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Abstract

sprinkler and each reach to irrigate an annular area.

with the method of the continuous outflow distribution.

This paper presents efficient closed form expressions, based on the discrete outflow distribution, to compute the
friction head loss and the friction correction factor in center-pivot laterals divided into several reaches. Since such
formulas cannot be found in the literature, we develop these expressions based on the discharge required by each

These expressions can be used in center-pivot laterals with and without end gun sprinkler and with and without
closed outlets at the beginning of the lateral. Moreover, these expressions also allow to compute the head loss
between the last outlet and the end gun sprinkler usually neglected by another investigators.

These expressions were developed for center-pivot laterals with: 1) a single diameter and with constant spacing
between sprinklers along the lateral and 2) a single diameter and a lateral divided into several reaches where the
spacing between outlets is constant but the spacing is different in each reach.

This apparently complex method is easy to implement computationally and easy to understand. It can be applied
using the Hazen-Williams, Scobey or Darcy-Weisbach friction loss equations.

An application using the Hazen-Williams equation to compute the friction head loss for a center-pivot divided into
three reaches is presented. The results obtained with the method of the discrete outflow distribution are compared

Keywords: Fluid mechanics; Center-pivot systems; Friction
correction factor; Friction head loss; Laterals with several reaches

Nomenclature
A=annulus area;
¢, =constant in (5);
cZ:constant;
D=internal diameter of lateral;
d=distance of the end gun sprinkler from last sprinkler;
E =irrigation application efficiency;
F, =Friction correction factor;
h,, maximum irrigation depth;

h,,,=triction head loss between the beginning of segment 1 and

the end segment n;
N, =number of irrigation days per week;
n=number of open outlets / segments;
Q,,(i)=flow rate in the pipe at the segment i;
Q,,(s)=flow rate in the pipe at the coordinate s;
Q,=discharge of end gun sprinkler;
Q,=discharge at the beginning or end of the reach i
Qaztotal inflow rate in lateral;
g;=discharge of sprinkler j;
R, = radius of the irrigated basic circle;
R, = big radius of the irrigated annulus area;

R, = less radius of the irrigated annulus area;

r_variable of integration with respect to distance;

r=distance from pivot to sprinkler at point j;

r,=radius of dry area;

S riction slope;

s, =spacing between sprinklers;

T, =minimal time period required for one revolution of the system;

a= exponent of velocity

p=roughness factor;

y=exponent of diameter;

A= coeflicient in (29) and (40);

&= coefficient in (13);

p =integration (auxiliary) variable;

y =coefficient in (10) represent the ratio between Q, and Q.
Introduction

Center-pivot irrigation systems are designed to irrigate big surfaces.
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This irrigation system is widely used in United States, Canada, European countries, etc. Moreover, the rate of increase in the area irrigated by this
irrigation system is highest among all existing irrigation systems.

Since the area irrigated by this irrigation system is usually a large surface, some attention must be paid to irrigation uniformity. High irrigation
uniformity requires an appropriate selection of the sprinkler discharge along the lateral. Moreover, to avoid problems associated with large nozzles,
it is typical for the lateral to be divided into several reaches where the spacing between sprinklers is different in each reach.

Choosing the sprinklers along the lateral requires good knowledge of the head distribution in the lateral which, in turn, requires good knowledge
of the friction head loss along the lateral.

Many contributions have been given by several investigators to improve the center-pivot sprinkler irrigation systems.

Kincaid and Heermann [1] and Chu and Moe [2] presented methods for computing the pressure distribution along the laterals operating on
level fields.

Reddy and Apolayo [3] derived a friction correction factor (F Ef) for center-pivot laterals as a function of the number of outlets using the Hazen-
Williams equation to calculate the friction head loss.

Scaloppi and Allen [4] used a differential approach to solve hydraulic problems of various types which simulate the pressure head distribution
along the lateral and the friction head loss.

