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ABSTRACT

In arıd and semı-arıd areas ın Indıa, water requırement for ırrıgatıon purpose ıs a 

maȷor problem. In recent tımes varıous mıcro ırrıgatıon systems lıke drıp ırrıgatıon and 

sprınkler ırrıgatıon systems are used to take the maxımum use of water whıch ıs supplıed 

very lımıtedly. Due to economy, mınımum labour work, Government subsıdy and 

maxımum output among all ırrıgatıon systems, sprınkler ırrıgatıon system has become 

very popular. The sprınkler system ırrıgates the fıeld drop by drop and thus ıt ıs wıdely 

used as ıt checks the wastage of water through seepage and evaporatıon. Conveyance 

losses are also mınımum. Sprınkler ırrıgatıon system applıes water unıformly to the soıl 

surface. When ırrıgatıon sprınklers are ınstalled ın conventıonal manner then due to 

non-unıform water dıstrıbutıon, varıatıon ın the area of wettıng dıameter, ground slope, 

varıed nozzle pressure we cannot get requıred effıcıency and unıformıty. The study area ıs 

sıtuated ın Kodram vıllage ın Banaskantha Dıstrıct, Guȷarat. The total area of the fıeld ıs 

2.49 Ha. The study wıll be carrıed out ın a part of a fıeld whıch ıs 0.53 Ha ın area. In thıs 

study experıments are performed to evaluate the specıfıcatıons of the system by the 

manufacturer to fınd out the : area ırrıgated by ındıvıdual sprınkler, unıformıty coeffıcıent 

of ırrıgatıon, ındıvıdual sprınkler dıscharge, wetted area radıus. The calculated values by 

experıment are compared wıth the values provıded by the manufacturer.
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1.1  Proȷect Background

Studıes carrıed out across dıfferent countrıes ıncludıng Indıa have confırmed that 

ırrıgatıon plays an ımportant role ın water use effıcıency, yıeld of crops, enhancıng 

croppıng ıntensıty and productıvıty of crops. Water ıs becomıng ıncreasıngly scarce 

worldwıde due to varıous reasons. Most of the countrıes located ın arıd and semı-arıd 

regıons lıke South Asıa, Mıddle-East and South Saharan Afrıca, the problems of water 

scarcıty ıs expected to be aggravated further. In spıte of havıng the largest ırrıgated area ın 

the world, Indıa too has started facıng sever water scarcıty ın dıfferent regıons. Owıng to 

varıous reasons the demand for water for dıfferent purposes has been contınuously 

ıncreasıng ın Indıa, but the potentıal water avaılable for future use has been declınıng at a 

faster rate. Hence need has arısen to use Mıcro ırrıgatıon technıques apart from tradıtıonal 

Surface ırrıgatıon methods to take the maxımum advantage of the water supplıed for 

ırrıgatıon. Unlıke Surface ırrıgatıon method, Mıcro ırrıgatıon Method supplıes water 

dırectly to the root zone of the crop, ınstead of land, and therefore, the water losses 

occurrıng through evaporatıon and dıstrıbutıon are completely absent. Though both drıp 

and sprınkler ırrıgatıon method of ırrıgatıon are treated as Mıcro Irrıgatıon method, there 

are dıstınct characterıstıcs dıfferences between the two ın terms of flow rate, pressure 

requırement, wetted area and mobılıty. Sprınkler ırrıgatıon method sprınkles water sımılar 

to raınfall ınto the aır through nozzles whıch subsequently break ınto small water drops 

and fall on the fıeld surface. In Indıa, the area under sprınkler ırrıgatıon has ıncreased from 

0.67 Mha ın 1997-1998 to 1.63 Mha ın 2004-05 to 2.44 Mha ın 2009-10 and further to 

6.58 Mha ın present. But there ıs more to achıeve ın terms of applıcatıon effıcıency ın 

sprınkler ırrıgatıon system. Here ın thıs proȷect, by the study of Rotatıng type center-pıvot 

sprınklers ınstalled ın semı-arıd regıon unıformıty co-effıcıent, nozzle pressure, area of 

areal spray of ındıvıdual sprınklers are tested and checked whether they are as per 

specıfıcatıons of the provıder of sprınkler system.
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1.2  Obȷectıves

• To study conventıonal sprınkler ırrıgatıon system ınstalled ın a farm.

• To fınd unıformıty co-effıcıent of the sprınkler ırrıgatıon system.

• To draw the water contours of the farm havıng sprınklers ınstalled.

• To study the effect of wınd and ground slope ın sprınkler ırrıgatıon.

• To check the area of the wettıng cırcle of ındıvıdual sprınklers.

• To measure ındıvıdual sprınkler dıscharge.
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Chapter 2 : INTRODUCTION TO SPRINKLER 

IRRIGATION
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2.1  Defınıtıon

Sprınkler ırrıgatıon ıs a method of applyıng water to the surface of the soıl ın the 

form of a spray, whıch ıs sımılar to natural raınfall. Water ıs dıstrıbuted through a system 

of pıpes usually by pumpıng. It ıs then sprayed ınto the aır through sprınklers so that ıt 

breaks up ınto small water drops, whıch fall to the ground. The pump supply system, 

sprınklers and operatıng condıtıons must be desıgned to enable a unıform applıcatıon of 

water.

2.2  Hıstory of Sprınkler Irrıgatıon

Thıs method of ırrıgatıon was started at about1900. The fırst agrıcultural sprınkler 

systems were an outgrowth of cıty lawn sprınklıng. Before 1920 sprınklıng was lımıted to 

tree crops, nurserıes and orchards. Most of the systems were statıonary 

overhead-perforated pıpe ınstallatıons or statıonary over tree systems wıth rotatıng 

sprınklers. These systems were expensıve to ınstall but often faırly ınexpensıve to operate. 

Portable sprınkler systems developed wıth the ıntroductıon of lıght weıght steel pıpe and 

quıck couplers ın the early 1930s, resulted ın reductıon of equıpment cost and ıncreased 

number of sprınkler ınstallatıon. The number of sprınkler ınstallatıons has ıncreased 

rapıdly sınce 1950 owıng to the development of more effıcıent sprınklers, lıghtweıght 

alumınıum pıpe, more effıcıent pumps, and to the wıdespread dıstrıbutıon of low cost 

electrıcal power and fuels for ınternal combustıon engınes. Sprınklers have been used on 

all soıl types and on lands of wıdely dıfferent topography and slopes and for many crops.

2.3  Adaptabılıty of Sprınkler Irrıgatıon

Some of the condıtıons, whıch favour sprınkler ırrıgatıon, are as follows.

 When lıght applıcatıon of water ıs requıred for seedıng and young plants.

 In humıd regıons sprınklers are most useful because ıncrease ın humıdıty ıs less.

 Soıls too porous for good dıstrıbutıon by surface methods. 
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 Land havıng steep slopes and easıly erodable soıls.

 Irrıgatıon stream too small to dıstrıbute water effıcıently by surface ırrıgatıon 

 Undulatıng land too costly to level suffıcıently for good surface ırrıgatıon 

 When maxımum productıvıty ıs needed.

 When assessment of water ıs to be done. 

 Soıls wıth low water holdıng capacıtıes and shallow rooted crops, whıch requıre 

frequent ırrıgatıon 

 Automatıon and mechanızatıon are practıcal. 

 Labour avaılable for ırrıgatıon ıs eıther not experıenced ın surface methods of 

ırrıgatıon or ıs unrelıable, good surface ırrıgatıon requıres traıned relıable labour 

 Hıgher applıcatıon effıcıency can be achıeved by properly desıgned and operated 

systems.

 Land preparatıon ıs uneconomıcal and tıme consumıng. 

2.4  Types of Sprınklers

Varıous types of sprınkler systems have been developed ın response to economıc 

and labour condıtıons, topographıc condıtıons, specıal water applıcatıon needs and the 

avaılabılıty of water and land resources. Several maȷor types of sprınklers are descrıbed 

here.

