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Chapter 5 Pressurized Irrigation Systems

5.1 Introduction

Sprinkle and trickle irrigation together represent the broad class of “pressurized” irrigation methods, in which water is carried through a pipe system to a point near where it will be consumed. This is in contrast to surface irrigation methods, in which water must travel over the soil surface for rather long distances before it reaches the point where it is expected to infiltrate and be consumed. Thus, surface irrigation methods depend on critical uncertainties associated with water infiltration into the soil while being conveyed, as well as at the receiving site.

5.2. Sprinkle Irrigation
With sprinkle irrigation, water is jetted through the air to spread it from the pipe network across the soil surface. This adds a degree of uncertainty to sprinkle irrigation, as wind and other atmospheric conditions affect the application efficiency. The usual goal of sprinkling is uniform watering of an entire field. Sprinkling as an important method of agricultural irrigation had its beginning in the early part of this century. By 1950, better sprinklers, aluminium pipe, and more efficient pumping plants further reduced the cost and increased the usefulness of sprinkle irrigation. Today sprinkling is a major means of irrigation on all types of soils, topographies and crops. Sprinkle irrigation systems can be broadly divided into set and continuous-move systems. In set systems, the sprinklers remain at a fixed position while irrigation, whereas, in continuous-move systems, the sprinklers operate while moving in either a circular or a straight path. Set systems include systems moved between irrigations, such as hand-move and gun sprinklers (referred to as periodic-move systems). Set systems also include such systems as solid-set sprinklers (referred to as fixed systems). The principal continuous-move systems are centre-pivot and linear moving laterals and travelling sprinklers.

Advantages
Adaptability: Sprinkle irrigation is an adaptable means of supplying all types of crops with frequent and uniform application of irrigation over a wide range of topographic and soil conditions. Sprinkle irrigation can be partly or fully automated to minimize labour costs, and systems can be designed to minimize water requirements.

Some of the more important objective that can be attained by sprinkling are: Effective use of small, continuous streams of water, such as from springs and small boreholes; Proper irrigation of shallow soils that cannot be graded without detrimental results; Irrigation of steep and rolling topography without producing runoff or erosion; and Effective, light, frequent watering whenever needed, such as for germination of a crop like lettuce, which may latter be surface irrigated.

Labour Savings: Following are some features of the sprinkle method relative to labour and management requirements. Periodic-move sprinkle systems require labour for only one or two relatively short periods each day to move the sprinkler laterals in each field. Labour requirements can be further reduced by utilizing mechanically moved, instead of hand-moved, laterals. Furthermore, unskilled labour can be used, because irrigation decisions are made by the manager, rather than by the irrigators. Most mechanized and automated sprinkle systems require very little labour and are simple to manage; and Fixed sprinkle systems can eliminate field labour during the irrigation season.

Special uses: Some of the more important special uses of sprinkle irrigation include: Modifying weather extremes by increasing humidity, cooling crops, and alleviating freeze damage to buds and leaves by use of special systems design; and using light, intermittent irrigation to supplement erratic or deficient rainfall.

Water Savings: High application efficiency can be achieved by properly designed and operated sprinkle irrigation systems. Properly engineered systems are easy to manage or automate to achieve overall seasonal irrigation efficiencies of 75 % or greater. It is because much of the finesse needed to operate them can be designed into the systems hardware, thus reducing the management and labour inputs and training needed.

Disadvantages

The disadvantages of sprinkle systems are mainly in the areas of high costs, water quality and delivery problems, and environmental constraints.

High Costs: Both initial and pumping costs for sprinkle irrigation systems are higher than for surface irrigation systems on uniform soils and slopes. However, surface irrigation may be potentially more efficient.

Water Quality and Delivery: The sprinkle method is restricted by the following water-related conditions. Large flows intermittently delivered are not economical to use without a reservoir, and even minor fluctuations in rate cause difficulties. Saline water may cause problems because salt is absorbed by the leaves of some crops and high concentrations of bicarbonates in irrigation water may spot and affect the quality of fruit when used with overhead sprinklers.  Certain waters are corrosive to the metal pipes typically used in many sprinkle irrigation systems.

Environmental and Design Constraints: Some important constraints that limit the applicability of the sprinkle method are: Sprinkling is not well-adapted to soils having an intake rate of less than about 3 mm/h. Windy and excessively dry conditions cause low sprinkle irrigation efficiencies. Field shapes other than rectangular are not convenient to handle, especially for mechanized sprinkle systems.

Types of Sprinkle Systems

Sprinkler systems may be divided into two basic groups: set systems that operate with the sprinklers set in a fixed position, and continuous-move systems that operate while the sprinkler in moving through the field. Set systems may be further divided according to whether or not sprinklers must be moved through a series of positions during the course of irrigating a field. Those systems that must be moved are called periodic-move systems, and those not requiring any movement are call fixed systems.

Set Systems
The major types of periodic-move systems are: hand-move, end-tow, and side-roll laterals; side-move laterals with or without trail lines: and gun sprinklers.

Hand-move laterals

The hand-move, portable lateral system is composed of either portable or buried main line pipe with valve outlets at intervals for attaching the portable laterals. These laterals are assembled from sections of aluminium tubing connected by quick couplers. Each pipe section has either centre mounted or end mounted riser pipe supporting a sprinkler head. This system is used to irrigate more area than any other type of set system and is used on almost all crops and on all types of topography. A disadvantage of the system is its high labour requirement.