Anwar [5] developed an expression to the friction correction factor for center- pivots without end gun sprinkler. Later, Anwar [6] presented
the first explicit expression to the friction correction factor for center-pivots with end gun.

Valiantzas and Dercas [7] developed analytical equations for direct hydraulic analysis of a multidiameter center-pivot lateral with and without
an end gun.

All the above references assumed equal spacing between outlets and between the first open outlet and the pivot. Usually, the distance from the
pivot to the first open outlet is longer than the distance between outlets due to the presence of several closed outlets. Moreover, when the center-
pivot lateral has an end gun, the friction head loss in the distance between the last sprinkler and the end gun is neglected by several investigators.

Tabuada [8] developed closed form expressions and analytical expressions (the last based on the Hypergeometric function) characterizing the
friction head loss of center-pivot laterals with and without closed outlets at the beginning of the center-pivot lateral and with and without end gun
sprinkler where he considered friction head loss also in the distance between the last outlet and the end gun sprinkler.

For a center-pivot lateral divided into several reaches the existing literature does not present expressions to solve this problem.

In this paper, we propose general expressions, based on the discrete outflow distribution, for the computation of the friction head loss and to
obtain the friction correction factors in center-pivot laterals with and without closed outlets at the beginning of the center-pivot lateral and with
and without end gun sprinkler.

These expressions are based on the discharge required by each sprinkler and each reach to irrigate an annular area.

The friction head loss based on the discrete outflow distribution is compared with the values obtained based on the continuous outflow
distribution.

Sprinkler discharge

The center-pivots can use different kinds of sprinklers. The choice of sprinklers is based on the soil infiltration rate and the shape of the water
application rate profile.

Sprinklers can be installed using equidistant or variable spacing. In the case of equidistant spacing, the water flow per sprinkler increases from
the pivot to the end of the lateral. When variable spacing is used, the distance between sprinklers decreases from the pivot to the end of the lateral
while the water flow per sprinkler is kept constant.

To avoid problems associated with large nozzles, sometimes the lateral is divided into three or four reaches, and a different uniform spacing is
used in each reach [9].

Tabuada [8] showed that the discharge (q)) for each sprinkler located at the point j where the radius of the center-pivot for this point is r, (Figure
1), can be obtained by:

2z 71 147

qj r/' Ssp Max = r_'j Ssp Max (1)

- Tmr Ndw Ea

Where 2 radians is the angle described by the center-pivot, T is the minimal time period required for one revolution of the system, N, is
the number of irrigation days per week, E . is the irrigation application efficiency, S, 18 the spacing between sprinklers, and h,, represents the
maximum irrigation depth.

If the irrigation interval is greater than seven days then 7/N, = 1.

Equation (1) is an improved expression and is similar to an equation proposed by Heermann and Hein [10] and later by Mohamoud et al. [11].
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Figure 1: Schematic diagram of a lateral divided into n segments where is shown the spacing between sprinklers (S, ), outflow along the lateral (q,,...,q,), inflow (Q)

and outflow (Q,) that represents the discharge of the end gun, the flow rate [Q,(i)] into segment i (in this case i= 4) and the distance between the last sprinkler and
the end gun sprinkler (d_,): without an end gun; with an end gun.

End-gun discharge

Many center-pivots are designed with an end gun at the end the lateral to extend the irrigated area, therefore the discharge of an end gun
sprinkler (Q,) is the discharge required to irrigate an annular area at the end of the lateral.

The discharge of the end gun sprinkler (Q,) is a fraction (y) of the total system flow rate (Q ). They can be related as follows:
0, =0, with ¥ =[0;1] @
In the Figure 1 is shown a schematic diagram of a lateral for the discrete outflow.
Flow rate at any point along a lateral

In order to calculate the friction head loss we need to know the flow rate at any point along the lateral. This can be done by the discrete outflow
distribution (DOD) or continuous outflow distribution (COD).