2.4.1  Fıxed Nozzle Sprınkler

In thıs type of system parallel pıpes havıng a lıne of small holes are ınstalled at 

about 15 meters apart and supported on rows of posts. Water ıs dıscharged at rıght angles 

perpendıcularly from the pıpelıne. The entıre 15 m wıdth between pıpelınes may be 

ırrıgated by turnıng the pıpes through about 135°. Thıs type of sprınkler was the early 

system and ıt ıs rarely used ın practıce.
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Fıg. 1 : Fıxed Nozzle sprınkler

2.4.2  Perforated Pıpe Sprınkler

In thıs method, perforatıons ın the lateral pıpes are drılled on the top surface and 

sıdes ın a specıally desıgned pattern to spray the water unıformly. The lateral pıpes are 

placed on the land surface at a suıtable spacıng. When the water ıs supplıed to the lateral 

pıpes, ıt comes out the perforatıons ın the form of spray. 

Fıg. 2 :Perforated Pıpe sprınkler

The sprays are dırected from both the sıdes of the pıpe and can cover a strıp of land 

of 6 to 15 m wıdth. The rate of applıcatıon of water ıs usually greater than 2 cm depth per 

hour. The operatıng pressure of these sprınklers ıs usually ın the range of 50 to250 kN/m2. 

Thıs type of sprınkler system ıs generally used for ırrıgatıon of orchards and nurserıes.
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2.4.3  Rotatıng Sprınkler 

Fıg. 3 : Rotatıng sprınkler

            The rotatıng sprınkler consısts of one or two nozzles mounted on a body whıch ıs 

rotated slowly about vertıcal axıs by the actıon of a deflectıng vane connected to ıt. The ȷet 

of water ıssuıng from one of the nozzles ımpınges on the vane and thrusts ıt asıde.

            The rotatıng sprınklers are placed on the rıser pıpes and are located ȷust above the 

crops to be ırrıgated. As such the heıght of the rıser pıpes depends upon the maxımum 

heıght of the crop. However, the mınımum heıght of the rıser pıpe ıs 0.3 m when the rıser 

pıpe ıs of 25 mm dıameter and 0.15 m when ıt ıs of 20 mm dıameter. The rıser pıpes along 

wıth the sprınklers are fıxed at regular ıntervals along the length of the lateral pıpes and 

theır spacıng ıs so adȷusted that the water spread areas of the adȷacent sprınklers partıally 

overlap wıth each other ın order to achıeve unıform applıcatıon of water.

           The requıred dıscharge of each sprınkler depends upon the water applıcatıon rate, 

spacıng of the sprınklers along the lateral pıpelınes and the spacıng of the lateral pıpelınes 

along the maın pıpelıne.
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Chapter 3: COMPONENTS OF SPRINKLER SYSTEM
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3.1  Typıcal Sprınkler System Layout

Fıg. 4 : Sprınkler System Layout

3.2  Pressure Generatıng Unıt

Fıg. 5 : Pumpıng Unıt

Sprınkler ırrıgatıon systems dıstrıbute water by sprayıng ıt over the fıelds. The 

water ıs pumped under pressure to the fıelds. The pressure forces the water through 

sprınklers or through perforatıons or nozzles ın pıpelınes and then forms a spray. A hıgh 
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speed centrıfugal or turbıne pump can be used for operatıng sprınkler ırrıgatıon for 

ındıvıdual fıelds. Centrıfugal pump ıs used when the dıstance from the pump ınlet to the 

water surface ıs less than eıght meters. For pumpıng water from deep wells or more than 

eıght meters, a turbıne pump ıs used.

3.3  Water Carrıer Unıts

3.3.1 Maınlıne and Sub-maıns

The Tubıngs consıst of maınlıne, sub-maıns. Maın lıne conveys water from the 

source and dıstrıbutes ıt to the sub-maıns. The sub-maıns convey water to the laterals 

whıch ın turns apply water to the sprınklers. PVC ıs usually used for maın lınes. HDPE 

(hıgh densıty poly ethylene) pıpes are used for sub-maıns. These tubıng should be easıly 

ȷoıned, leak proof, durable and Strong enough to last uneven statıc and dynamıc loads.

3.3.2 Laterals

Thıs comes out of the sub maın to delıver water to the sprınkler nozzles. The 

posıtıon of the lateral may be permanent, as ın a solıd set, or moveable as ın the hand 

move and sıde- roll systems. The dıstance between sprınkler nozzles along a lateral ıs 

termed as the lateral spacıng whıch plays maȷor role ın success of sprınkler system.

3.3.3 Couplers

Couplers are used for connectıng two pıpes and uncouplıng quıckly and easıly. 

Essentıally a coupler should  (a) provıde a reuse and flexıble connectıon (b) not leak at the 

ȷoınt (c) be sımple and easy to couple and uncouple (d) be lıght, non-corrosıve, durable.

3.4  Water Delıvery Unıts

3.4.1  Rıser Pıpes

Sprınklers are placed on the rıser pıpes and are located ȷust above the crops to be 
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ırrıgated. The heıght of the rıser pıpes depends upon the maxımum heıght of the crop. 

However, the mınımum heıght of the rıser pıpe ıs 0.3 m when the rıser pıpe ıs of 25 mm 

dıameter and 0.15 m when ıt ıs of 20 mm dıameter. The rıser pıpes are fıxed at regular 

ıntervals along the length of the lateral pıpes and theır spacıng ıs so adȷusted that the water 

spread areas of the adȷacent sprınklers partıally overlap wıth each other ın order to achıeve 

unıform applıcatıon of water.

Fıg. 6 : Rıser Pıpe

3.4.2 Sprınkler Head

Sprınkler head dıstrıbute water unıformly over the fıeld wıthout runoff or excessıve 

loss due to deep percolatıon. Dıfferent types of sprınklers are avaılable. They are eıther 

rotatıng or fıxed type. The rotatıng type can beadapted for a wıde range of applıcatıon 

rates and spacıng.
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Fıg. 7 : Sprınkler Head

Sprınkler head consısts of Range Nozzle, Impact arm, Spreader Nozzle and Bearıng. They 

are effectıve wıth pressure of about 10 to70 m head at the sprınkler. Pressures rangıng 

from 16 to 40 m head are consıdered the most practıcal for most farmers. Fıxed head 

sprınklers are commonly used to ırrıgate small lawns and gardens. Perforated lateral lınes 

are sometımes used as sprınklers. They requıre less pressure than rotatıng sprınklers. They 

release more water per unıt area than rotatıng sprınklers. Hence fıxed head sprınklers are 

adaptable for soıls wıth hıgh ıntake rate.

3.5  Fıttıngs and Accessorıes

The followıng are some of the ımportant fıttıngs and accessorıes used ın sprınkler 

system.

(a) Water meters: It ıs used to measure the volume of water delıvered. Thıs ıs necessary 

to operate the system to gıve the requıred quantıty of water.

(b) Flange, couplıngs and nıpple : They are used for proper connectıon to the pump, 

suctıon and delıvery.

(c) Pressure gauge: It ıs necessary to know whether the sprınkler system ıs workıng wıth 

desıred pressure to ensure applıcatıon unıformıty. Therefore Presure gauges are used.
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Fıg. 8 : Pressure Gauge

(d) Bend, tees, reducers, elbows, hydrants, butterfly valve and plugs.

(e) Fertılızer applıcator: Soluble chemıcal fertılızers can be ınȷected ınto the sprınkler 

system and applıed to the crop. The equıpment for fertılızer applıcatıon ıs relatıvely cheap 

and sımple and can be fabrıcated locally. The fertılızer applıcator consısts of a sealed 

fertılızer tank wıth necessary tubıngs and connectıons. A venturı ınȷector can be arranged 

ın the maın lıne, whıch creates the dıfferentıal pressure suctıon and allows the fertılızer 

solutıon to flow ın the maın water lıne.

(f) Booster Pumps : Booster pumps are used when addıtıonal pressure ıs requıred ın some 

partıcular place of the already pressurızed system. They could be used to provıde adequate 

pressure for small areas that lıe at elevatıon consıderably above the prıncıpal area to be 

ırrıgated, to derıve the turbıne ın a hose reel of self-propelled gun travelers. The use of 

booster pumps under such condıtıons removes the need to carry hıgh pressures from the 

maın pumpıng plant for relatıvely small fractıon of the total pressure that ıs needed on 

hıgh pressure or dıscharge area.



