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ABSTRACT 

The objectives of the work were to study the 
effect of drip irrigation circuits (DIC) and lateral 
lines lengths (LLL) on: Flow velocity (FV) and 
velocity head (VH). Laboratory tests were con- 
ducted at Irrigation Devices and Equipments 
Tests Laboratory, Agricultural Engineering Re- 
search Institute, Agriculture Research Center, 
Giza, Egypt. The experimental design of labora- 
tory experiments was split in randomized com- 
plete block design with three replicates. Labo- 
ratory tests carried out on three irrigation lateral 
lines 40, 60, 80 m (LLL1, LLL2; LLL3) under the 
following three drip irrigation circuits (DIC): a) 
one manifold for lateral lines or closed circuits 
with one manifold of drip irrigation system 
(CM1DIS); b) closed circuits with two manifolds 
for lateral lines (CM2DIS), and c) traditional drip 
irrigation system (TDIS) as a control. Concern- 
ing FV values, DIC and LLL treatments could 
state in the following ascending orders: TDIS < 
CM1DIS < CM2DIS and LLL1 < LLL2 < LLL3, re- 
spectively. FV varied from 0.593 m·sec–1 to 1.376 
m·sec–1. i.e. FV < 5 ft·sec–1 and this is necessary 
to avoid the effect of water hammer in the main 
and sub-main lines, but in lateral line, it can 
cause silt and clay precipitation problems. The 
differences in FV among DIC and LLL were sig- 
nificant at the 1% level. The effect of interaction: 
DIC X LLL on FV values, were significant at the 
1% level. The maximum and minimum values of 
FV were noticed in these interactions: CM2DIS X 
LLL3 and TDIS X LLL1, respectively. The follow-
ing ascending orders TDIS < CM1DIS < CM2DIS 
and LLL1 < LLL2 < LLL3 expressed their effects 
on VH respectively. Differences in VH among 
DIC and/or LLL were significant at the 1% with 
few exceptions. The effects of interactions: DIC 
X LLL on VH were significant at the 1% level in 
some cases. The maximum and minimum values 

of VH were found in the interactions: CM2DIS X 
LLL3 and TDIS X LLL1, respectively. 
 
Keywords: Drip; Irrigation; Circuit; Laterals; Flow; 
Head; Velocity 

1. INTRODUCTION 

Drip irrigation, as cutting edge technology in irrigation 
methods has many advantages but it is associated with 
some problems and obstacles i.e. low water pressure at 
the end of lateral lines and salt accumulation. On the 
other hand, drip irrigation systems require adequate hy- 
draulic design, ensuring the averaged flow velocity of 
discharge and velocity head along lateral line length.  

[1,2] apply energy-gradient line approach considering 
constant dripper discharge along the lateral for deter-
mining the lateral pressure head and the discharge rate 
profiles. [3,4] have developed an equation based on the 
differential equation of conservation of energy and the 
continuity equation. The Darcy-Weisbach equation for 
head loss due to friction loss is used as an accurate for- 
mula for a small diameter smooth pipes. The friction loss 
coefficient is reported for different ranges of Reynold 
numbers variation (from laminar to fully turbulent dis- 
charge conditions). The velocity head is neglected, but 
the variable discharge is included in the basic derivation. 
[5,6] have presented an equation applying the energy 
equation for two successive drippers. The friction coeffi-
cient is also reported for different ranges of the Reynolds 
number variation. The Darcy-Weisbach equation for head 
loss due to friction loss is used. The change of pressure 
head due to a momentum change at the dripper is re-
ported.  

[7-9] have developed an equations of designing single 
as well as pared laterals, based on the equation of con-
servation of energy. The change of dripper discharge 
along the lateral line length is approximated by a poly-
nomial to the power of n (n = 3/7). The coefficients of 
the polynomial are determined using the least square 
method at a given inlet discharge rate of lateral and at an 
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inlet pressure head of lateral line. The Darcy-Weisbach 
equation for head loss due to friction loss was used too. 
The friction loss coefficient was considered as a function 
of Reynolds number for different discharge conditions 
(from laminar to fully turbulent).  