End- tow lateral system

 An end-tow lateral system is similar to one with hand-move laterals except that it consists of rigidly coupled lateral pipe connected to a main line. The main line should be buried and positioned in the centre of the field for convenience of operation. Laterals are towed lengthwise over the main line from one side to the other in an S fashion. End-tow laterals are the least expensive of the mechanically moved systems. However, they are not adapted to small or irregular areas, steep or rough topography.

Side-roll lateral system

A side-roll lateral system is similar to a system with hand-move laterals. The lateral pipes are rigidly coupled, and each joint of pipe is supported by a lateral wheel. The lateral line forms the axle for the wheels, and when it is twisted, the line rolls sideways. The unit is mechanically moved by an engine mounted at the centre of the line or by an outside power source at one end of the line.

Side-roll laterals work well in row-growing crops. They are best adapted to rectangular fields with fairly uniform topography and no physical obstructions. The diameter of the wheels should be selected so that the lateral clears the crop.

Side-move laterals

Side-move laterals are periodically moved across the field in a manner similar to side-roll laterals. An important difference is that the pipeline is carried above the wheels on small “A” frames instead of serving as the axle. Typically, the pipe is carried about 1.5 m above the ground, and the wheel carriages are spaced 15.2 m apart. Trial tubes with up to 11 sprinklers mounted at 9.2 m intervals are pulled behind each wheel carriage. Thus the system wets a strip of up to 100 m wide, allowing a 400 m long lateral to irrigate approximately 4 ha at a setting. Such a system produces high uniformity and low application rates.

Side move laterals systems are suitable for most field and vegetable crops. However, for field corn, the trial tubes cannot be used, and the “A” frames must be extended to provide a minimum ground clearance of 2.1 m.

Gun Sprinklers

Gun or giant sprinklers have 16 mm or larger range nozzles attached to long discharge tubes. Most gun sprinklers are rotated by means of a rocker arm device and can be set to irrigate part circle. Gun or boom sprinkler systems are both well adapted to supplemental irrigation and to use on irregularly shaped fields or fields with obstructions. Gun sprinklers can be used on most crops, but they produce relatively high application rates and large water drops that tend to compact the soil surface and to create runoff problems. Therefore, these sprinklers are most suitable for coarse-textured soils.

Continuous-Move

The major types of continuous-move systems are travelling sprinklers, centre-pivot systems, and linear-moving systems.

Travelling Sprinkler
The travelling sprinkler is a high-capacity sprinkler fed with water through a flexible hose; it is mounted on a self-powered chassis and travels along a straight line while watering. The sprinkler is mounted on a moving vehicle and wets a diameter of more than 120 m. The vehicle is equipped with a water piston or turbine-powered winch that reels in a cable. The cable guides the unit along a path as it tows flexible, high pressure, lay-flat hose. The hose is connected to a buried pipeline that supplies water under pressure. The typical hose is 100 mm in diameter and is 200 m long, allowing the unit to travel 400 m, unattended.

Centre- Pivot

The centre-pivot system sprinkles water from a continuously moving lateral pipeline. The self propelled lateral is fixed at one end and rotates to irrigate a large circular area. The fixed end of the lateral, called the pivot point, is connected to the water supply. The lateral consists of a series of spans ranging in length from 27 to 76 m long, carried about 3 m above the ground by driven units that consist of a “A frame” supported on motor driven wheels. Centre pivot sprinkler systems are suitable for almost all field crops, including corn, but require filed free of any above-ground obstructions. They are best adapted for use on soils having relatively high intake rates and uniform topography.

Linear- moving laterals

Self-propelled, linear moving laterals combine the structure and guidance system of a centre-pivot lateral with a travelling water-feed system similar to a travelling sprinkler. For efficient operation, linear moving laterals require rectangular fields free from obstructions. Systems that pump water from open channels must be installed on nearly level fields.

Set Sprinkle Design
 Sprinkle Irrigation Planning Factors. The procedure normally used in planning a sprinkle irrigation system is:

· Make an inventory of available resources and operating conditions.

· Include information on soils, topography, water supply, source of power, crops and farm operation schedules
· Using actual field data, local irrigation guides or tabulated data on (available water holding capacity of soils of different texture, effective crop rooting depth, MAD values), estimate the depth or quantity of water to be applied at each irrigation.
· Determine the average peak-period, daily consumptive use rates and the annual irrigation requirements for the crops under consideration. Use tabulated peak-use rates or compute from climatic and crop data.

· Determine design-use frequency of irrigation or the length of the shortest irrigation period.
· Capacity requirement of the system

· Determine the optimum water-application rate

· Consider several alternative types of sprinkler systems

For a periodic-move and fixed sprinkle systems determine

· The sprinkler spacing, discharge, nozzle sizes, and operating pressure for the optimum water-application rate;

· The number of sprinklers that must be operated simultaneously to meet system capacity requirements;

· The best layout main and lateral pipelines for simultaneous operation of the approximate number of sprinklers required;

· Required sizes of lateral line pipe and;

· Maximum total pressure required for individual lateral lines;

· Determine required sizes of main line pipe;

· Determine maximum and minimum operating (pressure and discharge conditions;

· Select the pump and power unit for maximum operating efficiency.