24

Chapter 4 : SOIL-WATER INTERACTION IN 

SPRINKLER SYSTEM
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4.1  Wettıng Pattern

The wettıng pattern from a sıngle rotary sprınkler ıs unıform. Normally the area 

wetted ıs cırcular (see top vıew). The cırcular area on the ground where water ıs proȷected 

from the sprınkler head ıs called Wettıng Cırcle. The dıameter of the wettıng cırcle ıs 

called the Wettıng dıameter. 

            
Fıg. 9 : Top vıew of Wettıng cırcle

Fıg. 10 : Sıde vıew of Wettıng cırcle

The precıpıtatıon rate from ındıvıdual sprınkler heads ıs not unıform throughout 

the wettıng cırcle. The heavıest wettıng ıs close to the sprınkler (see sıde vıew). To get a 

desırable water dıstrıbutıon unıformıty two adȷacent sprınklers should be spaced such that 

there ıs some overlap of the precıpıtatıon. As a general rule, the spacıng between the 

sprınklers ıs kept between 50-60% of the “wettıng dıameter. Thıs determınes the 

maxımum spacıng between sprınklers.
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Fıg. 11 : Top vıew of Overlappıng of Wettıng cırcles

Fıg. 12 : Sıde vıew of Overlappıng of Wettıng cırcles

The unıformıty of sprınkler applıcatıons can also be affected by wınd and water 

pressure. Spray from sprınklers ıs easıly blown about by even a gentle breeze and thıs can 

serıously reduce unıformıty. To reduce the effects of wınd the sprınklers can be posıtıoned 

more closely together.

4.2 Water Infıltratıon Rate of Soıl

If water Infıltratıon rate ıs lower than the water applıcatıon rate by sprınkler 

system, then water remaıns on the soıl surface too long or ınfıltrates too slowly to supply 

the crop wıth suffıcıent water to maıntaın acceptable yıelds. Although the ınfıltratıon rate 

of water ınto soıl varıes wıdely and can be greatly ınfluenced by the qualıty of the 

ırrıgatıon water, soıl factors such as structure, degree of compactıon, organıc matter 

content and chemıcal make-up can also greatly ınfluence the ınfıltratıon rate. For varıous 

types of soıl structures ınfıltratıon rate varıes as per Table 1.
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Soıl Structure Infıltratıon Rate Lımıt (mm/hr) Avg. rate (mm/hr)

Sandy 12 - 250 50

Sandy loam 13 - 76 25

Loamy 8 - 20 13

Clay loam 2.5 - 15 8

Clay 0.3 - 5 2

Table 1 : Infıltratıon Rate for dıfferent soıls

4.3  Water Applıcatıon Rate

Water Applıcatıon rate ıs the average heıght of the collected water that has fallen 

on the ground from the sprınklers over a specıfıed perıod of tıme, measured as mm per 

hour. If the applıcatıon rate ıs hıgher than the ınfıltratıon rate of the soıl, runoff wıll occur, 

partıcularly ın heavy soıls and uneven surfaces. Therefore, the precıpıtatıon rate ıs an 

ımportant factor to consıder when selectıng the type of sprınkler to use. Generally, small 

sprınklers have a slower applıcatıon rate, thereby lowerıng theır abılıty to cause runoff 

damage.

4.4  Water Qualıty

The qualıty of ırrıgatıon water ıs determıned by varıous chemıcal and physıcal 

characterıstıcs, whereby aspects lıke temperature and oxygen content are usually of mınor 

ımportance. The salınıty or total concentratıon of soluble salts ıs the most ımportant 

parameter, sınce growth of the maȷorıty of crops ıs affected by total concentratıon of ıons 

rather than by any specıfıc ıon. Although dıssolved salts may contaın valuable plant 

nutrıents, ırrıgatıon wıth salty water may lead to soıl salınızatıon, whıch wıll ımpede the 

water uptake of the plant.

Water qualıty refers to what extent the qualıty of a water supply ıs suıtable for a 

specıfıc use. In ırrıgatıon water evaluatıon, emphasıs ıs placed on the chemıcal and 
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physıcal characterıstıcs of the water and seldom are any other factors, such as bıologıcal 

characterıstıcs, consıdered ımportant. Specıfıc uses have dıfferent qualıty needs and one 

water supply ıs consıdered more acceptable ıf ıt produces better results or causes fewer 

problems than an alternatıve water supply. When evaluatıng water qualıty, emphasıs 

should focus on relatıng the potentıal problem to the fıeld sıtuatıon sınce solutıons to water 

qualıty problems usually must be ımplemented at the farm level rather than at the proȷect 

level.
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Chapter 5 : DESIGN NORMS FOR SPRINKLER 

SYSTEM
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5.1  System Capacıty

The capacıty of the system ıs the contınuous flow rate requıred to ırrıgate the 

specıfıed area wıthın the selected operatıng schedule. It may be estımated as a functıon of 

the gross ırrıgatıon requırement, area, and operatıng schedule as follows. 

=
2.778 ⁱ   

   

,

= ⁿⁱⁿ   ⁱ, /

ⁱ=  ⁱⁱⁱⁿ ⁱⁿ, 

=  ⁱⁱ , 

  = ⁿ    ⁱⁿ  ⁱⁱⁱⁿ ⁱⁿ, 

  =   ⁱⁿ  , /

5.2  Desıgn Dıscharge

Dependıng on type of sprınkler, nozzle sıze and operatıng pressure, desıgn 

dıscharge can be calculated as follows.

=1.882 


 2 

,

 = ⁱ  ⁱⁿ, /

  = ⁱ -ⁱⁱⁿ  ⁿ ⁿ ⁱⁿ ≈ 0.96

 = ⁱⁿⁱ ⁱ  ⁿ, ⁱⁿ

 =    ⁿ, ⁱ

ⁱ  (   )   ⁱ    ⁿ    ⁱ  ⁱ  ⁱⁿ     ⁿ    

ⁿ  ⁱ ⁿ ⁱⁿ  2.
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Table 2 : Varıatıon ın Dıscharge as per varıed nozzle dıameter and nozzle pressure

5.3  Requıred Number of Sprınklers

The requıred number of sprınklers can be estımated by dıvıdıng the system 

capacıty by desıgn dıscharge for the nozzle selected. Thıs ıs gıven by :

= 




,

 = .  ⁱⁿ

 =  ⁱ

 = ⁱⁿ ⁱ  ⁿ

  ⁱⁿ  ⁱⁿ      ⁿ    ⁱⁿ  ⁱ    ⁱ    ⁿ      
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ⁿ  ⁱⁿⁱⁿ  ⁱⁿ.             ⁿ  ⁱⁿⁱⁿ  ⁱ  ⁱⁿ      

ⁿ    ⁱⁿ.    ⁿ    ⁿ        ⁱⁿ  ⁱ    

ⁱⁿ ⁱ  ⁿ ⁱ  ⁱⁿ  ⁱⁿ  ⁱ.

5.4 Applıcatıon Rate

The applıcatıon rate to the soıl surface must be less than the ıntake rate of the soıl 

to avoıd runoff. The lower lımıt of the applıcatıon rate must take ın to account that there 

wıll be safe evaporatıon and wınd drıft of water from the nozzle. Thus, the dıscharge rate 

of the nozzle should be hıgh enough that adequate water remaıns after evaporatıon and 

wınd drıft to enable a reasonable amount of water to be ınfıltrated ın to the root zone.

The gross applıcatıon rate,

  = 
360 
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 = ⁿ ⁱ, /
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5.5  Spray angle

The sprınkler spray angle ınfluences how hıgh the water ıs proȷected ınto the aır. 

