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Abstract: The chosen of lateral layout is the basis of hydraulic design of micro-irrigation laterals. A simple and easily
adaptable analytical approach was developed for the hydraulic design of micro-irrigation laterals laid on uniformly sloping
grounds based on the appropriate layouts. Two indictors for comparing the emitter flow variation and inlet working pressure
head from the paired layout and single downhill layout were proposed based on the analytical models of micro-irrigation
laterals. By evaluating the effects of micro-irrigation laterals layouts on the emitter flow variation and working pressure
head, the application condition for paired layout was suggested as the best manifold position is not less than 0. 13. When
the best manifold position is less than 0. 13, the micro-irrigation lateral was proposed to use the single downhill layout in
order to save the extra cost of material and installation from the paired layout. The design procedure for hydraulic design of
micro-irrigation laterals was revised by considering the determination of appropriate layout. Two design cases covering
various conditions indicated that the best manifold position criterion for determining the appropriate layout is more effective
than the value of ground slope proposed by Keller method. The proposed approach could produce accurate results for
practical purposes. This research could provide valuable information for improving the hydraulic design of micro-irrigation
systems.
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0 Introducti on the energy gradient line (EGL) approach. JIANG,
ntroauction
et al”®, developed a method for designing paired

The chosen of pipe layout is the basis of hydraulic
design of micro-irrigation laterals. The most used
layouts in field micro-irrigation systems are the single

layout and paired layout'' ~*'.

Comparison with the
single layout, the paired layout could both increase the
quality of irrigation and reduce the system energy
consumption. However, the paired layout needs more
investments from the extra materials expenses and
illustration cost. Many researches focus on the
hydraulic design of micro-irrigation laterals. KELLER,
et al''' | proposed the analytical expressions of best
manifold position, inlet working pressure head and

minimum emitter pressure head of paired laterals based
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laterals with emitter at homologous discharge and
allowable maximum and minimum emitter working
pressure head were conditions needed to satisfy, based
on the EGL and dichotomy method. ZHANG'® |
developed an analytical approach for designing the best
manifold position based on the hydraulics with limited
holes in lateral. The inlet spacing ratio of uphill lateral
was considered a design variable for improving the
design results. BATAMONTE, et al'”*' developed a
method for designing the best manifold position,
maximum length and minimum diameter of the paired
laterals. KANG, et al®, developed a numerical

method for designing the paired laterals based on finite
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element method and golden section search method.
Jl0-13

Wang, et a *, proposed another numerical method

for designing paired laterals based on genetic

al'™ ") developed analytical

algorithms. JU, et
methods for designing paired laterals with single
diameter and two diameters based on EGL method.
The simplified analytical expressions of best manifold
position, inlet working pressure head and water
application uniformity indexes were developed. The
design procedure of maximum length and minimum
diameter of paired laterals with the single diameter or
two diameters were also proposed.

KELLER, at al''', suggested that the paired
layout was only applied to the condition that the ground
slope is less than 3% , however, this experience index
lacks theoretical basis. Many domestic scholars
suggested that for the smaller ground slope, it is prefer
to apply for the paired layout, meanwhile, when the
length of uphill lateral is shorter, it is prefer to apply
for the single downhill layout. There were no other
quantitative indexes for guiding the selection of
appropriate lateral layout.

Water application uniformity and inlet working
pressure head are key indexes for evaluating the quality
of irrigation and system energy consumption''’. Based
on the existing hydraulic model of micro-irrigation

laterals 1%

this paper analyzed the effects of
selection of paired layout and single layout on the water
application uniformity and inlet working pressure head.
Then, a selection criteria of the appropriate layout of
micro-irrigation laterals was proposed. Furthermore,
the design procedure for the micro-irrigation lateral laid
on uniformly sloping ground was revised by applying

the appropriate layout.

1 Analytical model of design parameters of

micro-irrigation laterals

1.1 Paired laterals

Micro-irrigation paired laterals are consist of the
uphill and downhill laterals. After flowing into the
lateral from the manifold, water flow along the uphill
and downhill laterals, respectively. Assuming that the
system’ s hydraulic characteristics and the ground slope
are the only factors affecting the water application
uniformity, the pressure head variation occurs due to

the combined effect of friction head losses and the

changes in elevation. The design equations of emitter
flow variation ¢, and inlet working pressure head of
paired laterals h,, (m) were developed based on EGL
method " ;

xAH,
q, =2, , (1)
hy =h, + (’"”R"'*wlRJ)AH (2)
op = 1 a2 7 F
in which,
R +R,J] (0<J<(1-R)")
L ( _ m <L+1)
A= 2,7 (I-R)"<JST5= ) 3y
o m+1 < m+l)
Lu)
RL= Ll (4)
AH =FCFSKL(qu)'" P 1
F D’ c= il
X AH;
q, =kh} ]_AHF AH, =S,L
c, =1 +L c, = m
I m T (m+1)0

where, A —dimensionless parameter for calculating
emitter flow variation of paired laterals
x—emitter exponent
AH,—total energy losses by friction along the
single inlet downhill lateral with the
same length of paired laterals, m
F . —Christiansen’ s correction coefficient for
friction head loss computation in finite
number of multiple outlet pipes'"”’

