Design and Layout of

Sprinkler Irrigation System
%

Before proceeding with the sprinkler design and layout, some general

principles or rules for good design must be followed. The basic nbjecuive of the
overall good design 1s that, the svstem should provide a

satistactory umform
distribution of water with numimum annual

operating cost, including dcprcr:iulinn:
power cost and labor cost

Sprinkler system desipn involves wdentifying alternative layout of the lateral,
sub mains and mamnlines for the tarm and then developing design specificanons for
the most feasible layout. The lavout 1 also dependant on the location of the water
source and quantity of water available for imgation. The design of the system
should be suitable for a particular site and crop, The designed system should give

high imgation efficiency 1 ats performance and economy.

41 Hydraulic Design of Sprinkler Systems

In sprinkler imigation water 1s conveyed along the pipeline under pressure,
a part of the pressure developed at the imtial end s lost by the fricton in the pipes.
The sizes and types of laterals and main pipe selected should be such that the
pressure loss due to fmcuon for a given rate of flow remins within pernussible
limits,

The basic objective of hydrauhic design of sprinklers 1s to obtain lunii'nrm
distribution of water with desired rate of apphication, the break-up of jet with small
drop size are essential to minimze the structural deterioration of the sqll surface.
Al the same time to reduce the energy requirement for system operation and to
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where, a) = cross sectional ayeq

oo ) of large nozzle, m?
sectio

%" e nal area of small nozzle, m2
= diam

| eter of large nozzle, m

ﬂz=

d, = dia
A meter of smal| nozzle, m

Example ). Determine the theores: j
oretical disch j ;
30 % 2.5 im at @ operating pressure e e ,:SEE of sprinkler nozzle of size

Solution:

Given data,

Diameter of large nozzle = 3.0 mm = 0-003 m;
Diameter of small nozzle = 2-5 mm = 0:0025 m
Operating pressure = 2.0 kg/em?=20 m

Assuming C, as 0.95 and using the orifice flow cquation,

g=q, t+q,

q = (""l"'ﬂz)(c,,- Zgﬁ)

g = {%d,u.ﬁ_df}(qm)

q = M:”ﬂ’f)(%@xfl‘z_hj

q =(0.003 +u.002513(%u.95m)

¢ =0.000225m’ /sec =0.81m’ /hr = 0.225lit/sec

¢ diameter of sprinkler nozzle having discharge of

. IJ .
Example 2. Determine th of 4.0 kg/em®. (Assume coefficient of

2135 m/hr with operating pressure
Uscharge, C =0.95)
Solution:

Given,

4.3
Sprinkler discharge, 4 = 2.85m¥hr = 7.9 x10%m"/se¢
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s g p'l;ﬂ“f‘-"' 4.0 kgfcmzu 40. m! |
'.I- ! Jrl i i’
U.,[us orifice flow equation,

-
qui' ﬂ\uﬂh

P
29x107 = 095a J2x 0B x 40

X2
@ = 02969 x 107, But @75

i
0.2069 x 107 = :1.,;1

4 = 0:00615 m = 6:15 mm , |

Referring to the Appendix 3A, the commonly available large single Sprinkle
eferring ) | _

nozzle is of 6 mm or twin nozzle sprinkler size can be 5.5 mm * 3.2 mm (Refy

Appendix 3B).

4.1.3 Recommended pressure and discharge for nozzle size

In general over a wide range (he relationship between pressure head ang
discharge from the sprinkler can be expressed by, (Keller, et. al. 1974),

q =K .44
where,
.¢ = sprinkler discharge or flow, lit/hr

K, = appropriate discharge coefficient for sprinkler and
nozzle combined and the specific units used

H = sprinkler operaling pressure, m

x = discharge exponent, usually 0-5 for sprinklers and micro-sprayers.

.I)is-::harge coelTicient (K, decreases slightly with increase in sprinklet
Operaung pressure consequently

: _ increase in g. However, for practical purpose

tsfc;nmderc;l constant for a particular range of aperating pressure (H). The vale¢

0 an : )

discl;::r;cs a:‘ :Ul‘kfd j_m.n from the pressure discharge relationship or if ¥
¢ known for g . _ i

(Fig. 4.1), responding two operating pressure as given belo¥

We have,
g =K, 1

Taking log of bogy «;
) s
Pressure /f, ang i, sides [or

tWo discharges q, and ¢, at 1ow ﬂPcﬂw]

IUH q] - [Ug K” + x-l[}g{f
Iug ’f}_ = lng Kh' -+ !

subiractin B eq.d.s

.t.luguz
from eq. 4.6,
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e ———

¥ - inciples are involved in hydrayliais.
= - ie the area of coverage, following principles Y .?Iﬂit;:__.
.t a sprinkler system: . -
z a-I‘S'I:lr(hali.:lulatjcm of discharge from the sprinkler nozzle

: le size
scharge for nozz .
ressure and di
Recommended p

’J .