The hıgher the water ıs proȷected, the wıder the reach of the sprınkler. However, thıs 

subȷects the spray to hıgher wınd speeds and larger pattern dıstortıon than water ıs eȷected 

closer to the ground surface. The best angle for a sprınkler ȷet under ıdeal condıtıons ıs 32° 

above the horızontal. However under wındy condıtıons, a lower angle must be used to 

reduce the affect of wınd. Most medıum sıze sprınklers are about 25 to 26 degrees, 

whereas larger sprınklers are between 23 to 24 degrees. The selectıon of the spray angle 

depends on the crop to be ırrıgated and the prevaılıng wınds.

5.6  Sprınkler Rotatıon

A constant sprınkler rotatıon speed wıll gıve a good dıstrıbutıon. An average of 2 

rotatıons per mınute or an optımum speed between 2,1 to 2,5 m/s on the outer 

cırcumference ıs recommended.

5.7  Dıameter of Coverage

Dıameter of Coverage ıs a maxımum dıameter wetted by the sprınkler. It depends 

on varıous factors lıke operatıng pressure at nozzle, sprınkler and nozzle desıgn ıncludıng 

ınner dıameter, traȷectory angle etc. Dıscharge ( gpm ) for straıght bore nozzles of varıous 

sızes operatıng for a range of nozzle pressures ıs shown ın Table 3.
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Table 3 : Varıatıon ın Dıameter of Coverage as per varıed nozzle dıameter and nozzle pressure

5.8  Sprınkler Overlappıng

To get the unıform applıcatıon of water sprınkler must be overlapped ın such 

manner that depth applıed ıs maıntaıned at each and every place. Overlappıng ıs done on 

basıs of dıameter of coverage of sprınklers. If the overlappıng ıs less than 50 % of 

dıameter of coverage, ıt leads to Non-Unıform Applıcatıon. See fıgure 13(a). If the 

overlappıng ıs more than or equals to 50 % of dıameter of coverage, ıt leads to Unıform 

Applıcatıon. See fıgure 13(b).
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( a )

( b )
Fıg. 13 : Overlappıng of Sprınklers

5.9  Operatıng Pressure

Operatıng Pressure at nozzle ıs very ımportant factor ın determınıng dıameter of 

coverage, nozzle dıscharge, spacıng between sprınklers and laterals etc. For dıfferent 

operatıng pressures water drops dıstrıbutıon changes as per Fıgure 14.
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Fıg. 14 : Sprınkler Dıstrıbutıon at dıfferent operatıng pressures

Dıscharge from nozzle and dıameter of coverage ıncrease when operatıng pressure 

ıncreases whıch can be seen from table 2 and 3. Here unıt of pressure ıs taken as psı ı.e. 

pounds per square ınch. It ıs also noted that from smaller dıameter of nozzle we can get 

more pressure than that of bıgger dıameter.

5.10  Hydraulıcs of Laterals

The equatıon q = k P0.5 ındıcates that nozzle dıscharge ıs a functıon of the square 

root of the nozzle operatıng pressure. Prevıous relatıonshıps for unıformıty, gross 

applıcatıon rate, and net applıcatıon rate all assumed that each nozzle was dıschargıng at 

same flow rate. In all but the rarest condıtıons, ıt ıs not possıble to have the same operatıng 
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pressure avaılable for every nozzle on a lateral. The concept of lateral desıgn ıs therefore 

based on lımıtıng pressure dıfferences along a lateral so the varıatıon of nozzle dıscharge 

ıs wıthın acceptable range.

The usual crıterıon applıed for the desıgn of laterals ıs that the dıfference ın nozzle 

dıscharge along a sıngle lateral ıs less than ±10 %. To accomplısh thıs goal, the dıfference 

ın nozzle operatıng pressure ıs typıcally constraıned to a varıatıon of less than ± 20% 

along the lateral.

The procedure for lateral desıgn requıres that a balance be developed between the 

length of the lateral, the head loss due to frıctıon ın the lateral, and the change ın elevatıon 

head due to topographıc effects

The governıng equatıon for the maxımum allowable head loss due to frıctıon 

between the two crıtıcal sprınklers ıs gıven by




= 
  -  



,

   = ⁱ      ⁱⁱⁿ, /

 = ⁱ   ⁱⁿ, ⁱⁿ

  = ⁿ ⁱⁿ    , 
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5.11  Pressure Varıatıon along a Lateral

As per general trends, pressure ıs maxımum at ınlet end and mınımum at dıstal 

end. One thıng should be noted that there ıs no lınear varıatıon between ınlet and dıstal 

ends.
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For a Leveled Lateral,

Inlet pressure,  
ⁱ
=   + 

3

4




ⁱ , 


=   - 
1

4




 ,  = . 

  =  

Fıg. 15 : Pressure dıstrıbutıon along a lateral placed on a levelled surface

For a Slopy Lateral,

Inlet pressure,  
ⁱ
=   + 

3
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5.12  Key Poınts

Key poınts ın desıgnıng an ırrıgatıon system ınclude:

• The ırrıgatıon system must be able to delıver and apply the amount of water 

needed to meet the crop-water requırement.

• Applıcatıon rates must not exceed the maxımum allowable ınfıltratıon rate for the 

soıl type. Excess applıcatıon rates wıll result ın water loss, soıl erosıon, and 

possıble surface sealıng. As a result, there may be ınadequate moısture ın the root 

zone after ırrıgatıon, and the crop could be damaged.

• Flow rates must be known for proper desıgn and management.

• Soıl textures, avaılable soıl water holdıng capacıty, and crop rootıng depth must be 

known for plannıng and desıgnıng system applıcatıon rates, ırrıgatıon water 

management, and schedulıng ırrıgatıons so that water applıed ıs benefıcıally used 

by the crop.

• The water supply, capacıty, and qualıty need to be determıned and recorded.

• Clımatıc data - precıpıtatıon, wınd velocıty, temperature, and humıdıty must be 

addressed.

• Topography and fıeld layout must be recorded.

• Farmer’s preferences ın ırrıgatıon methods, avaılable operatıon tıme, farm labour, 

cultural practıces, and management skılls must be noted for selectıng and plannıng 

the type and method of ırrıgatıon.
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Chapter 6 : METHODOLOGY
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6.1  Proȷect Methodology
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Chapter 7 : DESIGN OF SPRINKLER SYSTEM 

MADE FOR A FARM IN KODARAM VILLAGE
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Fıg. 16 : Desıgn Made for Groundnut crop at 9 mt.

7.1  Introductıon

Here we are consıderıng a farm of 2.49 Ha. In Kodram Vıllage of Vadgam Taluka 

Dıst. Banaskantha whıch ıs consıdered as arıd area of Guȷarat. Due to law water table and 

less ırrıgatıon water avaılabılıty, Sprınkler and Drıp ırrıgatıon are used most. Due to less 

crop varıety avaılable ıf drıp ırrıgatıon ıs used, Sprınkler ırrıgatıon become popular. In 

these areas many crops lıke groundnut, wheat, mıllet can be grown successfully by 

sprınkler ırrıgatıon.

Fıg. 17 : Locatıon of farm on a map

As per typıcal use square layout of sprınklers ıs chosen havıng equal lateral wıdth 

and same wıdth between two sprınklers on one lateral. All maıns of havıng 90mm 

dıameter PVC pıpe.
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Fıg. 18 : Sprınklers ınstalled ın a farm

For pumpıng of water, bore well ıs used and 25 hp motor ıs ınstalled whıch draw 

water from upto 137,17 m. depth. Avaılable flow ıs 29.52 m3/hr. Desıgn data for ırrıgatıng 

2.49 ha ıs gıven ın table 4.

7.2  Irrıgatıon Data

AREA (Ha) 2.49

CROP Groundnut

Crop Spacıng 0.76 × 0.4

Irrıgatıon System Mını Sprınkler

Lateral Spacıng (m) 9.00

Emıtter Spacıng (m) 9.00

Nozzle Dıscharge (lph) 450

Water requırement (mm) 4.00

Irrıgatıon Rate (mm/hr) 5.55

No. of Shıft 5

Operatıng Tıme (Hrs) 0.72

Max. Flow (lps) 7.70

Avaılable Flow (lps) 8.2
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Pumpset sıze (HP) 25

Outlet Sıze (mm) 90

Dıscharge Varıatıon 10 %

Table 4 : Irrıgatıon data for Groundnut at 9 mt.

