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Sprinkler Irrigation System Layout
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Sprinkler Irrigation System: Design Aspects

System layout

Operating pressure, nozzle diameter, sprinklers discharge, and wetted diameter
Spacing between sprinklers and laterals

Design of main-line and sub-lines

Pivot or ranger length

System capacity for water supply

SN N N X XX

Pump design

Sprinkler discharge should not vary by more than 10% between the points of highest and lowest pressure in
the system
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Sprinkler Irrigation System: Design Principles

1) Estimate application rate based on planned crop(s)/cropping patterns, atmospheric water demand, and
soil intake rate

2) Draw alayout

3) Optimize sprinkler spacing (between sprinklers and laterals), nozzle size, and operating pressure that
provide the design application rate and distribution pattern

4) Design sub-mains, main lines, andssupply.lines such that required water quantities can be conveyed to all
operating lateral lines at required pressures

5) Design pump and power units such that they are adequate to efficiently operate the sprinkler system at
design capacity and total dynamic head
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Simple Sprinkler Design: Steps

1) Determine the daily maximum supply requirement for anarea (A) for the target crop as

.. ngmax
a
ETmax = KC X KS X ETO

Where, V, = Required volume of water forthe area A (m?3)
A = Specific area that is to be irrigated (m?)
ET,, . = Daily maximum evapotranspiration (m)
E, = Design application efficiency of the sprinkler
ET, = reference evapotranspiration at peak water demand period
K. = crop-coefficient at peak water demand period
K is the soil moisture stress coefficient
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Simple Sprinkler Design: Steps

2. Determine discharge rate (Q) for the area A based on the minimum operating hours

V 3
o () = ¥

3. Optimize sprinkler and lateral spacing for the individual sprinkler discharge rate and application rate
(which is constrained by the soil infiltration rate):

q = SmXSIXI

Where, q = discharge rate for the individual sprinkler (m3/h) for the area (S, x S;) m?
S = sprinkler spacing along laterals (m)
S,= lateral spacing along mainline (m)
I= average application rate (m/h)

— %A, if not limited by soil intake rate
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Simple Sprinkler Design: Steps

S;=D,, (1 - F/2);
Sm =D (1 - F/2)

where D, and D, are the manufacturer’s rated wetting diameters of lateral sprinkler and mainline
sprinkler, respectively; Fis the overlapping factor, normally taken as 0.5-0.75.

For windy condition, overlapping factor may be as high as 1.0

4. Number of sprinklers

5. Determine System Capacity

Qsr = i Qai
i=1

Where i is the number of sub-area like “A”
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Simple Sprinkler Design: Steps

6. Determine the power requirement to pump the water for a sprinkler system as
P = QST X 9.81 X HT

Hy = Hy, + Hy £ HptHs + Hg
P = power (KW)
Qgr = total discharge rate for the system (m3/s)
Hy = total pumping head (m)
H,,, = pressure head required to operate the sprinklers at minimum required pressure (m)
Hg= total frictional head in the lines (m)
H,. = maximum riser height from the pump level (m)
H = suction head (vertical difference between pump level and source water level after drawdown) (m)
H; = friction head loss in suctionline (m)
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Example 21.1:

A farm of 25 ha is planned to be brought under sprinkler irrigation. The textural class of the soil is loam-
to-silt loam, having moisture content at field capacity (FC) and permanent wilting point (WP) of about
42% (by volume) and 26% (by volume), respectively. An infiltration test data showed that constant (basic)
infiltration rate is 2 mm/h. A hardpan (relatively impervious layer) exists at a depth of 2.0 m below the soil
surface. Long-term average reference evapotranspiration (ET,) rate in that area is 4.5 mm/d. Vegetable
crops are planned to grow in the farm, and the crop coefficient (K.) at maximum vegetative period is 1.1.
The climate is moderately windy in a part of the season. Design the sprinkler irrigation system (various
components) for the farm. Assume standard value of any missing data.

Solution:

Given,
Area, A = 25 ha = 250,000 m?
FC=42% (byvol.);, WP=26%
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l.=2 mm/h
ET,=4.5mm/d
K=1.1
Dimp = 2 M below soil surface
Wind status: moderately windy
Now, the solution steps:
1. ETpax = ETyg X K. = 45 X 1.1 = 495mm/d

(Assuming depletion of soil-moisture up to readily available level, so that ET occurs at its maximum
rate, i.e., soil moisture stress factor, K, = 1)

2. Daily water requirement for the area, A (i.e., for whole farm here) is

A X ET x
V, =
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Assuming application efficiency, E, = 80%, i.e., 0.8

250000 (422

Then, V, = s 1000 = 1546.875 m3

Va
t

Here, t=irrigation period = 4 h (assuming for the prevailing windy condition)

3. Dischargerate, Q4 =

1546.875

= 0.1074 m3/s
4x3600

Thus, Q4 =

Discharge rate of individual sprinkler, g =.S,,, X S X I
St=Dm (1 =F/)
Sm= Dipm (1 — F/Z)

Assuming overlapping factor, F = 0.7 (higher for windy condition)

Taking a manufacturer rated wetting diameter for mainline and lateral sprinkler as 12 m and 10 m,
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si=12(1-97/)=78m
Sm=10(1—-"27/,) = 6.5m

Applicationrate, I = Q4/A = (0.1074 X 3600)/250000 ='1.5468 mm/h, which is less than the soil
infiltration rate.

Here, assuming I = 2 mm/h (to minimizing evaporation lossin windy climate)

Putting the values, ¢ = [7.8 X 6.5 X (2/1000)] X (1000/60) = 1.69 |/min

A 250000

= = 4930.9 = 4931
S1XSm 7.8X6.5

5. Number of sprinklers, n =

Note: The above calculation is for fixed lateral. If moving lateral is used, no. of laterals should be based on
the maximum working /pump operating period. Note that each setting requires 4 h for the above
calculation, so 16/4 = 4 settings can-be operated if 16 h is the working period.

Besides, number of laterals should be based on the dimension of the land, lateral size available in the
market, etc.