A cler.

3. Determination of water spread area of sprinkle | |
4. Determination of index for jet break up and drop size, |
5. Intake and optimum application rate.

411 Dlscharge from a sprinkler nozzle
The theoretical discharge of a sprinkler nozzle may be computed fropn, the.

orifice flow equation

g =C,a\2gh 4]

where,
q = mnozzle discharge, m?/sec
@ = cross sectional area of sprinkler nozzle, m?
h = pressure head at the nozzle, m

Cy = coefficient of discharge which is a function of friction
and contraction losses

& = acceleration due to gravity, m/sec?

The coefficient of dischar
about 0.95 10 0.93, Some nozzle
larger the nozzle, the lower is th
the total discharge is the combj

ge for well-designed, small nozzles varies from
s have coefficients as low as 0.80. Normally, the.
e coefficient, where the sprinkler has two nozzle,
ned capacity of both,

41.2 Discharge from twin s

. Total discharge of 1y
discharge from the twp noz

prinkler nozzle

-;n sprinkler nozzle cap be calculated by adding t®
€S on the sprinkler head,

7=q,+gq J
where, 2
g, dlSl:-hB.l’gE from large nozzle
92 = discharge from spyq) nozz|
e
g C,,an,"Zgh + Cdap,’zgh |

- (ﬂ1+a2}(cd lgfz)
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log 9, — logg, = xlogH, ~ x.logH,

log q; - logg, '
P log Hy —log H, 87

lng[g?*]
Y]
H, ...4.8
lng[ H, }

= e ...4.9

—_—

10}

Discharge, lithr
m
|

MM
6 - b4

x=5hp!='45'% =0.78

| | |
4 20 30 40
10 Head-m—*

Fig. 4.1 Procedure for graphically determining the exponent "X’

For sprinkler system, flow regime is always turbulent with x= 0.5, therefore
3. 44 can be written as,

g = K H*
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The various values of ope

rating pressure and discharge for different nns

2 4 I].I'Id 5 6 mm and Sprinkjﬂr prﬁSElll'E beiween 1.4 and 4-7 ky :
.3I;es.belw.ee31 .Table 4:1. The average value of K, over t!le recommended range
T El"-::“:'; p::ssure for each nozzle size with angle of trajectory between 2 ang

of ope

28¢ is also given in the same table.

4.1.4 Water spread area of sprinkler
. The irrigation area covered by 2 rotating head sprinkler may be estimateg by

g the formula suggested by Cavazza (Pillsbury, 1968),
A =nR? A0
in which, R:]-},jﬁﬁ;
where,
A = area covered by the sprinkler, m
R = radius of wetted area covered by the sprinkler, m

usin

2

LD = diameter of sprinkler nozzle, mm
h = pressure head at the nozzle, m
Maximum area is covered when sprinkler jet makes an angle of 30 to 32°
above horizontal.

Example 3. Determine the water spread area of sprinkler having sprinkler

nozzle diameter of 3.0 x 2.5 mm at a operating pressure of 2 kg/cm?®.
Solution.

Operating pressure, i = 2 kpfem? =20 m

Using the formulg g :
u 5
A = nR2 ggested by Cavazza, area covered by the sprinkler

Whére, R =1'35~er_?;

R=1353% 20 =10-45 m

*

m | ol
) a_rst diameter nozzle will be on higher side; !
Tadius ang area,) - .
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Distance from sprinkler (m)

Fig. 4.2 Drop size at various distances from a

B
nozzle opera

~ Table 4.2 Terminal Velocities and Kine
Different Size Raindrops

| | ]
a 6 8 12 15

standard 4 mm

ting at differant pressures

tic Energies Associated With

79

 Drop Drop volume Terminal Kinetic energy, J/m’ .
diameter (mm’) velocity In relation to | Per mm of
(mm) (m/sec) 1 mm drop rais 8
05 0.07 1.8 0.03 16
0.5 38 1.0 73
1.8 53 6.5
42 6.5 228
73 57.0

Scanned with CamScanner




= pressure head at sprinkler nozzle, m

g = sprinkler discharge, lit/sec

If the value of P, is greater 2, then the condition of drop size is good; if it
, then condition of drop size is best and if it is greater than 4, pressure being
d (Pillsbury, 1968).