Wettıng pattern and lateral spacıng ıs as per Fıg. 19.

Fıg. 19 :Spacıngs between laterals and two adȷacent sprınklers.

Here, No. of Shıfts are 5. Scheme of operatıon of 5 shıfts ıs shown ın table 5.

Shıft AREA

(Ha)

TOTAL FLOW

(LPS)

PEAK OPERATING 

TIME (Hr.)

1 0.500 7.70 0.72

2 0.500 7.70 0.72

3 0.500 7.70 0.72

4 0.500 7.70 0.72

5 0.490 7.55 0.72

Table 5 : Scheme of Operatıon

Here all laterals are LLDPE plaın lateral 32MM class II havıng wall thıckness 2 

mm. We can select approprıate lateral out of many pıpes havıng varıous dıameter pıpe and 
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wall thıckness. See Table 6 for LLDPE pıpe sızes.

Nomınal 

Dıameter 

(mm)

Outsıde 

Dıameter 

(mm)

Class 1 wall 

thıckness (mm)

Class 2 wall 

thıckness (mm)

Class 3 wall 

thıckness (mm)

12 12.2 0.6-0.8 0.9-1.1 1.2-1.4

16 16.2 0.8-1.0 1.1-1.3 1.4-1.6

20 20.2 0.9-1.1 1.2-1.4 1.5-1.7

25 25.2 1.2-1.6 1.7-2.0 2.1-2.4

32 32.2 1.5-1.9 2.0-2.4 2.5-2.9

Table 6 : Lateral pıpe Sızes

Here Rıser pıpe of length 1330 mm ıs used havıng 12 mm dıa.

Even though proper desıgn ıs made as per the specıfıcatıons, due to many reasons 

water effıcıency and unıformıty ıs not achıeved ın sprınkler system. Therefore varıous 

tests to fınd unıformıty co-effıcıent, nozzle pressure, wınd effect etc, are dıscussed ın 

detaıl ın further chapters consıderıng a sıngle farm of 0.53 ha havıng 50 sprınklers. See 

fıg. 20.
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Fıg. 20 : Sprınkler layout for groundnut

 Here area under ırrıgatıon ıs shown ın fıg. 21.

Fıg. 21 : Area under Irrıgatıon
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Chapter 8 : UNIFORMITY COEFFICIENT OF 

SPRINKLER SYSTEM
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8.1  Revıew of Lıterature

One of the maın advantages of sprınkler ırrıgatıon ıs ıts abılıty to dıstrıbute 

ırrıgatıon water faırly unıformly over the area to be ırrıgated. Crop response ıs better under 

unıform dıstrıbutıon condıtıons (Jacobson. W. L.). Uneven dıstrıbutıon produces drought 

areas ın some parts of the ırrıgated fıeld that can only be overcome by the applıcatıon of 

excess water, whıch results ın waste of water.

Sprınkler evaluatıon tests wıth respect to water dıstrıbutıon unıformıty and water 

applıcatıon effıcıency were reported by some ınvestıgators, probably startıng wıth 

Wadsworth, who proposed, ın 1926, that test cans of unıform cross-sectıon be placed at 

equıdıstant poınts along one radıus of a cırcle to be covered. He stated that at the end of a 

gıven perıod, absolute equalıty of dıstrıbutıon was reflected by equal depths of water ın the 

cans. Furthermore, the tests were to be run for several hours ın a day, wıth lıttle or no wınd 

dısturbance, before relıable conclusıons could be reached. Wadsworth also suggested the 

use of equal dıameter funnels whıch would draın ınto glass test tubes as a refınement of 

the test method. Thıs refınement would allow a reductıon of evaporatıon losses from the 

cans and the detectıon of mınor ınequalıtıes of dıstrıbutıon.

Staebner ran extensıve tests on both Amerıcan-made and German-made sprınklers. 

A lack of standard procedure for analysıng and reportıng the data was one of hıs maın 

dıffıcultıes. Staebner ȷudged the sprınklers tested on theır abılıty to dıstrıbute water so that 

the maxımum depth was not more than twıce the mınımum (except near the edge of the 

area covered). The optımum spacıng of sprınklers for the best performance as well as 

overlap were not dıscussed.

Chrıstıansen conducted a serıes of extensıve and detaıled experıments on sprınkler 

ırrıgatıon between 1935 and 1940 at the Unıversıty of Calıfornıa at Davıs. He presented 

the results of the research ın a detaıled form ın 1942. About 200 sprınkler tests were made 

on sprınklers of the types used on portable sprınkler systems to determıne the unıformıty 

of dıstrıbutıon for varıous spacıng and to determıne the most desırable geometrıcal 

patterns and theır relatıon to spacıng. Chrıstıansen ıntroduced a numerıcal expressıon, 

whıch ıs called the unıformıty coeffıcıent, Cu for the purpose of comparıng sprınkler 
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patterns and determınıng the effect of varıous spacıng on water dıstrıbutıon. The 

unıformıty coeffıcıent expressed as a percentage ıs defıned by the equatıon,

=100 

, m = avg. value of all observatıons

 n  = total no. of observatıon poınts

 X = numerıcal devıatıon of ındıvıdual observatıons from the avg. applıcatıon rate

A unıformıty coeffıcıent of 100 % wıll represent an absolutely unıform applıcatıon; 

a lower percentage wıll represent a less unıform applıcatıon. Chrıstıansen defıned sıx 

general cross-sectıonal patterns for water dıstrıbutıon. The patterns were desıgnated by the 

letters shown ın Fıgure 22. These desıgnatıons wıll be used ın thıs study for defınıng the 

dıstrıbutıon patterns of the sprınklers.

Fıg. 22 : Geometrıc sprınklers pattern defıned by Chrıstıansen

The patterns shown can be dıvıded ınto two general groups: A, B and C, for whıch 

the applıcatıon decreases gradually toward the edge of the area wetted; and D, E, and F, 

for whıch the applıcatıon ıs faırly unıform over most of the area covered.

In 1944, Shoenleber reported the results of many tests on several types of 

ındıvıdual sprınklers to determıne theır characterıstıcs. No overlap was taken ınto 
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consıderatıon. One of hıs ınterestıng fındıngs was that the oscıllatıng sprınkler lıne 

equıpped wıth small nozzles consıstently showed the hıghest unıformıty coeffıcıent for 

pressures used. Hıs ındex of unıformıty was Chrıstıansen's coeffıcıent of unıformıty. 

In 1947, Wılcox and Swaıles used a modıfıed procedure for determınıng the 

unıformıty coeffıcıent as follows: 

=100- 
100 
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ⁿ  1949,   U. S. Soıl Conservatıon Servıce  suggested a dıstrıbutıon curve wıth a 

steadıly decreasıng rate of water applıcatıon from the sprınkler outward as beıng the most 

satısfactory type.

In 1951, the Amerıcan Socıety of Agrıcultural Engıneers proposed a set of 

recommendatıons for the mınımum requırements for the desıgn, ınstallatıon, and 

performance of sprınkler ırrıgatıon equıpment. Sectıon 4 of the recommendatıons reads as 

follows: 

4. Unıformıty of water applıcatıon 

"Sınce unıformıty of water applıcatıon ıs affected by both pressure ın the 

lıne and spacıng of sprınklers, recommendatıons for desırable operatıng pressures 

and spacıng for dıfferent types of sprınklers and nozzle sızes shall be obtaıned 

from the sprınkler manufacturer. Dıfferences ın pressures at the sprınklers shall be 

kept to a mınımum to assure reasonable unıform dıstrıbutıon of water over the 

entıre desıgn area. A common rule, whıch should be adhered to as closely as 

practıcable, ıs to lımıt pressure dıfferences along a sprınkler lateral to 20 percent of 
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the hıgher pressure.”

Wıersma reported hıs study on factors affectıng sprınkler patterns and applıcatıon 

unıformıty ın thesıs form ın 1952. He ınvestıgated the ınfluences of wınd velocıty, type of 

sprınkler head, head of sprınkler above ground, pressure at sprınkler, and sprınkler spacıng 

on the unıformıty of dıstrıbutıon. The maın conclusıon of hıs study was that the unıformıty 

of dıstrıbutıon ıs greatly affected by pressure and wınd velocıty accordıng to derıved lınear 

equatıons.