NPTEL ONLINE Dr. D.R. Mailapalli

- IIT KHARAGPUR ' CERTIFICATION COURSES Agricultural and Food Engineering




6. Power required (motor capacity required), P = Q¢ X 9.81 X Hy
Here, Q¢ = 0.1074 m3/s
Hr = Hp + He + H, + Hg + Hyf

H,,, = pressure head required to operate the sprinklers'at minimum required pressure (m) = 28.05 m
(= 40 psi) (assuming)

Hg= total frictional head in the lines (m) = 5% of H = 1.71 m (assuming/estimating)
H,. = maximum riser height from the pump level (m) = 1.5 m (assuming)

H = suction head (vertical difference between pump level and source water level after drawdown)
(m) = 0 (assuming that water is pumped from the supply canal)

Hj = friction head loss in suction line (if suction line exists) = 0
Thus, Hr = 31.26 m
Thus, P = 0.1074 X 9.81 X 31.26 = 32.94 KW
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7. Summary design parameters are as follows:
Taking for fixed laterals:
Pump capacity: Q¢r=0.1074 m3/s
Irrigation period =4 h
Motor capacity: P = 32.94 KW
Lateral spacing along mainline: S, =7.8 m
Sprinkler spacing along lateral: S= 6.5 m

Number of total sprinklers: n = 4931 nos (Ans.)
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Example 21.2:

Determine the required capacity of a sprinkler system to apply water at the rate of 1.25 cm/h. Two 186 m
long sprinkler lines are required. 16 sprinklers are spaced at 12 m intervals on each line. The spacing between

the lines is 18 m.

Solution:
Given:
| =1.25 cm/h
S=12m
S,,=18m
Discharge in each sprinkler, g = 12x18x1.25/100= 2.7 m3/h
System capacity, Q= 2.7 x (16+16)=86.4 m3/h
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Example 21.3:
Allowing 1 hour for moving each 186 m sprinkler line described in the previous example, how many hours would
be required to apply a 5 cm irrigation to a square 16 ha field? How many days are required assuming 10-h days?

Solution:
Irrigation time to apply 5 cm irrigation at the rate of 1.25 cm/h
=5/1.25=4h
Time required for moving the lateral=1 h
Total time per setting =4+2=6 h

Area of field = 1,60, 000 m? ; Length of field
=4/1,60,000 =400 m

The entire length of 400 m is converted by the two 186 m laterals, spaced 18 m apart, hence the number of

moves required
= ﬂ; = 22.2, say 22 moves

Total time required for irrigation 110
=22x5=110h = o Ll eE
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Example 21.4:

A sprinkler system is to be designed to irrigate 8 ha of vegetable crop ( Root zone depth = 60 cm ) in deep silt
loam soil (Limiting application rate = 1.3 cm/h; Moisture holding capacity = 9.5 cm/m depth) in moderate dry
climate.

The field is flat. Assuming the allowable depletion level =50 %, water application efficiency = 75 % and peak
rate of moisture use by crop =5 mm / day,

Determine the net depth of water per application, the depth of water pumped per application, irrigation
period and the required system capacity in ha- cm per day.

Assuming that system is operated for 15 h each day, determine the pump capacity in Ips.

Solution:

) ) ) 60
Total available moisture in the root zone = 9.5 X To0 = 5.7cm

Net depth of irrigation = 5.7 X % = 2.85cm
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Net depth of irrigation 2.85

Depth of water pumped per application = T R 3.8cm

Irrigation period = % = 5.7, say 6 days

To cover the field in 6 days the system must be able to pump and discharge
3.8x8

= 5.06 ha-cm per day

The pump CapaCitV; sts

From Equation (2)

8x2.85
Usys = 2780 6X15X75

= 9.4 Ips
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ThankXou!!
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Hydraulic design of sprinkler systems

i) Discharge of sprinkler nozzles

Q = Cac2gh

Where, Q = Discharge, m3/s; a.= Cross sectional area of the nozzle or orifice, m?; g = Acceleration
due to gravity, m/s?; h = Pressure head, m; C = Coefficient of discharge which is a function of
friction and contraction losses (varies from 0.95 to 0.96, for good nozzles)

ii) Water spread area of sprinkler
0 Cavazza formula for rotating head sprinklers R = 1.35Vdh

Where, R = Radius of wetted area, m; d = diameter of nozzle, m; h = pressure head at the nozzle, m

v' Maximum coverage is attained when the jet emerges at an angle of 30° to 32° above the horizontal.
v' Most rotating sprinklers are standardized at 30°
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iii) Break-up of jet
v Index of jet break-up (Tanda Formula)
h
~ (10
Py>2, the condition of drop size is good.
P,=4, the condition of drop size is the best.
Py>4, the pressure is being wasted.

Py

iv) Water Application Rate 0

A= ——
360 X Ay,
A = Water application rate, cm/h

A, = Wetted area of sprinkler, m?

Q = Rate of application, lps
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v) Design of sprinkler main, submains and laterals

v' Total pressure variation in the laterals < 20%

v Design capacity for sprinklers on a lateral is based on the average operating pressure, and
v" Friction loss, He, in the lateral is within 20% of the average pressure

Total operating pressure

4
________________________ \ H, = Head (pressure) at the main
1\_ H, = Average head
H H,= Pressure at the farthest sprinkler
i H, H,= Maximum difference in elevation between
the first and last sprinklers on the lateral
|f H, = Riser height
L - . .
iy %He W o H; = Friction head loss
A ’|_ : Fig. Pressure profile in a lateral laid uphill
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v' Average head H,, for the design in a sprinkler line: H, = H, + %Hf
Where, H,= Pressure at the sprinkler on the farthest end

v' If the lateral is on nearly level land or on the contour, the head Total operating pressure
(pressure) H, at the mainis, H, = Hy + Hf Vo e \FL S
H, 3
: T . . N A===m——)
v' By solving for H, and substituting in H,, equation and making allowance !
for differences in elevation along the lateral, H, ) 1.
3 3 ________________J,___ y
anHa+ZHf+ZHe+HT N
Where, H, - Maximum difference in elevation between the first and Ve 4 aoprox
last sprinklers on the lateral, m; H, - Riser height, m Main etz

