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Hydraulics
HYDRAULICS

• The transportation of water through pipes has a number of
characteristics and properties that must be considered when both
designing and managing irrigation.

Volume
The standard unit for measuring a volume of water used for irrigation in New Zealand
is a cubic metre (m3). For smaller volumes litres (l) may also be used. When converting
between units 1 m3 = 1,000 l.
• 1 mm depth of water spread across an area of 1 m2 is a volume of 1 litre (1 l).
• 1 mm depth of water spread across 1 hectare (ha) is 10,000 l or 10 m3 – this is a
commonly used term in irrigation application.

Flow
FLOW RATE
Flow rate is a measure of the volume of water travelling past a given point for a given
time. There are three main measures used for irrigation in New Zealand:
1. litres per second

l/s

2. cubic metres per hour

m3/hr

3. cubic metres per second

m3/s or cumecs (normally used for scheme flows)

When converting between units:
• 1 l/s = 3.6 m3/hr
• 1,000 l/s = 1 cumec
FLOW VELOCITY
Flow velocity is the speed at which water travels within the irrigation system.
For example, the main line flow velocity. The common unit used for irrigation in
New Zealand is metres per second (m/s).
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Head and pressure

10 m

Pressure is a measure of the force per unit area. In fluids pressure is generated by
containing a liquid, within a pipe for example, and then applying a force through either
mechanical means, by a pump for example, or from gravity. Head is a measure of pressure
and is expressed in metres. It is the pressure exerted by the equivalent height of a column
of water.

0.3 bar g

1 bar g

1m

3m

0.1 bar g

Figure 1.

The standard units of measure for pressure are:
1. kilopascals

kPa

2. bar

bar

3. pounds per square inch

psi (imperial measurement)

When converting between units:
• 10 metres of head = 1 bar of pressure or 100 kPa or 14.5 psi
One bar of pressure is the equivalent to the atmospheric pressure at sea level.
For water, head and pressure are effectively the same thing. For example, if a vertical
column of water has a head of 10 m, a pump has to produce 100 kPa of pressure to push
that water to the top of the column (equalising the force being exerted by gravity).
For liquids other than water, head can be different to the pressure depending on
whether the liquid is heavier or lighter than water. Within an irrigation context this is
usually not significant unless other liquids, effluent for example, are injected into the
irrigation system.
Temperature also has an impact. The ‘weight’ of the column of water at higher
temperatures (e.g. 25˚C) is fractionally lighter than at lower ones (e.g. 5˚C) because of the
different densities of water at different temperatures. Within an irrigation context this is
not significant across the likely range of temperatures.
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FLOW CHARACTERISTICS
Water either moves as laminar or turbulent flow. There is also a phase called transitional
flow where there is a mix of the two. Laminar flow occurs at low velocity, and as the
water moves faster the flow changes through transitional to turbulent flow. The point at
which the flow type changes is variable. It is determined by a number of factors including;
pipe diameter and roughness, sudden changes in direction or obstructions such as valves.
Turbulent flows have a much higher friction loss because of the random movement of the
water molecules. Velocity is therefore an important factor as it has a direct relationship to
the friction losses within a pipe.

TURBULENT

LAMINAR
Figure 2. Turbulent and laminar flow of water.

Friction loss
For water to flow through pipes, it needs to be pressurised through applying energy.
As water moves against the walls of the pipe, friction occurs and the water loses energy.
This loss results in a loss of pressure which is better known as Friction Loss.
Anything that makes it harder for water to flow through a pipe increases friction loss.
Excess friction loss can either reduce system performance and/or waste energy. This
becomes more critical when paying for electricity or fossil fuels to drive a pump to
generate the flow.
The three main pipe design factors that influence friction loss in pipes:
• Diameter. For a given flow rate, the smaller the pipe diameter, the higher the
velocity of the water through the pipe; the more friction loss occurs. This is the
most significant factor to consider within the pipe design process.
• Surface roughness. The rougher the inside wall of the pipe, the more friction loss.
This is a characteristic of the pipe selected so is an important consideration.
• Length. The longer the pipe, the more friction loss occurs. Where long pipe runs
cannot be avoided, the design process needs to consider diameter and roughness as
part of the pipe selection process.
Other characteristics that affect friction loss in pipes for irrigation systems:
• Fluid viscosity. Thicker fluids experience higher friction and this may be a factor for
pumping effluent but is not an issue for fresh water irrigation.
• Pipe material. Some materials create more friction losses than others due to the
roughness and the jointing methods.
• Pipe age. Most pipes, especially metal pipe, become rougher with age
(they corrode) and this results in more friction loss.
• Fittings. All fittings such as elbows, tees, reducers and valves create friction losses.
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To determine friction loss, all pipe and fittings manufacturers provide friction loss charts
for their products measured under standard conditions.
To calculate pipe friction loss:
1. Determine the pipe type.
2. Determine the flow rate or velocity (some charts use both).
3. Determine the length of pipe.
4. Find the friction value on the manufacturers’ charts for the pipe type and flow
(usually expressed as pressure loss per 100 m).
5. Multiply the friction value by the length of pipe.
For example, a 32 mm (OD) low density polyethylene pipe with a flow rate of 1 l/s
has a friction loss value of 61 kPa / 100 m length.
Therefore a 350 m section of pipe will have a friction loss of 61 x 3.5 = 213.5 kPa.