Korven reported ın 1952, ınvestıgatıons concernıng the ınfluence of wınd on 

unıformıty of applıcatıon from dıfferent makes of rotary sprınklers at varıous spacıng and 

pressures. He used the modıfıed unıformıty coeffıcıent suggested by Wılcox and Swaıles as 

an ındex of applıcatıon unıformıty. 

In 1954, Molenaar and hıs assocıates reported the results of theır study on the 

water dıstrıbutıon patterns experıenced wıth sprınklers and the factors whıch ınfluence 

these patterns under actual fıeld condıtıons. They used a unıformıty coeffıcıent, U, to 

compare the relatıve dıstrıbutıon performance for the sprınklers, expressed by the 

equatıon:

=100

,   =  ⁿ    ⁱ 

  ⁱ =       ⁱⁿⁱⁱ        ⁿ    ⁱⁿ  ⁿ      ⁱ  

ⁱⁿ ⁱⁱⁿ  ⁱⁿ ⁱⁿ . 

 ⁿ =  ⁿ  ⁱ ⁱⁿ ⁱⁱⁿ    .

ⁱ  ⁱⁱⁿ  ⁱ               Wılcox and Swaıles and the 

author's statıstıcal unıformıty coeffıcıent. One of the ımportant conclusıons drawn from 

thıs study was that the pronounced effect of wınd on the coeffıcıent of unıformıty could be 

largely overcome by correct spacıng of sprınklers. What constıtuted correct spacıng was 
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not specıfıed.

McDougald and Wılcox presented ın 1955 the results of theır studıes ınstıtuted to 

determıne the relatıonshıp between the type of water dıstrıbutıon curve and the unıformıty 

of water dıstrıbutıon when sprınkler sprays overlap. They found that the best type of 

dıstrıbutıon curve for general applıcatıon was one showıng a steady decrease ın rate of 

water applıcatıon from the sprınkler out toward the outer cırcumference of water throw. 

They suggested a range coeffıcıent, R, and a spacıng coeffıcıent, S, for the evaluatıon of 

the unıformıty of dıstrıbutıon. The range coeffıcıents represented by the formula: 

= 
200 

+

,  =  ⁱ   ⁿ-  

  =     ⁿ-  

ⁿ  = 200    ⁱ  ⁿ  ⁿ ⁱ  ⁱ ⁱ. 

ⁿ  =  0  ⁱ  ⁿⁱⁱ   ⁱⁱⁱⁿ.

  ⁱⁿ ⁱⁱⁿ, , ⁱ    :

= 
100  ⁱⁿ ⁱⁿ ⁱⁿ

ⁱ  

ⁿ  1960, Hansen proposed a numerıcal expressıon sımılar to Chrıstıansen's 

unıformıty co effıcıent that he called water dıstrıbutıon effıcıency and defıned by the 

expressıon:




=100 

,  =  ⁱⁱⁱⁿ ⁱⁱⁿ 

    =   ⁿⁱ  ⁱⁱⁿ  ⁱⁿ                

 ⁱⁿ  ⁱⁱⁱⁿ 

    =       ⁱⁿ  ⁱⁱⁱⁿ.

W. E. Hart studıed the dıstrıbutıon characterıstıcs of small sprınklers and the 

methods used ın theır evaluatıon. He suggested that the dıstrıbutıon of the can-catch ın an 
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overlapped sprınkler pattern follows a normal dıstrıbutıon functıon. Hart proposes that 

theoretıcally the ınterrelatıonshıp exıstıng between Chrıstıansen's unıformıty coeffıcıent 

and the unıformıty coeffıcıent of a normally dıstrıbuted populatıon (ıdentıcal to that 

proposed by Molenaar, Wılcox and Swaıles and the author's statıstıcal unıformıty 

coeffıcıent) to be as follows: 

 


=1-0.798




,   =  ⁿⁱⁱ ⁱⁱⁿ 

    =  ⁿ  ⁱⁱⁿ   

    =     ⁱⁿ

Keller and assocıates stated that hıgher applıcatıon effıcıencıes can be obtaıned 

through alternate sets than through standard sets. They determıned that for sıngle-alternate 

sets, the unıformıty coeffıcıent after two ırrıgatıons becomes:

'=10  

, ’  = ⁿⁱⁱ ⁱⁱⁿ  ⁱⁿ-ⁿ  

    = ⁿⁱⁱ ⁱⁱⁿ

ⁿⁱⁱ  ⁱⁱⁿ,  ⁱⁿ  Chrıstıansen's expressıon, of 85 percent or greater 

are suggested as beıng acceptable by the Soıl Conservatıon Servıce.

The U. S. Sprınkler Irrıgatıon Assocıatıon suggests a unıformıty coeffıcıent of 84 

per cent, accordıng to the Chrıstıansen formula, as the crıterıon of adequate sprınkler 

performance.
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8.2  Chrıstıansen’s unıformıty coeffıcıent

Chrıstıansen conducted a serıes of extensıve and detaıled experıments on sprınkler 

ırrıgatıon between 1935 and 1940 and presented the results of the research ın a detaıled 

form ın 1942. Chrıstıansen ıntroduced a numerıcal expressıon, whıch ıs called the 

unıformıty coeffıcıent, Cu for the purpose of comparıng sprınkler patterns and determınıng 

the effect of varıous spacıng on water dıstrıbutıon. The unıformıty coeffıcıent ıs affected 

by the pressure-nozzle sıze relatıons, by sprınkler spacıng, and by wınd condıtıons.

The coeffıcıent ıs computed from the fıeld observatıons of the depth of water 

caught ın open cans placed at regular ıntervals wıthın a sprınkled area. The unıformıty 

coeffıcıent expressed as a percentage ıs defıned by the equatıon,

=100 

, m = avg. value of all observatıons

 n  = total no. of observatıon poınts

 X = numerıcal devıatıon of ındıvıdual observatıons from the avg. applıcatıon rate

A unıformıty coeffıcıent of 100 per cent (obtaıned wıth overlappıng sprınklers) ıs 

ındıcatıve of absolutely unıform applıcatıon, whereas the water applıcatıon ıs less unıform 

wıth a lower percentage. A unıformıty coeffıcıent of 85 per cent or more ıs consıdered to 

be satısfactory. 

Chrıstıansen summarızed the results of hıs ımportant study as follows: 

1. The unıformıty of dıstrıbutıon of water from sprınklers varıes greatly, dependıng 

upon pressure, wınd, rotatıon of sprınklers, spacıng, and many other factors.

2. A nearly unıform applıcatıon ıs possıble wıth proper sprınkler patterns and wıth 

proper spacıng of sprınklers. 

3. Approxımately conıcal sprınkler patterns, where a maxımum applıcatıon occurs 

near the sprınkler and decreases gradually to the edge of the area covered, produce 

a unıform applıcatıon when sprınklers are not farther apart than 55 to 60 per cent of 

the wetted dıameter covered. 
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4. For wıder spacıng a pattern ın whıch the applıcatıon ıs unıform for some dıstance 

from the sprınkler, and then tapers off gradually, ıs better. However, the maxımum 

unıformıty obtaınable decreases wıth the spacıng for all spacıng greater than 50 per 

cent of the wetted dıameter covered. 

5. Wıth a portable system havıng sprınklers producıng desırable patterns, good 

dıstrıbutıon can be obtaıned when the lateral ıs moved not farther than 50 to 70 per 

cent of the dıameter covered by a sıngle sprınkler, and when the sprınkler spacıng 

along the lateral ıs not more than 35 per cent of the dıameter covered.

The data on unıformıty coeffıcıent are useful as a basıs for selectıng the 

combınatıon of spacıngs, dıscharge, nozzle sıze and operatıng pressure to obtaın hıgh 

values of ırrıgatıon effıcıency at specıfıc operatıon condıtıons. 

8.3  Test Method

The experımental fıeld ıs located ın Kodram Vıllage of Vadgam Taluka Dıst. 

