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. INTRODUCTION

r . . . N ® - fc
Irrigation is most import t for agriculture in arid regions. ”

’ ’ ’ . . S - -
. -
: . S : R . o - R .
-~ . . N C
/ - .-

Supplementary water is essential in these areas ar agricultural

productlon,yould not be possible w1thout irnbgation. Some oldér

C1v1lizations have survived 1n these areas by building irrigation ) /

projects and irrigatlng the land, or by using annual floods of the

larger rivers foriirriéation purposes. o)
s
The function of irrigation-is to add water to the 3011 and

so replenlsh the moisture which is used by plants and .that. which is

”evaporated to-the atmosphere., At the éame time the water cools the.

sbdils and leaches. salts out of the>r00t zone. c .

Real progress and a revolution in irrigation- techniques took

place when engines wéf@*ihVented,.esﬁecially;internal éombustion‘

"engines and electric motors Mam did not need to rely entirely on the '

e

natural configuration of land or on -animal power Efficient pumps.

could be used and finaily, with the invggtion of sprinklers, rain could
< : .

be simulated. - - o B N o . : o

B . . LN . I
* . » . .
& Lo . . . PO AR

At ‘the presentitimé,‘the population,explosion isjcausingia

-~

world shortage of food despite the fact that agricudtural production

has 1ncreased sevejgl fold in the past two decades. The demand for
~ ' v,

: agricultural products is still not fulfilled. ,,E%ére is a necessity to

r

f1nd new methods of-food productlon and to, uge water and fertilizers ﬂudf“

o

PR el

more efﬁiciently in order to increase yie]ds. Increasing~dema ds for

agricultural production al§g stimulate growth of associated industries.

N With the growth of industry,:natural resources become more depleted

N
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" need for waterd/

-

! S

It is here that agriculture.and'indu%trp'have a comnon interest - the
. - @ 9. ; e . , .

,"A

.-

LI

,vso(the new method ofvirrbgation was born.

‘e

.- b ' <
i < . . . s e AJ . -
There are some countries 'at thé present ‘time where the C -
. . . e v T . v N x / .
L ) - . . - Y X o e -
shortage or water is mot :consideyed to be anr important problem.
: . ° g » ) ‘ . . ’ y . °'.,>

With the'aforementio;ed industrial'growth and prosperity in ?v

: (- - . .

agricultural proguction,-even these water-rieh countries must
‘ g A ’ L ’ . S
control their resourcesland save wateYr .  One of the possible solutionS\

ia

is more efficientHQSe ) wat§f~for irrigation purposes. The wide

»

: ~’i¥4 . \ - s . ‘ ’ i
use of sprinkler irrigation with precisk scheduIing“is one way tof\v

-~ ] -
limit water USe. 4The use of ne L;rigacion methods and techniques is
; . N * o ‘ K S
F

' another way to save water.A Count&ies which lacked. water were “the ﬁirsm'

. N
i a7

j .
to be forced to take precautions to preserve their water resources

=t . - . A '
1y

The concept of using small quantities of water in the form of
14
drops is not new, B& using this method ite is ‘possible ‘to use only one-

3 J
half (in some dasesvoﬁe—tenth) the quantity of waber previously used

’ for furrow or flood irrigation. Researchers disco@ered that® yiel)ls/J

increased considexably and the labor needld decreased .Also, poon .
Y . ) 7
. g &
qglity water can be used, especiaﬁiy in areas wheregthe water hab a

[
- \.

high salt content. S -

v, ~
e -
\

t
. A}

With the first successful results from trickle irrigation trials
ER . S Y . ~Ne

the irrigatiqn industry started produeing new types of. equipment and

A

’

. = Q oo :
o Trickle Irrigation, Dripklrrigation or Daily Flow are- the

_common names for this method of slowly rele351ng water under low

we

pressure and discharge. .Water is measured;'nqg in gallons per minute
S . S o S B :
but, in gallons per hour. ' With the small applications, ‘the daily
i » ‘a : ‘ ’ . . ) .. . " e .

Sy . ] 3 v‘ .

4
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distinct reality.

s - ' Ly
, : - . .
S . . S

use of moisture can be replaced and therefore the system will be i1n

o . L o .
operation for several hours a day.- In some arid areas continuous

. -
> .

.irrigation for the entirevgrowing season is required. The application

. ) . : 4 : . , , ‘
rate and amount depend mostly on climéte and on soil characteristics.

’ Trickle irrigation however, is not adaptable ‘to-all kinds
of crops: Because of ‘the permanent nature of the system only row
crops, orchards, small’fruits’or ornamentals are presently considered
suitable for this type of'irrigation. The-capital cost of such a

N -
system can be. relatively high and therefore only high value cash _ -

crops are economical at the present time. The system can be readily

automated so that control of the soil-plant environment becomes a

M L VoA

?&. In AlBerta, some special crops have | eached the stagequ;”

commercial production and eyen,where thi re ﬁf no shortage of water,

trickle irrigation could become a su1table method of irrigation.

iphis the51s will deal with several types of trickle irrigation systems

- and their suitability in Alberta.

'

The obJectives of this study were to. analyse'

=
‘ 4
1. The operational performance of several different sys{ZN}Q éé
- e
2. The hydraulic parameters which can be used for design of
trickle irrigation systems . — '}

™
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‘at, or close tL, field capacity d

REVIEW OF LITERATURE

New Method’of Lrrigation.

After many years of using the traditiqnal methods of irrigation

new and better methods are being developed One of the 1atest methods

.‘4
is trickle irrigation. By definition, trickle irrigation is "The

daily'mainten

te section of the root zone-of a plant.
o in$ and productive
' . 8 R
cycle' (19). _

‘Tricklewirrigation was developed from the needs of agriculture.

Areas with a limited water,supply and an expanding agriculture

4§Origin of . tr ckle\lr/hgation

3

' which was outgrowing all nearby trees. The tree was. being ir

&

production have experienced a shortage of water. 1In some'zreas,nthe

-
use. of water by sprinkler irrigatggh was still too high and it was

.desirable to find a system which would tse relatively small quantities

~of water and operate ‘upder relatively low pressures. In the 1960 s

the use of systems w th these operating characteristics were reported

(9. ~ |
. PO

v

The idea and principle:of'trickle irrigation is not new. In the

«

.1930's Dr. Symcha Blass observed a tree on his neighbour s property

s

from a leaky pipe which ran close to the tree. The comme cial

application_df“this idea was restricted because of thevlack of_suitable'

’materials.' Metal pipe.would have been tbo‘ekpensiVe:  The idea became

feasible when inexpensive plastic pipe was produced The development

N

work'of Dr. Blass §iarted in 1959 when he invented and patented the

first emitter which was calibrazid to’alldw a certain amount of water -

4




to be released from~avline‘over a peTriod ofhtime. In 1947‘ another

Dr. Blass from England introduced a- form of drip irrigation for a

greenhoUSe. This techniqué\has now! been developed‘in Europe,

Australia, New Zealand, South Afri and the United States during a

e
short period of time (3).