Discrete approach: 1) with single diameter and constant spacing along the lateral: For a discrete distribution of the outflow, the flow inside
every segment i (Figure 1), in a lateral with n segments (or # open outlets), is given by [8]:

i—1

Qda’(i) =0, - C]Sspzrj 3)

Jj=1

With Qdd(l) = QO and:

n n 1 n )
QO = Qe +Clsspzlkj = WQO +c1Sspzlrj :mclsszpzl(é: +] _1) =
J= J= J=

4
1 n—17+mn-1
- s | né + (=) + (=D
P
-y 2
where j represents the number of open outlets and i the number of segments on the pipe until the section with coordinates § = r; and
I
§ =L and:
Ssp
27 7 1 3 147
G = - M = 'Max (5)
mr Ndw Ea Z?erdWEa

Also for the various segments, Tabuada [8] presented the following equations:
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- Qdd(l) = Qo
Qdd(2) Qo CiSpt oS
.0 =0 =0 | =l = |1 -2
e 0 QO ' Qo ’ Qo
¢S, (2r+s_)
0.5 =0, _W
...... B | | |
CISSP (l - 1)1’1 + Z(-] - l)ssp Clssz (l - 1)5 + (l _ 2) + (l — 2)
=1 P )
Qdd(i) = Qo 1- QO _ Qo 1— QO
for i>2
lsfp[(i—l)f{(i—mz(i—@zﬂ e
Q) =0)¢1- " = 1 ~0,41- (ll— Ve +i"—3i+ »
7clssz [nf +(n—)+(n—)} —(2né+ 2 —n)
-y 7 2 -y

At the beginning of the lateral there is, usually, one or two (sometimes three) closed outlets, therefore the first segment (r,, Figure 2) is longer
than the remaining segments. This creates a dry area. This segment (r,) is correlated with the distance between sprinklers, s_, that is:

K @)
1 _ —
- g = h= §S sp
sp
where § is the coefficient that must be multiplied by s, to obtain r,.

2) With single diameter but with the lateral divided into several reaches where the spacing between sprinklers is different but in each
reach the spacing is kept constant: Consider now a pipe of length R (Figure 3) divided into three reaches (only) with an inflow of Qo at the inlet

e

.

Figure 2: Photo of the center-pivot beginning showing three closed outlets.
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Figure 3: Representation of the center-pivot lateral with three reaches (L, L, and L,)where each L, has a different spacing (sspi).

|

and an outflow of O , at the outlet and where the open outlets are represented by m,, m, and m, in each reach. Using the same procedure used to
obtain equation (7) we have for this case:

14
11 _ —
=§=>nh, = flsspl Sepo
1 = =
v 54 = SspZ §4S5pl
4P _ _ Sspl
=5 =>n= §2Ssp2 and ©)
sp2 S
sp3 _
7is - 65 - Ssp3 - §5ssp1
=& =K, = §3SSp3 Sepl
Ssp3

The flow inside every segment in a center-pivot lateral with three reaches, can be obtained, for each reach by:

m=3 i—1
o — —C S
Quain =% 9 2 Ssp1 = T ©a)
=1 j=1
with Qddl(l) = QO (for first reach)
Qddz(l) = Qel (for second reach)
Qdd3 D = QeZ (ford third reach)
n
and QO = Qel + clssplzrjl (for first reach) (9b)
j=1
n
Qe1 = Qez + ClSsz Z I"j2 (for second reach) 9 ¢)
j=1
n
Qez = Qe3 + CiSsp3 2273 (ford third reach) (9 d)
j=1

where Q, Q,, and Q,, represent the inflow at the inlet of each reach and Q_, Q,, and Q_, represent also the outflow at the outlet of each reach.
They are related between themselves, that is:
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Oe1 =¥1Q0> O =¥20,1 and Op3 =¥30, (10)
where O, = 0,3 in this case.