The term %He is positive if lateral run up the slope; negative if it runs
down the slope
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Main Line Pipe Size
v" Function of main lines and sub mains is to convey the required quantity of the water at the desired
pressure to all lateral lines under maximum pressure conditions

v' Allowable He in main line is 3 m for small systems and 12 m for large systems

v’ Friction loss for different pipe materials is estimated by:

_ KXxexLxQ™

Hf - p2m-n
Where, L = Length of pipe (m, ft); g = .
acceleration due to gravity ( 9.81 m/s?); K, = [Method G c (sl English u L <
. ) computing H; units) units
for pipe material from standard table; K =
Darcy-Weisbach | 277778 | 1.235 200 |[1.00 |[K=0.811(f/g)

Friction factor that depends on pipe material;
Q = Flow rate (I/min, gpm); D = Diameter of Hazen-Williams | 591722 1.000 1.85 1.17 | K=(0.285 c)-1852
pipe (mm, in); F = Friction factor (F.=.1 if
there is no outlet between up . and
downstream locations along pipe )

Scobey 610042 1.000 1.90 1.10 K=K,/348
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v" F can be determined as follows

When the distance from the pipeline to the first outlet equals the outlet spacing F = —mil + % + “Zlv_zl
When the distance to the first outlet is half of the outlet spacing F = L -+ 2 (Z’in—ll(N — i)m)

2N-1 (2N-1)N™
Where, m and n = appropriate m and n values in Head loss equations Table (previous slide); N = Number
of sprinklers

v) Pumps and Power units

v' Maximum total head against which the pump is working,
Hg= Hy + H,, + H; + H;

Where, H,=Total design head against which the pump is working, m; H,= Maximum head required at the main to
operate the sprinklers on the lateral ‘at the required average pressure, including the riser height, m; H,, =Maximum
friction loss in the main and in suction line, m; H;= Elevation difference between the pump and the junction of the
lateral and the main, m; Hg= Suction head (elevation difference between the pump and the source of the water after
drawdown, m
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Design specifications of sprinkler with different nozzle size Design specifications of sprinkler with different nozzle
and operating pressure for high pressure models size and operating pressure for low pressure models
Maodel HP Model LP
Nattle Site Operiting DiaofSpray | Discharge Application e _ Nozle Size Operating DiaofSpray | Discharge Application rate
Proiare Iy 118 0 T I Precsue §16 i ) 5l TFT
Rauge Sl Ry’ [pl (@ [ owh [iwh [omb [iph [owh ik | omb [k |ond | inh Rz Spesd | Keow' fpi |m [ft  |L:' |mpo [cmh |ink |cemh [b |omd |k |md @b |mbh |0k
n 18 PN TEE NACTNATA TR " 1 W6 © |5 |16 |53 |04 [330 |<20 |60 |28 | L0 |18 |07 |00 |08 |1 |odl
R i; i w';, ;:g ggi( L gis g:g g;g :I: ::i :ﬁ :i | ssiode (3sm fad [0 (26 |m3 e (e (e [ 3 [0 |20 [os 240 |ess |1 |ow
o v | 1087 ‘ 1030 A NA N (3 [m3 |ws s |7 |wa w38 |14 |24 [ow [0 e |13 [0
1% A | 001100008 e TN AN o fwn (o o [me s [ | o e (e | | (19 as
HN T I B ARV 0150|075 130 |00 [0 |03 |08 |02 |NAC[NA wo ko Iwe ler Lo lew D b Low 10 | vl | ;
i |0 (w0 Lo ows s 120 Lo L1 [os Jow Lo Low Jon a8 |ur ) ;':; 2 i‘,'z ﬁ;- .le[. il b ;?1 j}; }; ;g i'g ;_;u :E ;ﬂg gi
BT [W U (W [i14 147 (G619 |10 |08 |16 [0%6 [0 0% [NA [N [Nk [ | T N T Lt T - Lo prims L L e P e e
Mtaw 3 (290 |3 |M0 {13 |00 |ns (200 [om {180 [om |10 |04 [NA LNASMA [ il B el Pl ol ol il bl el el el ol bl el Bl bl el
P I T el el v R R e e R P S |30sme 140 |20 (28 [n7 [osn |ses (a3 (o [a% {1 |0 [ess 220 |oss | |os
e (s [ | |20 {10 [ fen (10 |oa J@0 |0 |NA [N ol R Bl e ) R
s [ fae o (s e |2 [ue e fow i [ee@fes o Lom [ ol N Nl ol Gl ol ol el ] Ll Ll S
s e |ae Jues | e (a0 120 {ae fos [ os [ oaidone o R e e b L E A R N R P R
i) 0 (201 [0 |33 |10 |14 |12 |30 |14 [ 240 |05 | 160 0d |10 [0 |NA |MA _ 1 B W 108 0T JOGD A5 INA NA L4N LI 20 1LI0 1310 LN 11D |08
D% | 3Tmw (247 |3 |2 107 | 1566 |04 390 |150 |260 [100 |17 |08 130 |00 0% |03 i " 6 (15 |65 (350 |06 |347 |160 (100 (180 |08 |120 (046 (130 |08 [NA | NA
18 (400 |10 [ L6702 (40 (140 | 2E0 [ MO | B0 07T M40 | 055 M@0 |04l 19688mn | 31%mm | 141 N[ 101 |67 | 030 (400 (300 |10 1200 (050 [130 |05 |50 |00 |NA | NA
i 0|5 183 LT ) 1345 (440 | LT0 | 300020200 | 070 (VR0 03E (VN0 (044 176 BOo(N3 |70 |03 |447 (340 (130 | 230 |08 (150 |03 LT | 047 |0 |03
3 (o |aes s |uem | am [am [ |30 03 (a0 lomeas [osl |10 |04 e (o [ns e o |4 |3 [0 (290 | 1@ [os (100 |om e |on
i3 80 84 L [0 {108 (510 [ 200 340 (130 230 (080 [T0 1087 |11 |00 W B\ B3 (W3 |04 [ 520 400 | 160 )20 | 110 |180 070 J200 {070 [100 |03
w ( [mo (oo foaw lses Jan [ faw T Jieo foss a0 Jos e fog
NA-Not Applcabe NA-Not Applcable ‘
(Sowrce: MIS NOCIL, Akola, Maharashtra) (Sourca : MS NOCIL, Akola, Maharashtra)
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Example 22.1

