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IDEAL DESIGN OF LOW-HEAD
COILED-TUBE IRRIGATION

El-Sheikh I. H. *, Rashad M. A. ** and Rabea A. H.***

ABSTRACT

In low-head tube irrigation, water is applied to the soil surface as a little
stream, typically from a small-diameter tube without filtration. The
objective of this study were coiling the tube to overcome its lengths
problems and developing mathematical model to design the lateral of
low-head coiled-tube irrigation with full water application uniformity.
Constructing the model include input data under determined operating
conditions to get the optimum design. The design model was developed to
identify lateral length (L), coiled-tube lengths (C,) and pressure heads
(Cy). by using the input data of lateral inside diameter (Lp), coiled-tube
inside diameter (Cip) and discharge (Cg), tube interval distances (Cs),
soil surface slope (%), and water temperature (Ty). The optimum design
example was presented to three coiled-tube diameters of 3.8, 5.2 and 6.8
mm under upstream low-head pressure (Lho) of 0.5, 1.0 and 1.5m for
predetermined tube discharges. The results show that the effect of each
parameter in the design output.
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INTRODUCTION

icroirrigation includes any localized irrigation method that

slowly and frequently provides water directly to the plant root

zone. The slow rate of water application at discrete locations
with certain operating pressure at only a portion of the soil volume in the
field can result in relatively low-cost water delivery systems, with a
higher uniformity coefficient, as well as reductions in water diversions
compared to other irrigation methods, in addition to, more economical
and sustain the increase of both cultivated land and populations (Lamm
et al., 2007 and Amer, 2011).

“Prof., ™ Associate Prof. and =~ Agricultural Engineer, Agric. Eng. Dept.,
Fac. Agric., Suez Canal Univ.

Misr J. Ag. Eng., November 2017 -2141 -



IRRIGATION AND DRAINAGE

Low-head tube irrigation is a microirrigation technique that enables us to
save water, energy, less laborious and more efficient irrigation can be
achieved (Ngigi, 2008). The flow rate through the tube is very sensitive
to changes of pressure head (Hull, 1981). To maintain equal discharge
from all tubes, require same pressure head at each tubes outlet. The tube
pressure heads can be adjusted according to the pressure distribution
along the lateral line. The length of each tube was calculated by
subtracting the head friction losses in the pipes and the change in length
from the static head (Rawlins, 1977). The total frictional head losses
produced is inversely proportional to the tube length. The characteristics
of tube and the friction losses along the lateral are the main data for
optimum lateral design. The objectives of this study are:

1- Overcome the practical problems from the tube lengths and increase
lateral length by increasing the pressure losses from coiling the tube .
2- Construct a model to design an optimum lateral of low-head coiled-
tube irrigation.
MATERIALS AND METHODS

Hydraulic theory

To solve out the problem of using coiled-tubes with same discharge,
related hydraulic calculations are required to be considered in a step-by-
step (SBS) manner. The SBS procedure was started from the downstream
toward the upstream end of the lateral. Energy conservation in coiled-
tube system design is described by Bernoulli’s equation.

b, VE Py Ve
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Where, P is the pressure within the pipe, N/m?; v is the specific weight of
water (N/m3): Z is the elevation of pipe centerline with respect to a
reference datum (m); V is the flow velocity of water in the pipe, m/s; g is
the gravitational constant, m/s?; hy_is the friction head loss in lateral pipe,
m and h,,, is the minor losses at pipe fittings, m.
The Darcy-Weisbach and Blasius equation was used to calculate the
friction head loss for small diameter and smooth pipes (Demir and Uz,
1995; Rashad, 2013) as:
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2
h, —f.=.Y (2)
D 2g
For laminar flow
f = 64/Re Re<2000 3)

For turbulent flow

f = 0.3164/Re®?® 2000 < Re <100000 (4)
Where, Re is the Reynold’s number, (dimensionless); L and d is the
length and diameter of the pipes .m; and v is the velocity of flow, m/s.

Flow regimes can be characterized by the Reynolds's number (Re), which
may be expressed in terms of the water temperature that is given by
(Boor et al. 1968), as follows:

Re = 198.7 Q (1 + 0.03368T,, + 0.000221T2)/d (5)

Where Q is the total flow rate, £/h; T, is the water temperature (°C) and d
is the internal pipe diameter, mm. Equations (2) can be combined to
obtain the equations for laminar Eq (3) and turbulent Eq (4) flows,
respectively as follows:

For laminar flow

2
h, =408.4479 2 (6)
R, d

For turbulent flow
2
h, = 2.01926RL U]

025
e - d®

Where, hyis the frictional head loss, m; L is the length of pipe, m; Q is the
discharge, ¢/h; d is the inside pipe diameter, mm; Re is the Reynolds
number.

