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Improving micre-irrigation efficiency by pressure
regulated emission devices

G. A. Sharaf'

, Abstract”

The main objectives of this study are to define and analyze the factors that
affect the flow deviation and the economic impact of applying pressure regulated
emission devices (pressure compensating). To fulfill these objectives, an analytical
procedure was developed to predict the flow variation due to the pressure
distnbution by applying the dimensionless energy gradient concept. Results
revealed that lateral slope, manifold slope, emitter flow exponent and design
allowable pressure vanation were the most effective variables on the discharge
variation. The relationship between the discharge varatioh and lateral slope,
manifold slope, and emitter flow exponent was found to be lingar function while
power function was observed with the allowable pressure variation. The analysis
indicated that, applying the pressure-regulated emittess could save water compared
with regular emitters at the same operational conditions. For example, the excess
water provided by turbulent flow emitter (x =0.5) is about 4.6% of the required
water quantity under the economic design rule (20% allGwable pressure variation
of the emitter operating pressure) for leveled fands. This excess water i§ due to the
pressure variation. To overcome this problem, it is recommended to use pressure
regulated emitters (regulated system). The advantage of applying such systems
extended to saving in equipment costs alsa. This was managed by increasing the
regulated system inlet pressure, whick causes additional cost of energy but permits- .
using smaller lateral sizes. A comparnison between the added cost for additional
pressure and the saving in equipment was done to justify the increase ofthe
regulated system infet pressure. Through a case.study by applying micro-sprinkler ..
regulated system versus comventional one, the results indicated annual profits
ranging between 55 to 313 LEffed.year according to the system increased inlet
pressure. For simplicity, a nomograph was developed fo evaliate the economic
feasibility.

introduction -

The increasing scarcity of water for irrigation plus high cost of solid-set
sprinkler irrigation equipment promoted manufacturers and farmers to seek cheaper
means of irmngation. The solution was the use of micro-irrigation, especially mini
sprinkler in orchard. Shilo, Y. 1996 classified the advantages of the mini-sprinkler
over the solid-set sprinkier system by the following; lower pressure requirements,
lower discharge and precipitation rate, covering a large area in its operation,
producing delicate drops, preventing runoff and crust formation, lowers the
marginal water loss and lowering cost (about 60% less than solid set sprinkier). In
micro-irrigation, roughly 90% efficiency has been achieved. With sprinkler
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irrigation, the situation is different. Despite the fact that sprinklers have been
greatly improved and more efficient equipment bave been developed, there is still
relatively large amount of water losses 1n sprinkler irngation. The optimal pressure
for many sprinkicis 15 about 2 to 3 bar. This pressure is enough to operate mini-
sprinkler efficiently with high uniformity even the pressure only 2 bar or lower in
case of regulated mini-sprinkler.

A requirement for high application efficiencies involves regulated uniform
flows from emitters (which could be mini or micro-sprinklers, sprayers or
tricklers) placed on the laterals. Design and operational procedures as practiced are
based on established trade-off between costs of energy (pressure) and materials
{pipes) and are usuvally a basis for most optimal design systems as constrained by
pressure, pipe and labor costs. These procedures, mainly. due to pressure
distribution, usually result in different degrees of uniform flow from emitter. Thus
various means to regulate emitter flow and pressure were developed in order to
reach fixed flow from emitters. The performance characteristics of a regulated
emitter are intended to insure that the discharge does not vary with changes in
pressure, particularly when this pressure is greater than a fixed operating pressure
established by the regulation mechanism. If the inlet pressure is below that
pressure, the emitter discharge does not vary with pressure. Also, in most practical
cases, the operation of the emitter when the pressure is below the fixed operating
pressure is relatively poor and not satisfactory. Meanwhile, a regulated emitter is
normally operated under pressure higher than the fixed operational pressure cailed
the minimal operating pressure. The development of pressure regulated emitters
began since about 25 years ago. Water emission can be regulated by means of
spring in dry chamber or discharge reguiation by means of membrane/diaphragm in
wet chamber (Kapan, A. 1996). Abdelatif (2003) developed a new selfcontrolled

_dripper. The dripper controls irrigation demands by means of small ceramic conic
covered with rubber diaphragm that allows water flow when vacuum occurred in
the ceramic conic due to soil matric potential.

