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ABSTRACT: The objective of this study was to evaluate the hydraulic pressure gradient along the lateral line
of microsprinklers, using the Wu and Gitlin model. Mathematical simulations were developed in an electronic
spreadsheet in Microsoft Excel software (2016). Where the adapted equation of the Blasius model was
determined, the energy gradient along the lateral line, the length of the lateral line (L), the number of emitters
(N), the length of the adjusted lateral line (Lajst), the number of fitted emitters (Najst), the flow velocity (m² s1) loss and the charge along the entire length of the lateral line L hf '(L). The pressure and flow variation of
the micro-sprinklers has a direct influence on the uniformity of water application along the lateral line. In
addition, the suggested formula is representative for estimating the Darcy-Weisbach f factor, within the
parameters and conditions of simulations used, as well as the black nozzle of the Amanco MF2 type
microsprinkler had greater variation in the energy gradient and flow, along the lateral line, in relation to the
orange nozzle.
Keywords: hydraulics, localized irrigation, mathematical model
RESUMO: Objetivou-se avaliar o gradiente de pressão hidráulico ao longo da linha lateral de
microaspersores, por meio do modelo de Wu e Gitlin. As simulações matemáticas foram desenvolvidas em
planilha eletrônica no software Microsoft Excel (2016). Onde determinou-se a equação adaptada do modelo
de Blasius, o gradiente de energia ao longo da linha lateral, comprimento da linha lateral (L), o número de
emissores (N), o comprimento da linha lateral ajustada (Lajst), o número de emissores ajustados (Najst), a
velocidade do escoamento (m² s-1) e a perda de carga ao longo de todo o comprimento da linha lateraL hf
'(L). A variação da pressão e da vazão dos microaspersores tem influência direta na uniformidade de aplicação
de água no decurso da linha lateral. Além disso, a fórmula sugerida é representativa para estimativa do fator f
de Darcy-Weisbach, dentro dos parâmetros e das condições de simulações utilizadas, bem como, o bocal preto
do microaspersor tipo MF2 da Amanco possuiu maior variação no gradiente de energia e na vazão, no
decorrer da linha lateral, em relação ao bocal laranja.
Palavras-chave: hidráulica, irrigação localizada, modelo matemático.
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INTRODUCTION
The
application
of
sustainable
development and proper management of water
resources is valid for irrigation, considering
that this system requires a large amount of
water to supply agricultural crops (PRADO;
COLOMBO, 2013). It is noteworthy that the
scarcity of water availability and quality, lack
of
adequate
instrumentation,
energy
consumption, among other factors, are
relevant to determine the irrigation system to
be used (FRIZZONE et al., 2012; DE LA
ROSA et al. ., 2015)., so that the water needs
of the crop are met, with efficient and
economic use of these resources.
In this context, micro-irrigation or
localized irrigation stands out, which includes
micro-sprinkler and drip irrigation. In this type
of irrigation there is a minimum loss of water
in favor of the high efficiency of application
of the system (SOUZA et al., 2020).
Microsprinkler is characterized by the
application of water to the soil with low
intensity and high frequency, through
microsprinklers, causing low water losses by
evaporation and conduction (SARAIVA et al.,
2014).
There is a list of micro-sprinklers
available on the market, which vary in flow
and reach, due to the diameter of the nozzles
and types of inserts, respectively. Thus, in a
lateral line, the water distribution is directly
dependent on the diameter of the nozzles and
jet inclination, in addition to operating
conditions such as service pressure,
installation height and stability of the emitter
support rod (ANDRADE; ZANINI; SOARES,
2015).
In addition, there are factors of an
uncontrolled nature generated by the pressure
drop in the pipe, causing an energy gradient in
the
lateral
line
and,
consequently,
heterogeneity in the water distribution. One of
the ways to obtain the head loss is through the
Darcy-Weisbach equation, which depends on
a friction factor (f) that varies according to the
flow conditions (BOMBARDELLI; GARCÍA,
2003) and, among several forms of estimating
f explicitly, the Blasius model stands out.

The Blasius equation, used for smooth
turbulent flow flow regimes, depends only on
the Reynolds number and two dimensionless
constants and has simplicity (SOUSA;
DANTAS NETO, 2014). However, the model
has limitations, so its accuracy is valid only
for the Reynolds Number (NR) range from
4,000 to 100,000 (VON BERNUTH, 1990;
SOUSA; DANTAS NETO 2014). On the
other hand, the model proposed by Offor and
Alabi (2016) has been gaining prominence,
due to its accuracy and its range of NR from
4000 to 100,000,000 (PIMENTA et al., 2018).
In this sense, the objective was to
evaluate the hydraulic pressure gradient along
the lateral line of microsprinklers, using the
Wu and Gitlin model.