In this study we assumed that:

1)- the irrigated area by each sprinkler consists of all the points whose distance to the pivot is between r,-s /2 and r.+s_/2 (Figure 4);

2)- the irrigated area by each reach is also an annulus;

m=3
3)- the length of the basic irrigated circle for a lateral without an end gun sprinkler is Rir = |:Z (fl +m, — I)Sspi:| +S spm /25
i=1

4)- there is no overlap between the areas irrigated by each sprinkler;

Sspi | Sspi+l
spi | Zspi
2 2

5)- the distance between the last sprinkler of reach i and the first sprinkler of reach i+1 is Agisl) =

So it is easier, for this case, to compute the discharge of each sprinkler and of each reach as:
O; = 4;cp (11)

with A=7m (ngig - Rlzes) , 6= hMax N E T and where Rbig and R;, represent the larger and the smaller radius of the annulus.
d

For the first reach, for example, Rj,; =1

The irrigated area for each reach is given by:

A =m(RR1* —1}) (122)
A, = 7(RR2* — RR1?) (12b)
A, = 7(RR3* — RR2?) (120)

for the first, second, and third, respectively.

Considering the assumptions referred above, the equations (9 b), (9 ¢) and (9 d) can be rewritten as:

Qy = 75,10, (& +m —140.5) = (& 1+ 0.5)2]1# (132)
— %
2 2 2 1
0, =7s,,.c, {[51 +m =1+ EE +(m, —1+0.5) &, —[& +m —1+0.5] } - (13b)
2
0, = S:Zplcz {|:‘§1 +m =1+ &, +(my — D&, + &8+ (my — 1+ 0~5)§5]2 - [51 +my =1+ &5,&, +(m, —1+ 0-5)54]2}L (13¢)
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Figure 4: Schematic diagram of a lateral showing the irrigated area by each sprinkle and reach.

=S

3o

Irrigat Drainage Sys Eng

Volume 2 + Issue 1+ 1000107
ISSN: 2168-9768 IDSE, an open access journal



Citation: Tabuada MA (2013) Friction Head Loss in Center-Pivot Laterals with the Lateral Divided into Several Reaches. Irrigat Drainage Sys Eng 2:
107. doi:10.4172/2168-9768.1000107

Page 7 of 14

Hence, we can obtain the friction head loss and the friction correction factor for each reach. The internal flow in each segment can be obtained
by:
a) For the first reach:

- Qdd, m = Qo
Qddl(z) } —0 0, —7c, I:(’"u + O'SSspl)z -, - O'SSspl)2]
=%

Qdd] @) — Qo[

(14)
9 &)
Substituting (13 a) and (8) in (14) this becomes:
7Z'S3 ¢ | (& -1—0.5)2 —(& —0.5)2
'Qddl(z):QO 1- ) plz[ : ) : 2] 1
75,16, [ (& +m —0.5)" =(£-0.5) ]ﬁ
1
[(&+1+0.57 = (& -0.5) ]
- Qdd1(3):Q0 1- 1 ) )
[ (&+m—05)7 —(§-05)]
1-y,
(& +i—-1.5) = (& —0.5)
- Ouiy =D 1- 1[ : l ] for (2<i<my) (15)
W[(r; +m, =05 —(&-0.5)’ |
1
b) For the second reach:
- Qddz(l) =0,
_ Qdd2 (2) | _ Qel - ﬂ-c2 I:(rll + mlsspl - Sspl + 7"12 + O‘SSsp2)2 - (’il + mlsspl - Sspl + rl2 - O'SSsp2)2:|
Qddz(Z) =0, Q— =0, 0 (16)
el el

Substituting (13 b) and (8) in (16) this becomes:

L[ (& +m =1+ EE, +0.58,) = (& +m —0.5) ]
- Qddz(Z) =0,11- ]

72,0, {[; by =14 EE, + (my —0.5)E T —[& +my - 0'5]2}1—%

[(&+m =1+ EE+1.58) = (& +m —0.5) |
{[6+m —1+ 68+ m=0.9E] = (& +m 0.5

'Qdd2(3):Qel 1- 1
1-y,
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(& +m 14 &2+ (-19)ET (& +m 057

