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SPRINKLER IRRIGATION SYSTEM



INTRODUCTION

Irrigation is the practice of applying water to land in lieu of rainfall. In some areas there is no
sufficient rainfall and in other area, while there is adequate annual rainfall, the distribution is erratic
resulting in inadequate moisture supply during some critical growth period of plants thereby
affecting yields. Hence it becomes necessary to irrigate practically in all areas.

Today we are going to discuss about Sprinkler Irrigation System. The sprinkler irrigation system is a
combination of three major operations.

1. Pipes for conveying the water to sprinklers.
2. Sprinklers to distribute the water in the Plot.
3. Pump to suck the water from the source and deliver to the pipeline.

WHEN TO IRRIGATE?

Almost 75 percent of rain fall in India is concentrated between June to September.

Almost 90 percent of the rain fall occurs between July to September.

Only a 10 percent of rain fall is experienced in five months from November to April. This is the period when the
plants suffer most from soil moisture stress and need irrigation.



PEAK WATER REQUIREMENT OF CROP

Example

Coconut spacing 36 Sq.m

Peak ETP at WB 6 mm

Crop factor 0.7
wide spaced crops

Canopy factor 0.7

PWR LPD 106

Formula:

Spacing (m²) * Peak ETP * Crop Factor * Canopy Factor

Crop Factor for Wide Spaced Crops - 0.7

Crop Factor for Closed Spaced Crops - 1

Canopy Factor - Canopy Area / Crop Area



SPECIFICATION OF SPRINKLER

The system must ensure 2” of rain in 26 days cycle, while the system is operated for 16 hours per day to
cover 80 acres of plantation – A typical system.

It will be observed that excepting for the area under consideration, which is fixed, all other parameters are
variable in nature marked

SELECTION OF SPRINKLER DEPENDS ON FOLLOWING:-

Soil Type
Type of Sprinkler
Nozzle Size / Operating Pressure
Application Rate
Co-efficient of uniformity of distribution
Sprinkler spacing

The Sprinklers must discharge the designed amount of water and throw the distance as desired.
Spacing of Sprinkler - The precipitation rate according to soil condition. 
Uniformity of distribution – To ensure even watering of areas under irrigation.

POINTS OF IMPORTANCE ABOUT SPRINKLER



PLOT

P U M P

Duration of each setting will depends on peak 
water requirement of crop



PRECIPITATION RATE OF SOILS

SOIL
PRECIPITATION RATE

Level Land and up to 
10% Slope (mm/Hr.)

Slopes above 
10% (mm/Hr.)

Very Coarse textured sands Upto 25.4 Upto 13.97

Coarse textured sands, fine sands and loamy 
sands

Upto 15.24 Upto 10.16

Moderately coarse textured sandy loams and fine 
sandy loams

Upto 11.43 Upto 7.62

Medium textured very fine sandy loams, loams, 
sandy clay loams and silt loams

Upto 7.62 Upto 5.08

Moderately fine textured clay loams and silty clay 
loams

Upto 6.35 Upto 3.81

Fine textured sandy clays, silty clays and clay Upto 5.08 Upto 2.54

Note:
For Soil with crop cover, the above rates can be increased by upto 50%.

On bare soil, use sprinkler with high pressure so that droplets are small.



SCHEMATIC LAYOUT OF SPRINKLER SYSTEM

Pump

S

R

S – Spacing between sprinklers
R – Spacing between Rows

Mainline

Sub Mainline

Lateral Line

Overlapping



WATER DISTRIBUTION FROM SPRINKLER

The rotating sprinkler turns slowly and gives water spray in a circle.

When the flowing water falls on the swing arm of the sprinkler, there is an impact on this arm and
consequently the arm moves away from the path of water jet thus allowing the water spray to fall in
the distant area from the sprinkler. This is the first action of the swing arm.

After the swing arm has travelled some distance, depending upon the force of impact of the water
jet on the arm, it would return back due to the spring action which is always acting on the swing arm.

On its path, the swing arm comes in the way of the water jet and thus makes the water spray to
fall in near area from the sprinkler. This is the second action of the swing arm.

The first and second actions of the swing arm of the sprinkler, as explained above, constantly
repeat themselves as the water under pressure flows through the sprinkler nozzle.

At the end of second action, the swing arm strikes the sprinkler body and makes the sprinkler head
to turn and the amount of turn depends upon the impact of the swing arm on the body.



COEFFICIENT OF DISTRIBUTION UNIFORMITYOF SPRINKLERS (CDU)
The objective of the sprinkler irrigation is to achieve uniform application over a given land area. Every
sprinkler has a water distribution characteristic that is dependent on water pressure and size of the
nozzle. Different sprinklers have different distribution characteristics and the spacing pattern of the
sprinklers. There is, therefore, a need to compare the distribution uniformity of different sprinklers
under varying operating conditions.

IS: 12232 standard specifies the design and operational requirements for rotating sprinklers and
nozzles and gives definitions and general test conditions.

The coefficient of distribution uniformity is computed from the results of the sprinkler distribution
tests in the field. Collectors of equal size and shape are spread at equal and fixed spacing over the test
field. The quantity of water in each collector serves as basis for computing the coefficient.

