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ABSTRACT

Since the 1930s several conceptions of rainfall simulators were developed to perform runoff
experiments, soil water infiltration, water erosion, persistence of phytosanitary products, etc. The
uniformity of the rainfall generated is a parameter used to validate a rainfall simulator conception
design. On this subject, this work aimed at identifying the wetted area uniformity of the rainfall
generated by different sprinkler nozzles. The study was divided in two stages: experimental data
collection; and, calculation of wetted area uniformity. In the first stage it was used an experimental
bench to generate rainfall. The experiment was carried out under completely randomized, factorial 3
x 3 x 3 experimental design, with 27 treatments and six replications (162 experimental units). The
treatments were a combination of three sprinkler nozzles (P1, P2 and P3), three sprinkler heights from
the ground (1.1 m, 2.1 m and 3.1 m), and three water pressures (50 kPa, 100 kPa and 150 kPa). A
mesh of 289 plastic collectors was used for stored the water volume of the rainfall generated from the
experimental units. In the second stage, it was calculated the water distribution uniformity using the
Christiansen Uniformity Coefficient (CUC) for the areas of 2.56 m?, 1.44 m?, 0.64 m2 and 0.16 m2
As a result, the higher the water pressure and sprinkler nozzle height and smaller the land plot, the
greater the tendency to get CUC values classified as good or excellent. The sprinkler nozzle P1
showed the best results, so the conclusion is the wetted area uniformity is an important parameter to
consider in the selection of sprinkler nozzles in the rainfall simulators design.

Keywords: sprinkler nozzles; water distribution uniformity; nozzle selection.

RESUMO

Desde a década de 1930 foram desenvolvidas diversas concepcbes de simuladores de chuva para
realizar ensaios de escoamento superficial, infiltracdo de &gua no solo, erosdo hidrica, persisténcia de
produtos fitossanitarios, etc. A uniformidade da chuva simulada gerada € um parametro utilizado para
validar uma concepcao de simulador de chuva. Sobre este tema, este trabalho teve por objetivo
identificar a uniformidade da chuva simulada por diferentes bicos aspersores. O estudo foi dividido
em duas etapas: uma para coleta de dados de desempenho dos bicos e outra para teste da uniformidade
da area molhada. Na primeira etapa utilizou-se uma bancada experimental para gerar a chuva. O
experimento foi conduzido sob delineamento inteiramente casualizado com esquema fatorial 3 x 3 x
3, com 27 tratamentos em seis repeticdes (162 unidades experimentais). Os tratamentos foram uma
combinacdo de trés tipos de bicos aspersores (P1, P2 e P3), trés alturas de instalacdo dos aspersores
(1,1 m, 2,1 me 3,1m) e trés pressdes de servico (50 kPa, 100 kPa e 150 kPa). Uma malha de 289
coletores plasticos foi utilizada para armazenar o volume de agua das chuvas simuladas geradas das
162 unidades experimentais. Na segunda etapa, foi calculada a uniformidade da area molhada
utilizando o Coeficiente de Uniformidade de Christiansen (CUC) para as areas de 2,56 m2, 1,44 mz,
0,64 m? e 0,16 m2. Como resultado, verificou-se que quanto maior a pressdo da agua e a altura do
aspersor, e menor a area da parcela, maior foi a tendéncia de obter indices de uniformidade da area
molhada classificados como bom ou excelente. Neste trabalho o bico aspersor P1 apresentou 0s
melhores resultados, portanto, concluiu-se que a uniformidade da area molhada é um importante
parametro a ser considerado na selecéo de bicos aspersores no projeto de simuladores de chuva.

Palavras-chave: bicos de aspersor; uniformidade de distribuicdo de agua; selecédo de bicos.

1 INTRODUCTION

Rainfall is a climatic parameter that play an important role in the occurrence of soil erosion
(OLIVEIRA et al., 2009; CARVALHO et al., 2012). It is the result of water condensation in the
atmosphere, that precipitates in drops towards the ground when they overcome vertical air streams

(INMET, 2018). Hence, it is important to get specialized information about rainfall effects
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(DURAES; COELHO FILHO; OLIVEIRA, 2016). However, due to limitations, or scarce
information collected from natural rainfall, technical systems called Rain Simulators have been used
to reproduce rainfall in a controlled way (MONTEBELLER et al., 2001).