[10] have developed an equation of designing hori-
zontal, non-deformable drip lateral line on the basis of 
the momentum approach. The longitudinal projection of 
discharged velocity was considered as a linear function 
of the averaged discharge velocity. An analytical decision 
of the two differential equations obtained was proposed 
(the momentum equation and the conservation of mass 
equation) [11]. 

[12,13] have performed a good comparative analysis 
of the developed hydraulic methods in design of microir-
rigation laterals.  

[14-16] took into account the influence of temperature 
on the viscosity change in the hydraulic design of drip 
irrigation system. It was proved that when the water 
temperature changes from 15.5˚C to 37.7˚C (from 60˚F 
to 100˚F) the density decreases by less than 1% but 
viscosity decreases by about 40% [17]. That is why the 
influence of temperature and Reynolds number will be 
taken into account when the change of water kinematic 
viscosity is considered.  

The aim of the work presented in this paper is study- 
ing the effect of drip irrigation circuits (DIC) used: 1) 
Closed irrigation circuit with one manifold for lateral 
lines (CM1DIS), 2) Closed irrigation circuit with two 
manifolds for lateral lines (CM2DIS), 3) traditional drip 
irrigation system (TDIS) as a control and lateral lines  

lengths (LLL): (LLL1 = 40 m, LLL2 = 60 m, LLL3 = 80 
m) on Flow velocity (FV) and velocity head (VH). 

2. MATERIAL AND METHODS 

The laboratory tests were conducted at Irrigation De- 
vices and Equipments Tests Laboratory, Agricultural 
Engineering Research Institute, Agricultural Research 
Center, Giza, Egypt. The experimental design of labora- 
tory experiments was split in randomized complete block 
design with three replicates. Laboratory tests carried out 
on three irrigation lateral lines 40, 60, 80 m under the 
following three drip irrigation circuits (DIC) of: 1) one 
manifold for lateral lines or closed circuits with one 
manifold of drip irrigation system (CM1DIS); 2) closed 
circuits with two manifolds for lateral lines (CM2DIS), 
and 3) traditional drip irrigation system (TDIS) as a con- 
troll, Figures 1-3. Figure 4 showed the directions of flow 
inside manifold and lateral tubes in the different DIC 
tested. Details of the pressure and water supply control 
have been described by [18]. Test has been carried out in 
order to resolve the problem of lack of pressure head at 
the end of lateral lines in the TDIS. 

Irrigation networks include the following components 
as shown in Figures 1-3: 1. Control head: It was lo-
cated at the water source supply. It consists of centrifugal 
pump 3”/3”, driven by electric engine (pump discharge 
of 80 m3·h–1 and 40 m lift), sand media filter 48” (two 
tanks), screen filter 2” (120 mesh), back flow prevention 
device, pressure regulator, pressure gauges, flow-meter, 
control valves and chemical injection, 2. Main line: 

 

 

Figure 1. Layout of drip closed circuit with two manifolds (CM2DIS) for lateral lines. 
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Figure 2. Layout of drip closed circuits with one manifold (CM1DIS) for lateral lines. 
 

 

Figure 3. Layout of traditional drip irrigation system (TDIS). 
 
PVC pipes of 75 mm in ID to convey the water from the 
source to the main control points in the field, 3. Sub- 
main lines: PVC pipes of 75 mm in ID were connected 
to the main line through a control unit consists of a 2” 
ball valve and pressure gauges, 4. Manifold lines: PVC 
pipes of 50 mm in ID were connected to the sub main 
line through control valves 1.5”, 6. Lateral lines: PE 
tubes of 16 mm in ID were connected to the manifolds 
through beginnings stalled on manifolds lines, 7. Emit- 
ters: These emitters (GR) built in PE tubes 16 mm in ID, 
emitter discharge of 4 l·h–1 at 1 atm. Nominal operating 

pressure and 30 cm spacing in-between. The components 
of closed circuits of the drip system include, supply lines, 
control valves, supply and return manifolds, drip lateral 
lines, emitters, check valves and air relief valves/vacuum 
breakers [19]. 