System Capacity Requirements
The required capacity of a sprinkler system depends on the size of the area irrigated (design area), the gross depth of water applied at each irrigation, and the net operating time allowed to apply this depth as:
Qs = 2.78 Ad/fT

Where Qs – system discharge capacity, L/S, A – design  area, ha

              d – gross  depth of application, mm

              f – operating time allowed for completion of one irrigation, days

              T – average actual operating time per day, hr/day

The value of f must be less than or equal to the irrigation interval. To allow for some breakdown or moving of systems, T should be reduced by at least 5 to 10 % from the potential value of 24 hr. In this equation, d, f, and T are of major importance in that they have a direct bearing on the capital investment per ha required for equipment. From the equation, it is obvious that the greater the operating time (fT) for applying a given depth, d, the smaller will be the system capacity and, therefore the cost for a given design area, A.

Set Sprinkler Application Rates

The average application rate from a sprinkler is computed by:


I = 60 q/Se xSl 

Where I average application rate, mm/hr

            q Sprinkler discharge, L/min

            Se spacing of sprinklers along the laterals, m

              Sl spacing of laterals along the main line, m

Set Sprinkler Uniformity and Efficiency

Major factors affect the water-application uniformity and efficiency of sprinkler irrigation system.

Variation of individual sprinkler discharge throughout the lateral lines. This variation can be held to a minimum by proper pipe network design or by employing pressure or flow control devices at each sprinkler or sprinkler nozzle.

Variation in water distribution within the sprinkler-spacing area. This variation is primarily caused by wind. It can be partly overcome for set sprinkler systems by close spacing of the sprinklers.

The uniformity of application is of primary concern in the sprinkle irrigation design procedure. The distribution uniformity (Merrian and Keller, 1978), DU, is computed by:
DU = (Average low-quarter depth of water received/ (Average depth of water received) x100

The average low-quarter depth of water received is the average of the lowest one-quarter of the measured values, where each value represents an equal value.

Another parameter that is widely used to evaluate sprinkle irrigation uniformity is the coefficient of uniformity developed by Christiansen (1942). CU

CU = 100
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Where CU -  coefficient of uniformity developed by Christiansen, %
             Z -  individual depth of catch observations from uniformity test, mm

            X= 
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= absolute deviation of the individual observations from the mean, mm
            m = (∑z)/n = mean depth of observation, mm

            n -  number of observations

Sprinkler irrigation system uniformity and efficiency is done with “can” (catch container) tests.

Layout of Set Sprinkler Systems

The ideal lateral layout depends on the number of sprinklers and lateral settings required, the topography, and wind conditions. The system layout must provide for simultaneous operation of the average number of sprinklers that will satisfy the required system capacity, Qs. The required average number is:

Nn = 
[image: image4.wmf]a

s

q

Q


Where Nn minimum average number of sprinklers operating

            Qs- total system discharge capacity, L/s

             qa -average sprinkler discharge, L/s

Pipe lengths are generally standardized and small sprinklers on portable systems are normally spaced at 9,12 and 18-m intervals on the laterals. Furthermore, the spacing between laterals is usually at intervals of 12, 15, 18 and 24 m along the main line. The maximum number of positions that each periodic-move laterals can handle depends on the number of moves per day and the number of operating days allowed for completing one irrigation cycle during the peak-use period, f. The required number of positions per lateral must not exceed the product of these two factors. If the system layout provided for the theoretical minimum number of operating sprinkles, Nn, then the number of settings required per lateral will not exceed: (move/day)f. The sketches in Fig 7.1 show how the lateral layout can be designed to fit the topography.
To obtain near-uniform application of water along the length of a lateral the pipe diameter, length and alignment must be selected so as to result in a minimum variation in discharge between individual sprinklers. Normally, the variation in discharge should not exceed 10% unless economically justified. Therefore, either pressure (or flow) regulation must be provided for each sprinkler or laterals must be located and pipe sizes selected so that the pressure head variations in the lateral, due to both friction loss and elevations differences will not exceed 20% of the average design operating pressure for the sprinklers, Pa. To meet this pressure variation criterion, it is usually preferable to lay laterals on the contour or across prominent land slopes. Thus, for a given average sprinkler discharge, qa, and set of pipe sizes, the lateral length is limited only to that length in which the friction loss equals 20% of Pa. Running laterals uphill should be avoided wherever possible. Running laterals down-slope is often a distinct advantage provided the slope is fairly constant and not too steep.
Main Line and Pumping Plant Layout

Mainlines or sub-mains should usually run up and down predominant land slopes. Where laterals are down-slope the main line will often be along a ridge with laterals sloping downward on each side or in a split main fashion. Where possible main lines should be located so that laterals can be rotated around them in a “split-line’ operation. This not only reduces labour but also minimizes main line pipe friction losses.

Where possible the water supply should be located near the center of the design area. This gives the least cost for main line pipe and for pumping. On sloping fields the well should be located uphill from the centre to better balance up and downhill pressures and minimize pipe sizes.

After completing the preliminary layout of laterals and mainlines, it is often necessary to adjust one or more of the following variables: Number of sprinklers operating Nn; water application rate, I; gross depth of irrigation, d,; average sprinkler discharge, qa; spacing of sprinklers, Se and/or Sl; actual operating time per day, T; days to complete one irrigation, f; total operating time per irrigation, fT; and total system capacity, Qs.