In the rain simulators design, the automation of the simulated rainfall generation process
through electronic systems allows controlling the pressure, flow, temperature, time and intensity of
precipitation, generating rainfall with the same characteristics for several times (SANTOS et al.,
2016). An important parameter to be considered in the Rain Simulators design is the selection of
sprinklers based on their water distribution uniformity, that affects the simulated rainfall generated
(SANTOS, 2017).

The concepts of water distribution uniformity applied to irrigation systems has an increasing
importance along the last years, due to the need for conserving water resources, and to the high energy
costs. So, it is important to guarantee the correct choice and the suitable use of the droplet forming
mechanism, and also, an adequate water management (SANDRI and CORTEZ, 2009). In irrigation,
uniformity is related to the capacity of the equipment to provide a uniform water distribution
throughout the irrigated area (JUNIOR SILVA et al., 2017). Thus, the uniformity of simulated rainfall
reflects the ability of a Rain Simulator to provide the same water intake rate, in form of raindrops,
over an experimental area.

Uniformity can be estimated with several coefficients (SANTQOS, 2017). Among them, the
Christiansen Uniformity Coefficient (Christiansen, 1942), known as CUC. It is an important
parameter to determine the uniformity of a wetted area. In the literature, CUC was used by many
authors to estimate the uniformity coefficient of the wet surface in their respective experiments
(Lopes et al., 2011); Borssoi et al., 2012; Faria et al., 2012; Faria et al., 2013; Frigo et al., 2013; The
Baldi et al., 2013; Zocoler et al., 2013; Bastos et al., 2014; Melo Filho, 2015; Martins et al., 2015;
Palaretti et al., 2016; Prado, 2016; Silva et al., 2016; Tamagi et al., 2016; Andrade et al., 2017; Santos
etal., 2017; Silvaet al., 2017; and Ventura et al., 2017). In the development of Rain Simulators, CUC
was used to estimate the uniformity of the simulated rain generated by the respective models of
sprinklers used (Pall et al., 1983; Alves Sobrinho; Ferreira; Pruski, 2002; Souza Junior and Siqueira,
2011; Souza Junior; Mendes; Siqueira, 2017).

In this context, this work aimed to identify the water distribution uniformity of a rainfall
simulator, under different sprinkler heights and operating pressures for three commercial nozzles, in

order to select the best combination of these factors for the use in rainfall simulation.
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2 MATERIAL AND METHODS

The experiment was carried out in a laboratory, in an environment prepared for the simulating
rainfall, in order to produce a uniform, flat surface, with no influence of external weather conditions
(wind, natural rainfall, and sun).

The experiment was developed under a completely randomized experimental design, using a
factorial scheme 3 x 3 x 3, with six replications (27 treatments, 162 experimental units). Factor "A"
was composed of three sprinkler nozzles; the "G" factor was three sprinkler heights above the ground
(2.1m, 2.1 mand 3.1 m); and the "D" factor was three operating pressures (50, 100 and 150 kPa).

Figure 1a illustrates the sprinkler nozzle models used, with their respective commercial codes
and the denomination adopted in this work (P1, P2 and P3). P1 and P2 sprinkler nozzle have the same
geometric design, however, with nozzle diameters of 3.9 mm and 1.6 mm, respectively. The
conception of P1 and P2 distinguishes from the conception of P3, which has a nozzle diameter of
0.68 mm.

Figure 1b shows the 27 experimental treatments. The sprinkler height (in meters)
corresponding to the distance from the sprinkler to the soil surface. The operating pressure (in kPa)
corresponds to the measured water pressure at 50 mm from the sprinkler by a code sensor
MPX4250GP (range between 0 and 250 kPa). The pressure was regulated by opening and closing a
globe valve.

For each of the 162 experimental units, simulated rainfall was generated with a duration of 7
minutes. The volume of water stored in the collectors (in milliliters) was measured with a volumetric
graduated beaker (capacity for 300 ml). The respective values were recorded in a spreadsheet and

converted to water discharge (L h?).