'Qddz(i):Qel 1- 1 ; 5 for(2=1=m2) (17)
(&4 m =1+ 68+ (m, 05 E] ~ (& +m ~0.5)]

1-

1

¢) For the third reach:

- Qdd3(1) = QeZ

e, [(r11 +ms, =8, + 1y + S, — 8, + 1y +0.55,) — (1, +mys, =, + 7, + ms, —0.552)2}

Qdd3(2) =041 0. (18)
Substituting (13 ¢) and (8) in (18) we have:
0 011 ”Sszplcz {[51 +m =1+ &8, +(my, — D&, + & "'0-555]2 _[é +m =1+ &8, +(m, _0-5)54]2}
ddy(2) — L | 1T 1
”s.\z'pICZ {|:§1 +m, - 1+ 5254 + (mz - 1)54 + §3§5 + (m3 - 0-5) §5 ]2 - [51 +m - 1+ 5254 + (mz - 0'5)54]2}J
3

(64 m =14 88+ 0m ~DE + E& +15E] —[6+m —14E&,+ (m ~0.9ET |

1!//{[51 =1+ EE 4y =DE + E& + (m =05 =[& +m ~1+ E&, + (m,~0.9)ET |

1-
{[64m =1+ &E +0m ~DE + E& +A-19ET ~[&+m —1+ &E +(m, ~09)E T
{[é +m, - 1+ 5254 + (mz - 1)54 + 5355 + (m3 - 0-5)55]2 - [51 +m; — 1+ 5254 + (mz - O~5)§4]2}

o
1-y;
for(2<i<mj3)(19)

On the other hand, the lateral length with a single diameter and constant spacing along the lateral is related with (7) and also with n segments
through the expression:

R

R:r1+(n—1)ssp:s(§+n—1):>ssp:ﬁ
+n—

(20)

In the case of a lateral divided into three reaches, the lateral length (R = L + Ly + L3) is related with (8) and with m , m, and m, which
represent the number of the open outlets in each reach, that is:

L, L,

—_ s, =———— and S, = ———— (1)
sp > sp2 sp3
B & +m,—1 & +my—1

Continuous approach: 1) with single diameter and constant spacing along the lateral: For a continuous outflow distribution (COD) and
considering all details of the center-pivot laterals, Tabuada [8] developed analytical expressions to compute the friction head loss. These expressions
are based on the Hypergeometric function.

For this situation (Figure 5) the outflow dQ on an infinitesimal irrigated area (da) at the distance p from the pivot point is given by:

dQ=q=cpdp (22)

where dp is the infinitesimal spacing and c| is given by equation (5).
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Figure 5: Schematic of the center-pivot lateral divided into three reaches (L,, L,and L, showing the outflow through an imaginary unidimensional opening (E ),

(distribution discharge) and through the sprinklers, the infinitesimal area ( do ) where the flow dQ is discharged, the dry area radius (r,) and the radius at the beginning
of each reach (r,,, r,andr,,).

For a center-pivot lateral with closed outlets at the beginning of the lateral, the discharge [ Q_,(s)] in the main line at distance r can be given by:

0.(5)=0, - [apdp=0, =" ~1}) (3

To

C
with Gy =0, +31(R5d — 1 02) (24)

Substituting (2) in (24) and after (24) in (23) this becomes:

1"2—7"2
ch(s)zQO 1_(1_l//)122—;‘2 7"0 S’/'Slecd (25)
ed — 10

ii) With single diameter but with the lateral divided into several reaches where the spacing between sprinklers is different but in each reach
the spacing is kept constant: For this situation, since we are assuming no overlap between the area irrigated by sprinkler i and the area irrigated by
sprinkler i+1, equation (25) can still be used.