Design a sprinkler irrigation system to irrigate 5 ha Wheat crop; Assume the following
Soil type = silt loam

Infiltration rate at field capacity = =1.25 cm/hr

Water holding capacity =0.15

Root zone depth =1.5m

Daily consumptive use rate =0.6 cm/d

Sprinkler type = Rotating over.head

Solution:

Step |

Total water holding capacity of the soil =0.15x 1.5 = 22.5cm
Let the water be applied at 50% depletion, hence the depth of water to be applied =0.50 x 22.5 = 11.25cm
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Step Il
Let the water application efficiency be 90 per cent
Depth of water to be supplied =11.25 /0.9 =12.5 cm

Step Il
For daily consumptive use rate of 0.60 cm
Irrigation interval = 11.25 / 0.6 = 19 days
In period of 19 days, 12.5 cm of water is to be applied on an area of 5 ha. Hence assuming 10 h of pumping per
day, the sprinkler system capacity would be
_ 5%x10%*Xx12.5x1072
19%10%3600

= 0.009 m3s1?

Step IV

Take Spacing of lateral (S,,;) = 18 m

Spacing of Sprinklers in lateral (S;)=12.m

This selection is made after considering the following:
Operating pressure of nozzle = 2.5 kg/cm?
Maximum application rate =1.25cm/h
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From the manufacturer’s M/S NOCIL, Akola chart, il ¢
i c Sinte S Opira DinofSpray | Dich Appleation i
NOZZ'G Size :5.5563 x 3.175 mm e Prl:'\*\:ln:' R 1111 "'11:‘[ubp"5e“w"‘1‘;'m (BN | N1l
. . Ruuge Spond | Kgaw' [pid |m [0 (L' [gpm sk [ Wb ook [@d [oob [@d ok [k [ osbo | e
Operating pressure : 2.47 kg/cm? and o A R R R R
- ”m B "iﬂ L¥] i 388 | &4 8 [T i 4 A48 i 041 |03 [} &, N N M
Appllcatlon rate :1.10 cm/hr (WhICh is less than the L e L O I S

_ o o (a |ue | fom s {1 fon [ e {om o (M |w W |
maximum allowable application rate) | | (s o [ (e [es |ue {oe {on w08 [6n W |w
b [0 w0 Lo [ e [on [ Lo Joo Lo Jow Lo Jos [o

: . ~ TR T [0 [0 3 YT {6 [T £ [0k [V [0 [OR [00 [N W [V %
Dlameter Of coverage' 29'99~30'0m T14060em | 3075 | 247 i WO {133 |00 (1354 | 240 | 0g4 | 1s0 082 (110 |04 | WA [ NA [NA WA

: _ Lo e |me [ |na (s [ i [ee [ fow oe [ |
Discharge of the nozzle: 0.637 Ips = 0.637 x 103 m3/s | W6 |ws s [l e e (e {ue |en [ {en (o s e

i | e |usa s [ a0 |uo |use (o [ Lo [ [ [om |om

i 60 (445 | 1R [ 1M4 [ 1842 [ 310 [ 130 | 210 | 0F) [ 140 (0% [100 |04l |07 [031

Step V W (W [a [0 (5 [0 |1 [UR [ (16 [0 [ 8 (06 1@ [0 [ W
| 952 I | 147 3 02 |17 (1568 | 2080 | 390 [130 | 260 100 |10 |08 (130 031 |08 |03

. o 18 (40 1T [1ee {202 (42 | 180 (280 | LI0 [ 1R0 (073 (140 | 035 |00 |04l

Total no. of sprlnklers=0.009/0.000637 =14 sprlnklers HU N T Y I O T O WS Bt N BT I A Y

i |9 |0 | | (a1 e e |es [1n o
FUEI O 5 W S N O B O T R T e

Therefore 7 no. of sprinklers on each lateral.
NA-Not Applicable
Step Vi (Seitree: M5 NOCIL, Akeola, Mabasashiea)

The sprinklers will be spaced at 12 m intervals on each of two
lateral lines spaced 18 m apart.

Step VII
Total length of each lateral =12 x7 =84 m
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Maximum allowable pressure variation = 0.2 x 2.47 = 0.494 kg/cm? =4.94 m

Variation of pressure due to elevation = 2m
Permissible head loss due to friction =4.94-2=2.94 m
Total flow through the lateral =7 x 0.637 x 1073 = 4.459 x 103 m3/s

Considering DW (friction head) Eq.
Reduction factor (F) = = + — + —— = 0.333 + 0.071 + 0.0034 =0.407
3 2x7  6X7

0.811%0.04X277778x84%(4.459%60)?>
9.81xD5

Head loss due to friction (Hy) = X 0.407

, _ 0811 X 0.04X277778 X84 x (4.459 x 60)2 0407
- 9.81 x D5 :

Hence diameter of lateral = 60 mm
The head required to operate the lateral lines ( H,;) =24.7+2.94+2+1=30.6 m
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Mainline:
Frictional head loss in main pipe line (Hy) =30.6 x 0.2 = 6.12m (20%)

Calculating in the same way as done in case of lateral

6.12 = 0.811X0.04X277778x84x(4.459x60)>

9.81xD5 X 0.407 orD=69.10 = 70mm

Total design head (H) = Hy, + Hf + H; + H;
Where, H; = Difference in highest junction point of the lateral and main from pump level = 0.5 (assume)
H = Suction lift (20 m, assume)

H=30.6+6.12+0.5+20=57.22m
The pump has to deliver 0.009 m3/s.of water against a head of 57.22 m

0.009%57.22x103
0.6X75

Hence, the capacity of power unit for a pump with 60% efficiency = =11.44 hp
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o VS—S—aE
Typical layout of Drip Irrigation

www.jains.com

Back- wash Valve Pressure Gauge | 3
uﬁ By Pass valve

Ly s I -
Sand Filter— , y "
e , Vell |
Air Val B (LT v T TR -_..:. A s . V.- % HaterSuume
n...‘.li' 4 '.'I-t_l"l" L .' :P 5 il | .‘m g .-- ; 3 . ,.| b

Main Line

Lﬁhml
Flush Valve
Dripper/Emitter

End Sm/

Flush valve
Submain Line
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Types of Drip Systems

i) On Line Emitter / Dripper System

O Drippers are fixed externally on the laterals at the

designed spacing

O Dripper spacing can be changed any time .in 2 Iph

future to cover the increased root zone of the

plant with its age

0 Commonly used for horticultural plants having

large spacing; Mango, Coconut, Citrus, Orange,

Different colors are used to identify the discharge rate of Turbo Key plus dripper

Lemon, Banana, Grapes, Pomegranate, Papaya,

Sapota etc.