The entrance; coil and Velocity head losses can be written as follows:

2
h, = 0.0077 gq . (9)
2
h, = 0.0064 =9 (10)
heo=0.0083Co0 ?4 (11)
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Watters and Keller (1978) presented the applicator barb friction minor
losses (E;) in terms of a length of lateral as follows:

E,=0.25Cpp (19 Lip™) (12)

Where, E, is the equivalent length of pipe, m; Cip is the coiled-tube
inside diameter, mm; L,p is the lateral inside diameter, mm.

Model development

The developed model was designed to obtain the optimum design of low-
head coiled-tube lateral. So, the hydraulic gradient line (HGL) of coiled-
tubes must be parallel to the lateral, as shown in Fig (1).

The length of coiled-tube decreased gradually along the horizontal lateral
from upstream toward downstream end ... Cp; » Cp2 >...> Cppmin While Cys

= Cyp= ... = Cqn . The total head of the coiled-tube (H,) at lateral
downstream end could be calculated as follows:
he =+ hv —+ hc(n) =+ hco(n) = Hn (14)

The minimum coiled-tube length (C,,.;,) as follows:
. For laminar coiled-tube flow

CuCi o o (15)

5 co(n) — n
e(C) ~ID

h, + h, +408.4479

. For turbulent coiled-tube flow

C(/‘anZ
025~5 + hCO(n) =H
e(C) < ID

h, +h +2.01926 (16)

n

Where, C, ;s the coiled-tube length, m.

The balance of energy heads between two successive outlet points (n -1)

and (n) could be written as:
heos) + Mong) + Nicong) + Neogoy =N

)+ hv(n) + hfc(n) +h .\ + hf(,(n) +SC,

e(n co(n)

(17
Where, S is the slope of lateral and C; is the distance between coiled-
tubes. Since the entrance, velocity head losses and discharges are same in
all the coiled-tubes, so Eq (17) can be written as

th(n—l) + hco(n—l) = th(n) + hco(n) + hfL(n) +S Cs (18)
Calculate the coiled-tube length C;.-1y as shown in Eq. (3.19).
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Cein-1) = Cemy + Ny + S Cs (19)
o The lateral flow regime is laminar.
Crin) = Cumy +408.4479 —— + SC; (20)
£ SIp=
o The lateral flow regime is turbulent.
Crna) = Cry +2.01926 —2— + 5, (21)
o025 SIS

Upstream lateral head ( Hy )
N

Lateral friction head l%
Hydraulic gradient line of Lateral (HGI) by

Coiled tube/

Fig (1): Hydraulic gradient line and head losses along the lateral

Therefore, proceeding in this manner up to the lateral upstream, all the
coiled-tube lengths will be calculated to deliver equal discharges (Cy).
The unknown Cin.1), Cen2,  Cepna)yy  vooeee C: (maxy can be calculated
directly from the above equations. Fig (2), illustrate the model
calculation steps to obtain the optimum design of coiled-tube lateral
length. There are two points to ending the mathematical models’
calculations whichever is earlier. When the coiled-tube length C, (3
would be equal to the maximum coiled-tube length Cymax), or the lateral
upstream pressure head Hr (the head at last coiled-tube calculated) reach
the allowable pressure head L 5.
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Increase one coiled-tube toward upstream end
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‘

" qu CID ’ LIDv S: Lh.a: C([.min). C(1,’.max), ,Cv.minv Lv.min: COODv Tw: CcI: Cs ]
L

&

Find the coiled-tube Reynolds number Re(c), Eq. (5)

Compute coiled-
tube friction head
losses hy, Eq.(6)

Compute coiled-
tube friction head
losses hy, Eq. (7)

Find entrance, velocity and coil losses Eq.
(9, 10, and 11)

Find head losses of coiled-tube barb Eq. (12, 13)

h 2

Compute the total head at coiled-tube (H,), Eq. (15, 16)

L 2

Find the lateral Reynolds number between consequent
coiled-tubes Rey, Eq. (5)

Flow regime is
laminar

Compute coiled-
tube friction head
losses hy, Eq. (6)

Compute coiled-
No | tube friction head
losses hy, Eq. (7)

Flow
regime is
laminar

IF C, =Cmaxor lateral
upstream head =L »