Advantages of trickle irrigation.-r

Trickle irrigation is a method for'WhiCh many claim ‘the

aduahtages greatly outweigh the disadvantages.v Tﬁis system shouldvbe'
-an "ideal" system for.certain tyoes. £’ crops. The‘advantagifvof.a
tﬁ}ckle irrigation system can be summarized aslfollows (4): |

1. N dhiformity of irrigatioh.~ A well-deSigned system provides»a
rbihigh.uoigfrmity o' ir{igatioh-' Alldoutletsv(emittere) euit
water at nearly the eame rate; The flqw from an, outlet 1s -
eaé?ly measurable in the field and t%ﬁrefore the precise amount
of .water can be applied. ThiS 1svvery difficult with furrow
irrigation and quite difficu;t with sprinklers;__The - _
,distribution is never affected by wihdéf ‘ =
2. Water savings. Trickles wét Only;a certain aan»and avoertain-n.
- volume of the soil profile. EbapogatiOu-losses are thereforé
_considerably reduced » Btcausebofvcontrolled diSéhdfge “6
, runoff occurs. The growth of Weeds between crop rows or between
.trees is reduced.' TranspiratiOn is- limited and water savings-_

from more uniform irrigation are obvious

3. .Soil and ! Xer salinity. With trickle i#rigation, moreyf-.
#. .
"saline waterv;an be used, and mOre saline\soils can be
irrigated than under other methods. One explanation givenv_

‘fis that trickle irrigation does not allow tﬁe soil to dry

o ~"‘¢ _ A e R



' Crop yields.~ Many reports of y1e1d increases have® been

'and drippers reduces the cost (compared with permanent

out which causes an increase in salt concentration. Such an

. - 1
increase in concentration causes a reduction in the =

availability‘of water to the plant and may also creatg'

¥

. toxicity effects. At high soil moisture conténts, the salt. -

L

. .concentration remains at a low ‘level.

4

Labor. Since a trickle system 15 a solid set System'it has

certain adw&ntages. Labor, such as required to{move pipes

for a.sprinkler system or furrow-irrigation, i1s not necessary,
Ththrickle methqd requires only slightly'more'laborf

£
than the solid set sprlnhler system becaﬁse of more frequent

irrigations. On the othgi hand better weed control lowers

the labortand-operational costs.

.published but’ some results are not scientifically valid. In

some areas the yie1d~increases were considered éignificant.

‘Tt is unlikely that the trickle irrigation would cause a

decrease 1n yields as compared to other methods. The faster

'_establishment of yoxng trees and vines 1is possible with this-

type of irrigation Young trees have,shallow root zdnes and.

more-frequentvwateriné is required.

Eqnipment. Use of plastic,materials for,mmin liges, laterals‘

6/‘
and low}pressure allows

sprinkler systems) The low' capacit

the use_of small pumps and therefgre there arevsome'COS: savings.



Disadvantages of trickle irrigation. i o f o o ‘QmY

follows:

1

T oq

v

According to Cole (4), the—disadvantages can be summarized as

- . i+
»

Application of amendments On acid soils,vwhere control»me35ures

are necessary, difficulties ‘arise because ameliorants like =

gypsum r lime are not soluble in water and cannot be pa‘\<?rftjﬁ

through the system.

Leaching of fertilizers. In‘well—drained'soils,'water'from'an‘4

’emitter moves vertically downward more rapidly than horizontally

v

Soluble nutrients,particuldrly nitrogen, can be leached out- of

?jthe root zone and nutrient defic1ency cbuld result. One solution

can be the application of'small‘amounts of nitrogen fertilizer

.-with water to replenish the soil nitrogen moved downwards.

Salt accumulation. Irrigation on: soils with high levels of

salts may cause salt accumulation at the edge of the wetted

_zone.. Heavy rain can cause these salts to move into the root

B

_zome area..

Dripper blockage. The diameter of emitters varies,.on.the*

average., from 0.02_in; to{0.04-in.‘fSolid particles orvalgae

suspended in water can block thesefsmall orifices. Efficient

filtration is necessary.‘ The cost of filters increases the

- cost of the system considerably. Many types of filters are

used such as the sand filter and wire mesh.types. Water is - W

sometimes rich in iron or carbonates, especially water from

_wells.\ In this case, a special nrocess for removal -of these

 substances must be used.. 'Periodical-flushing of laterals to



N

. - clean out sedimentg may be required. . .

5. | Restricted root zone. Trees under the trickle irriéation can
develop Shallow root-zonesvdue to the Small wetted gone |
around the drippers. A small root aone will result i poor’

- _anchorage) ln poorly drained soils,;roots can.be dam‘ged>'

due to waterlogging.' The root zone may be'too small to_store

sufficient'nutrients for the tree's requirements and also the

<

_\i_."_'trees will be~&ess adaptable to a change in irrigation method

if this is desired.

[]

“Results from trickle irrigationrtrials.

lncreasedvyields with lower water use have been reported~from
many countries‘such as Israel, Australia, Mexico, South Africd and
’ _ . ' . . . .
the United States. In l967, results from Israel reported a 167%

increase in- yield for tomatoes, 1807 for melons, '100% for peppers and

2 3A for sweet corn, a& compared to. furrow irrigation (8)
S rawberries in California had a better sized fruit when usiné trickle
.rrigation and a 144% yield increase at final pick compared with the
standard fnrrow method (8). |

Similar results of'increased.yields“are renorted from Qegetable
growers; In San Diego County, California, the first tomato trials'
started in 1970 (13).\ The trial showed significantly larger fruit
size from trickles than from furron irrigated.plots. There was. also N
a‘difference in.yield-nith_a‘mudh:lower use.of water froﬁtthe‘trickle
.plots._bsavings of\Qater‘and»labor/can egnalize the hiéh initial'costl

of equipment;”-‘ ' . RS

g

A tomatoe and bean.trial was conducted in‘El Salvador (12).  In



. where the cost of water wa'

of the plants. This type of application usually results in a.

'soil. The discharge rate should not exceed ‘the minimum soil

PRGN

this country, where seasonS'are\longiand dry, the cost of pumping

water is very high. Water must be pumped from underground reservoirs

120 ft deep. In the exper Wents there was no significant .ziFerence
. -

in yield aﬁhng irrigation me ods., In the ‘trial evaluatiot. however,

; &
”taken into an81deration, there weré>

large dlfferences in the net income from the above mentioned crops.,

~

: The estlmated income from toma&oes was twice as much with trickle

, , _ g I
‘,than with furrow irrigation. {\\ oo o

PR

Many optimistic reports have come from San Diego County fn -

Californiaﬂ(9). Citrus, avocados, peaches, apples and many other
special crops are being trickle irrigated'with great success. Accord-

ing to the Drip Irrigation‘News'(9),.some 60,000 acrés will be under

drip irrigatiOn in the United States prior to the end of year 1973.

1

Soil ﬁoisture.Distribution and Salinity.

With furrow and sprinkler irrigation water is spread quite
>

uniformly over the entire ground surface. Trickle irrigation, due to -

the equally spaced orifices, applies water only to the rooting area

circular shape on the surface of the soil. The developnent and shap

of this pattern depends on the emitter discharge rate -and the type o

of

_ infiltration'rate.' The soil beneath the surface appears to be wetted

- the same way as on the surface but the shape can vary considerably.

Depending upon the soil type, the pattern can assume an 'onion' , a

'strawberry' shape'orvthe shape“of a sphere (25).

29
SgE

¢
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,AYé very\short, salinity should not be a problem Irrigation water ‘};ﬁj.

%, . J
leaches the salts out of the root zone and therefore the highest

salinity -level is aroun

e»edges_ofithé "spheres"ror "cones" of

wetting (15)

ﬂ

grapevine'plotl Thegsoil profile was classified into three salinity'

R

i
Qﬁi} T o
~1.. - An upper zone where salinity increases in the direction of tﬁeﬁ‘

trickle orifice and 1n the direction of the soil surface.
2. An'intermediate zone where-salinity values are‘in'the_low—
vnedium range.,
3. A lower zone wherefsalinity increases with soilvdepth and with

_ distance_from the trickle orifice.