Friction head loss: In this study the friction head loss at any segment along a lateral is calculated by the expression:
S, = BD70%(s) (26)

In (26), ﬂ is the roughness factor, which we assume to be independent of s, D represents the internal diameter of the main line, and 7 and
¥ are exponents obtained from the formula used to compute S ’

Discrete approach: i) with single diameter and constant spacing along the lateral: For a single diameter, taking into account (6) and (26), the
head loss can be computed segment by segment [8] as:

- segment 1 hr(l) = ﬂDng”l = ,BDVQ(!)ZCSSW

a

[ —1)E+i* —3i+2
-segmenti ., = BD'Ofs,, 2 Jo ti : (27)
(@) 1
——(2né+n’ —n)
-y

So the total friction head loss between the beginning of segment 1 and the end of segment #, is given by:
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a

r(l " zSﬁ[’i"'(” I)Ssp:' ﬁD7Q0 s, §+Z 1 1)§+l —-3i+2 08
1_7(2n§+n —n)

If  #0, in equation (28), then the center-pivot lateral has an end gun sprinkler and then we have to consider the friction head loss in the

distance between the last sprinkler and the end gun (d,, Figure 4) given by pD’ Q:‘deg =BD"y QO As o and equation (28) becomes:

a

-1 -3i+2
hye, = BD'O) R et Z 1 AR AT (29)
(’C ——(2né +n*—n)
-y
where deg =ﬂSYp =1L
‘ (E+n-1)

ii) With single diameter but with the lateral divided into several reaches where the spacing between sprinklers is different but in each reach
the spacing is kept constant:

Following a similar procedure as before we have:

a) First reach:

- segment 1 hr (1) = ,BD7Q(()17'11 = ﬁDyQ(I)Zé:ISspl

[(&+i-1.57 (£ -05)]
_lw (& +m -057 ~(£-05)]

- segment 2 hr (2) = ﬂDyQ(?Sspl

(& +i—1.5)° —(& —0.5)
- segment i hr ()= ,BDngSspl 1- [ : . } (for 2<i<m,)

_L[(; e —0.5)° (& -0.5)"]

So the total friction head loss between the beginning of segment 1 and the end of segment 1, is obtained by:

hr(Ll):ﬁDyggsspl 51 +mzl 1— 1|:(§1 +i—1.5) —(51 —-0.5) ] 0
- [(&+m—05) —(£-0.5)]

For the friction correction factor, after substituting (21) in (30) we have:

R
Frml T E L @ m 057 (6 -05)]

:F;f(a’mlagpl//l) (31)
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b) Second reach:
- segment 1 hr )= ﬂDyQZ’iz = IBDyQ(I)zéZstpZ

- segment 2

h,(2)=BD" Qs 11— 1 [(51 +my—1+&E,+0.58,)" — (& +m, —0,5)2]

7[(51 +my =1+ &, +myé, —0.58,) (& +m, _0-5)2}
-y,

-segment i
a

h(i)= BD'O%. 41— [(&+m —1+&¢, +(i—1-5)§4]2 —(&+m, —0.5)°
' 1_11//[(61 +m =1+ EE +méE, —0.58,) — (& +m, —0.5)2]

(for2<i<m,)
The total friction head loss, in the second reach, between the beginning of segment 1 (Figure 3) and the end of segment 1, is given by:

a

. 2 2
n2 +m, —1+ +(i-1.5 — (& +m 0.5
hr (Lz) — IBD;/ :isspz 52 + Z 1 _ 1 [(51 ml 5254 (l )54] (51 m] ) (32)
- 1- 4 |:(§1 +m = 1+ 5254 + m2§4 - O~5§4)2 - (fl +m = 0'5)2j|
2
And for the friction correction factor, after substituting (21) in (32) we have:
1 2 +m =1+ EE + (15T = (& +m, —0.5)
F/ZC :m £+ Z 1— 1 [(51 1 5,8+ ( )54] (fl | ) : =F, (a,m,m,,&,8,.v,) (33)
2 +m, = W[(51 =1+ EE, +mE, —05E) = (& +m —0.5) ]
2
for inflow inlet equal to Q,or:
N U [ +m —1+&& +(-1.9E] (& +m -0.5) e (34)
fe = _ 27, 1 !
Grm TSN L Gt g e me 0550 -6 -0
2

for inflow inlet equal to Q,.