MATERIAL AND METHODS
Darcy-Weisbach's f factor was obtained
through the equation proposed by Offor and
Alabi (2016), which is represented as the most
accurate alternative methodology to the
implicit f of Colebrook-White, namely:
1
√𝑓

𝜀

= −2log {3,71𝐷 −

1,975
𝑅𝑒

𝜀

1,092

[ln ((3,93𝐷)

7,627

+ (𝑅𝑒+395,9))]} (1)

Where: f is the Darcy-Weisbach factor
(dimensionless); Re is the Reynolds
(dimensionless) number; D is the inner
diameter of the pipe (m) e; ε is the absolute
pipe roughness (m).
The Reynolds Number (Re) can be obtained
with the following equation:
𝑅𝑒 =

𝑉∗𝐷
𝜐

(2)

where: V is the flow velocity in the pipeline
(m s-1); ν is the kinematic viscosity of water
(m2 s-1); Di is the inner diameter of the pipe
(m).
The
Blasius
equation,
whose
application is the Reynolds Number from
4000 to 100,000 (Von Bernuth 1990), is
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expressed as (AZEVEDO NETTO et al.,
1998; PORTO, 2006):
𝑓 = 0,316 ∗ 𝑅𝑒 −0,25

(3)

Where: f is the Darcy-Weisbach factor
(dimensionless); Re is the Reynolds
(dimensionless) number.The simulations were
based on the methodology proposed by Sousa
and Dantas Neto (2014), being carried out in
Microsoft Excel software (2016), with pipe
diameters of 13, 16, 20, 26, 32 and 40 mm;
flow velocity 0.5; 1.0; 1.5; 2.0; 2.5 and 3.0 m
s-1.
The kinematic viscosity of water equal
to0,00000101 m2 s-1. By plotting the data of
the factor f resulting from Equation 1 in
relation to the Reynolds Number, via
regression analysis in a potential model, the

equation adapted from the Blasius model was
obtained.
Subsequently, the equation found was
validated from the values obtained by the
method of Offor and Alabi (2016), which were
considered the real values in the comparisons.
When it comes to determining the
energy gradient along the lateral line, the
microsprinklers were chosen taking into
account their commercialization, applicability,
durability, low cost of installation and
maintenance. Thus, the Amanco® model MF2
micro-sprinklers, with a black and orange
nozzle of 0.90 and 1.80 mm, respectively. In
the simulation, an average flow of 48,2 L h-1
and a working pressure of 25 m.c.a. The
hydraulic characteristics of each emitter can
be
seen
in
Table
1.

Table 1: Pressure energy (H) and flow (q) of Amanco® type MF2 micro-sprinklers, black and
orange nozzle.
Black nozzle
Orange nozzle
H (m.c.a)

q (L/h)

H (m.c.a)

q (L/h)

12

34

12

100,4

15

38

15

100,2

20

43,3

20

128,8

25

48,2

25

144

30

52,6

30

157,4

35

56,7

35

170,2

D: Diameter; H: Service pressure; q: Microsprinkler flow

For
the
calculation
procedure,
adjustment coefficients derived from the
relationship between
pressure
energy
and flow are needed, these parameters
are related to the influence of pressure
variation on flow and can be obtained by
formulating Equation 4 (KELLER ;
KARMELI, 1974). Thus, to obtain these, a

linear regression analysis was performed
between the data provided in Table 1.
𝑞 = 𝑘 ∗ 𝐻𝑥

(4)

Where: q is the flow of the sender in
(l.h-1); k is the discharge coefficient, which is
a characteristic value of each emitter
(dimensionless); H is the pressure energy at
the emitter input (m.c.a) and; x is the emitter
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discharge exponent that expresses the emitters'
sensitivity to pressure variations.
The sizing was performed in Microsoft
Excel software (2016), where, from the data
obtained, the length of the lateral line (L), the
number of emitters (N), the length of the
adjusted lateral line (Lajst), the number of
fitted emitters (Najst), the flow velocity (m² s1), and the pressure drop along the entire
length of the lateral lineL hf ' (L).
Thus, the simulation of the pressure
profile along the lateral line was done using
the sizing equation given by Wu and Gitlin
(1975) which is expressed as:

flow coefficient in the equation in use and hf'
is total pressure drop on the line (m.c.a.).
1