Example 4. Determine the index for brake up of jet of water for a sprinkler
discharge af 0.40 m3/hr at operating pressure of 2.0 kglen?,

- Solution:
Given,

"_ - Sprinkler discharge, ¢ —~0.40 m/hr = 0.1 lit/sec
E --’-Qperating pressure, h = 2.0 kg/em® =20 m ‘ Sy

ﬁBY using the formula given by Tanda,

= i = 20 0_4.——4'34
A0xq)™  (10x0D

. soil surface sealing.
i of fal

op 15 LIE
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v ‘When | sprinkler application rates are
too high, then runoff and i
. !l!hg average rate of application, often ca =

S lled pl‘eci itatiun intensity’ i —
obtained by dlwdmg the dmcharge of sprinkler p nsity’ and 18
Application rate =

[Sprinkler discharge (litvhr)] / [lateral spacing (m) = sprinkler spacing (m)]

S.f:"tlsn' li-4-13

= application rate, mm/hr

= discharge of sprinkier, lit/hr

= lateral spacing, along the main or submain, m
' = sprinkler spacing, along the lateral, m

ally, sprinkler irrigation systems are designed, such that no runoff
5, the rate at which a sprinkler system is designed to apply water is

” ~|=| ration ;a,pamty of the soil that is the maximum rate at whtchwatu
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v‘r?"“' AAX .
"; Available for runoff AAXX)

L)
$.00'%
90900 '8

i.tﬁkﬁgg'

- Flg. 43 Relationship between infiltration capacity of a
ull n'nd two constant application rates o
Ws basic infiltration rates for different soil textures of bares
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45 g . 81
31"‘3 12312"55“’11“!1

6. Compute the rate of application for 0.95 stec sprink. "
-'ﬂ'-tke sprinkler spacing is 18 m x 12 m. kA

solution:
Given,
Sprinkler spacing = 18 m x 12 m %

L]
e
L

Sprinkler discharge, ¢ = 095 lit/sec

By using the formula for sprinkler application rate

_ 8§ xS, xI 12x18x]

9= " 3600 3600
< 12x18x [
B 3500

I = 15-83 mm/hr.

' :i;;hﬂnklar Selection

Sprinkler selection is the process of choosing the sprinklers for the farm
system. Sprinklers are normally selected on the basis of cost, operating
Tequirements and ability to provide designed daily irrigation requirements
h acceptable uniformity without runoff. In addition to this, sprinldn@
€ proper nozzle anglc (trajeclnry} droplet slm, dlstance of tth
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lit/sec

=

01389
0.1583

01944
0225

0.1611
0.1833

0.2250
0.2583
0.2027
0.236]
0.2861
0.3277

810

580
660

810
930
730
850
1030
1180

3.95
4.86
562 EF
4.02
4.58
5.62
6.45
5.06
5.90
7.15

8.19

cty '. should recommend a combination of nozzle
g best break up of stream and distribution
Eraﬂ}:', single nozzle sprinklers are recomme
ﬂf‘_lﬂ_meter of coverage or for part circl
and coverage depends on the angle of the
application, sprinklers should be
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i a c.aefficlent of uniformity (U,) of at least 85 p
for delicate and shallow rooted crops, such as p
get bles. A U_between 75 and 83 per cent is generally adequate for
field crops, such as alfalfa, corn, cotton and sugar bests TmB
. deep spreading roots system and can be adequately izrigﬁeﬁ if the U,

0 per cent. However, when applying chemicals through the system : ﬁ"‘
per cent is recommended. Where, systems have low Ug due to wind, then
icals should be applied only during no wind conditions. Yy

Design of Sprinkler Laterals
Lateral conveys water from mainline or sub main to the individual sprinkler.
al has equally spaced sprinklers along its length. Laterals should be laid
prominent slopes to minimize the variation of pressure along the lateral and

10t possible to have same pressure at each outlet. Lateral should be located
angle to the prevailing wind direction, whenever possible. As the water
s along the lateral in the beginning the flow will be equal to the combined
h = 'ﬁ'f all the sprinklers and its volume decreases along the length hecam
se through the sprinkler. However, it is nof convenient to d@ignm

or tapering section. A uniform diameter of la'.teral is ado?.ted.‘ 'I‘hetﬁlnll
tering the lateral is calculated and a trial diameter of pipe is selected,

hen needs to be checked for frictional losses.
American Society of Agricultural Engineering_{]ﬂi_?ﬁﬁ)
 variation in the |ateral practically should not be
| pressure. Thus, if the design 1#;@1,

er along @ lateral Sl‘l'ﬂ}ﬂdnl not be les S
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re profile in sprinkler irrigation line laid downhill. ‘_‘
flow is constant throughout the length without sp;

is in the lateral is calculated by using different equa

?s equation: 3
/(1930) gave an equation for friction or head loss in sprinkler E
L . as:
10 10° x K, x Q" x D% x L x F

: |

e, lit/sec
of lateral, mm

'-';.ﬂnci_::Talzile 4.7. Recommended
ﬂ?_lﬁlt~i?_.lpe4_..@-.40 for steel p
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2. The Hazen-Williams equation:

I'lus is the most commonly used equation for estimating the frictional loss
inkler laterals of various pipe materials and is given by,