&

<The salinity in the first zone 1is- caused mainly by evaporation

from the soil surface. .The roots, however, are concentrated mostly in

“the intermediate zone with a low or medium level of saltsw\ No roots

oceur and no extraction of m01sture Lakes place in the loWer Zone.

t

Additional research c ines confirmed thE: theoryﬁof the
three salinity zones. Ap isolated pocket of . aif mulated salts adjoined

the surface and secondly, the deep accumulation of salts ‘was at

v

appro: f}imately three feet depth (ll)
3 SN -
Investigation of a salinity problem was part of a project

carried out by Patterson and Wierenga at New Mexico State University
(21) They found, surprisingly, that salinity between the crop rows

“%s'

¢

-




1
‘was higher than expected but the. difference was not significant at

the 5% level. Salfhity sensors showed an increase in salinity close

»

to the surface. A rapid decrease in salinity, however, was noticed

in the fall after rainfall The rainvleakhed salts to the deeper

4

zones« After applying 200 mm (7.9 in.) of water as a pre- irrigation,

the salts were leached away\from the trlckle lines.

\

There was soue salt build—up above the lines in the case of

sub- irrigation. Because sub- irrigation depends on an upward flow of
i :
water, there would be a danger that salts - moving upgclose to the

1
surface would inhibit seed germination Fortunatelyr the inhibition

- did not occur and no retardation of plant growth was observed even

“when the content of salts in the wa!er was 1100 ppm (5)

Use of® saline water for iprigation.

N

Trials in Israel using saline water for irrigation with trickle
systems were highly positive The saline water had an electrfcal

conduct1v1ty of 3000 micromhos/cm.. The saline water used with sprink-
/

ler irrigationosignificantly reduced yields, especially on tomatoes v\\>'

W1th trickle irrigation, the. yields were about the same for both poor

i
|
o
\

and good quality water (10)
Several trials were conducted in California. Edlin (S) mentions

that subsurface irrigated crops were raised in Arizona on soil having

6000 ppm of dissolved. salts with the irrigation water having 1800 ppm. -

‘A white salt crust appeared on the surface Adequate leaching was

~

required to remove the salts from the surface and the root zone (5)
‘ Voth (5) reported irrigation of strawﬂerries with water

.containing 1100 ppm salts._ On the trickle irrigated beds - the
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"‘electrical conductivity decreased while on the furrow irrigated beds

the conductivity increased. The measurements were made on samples

from zero to six inches depth (5)

De-;emer (5) reported on a research study using saline water
bfor trickle irrigation The research was undertaken by the u. S y‘_f~~~—
Salinity Laboratory at Riverside, Californi;ﬂ—flhe results’ showed a .{:%
large growth difference between trickle irrigated peppers and peppers
irrigated with sprinklers and furrows The trickle 1rrigated peppers

responded better than those irrigated by other methods. »

'Unfortunately, no quantitative data was tabulated
) “

.\Another possible measurement of 'salts is by measuring the
"chloride content of the leaves. In IsLael Goldberg (10) carried
out a number of tests with several. different types of plants. The
- results showed that plants under trickle irrigation- contained '
[Considerably less chlorides (about one half{\than plantshirrigated by
furrows or sprinklers The plants tested were white beans, musk .
melons, peppers and grapevines.
" From .another trial with water of different salinity levels the
following conclusions were made° |
' ;lr Water containing 2400 ppm ‘of dissolved salts causes a strong
‘reduction in growth and yield even with trickle irrigation
2. Water with 1600 ppm of dfbsolved salts can be used but tH@
soil needs leaching between growing seasons.
3. 'Plant growth dry matter, production and.leaf water potentials

decreased with increasing electrolyte concentration of the

irrigation water,
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¢
4. . Lower salinity levels appeared directly beneath and between

the double rows with 1600 PpPm water.

-5, Considerably higher yields occurred on trickle drrigated 9&:js:>
than on surface irrlgated plots u31ng 1600 pPpm water (23)

’~

_ydraulic Design of Trickle Irrigation.’

Trick%? ir "~ation system design and the hydraulic’golution

for‘the‘system is quite complicated. A designer must first deal with
the scil Characteristics. xsoil is actually a complex oﬁ;mineralS;
organic natter, vater and air which varies greatly in the'field;'
Another problem is three dimen51onal flow and dynamic conditions.‘ The
:problem is d1fficult to analyze theoretically but the analytical

‘

approach is possible (31)

v

Proper design must fulfill three;basic requirements.i

‘ll The flow of water must be sufficiently high so  that the system

: will be capable of supplying the daily evapo ranspiration T

s
. T

i

requirementls of the crop
2. The uniformity of water: distribution must be acceptable

L ) .
3. The system must be economical

Values' for evapotranspiration can be obtained ‘from average

values which are known for a particular area. The'average should not . -

r

taken for the 'entire' season because evapotranspirationv
du ing the season varies considerably A division for spring,_
'dsummer and fall evapotranspiration should be made. The average

'alue used for design purposes should therefore be the highest\value.
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3

The économics of thevsystef/;hould be carefully 1nalysed an ;yt.

eventually several alternatives studied in order that the best one

W o

. 1s chosen (28)

Flow {n trickle irrigation pipes can be solve& as geéneral
manifold flow. The: only difference in ‘the solution is that some
factors are so insignificant that they can be neglected The

expressions and equations of flow can therefore be simplified and -

iapproximate solutions for longitudinal velocity and lateral outflow

distributions can be computed. Zsak (32) developed equations based

23 on the principle of continuity and the energy balance equation.' The

e

valves The précedure can be adapted for. the design of 5urface

latergls but special attention must be paid to different types of

Ln

~“bvelocity transformation head loss from. orifice roughness and _

tfturbulen’r? and. head change due to pipe éi;;ation change.i

Zetche-Newman solution for. lateral design.‘
Zetche and Newman' (31) theoretically computed the

length of lateral drop of piezometric head -and discharge by using an

“IBM 360 computer Their interest was concerned with the design of a

N

.lateral for subsurface irrigation

_ design criteria deals with ‘a subsurface lateral u51ng special plastic :\.

Design of such a’ lateral involves analysis .and’ study of changes

in- pressure head, size of pipes and spacing of orifices." Changes ing

'pressure head are due to head, loss from friction, head gain from

/

aiculation of friction loss depends on flow. Because the flow

/

varies from turbulent (at the head of lateral) to laminar (at he end



wa

'bof'lateral) the calculation.isfquite difficult. . The Darcy foxmula

for head loss by friction is: L \ ' ‘_'ﬂkQ*f‘
) ’ . 2' N n
Ll : R

H=f3 o

ot

where: f is the friction factor, -

@ ) . ) P .

© L is the length of the pipe fn ft, - ’ :

& : - —
: v is the mean velocity of flow in ft/sec,,'- ' f‘“ﬁ%g'

D islthe diameter of the pipe in ft, and;' - ,(;«\
g is the acceleration due to gravity in ft/secz{ - 2

[

The‘Moody diagram for smooth pipes can be‘used to determine the
B

.friction factor for turbulent flow Zetche and Newman ‘measured

3 :
manifolds and 1ncluded the values on the Moody diagram for the

4
trans1t10n zone. Laminar flow can be considered when the Reynolds

nUmber, Re, is less than 1000.. For values more than Re = 200 000 the

. calculations are discontinued, For laminar flow, the friction factor

f is computed according to the formula:

L 6kt
= =T
£ " "R

The 1ncrease 1n head due ‘to velocity changes across a branch

‘or. orifice was studied by McNown (20) f The data presented was. obtained

and used for his calculations. Actually, an interpolation from the .

" curve can be'made ‘This curve expresses th% ratio of oréfice flow to -

pipe flow, Q_ggiﬁigg as a function of the racio of head change to

. @ pipe |
- velocity head, 3 .
.. ' v /;g e - :

,tThe,head loss across'an-orifice due to friction is difficult

to measure, The healeoss depends upon the shapeyof'the'orificeﬂand



" the internal flow characteristics. ‘Generally, t r§’§ZBd loss can f‘

be considered to be egligible.

e

N Y
C e k5
o~

S

: , : - ‘ .
Calculation of outflow for each orifice with the respective,

pressure

<

t
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o

is the)flow rate in ft /sec,

A& is the product ofrorikice area and coefficient

no£ed, L

L4

=) . ‘ v . - 1 - .
- g\ls the acceleration due to gravity»infft/secz; and

h s the pressure head in ft.