𝐻

𝑆𝑒 1,75 2,75

𝐿 = [1,051 ∗ 1014 ∗ 𝐷𝑖 4,75 ∗ ( 𝑥 ) ∗ ( 𝑞 )

𝑞 𝑚

1

´
ℎ𝑓(𝐿)
= 𝑘 (𝑆𝑒) ∗ 𝐿𝑚+1 ∗ 𝑚+1

]

(6)

(7)

Where: L is the length of the lateral line
(m); Di is the inner diameter of the pipe (mm);
H is the service pressure (m.c.a) ; x is the
emitter discharge exponent that expresses the
emitters' sensitivity to pressure variations; If it
𝑙 𝑚+1
,
is the spacing between emitters (m); what is
𝐻𝑖 = 𝐻0 − (1 − (1 − 𝐿)
) ∗ ℎ𝑓
(5)
the average discharge (l.h-1) and; m is the
coefficient of flow in the equation in use.
Where: Hi is the pressure energy at the
It is worth noting that the input data
emitter i (mca), l is the position of the
used
in
the dimensioning process are shown in
microsprinkler along the lateral line (m), L is
Table
2
and that the chosen pipe diameter was
the total length of the lateral line (m), m is the
16 mm.
Table 2: Initial data used for the dimensioning of the lateral irrigation line located with Amanco®
type MF2 micro-sprinklers, with black and orange nozzles.
Micro sprinkler input data
Service pressure (P.S) (m.c.a)

25

Spacing (S) (m)

1,2

Temperature (T) (°C)

20

Kinematic Viscosity of Water (m²/s)
M

1. 10-6
1,75

Slope (m)

0

.

RESULTS AND DISCUSSION

In each diameter, the data of f were
related to the Re, where a high coefficient of

determination was obtained. (R²) for all
situations (Figure 1), observing an inversely
proportional relationship between the analyzed
variables.
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Figure 1. Potential model regression analysis for Darcy-Weisbach f factor (f) and Reynolds Number (Re) for pipe
diameters 13 (a), 16 (b), 20 (c), 26 (d), 32 (e) and 40 mm (f).
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0

in order to have an equation that enables the
calculation of constants in favor of the Di
(mm) (Figure 2).

y = 0,0035x-0,484
R² = 0,99

m

C

With the obtainment of the coefficients
C in for each diameter (Figure 1), according to
the model of the Blasius equation, these were
related to the inner diameter of the pipe (Di),

0
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Di
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Di
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Figure 2. Regression analysis in a potential model between the pipe inner diameter and the constants of the Blasius
equation, C (a) and m (b).

This way, it is possible to calculate the
factor f, with the simplicity and ease of the Blasius
model and with the precision of the Offor and
Alabi (2016) model, from the following equation:
𝑓 = (0,0035 ∗ 𝐷𝑖 −0,484 ) ∗ 𝑅𝑒 −(0,3012∗𝐷𝑖

−0,106)

(8)

In which: f is the Darcy-Weisbach factor
(dimensionless); Re is the Reynolds number
(dimensionless) e; Di is the inner diameter of the
pipe (m). It is noteworthy that the equation found
makes the calculation of f even more efficient
because the Blasius constants are variable in favor
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of the inner diameter, which is not taken into
account in most models available. Furthermore,
through the high coefficient of determination (R² =

0,99), note that Equation 3 is representative for
estimating the variable f by the equation of Offor
and
Alabi
(2016)
(Figure
3).

0,0005

fn

0,0004
0,0003
0,0002

y = 0,9947x + 3E-06
R² = 0,99

0,0001
0,0000
0

0,0001 0,0002 0,0003 0,0004 0,0005

f

Figure 3. Validation between the Darcy-Weisbach f factor variables obtained by the Offor and Alabi equation (f) and the
suggested adapted equation (fn).

Thus, the equation suggested by the
present work can be used, within the
parameters and conditions of simulations
presented here, to estimate the DarcyWeisbach factor f, with the application range
varying from 4000 < Re < 100,000,000, from
accurately and efficiently. Similar results,
applied through the same methodology, were

found by Sousa and Dantas Neto (2014), with
the adaptation of the von Kármán model to
that of Blasius.
With regard to the lateral line energy
gradient, the related hydraulic characteristics
as well as the adapted equations for the
emitters are displayed in Figure 4.
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q (L/h)

65

120

45

25
10
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q = 25,782*H 0,5315
R² = 0,97

100

q = 10,455*H 0,4751
R² = 0,99

35

80

40

10

20

H (m.c.a)

30

40

Figure 4. Regression analysis between pressure energy (H) and flow (q) of the black (a) and orange (b) emitters.