FRICTION LOSS EQUATIONS
The following equations are used to generate manufacturers’ friction loss tables. Where
tables are not available they can be used to calculated friction loss from first principles.

hf
h1

h2

Pipe diameter (D)

Flow velocity (v)

Length (L)
Point 1

Figure 4. Friction in pipes 

Point 2
Adapted from www.wermac.org/steam/steam_part9.html

In a pipe with inside diameter (D), the friction loss (hƒ) between point 1 and 2 for a fluid
flowing with velocity (v) can be estimated using the Darcy-Weisbach equation:
hƒ = ƒ

( DL ) ( 2gv )
2

Where ƒ is the friction factor of the pipe and g is acceleration due to gravity.
This equation is recommended for friction loss calculations in laminar, transitional and
turbulent flow conditions.
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If flow is fully turbulent, the Hazen-William’s equation is recommended instead:
hƒ = K x

( 100C )

1.852

x

Q1.852
x
D4.866

L
100

Where hƒ = head loss, K = unit coefficient (2.38 × 108 for SI unit), C = coefficient of
retardation and depends on pipe material, Q = flow rate, D = inside diameter and
L = pipe length.
However for turbulent flow in smooth pipes (e.g. PVC, PE, ABS), the Watters-Keller
equation is better:
f = 0.32 × R -0.25
Where f is the Darcy-Weisbach friction factor.
FRICTION LOSS THROUGH FITTINGS
All fittings that water passes through have friction losses associated with them. Generally
friction loss in standard fittings (corners, tees and reducers) is quite small, but for more
specialised fittings (automatic valves, pressure reducing valves, backflow preventers and
filters) it can be quite large.
The friction loss through pipe fittings needs to be determined when working out the total
pressure requirements for a system.
Friction loss in fittings and valves is best done using manufacturer’s tables.
However where tables don’t exist they can be calculated by using the following formula:
hƒ = k x

v2
2xg

Where k is resistance coefficient for the fittings.
TOTAL DYNAMIC, STATIC AND DISCHARGE PRESSURE
Pumping systems consist of three main components; each with a number of parts making
up the total pressure requirements.
1. Suction or supply characteristics
a. Suction pipe friction loss
b. Suction lift
c. Suction entrance loss
2. Pump and delivery
a. Pump discharge pressure
b. Friction losses through pipes and fittings
c. Elevation changes
3. Discharge pressure requirements
a. Multiple emitters.
The sum of the pressure requirements (all of the above) is called the total dynamic
pressure (or total dynamic head).
Static pressure (or head) is the pressure needed to overcome all of the pressures
to the point of irrigator discharge, including the elevation changes, suction and
distribution losses.
The pump discharge pressure is the pressure needed at the pump discharge point to
overcome elevation changes, pressure losses in the system and deliver the required
operating pressure of the irrigation system.
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The following diagram displays the different components – static suction head, total
static head and static discharge head.

Static
discharge
head

Total
static
head
Static
discharge
head
Static
suction
head

Total
static
head
Static
suction
lift

Figure 5. Static suction head, total static head and static discharge head.

The above pressure calculations are used in the design process to calculate pump sizes
and specifications, alongside pipe sizes and classes to be used. Each model of pump
and class of pipe has a maximum and optimum operating range so knowing the system
hydraulic pressure and flow requirements is crucial to ensure correct operation.

Common problems
WATER HAMMER
Water hammer is caused by rapid changes in water velocity in the pipeline. For example,
the water moving along a pipe collides against the closed end, creating an excess pressure
spike (water hammer) which moves back along the pipe. This over pressure wave is
proportional to the velocity change of the water; if the change in flow velocity is fast the
pressure wave can be very large.
Water hammer typically occurs in a pipeline when a valve is rapidly opened or closed or
when the pump suddenly stops. This can create significant pressure spikes in excess of the
rated pressure capacity of a pipe or fitting. In the case of steel or fibre reinforced cement
pipes, water hammer pressures are more serious because of the inelastic nature of the
pipe material. PVC and glass fibre have an advantage over other pipe types due to their
elasticity which can absorb the pressure wave as it moves along the pipe.
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Valve closed,
water still

Valve open,
moving water

Valve closes
WATER HAMMER

Figure 6. Water hammer. 