A computer program was written -BQ compute the length, - the; dischargeﬂ

distribution and the pressure distribution. For each orifice, the
: « ‘

v

head wasvcomputed from,the equation:

“where:

)

Uy

H = Hl * Hloss _.Heleu -‘Hgain
H is the computed head o ~'; o S R
"'Hl is the head at the previous orifice which must - vviﬁsj‘
_be chosen for the start of the comput tion e
n) ;
H, is the head loss due- to fricci n in the orifice
1Q§$ & .
v o : : P L w“'

" and

,/

-the end of the lateral The head'loss v

4

reach zero, the computer stops because th

'been reached The discharge rate is con<hted ‘as well andxwhen the ratiobf

Hgain

Herev‘is the head'IOSs or head'gain due to eieVatioh,

is the velocity : nsformation»head change.

v eginning of the" lateral has

.a?/'
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of discﬁarge fromvthe last orifice and the arifice just computed 1is

%

lése”thah'SOZ, the computer stop . This is a check that the
4 b v
dischg;geéis uniform.

The printout includes: lengtﬁ“of lateral;jbrifice flow ratio,

/e . . R
L/ i v : L el

o pressure head, pipe flow orifice flow and elevation. ‘All of these

variables are prlnted out .in pre—selected intervaAs (31). Lt

o

‘I-pai Wu and Gitlin solution»for lateral design._»y;f“

o~ B - L4

b The'calculation-is{based'cu uulform flegffrom all emitters and

a’ constant emitter spacin\JA The‘”Mi*ro—tubé“’emftters,in thia spstem_
._are plasticttubgs'0.0é'— © 3 iﬁ, in drameter. Twéédlecharge , _
vdepeuds on the length of midrouube:x\For cdmputatione'of'the preasure

distriBution along th= lateralfithe average discharge from three or

more‘sections of lateral is used. The basic equation for the

K

_calculation is the dynamic equation of spatially varied flow with

decreasing discharge in a drop irrigation line and can be_expressed'asi
o . .. ,“/ . g . . . v ) - .

. - dL o £ /
.- where: S, is'the SIOpeicf'the drip-line,
A Sé is the friction or hydraulic grade line slope,vwﬁ
S : . .

?nd;f" 32 is the ‘change of pressure with respect to the - J

1ength or the slope of pressure gradient line. v/(/-\/

So can be. assumed zero for L2T0

ope of the field.so that

= Qil_’*_é for 3,000 <Re < 100.3.000 N & )

0.25
Re .
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‘When'substituting equation (3)‘into equation (2) then - o “ﬁw
Lt N ‘_' ) K ,. . ' . —)
dh 1.75 > Do '
H = ~kQ i A (4)
. o 0.25 0-25 = -
where: ko= 2:23 éﬁvs 25 B (5)
g. N D . ‘ A

Equation (4> cen be used to determine .the energy drop between the given

length dL It dL is fixed as a given length intervaloaLf/and consider- :

-

’ed as a constant Ehen equation (A) can be solved numerically, ™

Ahp=-kQ ‘S.AL - . (8)

wheretsh is the friction drop in the p-th section of lateral | .%'

'The total frictlon drop[iH will be::
AH Z Ahp L D
| The meaning’of the symbols is:

: : \ o
f is the friction factor expressed in the Blasius. empirlcal : |
formula equation (39\\

rd

k'ie the constant

V'is,the dynamic yiscogity in ftzlsee;p.
A is the area of pipe'croés—seetion in. ttz

‘g 1s the gravitational acceleration in ft/secz,
‘Drie the diameter of pipe in ft, | . ;;. : f;;’i

L is the pipe_length in\ft, ; ‘ﬁ, "'l . N

o

Q'is the total discharge in gals/ﬁin, R '35_”' o

' and Q is the total discharge 1n the p- ~th’ section of pipe.

[}

By using the average-dischargeffor the computation, an error ‘is.



Jcommitted. ‘The pressurc gradient line is an exponential tyne of

‘curve._ Division of the lateral into several sections and using’ the' R
' daverage discharge from every section is recommendedr Thus, the shape
of the‘exponential curve can,be appr%ached.' If the lateral is divided
into three or more sections the error is about 2Z. | |

‘The next Stepqin*thé calculation is determination of the size

and length of emitters (microtubes)'in.order to obtain a uniform

e
"

discharge. A Computer prgfram cagkbe used for all these calculations.

Certain errors must “be taken into consi ration when uslng the

abog; mentioned procedure. Laboratory experiments»are needed'to
determine. the anct relationship between the friction coefficient and
the Reynolds number (17) %

¥



'and operational studies

' METHODS AND PROCEDURE

. i ‘w’ : General.

A trickle irrigation prOJect was -get up in 1972 at the Alberta

"Horticultural Research Center at Brooks; Alberta. The p;OJect was

4

v cooperative between the" Research Center and the. Irrlgation Division of

the Alberta Department of Agriculture The.plot area was divided into

/ o
a furrow and a tritkle(irrigated section so a comparison of the two

NG

vmethod% could’be made. The progect was origlnally scheduled for three

-years; The objectives of the project were.-

1. o To determine if trickle irrigation is a. feasible method

2

for_some spec1alized crops grown in:Alberta,

<

C 2. To étudy'soil—uater;plant relationships for the specialized

crops. irrigated with the trickle systems.

~

-In 1973 the trials'were expanded to'include.fourldifferent

p:éyStema for four different crops. .In addition, a cooperative pfoject"f
was aet up, whereby the Unive£§§%y of Alberta purchased another four

vSystems. In total eight systems.weve then used for the hydraulic

. Description of the Plot.

Plot lOB atvthe'Alberta Horticultural Research' Center was the
. 4 , » LRy ‘ .

location for the.study. The selectéd area was~a_rectangular shape,

420 ft - ong by 200 ft wide. ‘For ‘the Alberta.Government'systems, four

crops were planted with three rows of each. crop The crops were

strawberries, tomatoes, cucumbers and carrots. Four of the systems

’

20
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. | g | K;'e'li __f | ‘L\”;ﬁ?}“_ | | ;?

a

were trickle systems while thejfifth systeh was a furrow irrigated
eontrol system. o

'For.the;other four trltkle systems used,only tomatoes were
planted and eaeh'system had‘five‘rows.'vThe spading of rows.and
»therefore the laterals for the crops were as followsf. strawberries
and tomatoes ;ié.ft,vcucumhers ¥h6‘ft, and carrots - 3 ft on raised
beds’, The,spacing betweenfemitters was 2,ft;IkBuffer zones 10:ft wlde
. were left(ﬁetveen each crop andfeach system. The assumptionbwaS'that
the buffer zone and the threebrow lavout would be adequate so that the
Center row would be relatively free of border effects and would be
representatlve~of average field cond;tions. Figure l shows the plot
layout, Also shoun is the test lateral where the pressure and
discharge measurements were takery, lhe,names of Systems shown and -
subsequently.used ln'the text, 'are the brand.nanes.

" The Government systems Were. Chapin Double Wall Rinko, Salco .
and Anjac.BijWall.v The University of Alberta systéms were: Submatic,
hMiniflow, viaflo and Uniflow.’ | |

System Components. ' \j

: Ththriekle‘irrigatlon system had three'main parts:

1. Head,

2. - Main line,v»
'.>3;~ : Lateral lines with drippers (emitters) j S

-The head consisted of: a settling tank a pump,vfilters with pressure

gauges, a. water meter, a. pressure regulator, and a fertilizer tank

The fun@tion,of the head was to supply’clean water at the desired ystem

o

N
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'pressure and to inject water soluble fertilizer into the main line.

