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A�STRACT

This report deals with friction and minor losses in poly

ethylene (PE) pipe associated with trickle irrigation lateral

design. Validity of the roughness coefficient in the Hazen

Williams equation for friction loss was questioned. The

commonly accepted value of 140 for all flow rates was proved

to be inaccurate for lateral design. My research showed that

the C factor changed with flow rate and the value of 140 was

much too high for low flow rates. An average value of 130

was recommended for flows common in trickle irrigation laterals.

Also, that pressure losses across emitters are important was

apparent in my experiments. Usual practice is to ignore these

losses, but in cases where many emitters are used, the losses

must be accounted for. A value of 1 was suggested as the

emitter coefficient (K value) for the minor loss equation.

A computer program was written to model a trickle irriga

tion lateral. This made it possible to compare different designs

of the same lateral. It showed the effect of including minor

losses in a lateral design. It also showed the effects of

changing the C values in the Hazen-Williams equation when

predicting friction losses along a lateral. The program is to

help trickle irrigation designers by providing fast and accu

rate designs. Given a specific input, the program can give a

designer the exact pressure needed at the head end of a lateral.

It can also give him the length limit of a lateral and the

emitter flow rates along the lateral.



INTRODUCTION

Definition and Background

Trickle irrigation is the newest of all commercial methods

of water application. Trickle irrigation is a means of apply

ing small but precise amounts of water at specified locations,

such as individual trees, along a water delivery line. Trickle

is ideally suited for poor soils, shallow soils, or soils with

low water holding capacities, since a small quantity of water

is applied at frequencies ranging from daily to several times

per week. Trickle irrigation has become very popular for or

chard crops because it has several advantages over a sprinkler

type system.

1. Lower volume water sources can be utilized. Drip irri

gation requires roughly half the water needed by

sprinklers.

2. Lower operating pressures and lower flow rates are

required so less energy is needed for pumping. The

pump and pipe network to deliver the water can be

smaller, and, therefore, less expensive.

3. A high degree of water control is possible. Plants

are supplied with the precise amount of water they need.

4. Disease and insect damage can be reduced because

leaves are not wetted. Trickle deposits water on or

below the surface.

S. Labor and operating costs are generally less. Exten

sive automation is possible.
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6. Field operations can continue during the irrigation

as only a limited area around each plant is wetted.

7. There is a reduction in weed problems and cultivation

costs between rows. Water is not lost to weed growth.

e. Fertilizers can be distributed by the system. Since

water is delivered only near the plant, less fertilizer

is needed.

9. On hilly terrain, good systems can operate efficiently

with no water runoff and without interference from

the wind.

Components of a Typical Trickle System

The components of a typical trickle irrigation system are

illustrated in Figure 1. A main pipeline carries water from

the pump to the irrigation network. A filter, or filters, must

be installed in the main line so that all water is filtered.

Water can contain contaminates which will clog or damage trickle

components. A fertilizer injection may be installed to in-

ject fertilizer into the irrigation water system upstream from

the filter. A manifold or submain carries the water from the

main line to the actual delivery lines called laterals.

While the main and submains are commonly polyvinyl chloride

(PVC) the laterals are usually polyethylene (PE) pipe. Poly

ethylene is more suited for laterals because it is less expen

sive and more flexible. Laterals are less than three quarters

of an inch in diameter and compose the bulk of the piping

network in a trickle irrigation system. Even though the

lateral is called the delivery line, the actual watering is
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done by an emitter.

An emitter is a device inserted into the lateral pipeline.

Emitters are available in a wide variety of designs, but have

several things in common. They are made of plastic and dis

charge water from the lateral at low pressure and at low

application rates. Emitter flow rate is commonly one gallon

per hour but is a function of pressure. At high pressures

the output is greater than at low pressures. Since trickle

irrigation is the precise application of the plant water re

quirements, uniformity of pressure in the laterals is essential.

Criteria of the Trickle System

An accepted design criteria is to keep the pressure at

any point in a lateral within ten percent of the design pres

sure in order to maintain a prescribed flow rate at all emitters.

Many designers of trickle systems tend to overdesign to meet

the ten percent criteria. They will use larger sized pipes

and higher operating pressures than really are needed. This

escalates cost and makes trickle irrigation unattractive and

uneconomical.

Purpose, Intended Audience, Data Sources

These problems stem from the lack of understanding pres

sure losses in pipes, specifically laterals. This report deals

with the equations that predict pressure losses in laterals,

specifically friction losses in the PE lateral and minor

losses due to the protrusion of an emitter inside the lateral.