Reducing water hammer can be achieved by:
• Controlling and slowing valve and pump operations so that changes in velocity are
made gradually.
• Minimising velocities by using large diameter mainline piping – 1.5 m/s is an
acceptable maximum velocity in most instances.
• Well-designed distribution systems – including pipes, valves and air valves that
manage change in flow situation or accommodate water hammer to within the
tolerances of the system.
• The use of flow control and/or surge anticipation valves.
• Careful design of pumping station’s control valves, particularly for large systems.
AIR ACCUMULATION
Air accumulation frequently occurs in irrigation systems. Common examples of
this include:
• Whilst the pipeline is filling, the water being added does not displace all the air in
the pipeline.
• When the level of a water source drops and the suction or vacuum action of the
pump pulls air into the piping.
• In faulty installations or leaks in pump suction hoses (the pump sucks in air).
• Air can be dissolved into water and is then released when pressure and/or
temperature conditions change. As water can contain more air at high pressure, any
pressure drop will allow it to escape. This situation often occurs with undulating
pipelines, and especially at the downstream side of pressure-reducing valves,
partially closed gate valves, or similar obstructions that cause a pressure drop.
All of these situations cause air pockets to accumulate in the top of pipelines, especially
at high points in an undulating network or at fittings where they cause a change
in diameter.
Under changing flow velocity situations, these air pockets can be mobilised leading to
unwanted effects on the irrigation system. Air discharge from emitters or even air valves
can trigger pressure instability and/or water-hammer.
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Air pockets can also create major issues in ‘flat’ piping systems with little slope, or in lowvelocity systems where the flow of water is not capable of ‘clearing’ the air. The presence
of air can significantly decrease the cross section of the flow path in the pipe which
increases the pump’s energy consumption; the pump having to work harder to push water
past the air pocket.
A pipeline ideally designed for air outlet must:
• have uniform ascending slope in the flow direction, and
• be without any form of obstruction.
Few pipelines of any length and no gravity line of any kind can meet these ideal
requirements. Peaks and continuous slope changes are normally unavoidable.

Reducing air accumulation
LOCATION OF PIPELINE
During the pipeline design process it is advisable to keep the following design principles
front of mind so that air accumulations are minimised:
• Attempt to position the pipeline at least six to nine metres below the
hydraulic gradient.
• Avoid long distances (>500 m) of horizontal pipelines.
• Maintain slopes of at least 1:500.
• Avoid extreme velocities, both high and low.
Conditions which necessitate the use of specialised air release equipment should, as far
as practicable, be avoided. If specialised air release equipment is required, uncomplicated
or simple automated options that eliminate the need for constant supervision and
maintenance should be chosen.
Air valves sized to remove slowly accumulating air (i.e. from leaks or dissolved air) are
not generally big enough to remove the air at the rate required for line filling. The air
compressed to high pressures within a pipeline during uncontrolled rapid line filling can
lead to catastrophic and dangerous pipeline failure. Air valve selection is a specialist area
and manufacturers’ specifications should be consulted to accommodate both slow and
rapid air removal.
Caution should be used where true siphon conditions arise. While siphons of up to
approximately 4.5 metres above the steepest hydraulic gradient can physically be
accommodated by some pipe materials, the negative pressure created can collapse poorly
installed pipes and/or render normal automatic air and anti-vacuum valves useless.
PLACEMENT OF AIR VALVES
Air valves should be installed at the following positions on a pipeline:
• Peaks
Multi-purpose air valves are required at all positions where peaks arise.
Peaks are created wherever the pipeline has a reversal of slope with respect to
the hydraulic gradient. These create low-pressure zones where air can accumulate.
Air valves should, at the very least, be sited at the ends of such a pipe section, and
possibly, depending on length, in between. It is important to note that, while air
accumulations will occur at peaks, the precise position of the air accumulation is
actually situated at the point where a peak with regard to the hydraulic gradient
can be identified.
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Pump Shut-off Head

Hydraulic Gradient – Pipe Flowing Full
Air Valves Closed

Air Valves Closed

a+b

a

a+b+c

a+b+c+d

c

Reservoir
H.W.L.
L.W.L.

b
a

d

Pump
Figure 7.