Figures 2, 3 4 and 5 show all parts of the head "@Xcept the fertilizer :

tank. 4The sand filters are parallel connected and contain manganese

sand. Sometimes . it was.necessary to add a finer filter after the

sand filters (Fig 4) . The pressure regulator maintains a uniform

p:essure in the system and helps to maintain a uniform discharge. -~
The main line was 1 1/2 in. polyethylene pipe. All junctions‘

vfor‘the laterals were plastic fTeelsj_; Thebwater for each crop within

: each system was'regulated,by a'gate yalve;f A pressure gauge was located

bat the end of the main line to monitor the pressure losses in this line.

The laterals were polyethylene and ranged in size from 1/2 to

3/4 in. in diameter. The emitters or drippers were equally spaced at
& .

2 ft. Eight different types of laterals were used

, Description of-trickle laterals and emitters.;'

The ChapiniDoubleaHall_is a six-mil polyethylene hose-uithin-a;l
| hose. The:orifices are spaced. 32lin apart in the inner hose and 8
in. apart‘in thebouter hosef The diameter of the orifices is- 0. 025 in.
:The inner diameter of the hose is 0 59 in. (Fig 6)

| The Rinko laterals are made of semi -rigid polyethylene pipe,
3/4 in. in diameter, with an in-line barbed emitter spac%? every 2 ft.
.The laterals are - factory assembled The emitter is made'of
polypropylene plaStic. Water is forced along a continuously reversing
'path (a labyrinth) for a distance of 8 ft before dripping out of- the
emitter (Fig ” Q7. | | S O | N
The Salco system consists of 1/2 in diameter polyethylene : :

hose with "ad3ustable" type emitters spaced every 2 ft (Fig 8 and 9)

The hose is cut, and the emitter is glued into. each end. This type was



o T

F‘vigur‘.é-Z.' Settling Tank.

\

Figure 3. 30 GPM Pump.

: 5 Wy -
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previously used for the 1972 ‘trials, j;
4{"

* The Anjac Bi~Wall (Fig 10) 1s a 16 mil seamhﬁss polyethylene o
tubing. The feed holes in the interior tube arewﬁpaced ate96»in7eaﬁd-~—m-
the emiSsion holes in the outer wall are spaced, at 24 1n, »Bothvholes

are bored with a laser beam and- are 0. 019 inm; 1 diameter. _The.internal

‘~diameter is 1/2 in.v

line while ‘the other end is threaded The.female part'is threaded on ¢
onme end and has an arrow—grip on the ‘other end Betweé% these two
parts (male and female), a rubbeg/disc with a control orifice is
1nserted The discharge depends on the compression of the rubber
dise (Figvll)u |
The Submatic uses a polyethylene line for the lateral Small
plastic emitters were inserted at a two foot spacing Every emitter ~{,
has a piercing end which penetrates the laieral (Fig 12). Special
pliers are needed for inserting the emitter. |
: DuPont Viaflo is a paper-like 1/2 4n. diameter porous
polyethylene tubing. With the application of water at a low pressure
1the tubing inflates and allows the porous 'walls to sweat or drip along
the entire length of the lateral (Fig 13) .
The Uniflow are self-cleaning emitters.. The construction ias
quite’ complicated ' As with the Salco system, thewemitters are‘insertediw

.
i

and glued into the cut end of the hose at-t ft intervals*(Fig'l4),
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CHAPIN Double-Wall
Optimumvpressure : © 10-20 PSI

“Average discharge : .. 0.08-0.1 GPH .

&

Figure .6. Chiapin Doubl_eb Wall.

A C e b emes

Figure 7. Rinko.



Figure 8. 'Salco.
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,Figuré 9, CtOSS-Section of Salco.-
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CANJIAC Maall]
Optimum pressure : . 5-15 P8I

Average dhchniu H ‘Q'.IZ-O.IS_‘G!I.

Figyre 10. Anjac Bi-Wall.
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y Installation and Procedure._
Installation ofrthe head , main lines'and the laterals was.
| finished by May 24, 1973 with the exception of the Rinko laterals
(which were deltvered later). The operation of the laterals was
started on this date on a rotation basis Irrigation was started on
the east end (Chapin Double Wall) and finished on the west end .
(Ugiflow system) The entire cycle took approximately one week When
‘necessary; two systms could operate simultaneously. The‘operating‘
pressure'for the plot area throughout the season was approximately
h5 psi. | -
i Water for furrow irrigation was- supplied thropgh a 6 in. diameter
- gated pipe. Thebamount of gater applied was measured w* th a- propeller

: a
water‘méter.- The runoff was measured by’ using an ‘H- flume equipped

S 13
with -n automatic recorder : The east end of the main line was equipped

with a gate valve and adaptor, so that later on, the 800 fr. test lateral

« -

¢

\could be connected for- pressure and discharge measurements (Fig 1).

¢ .

Pressure and’ discharge measurements

- All systems testcd had been previously used ~for field

irrigation This was'done to avoid the use of new: equipment and

- I

in this way to approach a true field condition The 1xtera1 to
. p PR v P

be tested ‘was removed trom the plot and laid ouL along the main

line. The maximum length of test lateral was 800 ft Each lateral

‘was teqted ‘at- four different mainlinc pressures, “the Chapin Double
Wall was operated at. 5, lO 20 and .30 psi and the other systems
- at 5, 10, 15«and 20 psi The. exception was. the Viaflo porous

L%

hose which was tested at 5, 10 and lS;psi only.

[
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Since the latetal»ptessutevdisttibution.was‘expected to oe a
logarithmicpfunttion, the oessuring poipts‘were set‘at}ZO ft iﬁtervals
'fot the first 200 ft and at 56”ft intgtvals for the remainder of;the
length. A simple water‘oanome:er was used.tdfmeasure pressures up
to4é‘psi and a 0_;_60 psi pressure gauge wss'psed‘forxthose pressures
over o‘psi. For discharge readings, a gradoated cyliooer and a stop-
watch were used. Each ptessure and disohargeoreaoing was taken twice.
The temperature of wster from the first;emittet eas recorded. All!v
'measuring'points along the line‘wereﬁsccofstely surveyed,‘ The measuring
statted»the middle of July 1973 and'oontinheo‘for‘four'weeks. “
:The)results from.the,pressure and discharge readings,\with
‘ thelr avetag&s, are summarized in the Appendix,' tables la - 17a. On
the following pages; these results are plotted as graphs (Fig 15 - 47)
as well as the best‘fit curves. These curves were computed.to obtain
the relat1onsh1p between the length of lateral pressute and disch&rge

for de31gn purposes (see section on design of trickle irrigation

'systems)a

v

Bopi
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" _“RESULTS AND DISCUSSION

- The hydraulic performance of eight different systems was
evaluated on the basis of results obtained from the 1973 field trials.
The field tests were used to determine the characteristics of the

‘trickle Systems and also to verify and compare thedghblished data of
many researchers’and manufacturers; AHydnaulic design criteria can be .
v determined on'the_basis_ot the measuréd'parameters, : ' -

Hydraulic Performance of Different Systems.

The Chapln Double Wall system performed quite well. 71N

“

d1ff1cult1es were apparent except the occassional stoppage (S -8% of the

orifices plugged) The 8 in. orifice spacing resulted in good wetted h
patterns. The coeff1c1ent'of_uniformity was, on the average, 70.4%
(Tahle 1), which indi¢55§5 a fairly uniform discharge. The pressure
iosses, however, were highrand theretore the laterals can onlp be
400‘ft long with a 30 psi operating pressure at the main line (Fig 18).
The above mentioned length can be rncreased“if the'laterai‘is .
ddownsiope,,as is described in the ;ection:on design of trickle\systems.