The application rate, I, can be adjusted according to the flexibility in time allowed for applying the required gross depth of water, d. This flexibility is limited by the maximum water application rate, which is fixed by the water-intake rate of the soil and the minimum water application rates practical for the design. Because qa is a function of I and sprinkler spacing, qa can be modified only to the extent that I, the spacing or both can be modified for a constant d. However, d, and the frequency of irrigation can also be adjusted if further modification is needed. The sprinkler spacing can be adjusted within limits in order to maintain a fixed I. Changes in spacing, Se or Sl, can be made in 3 m increments to alter the number of operating sprinklers on a fixed length of lateral or the number of lateral positions across the field. Major adjustments in I to fit requirements of a good layout must be compensated for by modifying the total operating time per irrigation, fT to fit d.
Before the layout is made, T and f are assumed in computing Qs. If the total time of operation, (fT), is increased, Q may be proportionately reduced; however, f obviously cannot exceed the irrigation interval computed for the design, d. The actual system capacity is the product of the maximum number of operating sprinklers, Ns and qa. Thus, the final adjustment is to compute the total system capacity needed to satisfy maximum demands.

Pipeline Hydraulics

The static pressure head in laterals is considered in the design procedure for determining the lateral inlet pressure head required for proper operation. The velocity of flow in a sprinkler system will seldom exceed 2.5 m/s. Therefore, the velocity head will seldom exceed 0.3 m and may be disregarded.

Calculation of Pipe Friction

The formula most commonly used for estimating the friction loss in sprinkle and trickle system laterals and main lines of various pipe materials is the Hazen-Williams equation:

hf =
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Where hf head loss due to pipe friction, m

            L length of pipe, m

            Q flow rate in the pipe, L/s

            C friction coefficient, which is a function of pipe material characteristics

            D inside diameter of the pipe, mm

Typical values of C for use in the Hazen-Williams equation are:

	Pipe Material
	C

	Plastic

Epoxy-coated steel

Cement asbestos

Galvanized steel

Aluminium (with couplers every 10 m)

Steel (new)

Steel (15 years old) or concrete


	150

145

140

135

130

130

100


Flow of water through the length of a closed pipeline of a given diameter causes more friction loss than does flow through a line with a number of equally spaced outlets. The reason for this reduction in friction loss is that the volume of flow decreases each time an outlet is passed. The method developed by Christiansen (1942) for computing head loss in multiple-outlet pipelines has been widely accepted. It involves first computing the friction loss in the line without multiple outlets and then multiplying by a factor, F, based on the number of outlets in the line, N. Thus, the head loss, hf, in a pipe with uniformly spaced outlets is:


hf =
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Christiansen’s equation for computing the reduction coefficient, F, for multiple-outlet pipelines where the first outlet is Se from the main line is:


F = 
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Where b = velocity or flow exponent of the head loss equation used, and N = number of outlets in the line, where the first outlet is αSe from the main line (0<=α<=1):


F(α) = 
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And in the special case where the first outlet is Se/2 from the mainline (α = ½)


F(1/2) =
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The following table shows reduction coefficient, F, for different numbers of outlets.

	Number of outlets
	F
	Number of outlets
	F

	
	End=
	Mid+
	
	End*
	Mid*

	1

2

3

4

5

6

7
	1.00

0.64

0.54

0.49

0.46

0.44

0.43
	1.00

0.52

0.44

0.41

0.40

0.39

0.38
	8

9

10-11

12-15

16-20

21-30

14>=31
	0.42

0.41

0.40

0.39

0.38

0.37

0.36
	0.38

0.37

0.37

0.37

0.36

0.36

0.36


= is where the first outlet is a full space from the pipe inlet, i.e. at the end of the first pipe 

+ is when the first outlet is one-half space from pipe inlet, i.e. at middle of the first pipe.

Set Sprinkler Lateral Design
It is not practical to have the same pressure at each lateral outlet. Therefore, lateral line pipe sizes should be chosen so the total pressure variation in the line, due to both friction head and elevation head falls within the limits taken as 20% of the average design operating pressure for the sprinklers. Laterals must be specifically designed for fields that are level or slope uphill or downhill from the lateral inlet. The general equation for the allowable head loss gradient, Ja, along a lateral line is:


Ja = 0.102 
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Ja = 0.102 
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(b)

Where Ja-  allowable head-loss gradient, m/100m

            Ha-  average sprinkler (emitter) operating pressure, m

            ∆He - Static pressure head difference between the inlet and closed ends due to elevation difference along the lateral, which is positive (+) for uphill and negative(-) for downhill laterals, m

           (hf)a- allowable pressure head loss due to pipe friction, m

            F - multiple outlet adjustment coefficient

            L- lateral line length, m  

To determine the necessary lateral pipe diameter, first compute Ja by eq.a. Then go to the table and find the pipe size for PVC thermoplastic pipe at the flow rate corresponding to the lateral discharge. Now moving along that line to the right, find the pipe size column that contains a Ja value just equal to or less than Ja. This is the pipe size required. Reverse the procedure using the selected J value in eq. b to determine the actual pressure loss due to friction, hf. The general equation for the lateral inlet pressure head (the pressure head required at the main line end) for single pipe size lateral is:


Hl = Ha + 3/4hf + 1/2∆He + Hr 



(c) 
And for dual pipe size laterals, which have a more linear friction-loss curve, replace the ¾ with 5/8 to obtain:

Hl = Ha + 5/8hf + 1/2∆He + Hr 



(d) 

Where 
Hl 
lateral inlet pressure head (pressure head required at the supply end), m


Ha
average sprinkler (or emitter) operating pressure head, m


hf
head loss due to pipe friction, m


∆He
Static pressure head difference between the inlet and closed ends due to elevation difference along the lateral, which is positive (+) for uphill and negative (-) for downhill laterals, m.