1-852
X [g—) X Erl"1 ZLE o
C

ik
'fhe total friction loss in lateral, mi sl

) ﬂle length of lateral pipe, M foer -
-: _| - Comn _m‘an constant, equal to 1 212“1011 for metric nflie
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es of C For Use in the Hazen-Williams

e

Iliams equation was developed from study of wlt
]]E'Ed ?5 mm or larger diameter pipcs and _-gﬁ
Under these flow conditions, the Reynolds numb

and the formula computes friction loss satisfac

. , ,_th Wwalled pipe used in the sprinkler !
'G-_—-I_SO, under estimate the frictional l¢

Scanned with CamScanner



Scanned with CamScanner



sider: tion. The diameter of mainline would m

hich will be decided by total number of laterals operated stz

b rule, the mainline friction loss of about 3 meters for small

ge systems may be allowed. The head loss due to frictin
azen-William equation as,

- -

; mﬂ[%) DA i'_'ﬁ

" "'-iass- through maintit¢

m —, iuarlli.ul_'lmp.‘ '
o | =
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: {i .lh ‘ -
) = inside pipe diameter = 110 - 4.6 = 105-4 mm
(Assuming thickness of pipe as 23 mm).
'f 1000 m .
Jsin g ng Hazen-William equation for friction head loss calculation, ‘

i 1852
AH,, =1-21x10" x(-l-g—uJ x1054**" x 1000

sure Requirement of the System

‘The total pressure of the system depends on the sprinkler operating
ssure, riser pipe height, head loss due to friction in main and submain and head
1o fixtures and pumping water level. The head loss due to fixtures is
d as a local head loss and should be approximately equal to 10 per cent
I operating pressure.
- The total may be determined by,

Hl: Hn r Hm E Hf +Hs

5 = total design head requirr.cl for pump,

mklers on lateral at required average pressure, m
= maximum friction loss in the mainline, m
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e 'y

f’rillr_fp_-'ﬂ_'_ljf_s_l’_{f_f{khr;m J

RS " T
i . . ‘
ll -1 . ‘\n 1}
N !
e {J - discharge wl all ‘p”“HcH' ks

1 .
cach sprinkler, lit/sec

¢ - dicharge ol

v - total number of sprinklers operating at a lime
=
T

Ihe discharpe of cach sprinkler depends upon sprinkler spacing sd g,
1w &

, ;.
water application rate and can be computed a

S8, i
q_ JHHJ oy i"I

- discharge of individual sprinkler, lit/sec

q
S, = spnnkler spacing along the lateral, m
§ = lateral spacing along the main, m

! the optimumn application rate, mm/hr

The required system capacity (pump capacity) may also be calculated by g«

Axd

Q= 2780 » ..
FxHxE A

whcre,

Q = discharge capacity of the pump, lit/sec
area 1o be irnigated, ha.

= net depth of water application, cm

F = number of
days allow . ,
imgation owed for the completion of one
H = Nutnbe
 of acty i
’ al operating hours, hrs/day

o Water app)
Calion effic;
ency, per cent
AB

La
Youts of Sprinkler System

Ditfer
0 el
Portable, ey Hayouy of “Ponkler sy
Sysle

I“ ‘.

m for main and lateral K

ateral are shown i g 4.0

‘ g
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P S

” and Layout of Sprinkler Irrigation System

pEE—" ——Cystem e 73

() e

SRR, |

Crder of moves

-
— —0 — a8 —5
1

4]
E I
. r i| ®
E For hand-mave | )
" or sitle -roll I| For er:d;gu
B systems |I sysle
= |
E |
J = |
l|
I
Move as above : Nate : (b) and ()
" water supply from
= "__.:]; wells or pits
Slalionary pump

(b)

kler system for main and lateral

Flo. 4.6 Differant field layouts af . sprin Portable main and lateral

(a) Fully portable, (b) Seml portable. (c)

mdivi inkler to apply the
" at the rte of 10 mm/hr having spacing when the sp '

ang laterq) spacing is 12 m.
(ji'ﬂ:n'
= /hr
S = 12m, S, 12m, ! 1 Omim

g S1%Su ] 122122304 4 Jiyssec
3600 3600

' -
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. '_'qx N, = 0-48 x 16 = 7-6 lit/sec

CILY
-,wﬂ,s time of irrigation required to apply § ¢
| aﬂdﬂd at the rate of 12 mm/hr: Two lateral lin
12 m apart. Nine sprinklers are spaced at 12m
deulate the system capacity and number of days requin

time to apply 5 cm irrigation water @12 mm/hr 2
. — 50/12 = 4160

gation = 4-16 + | = 5:16 hrs.
=5 ha = 50,000 m?
0% - 224 4
mwﬂ] be covered by two lateral Hﬂ’f"

red = 224/12 = 18,6 says 19 MY
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 factor, F = 0415

tal discharge of all sprinklers,

Q=026 % 8 = 208 lit'sec

C = 150 for PVC pipes, L = 96 m, F = 0:415,
~ For 63 mm PVC pipe, inner diameter = 59 mm

| F Method I: By using Hazen-William equation

I L Q 1-852

AH =121x10" “[E'") xD ¥ L x F
|
208
150

1-852
M:f=1-21xlﬂw><[ } x 597 « 96 x 0-415

AH = 041m
Method TI: By using Scobey’s formula,(K,~ 0.32)
AH = 410 x 108 x K, x Q"9 x D¥? x L x F
AH = 410 % 106 x 0:32 x 2:08'? x 59749 x96 x 0-415