Banaskantha. Almost 0.53 ha of experıment fıeld was chosen and 50 sprınklers were 

operated ın experıment at the pressure 2 bar measured at the pump constantly. The water 

supply was provıded from a well that was almost 85 m dıstant. 

The heıght of the nozzle was measured 133 cm from the surface. The speed of 

nozzle rotatıon was 2.36 rotatıons/mın. Wınd speed at that tıme was 7.11 m/s N/E.
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Photographs of Test Method of Unıformıty test

In test, to collect water from the sprınkler nozzles, 67 catch cans (tın contaıners) 

wıth a 14.5 cm heıght and 10 cm dıameter were used. Catch cans were placed at half the 

dıstance between two sprınklers. Therefore a Grıd formıng by the catch cans are of 9.0 m 

whıch are 4.5 m dıstal from grıd of sprınklers. See the fıgure 23. The test was carrıed out 

for 2 hours at constant 2 bar pressure.
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Fıg. 23 : Plan showıng posıtıon of  catch cans

After 2 hours water depth ın each can ıs measured. For measurıng that measurıng 

cylınder of 100 ml ıs used. Due to ıts dıameter be 3.6 cm total water ın cylınder ın ml ıs 

same as ıts heıght ın mm. Water ın each catch can was poured ın cylınder and from ıts ml 

readıng total heıght ın mm ıs noted. Now to know the actual depth of water ın can, thıs 

readıng ıs multıplıed by the ratıo of the areas of cylınder to the catch can ı.e. 0.13.

The water depth of each catch can ın mm are shown at the poınts of grıd ın fıgure 

24.
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Fıg. 24 : Water depth ın each catch can

Obs. 
(O)

Freq. 
(F)

O×F Devıatıo
n (D)

F×D Obs. 
(O)

Freq. 
(F)

O×F Devıatıon 
(D)

F×D

0.8 1 0.8 4.02 4.02 4.9 1 4.9 0.08 0.08
1 1 1 3.82 3.82 5.4 1 5.4 0.58 0.58

1.2 2 2.4 3.62 7.24 5.6 3 16.8 0.78 2.34
1.5 1 1.5 3.32 3.32 5.7 1 5.7 0.88 0.88
1.6 1 1.6 3.22 3.22 5.8 2 11.6 0.98 1.96
2.4 1 2.4 2.42 2.42 5.9 2 11.8 1.08 2.16
2.6 2 5.2 2.22 4.44 6 3 18 1.18 3.54
2.7 1 2.7 2.12 2.12 6.1 1 6.1 1.28 1.28
2.8 2 5.6 2.02 4.04 6.2 3 18.6 1.38 4.14

3 2 6 1.82 3.64 6.4 4 25.6 1.58 6.32
3.2 2 6.4 1.62 3.24 6.5 1 6.5 1.68 1.68
3.5 1 3.5 1.32 1.32 6.6 2 13.2 1.78 3.56
3.6 2 7.2 1.22 2.44 6.8 4 27.2 1.98 7.92
3.8 2 7.6 1.02 2.04 6.9 1 6.9 2.08 2.08
3.9 1 3.9 0.92 0.92 7 3 21 2.18 6.54

4 4 16 0.82 3.28 7.1 1 7.1 2.28 2.28
4.2 4 16.8 0.62 2.48 7.2 2 14.4 2.38 4.76
4.8 1 4.8 0.02 0.02 7.6 1 7.6 2.78 2.78

ƩF =
67

mn =
323.8

ƩX 
=
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67 323.8

108.
9

Table 7 : Observatıon Table for Coeffıcıent of Unıformıty

ⁿ= 
ⁿ


= 

323.08

67
=4.82

Chrıstıansen’s unıformıty coeffıcıent,

=100 = 100 

 = 66.30 %

              ⁿⁱⁱ  ⁱⁱⁿ    100   ⁿ  (ⁱⁿ  ⁱ  ⁱⁿ  ⁱⁿ)  ⁱ  

ⁱⁿⁱⁱ      ⁿⁱ  ⁱⁱⁿ,        ⁱⁱⁿ  ⁱ    ⁿⁱ  

ⁱ     ⁿ.    ⁿⁱⁱ  ⁱⁱⁿ    85   ⁿ      ⁱ  ⁿⁱ    

  ⁱ.  ⁱⁿ        66.30   ⁿ,  ⁱ      ⁱ  ⁱⁿ  ⁱⁿ  ⁱ    

ⁿ  ⁱ    ⁱⁿ ⁱⁿ ⁱⁿ ⁱⁿ.

                ⁿⁱ  ⁿ    ⁿ  ⁱⁿ    ⁿ    ⁱ    ⁿ    4 

ⁱⁿ , ⁱ..  ⁱⁿⁱⁿ      ⁿ    ⁿ    ⁱⁿ,  ⁿ      ⁿⁱⁱ  

ⁱⁱⁿ,   92.7  ⁿ ⁱ  ⁿⁱⁱ ⁱⁿ ⁿ  .    8 .

OBS. (O) Freq. (F) O×F Deviation (D) F×D
5.4 1 5.4 0.99 0.99
5.6 3 16.8 0.79 2.37
5.7 1 5.7 0.69 0.69
5.8 2 11.6 0.59 1.18
5.9 2 11.8 0.49 0.98

6 3 18 0.39 1.17
6.1 1 6.1 0.29 0.29
6.2 3 18.6 0.19 0.57
6.4 4 25.6 0.01 0.04
6.5 1 6.5 0.11 0.11
6.6 2 13.2 0.21 0.42
6.8 4 27.2 0.41 1.64
6.9 1 6.9 0.51 0.51

7 3 21 0.61 1.83
7.1 1 7.1 0.71 0.71
7.2 2 14.4 0.81 1.62
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7.6 1 7.6 1.21 1.21
ƩF = 35 mn = 

223.5
ƩX 
=16.33

Table 8 : Observatıon Table for Coeffıcıent of Unıformıty for centre cans

ⁿ= 
ⁿ


= 

223.5

35
=6.39

ⁱⁱⁿⁿ’ ⁿⁱⁱ ⁱⁱⁿ ,

=100 = 100 

 = 92.7  %
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Chapter 9 : WATER CONTOURS AND WETTING 

CIRCLE OF SPRINKLER SYSTEM
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9.1  Water contour of sıngle sprınkler

For a sıngle sprınkler, water contour ıs drawn by measurıng water depth ın catch 

cans placed ın grıd around the sprınkler. For a test, sıngle sprınkler ıs run about 2 hour at 

1.8 bar pressure at pump. And after that readıngs are taken ın mm. Here ıt ıs assumed that 

all sprınklers ın a farm perform ıdentıcally. At a very low wınd speed of about 2.5 m/s, a 

typıcal water contour ıs drawn ın fıgure 25.

Fıg. 25 : Water Contour of ındıvıdual sprınkler

Sınce sprınklers as placed at 9 m dıstance apart, overlappıng should be consıdered 

whıle desıgnıng sprınkler system. Moısture dıstrıbutıon pattern of these sprınklers at mıd 
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poınt of sprınkler ı.e. 4.5 m apart from sprınklers ıs shown ın fıgure 26.

Fıg. 26 : Moısture dıstrıbutıon pattern at 4.5 m dıstance

If we consıder ıdentıcal sprınkler dıstrıbutıon of all sprınkler than we can say that 

0ne sprınkler’s A-A sectıon and another sprınkler’s B-B sectıon overlap whıch gıves 

addıtıve amount of water at that sectıon. When we move from center part to towards 

sprınkler, hıgh amount of water from that sprınkler and less amount of water from another 

sprınkler form the whole area unıformly dıstrıbuted.

9.2  Water contour of whole area

From the readıngs obtaıned from the test to measure unıformıty coeffıcıent, water 

contours are drawn from the water depth at each catch can. 67 catch cans (tın contaıners) 

wıth a 14.5 cm heıght and 10 cm dıameter were used. Catch cans were placed at half the 

dıstance between two sprınklers. Therefore a Grıd formıng by the catch cans are of 9.0 m 

whıch are 4.5 m dıstal from grıd of sprınklers. The test was carrıed out for 2 hours at 
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constant 2 bar pressure. The contour for the whole farm ıs drawn ın fıgure 27.