Experimentation was done to measure actual pressure losses for

comparison to losses predicted by the equations. This report
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will help the trickle irrigation designer predict pressure

losses in laterals more accurately and also enable him to

design closer to the limits of a system, as opposed to a

gross overdesign. This report contains a computer program

which was written to aid an engineer in lateral design and

help analyze the effects of changing certain parameters to a

given lateral.
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rlliTHODS AND PROCEDUR��

Components of the Experimental Setup

The experimentation was done in a laboratory where suffi

cient equipment was obtainable. The setup consisted of a

water source, pressure and flow regulators, a water meter,

and a mercury manometer to measure pressure loss (see Figure 2).

The Manometer

The manometer consisted of a column of mercury inside a

clear 1/16 inch tl.b mm) diameter plastic tube. The ends of

the manometer were inserted into the polyethylene tubine exactly

12 feet (3.66 m) apart. These ends did not protrude beyond the

inside tubing wall so they would not induce turbulence. A

hose clamp, with a drilled hole to hold the tubing, was used

to gauge the depth of protrusion. The hole in the p� tubing

was made with a heated nail. This type of hole did not deform

the p� pipe wall and provided the perfect sized hole for the

manometer. "White Epoxy" glue was used to make the connection

watertight.

The manometer was inclined at an angle of 23.73 degrees

to increase the accuracy of reading a measurement to .2 milli

meters of mercury (3.9 x 10-3 psi).

The Water Meter

A 5/� inch (15.9 mm), Neptune Trident style 17bl13, water

meter was used, along with a stop watch as the flow measuring

device. This method gave an accurate average flow rate over

a period of time. Volumetric samples were taken to insure
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the accuracy of the meter.

The Ball Valve and Pressure Regulator

A ball valve provided a means of varying the flow, while

a pressure gauge gave an approximate static pressure reading

inside the pipe. A pressure regulator, located near the flow

inlet, was used to control the static pressure inside the tube.

Experimental Procedure

The pipe used was Pepco, p-704, 1/2" nominal (16 ID or

15.24 cm) polyethylene (P�) tubing. Pressure losses were

recorded at flow rates ranging from .15 to 4 gallons per

minute (.009 lis to .25 lis) through a 12 foot (3.66 m) sec

tion. Static pressure inside the pipe was kept between 20

and 30 pounds per square inch (.14 and .21 MPa). The water

temperature remained constant at 21·C. The pressure losses

were measured in millimeters using an inclined differential

mercury manometer.

Collected Data

The collected data was of two types. The first set was

a measure of the pressure loss in straight pipe. The second

set was a measure of pressure loss in straight pipe with three

goof plugs inserted at six foot intervals along this pipe.

Rain Bird, EMA-LP goof plugs were used to represent emitters.

Plugs were used instead of emitters because they do not emit

water which would result in unwanted additional head loss. The

part of the goof plug that protrudes inside a lateral has the

same cross sectional area as that of the �lVl-J and the I:!.;:rvl-T

series Rain Bird emitters. Head loss from a goof plug is only



that loss from induced turbulence caused by the plug in the

lateral. This is the loss that was measured.

9
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RESULTS AND DISCUSSION

Comparing Calculated and Measured Friction Losses

The common equations used in predicting head loss in

straight pipe are the Hazen-Williams and the Darcy-Weisbach.

Hazen Williams:

hf = .617 L (lOO/C)1.eS2 Ql.e52 D-4.e66

Darcy-Weisbach:

hf = 6.375 fL D-5 Q2
where:

h' = friction loss in mf

L = pipe length in m

D = pipe diameter in mm

Q = flow rate in Llh

C = Hazen-Williams roughness coefficient

f = Darcy-Weisbach friction factor

The Hazen-Williams is an empirical equation derived from the

Darcy-Weisbach equation. It is unique in that the C factor

is a function only of pipe roughness. A number is assigned

to a particular roughness ratio. Higher numbers represent

smoother pipes. The f factor in the Darcy-Weisbach depends on

the velocity and viscosity of the fluid and the diameter of

the pipe. Since the Hazen-Williams was derived for smooth

pipe and is the most commonly used for design, it will be

the equation evaluated by measuring actual pressure losses

and compari�g to the equation losses.

Part of this paper's purpose was to examine the validity
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of accepted C factors for polyethylene pipe. In design manuals,

the value most often used is a value of 140. Some manuals

use a value of 150. This includes design manuals written by

two major irrigation companies, as well as one written by the

Northeast Regional Agricultural Engineering Service (1geO).

Experimentation showed that using C equal to 140 will not

predict the friction head loss accurately (see Figure 3).

