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IDEAL DESIGN OF LOW-HEAD  

COILED-TUBE IRRIGATION 
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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 (Lℓ), coiled-tube lengths (Cℓ) and pressure heads 

(Ch). by using the input data of lateral inside diameter (LID), coiled-tube 

inside diameter (CID) and discharge (Cq), tube interval distances (Cs), 

soil surface slope (%), and water temperature (Tw). 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 (Lh.a) 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).  
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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. 

                  (1) 

Where, P is the pressure within the pipe, N/m
2
; γ is the specific weight of 

water (N/m
3
); 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
2
; hfL is the friction head loss in lateral pipe, 

m and hmℓ 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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For laminar flow            

             f = 64/Re        Re≤2000                                            (3)  

For turbulent flow 

        f = 0.3164/Re
0.25

 100000Re2000                                          (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: 

                                     (5)  

Where Q is the total flow rate, ℓ/h; Tw is the water temperature (
o
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 
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Where, hf is the frictional head loss, m; L is the length of pipe, m; Q is the 

discharge, ℓ/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: 
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 hco=0.0083Co                                                                   (11) 
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 Watters and Keller (1978) presented the applicator barb friction minor 

losses (Eℓ) in terms of a length of lateral as follows: 

Eℓ = 0.25 CID (19 LID
-1.9

)                                                                        (12) 

 Where, Eℓ is the equivalent length of pipe, m; CID is the coiled-tube 

inside diameter, mm; LID 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 ... Cℓ1 › Cℓ2 ›…› Cℓ.min while Cq1 

= Cq2= ... = Cqn . The total head of the coiled-tube (Hn) at lateral 

downstream end could be calculated as follows: 

                                                      (14)      

The minimum coiled-tube length (Cℓ.min) as follows: 

 For laminar coiled-tube flow 

 

 

 For turbulent coiled-tube flow 

 

 

Where, Cℓn is the coiled-tube length, m. 

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

and (n) could be written as: 

                                                                                  

Where, S is the slope of lateral and Cs 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  

 

Calculate the coiled-tube length Cℓ(n-1) as shown in Eq. (3.19). 

(15) 

(17)    

(18) 

(16) 

    nnconce Hhhhh  

  nnco

IDCe

qn

e Hh
CR

CC
hh 

5

)(

2

408.4479




  nnco

IDCe

qn

e Hh
CR

CC
hh 

525.0

)(

2

01926.2




                  snfnconfCnnenconfCnne CShhhhhhhhh    1111

          snfLnconfCnconfC CShhhhh   11



IRRIGATION AND DRAINAGE  

Misr J. Ag. Eng., November 2017                                                        - 2145 - 

Cℓ(n-1) = Cℓ(n) + hfL(n) + S Cs                                                           (19) 

 The lateral flow regime is laminar. 

Cℓ(n-1) = Cℓ(n) + 408.4479   ±  S Cs                                    (20) 

 The lateral flow regime is turbulent. 

     Cℓ(n-1) = Cℓ(n) + 2.01926  ± S Cs                                   (21) 

 

 

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 (Cq). 

The unknown Cℓ(n-1), Cℓ(n-2),  Cℓ(n-3),  ....... Cℓ (max) 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 Cℓ (1) 

would be equal to the maximum coiled-tube length Cℓ(max), or the lateral 

upstream pressure head HT (the head at last coiled-tube calculated) reach 

the allowable pressure head Lh.a.  
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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 

(CID 3.8, 5.2 and 6.8mm) at one lateral diameter (LID 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 ℓ/h with water temperature of (20
0
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 (Lh.a), maximum coiled-tube length (Cℓ.max). Developed 

model prints up the details of these results for each outlet point.  

As seen in Table (1), the coiled-tube diameter (CID) and discharge (Cq), 

had the main effect on lateral length. The small CID 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 (Lh.a) from 0.5 to 1.5m 

had different effects on lateral length for different diameters. The Lh.a 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 ℓ/h, to obtain acceptable lateral lengths. It is couldn’t be use 

diameter 5.2 mm with lower discharges as 20 ℓ/h but it was desirable 

with 30 to 60 ℓ/h. The minimum discharge could be used with diameter 6.8 

mm is 40 ℓ/h, and the maximum discharges could be excess than 120 ℓ/h. 