Hr
height of riser, m

This equation gives the inlet pressure head Hl required to obtain the design Ha for the systems. The design Ha is the pressure that will give the design qa for the sprinkle configuration selected.

Lateral Design

For laterals on level ground, ∆He = 0.0, and the allowable head loss due to friction in the lateral line will be equal to 20% of Ha. For uphill laterals, hf may be equal to 20% of Ha minus the static pressure head differences due to elevation, ∆He, which is the difference in elevation between the inlet and closed ends of the lateral. For uphill laterals ∆He is positive and increases as the elevation increases. Thus it reduces the allowable pressure head loss available for pipe friction, (hf)a, in eq. b and increases the required lateral inlet pressure, Hl, determined by eq. c. For uphill laterals the minimum pressure head, Hn, occurs at the closed end of the pipeline.
For downhill laterals the allowable hf is 20% of Ha plus the static pressure gain due to the decrease in elevation between the inlet and closed ends of the lateral, ∆He. For downhill laterals ∆He is negative and it decrease as elevation decreases along the pipeline. Thus, it increases the allowable pipe friction (hf)a, in eq. b and decreases the required lateral inlet pressure, Hl, determined by eq. c and d. For downhill laterals Hn occurs at the point along the lateral where the pipe friction gradient equals the slope of the lateral (ground).

Main Delivery System Design

The principal function of main line and sub-main is to convey the quantities of water required to all parts of the design area at the pressure required to operate all laterals under maximum flow conditions. The principal design problem is the selection of pipe sizes that will accomplish this function economically. The design of main lines or sub-mains requires an analysis of the entire system to determine the maximum requirements for capacity and pressure.

When only one lateral is moved along one or both sides of the mainlines, selecting the main line pipe size is relatively simple. The pipe size may be determined using appropriate formulas that will result in a friction loss within allowable limits when the lateral is operating from the distal end of the main line. Where two laterals are being moved along a main line, the size of the pipe selected will be the one that will result in a friction loss within allowable limits when both laterals are operating at the distal end of the main.
The split-line layout consists of two or more laterals rotated around the main line or sub-mains. Split-line layouts are employed to: equalize the load at the pump regardless of lateral position; minimize the haul back of lateral pipe to the beginning point, and economize by requiring smaller pipe.

Pressure Requirements for Set Sprinkler Systems

To select a pump and power unit that will operate a system efficiently, it is necessary to determine the desired lateral inlet pressure head, head differences due to elevation, and pressure losses in the delivery system. The sum of a properly selected set of these is the total dynamic head, TDH, against which water must be pumped. The pressure head required to operate laterals and to overcome friction losses in main lines and submains has already been discussed. Other head losses for which pressure at the pump must be provided are discussed in the following paragraphs.

Fitting and Valve Losses

Allowances must be made for friction losses in all elbows, tees, crossings, reducers, increasers, adapters, and valves that are in series between the water supply and critical sprinkler. These losses must be taken into account in laterals, main lines, submains, and in the suction line. Losses in fittings and valves can be computed by:


hf = 
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Where 
hf - friction-head loss due to pipe fitting, m


Kr- resistance coefficient for the fitting or valve


V2/2g – velocity head for a given discharge and pipe or fitting diameter, m

g – acceleration due to gravity, m/s2
The velocity head may be computed by:
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Where
 Q - flow rate, L/s


 D – inside diameter of pipe, mm

Total Dynamic Head

Total dynamic head, TDH, is the head required for an irrigation system to deliver the specified total system discharge, Qs. The accurate estimate of TDH is very important when selecting a pumping plant. A low estimate will result in the system delivering less water than specified and possibly low irrigation efficiency, and a high estimate will waste energy and result in a higher pumping cost than necessary. The TDH is the sum of the pressure, elevation, and friction-loss heads during normal operation. It is computed as the sum of the following:

· Pressure head required to operate the critical lateral, Hl, m

· Friction-head losses in main line and sub-mains, hf, m

· Friction-head losses in fitting and valves, ∑ hf, m

· Difference in elevation from water surface, ∆El, which is the static head, He, m

· Suction assembly friction-head losses, hf, m

· Miscellaneous losses (for safety), usually taken as 20% of the pipe and fitting friction losses, hf, m

Pump and Power Unit Selection

All sprinklers and trickle irrigation systems require energy to move water through the pipe distribution network and discharge it through the sprinklers or emitters. In most irrigation systems, energy is imparted to the water by a pump that in turn receives its energy from either an electric motor or an internal combustion engine. In choosing a pump, aim at selecting a unit that will operate at or near peak efficiency while meeting the Qs and TDH demands of the irrigation system. Pump characteristic curves are a useful tool in this selection process. They show the head and volume range of a given pump as well as the efficiencies at which the pump operates within this range. Pump curves usually include a power curve showing the horse power required to drive the pump and should give the required NPSH of the unit.
All pump characteristic curves are related to the discharge. The efficiency at any given discharge gives the relationship between the useful energy transferred from the pump to the water, WP, to the energy input needed to drive the pump, BP. The WP, or power output, is 





WP = 
[image: image15.wmf]102

HQ


And the BP, or power input, is

BP = 
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Where 
WP 
Water power output, kW


H
total operating head, m


Q
discharge, L/s


BP
brake power input, kW


Ep
 pump efficiency, %

Pump Selection

After Qs and TDH have been determined, the next step in the irrigation system design process is to select a suitable pump for the operation. The selection process involves finding an economical pumping plant that will provide the required Qs and TDH and also operate at a high efficiency.