AH = 0r44 m

lection of Pump
tion pumps are costly installation. A major part of energy is used in
mping. In selecting pump for particular job the relationship between
city at different speeds should be known almiﬁ well m
The curves that provide these data are called ¢! teristics ¢

7. The heﬂdl:.:apm':lty curve shows the total head developed by the
erent rates of dmchn:ges At zero flow, the head developed is known

A lected such that it willhavehlgh_'i___,_. ncy
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I
0.2 0.4

Discharge (m®/s)

Pump selection chart by discharge and head

102 x 102 mm (4 in x 4.in.)
Pump 3450 rpm
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d of the pump is also known as the total dynamic head and can be
d of pump = suction head + delivery head + operating pressure of
sprinkler +filter loss + mainline friction loss + fitting
loss +elevation difference

erating pressure of sprinkler is about 25 m (2.5 kg/em?)
5 H:m losses are assumed to be 2 m for sand filter and 2 m for screen/disc

Eliar

o Josses are assumed as 2 m

".

I
- Approximately,

B = OxH, .. 4.28
g E,

= maximum flow rate of the system or pump capacity, lit/sec

= total dynamic head, m
= pump efficiency
.= the horse power

and Lﬁ!"ﬂ“"
eneral Rules for Sprinkier System Design

some
rechnical based system. lwm
m as e \'G or m.;han Gﬂltm:":d lm
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Principles of Spri
are low. Greater S]Jacing alsg ;
easily j”ﬂiﬁc

ar cosls ‘
where the po¥ t - 10N 218 may .
i ::iun rate in which cas€ the infiliration ). bc the hmnmgﬁ b
hjghﬂ::p ; {lowing general rules Jor layout should be kept in mipg.
€ 'a ___,__.--P—-"""-_F-_ o 1
— annly different rates and an
Zhould be modified to 2ppl¥ & S Amotnt of wige

variability in soil pro

\Q

yout
case of spatizl _
2. In the layout, main should be laid al

slope

P Whereas laterals should be
4 teral design, lateral pipe sizes should be limited 1 .

pertes.
PErIEs

ong the general direction of

e

aid across the slope or nearly on hae o
- SRty

In telescopic la
than two diameters

Layout should facilitate and minimize lateral movement during the Se1sme

Difference in the number of sprinklers operating on the vanys Sty

should be minumum '

7. Booster pump should be considered where small portions of the fistd
would require a high pressure of the pump

8. In case of field channels runming along one edpe of the farm, 2 pomts
pumping set and spninkler umit with the lateral extending 1o the field muy

be used to draw water directly from the channel and distribute it theoss
sprinklers F

9. Any system in which the laterals are moved should be plangsd fx
Successive irrigations ie strict rotation, as that the interval betwes
irmgations is the same for each portion of a field

10. s W : .
'[Lhtr'-cll may be located at u high comer or more likely at the center &
e farm to myny ; . -
mize the distance the water must be pumped

1. In absg =
o ract, the arrangement selected should provide for 2 miznies
estment in irigation pipe. hay _ jds fr
' application o pe, have a low labor requirement and provide
m of w : od of &=
water over the total area 1n the required penod of

. E:ample 12. Determine
main line and Size

(at
| i

Deen the size of sprinkler noz=le. digmeter of lateral % spri
| ) P required ysing

| 2 following

U Length of latergl = g4 m g e
1) Distance between late

raly
i) Length i along the main = 18 m

o m
v) Application rate = j5 "
< mm,
v) Maximym h o
cad ;
Vi) Elevation diff eired o the main 1o operate sprinkler (H,) = *5
- erfﬂc‘g hf’m P as 118

€ " = z
T PUmp and junciion of lateral (H;)
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n, §,=12m, S, =18m, =12 mm/h, -Hh-_'ﬁw._a:ﬂ_i-_ﬁ;.. -
.~ H=2m, H =22m, H=35m AH=20%
1- Required discharge of individual sprinkler

Sy xS, xI 12x18x12

7=""3600 Seo = 072 lisec

tep 2- Determination of nozzle size,
- C,; =096 H=30m,g= 9-8 m/sec?