Figure 1 — (a) Used sprinklers (b) Adopted experimental combination

Denomination | Representation Code Quantity Eﬁf:;tlm:rr:ttal Nozzle Pzis;:)re H(erln%ht
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P1 108 e 5 w7
< = . 5 P1 1 1

g 6 P1 100 3.1

= 7 P1 150 11

8 P1 150 2,1

2 9 P1 150 3,1

G 10 P2 50 11

“i = 1 P2 50 2,1

P2 . || BUBHH- 12 P2 50 3,1
== | 55880 13 P2 100 11

= 14 P2 100 2,1

— 15 P2 100 3.1

16 P2 150 11

17 P2 150 2,1

18 P2 150 3,1
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19 P3 50 11
20 P3 50 2.1
21 P3 50 3.1
BL/4T- :
P3 SS+TG. 1 22 P3 100 11
23 P3 100 2.1
Ss6
24 P3 100 3,1
25 P3 150 11
26 P3 150 21
27 P3 150 3,1

) (b)

Figure 2 shows the used experimental scheme, as it follows: (a) reservoir with volume of 2000
L; (b) 2.2 kW hydraulic pump powered by a 220 Vca power source and a volumetric flow rate of 5.5
m? h'; (c) sprinkler mounting position; (d) plastic collectors (289 units) with capacity to store 0,2 L;
(e) area Al - 0.16 m?; (f) area A2 - 0.64 m?; (g) area A3 - 1.44 mz?; (h) area A4 - 2.56 m?; (i) maximum
wetted area and the "X and "y" dimensions corresponding to the distance between the collectors (d),
which were equally spaced 0.2 m apart. The volume of water stored by the collectors beyond the

maximum area of analysis (h) was discarded.

Figure 2. Sketch of the experimental bench used to perform the tests

We organized the measurements come from the 162 experimental units, to calculate the water
distribution uniformity of the areas Al, A2, A3 and A4, applying the equation of Christiansen
Uniformity Coefficient (equation 1).
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n.X (1)

CUC = 100.[1 - M}

At where:

CUC = Christiansen’s Coefficient of Uniformity (%);
n = Number of analyzed drippers;

Xi = Flow collected in each dripper (L h-1);

X= Mean of the flows collected in all drippers (L h-1).

The data were submitted to analysis of the assumptions of normality of residues and
homogeneity of variance, by the Shapiro-Wilk and Bartlett tests, respectively. Subsequently, the
analysis of variance was performed, followed by the Tukey test, for means comparison. The analyses
were performed in STATISTICA software.

In addition, the mean value of the six replicates was calculated. Thus, the areas Al, A2, A3
and A4 were classified for the 27 experimental combinations, according to the indexes proposed by
Mantovani (2001), as presented in Table 1.

Table 1. Uniformity index used to classify the simulated rainfall generated

Ranking CUC (%)

Excellent Greater than 90

Good 80 —90

Moderate 70 — 80

Bad 60 — 70

Unacceptable Less than 60 Source:

Mantovani (2001)

3 RESULTS AND DISCUSSIONS

Based on the data analysis, we verified a triple interaction between the study factors (p <0.05),
for all the areas used in this study. Considering the area A4, the best results were obtained using the
P1 nozzle sprinkler at working heights of 2.1 m and 3.1 m. For the height of 1.1 m, all the nozzle
evaluated had CUC less than 40% (Figure 3a).
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Figure 3 — CUC values for area A4 (2.56 m?), at heights of 1.1 m (a); 2.1 m (b) and 3.1 m (c)
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Note: The dashed line present in 80% corresponds to the minimum good / excellent classification
according to Table 1.

In the A3 area (1.44 m?) and using the height of 1.1 m, only the highest pressure (150 kPa)
combined with the use of P1 nozzle sprinkler gave satisfactory results, classified as moderate in the
scale proposed by Mantovani (2001). However, when the working heights were increased, and for
the same pressures, this resulted in better distribution uniformity of the wetted area. In such a way
that the P1 in the pressure 50 kPa, in the height 1,1m presented CUC equal to 30%; in the height
2,1m, it raised to 70%, and at the height of 3,1m the CUC was higher than 80%. This characteristic

is observed also at P2 and P3 at pressures (Figure 4).

Figure 4 — CUC values for area A3(1.44 m?), at heights of 1.1 m (a); 2.1 m (b) and 3.1 m (c)
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Note: The dashed line present in 80% corresponds to the minimum good / excellent classification
according to Table 1.
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For the area A2 (0.64 m?), similar behavior was obtained for area A3 (1.44 m?), at the working
height of 2.1 m and using the pressures of 100 and 150 kPa, a good classification index was obtained.
In addition, with nozzle P1 at the highest height (3.1 m), all the operation pressures gave good results
(Figure 5c). For nozzles P2 and P3, all combinations resulted in low, bad CUC values.

In the analysis of area, Al gave the best results of CUC, according to Mantovani (2001),
where all combinations used the nozzle sprinkler P1. In addition, when the nozzle sprinkler P2 was
used at the lowest working height (1.1 m), we obtained CUC values classified between “reasonable”

and “good”. No one combination for P3 nozzle sprinkler gave satisfactory results (Figure 6).