The'Anjac Bi-Wall system operated withbut'any major problems

'.with a maximum of 10'— 13% of the oriflces being pluggéd. The average
R .

coefficient of uniformity wad relatively high at 80% (Table 1). A

tateral length of 800 ft gﬁ%pusedvfor all pressures under which the -

: systemdwas tested (Figrl9 f’QZ)nb- . DT



i

is the coefficient of uniformity,

‘m is the mean (weighted)

" is the number of measuring points, |

TABLE 1: ~ LATERAL DISCHARGE UNIFORMITY.
Mainline ~ Test . Coefficient - Averaée Orifige
Pressure Lateral of Uniformity, Discharge (US GPH)
Type (psi) Length -(ft) = Cu* (%) for length shown
Chapin 5 200 - 72,4 - .08
Double-{all 10 390 7704 .08
- - 20 390 » 57.5 .12
30 . 390 - 74.5 .14
- , ‘ : 70,45 :
- Average- ' ;
Anjac 5. 800 81.0 a1
Bi-Wall - 10 800 . 84.7 L . 14
. 15 ‘ 800 : Thy3 ' .15
- 20 ‘ 800 . 80.2 .18
‘Average ' : -~ 80,0
Rinko 5.7 800 89.7 .26
C 10 . 800 : o 88.2 .36
‘15 800 © 88.0 e
| 20 800 . 87.4 .52
Average - - 88.3 "
Submatic 5.5 550 27.8 .48
10 650 . 23.4 .58
15 650 - 25.6 7L
20 650 244 .80
Average ' 25.3 '
c g
‘100 (1 - E) . i

"is the summation of the deviations of the individual
- discharges from the mean discharge (weighted)
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Wb ‘ 4 .
Pressure losses were low in all cases. An operating pressure ranging

from 5 -- 15 psi in the main line seems to beithe optimum pressure for

this system. o

The kinko system operated satisfaetorily. No emitters plugged
and no trouble occurred during the entire season. The'average

coeffic1ent of uniformity ‘of 88. BA ‘was' the highest for the systems

tested The maximum length of lateral tested was 800 ft and the

!

optimum operating pressure was found to be 5 - 15 psi (Fig 23 - 26)

The uniformity coeff1c1ent of the system decreased slightly with an

A Y
increase in pressure (Table 1).

The Submatic system had a’poor average coefficient of

uniformity of only 25.3%. -This indieates very ‘poor discharge

distrlbution along the lateral The pressure losseSxare very high
(Fig 27 - 30) and therefore only 550 - 650 ft lengths of lateral could

hbe tested. . On the other hand, no mechanical problems were observed.‘

The V1aflo system was considered a fairly good system Tests

~ were made at three dlfferent pressures in the main line - 5 .10 and 15
" psi. Fig 31lshows the pressure l6sses for the first test pressure of

5 psi.” A pressure hlgher than 5 psi caused breaks in the/lateral.

- A point discharge could not be measured, only the total flow., A’

discharge of 0.03 gph per foot of length of lateral was computed for

A

iy

- v gl
a 5 psi mainline pressure. “The discharge uniformity was evaluated by %&&%

f2 - I

viewing the wetted pattern from the top to the bottom end of the

lateral. Very good uniformity was obtained for a lateral length up - e
to 460 ft.

' The-Salco system Irequiredzzzlot of time to_adjust all the :
. - il ‘ . . : . ) i g

- emitters. ' Every time the water was turned on, readjustment of several

' S W . - - . .
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~—~—-_a~§22££}§%en§nof uniformlty of 35.3%. -This system is not suitable

.t

70

r

emitters was rejuired and as soon as one emitter was adjusted, then the

dischérge would change and re-adjusting of the entire lateral was

ﬁecessary)‘;Because a similar problem occﬁriéd'during the 1972 season,
3.

this system is considered operationally unsuitable.

. The Miniglow Adjustable system was a trouble-free syttem with
377 :

n:Pecause even the minimum db&charge was too hlgh for grow1ng vegetables.

K

The Uniflow system'is a self-cleaning system with ancomplicated

o

construction. ,MﬁEh labor was required to assemble the system, Under

. e

field conditions the sysﬁeﬁ functioned very unsatisfactorily.

Discharge flutthétions.were extremely high and many breakages occurred.

Because of the high cost and ‘the above mentioned~disadvantageé the

'system is not considered suitable.

PR

- Evaluation of the Hydraulics.

" Many papers, with theoretical and practical solutions, have been

C

written on the hydraﬁlic problemglconnéctediwith‘the flow through a

manifold, which is similar to a trickle irrigation lateral. “Of ‘the -

‘many different types of :rickle‘irrigatioﬁ systems, the Microtubé‘system
. has been the'ﬁbst popufar{ especially in Australia. Various solutions

of‘thisﬁsystem_are'repOrted in the .literature and various formulas,

nomographs,=gréphs and tables for the Microtube»1aterals'have‘Qeen'

compufed. Théblength:of Iatefal, the diameter and‘the 1ength and

spacing of microtubes are the most important varlables in the solution.

T

'A universal»thebrqtical solucion whichvw0uld fit all types of systems

does not exist. There is a theoretical desigd'épluticn”developed»inf'

(i



b=
‘

1

; -Australia, called "Polyplot" (l4). The pressure losses are regulated.

'different pipe’diametersvalong‘the laterals.

e The various manufacturers of trickle.systems do not give much
precise information which would help in designing a system.\.Thexr
information that is given_is often too theoretical Field trials, N
with the particular types of systems, are often necessary in order to

~obtain;hydraulic criteria‘which can be-used for design purposes.

"{‘

Comparison of results with ‘the theoretical computations.

S ~ An attempt was made to compute pressure losses, discharge -and

[ TN

length ofhlat5¥alrby usanglan IBM 360 computer “Application of the”

fZetche—NeWman solutipn was tried (see Review of Literature), however,
/\ :

this method was not“satisfactory -The'solution,whereby the pressure

at the-end offlateral must.be chosen'is not satisfactory. For example,

if a pressure ofvﬁ 3 psi:wasachosen for the Chapin Double Wall“system at

;:Ehe\end of the lateral,'a length of 200 ft was computed If the end .

\

pressure in the same 1ateral was lowered to 0. 25 psi, a length of
- 220 ft was computed ‘From these.solutions, it was obVious that the
‘ optlmum length of lateral should be between 200\and 220 ft despite a
'”°;i§nificant variatlonBin the pressure head The test measurements
showed that for a head of 5 psi in the main line, the lateral length
-~ should be ZQO‘ft and for a head of 30 psi in the main 1ine, the léngth
v:of.the laterallshould be 390 ft.(Table-la - 4 a in the Appendix).
R Large pressure 1osses between the main line and the latera
© - are due to the design of the system . The main_line (1.5 - ? in.:
.diameter) is;joined to the lateral_with a connectingltubing ofvabout

1/8 in. diameter. A similar problem appeared with use of another
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"double wall" sys%tm, the Anjac Bi Wall
~ The combination of 1- pai—Wu -~ Gitlin's solution and Zetche-~
Newman s solution was also tried on the IBM 360 computer. With the

I-pai-Wu - Gitlin s solution, the B1a31us formula for the friction
lcoefficient was stUbstituted by compuolng the friction coefficiént uoing
the Reynolds number and Zetché - Newman s curves for smooth pipes.
(.
"The orifice discharge was computéa‘éooording to. the -formula:

' . . Q=Ac\zgH | o - | (8) -
owhere Q isvohk discharge'iﬁ ft3/sec.lf“' o -
A is oﬁe:Area-of the orifice ih'fﬁz,
o io‘the toéffioienfxof distoarge,
. g 1s the acceleration due to gravity %t/sec2
and - H is the pressure head ;head ofkthe oriflce inmft.
By subtracting the.orifice discharge from the ﬁoﬁél flow, tho new’
flow was obtalhed‘énd tﬁis Waslthen used for computation of thei@}k
velocity and thus the Re}ﬁolds number. Also, the vélOcity was :é;
ldecreéslng. lghe éve:age'oischdfge uslng:I—pai—Wu—Giflin'é
méthod therefore was not used. The coefficlent C was Computed>ffoﬁ,
the forﬁolé (é) at the beginning'of fhe 1oteral, when all otﬁer ”
Qarlables in the equatlog were known. The~;esults.ob£ained weréfnot
satlsfactory‘(lable'Z)l
~ The léngtﬁ of the laéé%al islghe most imooétant vafiable.ip

‘this case and therefore was used for the oomparison;

3
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TABLE 2. MEASURED AND COMPUTED LENGTHS OF LATERAL.

o T . Ka
/ R . ) .

v -

System . - : Main 11ne,§rgésure, Combﬁted ' Measured
I , psi ' length, ft ° length, ft
 Anjac Bi Wall 5.5 7 136 800
Anjac Bi Wall .. 10 - 548y, 800
Swbmatic ", 5 . 340 260’
S T " - o
*Submatic 3 .;0' N 340 A 300

W

Pressure losses.’
The theoretical computation and'design proved to~be inaccurate
AN o ; ‘ . : - .

and therefore more experimental data will‘be_needed,. Héweve?,~the

field data obtéined from the Brooks trial can be used fof‘deéign of

gfurpfe"tricklé~irrigétion_sysfems in‘Alber;a. ‘The‘results of measure=

)

:menié“are éﬁmmérizgd in tébles (Tabié la _'17a:{ﬁ‘th¢ Appehdi*), - The
'}data Qere‘plottea gnd'the‘best fit ¢uryes were computéd u§ing the Wéng
. com?u;er. ;EféSSU;evre;ding Qété in fhé“tablés are iﬁ psi and all
feéd;ngs Qh;éh wé;e measuredlih fg were cohvé;ted to psi;f Séverél .
uﬁypés,of curveslﬁerg cpﬁputgd and_theaone?withifhe Bé;t coefficiedg

¢

\ . :I‘.v . ' ) . .- i
of determination, Rgg was chosen. (R2 is- the correlation coefficient

fsquafed); Table 3 gives the results Qiz‘gll systemé'sélécted. The

pressufes gi&en-for‘diffefént systems are pressures ﬁhigh were in the

. . 3 : e :
~main line at the head of\theflateral.durihg the test'period.

Lower céefficgemts'of determination for both the double hoses,

’ Chapin and Anjéc, are due partly to the low pressuresiwhich were

, meaéured at:the'first 0.2 f§ of lateral. Thé~exp1anaéion is that thei:»

Vb
Yo

»



TABLE 3. BEST FIT CURVES FOR PRESSURE: DfSIRIB‘UTION.

»

. e L~ 2
System PSI Equation* - R™.

. - ) ‘ —na : - e .
' Chapin:Double Wall .n 5 'Y - 0.296x0.993° 0,52
o @ 10 Y = 0.499x 0.994% 0.88
e 120 . Y = 1.063x0.993 © . 0.78

! ., I S ,%W\""“’ S _JV -
r ’ 30 Y = -1?59)7x0‘.994x 0.87 1.
v 3 T ‘ -
Rinko * ° 5 Y = 5.458x0.999° - 0,91
" 10 Y = 4.498x0.999° - 0.90
- 15- Y = 6.176x 0.999% 0.93
20 Y - 6.397% 0.999% . 0.90
Anjac Bi Wall ~ 5 . Y = 1.014x0.999% . 0.71
‘ 10 Y = 3.700'x 0.999% 0.86 . -

I 15 .Y = 4.267x%0.,999% 0.83

S 20 Y = 5.293% 0.999%’ 0.82

- A / .
- | , N §

Submatic , o 5 / Y = 4.370x 0.992 0.97
e [ Y = 9.316x0.991 - 0.99

1 Y, See :

15 Y = 14.091x0.991% 0.99

( o o, B
200 Y = 18.368x0.991% 0.99
U N BN v ‘ =
© Viaflo .5 ¥ = 2.045x0.999% 0.66
* Y is the pressure in psi
x is the lateral length in ft-
~

4 .
K i
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“water has a very high velocity in the connecting tube and therefore

at the beginning of the lateral. With increasing distance, the

veloc1ty,is,decreased and pressure«is;higher.

Dischargeév“'

R EN

Ap

‘...‘-“)

The discharge readings are summarized in Tables la = 17a  in the

endix. The curve fitting was .dope as for the pressure losses and the

curves with the best coeffic1ents of- determination were' chosen. Table

4 gives the equations éor the best flt curves. For the Chapin D0ub1e

A Wall and Anjac Bi-Wall system, the standard error of the estimate gas

y
-

-computed. The need for computation of the" standard error was the

.~

wide'fluctuations,in.discharge along'the lateral. There can be

several exllanations for these‘fluctuations. . ‘ I

1.

jiwithin”the>limits for both laminar and turbulent £low (“he

The main. cause may he that the flow changes from turbulent to

laminar thh increasing length. ‘The Reynolds number varied

transition zone.according to the Moody.diagram).
The orifices do"notVhavefa‘perfecthircular shape. This was

observed through a microscope. With-changing“prESSJre and 3

 temperature, some deformations of shape may occur although there

is no definite proof. Similarly, no explanation was giver .in
the paper by Vaziri and Bui (30). The authors measured

pressure and'dischatge losses of the Anjac Bi-Wall sy:.ted inAl972.

\ . - . i
- The discharge also varied wa 'significant amount and ti refore

o

~average discharge for a particular length of later.l was uged.

i
]

/}E
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R

TABLE 4. REST FIT- CURVES FOR ‘DISCHARGE, .

:~ 'A Y - - r - : ,;.,:‘ — :
System - .. PSI ‘Equation . . R . standard Error

N .
Dy - . . o N Lo T e

_Chapin;nowﬁae Wall“ 'S Y 30,113 = 0%.0003% ©0v56%  0.023

e

v 10 ¥ = 0:12%0,0001X 10.16 0.033
. 20Y ¥'20,222 --0.0006X 0.93/ . 0.917

30 - Y.L 0.213 - 0.0003X 0.77  0.022

P

Rinko' 5 Yei 0.327x.0.999%  0.84
10 Y = 0.652x 0.999% 0,90
S 15 Y. =0.562x 0.999% 0.01 .

"20 Y = 0.673x 0.999% 0.92

| Anjac B{ Wall . 5 Y = 0.119 - 0.00003X 0.04 - . 0.031 .
| 10, Y = 0.155 - 0.00002X - 0.02 - ~-0.034
15 ¥.= 0.196 - 0.0001X 0.33 0.039 .7 :. .

) 2. 200 Y = 0.212 - 0.00007X 0.20 - - 0.037

X 0.98"

Submatic . . 5 Y = 1.391 x 0.995
: R 10 Y = 2.046 x 0.994% 0,98
A L C15 Y - 2.537 x 0.994%  0.99

.9éw, 200 Y - 2.918 x 0.994% 0.97 &

* Y is the discharge in GPH.

x is tﬁé.lateral length in ft.