The measured head loss is greater than that calculated from the

Hazen-Williams equation. Also, the plot shows that the rela

tionship between head loss and flow is not linear. This brings

up the question of whether the C factor is really constant for

all flows. Since the Hazen-Williams equation is empirical,

it is possible that C can vary with flow. My research showed

that C docs change with changes in flow (see,Figure 4). Figure

4 represents a small sampling, but it is obvious that C decreases

with decreasing flow. One should also note that the C factor

is always less than 140 for the flows used. My research indi

cates that a C equal to 140 is justified for high flow, but

my experimentation was done using flows common in one-half inch

nominal laterals. At this point, it seems impractical to

develop a relationship between C and flow until further experi

mentation is done, but the commonly accepted value of 140

for PE pipe appears to be too high. From the results of my

research, a more accurate average value would be 130. These

results confirm the recommendation by Howell and Hiler (1974).

In their paper dealing with design of irrigation laterals, they
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determined the roughness coefficient C 1'or two types of poly

ethylene pipe. They came up with average values of 130 and l2b.

The trend seems to be in the 130 range. Even though the

difference between using C equal to 130 and using C equal to

140 is small compared to the total pressure inside a lateral,

it can become significant when a designer is designing at the

limits of a system.

Evaluating Minor Losses

�n addition to friction losses in laterals, minor losses

have to be accounted for. These losses include pressure drop

across fittings, valves, filters, regulators, and emitters.

The most neglected and smallest loss per unit is the pressure

loss across an emitter. This loss is caused by the presence

of an emitter blocking the water flow path. The emitter induces

turbulence which in turn generates heat which is lost to the

atmosphere. In half inch laterals, an emitter may block as

much as one third of the cross-sectional area of the pipe.

Design manuals neglect the loss totally. This is justi

fied if only a few emitters are used. Since minor losses are

a function of the velocity, it is hard to say just how many

emitters need to be present to effect lateral pressure loss.

In cases where many are used at small spacings, minor losses

must be taken into account. For example, from Howell and

Barinas (1979), an emitter spacing of 1.5 meters with DRIP-

EZE on-line (inserted) emitters was calculated to result in

a 4 percent pressure loss across the emitters in a 300-meter

long, 1/2-inch nominal PE pipe.
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l'1y investigation also illustrated these losses. When

comparing the pressure losses across the goof plugs and

straight pipe to that of just straight pipe, there was a

noted difference. The three goof plugs, representing emitters,

added nearly twenty-five percent more loss in the pipe (see

Figure 5).

The best way of predicting minor pressure losses is from

the equation:
V2

hm = K'2g
where:

h = head loss (ft or m)
m

V = flow velocity (ft/sec or m/sec)

gravity (32.2 ft/s2 2
g = or 9.tH m/s )

K = emitter coefficient

The K coefficient will differ with different emitters. l'1y

results, using Rain Bird El'1A-LP goof plugs, show that the K

coefficient never exceeds the value of 1 (see Figure 6), and

for all velocity heads used, it remained in the range between

1.0 and .8. It slightly decreased with increases in velocity.

This decrease is the opposite of what one might predict.

An explanation is that at high velocities there is already a

great deal of turbulence. The presence of an emitter does

not induce a great deal more turbulence. At low velocities,

a goof plug has a greater effect on the amount of turbulence

it causes. This information shows that even at low velocities,

head loss can still be significant. In the absence of a
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relationship between flow rate and K, a value of 1 would be

a design value for most emitters. A chart like Figure b should

be constructed for better accuracy.
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COMPUI1'1�.;r-{ .PHUGHAM

Purpose of the Program

The computer program was written to compare the different

lateral designs. It was written to compare the influence of

minor losses to a lateral and the changes in frictional loss

due to differences in the C factor. Many parameters in a design

can be changed and there effect analyzed. With these factors,

the program becomes very important to a designer. Its use is

simple and straightforward.

The program calculates friction losses, minor losses,

elevation losses or gains, emitter flow, and pressure at each

emitter as a function of pipe diameter, number of emitters,

emitter spacing, emitter flow, and slope of the lateral. A

list of input and output is shown in Table 1.

The program begins calculations at the head end of up

stream end of the lateral and approaches the last emitter on

the line in incremental units of emitter spacing. A total

flow is calculated from the number of emitters and the average

flowrate. This flow is the key to the lateral calculations.