A distribution coefficient of 100 percent denotes perfectly uniform distribution over the entire field.
Lower percentage values of CDU indicate poorer levels of uniformity in the distribution of water. It
is calculated as the result of ‘Overlapping’.

The effective diameter of coverage shall not vary from the effective diameter of coverage declared by
the manufacturer by more than ±5 %.

Uniform Distribution

http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.fao.org/docrep/s8684e/s8684e06.htm&ei=gHcmVcOyFdCmuQSp84DgDQ&bvm=bv.90491159,d.c2E&psig=AFQjCNFfOWHQnuGnNqqRILukf8XI-FpkcQ&ust=1428670648021617


DISCHARGE RATE & PRECIPITATION RATE OF SPRINKLERS

Discharge Rate of Sprinklers depends on the following Factors:

1. Diameter of Nozzle (dnozzle in mm)

2. Pressure at which the Sprinkler Operates (p in psi)

PRECIPITATION RATE:

The precipitation rate (PR) is the calculated average amount of water that all of the sprinklers in a
specific area apply in one hour. It is usually measured in mm/hr. This delivery rate is based on the
type of nozzle, the arc and the spacing. Calculating the PR early in the process helps the designer
make sure that the sprinklers can apply enough water during the time available for watering,
without exceeding the soil intake rate.

Discharge of Sprinkler (lph)          
Sprinkler Spacing (m) x Row Spacing (m)

PR =

Formula:

Discharge Rate of Sprinkler Nozzle (Cu.m/hr),
Qsprinklers = 0.013 x 0.96 x (dnozzle )² x √p

mm/Hr.



TELESCOPIC DESIGN

In an irrigation system when the water is pumped through the pipeline of same diameter, the
velocity* at the farthest end is much less than the velocity nearest to the pump. Thus discharge
rate is substantially affected.

Therefore to maintain the same velocity through the pipeline, it is suggested that gradually the
diameter of pipe is reduced. This system is also useful for reducing the Project Cost.

* Maximum Permissible Velocity for Laminar Flow is 3 mtr/sec.

Telescopic Pipeline

Nearest Side Farthest Side



FLOWING WATER IN UPSTREAM & DOWNSTREAM

In this case, the water is flowing upstream.
So the maximum pressure will be on the
part of the pipeline which is nearer to the
Pump. That means the pipe which is
connected to the pump must have more
wall thickness, which means more pressure
rating than the pipe at the farther ends.

Pump

Tank

In this case, the water is flowing downstream.
So the maximum pressure will be on the part of
the pipeline which is at the ground level. That
means the pipe which is at the ground level
must have more wall thickness, that is more
pressure rating than the pipes which is at the
farther ends. As the water is flowing under
gravity, this system is also called ‘Gravity
System’.

Ground Level



DESIGN OF SPRINKLER SYSTEM

3. Net Discharge of Water Required to Irrigate an amount of Area:

Q =
378 x A x R

F x H 

Q – Net Discharge of Water Required (gpm)
A – Area to be Irrigated (Acre)
R – Precipitation Rate Required (Inch/Month)
F – Frequency in Days
H – Net Operating Hours per Day

4. Selection of Main Line, lateral line according to desired discharge rate.

5. Selection of Sprinkler as per soil texture, crop, area coverage and precipitation rate.

6. Selection of Pump according to desired discharge rate & total dynamic head.

1. Area To be Irrigated : Say  80 Ha. Or 200 Acre
2. Water requirement of  the crop (R) : Say 2” rain per Month



EXAMPLE OF A DESIGN

Design a system with Portable Pipeline for 10 Hectares Area within 15 Days cycle.
Crop: Vegetables.

3
1

8
 m

318 m

10 Hectares

We assumed the plot as square. So the length as measured in each
side is 318 m.

Precipitation Rate required for vegetables in 15 days is 3.5”.

Continued in next slide

Q =

Net Discharge of Water Required to Irrigate 10 Hectares Area:

378 x 10 x 2.47 x 3.5

15 x 14

=  156 GPM 

As the crop is vegetable so we shall consider a sprinkler having a small droplet
discharge.



From Manufacturer’s Sprinkler Chart : The Discharge Rate of 110 ST (7/32” x 1/8”) at 20 psi pressure
and 12 m x 12 m spacing is 6.48 GPM and precipitation rate is 0.48”/hr.

Hence the time required to give desired rainfall 3.5/0.48 = 7 Hours (Approx).

Hence No. of Sprinkler 
Required to irrigate 10 ha.= Net Discharge Reqd./ discharge of each sprinkler=156/6.48 = 24 Nos (Approx)

Total  Area Coverage of 24 Nos. of sprinkler at a spacing of 12 m x 12 m = (24 x 12 x 12)/10000 = 0.35 Ha.

Per day total hours of operation is 14 Hours. Hence total 2 nos. of shifting of lateral line in a day can be 
achieved.

Total  Area Coverage of 24 Nos. of sprinkler at a spacing of 12 m x 12 m in 2 shifting per day,                            
0.35 x 2 = 0.7 Ha.