The flow rate through the pipe depends on pipe sur- 
face roughness and air layer resistance. The change of 
hydraulic friction coefficient values, depending on varia- 
tions in Re number values. Hydraulic losses at plastic 
pipes might be calculated as losses at hydraulically smooth 
pipes, multiplied by correction coefficients that assess  
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Figure 4. Effect of different irrigation circuits designs on flow velocity along different lateral line lengths 
under (operating pressure 1.0 atm and slope = 0%). 

 
losses at pipe joints and air resistance.  

[20] stated that head loss due to friction was calcu-
lated using the following Darcy-Weis- bach equation: 

   2 2h f L D V g           (1) 

where h = head loss, m; f = friction factor; L = length of 
pipe, m; D = ID Ø of pipe work, m; v = velocity of fluid, 

m/s; g = acceleration due to gravity, m·sec–2. 
Friction factor can be expressed as: 

 64 For 2000f Re Re          (2) 

 0.250.32 For 2000f Re Re       (3) 

where Re = Reynolds’ number, which can be expressed 
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as: 
Re vD                 (4) 

where v = fluid velocity, m/sec; D = ID Ø of lateral, m; 
and µ = kinematic viscosity of water = 1 × 10–6 m2·sec–1, 
at 20˚C. 

Velocity v (m/s) can be expressed as: 

v Q A                (5) 

where, Q = lateral flow rate (m3·sec–1) (average flow rate 
per emitter x number of emitters), and A = cross sectional 
area of lateral (m2). 

MSTATC program (Michigan State University) was 
used to carry out statistical analysis. Treatments mean 
were compared using the technique of analysis of vari- 
ance (ANOVA) and the least significant difference (L.S. 
D) between systems at 1% [21]. 

3. RESULTS AND DISCUSSION 

Table 1 and Figure 4 indicated the effect of DIC and 
LLL on FV. The reader can deduce that the change in FV 
took the same trend of PH, whereas, it was opposite to 
that of friction loss. The explanation for this could be due 
to the effect of both DIC on both PH and friction loss. 
Also, increasing LLL increased its discharge and de- 
creased the amount of water flowing along the lateral 
lines while, their cross section areas are constant are 
other reasons. 

According to the FV values, the DIC used could be put 
in the following ascending order: TDIS < CM1DIS < 
CM2DIS. Difference in FV between any two DIC was 
significant at the 1% level. FV varied from 0.593 m·sec–1 
to 1.376 m·sec–1. i.e. FV < 5 ft·sec–1 and this is necessary 
to a avoid the effect of water hammer in the main and 
sub-main lines, but in lateral line, it can cause silt and 
clay precipitation problems. 

Concerning the effect of LLL on FV, it is obvious that 
the FV of LLL3 exceed that of LLL1, while that of LLL2 
occupied and intermediate position in between. Differ- 
ences in FV among LLL treatments were significant at 
the 1% level. The effects of the DIC X LLL on FV were 
significant at 1% level. The maximum and minimum 
flow velocities were achieved in the interactions of: 
CM2DIS X LLL3 and TDIS X LLL1, respectively. 

Since velocity head is calculated from the following 
equation: 

 
   

2

2 2 2

Velocity head 2 . .flow velocity

2 mm sec m sec

g i e
 



 
 

It took the same trend of flow velocity. 
According to Table 1 and Figure 5; VH values, DIC 

could be stated in the following ascending order: TDIS < 
CM1DIS < CM2DIS. Differences in VH among DIC 
were significant at the 1% level except that between  

Table 1. Effect of (DIC) and LLL on Flow velocity and veloc-
ity head (operating pressure = 1 atm and slope = 0%). 