• Slope changes that do not create peaks
Air can accumulate at any point where a descending slope steepens. While a peak
is not always formed, it is advisable to install at least a small orifice air valve at this
point. Similarly, it is good practice to install a small orifice air valve at any point
where an ascending slope levels off.
• Long ascending pipe section
• Additional valves may be required to accommodate high air flow rates during filling
or draining, depending on the length of the section. These air valves will mostly be
the large orifice type spaced at approximately 400 to 800 m.
• Long, horizontal pipe sections (slope <1:500)
If long horizontal pipe sections are unavoidable, multipurpose air valves must be
provided at the ends of sections, as well as at 400 to 800 m intervals.
• The pipeline as a whole
Once the sitting of air valves has been undertaken for all individual points, it is then
advisable to investigate the pipeline as a whole to ensure that a sufficient number of
air valves have been provided for in the total design.
Generally more air valves should be provided in the first section of a pipeline
than in the last section. A rule of thumb being, air valves should generally be
placed as close as 150 m apart at the beginning of a pipeline, and as far apart as
800 to 1000 m over the last section.
It is generally good practice to ensure that as much air as possible is removed
from high pressure sections. This minimises the potential for air expansion in
low‑pressure zones.
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Why are pumps required for irrigation?
Water sources for irrigation can be at a higher, the same, or lower elevation than the
area to be irrigated. Water from a higher elevation, when distributed through a closed
conduit (a pipe), possesses potential energy. This may enable water to be supplied for
irrigation at the required pressure without adding external power. However, for similar or
lower elevations the water will have a zero or negative potential energy. This entails the
addition of energy so it can be supplied at the required pressure. A pump is needed to do
this. Put simply, a pump is a machine that transfers mechanical energy into pressure and
velocity energy in flowing water.
The required flow rate and discharge pressure, combined with the vertical distance
between the water level and the pump, form the basic variables to select the type and
power requirements of a pump. Flow rate is a measure of the volume passing a point
per unit time. Discharge pressure describes the pressure of a liquid as it leaves a pump.
Another significant factor to consider when selecting a pump for irrigation is the water
source. If the water source is shallow, surface water (river, lakes, canals, ponds, sumps,
reservoirs, etc., typically 1–6 m lift), a submersible pump, short-coupled vertical turbine
pump, or end suction centrifugal pump are the available choices. If the water source is
deep groundwater, or the pump is significantly above the water surface (6–300 m lift),
a deep well or multi-stage submersible turbine pump are necessary.
The quality of water is also a factor to consider when selecting a pump. Abrasives such as
sand or silt, debris, and other solids, along with any corrosive characteristics of the water
source need to be carefully considered in order to select right pump.

Basic pump design features
CENTRIFUGAL PUMPS
The majority of pumps used in the irrigation industry fall under the general category of
centrifugal pumps. The subcategories of the centrifugal pump include; Closed Coupled
Electric, Horizontal Frame Mounted, Vertical Mount Inducer, Special Application Engine
(SAE) Engine Mount, Gear Box PTO, Vertical Turbine and Submersible.
Centrifugal pumps rely on a centrifugal force to add energy to water. They have an
impeller mounted on a shaft that is rotated by a motor or engine. The impeller is mounted
in the pump housing –the volute casing.
The liquid enters the centre, or eye, of the impeller through the suction or pump inlet
(suction side). During rotation, the impeller disperses the liquid radially through centrifugal
force to its outer periphery at a high velocity. As the liquid leaves the impeller, this high
velocity decelerates within the volute casing where its energy is converted into pressure
by the diffuser (the inside shape of the pump housing). The liquid then passes through the
volute casing into the discharge nozzle. The following figure shows the main components
of a centrifugal pump.

10
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Discharge

Volute casing
Vanes

Impeller

Suction eye

Figure 8. Main components of a centrifugal pump

POSITIVE DISPLACEMENT PUMPS
Piston type reciprocating positive displacement pumps are commonly used for injecting
agri-chemicals into an irrigation system, but are rarely used for the main irrigation pump.
Positive displacement pumps use a reciprocating mechanical element such as a piston
or flexing diaphragm to move water. Each stroke of the piston (or flex of the diaphragm)
pushes a fixed amount of fluid a fixed distance.
The spiral shaped rotary pump is sometimes used for deeper boreholes.
The most important characteristic of positive displacement pumps is they deliver large
pump heads. However, this characteristic is also a disadvantage. If the system delivery
requirements decrease, the system pressure will increase, which could have serious
consequences including pipe failure or pump damage. Pressure release valves can negate
this risk.
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Centrifugal pump components
The diagram below outlines the important components of a basic centrifugal pump.
Discharge nozzle
Volute

Casing
Bearings

Impeller

Suction
nozzle

Seal
Shaft

Oil rings

Figure 9. Important components of a basic centrifugal pump.