Regular design procedures involve the determination of lateral and
manifolds diameters on the basis of allowable pressure variation as a fraction of the
emitter  operating pressure (Benami and Ofen, 1984). With regulated emitters
however, pressure differences do not significantly affect the emitter flow rates.
Therefore, higher pressure differences are allowable, defined by minimum
operating pressure as shown in Fig. (1). Consequently, the permitted head loss is
higher allowing for smaller lateral and manifold piping diameters, resulting in
significant saving in equipment cost. Applying smaller pipe sizes, increase the
system inlet pressure and the energy cost.

The main objectives of this study are:

1 To define and amlyze the factors that affect system flow deviation when using
conventional emission devices.

2 To study the economic impact of applying pressure regulated emission devices
instead of the conventionat ones.
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Fig. (1) Discharge versus pressure for common and self compensating
emitters (Balogh and Gergely, 1985).

_ Methodology
Svystem flow rate deviation due to pressure variation:

The deviation of water flow rates due to pressure variation can be carned
out by applying the dimensionless energy gradient concept, developed by Wu and
Gitlin, 1980. In this approach, the discharge from the. line is assumed 10 be
wniformly distributed along its length. Sharaf 2003 studied the wvahdity of this
concept. The shape of the energy gradient line is not straight but an exponential
type curve can be expressed dimensionaily as the energy drop ratio R(i) by the
foliowing equation:

R =1-(-i)* o
Where: '
i = detected length ratio from inlet (I/1.).
m = flow rate exponent of the friction equation, m =1.852 for Hazen-Williams,

Using this concept, the pressure variation along the lateral can be expressed as:
h,=Hl,-R, Hf, +i AF] (2)
Where:
h; = pressure head at a given length ratio (3).
Hl,, = pressure head at the lateral inlet.
Hf; =total pressure head loss along the lateral.
AEl = elevation difference along the lateral (- for upslope and + for downslope).

Since the emitter discharge at length ratio. “i “is related to pressure head at
length ratio “i" then the emitter flow rate can be calculated at various points along
the lateral line once the lateral inlet pressure (Hl;, ) is known. The same concept
can also be wused for manifold where fateral lines are comsidered similar to
uniformly spaced emitters and Eq. ( 2) can be rewritten as:

h, = Hm, - R, Hf, t j AEm 3
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Where:
h; = pressure head at a given length ratio j on manifold
Hm,, = pressure head at the manifold inlet
Hf. = total pressure head loss along the manifold
AFm = clevation difference along the manifold(- for upslope and + for downslope)

- Combining Eq. (2) and (3) by replacing Hl;, by h; to determine the pressure
head at any point in the submain A;; results in:
~h,,=Hm, -R, Hf —R, Hf, + j BEm +i AEl 4)
Sincc the estimation of flow depends on specific set of variables such as
emitter characteristics, number and spacing of emitters and land slope, the typical
water discharge variation due to pressure distribution or pressure vanation can be
determined with the following assumption:

-1~ The required emitter flow rate is the nominal flow rate (q.) and the average
pressure head is designed to be the emitter nominal operating pressure (h,).
2- The emitter discharge is relatedto the available pressure head by the following
equation:
q,.=kh,” (5)
Where: _
k = coefficient that depends on nozzle size and dimensions,
x = emitter flow exponent, 0.5 for orifice type and 0.4 for sprayers (8CS,1982).

Therefore, the discharge of a subunit has (N) number of laterals along the
manifold and (») number of emitters along the lateral is:

; ) . i=m B .
Lateral flowrate Q, =) q;, (6)
i=1
J=N i=n

Manifold flow rate O, = &NQ ;= qu“ (7)

J=1 J=b o=l
If pressure regulated emitter used or the emitter applied in not influenced by the
change of pressure, then the subunit discharge will be N*n*g,

3— The design criteria for cconomic pipe sizes is partitioning the allowable pressure
wvariation {20% of the emitter nominal operating pressure) as 55% on lateral and
45% on manifold {Keller and Karmeli, 1975).

For more generalization of Eq. (4), the elcvation differences AEl, AEm,
the allowable pressure variation APV and the pressure inlet to the subunit (Hm,,)
could be defined as a fraction of the emitter nominal operating pressure (h,).
Therefore, Eq.(4 ) could be rewritten as:

h,,=h, {(1-APV)-(45*AFV *h, )R, -
(0.55* APV *h )R tho*Cl* j + h *C2*i ®
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‘Wherc:
CJ = manifold elcvation difference as ratio of emitier operating pressure.
(2 = lateral elevation difference as ratio of emitter operating pressure.