As can be seen in Figure 4, the x
coefficients were 0.4751 for the black nozzle
and 0.5315 for the orange nozzle, with 0 being
the perfect exponent for the flow equation
(PIZARRO, 1990), the black nozzle, as it has
a smaller coefficient, is more efficient and has
a smaller influence of pressure variations on

the water flow in each emitter. For some pipe
diameters, the length of the lateral line (L), the
number of emitters (N), the length of the
adjusted lateral line (Lajst), the number of
fitted emitters (Najst) and the flow velocity
were obtained.
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Table 3. Inside Diameter (Di), Line Side Length (L), Number of Emitters (N), Adjusted Line
Length Side (Lajst), Number of Emitters (Najst) and Flow Velocity (v) for different pipe nominal
diameters.
Nozzle, black color
Dn (mm)

Di (m)

L (m)

N

N ajst

L ajst

v (m s-1)

13

0,0130

25,76

21,47

21

25,2

2,12

16

0,0161

37,28

31,07

31

37,2

2,04

20

0,0260

85,31

71,09

71

85,2

1,79

26

0,0270

91,05

75,88

76

91,2

1,78

32

0,0288

101,79

84,83

85

102

1,75

40

0,0368

155,45

129,54

130

156

1,64

Nozzle, orange color
Dn (mm)

Di (m)

L (m)

N

N Ajust

L ajist

v (m s-1)

13

0,0130

12,33

10,27

10

12

3,01

16

0,0161

17,83

14,86

15

18

2,95

20

0,0260

40,81

34,01

34

40,8

2,56

26

0,0270

43,56

36,30

36

43,2

2,52

32

0,0288

48,70

40,58

40

48

2,46

40

0,0368

74,37

61,97

62

74,4

2,33

The use of the 16 mm diameter in the
dimensioning configured a lateral line of 37.2
m and 31 emitters for the black nozzle and 18
m and 15 emitters for the orange nozzle. The
difference between the nozzles, for the
variables analyzed, is in favor of the inner
diameter of the nozzle. Thus, the black nozzle,
having a smaller diameter (0.9 mm) compared

to the orange one (1.8 mm), has a lower water
emission flow at the same service pressure
and, consequently, the line has capacity to
support a greater number of these issuers. In
this context, the pressure energy in each
emitter was obtained, in the respective
nozzles, along the lateral line, characterizing
the energy gradient (Figure 5).
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Figure 5. Energy gradient (m.c.a) along sideline of Amanco® type MF2 emitters, black (a) and orange nozzle (b).

As it can be seen in Figure 5, the
variation in energy along the line for both
nozzles is remarkable. For the black nozzle
(Figure 5a) there is a variation of 17%
between the first and last emitter. On the other
hand, the orange nozzle has a variation of 14%
between the same issuers.

With regard to head loss, the black
nozzle had greater loss (4.8 m.c.a), compared
to the orange (3.9 m.c.a.), precisely because it
has a larger lateral line and a larger number of
emitters. Flow variation along the lateral line
was also noticeable between the emitters of
each nozzle (Figure 6).
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Figure 6. Flow variation (L h-1) along the sideline of Amanco® type MF2 transmitters, with black (a) and orange (b)
nozzles.

Thus, in localized irrigation systems,
the uniform distribution of the application of
blades along the lateral line is directly related
to the variation in pressure and flow of
emitters, thus, changes in pressure caused by
pressure loss cause flow variation ( SILVA;
SILVA, 2005).
As can be seen in Figures 5 and 6, the
mouthpiece that showed greater uniformity
was the orange one, thus ensuring a better
distribution of water along the lateral line,
when compared to the black mouthpiece.

CONCLUSIONS
The suggested formula is representative
for estimating the Darcy-Weisbach f factor,

within the parameters and conditions of the
simulations used, with a wide range of
variation of the Reynolds Number.
The black nozzle of the Amanco MF2
microsprinkler had greater variation in the
energy gradient and flow along the lateral line
compared to the orange nozzle, which
suggests that it has a better distribution of
water along the lateral line.
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