SUCTION NOZZLE
This is the inlet to the pump volute casing on the suction side. Its function is to provide
a connection for system piping to the pump inlet, allowing for smooth transition of the
liquid into the eye of the impeller without obstruction.
IMPELLER
This is the main component of the pump. The impeller, the bladed rotating assembly,
can be open, semi-open or enclosed. The open impeller has no shroud on either side,
semi-closed impeller has a shroud on one side and the enclosed impeller has shrouds on
both sides. The shrouds help to direct and guide the liquid flow. The enclosed impeller
is most commonly used in irrigation pumps while the semi-closed impeller is useful for
effluent applications.
The impellor’s purpose is to impart energy to the liquid by means of a centrifugal force.
The impeller width influences capacity and head; the impeller area influences the Net
Positive Suction Head (NPSH) required and hydraulic efficiency; the number of impeller
vanes influence the slope of the head-capacity curve.
VOLUTE CASING
This is the component of the centrifugal pump that houses the impeller. Its function is to
collect the high velocity liquid exiting the impeller, convert it to pressure, and channel it
to the discharge flange.
SHAFT
This is the solid cylindrical component on which the impeller, shaft sleeve, and bearings
are mounted. It’s the backbone of the pump. Its purpose is to provide a means through
which power is transmitted to the impeller from the pump driver.
BACK PLATE
This is a removable component that is attached to the pump volute casing opposite the
suction side. Depending on the manufacturer it may also house a casing wear ring.

12
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GLAND
This attaches to the pump back plate. Its purpose is to follow and compress the packing in
a stuffing box, forming a seal around the shaft where it extends through the stuffing box.
BEARINGS
The primary purpose of the bearing is to hold the shaft in the bearing frame and absorb
the radial and axial forces applied to the shaft as a result of pump operation.
WEAR RINGS
These components are replaceable stationary rings made of various materials in a variety
of sizes and widths. Their purpose is to protect the volute casing from wear, and maintain
a predetermined running clearance with the impeller for pressure breakdown. The wider
the wear ring, the more throttling surface available to maintain efficiency over the life
of the component. Some pump manufacturers provide replaceable wear rings called
impeller or rotating wear rings on the impeller as well as the volute casing. Wear rings
are replaceable, so the predetermined running clearances can be maintained over the
life of the pump, without having to replace expensive major components such as volute
or impeller.

Pumps types and their applications
SINGLE STAGE END-SUCTION PUMPS
This pump is the simplest and most commonly used for irrigation. It is the most basic
centrifugal pump and all the other types have been developed from it to satisfy
specific requirements.
Parallel and series arrangements are commonly found with these types of pumps.
The main reason not to use these types of pumps is Net Positive Suction Head
(NPSH) problems.
MULTISTAGE PUMPS
A multistage pump is a centrifugal pump with a series of impellers arranged in series
on one shaft. The water is pumped from one impeller to the next, and just as for
pumps coupled in series, it is meant for larger pump heads. Each successive pump acts
as a booster pump adding pressure to the water. A sufficient number of stages (bowl
assemblies) are connected to produce the desired pressure. By using a large number of
stages, very high pressure can be produced. The maximum flow rate (capacity) of the
pump is determined by the first impeller. Each successive impeller only serves to increase
the pressure or head. At the top of the pump, the water is channelled through a discharge
head into horizontal piping, which supplies the irrigation systems
SUBMERSIBLE SINGLE STAGE END SUCTION PUMPS
A submersible pump is where the whole pump unit is in the water with the impellers,
bowls, and the electric motor powering the pump, all installed below the water level.
These types of pumps have been specially developed for situations where NPSH problems
are being experienced.
The pump is installed in such a way that the impeller itself is below the water level and
the pump thus has a positive suction head. They are usually applied where large pump
deliveries have to be pumped against small pump heads.
Submersible types of pumps, however, also show up as multistage pumps.
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SUBMERSIBLE MULTISTAGE PUMPS
There are two common types of submersible multistage pumps, namely the types where
the driver is placed above ground and the types where the driver – in the case of an
electric motor – is below water level. An example of the former is the vertical turbine
that was so popular for boreholes, which in the early days was known as a ‘bucket pump’.
The driver is placed above ground and the impellers, which are arranged in series, are
driven by a shaft.
VERTICAL TURBINE PUMPS
In these pumps a drive motor or engine is located above the ground, but the pump itself
is installed below the ground, below the water level. It is typically used for irrigation
applications where the water level is below the practical limits of a centrifugal pump. The
term ‘vertical pump’ is used because the general direction of water movement is vertically
upward through the various stages.
SUBMERSIBLE BORE HOLE PUMPS
Submersible turbine pumps used in irrigation are an evolution of the vertical turbine pump
design. Vertical turbine pumps have a motor on top of the well. The submersible pump
has the motor attached to the pump in the well.
Like vertical turbine pumps, submersibles are used in irrigation application where the
water level is below the practical limits of a centrifugal pump. As the name implies, the
entire unit of the pump is submerged under water and everything electrical, from the
cable to motor is sealed from moisture. There are a wide range of sizes and designs.
A submersible pump consists of a series of impellers and diffusers stacked together, with
a water-proof electric motor mounted below the pump end. This allows the installation
of submersibles at depths unreachable by centrifugal or jet pumps. The use of multiple
stages allows the production of adequate head (pressure) for the irrigation system
operation to be delivered at the surface.