F —amplification factor to be applied to the
friction losses in the uniform lateral
sections accounts for the effect of local
energy losses due to emitter connections,
usually, it is 1. 10 —1.20""®

K—combined units coefficient and roughness
coefficient

N—total number of equally spaced emitters for
the entire lateral

L—total length of the paired laterals

q,—design emitter discharge, L/h

k—emitter flow constant coefficient

b—diameter exponent

D—internal diameter of the lateral, mm

h,—design emitter pressure head, m

J—pressure loss ratio
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AH;—energy gain due to slopes along the
single inlet downhill lateral with the
same length of paired laterals, m
S,—ground slope assumed to be uniform along
the lateral, S,=0
¢,, c¢,—calculation parameters'™ | for m =
1.75, ¢, =1.571 and ¢, =0. 357 ; for
m =169, ¢, =1.592 and ¢, =
0.350; for m =1.00, ¢, =2.00 and
¢, =0.25
m—velocity exponent
R,—dimensionless parameter of best manifold
position
L,,—length of the uphill part of the paired
laterals, m
The values of coefficients m, b and K under
different flow regime can be determined from GB/T
50485—2009"""".
The analytical expression of parameter R, was'""’

_J m+2
T2 m+1

For velocity exponent m =1.00, Eq. (5) could

(1 _RL)m+1 _RZH-I

(5)

be simplified written as

For velocity exponent m =1.75 or m =1.69, for
the known pressure loss ratio J, Eq. (5) was the
implicit function of parameter R;, which could be
determined by Equation Solver in Microsoft Excel.
Meanwhile, Eq. (5) could be also replaced by the
regression equations from Tab.2 of Ref. [14].

In Ref. [ 14 ], three design cases illustrated that
the design results from Eq. (1) and Eq. (2) were
closed to those of other methods, which indicated that
the accuracy of the analytical model of paired laterals.
1.2 Single downhill lateral

The single downhill lateral was a single inlet
lateral perpendicular to the manifold and laid on
downhill ground. Based on EGL method'', the
emitter flow variation ¢, and inlet working pressure

head of the single downhill lateral h, (m) could be
expressed by

xAH,
qu_)\x hd (7)
m+1 1
ho =g+ (P50 -0 )Am,(®)

in which,
1 —J+e,J7 (0<J<1)
A =96,J0 (I<J<m+1) (9)
J-1 (J=zm+1)
where A —dimensionless parameter for calculating

emitter flow variation of a single inlet

downhill lateral

2 The effect of lateral layout on the design

parameters of micro-irrigation laterals

Water application uniformity and inlet working
pressure head are the basic design parameters for
micro-irrigation laterals. Compared with the effects of
two layouts on water application uniformity and inlet
working pressure head, the selection criterion of lateral
layout from the points of view of irrigation quality and
energy consumption are proposed.

2.1 Water application uniformity
Emitter flow variation is one of the most used

U4 Tn order to

index of water application uniformity
analysis the difference between emitter flow variation of
the paired laterals and single downhill lateral, a
parameter r,, was defined as
r, = (1-@)“00% (10)
q“\'
Parameter r , represents the reduced percentage of
emitter flow variation of paired laterals compared with
that of the single downhill lateral. Obviously, the

greater r, , the greater reduced percentage of ¢, to q,,.

Subqsrt,ituting Eq. (1) and Eq. (7) into Eq. (10),
and rearranging, r,, could be expressed by
rql,z(l—f\";)xloo% (11)
According to Eq. (3), Eq. (9) and Eq. (11),
Fig. 1 showed the relationship between the parameter
r,, and best manifold position R, .
From Fig. 1, when best manifold position R, <

0.13, r, =0, on the other hand, when R, >0.13,

r, >0, r, increases as the increasing R,. For m was

qu

1.75, 1.69 and 1.00, the maximum value of r, was
85.13% , 84.50% and 75% , respectively, which all
occurred when R, =0. 50.