¢) Third reach:

-segment 1 1 (1)=BD"O%n, = ﬂDng§3ssp3

- segment 2

h(2)=BD'Q%s. 11— [(51 +m =1+ 85&, +(my —DE, +E& + 0-5685]2 - [51 +my =1+ 8,8, +(m, — 0-5)54]2

r - e2”sp3 1
-y {|:(‘§| +m =1+ &, + (my =D&, + &S + (my — 0.5)&; ]2 - [é:l +m =1+ &E, +(my — 0-5)54]2}
3

- segment i
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hy(l.)zﬂDyQ:zSW - . [(gl+m171*5254Jr(mz71)§4+§3§5+(i71~5)§5] 7[51+m171+§2§4+(m270'5)§4] (for2£i$m3)

{[(51 +m =1+ &8, +(m, =D&, + &85+ (my — 0-5)985]2 - [51 +m =1+ &8, +(m, — 0.5)54]2}

]_

The total friction head loss, in the third reach considering the friction head loss in the distance d,, also, is given by:

h,(L3)=ﬂD’VQ:tZSV,3 §3+§: 1— [(é +m 71+§2§4+(m2 71)9&44'5355 +(i71 5)9":5]2 7[51 +m 71+§254+(m2705)§4]2 +ﬁ.l//3‘l (35)
= [ {[(é‘:l +m =1+ &8, +(m, — D&, + &+ (m; - 0. 5)55] _[é:l +m =1+ &8, +(m, — 05)54] }
For the friction correction factor, after substituting (21) in (35) we have:
Ffi _ 1 §3+§ 1- l [(§1+m1 _1+§2§4+(m2_1)§4+§3§5+(i_1-5)§5] _[§]+ml_1+§2§4+(m2_0‘5)§4] + Ayl
tm =l = 1 {|:(§1 +my =1+ &8, + (my =&, + &+ (my — 0.5)¢; ]2 - [‘581 +my =1+ &8, +(m, - 0-5)54]2}
—Ys
:Ef(a:mlamzam35§1>§29§37§47§57‘ﬂ371) (36)

for inflow inlet equal to Q_, or:

(37)

IR N 1 - [(G+m 1488 +(m =D& +E&+(-1E] ~[§ +m 1+ 56 +(m ~05)& T s Ay by

R B {[(§1+ml L+ EE+ (m =D&+ 68+ (m,~05)ET =[& +m —1+ &£, + (m, ~09)E ] |

for inflow inlet equal to Q,.

Taking into account the inflow at the inlet in each reach (Q,, Q, and Q) or the inflow at the inlet in the first reach (Q,), the friction head loss
in each reach can be obtained by:

h,(L) = BD’Qf LF, (382)
h(L,) = BD'Q4L,F; = BD Q5 L, Fyy} (381)
h(Ly) = BD"QLLFy = BD Q5 LF 'y (38

Continuous approach: i) - with single diameter and constant spacing along the lateral: For this situation the flow rate in the main line is
given by equation (25). So the friction head loss along a lateral between section r and 7 = 5, is given by the integration of the equation (25), that is:

o P22 ¢
h(s)= D70} [ |1=(-y)o—ts | dr (39)
=5 ed 1o

The solution of (39) depends on the a exponent value, a=2, as in the Darcy-Weisbach or Chézy equation, or a=1.852, as in the Hazen-Williams
equation.

In this study we only consider the case of a=non integer real value since when a is equal to 2 the integration of the equation (39) yields an
analytical expression.