Land surface
Static water level

Depth to water

Cone of
depression
Drawdown
Pumping level
Radius of
influence

Figure 10. Static and pumping level.
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PUMPING FROM BORES – PUMPING LEVEL CONSIDERATIONS
A well is simply a hole in a water-bearing layer of the earth. The layer is called an aquifer.
The creation of a hole in the aquifer creates a storage space that allows the collection
of water within it. The amount of water and the rate that water flows into the well is
determined by the aquifer. A loose, porous gravel-type aquifer will produce more water
than an aquifer composed of a solid or more tightly compacted material such as clay
or granite.
Inside a well there are two water levels called ‘standing water level’ and ‘pumping
water level’. The standing water level is a static water level when the well is not being
pumped. Pumping the well causes the standing water level to drop down. This drop is
called drawdown. The pumping level is the depth at which the well stops drawing down.
Figure 10 illustrates this.

PUMPS

Pump performance
PUMP CURVES
For a pump to adequately do the job required, it must be able to deliver the correct
amount of water, and it must also produce the correct head (pressure). The pump curve
for a particular make and model will help determine whether or not that pump will
perform correctly in the irrigation system.
The performance of a pump is indicated on the pump curve. A typical pump curve will
indicate total dynamic head, energy (kW), efficiency, and Net Positive Suction Head
Required (NPSHR), all plotted in relation to the capacity range of the pump.
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Figure 11.

The y axis (vertical) shows total head while the x axis (horizontal) shows flow capacity.
For example, to pump against a total head of 42 m you could pump at a rate of about
70 m3/hr with a NPSH required of three metres and at an efficiency of about 78 percent
(see Figure 11 above). Using the above data, the energy (kW) would be 10 kW.
From this, it can be seen that the pump head (H) is a maximum where the pump
delivery (Q) equals 0. However, H drops as Q increases and the HQ line is a curved line
characteristic of that particular pump.
Where Q = O, H is directly equal to the peripheral velocity of the impeller, i.e. the faster
the pump speed and/or the larger the diameter of the impeller, the larger the peripheral
velocity of the impeller and the larger the pump head the pump can generate at no flow.
The relative velocity at the outlet of the impeller is, however, also a function of the angle
of outlet of the vanes of the impeller. The design of the impeller, and especially that of
the vanes, thus determines the slope of the HQ line.
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The actual pump head at no flow (pump delivery) is called the cut-off range. It is
particularly important for the determination of pipe classes. Each pump that is available
in the trade has its own distinctive pump curve. This pump curve is determined by
testing the pump, or in a few exceptional cases by determining it theoretically. A pump
in operation will always operate somewhere on its pump curve. This point on the pump
curve where the pump operates is called the duty point.
PUMP AFFINITY LAWS
There may be instances in which the pump operating speed is different from that shown
on pump curve, or the impeller diameter is different. This will impact on the speed of the
rim of the impeller, which in turn changes the performance of a pump.
Pump affinity laws indicate the relationships between flow rates, pressure, power, pump
speed, and impeller diameter to predict performance under different conditions. As long
as the speed and diameter do not differ greatly from those shown on the pump curve,
the predicted performance is relatively accurate. Using a computer spreadsheet, it is fairly
simple to repeat the pump affinity calculations for a range of head/flow combinations
and derive sufficient data to draw a new pump curve.
Pump affinity laws are founded on the assumption that pump efficiency does not change
as the speed and diameter changes are small (less than 10%). According to the pump
affinity laws the flow rate varies directly with speed, the head (pressure) varies with the
square of the speed and the power required varies with the cube of the speed.
Q1
N
= 1
Q2
N 2   
H1
(N 1) 2
=
H2
(N 2) 2   
P1
(N 1) 3
=
P2
(N 2) 3   
Likewise, according to the pump affinity laws the flow rate varies directly with diameter,
the head (pressure) varies with the square of the diameter and the power required varies
with the cube of the diameter.
Q1
D
= 1
Q2
D 2   
H1
(D 1) 2
=
H2
(D 2) 2   
P1
(D 1) 3
=
P2
(D 2) 3   
An example can be seen of the pump curve for an actual centrifugal pump, as published
by the manufacturer. The following information appears on it:
• HQ curves for the full impeller.
• For pumps that can have alternative impellors installed, the diagram may
also show the HQ curves for a number of selected smaller diameters.
• For pumps that can be speed controlled, the diagram may show the HQ
curves at alternative speeds.
• Pump efficiency.
• NPSH.
• Power (kW) required for the different impeller diameters.
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Figure 12. Pump diagram showing performance curves for different impeller diameters.