5.3 Trickle Irrigation
With trickle irrigation the distribution of the water after it leaves the pipe network depends only on localized lateral movement above or on the soil surface or in the soil profile. Thus, water is conveyed through the pipe system almost directly to each plant, and only the soil immediately surrounding each plant is wetted. This leads to the potential high application efficiency associated with trickle irrigation. The first experiments leading to the development of trickle irrigation were introduced in Germany in 1860, where short clay pipes with open joints were used to combine subsurface irrigation with drainage. In the 1920s, perforated pipe was introduced, and subsequent experiments centered on development of perforated pipe made of various materials and on control of flow through the perforations. The early use of trickle irrigation was confined to greenhouses. The technique as we know it today was not practical for field crops until the introduction of low-cost plastic tubing in the early 1940s. Another significant step in the evolution of trickle irrigation took place in Isreal in the latter 1950s, when long-path emitters were greatly introduced.

The trickle irrigation systems can be classified into the following four categories which require different layout or hydraulic design procedure: Drip irrigation, where water is slowly applied through small emitter openings to the soil surface; Spray irrigation, where water is sprayed over the soil surface near individual trees; Bubbler irrigation, where a small stream or fountain of water is applied to flood small basins or the soil surface adjacent to individual trees; and Subsurface irrigation, where water is applied through emitters below the soil surface. (Subsurface irrigation is not the same as sub-irrigation, which is done by controlling the water table).

For trickle irrigation, water is delivered by a pipe distribution network under low pressure in a predetermined manner. Emitters are affixed to the hose, which lies on the soil surface alongside the row of young trees. The emitters dissipate the pressure in the pipe distribution network by discharging water through narrow nozzles or long flow paths. The discharge rate is only a few liters per to each tree.

Upon leaving an emitter, water flows through the soil profile by capillary and gravity. Therefore, the area that can be watered from each emission point is limited. Choosing a duration and frequency of application and emission point spacing that meet both the evapotranspiration demands of the crop and the infiltration and water holding characteristics of the soil is important.

 For wide-spaced permanent crops, such as trees and vines, emitter are manufactured individually as units that are attached by a barb to a flexible supply line called an emitter lateral, lateral hose, or simply lateral. Some emitters have several outlets that supply water though small diameter” spaghetti” tubing to two or more emission points. These are used in orchards to wet a larger area with a minimum increase in costs.

For seasonal row crops, such as tomatoes, sugarcane and strawberries, the lateral with emitter outlets is manufactured as a single disposable unit. These disposable laterals may have either porous walls from which water oozes or single or double-chambered tubing with perforations spaced every 0.15 to 1.0 m. For all types of trickle systems, the laterals are connected to supply pipe lines called manifolds.

Advantages
Trickle irrigation is a convenient and efficient means of supplying water directly to the soil along individual crop rows or surrounding individual plants, such as trees and vines. A trickle irrigation system offers special agronomical, agro-technical and economical advantages for efficiently use of water and labour. Furthermore, it provides an effective means for efficiently utilizing small continuous streams of water.

Water and Cost Savings: The high interest in trickle irrigation is because of its potential to reduce water requirements and operating costs. Trickle systems can irrigate some kinds of crops with significantly less water than is required by the other irrigation methods. For example, young orchards irrigated by a trickle system may require only one-half as much as orchards irrigated by sprinkler or surface irrigation. Trickle irrigation can reduce the cost of labour, because the water needs only to be regulated, not tended. The regulation is usually accomplished by automatic timing devices, but the emitters and system controls should be inspected frequently.

Easier Field Operations: Trickle irrigation does not stimulate weed growth, because much of the soil surface is never wetted by irrigation water. This reduces costs of labour and chemicals needed to control weeds. Also, because a trickle system wets less soil during an irrigation, uninterrupted orchard or field operations are possible. With row crops on beds, for example, the furrows in which farm workers walk remain relatively dry and provide firm footing. Injecting fertilizers into the irrigation water can eliminate the labour needed for ground application. Greater control over fertilizer placement and timing through trickle irrigation may improve its efficiency.

Use of Saline Water: Frequent irrigation maintains most of the soil in a well-aerated condition and at soil moisture content that does not fluctuate between wet and dry extremes. Less drying between irrigation keeps the salts in the soil more dilute, making it possible to use more saline water than can be used with other irrigation methods.

Use on Rocky Soils and Steep Slopes: Trickle irrigation systems can be designed to operate efficiently on almost any topography. Because the water is applied close to each tree, rocky areas can be irrigated effectively by a trickle system even when the spacing between trees is irregular and tree sizes vary. Furthermore, problem soils with intermixed textures and profiles and shallow soils that cannot be graded can be efficiently irrigated by a trickle system.