.t NPTEL ONLINE Dr. D.R. Mailapalli
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o VS—S—a—
Types of Drip Systems

ii) Emitting Pipe System (In-line Drip System)
O Drippers are fixed in the lateral tube at the time of manufacturing based on crop spacing
0 Onceinstalled, the dripper spacing can not be changed

0 Very effective for row crops like cotton, sugarcane, groundnut, vegetables and floriculture

ERivulis
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v" Point source Emitters can also be classified as ‘ Drip Lines
o Long path _ )
e Point Source Line Source
o Orifice

o Pressure —compensating
v'  Classification depend on the exponent

Q = kp* Emitters
Tubing
Q= Emitter Discharge, Iph _
P = Operating Pressure, kpa https://www.pinterest.com

k and , x = Constants for specified emitter
o For long path or laminar flow type emitter, x =1 (Sensitive to operating pressure fluctuation)
o For orifice type, x =0.5

o For Pressure-Compensating, x = 0 (Useful in undulating terrain or where large variation due to system
operation expected)
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2 2
: .
2 a
= w
Double tube
A 306 ® 1820 mm
= Orifice spacing
a L [l | | F
a 100 200 300 400 ¢

Prassure head (kPa)

L l | I L |
0 10 20 30 40
Prassure head {m)
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o VS—S—aE
Types of Drip Systems

Laser drip tube Monotube
\/ L' S E 'tt [---. "“}_‘)‘* ZZz Ty ""Bmm Torturous path emitter. . .
Ineé source emitters T Waterflow  ———— Water low ———
N

- raas

ULl ezcss Tl

O Porous pipe or tape that
discharges water along its
entire length

inserted in the tube. . .

becomes a permanent part of the tube

v" Primarily used for row cops

v' Bubblers Discharging into furrows

v" Mono-walled or bi-walled
polyethylene pipes are commonly
used —_—

Water flow ” —_—

>

Twin wall emitter
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T SGS—S—S—S—S—S—S"—"—“—“—s
Drip Irrigation laterals

v’ Laterals deliver water from main lines and submains to the emission devices
v' Material : Polyethylene and PVC commonly used
v' Diameter :

O For point source emitters 10-20 mm

O For line source emitters >20 mm

v"  Designed to maintain an acceptable variation of emission device discharge along their length

AN

Manufacturer's coefficient of variation (discharge) determines the acceptability

v'  Determined from flow rate measurements for several identical emission devices and is computed
with the following Equation.

5 (CI% K q§+. e e e +q% — nq_z)l/z

C,
gn—1)"2
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Where, C,, = manufacturer' coefficient of variation
(o P« PN q,, =discharge of emission device ,I/hr
q = Average discharge of emission devices tested, I/hr
n= number of emission devices tested

Recommended Classification of Manufacturer’s Coefficient of Variation (ASAE recommendation)

Emitter Type Cv Range Classification
Point Source <0.05 Good
0.05t0.0.10 Average
0.10t0 0.15 Marginal
>0.15 Unacceptable
Line Source <0.10 Good
0.10t0 0.120 Average
>0.20 Marginal to unacceptable

| IIT KHARAGPUR
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Emission uniformity

EU =100 (1 e (C )) Cmin
\/— ’ Qavg

Where,
EU= design emission uniformity, %
N,= Number of point source emitters per emission point
C, = Manufacture’s coefficient of variation
Qmin=minimum emitter discharge rate in.the system, L/h
Qavg = average or design emitter discharge rate, L/h

NPTEL ONLINE Dr. D.R. Mailapalli
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T VS
Recommended Ranges of Designh Emission Uniformity (EU)

Emitter Type Soil Topography EU Range for Arid Area®
g —
Point Source on permanent crops? Uniform® @O to 99
Steep or undulating® 85 to 90
Point Source on permanent or semi- | Uniform 85 to 90
permanent cropsP Steep or undulating 8510 90
Line Source on annual row crops Uniform 80to 90
Steep or undulating 70 to 85

a: Spaced > 4m
b: Spaced<2m
C: slope <2 %
d:'slope > 2%
e: forhumid areas values may be lowered upto 10%
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Example 23.1:

For the given data, compute the emission uniformity for drip lateral for an arid region and check
whether the design is acceptable

Point source emitters on a permanent crop

C,=0.07

Qi = 30 Iph

Q. =33 Iph

N, =1

Uniform terrain with slopes less than 2%.
Solution:

Qmm

Qavg

1.2
EU = 100 (1 T (Cv)>
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EU = 100 1—£(C) Cmin —100(1—£(007)>@
B Ne ") Qavg Vi©o’)33

= 82.8%

L Based on ASAE criteria (Table on previous slide) this design is not acceptable, since EU should
exceed 90%

O EU in the example could be improved by
v" increasing N,
using an emitter with a lower C,
and Q

reducing difference between Q avg

min

using larger diameter and/or shorter laterals

AN N NN

using pressure compensating emitters
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100 C=001 100 -
> ¥
E gﬁL‘ ~§
$ z
5 s
b i 8
4 EL901-
E % i ]
W
85 : l 1 l
85 I | ] | | | L l L | 0.25 0.50 0.75 1.00
2 4 6 8 10 Exponent in Equation 6.1
Number of Emitters (N,) Figure Relationship between emission uniformity, C_, and
: _ ot i emission exponent (x in Eq. 6. ). The graph is based on the
i lationship between emission uniformity, C , and ? i -
Figure 'BTe_""‘d liE .:___.___-——-Q —y ML assumptions of a 5-percent pressure variation and five emission
pumber of amission: diviess fof me w7 devices per emission point,