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 (Lℓ), coiled-tube number (Cn) and required 

pressure (Ch) at different of: coiled-tube discharges (Cq), available 

lateral pressures (Lh.a) and coiled-tube diameters (CID) with distance 

(Cs) 3m.  
Cq  

(ℓ/h) 

Lh.a  

(m) 

                                         CID (mm) 

6.8 5.2 3.8 

Cn (n) Ch (m) Lℓ (m) Cn (n) Ch (m) Lℓ (m) Cn (n) Ch (m) Lℓ (m) 

 

20 

0.5 ... ... ... ... ... ... 24 0.47 70.5 

1.0 ... ... ... ... ... ... 26 0.53 76.5 

1.5 ... ... ... ... ... ... ... ... ... 

 

30 

0.5 ... ... ... 21 0.43 61.5 9 0.49 25.5 

1.0 ... ... ... ... ... ... 18 0.95 52.5 

1.5 ... ... ... ... ... ... 22 1.25 64.5 

 

40 

0.5 19 0.31 55.5 16 0.49 46.5 2 0.47 4.5 

1.0 ... ... ... 19 0.62 55.5 11 0.98 31.5 

1.5 ... ... ... ... ... ... 15 1.3 43.5 

 

50 

0.5 17 0.39 49.5 11 0.46 31.5 ... ... ... 

1.0 ... ... ... 17 0.84 49.5 6 0.92 16.5 

1.5 ... ... ... ... ... ... 10 1.37 28.5 

 

60 

0.5 15 0.47 43.5 8 0.48 22.5 ... ... ... 

1.0 16 0.52 46.5 14 0.95 40.5 3 0.99 7.5 

1.5 ... ... ... 16 1.17 46.5 7 1.46 19.5 

 

70 

0.5 12 0.45 34.5 6 0.49 16.5 ... ... ... 

1.0 15 0.64 43.5 11 0.93 31.5 ... ... ... 

1.5 ... ... ... 14 1.33 40.5 4 1.4 10.5 

 

80 

0.5 10 0.49 28.5 3 0.47 7.5 

1.0 13 0.72 37.5 8 0.90 22.5 

1.5 ... ... ... 11 1.36 31.5 

 

90 

0.5 8 0.43 22.5 ... ... ... 

1.0 13 0.88 37.5 7 0.93 19.5 

1.5 ... ... ... 10 1.44 28.5 

 

100 

0.5 7 0.48 19.5 ... ... ... 

1.0 11 0.89 31.5 5 0.90 13.5 

1.5 12 1.03 34.5 8 1.43 22.5 

 

110 

0.5 5 0.43 13.5 ... ... ... 

1.0 9 0.85 25.5 4 0.98 10.5 

1.5 11 1.17 31.5 6 1.34 16.5 

 

120 

0.5 5 0.44 13.5 ... ... ... 

1.0 9 0.91 25.5 3 0.92 7.5 

1.5 11 1.28 31.5 6 1.43 16.5 

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 Lh.a, effects of 

water temperature Tw, 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 (CID) 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 (Lh.a) from 0.5 to 1.5m had 

different effects on lateral length for different diameters. 
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 الولخص العربي

 التصوين النوىرجي للري هنخفض الضاغط بالأنابيب الولفىفة

*
اسلام حسن الشيخ أ.د. 

**
 و      د. هحوذ أبى زيذ رشاد    ،

***
 أسواء حسين ربيع

ٍغ رضاٌذ اىذبجخ ىضٌبدح مفبءح اسزٖلاك اىٍَبٓ ٗاىطبقخ رجشص إٍَخ ّشش ّظٌ اىشي راد اىنفبءح 

ّظبً اىعبغػ اىَْخفط ثبلأّبثٍت اىَيف٘فخ ٌيجً ريل  اىٍَبٓ ثعبغػ ٍْخفط. ٍخ فً ر٘صٌغاىؼبى