Disadvantages

The main disadvantages inherent in trickle irrigation systems are their comparatively high initial cost, their susceptibility to clogging, their tendency to build up local salinity, and where improperly designed or maintained, their spotty distribution of water.

High Costs: The initial and pumping costs are relatively very high.

Clogging: Because emitter outlets are very small, they can easily become clogged by particles of mineral or organic matter. Clogging reduces emission rates and uniformity of water distribution, which causes damage to plants. To guard against clogging, particles of mineral or organic matter present in the irrigation water must be removed before the water enters the pipe network. However, particles may form within the pipes as water stands in the lines or evaporates from emitter orifices between irrigations. Iron oxide, calcium carbonate, algae, and microbial slimes are problems in many trickle systems; chemical treatment of the water is necessary to prevent or correct most of these causes of clogging.

Distribution Uniformity: Most trickle irrigation emitters operate as pressures ranging from 2 to 14 m. of head. If a field slopes steeply, the individual emitter discharges may differ by as much as 50% from the volume intended. Furthermore, the lines will drain through lower emitters after the water is shut off; hence some plants receive too much water and others too little.

Soil Conditions: Some soils may not have sufficient infiltration capacity to absorb water at the usual emitter discharge rate. Under these conditions, ponding and runoff can be expected. Sandy soils are usually well adapted to trickle irrigation, especially those that have horizontal stratification. Stratification aids trickle irrigation, because it promotes lateral water movement, which wets a greater volume of soil.

Salt Accumulation: Salts often concentrate at the soil surface and become a potential hazard. This is because light rains can leach them downward into the root zone. Therefore, when rain falls after a period of salt accumulation, irrigation should continue on schedule unless about 50 mm of rain have fallen. This is necessary to ensure leaching of salts below the root zone.

Hazards: Some of the more prevalent hazards associated with trickle irrigation are: If uncontrolled events interrupt an irrigation, crop damage may occur rather quickly. The ability of roots to forage of nutrients and water is limited to the relatively, small volume of soil wetted, which should be at least 33% of the total potential root zone. Rodents sometimes chew polyethylene laterals. Rodents control or use of polyvinylchloride (PVC) laterals may be necessary to prevent this damage. Should a main supply line break or the infiltration system malfunction, contaminants may enter the system. This could result in plugging up a larger number of emitters that would need to be cleaned or replaced; therefore, safety screens should be provided and maintained at the lateral inlets.

Drip Irrigation Design
Discharge- pressure Relationship and Emission Uniformity

A drip irrigation system discharges water close to each plant. The application uniformity basically depends on the uniformity of discharge from the emission devices (emitters). Thus, the design strategy for the drip irrigation systems focuses on achieving the desired emission uniformity. Components that are usually required for a drip irrigation system include the pumping station, control head, main & sub-main lines, lateral lines, emitters, valves, fittings, & other necessary accessories. The discharge from most drip irrigation emitters can be expressed by:


q = kdHx
Where
q
emitter discharge, L/hr

         kd
discharge coefficient, constant of proportionality that characterizes each emitter

         H
working pressure head at the emitter, m

          x
emitter discharge exponent

The value of x characterizes the flow regime and discharge versus pressure relationship of the emitter. The lower the value of x, the less discharge will be affected by variations in pressure. Non- compensating simple orifice & nozzle emitters are typically fully turbulent & x = 0.5. For fully compensating emitters, x = 0.0. The exponent of long-path emitters is usually between 0.7 & 0.8.
Coefficients of Manufacturing Variation

It is impossible to manufacture any two items exactly alike. The small difference between what appear to be identical emitters may cause significant variations in discharge. This is because the critical dimensions of the emitter flow passage are small and difficult to manufacture precisely. The coefficient of manufacturing variation for the emitter, v, is used as a measure of the anticipated variations in discharge for a sample of new emitters. The value of v should be available from the manufacturer. However, it can be determined from the discharge data of a sample set of at least 50 emitters operated at a reference pressure head as:


v= 
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Which is v = 
[image: image18.wmf]a

q

sd


Where
v
coefficient of manufacturing variation for the set of emitters in which q1, q2, … qn are individual emitter discharge rates, L/hr


n
number of emitters in the sample


qa
average emitter discharge rate for the sample, (q1 + q2…+qn))n, L/hrs


d
estimated standard deviation of the discharge rates of the population, L/hr

The v is a very useful parameter with rather consistent physical significance, because the discharge rates for emitters at a given pressure are essentially normally distributed. The physical significance of v is derived from the classic bell-shaped normal distribution curve. Thus, for an emitter having v = 0.06, which is average, and qa = 4L/hr, 95% of the discharges can be expected to fall within the range of 3.52 and 4.48 L/hr, and the average discharge of the low one-quarter will be approximately 3.70 L/hr. As a general rule, emitter coefficient of manufacturing variation can be classified in accordance with the following table (Solomon, 1979).
	Dripper v
	Classification (quality)



	v<0.05

0.05<v<0.07

0.07<v<0.11
0.11<v<0.15

0.15<v
	Excellent
Average

Marginal

Poor

Unacceptable


Emission Uniformity, EU, is a measure of the uniformity of emission from all the emission points within an entire trickle irrigation system. For field tests:



EU = 
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Where
EU
field test emission uniformity, %


qn
average rate of discharge of the lowest one-fourth of the field data emitter discharge readings, L/hr


qa average discharge rate of all the emitters checked in the field, L/hr

It is necessary to know the efficiency of the irrigation system, so the relation between gross irrigation amounts and net additions to the root zone can be established. Emission uniformity can be calculated from field test data.
In the design phase, it is not possible to measure the rate of emission of the intended system. The variation to be expected in emission rates must be estimated by some analytical procedure. The manufacturer should provide information about the relation of pressure to rate of emission and also about manufacturing variability for the emitter. Topographic data from the intended site and a hydraulic analysis of the proposed pipe network can give the needed information about expected variation in pressure. The following formula was developed by Kameli and Keller, 1975 to estimate the emission uniformity for a proposed design:

EU = 
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Where EU  design emission uniformity, %

           v     emitter coefficient of manufacturing variation

           vs   system coefficient of manufacturing variation
           N’p  minimum number of emitters from which each plant receives water

           qn   minimum emission rate computed from the minimum pressure in the subunit or system, based on the normal flow rate versus pressure curve, L/hr

          qa  average or design emission rate, L/hr

The ratio qn/qa expresses the relationship between the minimum and average emission rates resulting from pressure variations within the subunit or system. The factor (1.0-1.27vs) adjusts for the additional non-uniformity caused by anticipated manufacturing variations between individual emitters.

Emitters require a supply of clean water. Once water has left the filter, recontamination must be avoided. The components of the pipe network must be non-erosive and nonscaling and otherwise highly reliable against failure. The most widely used pipe materials are polybutylene, polyethylene, or PVC for laterals; and PVC or polyethylene for manifolds and main lines.  The control head includes the pump station, filtering equipment, fertilizer and chemical injection equipment, controllers, main pressure regulators, valves, and water measuring devices. The main lines transfer water from the source to the manifolds. Usually control valves are used at the main line-to manifold connections. The manifolds, in turn, supply water to the laterals that branch from it one or both sides. Both submains and manifolds may be on the surface, but are usually buried.

Lateral lines are usually 9.5 to 25 mm diameter polyethylene or PVC hose or tubing. Pressure or flow regulators and control valves are often located at the inlets to the manifolds or lateral lines. Injectors are used to put fertilizer, systemic insecticides, algaecides, and other liquid materials into the irrigation water. Piston-type injectors or Venturi injectors that create a pressure drop across and orifice to siphon the chemical solutions from a tank are most commonly used. Automatic controllers provide a signal to actuate the main pump, the automatic manifold valves, or both. The actuating signal may either be time- or volume-based or may be controlled by a soil moisture sensor placed in the plant root zone. Filters that remove debris that might clod or otherwise foul the emitters or sprayers are essential on most system. Normally, pressure-control or adjustment points are provided at manifolds inlets. A manifold, with its attached laterals is the basic system subunit. Because normal operating pressures are low, the lowest class available for each pipe size is often suitable for trickle irrigation systems. The water should be divided as much as practical among all the mains. By splitting the flow smaller, the lower cost pipe can be used.

A manifold (with or without headers) is the portion of the pipe network between the main line and the laterals. It is usually buried but can also be on the surface. On flat terrain, the manifold-to- laterals connections are usually located in the center of the laterals. Where slope is appreciable, the downhill elevation gain can be balanced by reducing the lateral diameter or by moving the connection point uphill to increase the number of downhill emitters served. Typically, the manifold is moved uphill to balance the elevation effects.

Computing Percentage Wetted Area

The percentage wetted area, Pw, is the average horizontal area wetted in the top 15 to 30 cm of the crop root zone as a percentage of the total crop area.  Emitter spacing, Se, is the spacing between emitters or emission points along a lateral line, m; optimal emitter spacing, Se’, is the drip emitter spacing, which is 81% of the wetted diameter estimated from field tests. Wetted width, w, is the width of the strip that would be wetted by a row of emitters spaced at Se’ (or closer) along a single lateral line. The w is also equal to the diameter of the circular area wetted by a single emitter. Lateral spacing, Sl, is the spacing between trickle irrigation laterals, m. Plant spacing, Sp, is the distance between plants in the row, m. Row spacing, Sr, is the distance between plant rows, m and number of emission points per plant, Np. For straight single lateral systems with Se ≤ Se’, the percentage wetted area can be computed as:


Pw = 
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Where 


Pw 
percentage of soil area wetted along a horizontal plane 30 cm below the soil surface, %


Np
 number of emitters per tree


SpxSr  tree spacing, mxm

If Se > Se’, then Se in this equation must be replaced by Se’. For double-lateral systems, the two laterals should be placed Se’ apart. This is done to maximize the wetted area without leaving extensive dry areas between the lines. The estimated Pw for the optimum spacing is:


Pw = 
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System Discharge

It is necessary to determine the system capacity and operating time per season to design a pumping plant and pipeline network that are economical and efficient. The system capacity is simply the maximum number of emitters operating at any given time multiplied by qa. For balanced systems the capacity with any emitter layout can be computed by:


Qs = 2.778
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For uniformly spaced laterals that supply uniformly spaced emitters



     Qs = 2.778
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Where Qs – total system capacity, L/s

A- Field, ha

            Ns - number of operating stations

The pump operating time per season, Ot, can now be estimated from the volume of irrigation water required per season, V, and the system capacity, Qs as


  Qt = 2.778
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