lir By using orifice flow formula,

q= CdaJZ_gh-

0:72x107

—1_-= — 0:00003092 m?
@ = C,\[2eh 0-96,/2x9-8%30

d = 0-00627m = 6:27 mm

ferring Appendix-2A it is seen that the largest single ;c;zzh: of _6 mm 7
o L ] e ! 5 ; .
2 operating pressure) Of twin nozzle of 6:0 mm mm havin

arge of 2:65 m’/hr can be selected.
Discharge of lateral (©)
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Principles of Sprinkle,

// T8t
g0 | .
teral of 63 mm diam, -
. PE 13 = ElEr '_e- l]]aidt

diameter D
Qutlet factor for 75
ation O

prinklers, F = 0.425 (From Appendix-4),

Lowable variation of pressure if lateral = 20% of 30 m = g,
Total allowd

' K= 032
i obey's formula, &g N
Um:;i s10% 106 x K, x QP x DX Lx F
i = 410 % 100 % 032 x 50417 586~ x 84 x 0425

AH =220m
As the frictional head loss is less than 6m, hence the pipe of 63mp Outy
diameter can be selected as lateral.

Select lateral of 63 mm outer diameter

Step 5- Design of main, select HDPE main of 63 mm diameter i.e. insig;
diameter, D = 58-6 mm

Length of main (/) = 72 m

Discharge of main = 5-04 lit'sec
(Nore:  As the discharge in case of overhead sprinkler is large, it is alway
advisable to operate onc lateral at a time. By doing this pump size can be reduced)
Using Scobey’s formula, K =032
M'II':K’ x [ x Q1q * D L 4,]0 x]Dﬁ
AH=032 % 72 x 504" x 58.64Y « 4.10 x 106
Al = 443 m
Allowable variati
able vanation of pressure due to friction - 6 -220=380m

As calculated },
L‘ad IUSS r[_)[ r"-l' »
; . am 1s more . \ S, 63 mm
diameter main is o Suitable, hence © than allowable head los

Head loss for 75 sclect higher diameter pipe size.
1.78 m mm diameter of HDPE main at 5-04 livsec discharge B

of 135 mm p .
uter dia
Step 6-Selectipp of pump —

f’f = }']r
Whe:e1 ! ] iz Hﬂl; |

; b
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. and Layout of Sprinkley Iyrs
W rrigation 5
Ysten
x 4 81

WhETel

H_is riser heighl_(l-{l m), H, = (1)2.9
By substituting the values in the :ahnw.: fi
H = 3485 m “"'

n
Hr - ‘Hu i Hm o Hj N ”,-,-
[—fr 3485 +1-78 +2 +3.5 = 4213 iy
Total dynamic head, H, is
504 lit/sec
By taking pump efficiency, Ep as 60 per cent

Inm ﬁiff! at 2,2{} m
mula,

I

4213 m and discharge, Q is

__OxH _504x42-13

HP.=
7SxE,  75x0-6 ~ 47saySHP

Example l?* Design a sprinkler irrigation system for a square 10 ha. field
w irrigate the entire field within a 4 day period. Not more than 12 lrs per day are
nailable for moving the pipe and sprinkler unit. Depth of application is to I'Je 50
mm aif each setting at a rate not to exceed 11 mm/hr. A well 25 m deep located
at the center of the field will provide the following draw down-discharge
characteristics obtained from a well test,

12 m— 12-6 lit/sec
1S m— 15-8 lit/sec
20 m — 18-9 lit/sec

Design for an average pressure of
in the field is 1-3 m above the well site and 1 m risers arcn
Assuming a pump efficiency of 60 per cent and ussrmrir{g
furnish 70 per cent of its rated outpul for continuous f:peranm
ouiput for a water cooled internal combustion engine.

2-80 kg/em? at the nozzle. Highest point
ceded on the sprinklers.
that the engine will
1, determine the rated

Solution:
GiVen‘
i) Square field of 10 ha, r.¢ ha

if) Total irrigation time 4 days
is 12 hrs

ving 31623 m side length

iif) Irrigation time in @ day
iv} Depth of irrigation is 50 mm
V) Average pressurc at nozzl

vi) Static head is 25 ™

A ‘
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; ‘f"f Lnyaut ofspﬁﬂkfcr Irri

Sation Gy,
I‘ﬁ""’—_ w
1!“' of jateral

pischarge of lateral =
discharge of one sprinkler «

=022 = 11 = 2.27

gelect lateral of 50 mm outer diameter HDpE pipe
Using Scobey’s formula, X = .32 - e bR oS

=410 < 10° « k. « !9,
.‘_U'j K =0 D*% .y . p
Af
AH

410 = 10% » 032 x 2.4919 -
3 242 = 44799 66 x 0-392

N

49 m

As 2llowable head loss 1s less than 20 per cent of the requir

ed available head
i m), the selected lateral of S0 mm outer

diameter can be aceepted.
Design of submain

Select submain of 75 mm outer diameter HDPE pipe, inner diameter = 70.8
Using Scobey’s formula, X ~ 032
AH =410 = 10° « K « 'Y+ D*Y 5 L nF
AH = 410 » 10% » 022 » 12117 = 708747 = 60 » 0451
AH = 348 m
Dslga of main