Tabuada [8] studied the friction head loss for a=2 and for a # non integer real value and for several cases: center-pivot laterals with and
without an end gun sprinkler with and without close outlets at the beginning of the center-pivot lateral and he showed that for this situation, a #
non integer real value and for a center-pivot lateral with an end gun sprinkler, the friction head loss is given by:

2 2 _ 2% _ 2
h(s)= poroe | R =l T2V | gl s gy s AZW0S
Ry =15 Ry =1 +(1=w)rg
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R, -2 +(1-y)? | 1—y)r?
S [l Gl 720 (1 PO S N 2 U P S (40)
Ry =15 R, =15 +(=y)rg :
1-y)s’ 1—y)r}
where £'| 0.5,—;1.5; ) ( 2 V) > | and F|0.5,-a;1.5; 2 ( 2 U 3 | represent the Hypergeometric
function. Ry =15 +(1—l//)7"0 Rcd —% +(1—l//)l"0

ii) With single diameter but with the lateral divided into several reaches where the spacing between sprinklers is different but in each reach
the spacing is kept constant: It follows from assumption 4) that equation (40) can also be used in this case.

Comparative Analyses
To illustrate the proposed methods we consider a center-pivot lateral with an end gun sprinkler and with the following characteristics:
- Length: L=L, + L, + L,=460.5(L,=144 m, L,=153 m and L,=163.5 m) for DOD and with L=462 m for the COD;

- Spacing: Sept = 12m, § - =6mand Ssp3 =3 mand Q,=109.29 L/s, Q,=98.89 L/s and Q ,=67.66 L/s;

sp2
- Distance between the last sprinkler of the reach i and the first sprinkler of the reach i+1: r|=r, +s_ /2=12 m (at the beginning of the lateral,
with =6 m), r,=s_ /2 +s /2=9 mandr =s /2+s /2=4.5 m. This is based on the assumption that the irrigated area by each sprinkler is an

annulus with a width equal to the distance Sy
- With an end gun sprinkler (Q,_10.53 L/s) and for hMax =8 mm, T, =22h, Ndw =6 daysand E, =80%;
- =1.852, =- 4.87 and CH=135 (assumed).

The friction head loss computed using equation (40) (COD) and using equations (30), (32) and (35) (DOD) is presented in the Figure 6. To
obtain the values of the friction head loss using the Hypergeometric function we can use any mathematical software such as Mathematica.

Figure 6 shows that the difference of the friction head loss calculated with COD and with DOD is neglected.

Tabuada (2011) verified that to irrigate a similar area with a center-pivot without an end gun sprinkler the difference between the values of the
friction head loss obtained for a center-pivot with end gun and without end gun sprinkler is small. This is verified when the discharge of the end
gun sprinkler is similar to the discharge distributed by m sprinklers (q,,, +....q,,,, toirrigate a similar area. On the other hand to irrigate the similar
area without end gun sprinkler it is necessary to increase the number of sprinklers (or outlets) on the lateral and therefore the friction correction
factor (F ) decreases as well as the friction head loss.

Summary and Conclusions

This paper presents efficient closed form expressions to calculate the friction head loss and the friction correction factor using the discrete
outflow distribution.

hr=cont
O hr=disc

30 el
25 ead
20 N

15
10 f

0 T T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450 500

Accumulated friction head loss (m)

Distance from pivot (m)

Figure 6: Friction head loss along the center-pivot lateral.
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Friction factor expressions are developed using the inflow at the inlet in each reach and the inflow at the inlet in the first reach only.
The method developed in this paper is based on the discharge required by each sprinkler and each reach to irrigate an annular area.

This proposed procedure can be used in center-pivot laterals with and without end gun sprinkler and with and without closed outlets at the
beginning of the lateral.

This apparently complex method is easy to implement computationally. After to arrive at a decision about the number of the reaches on the
lateral and after to know ¢ and m, values, the computation of the friction head loss using equations (30), (32) and (35), for example, becomes at the
solution of sums and products.

It can be applied using the Hazen-Williams, Scobey or Darcy-Weisbach friction loss equations.
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