Based on the above, the percentage of discharge variation of water due to
the pressure distribution AQ;, along the subunit will be:
J=N i=n
22kh"

AQ, =| L5 — —11x100 — {9)
Nngq, :

or ={LE _1ix100 - (1

=N j=n x

S iK1~ API7)~0.45% APV * R, ~0.55% APV * R, £C1* j£C2%{)

or = | SLi — -1{d00 (D

Inspection of Eq. (11), it could be secn that the deviation of subunit
discharge due to the pressure distribution effects dependant on x, APV, N, n, C1
and C2.

Assuming that the flow rate is constant along the laterals during the
irrigation time, then the deviation of water discharge (AQ1 ) of the subunit due to
the pressure variation during 7 hours of operation is:

AQT:AQ,,nI:’an C @2
10
Where:
AQr = deviation of subunit water discharge (m*).
4, = emitter nominal flow rate (1 /b).

Economical advantase of applyi € reguiated emitfers:

Micro-irrigation lateral design can be classified 1n three types of design
problems: (1) lateral lengths is unknown but pipe size is constrained; {2) pipe size
is known but the lateral length is constrained and; (3) neither pipe size nor lateral
length are constrained (Sharaf, 1996). Usually, pipe sizes are limited 1o standard
pipe diameters. In this study, the design problem type (1) was applied to determine
the lateral maximum length or the maximum allowable sumbér of €émitters on
lateral for a given emitter, pipe size, slope and allowabie pressure variation. Based
on the above, the maximuom pressure drop along the lateral and manifold are
determined by:

Akl = Hf, + AFl 13)
Ahm = Hf,, + AEm : (14)
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Where:
Ah = aliowable pressure drop (m)
ILm = detected lateral and manifold respectively.

= =+ for up slope and — for down slope

Applying a relationship relates the pressure drop and pipe length presented
by Sharaf (2003) as:

AR =2 [P - %)
Pr-2
Where:
Pi = constant, 4.852 for applying Hazen-Williams Eq. at C =140 for 10° > Re <10’
L = pipe fength, m.
a = vanable depends on diameter, flow rate and spacing given by:

4i (O Pi-3 |
~DF (S ) 16

Where: ’

Ai = constant (1.283 x 10°) ) when applying Hazen- Williams Eq. at C =140,
D = pipe diameter (mm).

§ = outlet spacing, Se for emitter spacing (m) and SI for lateral spacing {my).
Q = outlet discharge, g, for emitter and Q! for iateral (I/s).

Solving Eq. (15) for lateral maximum Jlength or maximum.allowable
emitters on lateral gives:

. 1KPi-2)
L= é"_’.(ia"_ﬂ] an
- mr[%] @y
SA .
N = INT[m] (19)

Where:
INT = integer value.
SA4 = subunit area (for rectangular shape), taken as 4200 m” in the study.

The reason behind this analysis is to compare a subunit having the same
number of regular or segulated emitters along lateral (n) at the same number of
laterals along the manifold (N) to investigate the saving in laterals piping cost only.
Assuming that the manifold size and emitter prices are the same in both cases.
With spacing between laterals S/, The total lateral lengths per unit area and the
saving in laterals piping cost were estimated by the following equations:

TLI =n*N*Se | (20)
SLPC =TLKCt, - Ct,) 2D
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Where:
TLI =total length of laterals per unitarea (m), for rectangular subunit shape
SLPC = saving in laterals piping cost (LE/fed.).
Ct; = cost of unit length of lateral due to applying regular emitter {LE/m}.
Ct; = cost of unit leagth of iateral due to applymg regulated emitter (LE/m) .

With regulated emitters an increase in system inlet pressure (Hm,) is
permitted allowing smaller lateral diameter. The increasing of inlet pressure means
additional cost of cnergy, therefore, a comparison between the added cost for
additional pressure and the saving in lateral piping costs should be made in order to’
justify the increase of system inlet pressure. The additional cost of energy (ACE), if
the discharge per unit area {(Jj and the system operation timc is carnied oot in T
- hours, to provide additional head (AH) is given by the following equation:

Q, *AH*T*C,,

ACE =
367+7

(22

Where: _
ACE = additiona! cost of energy (LE/fed.)
Q; = discharge per fed. (m’/fed.h)
AH = mlet head difference between regular and regulated systems (m)
. T = system operating time (h/vear)
Cre = cost of energy unit (LE/KWh).
n = pumping efficiency (decimal).
The discharge per unit area () and the operating time can be replaced by
the applied depth of water (4DW), then Eq. (22) can be modified to be as follows:
42%ADW*AH * C