If Cy is higher, Ne should be large to get desired EU EU is high for emitters with lower x (q = kp*)
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Pressure variation along a pipeline
Py = py — K(hy £ AZ)
Where,
P4, p,, = Pressure at downstream and upstream positions, Kpa
h{= Energy loss in pipe, m
AZ=Elevation difference, m (+ ve for uphill)

K =9.81
hl =FH1+M1

Where,
F = constant; f( number of outlets and method used to estimate H,)
H; =friction loss, m

M, = minor losses through fitting (from Tables)
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For H1, Darcy- Weisbach, Hazen- Willams or Scobey Equation is used (Lecture 22)
KCLQ™
1= p2m+n
Where,

K = friction factor that depends on pipe material (equation to calculate, in next slide)
L = Length of pipe, m

Q = Discharge, |/min

D = Diameter of pipe, mm

C, m and n= Constants

For trickle, Darcy-Weisbach Equation is preferred. The constants ¢, m and n
for D-W are 277778, 2.0 &1.0
for H-W 591722,1.85 & 1.17
for Scobey 610042, 1.90 & 1.10
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v' Kis given by (For D-W) kK =0.811 @

Where,
f = friction factor from the moody diagram
f for small-diameter trickle tubing, is also related to the

Knowing the Reynolds number (Np),
For N; less than 2000 (laminar flow) f= 13_4
R

For N, between than 2000 and 100000 (turbulentflow) f = 0.32N;%2°

For N greater than 100000 (Fully turbulent flow) f =0.80+ 2 log (N—)

it
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v"  Losses due to barbs from online emitters or
supply tubes for bubblers or microsprinklers
must be included.
v' (from Figure) losses as equivalent pipe lengths a20
E On-Line Connection
"2 1.5 2 For " inins Far glmn
T o g Tt Size mm (ins) mm (ins) and Dnmm _and D inins
v"  Thisis mu|t|p||ed by the number of barbs and ul Targe 5b'ib'§}' F6(03 091019 094D
. . = Standard 5.0(02) 50(02) 308D '*  013907'%
addedtoLin Darcy- WEISbaCh, Hazen- WiIIams —é ) o Small 50(02) 38(0.15 947D-2010 003407701
. KCLQ™ 3
or Scobey Equation; H; = i 2
p2m+n 3 ik
é ——— -::"_‘_-:_'::
5 % 1 | Ty
0.3 0.4 0.5 0.6 0.7 0.8
Inside Diameter of Lateral (in)
Figure Emitter-connection loss (C,) values for various sizes of

barbs and inside diameters of laterals. (From Section 15, Chapter 7 of
the SCS National Engineering Handbook, 1984.)
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Example 23.2:
Computing head loss due to pipe friction in a drip lateral with on-line emitters for the following data
16-mm internal diameter lateral
200 m long lateral with standard on-line emitters spaced 1. m
Design discharge of each emitter is 1 Iph
Water temperature is 20°C

Solution:
Total discharge = (1 1/hr) (200) (1hr/60min) = 3.33 |/min
Ve & - /min_ 27.6 cm/sec

A %(16mm)2
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Np = % = 4406  (p=998.2 kg/cu m; u = 1.002 x10-3 N-S/m2)

Since Ny is between 2000-10°, use Reynolds number (turbulent flow) equation to compute f

f = 0.32N7925 = 0.32(4406)72-25

f 0.0393 .
K =0811(=) = 0811 =3.25 % 10
g 9.81

Correcting L in Darcy- Weisbach, Hazen- Willams or Scobey Equation for barb losses
L =200 m + (number of emission devices) C,

from Figure C, =0.36 ft, =0.11m

L=200+200(0.11) =222 m

KCLQ™ (3.25 % 10_3) X 277778 X 222 X (3.33)2
1= p2m+n = 162%2+1

F=0.33 (Table value)

=212

hy = FH, +M; =033 x212+0=0.70m
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Takbie 5. Valueas of F(in Eq.5.17a) Used When
tha Distance to the First Sprinkier Equails the
Sprinkler Head Spacing -
B
Number of Outhets o= 1 RS vy w9 e w1 OMD
1 1.0 1.0 1.0
2 0639 0.634 0.625
3 (.538 052N 0518
e ] O AHG (A= 7 10 0 Aesh
] 0457 BAs1 0. 440
6 4318 0433 0421
7 0425 0419 0. 40K
] 0415 Q.40 N.19R
9 0.409 D402 0.391
10 0402 03396 0D.IKS
1 0187 0Nav2 02RO
12 L, 3004 0. 38 0.376
13 0391 0.381 0.373
14 0.387 0.381 0370
15 D384 0.379 376
16 0382 0.3T77 0.)65
17 Q3RO 0.375 0.363
1% 379 0.373 0.361
14 0377 0.372 0.360
20 0376 0370 0.359
22 0.374 O.36H 0.357
24 0372 0366 0.355
26 0370 0.36<4 0.353
28 0.le9 0.363 0.351
30 0368 0.362 0.350
35 0.365 0.359 0.347
40 0,364 0.357 0.345
500 0.361 0.355 0.343
100 - 0.356 0.350 0 .
More than 100 0.351 0 345 ©.333)
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ThankXou!!
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Example 24.1: Design a drip irrigation system for the following data

Crop : Banana |<7 100 m I

Spacing :1.5mx1.35m 1
Area :1 ha (100 m x100 m)

Slope :0.3t00.4%

Water Source : Well

Static Head :10m

Pan Evaporation :12 mm/day 100 m

Soil characteristics
Clay soil
Field capacity: 48%
Wilting Point: 25%
Bulk Density: 1.3 g/cm?3
Effective Root Zone Depth: 60 cm Well

Plant row

Mainline
Wetted Area: 60% Lateral (3m spacing)

Maximum Pump Discharge: 2.5 Ips
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f—— 100m |

Solution: Design Steps

1. Calculation of depth of irrigation X
ETerop= EToXK, = E,XK XK, = (12) %(0.7) %(1.0) = 8.4 mm/d

crop™
2. Volume of water to be applied

Volume = Area X Depth Wetted area
=(1.5%1.35) %(0.6) %(8.4) = 10.21 m3
3. Number of Emitters per plant 100 m