Figure 5 — CUC values for area A2 (0.64 m?), at heights of 1.1 m (a); 2.1 m (b) and 3.1 m (c)
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Note: The dashed line present in 80% corresponds to the minimum good / excellent classification
according to Table 1.
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Figure 6 — CUC values for area Al (0.16 m2), at heights of 1.1 m (a); 2.1 m (b) and 3.1 m (c)
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Note: The dashed line present in 80% corresponds to the minimum good / excellent classification
according to Table 1.

The sprinkler nozzles models used in this work differ from the models used in the literature
works. Thus, different simulated rainfall was generated, making impossible a direct comparison.
Despite, it can be inferred on the indicatives obtained from the works of Alves Sobrinho et al. (2002)
and Souza Junior; Mendes; Siqueira (2017) and of this work as described below.

The conception of Rain Simulator developed by Alves Sobrinho et al. (2002) uses two VeeJet
80.100 nozzle sprinkler with a pressure of 32.7 kPa, and Veelet 80.150 with a pressure of 35.6 kPa,
positioned at 2.3 meters in height, mounted in parallel and spaced at 0.4 m. The simulated rainfall
resulted in CUC values of 82 to 87%, for an experimental plot of 0.70 m2. The values in the present
work show that, in the area A2 (0.64 m?), and using only one nozzle sprinkler (P1), we observed 6
combinations that resulted in CUC values above 80%: pressure 150 kPa and height 1.1m (Figure 5a);
pressure 100 kPa and height 2.1m (Figure 5b); pressure 150 kPa and height 2.1m (Figure 5b); pressure
50 kPa and height 3.1m (Figure 5c); pressure 100 kPa and height 3.1m (Figure 5¢); and pressure 150
kPa and height 3.1m (Figure 5c).

On the other hand, the Rain Simulator developed by Souza Janior; Mendes; Siqueira (2017),
that used two Fulljet %2 SS HH 40 nozzle sprinkler spaced at 1.06 m, at a height of 3 m in relation to
the experimental plot. The authors used pressures of 50, 80, 110, 140 and 170 kPa, in experimental
plots of 3.0 m2, 1.5 m2 and 1.0 m2. Thus, CUC values obtained for the 3.0 m? area were less than 75%
for all the pressures used. In the area of 1.5 m?, CUC values were under 80% for the pressures of 50,
80 and 110 kPa; and for the pressures of 140 and 170 kPa, CUC values were higher than 80%. In the
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area of 1.0 m2, CUC values were under 75% for the pressure of 50 kPa, and above 80% for the other
pressures (80, 110, 140 and 170 kPa).

Comparing these results with the values obtained in the present work, in the area A4 (2.56 m?)
and using only one nozzle sprinkler (P1), there were 3 combinations of results with CUC values above
80%: pressure 150 kPa and height 2.1 m (Figure 3b); pressure 100 kPa and height 3.1 m (Figure 3c);
and pressure 150 kPa and height 3.1 m (Figure 3c). In the area A3 (1.44 m?), and using only one
nozzle sprinkler (P1), we found 5 combinations of results with CUC values above 80%: pressure 100
kPa at height of 2.1 m (Figure 4b); pressure 150 kPa at height 2.1 m (Figure 4b); pressure 50 kPa at
height 3.1 m (Figure 4c); pressure 100 kPa and height 3.1 m (Figure 4c); and pressure 150 kPa at
height 3.1 m (Figure 4c). In the area A2 (0.64 m?), we verified that using only one sprinkler nozzle
sprinkler (P1), it was observed 7 combinations of results with CUC values above 80%: pressure 150
kPa at 1,1 m height (Figure 5a); pressures 50, 100 and 150 kPa at height 2.1 m (Figure 5b); and
pressures 50, 100 and 150 kPa at height 3.1 m (Figure 5c).

4 CONCLUSIONS

The water distribution uniformity is an important parameter to be considered in the selection
of nozzle sprinklers for Rainfall Simulators, since it corresponds to the number of drops that reach a
certain plot. In this way, the uniformity index assists in the Rainfall Simulators design, serving as a
parameter to determine the technical specification of wetted area of the Rain Simulator.

How high are water pressure and drop height, and how small is plot area, so higher the trend
to get uniformity indexes of wetted area classified as good or excellent. In this work, the nozzle

sprinkler P1 showed better results than P2 and P3.
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