Figure 13. Pump diagram showing performance curves for different impeller speeds.
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Introduction to NPSH (Net Positive Suction Head)

P

H

Hƒ

The pressure inside a pump varies from the inlet (the suction side) to the outlet (the
discharge side). The difference between inlet pressure and the lowest pressure level inside
the pump is called Net Positive Suction Head (NPSH). NPSH is therefore an expression of
the pressure loss that takes place inside the first part of the pump housing.
If the inlet pressure is too low, NPSH will cause the lowest pressure inside the pump to
decrease below the vapour pressure of the pumped liquid. Bubbles or cavities are formed
in liquid which is called cavitation. The imploding or collapsing of these bubbles triggers
intense shockwaves inside the pump, causing noise, inefficiency, damage to the volute and
ultimately leading to breakdowns.

Figure 15. Atmospheric pressure (P),
the static suction head (H), the friction
loss in the pipe (Hƒ).

Net Positive Suction Head Required (NPSHR) is the absolute pressure that must be present
at the eye of the impeller for any particular pump in order to prevent cavitation.
NPSHR varies according to the design of each pump and the head and flow rate. NPSHR
can be read from pump curve for any particular pump. Different manufacturers provide
the data for NPSHR in different forms which need to be read carefully when selecting
a pump.
Figure 15 at left shows atmospheric pressure (P), the static suction head (H) and the friction
loss in the pipe (Hƒ).
Net Positive Suction Head Available (NPSHA) at the eye of the impeller is equal to the
atmospheric pressure (P) available at the source of the water, minus vertical distance to
the eye of the impeller, from the water level called the static suction head (H), the friction
loss in the pipe (Hf), and the vapour pressure (Hvp) of the water being pumped at the
temperature while pumping as in the following equation:
NPSHA = P – H – Hƒ – Hvp
The design of the pump site, suction piping and the vertical suction lift must be such that
NPSHA exceeds NPSHR for all operating conditions.
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SOLUTIONS TO REDUCING AND/OR AVOIDING CAVITATION
Cavitation can be avoided by adopting the following measures to increase the NPSHA:
• Lessen the distance between the pump intake and the water surface.
• Decrease the pump capacity to lower the flow rate in the impeller. This measure
will increase the pressure at the impeller eye and lessen the amount of pressure
lost to friction in the intake pipe.
• Increase the diameter of the intake pipe and remove any valves, elbows,
and other fixtures.
• Choose a pump with a low NPSHR.

Pumps in series and parallel
Figure 16 below illustrates the difference between pumps in parallel and pumps series.

Series Operation

Parallel Operation

IN

IN
OUT

OUT

Figure 16. Pump in parallel and series.

PUMPS IN SERIES
Two or more pumps are connected in series in order to achieve higher pressures.
Typical application for series pumps includes:
• If total dynamic head requirement is greater than the capabilities of readily
available pumps.
• A field in which certain irrigated blocks are at a higher elevation or a greater
distance from the pump than other blocks, and require a higher pumping head.
• An irrigation design which calls for higher pressure at certain times, such as for
germination or frost control.
In the case of series pumps, the resultant head capacity curve is arrived at by vertical
addition of the individual head-capacity curve.
TWO PUMPS IN SERIES
2
Head, h

single pump

3
1

system curve

Flow rate, q
Figure 17. Two pumps in series.
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PUMPS IN PARALLEL
Two or more pumps are connected in parallel in order to produce higher flow rates.
Typical situation where parallel pumps are used:
• Two or more water sources are to be fed into a common system.
• An irrigation system supplying different-sized blocks or different crops, requiring
widely different flow rates.
• An irrigation system which is being installed in increments, requiring higher flow rate
as new stations are installed.
In the case of parallel pumps, the resultant head capacity curve is arrived at by horizontal
addition of the individual head-capacity curve.
TWO PUMPS IN PARALLEL

Head, h

single pump

3
1

system curve

2

Flow rate, q
Figure 18. Two pumps in parallel.