[
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" An interesting part of the problem is that such a largeiyariationv
occursionly with relatively soft double hoses. Some of the extreme

N

e : : - 0 o ;
: pointS'were tested for significance. It was found that all the

po;nts should be 1ncluded in .the curve except the dlscharge for the

1

'40 pslrpressure measured on the Chapin Double Wall system at 350 ft '

(F;g 34)--This point was found not to be part of the_sample populationL
The very low cbeﬁfftients of determinatioh were computed for

v

both "Double Walls". - Extremely low coefficients were obtained for the

5 psi. and 10 psi pressure. 1In all cases, it was, dlfficult to fit:

a curye (Fig'32 - 39). The standard error, of the estlmate should give
P . . B

the de51gner dn indication of,the accuracy that ‘can be expected in
T

de51gn1ng a particular sy&tem.‘ For the Rlnko and Submatic systems the

standard error was hot computed because the curve f1t was good

- 1]

The’ curves,for the DuPont.Vlaflo system were'not computed.. For. -

"‘thls system, the discharge per foot may be. used for design purposes

(Flg 3D). P o |

Des1gn of trlckle 1rr1gatlon ) systems. -

On- the ba81s of the c0mputed cuﬁges, the nomographs for a ’

~— —

hydraullc solutlon for the four systems - Rinko, AnJac 81 Wall Chapin
Double Wall and»Submatlc, wvere cod%tructed (Fig 48 -~ 51) '

1

The technlque for u51ng the nomographs is basically the same for
, ~

-, .

all four systems.~ The followlng example explalns their use"

G1ven:‘ A trickle 1rr1gation lateral 300 fr. long w1th a.0.5% upslope

‘\
" and using the Rlnko system w1th,em1tters 2 ft apart,

‘Find: The pressure_at the end of the lateral, the{discharge~rate,‘
and the operating.pressure in the main line.

N
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Solution: Using Fig 48 find the lowest pressure in the nain line,
which is 5 'psi, therefore, use all lines with a number 1.

1., Connect the zero at "Dlstance of Lateral" Line Number 1 with 0

1

point.. “The Tine intersects.the-"Lateral Pressure” line at 5.5 psi,-

-

which is the'pressure at the heaa of lateral. 1f the‘line‘is extended,
" it intersects the Dlscharge US GPH" at 0.33 GPH which is the
discharge at the- head of lateral. 2 1-.‘

2. Connect the 300'ft point at’"Distance of Lateral" with the‘.’"b1
. : NG - - :
‘,@oint again. The line intersects the'mLateral Pressure" line'at~4"8

, p51 which is the §kesaure at - 300 ft of lateral length w1th no slope
. -

tit\\‘From ‘the table of Correction for Slope in PSl;iafind the value

for 300 ft for a slope of O.SA. Because the lateral is upslope, a
value of 0.6 PSI muét be subtracted from 4.8 psi . The result is 4 2

psi, thCh will be the prcssure at the end of the 300 ft lateral.

“

4, U51ng the p01nt O as a prOt and turning’the rulervto a~value.

4,2 p51 the extended line 1ntersects the "Discharge US" GPH" line

(]

(Y

again at a point 0.225 or 0.23 GPH. ‘
The difference in discharge is then;,0,33;; 0.23 - Oth GPH, .
which 15 Within;3 Z cf the discharge at_the’lateral,heac ana'therefore
a‘p;ESénre of 5 péi in the main line is adequager If the difference
“is mo}enthan 302; the next higher pressure in the nain'line mnst be

taken into the computation. : 8

’ .
) .

For design of the main line, a sprinkler design slide rule, as

df&tributed'by Rainhird andaother irrigation companies can‘be'used.
: 7z

' ‘ | : <

Eagdh latelal tan be tlkcn as a slnglc spr1nklcr u1tﬁ a known dlscharge _

and prebbure Thc main line is tonbid red as a spfinkler lateral with

/ , 0 ) . Y ; . o
“densely spnced Sptinklcrs, The size and capacdity of the pump can.

thcn_eaﬁily'he4combutbd,

ST
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.'Trickle irrigation is a new r:ethod of irrigation with

P (W]

SUMMARY AND CONCLUSIONS

potential use under Alberta conditions,.especially for

‘higH value crops. The spac1ng of laterals and drippers can

be selected in cooperation w1th horticultural specialists. The

choice of the‘trickleiirrigation system to use should be made

" by an irrigation specialist.

Five systems were tested. ‘Ranking on the basis of satisfactory

»
performance, these were: Rinko, Anjac or Viaflo, Chapin Double

,Wall,‘and'Submatic.

/ .

- The. Rinko system w1th factory assembled laterals, was found to

.. be trouble—free and had excellent hydraulic characteristics.

e
.

These advantages tend to- outweigh the higher price of the system.

2

3

laterals up ta 400 ftllong. Handling of thé system sﬁould be

" The AnJaC Bi Wall system performed fairly well. Algo, the low

L

e

:price for the system is attractive.quhe manufactyrer offers

. =5 O

: o3
,different spacing of orifices, both. é&r the inner and for the
'outer hoses. However, variations in discharge may cause problems

'w1th the. crops which requ1re exacting irrlgation applications and

whcre a high unlformlty of discharge is.desirable. In this case,
a more prec1se system may be necessaryi ﬁk

The VlaflO system appears to be a very preCIS? system for very

. . gy
Do - = ‘
slow and continuous irrigations. The system is suLtable for

o .
‘t/p

kept to a minimum btcause breakages can easily occur, especially ;w’@w
k.

'after the system has,been 1n-operation for some time. ‘Pressures

higher;than‘S psi in theumain'linevare not recommended. The
. AR . ) .

‘» .

83 —— . . ,.'/ . L
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system appears to operate only when the hose is fouéhing the
surface of the soil; Laterals which are buried shallow are
therefore desirable. The weight of the soil will also preQéht
the lateral from bldwing in a strong wind. - W;tgr soluble

fertilizer does not have any apparent influence on the system.

No plugging of the pores wag observed.

The Chapin Double Wall system»iS'an‘ineXpensiQe system and‘gave

relatively good pqrformaﬁce. The variation in dischatge'was

. similar to 'the problem with the Anjac Bi-Wall. It was not

‘

possible to obtain a high1hniformity with this systcm. Fof the -
cropé 6f‘tqmatoes, épcumbérs and carrots, however, no qualitative
'diﬁferencé‘betweéh tﬁe first plants and lasg ones in a‘fow were
obsefvgd. This problem could.be serious. for strawberries

which are quite sensitive to over-irrigation

T a

The Submatic system has high pressure losses in the laterals and

i$ the least sQﬁfagle for ﬁr;igatjop of long réws df'vegeLable$.
The laté;gls-for'this system are very.short, especially when the
field has a@ﬁupgrade (see Nomogfabh-Fig 51). ~The manufacturer
produﬁeé differentbsizés‘of emitters so ic is possible’ to-
regulate the pressure and discharge. by uéing the'iqrgcr sizes
of emitters thards the bottom cnd_ofvthé lateral. More field
cchriments‘Q§uld'be ﬁccogsary to provide additional hydraulic

: R . : '
characteristics for such a combined system.

.

Water filetation is essential to all of the above mentioned -

7

systems, Pluggiﬁg of oritices is still the main problem with a

trickle irrtgation system.  The Anjac Bi~Wall, Chnpin'Doublc—wnll{



10.

11.

12,

e - 85

and Viaflo are even more sensitive to plugglng than any other
systems. A fine felt filter would be benef1cial for these

systems. A©l0% stoppage can be expected for both "Double Wall"

systéms.

The present adJustable Systems require too much labor andﬂ\he

unlformlty of discharge 1s still low. These systems are
\.
therefore not recpmmended for use‘in Alberta.
~

—

The systems which have glue-in type of emitters are not
- 47

recommended for use unless the laterals are assembled by the

manufacturer. A o

o

’Systems,,which require other than 2 ft Spacimg-betweeh the

g

enmitters, should be tested and similar preSSUre -length and

dlscharge-length equations computed B L

Further automatlon-of trickle irrigation systems,isfpossible By

using proper moisture sensors, automatic valves and a self-

*‘priming pump.
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