The program goes from emitter to emitter calculating pressure

losses and emitter flows, emitter flows being a function of

the static pressure at the emitter. A flow chart of the

program is shown in _b'igure 7. The total flow is reduced

after each emitter and is checked to see if it turns negative

at any point along the lateral. If the flow turns negative

it means the input pressure was too high. The prograrr. corrects
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Table 1 Computer Program Input and Output Data

Input Data Output Data

Number of trees

Tree spacing

Number of emitters

Emitter spacing

Emitter flow function

Average emitter rlow

Slope of lateral

Input pressure

C--coefficient value

K--coefficient value

Lateral distance

Friction head loss

Hinor head loss

Elevation head loss or gain

'Total head loss

Emitter flow

Emitter flow variation

Total flow

Pressure at each emitter

Pressure at head end of lateral
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Figure 7: Flow chart of computer program
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the pressure and starts the iteration over at the head end

of the lateral. If the flow never turns negative, the amount

of water left over at the last emitter is checked to see if

it fits within a tolerable range. Ir it does not, then the

input pressure was too low; it is corrected and the iteration

starts again at the head end of the lateral. �Ihe program will

iterate until the exact pressure is found to distribute the

total flow evenly over the emitters. The program prints the

location of each emitter from the head end of the lateral.

It also prints the pressure at the emitter and the emitter

flow.

From this data, a designer can check to see if the ten

percent criteria is met. He can also check the flow variation

from the first emitter to the last. The print out can also

give a designer some insight on the limits of his design.

Uses of the Program

Comparing Different Lateral Designs

The program is especially adapted to comparing different

lateral designs. The effect of minor losses and using C equal

to 130 as opposed to 150 can be evaluated. Figure e shows a

plot of pressure versus distance for different designs. �he

first case is a plot of pressure loss for a C value of 1�0

and a K value of zero. The minor losses are neglected. The

dashed line is a plot using C equal to 130 and a K l'actor

equal to 1. The emitter spacing is 10 feet and the length

is 1000 feet. As you can see, there is a considerable differ

ence. When the minor losses are not neglected and a C value



rl
o:
P-t
..-

CD
22

H
;j
(J)
(J)
CD
H
P-t

o 21
'M
+>
cU

..j...)
(/)

24

23

20

19

Id

23

Legend: computed from C = 130 K = 1

computed from C = 150 K = 0

--
-----

o 200 400 bOO bOO 1000

Figure b: Plot of Pressure versus distance tor- two

separate cases of lateral designs.



24

of 130 is used, the pressure at the head end is much higher

than the other case. Also, the pressure drop across the lateral

length is greater. The program adds up the total minor losses

to be approximately 1 pound per square inch (PSI). This is

a considerable value and cannot be neglected. Also the fric

tion loss difference between using C equal to 130 and C equal

to 150 is very significant. The difference is over 1 PSI.

This may not seem significant but the allowable pressure drop

for most laterals varies only 2 to 4 PSI. In other cases, where

the distance was only 400 to 500 feet long, there was little

difference in the two curves. It showed that neither the

change of C nor minor losses affected the pressure drop greatly.

Answering Specific Design Questions

'l'he program becomes useful to a designer by saving hours

of calculating time and answering the important questions

associated in every design. These questions being how long

can a lateral be before it exceeds the ten percent rule and

what should the pressure be at the head end of the lateral.

A designer can plug in different slopes, emitter spacings,

and lengths to get a design in only a few seconds.

Other Features

The program is written in a general nature and can acco

modate any number of additional features which may be desired.

With small modifications the program could be used to determine

microtube lengths (Kenworthy 1972), emitter or orifice sizes

(Meyers and Bucks 1972), or emitter spacings (Wilke 1971)
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required to maintain even flow rates along the lateral. For

a given set of design inputs, the program can be used to deter

mine if the given pipe size will be adequate to limit the

pressure loss and the flow variation along the lateral limits

acceptable for the design lateral length.
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CONCLUSION

This paper illustrates and clarifies some of the prob

lems with trickle irrigation design. Designers should become

aware of these problems and take steps to investigate them.

A new value for C in the Hazen-Williams equation is recommended

for p� pipe. C should be changed from 140 to 130 to make the

equation more accurate. Also, the significance of pressure

losses across emitters should be noted. In cases where many

emitters are used, these losses must be taken into account.

A computer program illustrates a way of comparing the effects

of different parameters to a lateral design. It shows the

effects of including minor losses in a design. It also shows

the effect of changing the C factor in the Hazen-Williams

equation. The program represents a fast, precise way of

designing trickle irrigation laterals. The program calculates

pressure drop, lateral length, and the pressure needed at the

head end of a lateral. It also calculates emitter flow and

the flow variation. The program proves to be very beneficial

for trickle irrigation lateral design.
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