Energy source
Pumps require energy to operate. Depending on location, some energy sources are more
readily available than others, and some energy sources will be more cost effective to
use than others. Consequently, the availability of a particular energy source is a major
factor to consider when selecting a pump and its driver for an irrigation application.
The available energy source will dictate whether the pump will be driven by an electric
motor, diesel engine or alternative energy source.
ELECTRIC MOTOR DRIVE
The most commonly-used driver for irrigation pumps is the electric motor. Electric motor
efficiencies are good, in some cases exceeding 95%. Electric motors generally require very
little maintenance. They are quiet and compact, making them suitable for a wide variety
of applications. With proper care and maintenance, electric motors can provide many
years of trouble-free service.
SINGLE- AND THREE-PHASE MOTORS
Single-phase motors are rarely used in applications requiring more than 10 kW.
Single‑phase motors are not practical in larger sizes, but there are some specialty
manufacturers that produce higher horsepower motors for single-phase power operation.
These motors are generally placed in service in areas where it would be expensive to bring
in three‑phase power when single-phase power already exists at the site.
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Three-phase induction motors are popular for a variety of reasons; the ready availability
of three-phase electric power at standardised voltages; the rugged construction of the
squirrel cage motor; the simplicity of operation maintenance and service; the relatively
lost cost; the availability of a wide variety of features such as type of enclosures, speeds,
mountings, and torque characteristics.
ENGINE DRIVE
Engines are also often used to power irrigation pumps. Although electric motors have the
advantage of being quiet, efficient and economical to operate and maintain, engines offer
portability and low installation costs.
Engines can be installed virtually anywhere. They are easily moved, have the flexibility
of varying speed, are available in a variety of horsepower ranges, water or air cooled and
they do not require costly installation of electric power lines or on-going lines charges.
Engines are available in two basic types: diesel and gasoline. Diesel engines operate
efficiently between 1600–2300 rpm and gasoline between 2000–3600 rpm. The selection
of the type of engine used in an irrigation system is mostly determined by source and
expense of fuel supply.

Pump setup
PUMP EFFICIENCIES AND CHOOSING A PUMP
The efficiency of any machine is simply how well it can convert one form of energy to
another. Pump efficiency is the ratio of liquid output horsepower to the input horsepower,
measured as a percentage. It’s the conversion of mechanical energy to hydraulic energy.
Efficiency plays a significant role in the pump selection process. The pump with the
highest pump efficiency at the desired duty point should be selected, where the desired
duty point must be as close to the specific pump’s peak efficiency as possible. This will
mean that the pump will give fewer technical problems. Power required can be read from
the pump curve. It is also important to determine the power rating of the driver.
There is no one recipe for the selection of the most suitable pump, but economics has
to be the decisive factor. Importantly any decision must weigh-up capital, operation,
maintenance and replacement costs. The following general selection guidelines apply
for pumps:
• Normal installations: General single stage end-suction centrifugal pumps.
• Large suction heads: Submersible pumps.
• Large pump deliveries: general single stage end-suction centrifugal pumps
coupled in parallel.
• Large pump heads: Multi-stage centrifugal pumps, general end-suction
single-stage pumps coupled in series, positive displacement pumps.
• Large pump deliveries and small pump heads: Axial-flow pumps.
For each application, there will be a number of suitable types, makes and models, but
over the long term, the most economical pump must be chosen.
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DISCLAIMER AND COPYRIGHT
The information provided in this publication is intended as a guide and reference resource only and should not be used, relied upon or treated as a substitute
for specific professional advice. While Irrigation New Zealand Limited (including its officers, employees, contractors and agents) (INZ) has taken all due care in
the preparation of the information in this publication, INZ cannot guarantee that every statement is factually accurate.
INZ makes no warranties, guaranties or undertakings as to results that may be obtained from information in this publication. You are solely responsible for the
actions you take in reliance on the content provided in this publication.
INZ shall not be liable for any errors or omissions in the information or for any loss, injury, damages of any type (including and without limitation direct,
indirect, special or consequential damages) or other consequence whatsoever that you or any person might incur as a result of your use of or reliance upon
the information which appears in this publication.
The information contained in this publication may change, be added to, deleted or otherwise updated or amended without notice.
Except where expressly stated, the information in this publication is protected by copyright. You may not copy, reproduce, modify or distribute the
publication or parts thereof in any way, other than a single copy for private use. Permission must be sort from INZ prior to reproduction of any material
contained in this publication.
Any information that is referenced or links that are included in this publication are provided for your assistance and convenience. INZ provides no warranty or
endorsement whatsoever and is not liable or responsible for the content or accuracy of any third party websites or publications.
Each page of this publication must be read in conjunction with this disclaimer and any other disclaimer that forms part of it.
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