Number of Emitters per plant is to be selected (based on layout)
Say, One emitter per plant (4 I/h Capacity)
4. Irrigation Time

Irrigation time =Volume/Discharge rate

10.21/4 =2.55 h say 2.5h Well o Plant row
Mainline

5. Number of Emitters per lateral
Length of field =100 m

Lateral (3m spacing)

"t NPTEL ONLINE Dr. D.R. Mailapalli
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v' The submain is laid at the centre (layout), hence lateral length =50 m |
Emitter spacing on lateral = Plant spacing =1.35 m . | L "
Number of emitters per lateral =50/1.35=37

A

6. Discharge through one lateral
Qotera = 37% 4 =148 1/h

100 m
7. Number of laterals per manifold

Pump Discharge = 2.5 Ips = 9000 I/h
Number of lateral that can be operated
=9000/148 =60.81 say 61

v Breadth of the field =100 m

v" Number of laterals along the breadth depend on row spacing well Mainline

Plant row

v'  Distance between two laterals = 1.5 m Lateral (3m spacing)
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Number of laterals on one side =100/1.5 = 67
Total number of laterals = 67x2 =133 |<7 100 m I
Number of manifolds = 133/61 = 2.2 say, 4 for uniformity in layout
Number of Laterals per manifold = 133/4 = 33.25, say 34

AN N NN

8. Size of lateral

KCLQ™

D-Weq H; = Damin 100 m

Let us assume a lateral of 12 mm diameter

2961 1/h
V=2 ,,—/ = 72.7 cm/sec
A Z(lme)2
Well Plant row
pDV Mainline

Ng = u A Lateral (3m spacing)
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Since Ny is between 2000-10° , use Reynolds number (turbulent flow) equation to compute f
f =0.32N;%%> = 0.32(8704)7%25=0.033
f 0.033 B
K = 0.811 (—) = 0.811 (—) =2.73x1073
g 9.81
Correcting L in Darcy- Weisbach, Hazen- Willams or Scobey Equation for barblosses
L =50 m + (number if emission devices) C,
C,= 0.6 ft from figure = 0.18 m
L=50+37(0.18) =54.86 m

H. = KCLQ™ _ (2.73x1073)x277778%63.32X(4.93)2
1= pzm+n — 122%2+1

hl = FH]_ + Ml = 0.34‘7 X 4‘.08 + 0 = 1.415 m
Too high; should be maximum 5% of statichead, i.e., 0.5 m

=4.08 m

Increase the lateral size , Let us take 26-mm lateral

v=2=382U" _ 4090cm/sec ; Np= 22 =6528
A Z(SOmm)2 U
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Tabie 5.2 Values of F(in Eq.5.17a) Used When
the Distance to the First Sprinkier Equals the
T ————

Sprinkler Head Spacing
—_— N

Number of Outlets o= K5 o= 1,940 v w2 OO
= Barb =
j20—- s 1 1.0 1.0 1.0
o < =1 2 0639 0.634 0.625
=] a 5158 s
5 z T On-Line Connection d : :: 4:‘,‘ :::1:: :::‘L:
2 \ » For Cyinins For Cyinft 5 0457 mast 0. 440
3 15— .L\“’ge 2ry __Sue  mm(iny) mmOny) andDinmm _and.Din g A 04358 0.433 0.421
w N N Large 50(02) 76(03) 0910 - 0.94 D‘lﬂ’ - 0.425% 0.419 0. 408
2 \ Standard 5.0(0.2) 50(02) 30807 %  0.1350 "Ry % 0415 0.410 0.398
= Small 50(02) 38(0.15 9470 00340 9 0.409 0.402 0.391
E 10 0,402 0.396 0.3K8S
o 1 G397 0.392 03RO
-3 12 0,394 0.388 0.376
13 0.391 0.381 0.373
‘5 ___\1)~.________ Rt 14 0.387 0.381 0.370
§. —— —— __'::-—_ 15 0.384 0.379 0.376
‘é | i 16 0.382 0.377 0.365
® o | | l ) 17 0.380 0.375 0.363
0.3 0.4 0.5 0.6 0.7 0.8 18 0379 0.373 0.361
| (in 19 0377 0372 0.360
Inside Diameter of Lateral (in) 20 0.376 0.370 0.359
Figure Emitter-connection loss (C,) values for various sizes of Ei 2;:-: :;,mu g;:;
X . . . GG 3
barbs and inside diameters of laterals. (From Section 15, Chapter 7 of 26 0.370 0.364 0.353
: . - k 1984, 28 0369 0.363 0.351
the SCS National Engineering Handbook, ) e Pt s it
3s 0.3635 0.359 0.347
— 20 0.364 0.357 0.345
S0 0.361 0.355 0.343
100 - 0.356 0.350 0338
More than 100 0.351 0345 0.333
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Since Ny is between 2000-10°, use Reynolds number (turbulent flow) eqgationto compute f
f =0.32N;%%> = 0.33(6528)7%25= 0.035
f 0.035 B
K = 0.811 (—) = 0.811 (—) =2.94x1073
g 9.81
Correcting L in Darcy- Weisbach, Hazen- Willams or Scobey Equation for barblosses
L=50 m + ( number of emission devices) C,
C,=0.33 ft from figure =0.11 m
L=50+37(0.11) =54.07 m

H. = KCLQ™ _ (2.73x1073)x277778x58.14x(4.93)2
1= pzm+n — 122X2+1

hy =FH; +M; =0.338 %X 1.02+ 0 = 0.35m (<0.5 m)
Acceptable from Table for 37 outlets, Thus, Lateral Size = 16 mm
9. Size of Manifold
Q,anifold = QateraX NoO. of lateral per manifold

=148 X 34 =5032 I/hr

= 1.02m
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Manifold design is similar to lateral design
Assume Manifold Diameter = 50 mm

5032 I/h
%(SOmm)2

v=9_

" = 71.18 cm/sec

Np = % = 35502

Ny is between 2000-10°, use Reynolds number (turbulent flow) equation to compute f
f =0.32N;%%° =0.32(35502)%2°= 0.023

f 0.023 .
K = 08117 )& 0811 (Gar | = 192X 10

9.81
L=50m
_ KCLQ™ (1.92x1073)x277778X50%(83.86)%
Hl - p2m+n — 502x2+1 — 0-06m
hy =FH;{ + M; = 9}47 X 0.064+ 0= 0.22m
Head loss in manifold = 0.21 m For 34 outlets
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Head at inlet of manifold = H,iier +HiateratHsiope™ Hmanifold
=10+0.35+0.18 +0.21 0.35% of 50 = 0.18
=10.74 m

10. Size of main

Length of main = 100 m F (well location)

Quain = Qanitord = 5032 I/hr = 1.4*10°3 m3/sec

Assume main diameter = 50 mm

v=2= L LUUL 71.18 cm/sec

A _Z(s80mm)?