No. of days required to complete the irrigation cycle = 10/0.7 = 14.29 Days = 15 Days (Approx)



Inner Diameter of Pipe According to Discharge Rate

I.D =

V =     Velocity of Flow (m/s)

Q =     Rate of Discharge (cu. Mtr/Sec)

I.D =     Inner Dia. of Pipe (mtr.)

Allowable Velocity for Laminar Flow :  2.5 m/s to 3.0 m/s

Q
Π V

2



TOTAL DYNAMIC HEAD

1. Dynamic Head: An irrigation system has water flowing through the pipes. The head under which the system is
operating is dynamic. This DYNAMIC HEAD is made up of several heads which are defined as follows:

Note:
For Practical Purposes, allowable pressure head in lateral line is 23.4% of pressure head computed due to 
operating pressure.

a) Static Head (Ht): It is the vertical distance that the pump must raise the water.

b) Friction Head (hf): When the water flows past rough walls of a length of pipe, the pressure decreases due to
the friction that occurs. A similar friction loss is present when the flow passes through the pipe fittings, or the
pipe suddenly increases or decreases in diameter. Since the pump must be able to overcome this friction loss,
which is called FRICTION HEAD, and still deliver water at desired pressure at the end of the pipe.

c) Pressure Head (hp): A sprinkler nozzle converts pressure head into velocity head, which carries the water out
into its trajectory. The pressure in pounds per square inch (psi) necessary to operate the sprinkler should be
converted into feet of head.

TDH = Ht + hf + hp



TROUBLE SHOOTING OF SPRINKLERS
Trouble Remedy

1. Misting This is a result of excessive water pressure. Reducing the pressure by
using of Flow Control Valve this can be solved.

2. The sprinkler is not throwing This is usually caused by some type of blockage, either in the nozzle or
. as far as it should the inlet screen. Cleaning the nozzle should be done with air, water or

a soft bristled object (such as a pipe cleaner). Do not use wire or a
screwdriver! This can scratch the nozzle.

3. Sprinkler does’nt Rotate i. Not Enough water pressure to rotate sprinkler. Check Pressure.
ii. Check that the nozzle is not blocked.

iii. Check the condition of washers at the bottom of the bearing and
replaced them if worn or damaged.

iv. Check that the swing arm moves freely and the spoon which
moves into the water stream is not bent by comparing it with a
sprinkler which is operating correctly.

v. Adjust the swing arm spring tension. Usually it should not be
necessary to pull up the spring by more than about 6 mm.

4. Water Flooding from This is caused by missing the Nozzle. Install the nozzle.
Sprinkler



TROUBLE SHOOTING OF PUMPS

Trouble Remedy
1. Pump does not pump water on starting i. Prime the pump.

ii. Check the Foot valve whether it
is jammed or block.
iii. Engine/Motor speed should be
at least 1500 rpm.

2. Pressure Low i. Suction lift too high. Position the
pump to closer to water.
ii. Reduce the number of
operating sprinklers.

3. Pressure too high i. Increase the number of
operating sprinklers.

4. Excessive vibration/Noise i. The pump shaft MUST be    
aligned perfectly with engine/motor. 
ii. Change the Bearings.
iii. Check the suction whether it’s blocked or
not.



DO’s & DON’T’s
DO’s

✓If pump is not generating proper pressure as per efficiency, check the direction of
rotation, if it is wrong., change the electric phase.

✓Provide mesh around the pump foot valve to prevent inflow of small impurities and
foreign particles.

✓Always start quick coupling arrangements with female end with male connection.

✓Use right bends to avoid leakage in turnings.
✓Flush the sprinkler pipe lines after installation.
✓Rubber sealing ring should be placed in right position and direction in the female
coupler.

✓Spacing between two sprinkler should be followed as per design by the
manufacturer.

✓Metal threaded part in the system should be tightened properly with Teflon tape to
avoid leakage.

✓Remove rubber sealing ring after irrigation season and store it in water to get long
life of the rubber.

✓Check the pressure at inlet of sprinkler line with the pressure gauge.
✓Store the pipes in a good manner to avoid dent, bend etc



DO’s & DON’T’s
DON’T’s

Χ Don’t lubricate with oil / grease any part of sprinkler, it is water lubricated.
Χ Don’t change the washer position in sprinkler. Provide specified washer at specified
place.

Χ Don’t adjust spring tension, this may cause non rotation of sprinkler.
Χ Do not store pipes with coupler sealing ring.
Χ Do not use sharp tools to remove rubber sealing ring.
Χ Do not grease or oil rubber sealing ring.
Χ Do not lay sprinkler pipe line in perpendicular direction, it should be always towards
or along the wind direction.

Χ Do not run the pump dry.
Χ Suction lift must not be high.



DO’s & DON’T’s

DON’T’s

Χ Do not put foot valve in mud. It should be minimum 2ft higher than the surface in the
water.

Χ Do not allow leakages on the pipe line – immediately replace sealing ring or replace
the dented / damaged pipes.

Χ Workers must not be allowed to mishandle pipes.

Χ No tampering of the RPM of the engine, as specified by the designer.



Thank You