Flow velocity Velocity head
ICD LLL 

(m·sec–1) (m) 

 40 0.786 f 0.030 fg 

CM2DIS 60 1.033 c 0.054 c 

 80 1.376 a 0.096 a 

 40 0.751 g 0.029 g 

CM1DIS 60 0.975 d 0.048 d 

 80 1.332 b 0.090 b 

 40 0.593 i 0.018 i 

TDIS 60 0.722 h 0.027 h 

 80 0.801 e 0.033 e 

LSD0.01 X  0.023 0.005 

Means CM2DIS 1.065 a 0.060 a 

 CM1DIS 1.019 b 0.056 ba 

 TDIS 0.705 c 0.026 c 

 LSD 0.01 0.041 0.007 

Means 40 0.710 c 0.026 c 

 60 0.910 b 0.043 b 

 80 1.170 a 0.073 a 

 LSD0.01 0.022 0.003 

ICD: Irrigation circuit design, L.L.L.: Lateral line length, CM2DIS: Closed 
circuits with tow manifolds separately, CM1DIS: Closed circuits with one 
manifold, TDIS: Traditional drip irrigation system. 

 
CM2DIS and CM1DIS. 

Concerning the effect of LLL on VH, they can be 
written in the follow ascending order: LLL1 < LLL2 < 
LLL3. Differences in VH among LLL treatments were 
significant at the 1% level without exceptions. 

The effects of the DIC X LLL on VH were significant 
at the 1% level except some cases i.e. CM2DIS X LLL2, 
CM1DIS X LLL1and TDIS X LLL3. 

The maximum and minimum values of VH were found 
in the following interactions: CM2DIS X LLL3 and TDIS 
X LLL1, respectively. 

4. SUMMARY AND CONCLUSION 

Drip irrigation systems, as cutting edge technology in 
irrigation methods has many advantages but it is associ- 
ated with some problems and obstacles i.e. low water 
pressure at the end of lateral lines and salt accumulation. 
Closed-circuits were proposed as incorporating modifi- 
cation to the traditional drip irrigation system. The aims 
of the work were to study the effect of drip irrigation 
circuits (DIC) used: 1) Closed irrigation circuit with one 
manifold for lateral lines (CM1DIS), 2) Closed irrigation 
circuit with two manifolds for lateral lines (CM2DIS), 3) 
traditional drip irrigation system (TDIS) as a control and 
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Figure 5. Effect of different closed circuits designs on velocity head along different lateral line lengths under 
(operating pressure 1.0 atm and slope = 0%). 

 
lateral lines lengths (LLL): (LLL1 = 40 m, LLL2 = 60 m, 
LLL3 = 80 m) on: flow velocity and velocity head. 

To achieve aims mentioned. The laboratory experi- 
ments were conducted at irrigation Devices and Equip- 
ments Tests Laboratory, Agriculture Engineering Re- 
search Institute, Agriculture Research Center, Ministry of 
Agricultural and Land Reclamation, Egypt.  

Concerning FV values, DIC and LLL treatments could 
stated in the following ascending orders: TDIS < CM1DIS 
< CM2DIS and LLL1 < LLL2 < LLL3, respectively. The 

differences in FV among DIC and LLL were significant 
at the 1% level. 

The effect of interaction: DIC X LLL on FV values, 
were significant at the 1% level. The maximum and 
minimum values of FV were noticed in these interactions: 
CM2DIS X LLL3 and TDIS X LLL1, respectively. 

The following ascending orders TDIS < CM1DIS < 
CM2DIS and LLL1 < LLL2 < LLL3 expressed their ef-
fects on VH respectively. Differences in VH among DIC 
and/or LLL were significant at the 1% with few excep-

Openly accessible at  
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tions. 
The effects of interactions: DIC X LLL on VH were 

significant at the 1% level in some cases. The maximum 
and minimum values of VH were found in the interac- 
tions: CM2DIS X LLL3 and TDIS X LLL1, respectively. 
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