Np.= % =35502

Since N is between 2000-10° use Reynolds number (turbulent flow) equationto compute f (f = 0.023)
_ KCLQ™ | (2.92x1073)x277778X150%(83.86)>

Hy == e = 1.815m
hy =FH + M, = 0.46f X 1.214+0=0.851m
4 outlets
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11. Total Head

Total Head = Head . toidiniet ¥ Hmaint Hstatic
=10.74+0.851+10+2.16
=23.75m

(Hocalis continued as 10% of all other heads)

+ I_Ilocal

12. Pump Horse Power
_YXhxQ

75X n

11000:% 23.75 x (1.4 X 1073)
B 75 % 0.70

= 0.63~1 hp

.t NPTEL ONLINE Dr. D.R. Mailapalli
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v' Discharge capacity of an Emission Device
KD, A;

C =
(H - Tm)Ea

Where,

C = Emission device Capacity (I/hr)

D, = Depth of water applied (mm)

A;= Area irrigated by the emission device (m?)

H = Hours of irrigation (i.e. time used to apply D,)
T,,,= Off time for maintenance, soil aeration, etc.
E, = Application Efficiency (%)

K = unit constant =100
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ThankXou!!
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Exercise W5.1

In a sprinkler irrigation system, the lateral spacing along the mainline is 20 m and
sprinkler spacing along laterals is 15 m. The application rate for fulfilling the peak
demand of the proposed crop should be 8 mm/d. Find the discharge rate per sprinkler.

Solution

We know application rate, [(mm/h) = iG?rg)qué(lfnS; Or, g, = / xgsgnbg >
m |

Given, I =8 mm/d

Assuming that the sprinkler will'operate 12 h a day,

| =8mm/12h = 0.667 mm/h,;and.S, =20 m; S,=15m
Putting the values, g, = 0.055 I/s; Or, 200 I/h (Ans.)
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Exercise W5.2

In a sprinkler irrigation system, the required total capacity of the system is 0.5
m3/s. Determine the pump capacity. Assume that head loss in pipe and bends and
velocity head required = 3 m of water.

Solution:

Pump capacity, P = (Q x 9.81 x H) [KW]

Here Q = 0.5 m3/s

Total head =3 m

Putting the values, P = 0.5 x9.81 x3 = 14.7 KW (Ans.)
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Exercise W5.3

A solid set permanent micro-irrigation system is installed in a vegetable field of 1 ha area. The spacing
between the micro sprinklers is 2.5 m and spacing between laterals is 5 m. The peak evapotranspiration
rate is 10 mm/day. The application efficiency is 80%. Irrigation system operates 5 hours in a day. The total

operating head of the pump is 30 m. At 65% pump efficiency, the horse power of the pump is
(GATE 2016)

Solution:

Given,

Area=1 ha

Evapotranspiration rate = 10 mm/day
Application efficiency = 80%.

Total operating head of the pump =30 m
Pump efficiency = 65%

NPTEL ONLINE Dr. D.R. Mailapalli
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ET=10 mm=0.01 m

Volume = Area X ET = 10000 X 0.01 = 100 m3

Volume N 1004 3
Application efficiency ~ 08 125 m

Actual volume =

Actual volume

Time
Q= szf)i = = 0.00694 m3/sec
_OQOXHXp
T 75x7
. _ 000694 x 30 X 1000
R = 75 x 0.65
= 4.27hp (Ans.)
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Exercise W5.4

Several identical sprinkler nozzles, each having discharge Q (litre per minute), are spaced in a grid of size

L (metre) x S (metre). The application rate in mm/h is (GATE 2014)
Solution:
As we know that, Q=LXxXSXI

_ Q(L/min)

- L(m) x S(m)

0.001 X 60 Q (mTB)
"N L) < sam)

mm3
60 Q (-
N ¢ mm/h (Ans.)

v (mm)xS(mm)
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Exercise W5.5

A sprinkler system consists of two 192 m long laterals. On each lateral, 16 sprinklers are located at an
interval of 12 m. The spacing between the laterals is 10 m. The required capacity (in I/s) of the sprinkler
system for an application rate of 1 cm/h is (GATE 2007)

Solution:

Spacing between the laterals =10 m
Application rate (I )= 1 cm/h

Spacing of sprinkler along the lateral (S5;)="12
Spacing of lateral along the main (S,,,)= 10

S XSy X1

q 360

NPTEL ONLINE Dr. D.R. Mailapalli
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Sy XSy
1= 7360
q= 12202~ 0.333 |/s/sprinkler

360

System capacity = total discharge of all sprinkler

= 0.333 X 32

=10.561/s (Ans.)
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Example W5.6

Calculate the flow rate for the following emitters (laminar, turbulent, and
pressure compensating) at 50 and 100 kPa pressure (coefficient k for units
of LPH and kPa).

k =0.02 and x = 1 laminar

k =0.2 and x = 0.5 turbulent or orifice

k=2 and x = 0 pressure compensating

q=0.02 (50)! = 1LPH q\M)O-5 =1.4LPH q=2(50)°=2LPH
e

-
g=0.02 (100)" = 2LPH g=0.2 (100)°5=2LPH  g=2 (100)°= 2LPH
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Exercise W5.1

The discharge from a sprinkler nozzle depends on
a) Operating pressure and nozzle geometry.
b) Operating pressure and distribution pattern.
c) Application rate and nozzle angle.
d) Operating pressure and application rate.
(GATE 2018)
Solution:

a) Operating pressure and nozzle geometry (Ans.)
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