Print results
(Crp Coizr Cozy o) (Cop Chizr Crzy..Chm)s Co COpand Ly

Fig (2): Flowchart of the developed program
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Design Example
A design example by the developed model is presented using three
coiled-tube diameters. The design was for three coiled-tube diameters
(Cip 3.8, 5.2 and 6.8mm) at one lateral diameter (Lo 18 mm), time's 3
pressure levels, at 3m distance between coiled-tubes and a half distance
from upstream end. Operating pressures were set at (0.5, 1.0 and 1.5 m).
The example was executed on level ground surface, minimum coiled-
tube length (0.25m), maximum length (2.25m), and coiled-tube
discharges Cq of 20 to 120 ¢/h with water temperature of (20°C), coiled-
tube connector length (0.1m), and coils outside diameter (75 mm).
RESULTS AND DISCUSSION
The success key of the proper design for a low-head coiled-tube system
is achieving full application uniformity. The design example shows how
can be introducing the available design solutions for the required low
head irrigation lateral by the model. Summarized results in Table (1),
shows the results for different inputted data. Relating to available lateral
input pressure head (La), maximum coiled-tube length (C;,...). Developed
model prints up the details of these results for each outlet point.
As seen in Table (1), the coiled-tube diameter (Cip) and discharge (Cy),
had the main effect on lateral length. The small C\p couldn’t be used to
meet relatively large discharges due to the increase in coiled-tube friction
loss. The increase in the allowable pressure heads (Ln) from 0.5 to 1.5m
had different effects on lateral length for different diameters. The Ly, had
a slight effect on lateral with coiled-tube diameter (5.2 and 6.8mm);
meanwhile, it had a great influence with small diameters (3.8 mm). Use
small coiled-tube diameter of 3.8 mm with the lower discharges as 20
and 30 ¢/h, to obtain acceptable lateral lengths. It is couldn’t be use
diameter 5.2 mm with lower discharges as 20 ¢/4 but it was desirable
with 30 to 60 £/h. The minimum discharge could be used with diameter 6.8
mm is 40 ¢/h, and the maximum discharges could be excess than 120 ¢/A.
However, the information contained in this example contributes to a
better understanding of how and why the low-head coiled-tube irrigation
needs to be adopted on more and more of the irrigated area each year. It
is hoped that this information will serve as a pattern to guide those who
are interested in adopting and managing coiled-tube systems on fruit
trees, and spurs research.
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Table (1): Design of lateral length (L), coiled-tube number (C,) and required
pressure (Cy) at different of: coiled-tube discharges (C,), available
lateral pressures (L) and coiled-tube diameters (C,p) with distance

C;) 3m.
Cq Lha Cip (mm)
/) | (m) 6.8 5.2 3.8
Cony ]l Cu(m) Lm ey Tenm [ tem T com [ Cnm) | L (m)
05 24 | 047 | 705
20 ) 26 | 053 | 765
0.5 21 | 043 | 615 9 049 | 255
30 1.0 18 | 095 | 525
15 22 | 125 | 645
05 19 0.31 555 || 16 | 049 | 465 2 0.47 45
40 1.0 9 | 062 | 55 || 12 | 098 | 315
15 15 13 435
0.5 T 0.39 495 |[ 12 | 046 | 315
50 10 17 084 | 495 6 092 | 165
15 10 | 137 | 285
0.5 15 0.47 435 8 048 | 225
60 1.0 16 0.52 265 | 14 | 095 | 405 3 0.99 75
15 % | 117 | 465 7 146 | 195
0.5 12 0.45 345 6 049 | 165
70 1.0 15 0.64 435 11 093 | 315
15 14 | 133 | 405 4 14 105
05 10 0.49 285 3 0.47 75
80 1o 3 072 375 || 8 090 | 225
15 1T | 136 | 315
05 8 0.43 225 .
= 10 3 0.88 375 7 093 | 195
15 10 | 144 | 285
05 7 0.48 195
100
1.0 1 0.89 315 5 090 | 135
15 12 1.03 345 8 143 | 225
05 5 0.43 135 .
110
10 9 0.85 255 4 098 | 105
15 1 117 315 5 134 | 165
0.5 5 0.44 135
120 [ 1.0 9 0.01 255 3 0.92 75
15 11 1.28 315 5 143 | 165

CONCLUSION
Forming mathematical model using main and minor head losses can help
to determine the optimum lateral design. Furthermore, the model helps to
use a different operational condition such as required coiled-tube
discharges, the lateral upstream pressure allowable head Ly, effects of
water temperature T, coiled-tube diameters, lateral diameter, and soil
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surface slope. A design example was presented by using the developed
model to estimate the optimal coiled-tube lengths which give full water
application uniformity. Coiled-tube diameters of 3.8, 5.2 and 6.8mm were
examined with different coiled-tube discharges in this example. The
small coiled-tube diameters (C;p) couldn’t be used to meet relatively
large discharges due to the increase in coiled-tube friction loss. The
increase in the allowable pressure heads (Lna) from 0.5 to 1.5m had
different effects on lateral length for different diameters.
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