- 85-8 mm
Select main of 90 mm outer diameter HDPE pipe, mner diameicr

] ~ . " i >
Using Scobey's formula, X, - 0032

AM - 410 - 10 = K - 't 1.4 o
AM -~ 410 = 10" = 032 ° 12419 x 8587 = 0
A = 301 m

Total head loss

. o
h’, - ‘l!‘ . ”| " J'f” + Ifr !iﬂ
v Sl

r
-
8hH = 6. M
H+"q.1'~;=1(¥1*1-" o1
¢ -t Ny -

Selection of pump e head of 64
Select the pump that will delyver 12:1 huse

]
Hpo 121262 _ L8t~ 25 H
" 75%0-60x0-70
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Principles of Sprinklery,

& l%

82 | -
1 s1-3m
Elevation difference 1N the field 1
yii) El€ .
viii) RIs€T height is 1 M

M + system movement time
Irrigation time = 3pplicalinn rate

(:5_[1] +1-5 = 6:04 f.e. 6 hrs.
— A\

Thus 2 moves Per day are possible.
Since the area of 2 ha is to be irrigated in 4 days, area to be covered per
ince

2 . 2
- _|=| =05 ha= 5000 m
(4} 0-5 ha

Field dimension are 7Jlmx7lm
Select 12 m x 6 m (S, * 5) spacing for sprinkler

71
No. of lateral/set = 2 = 591 say 5

71
No, of sprinkler/lateral = ke 11:-83 say 11

Total no. of sprinklers = 11 x 5 = 55 nos.

Discharge of sprinklers,

_SixS;xd 12x6x11 _
3600 3600 = 0-22 lit/sec

Total discharge = 0-22 x 55 =121 lit/sec
Size of nozzle

9= Cy\2gh

a= ‘-—-——11______ n'llx]ﬂ‘l 5
- T
Cav2gh 095 77 5.3:35 = 0-00000988 m
Select nozzle of 3.5 mm diamete
r
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g1 *

4.11 Model Desig

hr with a sprinkler
capacity of the soil :'s_
70 per cent and the soi
capacity is depleted.

net depth of application
cover the field and area to

Principles of Sprinkle, hﬁxﬂt'
i

On

n of sprinkler Irrigation System

10 ha field is 10 pe irrigated at a maximum rate of | o
The root zone is 0.8 ™ deep and the availuble Moigy,
I of soil. The water application efficion -
lis 1o be irrigated when 40 per c.enr of the available "'Oiﬂu:-:
The peak rate of moisture use 1 5 mm/day. Determiy, the
per irrigation and depth of water to be pumped, days,
be irrigated per day. -

Example 14. 4
5_].'5!(-’"!.
o0 mm/m dept

Solution:

Given
i) Area of field is 10 ha.

if) lmigation rate of 11 mm/hr
iii) Root zone depth is 0.8 m
iv) Available moisture holding capacity 90 mm/m
v) Water application efficiency is 70 per cent
vi) Peak rate of moisture use is 5 mm/day
Available moisture =
Available moisture capacity x root zone depth = 90 x 0-8 = 72 mm

Net depth of irrigation

= Available moisture * allowed moisture deficit
~ 40
- ?2 * ]D{] R 288 mm

Gross depth of irrigation

= uet depth of irrigation/ water application efficiency

~ [23-3
070 ) = 41-14 mm

:T=5-765a 6 days
To cover the fielg ingdg y N
ay

- §, th :
= (Gross depyy, 4 © System must be able to pump,
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| ifiltration rate of 12.0 mm/hr The eﬁ‘emue root -zr,re depﬂa. ;‘5
management allowable deficit is 50 per cent. Source of water is a
rner of the field having electric supply availability for 12 b a day
week. Assume field irrigation efficiency of 80 per cent.

i) Area of field is 4 ha.

i) Irrigation rate of 8.5 mm/hr
Rout zone depth is 0.50 m
iv) Water holding capacity is 190 mm/m

) Management allowable deficit (MAD) is 50 per cenl
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l'l"'nrr'pffs nfS;rnuH‘-, lni

M
erval,

Step 2 jrmgabion -
475{’ - qs 1L.F 10 jﬂ}s

puring kharth T3
= § days
‘;nlmganmmlm-g!= j0 -1 =9dn
Duning rab ———"'4-;:ﬂ - 11-87 e 12 days
4 ht,
Net 1mgahion interval = 12 - 1 = 11 days
‘:7 f'ﬂ - -
Dunng summer, — = 678 te 7 days
1 =6 day

Net ungation interval -
Step 3- Area to be wngated per day

-
Dunnp dkartf g 044 hs
Dunag rabi, == = 0 6 ha
11
~
- = 13 1__1

Denng summer, :

Step 4- Groas demand per day

S
i day

b

5 i, —
Dunng rabi, os "~  mmday

-
Dunng summer — _ K 3¢
0% (3 mm/'day

od per rnigation (m?)