According to Fig. 1 and the definition of parameter
r,.» when best manifold position R, <0. 13, the emitter
flow variation of paired laterals will be equal to that of

the single downhill lateral. Under this condition,
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Fig. 1

Relationship between comparison parameter r,,

and best manifold position R,

comparison with the single downhill lateral, the
application of the paired layout will increase the
investment by the extra materials expenses and

illustration cost. On the other hand, when R, >0. 13,
the paired layout will decrease the emitter flow
variation and increase the water application uniformity.
Especially, for the flat ground, it is preferred to use
the paired layout.
2.2 Inlet working pressure head

In order to analyze the difference between inlet
working pressure head of the paired laterals and single

downhill lateral, a parameter r, was defined as

Parameter r, represents the reduced percentage of
inlet working pressure head of paired laterals compared
with that of the single downhill lateral. Obviously, the
greater r, is, the greater reduced percentage of h, to
hy, 1s.

Substituting Eq. (2) and Eq. (8) into Eq. (12),

and rearranging, r, could be expressed by

m+1 mal J AH,
(R =Ry |5 .
r, = X
h 1+ (m-’,—l_i )AHﬁ (4
m+2 2 h,

(13)
Based on Eq. (1), when designing the paired
laterals, it should satisfy that
AH, _q, _h,
h,
where, h,—emitter pressure head variation
According to Eq. (3), Eq. (5), Eq. (13) and
Eq. (14), parameter r, was only affected by velocity

(14)

XA A

P P

exponent m, emitter pressure head variation h,, and
R,. Fig.2 the

relationship between the parameter r, and best manifold

best manifold position showed

h .. . .

0 osition R, for velocity exponent m is 1.75, 1.69

= (1 —h—") x 100% (12) P L y exp ' ’
0s 1. 00.
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Fig.2 Relationships between comparison parameter r, and the best manifold position R,

From Fig. 2, for the same emitter pressure head
variation h,, parameter r, increases as the increasing
R,.
0.13, r, <3%, when R, =0.50, for m is 1.75,
1.69, 1. 00, the maximum value of r, was 16. 84% ,
16.09% and 8. 82% , respectively. In Fig. 2b, when
the best manifold position R, <0.13, r, <5% , when
R, =0.50, for m is 1.75, 1.69 and 1.00, the
maximum value of r, was 28.12% , 27.04% and
15.79% , respectively. In Fig.2¢, when best manifold
position R, <0.13, r, <7% , when R, =0.50, for m

In Fig. 2a, when best manifold position R, <

is 1.75, 1. 69 and 1. 00, the maximum value of r, was
36.21% , 34.96% and 21. 43% , respectively.
According to Fig. 2 and the definition of parameter

r,, when best manifold position R, < 0.13, the
difference between the inlet working pressure head of
paired laterals and that of the single downhill lateral
was limited. Under this condition, it is prefer to use
the single downhill layout. On the other hand, when
R, > 0.13, the paired layout will decrease the inlet
working pressure head and energy consumption.

Based on the above analysis, considering the
irrigation quality, energy consumption and material
costs, the paired layout was priority to be applied when
best manifold position R, >0. 13. For the condition of
R, =<0.13, it is preferred to use the single downhill

layout.
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3 Design procedure of micro-irrigation
laterals by applying the appropriate
layouts

Based on the above analysis, the design
procedures for micro-irrigation laterals was revised by
using the appropriate layout based on the quantitative
criterion. When the diameter D, length L, and other
design parameters of the micro-irrigation lateral are
given, the design procedure for evaluating emitter flow
variation and inlet working pressure head is outlined as
follows

(D Calculate parameters h,, AH;, AH, and J,
based on the known parameters.

@ When velocity exponent m = 1.00, calculate
the best manifold position R, according to parameter J
using Eq. (6), when m is 1. 69 or 1. 75, calculate the
best manifold position R, according to parameter [,
using Eq. (5) through the trial-and-error technique or
the regression equations from Tab.2 of Ref. [ 14 ].

@ When R, > 0.13, the lateral apply for the
paired layout, calculate parameter A, according to
parameters m, R, and J, using Eq.(2) or the
regression equations from Tab. 2 of Ref. [ 14 ].

and  h,,,
h,and AH, , using Eq. (1)

Calculate parameter ¢, according to

parameters m, J, R;, A,

and Eq. (2), respectively.
@ When R, <0.13, the lateral apply for the

single downhill layout, calculate parameter A,
according to parameters m and J, using Eq. (9).
Calculate parameter ¢, and hy, according to

parameters m, J, A, , h,and AH,, using Eq. (7) and
Eq. (8), respectively.

4 Application and verification

To show the accuracy of the proposed approach,
two numerical applications are presented in this
section. Tab.1 shows the know parameters of the
design cases. In the design cases, the lateral is
polyethylene ( PE) pipe, the emitter type is online
pressure-compensating  emitter, the  hydraulic
characteristics of the emitters were tested based on
Ref. [ 18 ], the plant type is vegetable ( Case 1) and
fruit tree ( Case 2).