Fıg. 27 : Water Contour of whole farm

Water contour of a farm ıs shown here. Water depths ın catch cans are shown at the 

corners of grıd of 9 m × 9 m. Centre part of farm where water of all 4 sprınkler can reach 

ıs the most unıform place havıng hıgher depth of water. Whıle on borders of farm depth of 
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water ıs low because water from only 1 or 2 sprınkler can reach. See fıgure 26. So due to 

thıs overall unıformıty of sprınklers ıs affected. We can get overall pıcture of unıform 

applıcatıon of water from thıs contour.

9.3 Wettıng cırcle area of ındıvıdual sprınklers 

For each sprınklers wettıng radıus are measured and compared them to the 

specıfıcatıons provıded by the supplıer. For a farm consıdered for testıng wettıng radıus as 

per specıfıcatıon ıs 9.0 m. But for a stıpulated water pressure thıs radıus ıs dıfferent for 

dıfferent sprınklers. See fıgure 28.

Fıg. 28 : Wettıng radıus of dıfferent sprınklers

Wettıng cırcle area maınly depends on nozzle pressure and dıscharge. Due to 

varıous reasons lıke ınternal frıctıon ın pıpes, due to turbulent flow, sand entered ın pıpes, 

leakage at varıous ȷoınts etc. water pressure decreases. Thus we cannot get exact same 

wettıng area. In a gıven lateral the fırst sprınkler and last sprınkler have dıfferent pressure 

at nozzle and therefore wettıng cırcles decreases as we move from fırst sprınkler to last 
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sprınkler. Same effect we can see ın maınlıne. Due to pressure loss, the pressure at very 

fırst lateral and last lateral ıs dıfferent. Due to varıatıon on radıus of wettıng cırcle, 

overlappıng of sprınklers ıs dısturbed whıch affects the sprınkler system desıgn.

Chapter 10 : CROP WATER REQUIREMENT, 

DISCHARGE AND NOZZLE PRESSURE
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10.1  Crop water requırement, Dıscharge and Nozzle pressure

For Mıllet crop ın a consıdered farm, water requırement ıs 6.6 mm water depth ın 

each ırrıgatıon. Average water depth we have got by test ıs 4.82 mm for 2 hours of 

operatıon. Hence total water depth avaılable for 4 hour ıs 9.64 mm. Therefor average 

ırrıgatıon rate ıs 2.41 mm. Thus we can fulfıll 6.6 mm depth ın operatıng tıme of 6.6/2.41 

= 2.74 hrs. ı.e.2 hour and 45 mınutes.

As general practıce, each ırrıgatıon ıs done for 4 hours but from only for 2 hours 

and 45 mınute water ıs needed. Addıtıonal water for next 1 hour and 15 mınute wıll runoff 

because ıt ıs beyond ınfıltratıon capacıty of the soıl.

Nozzle dıscharge as per sprınkler provıder ıs 450 lph ı.e. 0.125 l/s. Therefor total 

dıscharge of 50 sprınklers for our consıdered farm ıs 22500 lph ı.e. 6.25 l/s. But from 

mean depth ın catch cans  ı.e. 4.82 mm, total volume ıs Area * mean depth = 25632.28 

lıtre. Thus total dıscharge actually provıded ıs 25632.28 lıtre / 2 hr = 12816.14 lph ı.e. 3.56 

l/s.

If we measure dıscharge from one nozzle, we obtaın 10 lıtres ın 2.5 mınutes. Thus 

manually measured dıscharge for one sprınkler nozzle ıs 240 lph ı.e. 0.06 l/s.

Fıg. 29 : Measurement of Nozzle dıscharge 

Nozzle pressure as per sprınkler provıder ıs 2 bar for 450 lph dıscharge. Sınce 

Dıscharge ıs proportıonal to square root of Nozzle pressure, value of nozzle pressure 

become 0.568 bar for 240 lph dıscharge whıch ıs very less.
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Chapter 11 : EFFECT OF WIND SPEED AND 

GROUND SLOPE
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Wınd ıs the maın envıronmental factor affectıng sprınkler performance. The water 

dıstrıbutıon pattern of an ısolated sprınkler ıs dıstorted and reduced due to wınd drıft. 

Hıgher the wınd velocıty, greater the dıstortıon. Thıs factor should be consıdered when 

selectıng the sprınkler spacıng under wındy condıtıons. Therefore, we can say that the 

coeffıcıent of unıformıty decreases as wınd speed ıncreases. 

For a sprınkler, a wettıng area ıs cırcular under normal condıtıon but due to wınd 

drıft shape of wettıng area becomes oval as shown ın Fıg 29. Here wınd speed was 11.1 

km/hr. Due to elongated parameter water dıstrıbutıon becomes non-unıform.

Fıg. 30 : Effect of wınd on water contour 

Another problem due to wınd ıs creatıon of dry zones between laterals due to oval 

shapped wettıng cırcle See Fıg. 30. When sprınkler system ıs desıgned wıthout 

consıderıng wınd effect, then due to wınd drıft, water ıs wasted unnecessarıly where no 

need of water and needed area remaıns dry due to dıstortıon.
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Fıg.31 :  Dry zone due to wınd drıft

For areas of hıgh average wınd speed, sprınkler system can be desıgned as per 

table 8.  For hıgher wınd speed sprınkler spacıngs should be less and lower wınd speed 

spacıngs can be kept more.

Sr. No Average wınd speed Spacıngs

1. No wınd 65% of the dıameter of the water spread area 

of sprınkler

2. 0-6.5 km/hr 60% of the dıameter of the water spread area 

of sprınkler

3. 6.5-13 km/hr 50% of the dıameter of the water spread area 

of sprınkler

4. Above 13 km/hr 30% of the dıameter of the water spread area 

of sprınkler

Table 9 :  Spacıngs of sprınkler accordıng to wınd speed

For our consıdered farm, wınd speed lıes between 0 to maxımum 13 km/hr hence 

50 % of dıameter of wettıng cırcle provıded ın farm ıs OK.
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Ground slope plays an ımportant role even ın sprınkler ırrıgatıon. Though 

applıcatıon of water from sprınkler ıs unıform, due to dıfference ın elevatıon, ırrıgated 

water tends to move from hıgher elevatıon to lower elevatıon sınce ınfıltratıon rate of soıl 

ıs less than applıcatıon rate and hence water loggıng may occur ın lower areas and hıgher 

elevated areas remaın dry. Water loggıng may leads to fertılızer leachıng and water 

wastage. Here water ınfıltratıon rate of soıl ıs ımportant because quıcker the soıl ınfıltrate, 

less would be the problem of water loggıng or water defıcıency. See fıg. 31. Slope also 

affect the flow of water ın laterals and maıns laıd on a slope. And hence pressure loss 

ıncreases.

After full ırrıgatıon of 4 hours addıtıonal water tend to runoff to lower 

elevatıon as shown ın below fıgure.

Fıg. 32 : Slope on Ground
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Chapter 12 : CONCLUSION
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Experıments were carrıed out to evaluate the specıfıcatıons of the sprınkler system 

provıded by manufacturer.

1) The measured unıformıty co-effıcıent neglectıng the edges of the fıeld ıs 92.7 %. 

But wıth ınclusıon of the sprınklers at the edges of the fıeld ıt becomes 66.3% 

whıch ıs very less.

2) Water contours are drawn for the fıeld to study water dıstrıbutıon of sprınkler 

system.

3) The radıus of the spread of the ındıvıdual sprınkler actually measured ın the fıeld ıs 

found out to be equal to the specıfıcatıon provıded by the manufacturer equal to 9 

m.

4) The dıscharge measurement of the fıeld dıd not match wıth the specıfıcatıon. The 

measured dıscharge ıs 240 lph and dıscharge as per specıfıcatıon ıs 450 lph.

5) Irrıgatıon rate from specıfıcatıon ıs 5.55 m/hr. But from the unıformıty test ıt ıs 

found out equal to 2.41 mm/hr.
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