ACE="= be
S @

Where:
ADW = applied depth of water {mm/year)

The profitable replacement of reducing of lateral sizes by increasing the

system inlet pressure, which can be applied with regulated emitters, was estimated
by the followings: -

AP = ASLPS ACE (24)
ASLPC = SLPC * CRF - {25)
Where: :
AP = amual profit of decreasing lateral size and increasing pressure (LE/year).
ASLPC = amual saving of lateral pipe cost (LE/year).
+ = - means additional cost of energy, + is saving in energy cost:
CRF = capital recovery factor, (Jams,1988) calculated by the follomng equatlon:

ir(l+in)"f
| (+in™ -
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‘Where:
ir = annual interest rate (decimal)

LE ~=life expectancy, Assumed as 5 years for plasuc pipes.
Results and discussion
ive les on (4 % (4

Smdymg the variables in Eq. (11) that affect the dlschaljge variation (AQ:.)
showed that, unit shape factor (lateral to manifold length ratio), distance between
emitters, distance between laterals, has no influence_on discharge variation.
Meanwhile, lateral slope (C2), manifold slope (CI), emission device flow exponent
{(x) and the design criteria (allowablc pressure variation, APV) were the effective
varables.- Their effects were studied by setting constant design conditions as APV .
=20%, x.=0.5, Cl =0, and C2 = 0, then changing each variable ‘within applicable

whxle the others were constants. The APV changed from 5% to 35%, Ci
dlanged from —0.2 to +0.2, C2 changed from —0.2 to +0.2, and x changed from 0.1
to 0.9. The results indicated a lincar relationship between the dlschaxge variation %
(A0O;) and lateral slope (C2), manifold slope (CI), and emission device flow
exponent (x), while a power function with allowable pressure vaniation (APV) as
shown in Fig. (2). The graph is useful to expect the amount of AQ; due to the effect
of Cl1, C2, APV and x quickly instead of solving the compound Eq. (11).
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Fig.(2) : The discharge variation versus lateral siope, manifold
siope and emission device exponent
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In case of using turbulent flow emission device (x = 0.5) for economic pipe
sizes design (20% APV of h, divided as 55% on lateral and 45% on manifold). A
relationship between lateral and manifold slopes and the percent of discharge
variation (4Q)) is given in Fig. (3). The graphis useful to expect the discharge
variation {excess or deficit) due to the pressure distribution at different slopes of
lateral and manifold by applying regular emitter (x=0.5). For example, when the
terrain is flat (C! = C2 = 0), about 4.6 % excess water is expected than the
required. This surplus amount of water conld be prevented by the use of regulated
emission devices. :

P SV S SN N SR

Discharge variation (%)

) T T T T I T I T
0.20 010 0.00 0.10 0.20 030
Value of C1

Fig.(3): Percent of discharge vanaltucm‘“f?ﬂ?&\mﬂ‘%iL —

by applying regular emission devices

: 'Iheanaiysmofeconomwa!nnpactofuﬂngﬂmregﬂatedmwas
investigated through a case study by applying a regular micro-sprinkler No. 8855
and regulated micro-sprinkler No. 8877 manufactured by Dan sprinkler’. The
speclﬁ(amns of the micro-sprinklers under investigation are presented in Tab. (1).
The prices of fhe-emitter applied were the same The spacing between the mini—
sprinklers along the lateral {Se) is 4m, the distance between laterals (57) is 6m, the

The mention of trade names of commercial products does not mean their endorsement or
recommendation by the author.
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land slnpeiszeroinboﬁxiatcralandmanifolddirwﬁonsandthesubunitmisme
fed.

Tab. (1) The specxﬁcanons of the Dan micro- sgnnklem used for the study

Regular mini er No. — er
Flow rate 885 - No. ssf'sl’
i) | Overatingheads,, |[Discharge constants Minimal operating head
40 20 1250 | 039 5
0 20 17.00 0.43 11
90 20 22.16 0.46 13
120 20 30.71 045 . 13