Based on the design procedure, the design

parameters of the micro-irrigation laterals of two cases

were calculated. All the design results were shown in

Tab. 2.

Tab.1 Input data for design Cases 1 and 2

D/ L/ s/ 94/ So/

Case ¢ Fq k x
mm  m m (L-h™1) %

1 14 160 0.5 1.10 2.40 0.70 0.5 5
2 15 100 1.0 1.10 4.00 1.20 0.5 2

Tab.2 Design results for Cases 1 and 2

Case Lateral layout R, q, hy/m
Paired 0.257 0.107 13.0

! Single downhill 0 0.286 17.3
Paired 0. 108 0.033 11.2

2 Single downhill 0 0.033 11.5

From Tab.2, for Case 1, the best manifold
position R, >0. 13, emitter flow variation of the paired
layout was only 0. 107, which satisfy the requirement
of GB/T 50485—2009"""".

variation of the single downhill layout was greater than

However, the emitter flow

0. 20 which couldn’ t ensure the quality of irrigation.
Meanwhile, the inlet working pressure head of the
paired layout was 25% less than that of the single
downhill layout. Then, even the ground slope S, >
0.03""" | the lateral of case 1 should still apply for the
paired layout.

On the other hand, for Case 2, the best manifold
position R, < 0.13, the emitter flow variation of the
paired layout was the same to those of the single
downhill layout, meanwhile, the difference between
the inlet working pressure head of the paired layout and
single downhill layout was only 0.3 m. Then, even
ground slope S, <0. 03", considering the extra costs
from the materials and installations, the lateral of
Case 2 was more economically to apply for the single
downbhill layout.

Base on the design results in Tab. 2 and other
known parameters, all the emitter pressure head along
the lateral of two cases were calculated by the EGL
method, which were shown in Fig. 3.

From Fig. 3a, when the best manifold position
R, >0.13, the paired layout will greatly decrease the
pressure head variation and inlet working pressure head
than those of the single downhill layout, and then
increase the water application uniformity. From
Fig.3b, when the best manifold position R, <0. 13,
the emitter pressure heads of the downhill part of the
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Fig.3 Pressure head distribution along the
micro-irrigation lateral
paired laterals were close to those of the single downhill
lateral, the differences of emitter pressure head
variation and inlet working pressure head of the two
layouts were limited. Combining the results from Tab. 2,
it can be proved that the proposed best manifold
position R, = 0.13 as the selection criterion of
appropriate layout of the micro-irrigation laterals were

feasible and reliable.

5 Conclusions

(1) Based on the hydraulic model of micro-
irrigation laterals, two parameters r, and r, were
respectively defined to describe the difference of the
emitter flow variation and inlet working pressure head
between the paired layout and single downhill layout.
By analyzing the effects of two layouts on emitter flow
variation and inlet working pressure head, the best
manifold position R, was proposed as the selective
parameter. When R, >0. 13, it is preferred to use the
paired layout, on the contrast, it is more economical to
use the single downhill layout.

(2) The design procedure for the micro-irrigation
laterals were revised by applying the appropriate
layout. By designing two cases, it can be concluded
that comparing with the experience index supposed by
Keller, et al''', the best manifold position criterion
was more effective for choosing the appropriate layout.
The design procedure were simple and easy to use,
which could be directly apply for the micro-irrigation

engineering designs.

(3) The proposed criterion of appropriate layout
were also suitable for designing the maximum length or
the minimum diameter of the micro-irrigation laterals.
The criterion of appropriate layout for the tapered

laterals needs to be researched further.
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Abstract; The chosen of lateral layout is the basis of hydraulic design of micro-irrigation laterals.
A simple and easily adaptable analytical approach was developed for the hydraulic design of micro-
irrigation laterals laid on uniformly sloping grounds based on the appropriate layouts. Two indictors for
comparing the emitter flow variation and inlet working pressure head from the paired layout and single
downbhill layout were proposed based on the analytical models of micro-irrigation laterals. By evaluating
the effects of micro-irrigation laterals layouts on the emitter flow variation and working pressure head, the
application condition for paired layout was suggested as the best manifold position is not less than 0. 13.
When the best manifold position is less than 0. 13, the micro-irrigation lateral was proposed to use the
single downhill layout in order to save the extra cost of material and installation from the paired layout.
The design procedure for hydraulic design of micro-irrigation laterals was revised by considering the
determination of appropriate layout. Two design cases covering various conditions indicated that the best
manifold position criterion for determining the appropriate layout is more effective than the value of ground
slope proposed by Keller method. The proposed approach could produce accurate results for practical
purposes. This research could provide valuable information for improving the hydraulic design of micro-
irrigation systems.
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Tab.1 Input data for design case 1 and case 2
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Tab.2 Design results for design case 1 and case 2
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