosity.

Motor hp Brake hp Water hp
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Horsepower

Work involves the operation of force over a specific distance. The rate of doing work is called
power.
The rate in which a horse could work was determined to be about 550 ft-lbs/sec or 33,000 ft-

Ibs/min.

1 hp = 33,000 ft-Ibs/min
Motor Horsepower (mhp)
1 hp = 746 watts or .746 Kilowatts

MHP refers to the horsepower supplied in the form of electrical current. The efficiency of most
motors range from 80-95%. (Manufactures will list efficiency %)

Brake Horsepower (bhp)

Water hp
Brake hp = -------------—--
Pump Efficiency

BHP refers to the horsepower supplied to the pump from the motor. As the power moves through
the pump, additional horsepower is lost, resulting from slippage and friction of the shaft and other
factors.

Water Horsepower

(flow gpm)(total hd) Water hp = --

3960
Water horsepower refers to the actual horse power available to pump the water.

Horsepower and Specific Gravity

The specific gravity of a liquid is an indication of its density or weight compared to water. The
difference is specific gravity, include it when calculating ft-lbs/min pumping requirements.

(ft) (Ibs/min) (sp.gr.)
= whp
33,000 ft-Ibs/min/hp

MHP and Kilowatt requirements

1 hp=0.746 kW or (hp) (746 watts/hp)

1000 watts/kwW
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Well Calculations
1. Well drawdown

Drawdown ft = Pumping water level, ft - Static water level, ft

2. Well yield
Flow, gallons Well yield,
gpm =
Duration of test, min 3.
Specific yield

Well yield, gpm
Specific yield, gpm/ft =
Drawdown, ft

4. Deep well turbine pump calculations.

Discharge head, ft = (pressure measured) ( 2.31 ft/psi)
Field head, ft = pumping water + discharge head, ft
Bowl head, ft = field head + column friction

1 psi = 2.31 feet of head
1 foot of head = .433 psi
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Example 1

A centrifugal pump is located at an elevation of 722 ft. This pump is used to move water from reservoir A to
reservoir B. The water level in reservoir A is 742 ft and the water level in reservoir B is 927 ft. Based on these
conditions answer the following questions:

1. If the pump is not running and pressure gauges are installed on the suction and discharge lines,
what pressures would the gauges read?

Suction side: Discharge side:

2. How can you tell if this is a suction head condition?

3. Calculate the following head measurements:

SSH:
SDH:

TSH:

4. Convert the pressure gauge readings to feet:

6 psi:
48 psi:
110 psi:

5. Calculate the following head in feet to psi:

20 ft:
205 ft:

185 ft:
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