~_ According to the economical critesia of the regular design (using regular
mmr-sprinkier), the APV is 20% of the pressure operating head (#, ), then the
allowable head loss on lateral (Hf; ) will be 22 m (b * APYV*0.55)and for .
mamfold (Hf,)1.8m (hy * APV * 0.45). Assuming the minj-sprinklers are mounted
on Agri-spike (h;, ) 1m height with negligible head loss, the inlet pressure head to
the regular system (Hm,, ) will be 2Z3m (/.2 g + hy ). For regulated system (using
ed mini-sprinklers), five inlet pressure heads {Him,,) were selected as, 20, 22,
24 32 and 34 m. For the subunits have the same mini-sponkler flow rate (g,), same .
number of min-sprinklers on lateral (n), and same number of laterals on manifold
(N), the manifold pipe size (,,} will remain constant in both regular and regulated
design. Therefore, the aliowable head loss on the.manifold of the regulated design
will be 1.8m. Based on this, the allowable head loss on the regulated design laterals .
determined by (Hfi = Himy, — Puminimai— Hfve Pp). The allowable héad loss on lateral
(Hf ) in both systems under the same operational conditions is calculated and
presented in Tab. (2). The permitted head loss.along the regulated design lateral
can be several times highaﬂlanthatoftheregufa.t design. The 2Newame mimiber
of emitters (n) along the laterals wete calenlated 5504 on four standard lateral
‘,““ﬁ_@'} 2c 16 20 18 253 32w T mtemal pipe diameters of the selected pipe
gizes were 13.2, 1’7 25.8 and 26.8 mm respectively. The.prices ofithe selected pipe
sizes were 0.6, 0.8, 1.4 and 2.1 LE/m respectively. Adding 25% of the lateral
piping cost as lateral accessories cost.

Tab. (2): Hf; due to applying the regular and regulated mini-sprinklers acoording
the operation conditions and design criferia.

Manifold Manifold inlet pressure head Hm,, (m)
Flow | friction | 25m ] 20m | 22m J 24m-{ 32m 1 34m‘_
e Uh) | lossHY, | Regular -Regulated
(m) . __ ATiowable friction loss on Imerzy 1, G

40 1.8 22 82 1 ¥oi-1 1221 202 222
70 1.8 2.2 6.2 8.2 10.2 18.2 20.2
90 18 22 42 62 | 82 16.2 18.2
1200 ] 18 ] 22 42 | 62 8.2 16.2 18.2

The allowable number of pxim-sprinkler along the laterals for both regular
and regulated design were Taiculated and presentcd in Tab. (3). The results
desnonstrate the possible usc of smaller lateral size by applying the regulated
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micro-sprinkier with changing the system inlet pressure. The comparison of the
two systems fregular and regulated) was based on selecting the subunits bave same
mumber of laterals on manifold, same number of the min-sprinkier on lateral and
same mini-sprinkler flow rate (Compatible cases). The results are presented in Tab. .
(4). The calculations were based on 1000 mm of applied depth of water per year,
80 % pumping efficiency, cost of energy 0.25 LEAWh and 0.3 capital recovery
factor (CRF was estimated according to 17% annual interest rate and 5 years life
expectancy of plastic pipes). As shown in Tab.(4), the annual profits is increased
by increasing the rogulated system inlet pressure. Energv saving was observed in
some cases when the regulated system inlet pressurc is selected lower than the
regular design inlet pressure. This option of design conld be managed to_ maximize
the profit when the energy cost is high or when the saving in lateral piping cost is
not significant.

Tab.(3): The allowable No. of regular and regulated mini-sprinklers on !aterals for
different system inlet pressures and pipe sizes

Manifold inlet DI () Mini-sprinkler flow rate Vh
pressure Am,, (m) 40 70 90 120
e 16 12 % 1{ g
30 19 ]
PO i yyj gt) 6" I3
73 42 39 23 20
19 Tz : LN 7
20 0 30 21 : 13- 1
35 33 30 0 3
1% 77 13 10 3
22 0 13 - 31 ' 16 13
2 P 37 < U 73 10
= 16 27 7. : ) 9
— 24 0 35 23 IR 17
& BT % R a5 2
‘Q 16 7 18 g 7
_ 32 30 1 i 33 9
3 60 1) y) 77
[ 78 18 5 b
34 2 44 20 24 L]
35 (9] 31 k'Y 28
Tab. (4) The resulis of comparing regﬂar and regulated micro-sprinkler applied.
%v E Z = Regular Regulated |- Comparative items
ol B E
£ 'ug G Sl s} == =1 - , )
z E — - E SLPC : .ACP, AP &5 .
LI § § | EE|SEIREINE| Ny | "% | idhear |
101 8 [ 60 25 1| 20 | 20 [ 16 {-25.00-4 20— 3.57
P A N R A e
(42 | 4 1 55 | 25 | 32 | 32 { 20 | 61914 28 - 31349 343
131 13 1 110 | 25 20 | 22 }.186 | -2500 1 12 .1 63.12 | 3.03 |
70 {18 0] 95 | 25 | 32 | 16 | B57.14 | 28 | 17585 (393
70l B (110§ 25 | 32 | 34 | 20 161 | <36 | 312.42 | 3.89 |
o0 L[ 35 T8 26 20 | 2 16_{ _25.00. 4 | B473 1450
4] 7T 111 55| o2 | “20 | 61.51 | 35 | 305.53 14.96 |
120 1O | Y0 |80 (95 120 | 24 1796 [ 2500 3 5550 | 408
EEREE 60 | 55 | 25 | 22 | 90 | 4286 72 | 167.90 | 4.12
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Whﬂc it is possible wusethe above proceduretocmpme the additional