الادزٍبجبد ٗىنِ ىٌ ٌقذً ثص٘سح ٍْبسجخ ىيَضاسػٍِ ْٕٗبك ّقص فً ثشاٍج اىزصٌٍَ ىٖزٓ 

اىَْظٍ٘خ. ىزىل ٌٖذف ٕزا اىجذث ىزطٌ٘ش رصًٍََ سٌبظً ٌؼَو ػيى اّزظبٍٍخ اظبفخ ٍٍبٓ 

اىزصشفبد اىَذذدح ىلأّبثٍت اىَيف٘فخ مزىل قطش اىَبس٘سح ػْذ الأقطبس ٗ %011اىشي ثْسجخ 

اىجبّجٍخ اىَشمت ػيٍٖب الاّج٘ة اىَيف٘ف آخزاً فً اىذسجبُ رأثٍش ف٘اقذ اىعغػ اىثبٌّ٘خ اىْبرجخ 

ػِ ّز٘ءاد رثجٍذ الاّج٘ة اىَيف٘ف ٗفبقذ اىذخ٘ه ٍِ اىَبس٘سح اىجبّجٍخ اىى الاّج٘ة اىَيف٘ف 

اىسبئذح فً ٍْطقخ اىزصٌٍَ ٗاسز٘اء اىزشثخ. ٌٗيجً اىزصٌٍَ  ثبلإظبفخ ىذسجبد دشاسح اىَبء

اٍنبٍّبد ٗسغجبد اىَضاسع ٍِ دٍث ظبغػ اىزشغٍو اىزي سٍزٌ الاٍذاد ثٔ ػْذ ثذاٌخ اىخػ 

رقذٌٌ ٍثبه ىيزصٌٍَ ثبسزؼَبه اىجشّبٍج ىثلاثخ اقطبس داخيٍخ الاّج٘ة  ىيشي. رٌاىجبّجً 

ٍب ثٍْٖب ٍٗشمجخ ػيى ٍبس٘سح جبّجٍخ ثقطش  ً 8 خػيى ٍسبفٌٍ  8.3, 2.5 ٗ.86 (CID)اىَيف٘ف

 Tw ,(51(ٍ٘ظ٘ػخ ػيى رشثخ ٍسزٌ٘خ ٗمبّذ دسجخ دشاسح ٍبء اىشي  03ٌٍ  (LID)داخيً

ً. ٗػشض 0.1.1.2  ٗ0.2 , (Lh.a)دسجخ ٍئٌ٘خ ثذٍث ٌقذً اىزصٌٍَ ػْذ ظبغػ ميً ٍزبح

ٌٍ ٍغ  8,3ثٍت اىَيف٘فخ . ٌسزخذً اىقطش اىصغٍش ىلأّبخلاه ٕزا اىَثبه ٍيخص لإٌٔ اىْزبئج

سبػخ, ىيذص٘ه ػيى غ٘اه اىخػ جبّجً ٍقج٘لا ٌَنِ \ىزش 81ٗ 51اىزصشفبد صغٍشح ٍثو 

سبػخ ٌٗفعو اسزخذاٍٖب ٍغ \ىزش 51ٌٍ ٍغ اىزصشفبد اىصغٍشح ٍثو  2.5اسزخذاً قطش

 01ٌٍ ٕ٘  6.3سبػخ. اقو رصشف ٌَنِ اسزخذأٍ ٍغ قطش \ىزش 61إىى 81رصشفبد ٍِ 

ٌٗزعخ ٍِ اىْزبئج أّ .سبػخ\ىزش 051د أمجش قذ رضٌذ ػِ نِ اسزخذاً رصشفبسبػخ, ٌَٗ\ىزش

ٌنُ٘ اىفقذ ثبلادزنبك صغٍش ٌٗصجخ رأثٍش قطش  الاّج٘ة اىَيف٘فػْذ اىزصشفبد اىصغٍشح 

الأّج٘ة صغٍش ْٕٗبك رشبثٔ مجٍش ٍب ثٍِ الأقطبس اىَزقبسثخ ىزا لا ٌْصخ اقزصبدٌبً ثبسزؼَبه 

 ٍغ اىزصشفبد اىصغٍش. خاىَيف٘ف تىلأّبثٍالأقطبس اىنجٍشح 
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