Step 8- Volumye of water roquis
* umgation interval

.-\rl.'a l‘-‘ oC l::l;jtzu G2y » l ™a dn. Lol
ik
a L] |
][I L l* 5 -

nuﬂng lhurrlf_ 041 vt
628 »
Duning raby ¢ 1y, . 104 . < )
v ** 107 .1} - 198 m!?

Du
nng summrr.[133 =104, 575 103 i
* J07 = 6=173-2

I
Ic

th

mn

L
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ign and Layout of Sprinkler Irrigation System ¢ 87

Dot
Step 6- System discharge required (m*hr) consider i
€ring pumping for 12 hr
per 0aY g

g 2475
During kharif, === = 2062 m¥%hr = 577 Jisec

. . 198 |
During rabi, 13 = 165 m/hr = 462 lit/sec

. 173-25
During summer, —=— = 14-44 m¥hr = 4-04 lit/sec

From Appendix-2A, select medium capacity heavy-duty sprinkler having
win nozzle of 5:0 x 2:5 mm size and of 0-44 lit/sec with 12 m x12 m spacing
resulting in 11 mm/hr application rate which is less than basic infiltration rate of

the soil.
Step 7- Rechecking the operating time required during peak demand

indifferent seasons,
Operation time required (hr)

i irrigation interval (days)
= gross depth (mm/ day) x —- of precipitation (mm / hr)

-25x9
DUring kharif, m_ll_x_} = 5-11 hr

(5x11)
11

=5 hr.

During rabi,

(8:75x6)

——— 4'77 hn

During summer, T
irrigation can
be As the availability of power is for 12 hr. a day for 6 days, the imig
- Celed easily,
Step 8- No. of sprinklers per day

i inklers
— Area irrigated per day/Spacing of sprinkler

: 044x10° 0 o5 say 31
Dllnng kﬁ&ﬂf: W 3
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Principles of Sprink] .
_ P P er Imgﬂﬁo
8 ¢ T T

o
0-36x10_ _ 35
During rably Ty3.12

4
0-33x20° _ 55,07 say 23
o umnler, ~iao17 22:92 say
Durng § 1212
discharge required of lateral =

9- Design |
" No. of sprinklers * Discharge of one sprink|e,

During kharif, 31% 0-44 = 13-64 lit/sec

During rabi, 25 * 0-44 = 11-00 lit/sec

During summer, 23 x 0-44 = 10-12 lit/sec
Step 10- No.of laterals operated day

_ Total no. of sprinklers operated per day
~ No.of sprinklers on one lateral

31
During kharif, 3 =3-87 = 4 nos.

_ 25
During rabi, B 3-12 = 3 nos.

During summer, 3 2-87 =~ 3 nos.

Considering Iateral length of 96 . -
: m, 8§ ;
distance on each lateral. sprinklers will be placed at 12m

Design of latera)
Length of lateral = 96
No. of sprinklers On one Jatera] = §
Discharge of one latera]

. = S b s 044 = 3'52 l.
Operating Pressure — 1 it/sec

kg/em? =30

. ASSUITI.E‘, helg]tl of fiser 1 m am
elect HD E | d am
ccome. S¥'s P dlera] of 63 mm i
- outer i EIEL hence the 1nner di el

] fu u]a
= T K =
AH =410 » 106 . SMMZ
=4']DKIDG s* 0 *LxF
(F =04 ;‘32 " 35219 58-83? x 96 x 0-41
AH = 1. ° 8 sprink|e —
m r's from the Appendix-4)

.. A
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i _.IL*"F,-L_

‘mm outer diameter HDPE pipe as ‘manifold

obey’s formula, K’ 032
10 x 108 x K x Q9 x p49 x| x

- 410 x 10° x 0-32 x 14-08"9 x 70-849 x 48 x (.48

| (F = 0-48 for 4 sprinklers from the Appendix-4)
H =070 m

s this head loss is less than 10 per cent of operating head available, select
1d of 75 mm diameter.

e total head loss through lateral and submain are 20 per cent of 30 m,

{ 75 mm outer diameter HDPE pipe having 70-8 mm inner diameter as

1g Scobey’s formula, K= 0-32
4]ﬂx]0f’xK ngxﬂ‘“}xL

410 x 106 x 0-32 x 14-08"7 x 70-847 x 48
= 147 m

‘H+H£+H +H+H+H s
;28+147+n70+13+20+1*53:.4-1iu52m

e H, as 20 m)
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