cost of energy due to increasing the inlet pressure head and the saving in laterat

pipe costs, #t 1S time consurning since the variables are not constants. To simplify

the process, a nomograph has been developcdasshownmflg 4). The_usc of this
nomograph is iltustrated as follows:

® According to the energy price cost C.. , move vertically in Quadrant II to the
proposed difference in inlet pressure between the regulated and regular system
(AH), then move horizontally in Quadrant I to the given applied depth of water
per year (ADW), then cstablish a vertical line to Quadrant IV,

* According to the estimated value of saving .in lateral costs (SLCP), move
wertically to meet the capital recovery factor (CRF) in Quadrant III, then establish
a horizontal line to Quadrant TV

e The intercept of these two lmes in Quadrant v dﬂtenmncs the economic
feasibility of the regulated system compared with the regular system. If the .
miercept point lies dows to the 45° line, then the system is economic to be used.
Otherwise the intercept point is -above the 45° line, then the regulated system is
not economic compared with the regular system but still favars in water saving
doe to eliminating the effect of pressure distribution on changing the flow rates.

1tustrated on the nomograph, an economic feasibility of applying rcgulated
versus regular system to add 1500 mm/year. The estimated value of saving in
Iateral costs was 750 LEfed. due to increasing the inlet pressare by 12 m. The
cost of energy and capital recovery factor were takenas, 0.5 LEAWhand 0.3
respectively. As shown in Fig (4), the intercept pointlicsbelowthc45° line, that _
means the regulated system is economic and the profit is 300 — 130 =170
LE ffed. year,

Conclusion

Under regular opﬁahonal conditions of pressurized irrigation system,
varying flow rates through emission device causes decrease in irrigation efficiency
due to pressure distribution. This decrease has more effects when the operational
conditions are less satisfactory due to the topographical slopes and pressure

. Excess in the water application due to the pressure distribution estimated
as 4.6% for well-designed no sloped system used turbulent flow emission devices
{(x =0.5). This value could be changed due to lateral and manifold slopes, cmission
device flow exponent and the design criteria (allowable pressure variation). The
effect of variation in flow rates may also extended to the application of fertilizers.
Reguilating the flows through the application of pressure regnlated emission
devices is thereforc a desirable factor in increasing the irrigation efficiency and
saving of both water and fertilizers. Regulation_of flows under different inlet
pressure heads, allows increasing pressure differences among the emission devices,
therefore the permitted head loss along the lateral can be several times higher than
of the regular design. Consequently, with using the regulated emission devices the
lateral diameters can be smaller by one or two sizes in comparison with regular
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emission devices. The increasing of system inlet pressure head means additional
cost of energy. Then, a comparison between the added cost for additional pressure
and the saving in lateral piping cost must be done tojustify the increase of the
system inlet pressure. Through a case study of using mini-sprinkler regulated
system versus normal one at the same operational conditions, the results indicated
annual profits ranged between 55 to 313 LE/fed. yearacconding to the selected
inlet pressure of the regulated system. The study also indicated that, the application
of regulated emission devices in some cases might be used to save the energy cost.
This could be happened, when the regulated system inlet pressure is selected lower
than the regular system inlet pressure. This is valid because mn most cases the
minimal operating pressure head for regulated emission devices is lower than the
nominal operating pressure of the regular one at the same flow rate. This design
option 1s useful in case of high energy price cost or when the saving in lateral
piping cost is low. For simplicity, a nomograph was developed to study the
economic feasibility of applying the regulated emission devices.
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Fig. ( 4 ): Developed nomograph for economic feasibility of applying
: regulated versus regular emitters.
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