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ABSTRACT

Increasing climate variability and growing
pressure on water resources have
intensified the demand for more efficient
and automated irrigation technologies.
Among recent innovations, the 360 RAIN
system has emerged as a mobile localized
irrigation technology capable of applying
water directly near the crop root zone
while operating autonomously under
GNSS guidance. This study evaluated the
main hydraulic and operational challenges
associated with the sizing of the 360 RAIN
irrigation system under wheat production
conditions. Hydraulic simulations were
performed to analyze irrigation depth
requirements, machine travel speed, head
losses along the flexible supply hose, and
pumping power demand. The results
demonstrated that machine travel speed is
one of the most critical operational
variables, since small speed variations
substantially affect the applied irrigation
depth. In addition, hydraulic head losses
increased considerably with hose length,
directly influencing pumping requirements
and energy demand. Despite presenting
lower  hydraulic  complexity  than
conventional center pivot systems, the 360
RAIN system requires careful hydraulic

RESUMO

O aumento da variabilidade climatica e a crescente
pressdo sobre os recursos hidricos t€ém intensificado
a procura por tecnologias de rega mais eficientes e
automatizadas. Entre as inovagdes recentes, destaca-
se o sistema 360 RAIN, uma tecnologia moével de
rega localizada capaz de aplicar agua directamente
proximo da zona radicular das culturas, operando de
forma autébnoma com orientacdo por sistemas
GNSS. O presente estudo avaliou os principais
desafios hidraulicos e operacionais associados ao
dimensionamento do sistema de rega 360 RAIN em
condi¢des de producdo de trigo. Foram realizadas
simulacdes hidraulicas para analisar as necessidades
hidricas da cultura, a velocidade de deslocamento da
maquina, as perdas de carga ao longo da mangueira
flexivel de alimentagdo e as necessidades de
poténcia do sistema de bombagem. Os resultados
demonstraram que a velocidade de deslocamento da
maquina constitui uma das varidveis operacionais
mais criticas, uma vez que pequenas variagdes na
velocidade afectam significativamente a lamina de
rega aplicada. Adicionalmente, as perdas de carga
aumentaram consideravelmente com o comprimento
da mangueira, influenciando directamente as
necessidades de bombagem e o consumo energético.
Apesar de apresentar menor complexidade
hidraulica em comparagdo com  sistemas
convencionais de pivo central, o sistema 360 RAIN
requer um dimensionamento hidraulico rigoroso
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sizing to ensure adequate pressure para garantir condi¢des adequadas de pressdo,
conditions, irrigation uniformity, and uniformidade de aplicacdo e eficiéncia no uso da
efficient water application. The study agua. O estudo evidencia a importincia da
highlights the importance of integrating integragdo entre analises hidraulicas e operacionais
hydraulic and operational analyses to para optimizar o desempenho de sistemas moveis de
optimize the performance of localized rega localizada em condicdes de agricultura de
mobile irrigation systems under precision precisao.

agriculture conditions.
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Keywords: climate change, mobile rega movel, dimensionamento hidraulico, rega de
irrigation  system, hydraulic design, precisdo, Sistema de bombagem, perda de carga,
precision irrigation, pumping system, head rega do trigo.

losses, wheat irrigation.

Introduction

Irrigation is one of the main factors influencing agricultural productivity, particularly in regions
characterized by irregular rainfall distribution and increasing water scarcity. Under these
conditions, improving irrigation efficiency has become essential to enhance crop productivity
while reducing pressure on water resources. Consequently, modern irrigation systems have

increasingly focused on precision water application and energy efficiency (Lakhiar et al., 2024).

Recent advances in precision agriculture have promoted the development of innovative
irrigation technologies capable of improving water distribution uniformity and reducing
operational losses. Among these technologies, the 360 RAIN system, developed by 360 Yield
Center, has emerged as an alternative to conventional sprinkler irrigation systems by integrating
machine mobility, localized water application, and digital operational control (360 Yield

Center, 2024).

Unlike traditional center pivot systems, the 360 RAIN technology applies water directly near
the crop root zone through drag hoses positioned along the crop rows. This configuration
significantly reduces evaporation, wind drift, and canopy interception losses, potentially
increasing water application efficiency and improving irrigation management under deficit

water conditions (Jadhav & Jadhav, 2024).

Despite its operational advantages, the hydraulic and operational design of the 360 RAIN
system presents several engineering challenges that differ from those observed in conventional

pressurized irrigation systems. These challenges are mainly associated with:
e determination of the optimal machine travel speed;

e estimation of the applied irrigation depth;
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e hydraulic sizing of the pumping unit;
e pressure loss management along the lateral lines and drag hoses;
e maintenance of pressure uniformity throughout the irrigation operation.

In addition, the intermittent movement of the system and the localized application pattern
introduce complexities in hydraulic behavior, requiring more accurate sizing methodologies to

ensure adequate system performance and water distribution uniformity.

Therefore, understanding the hydraulic constraints and operational requirements of the 360
RAIN system is essential for improving its design efficiency and supporting its adoption under

different agricultural and environmental conditions.

Development
Characterization of the 360 RAIN system

The 360 RAIN system is a self-propelled irrigation technology designed to perform localized
water application along crop rows. The equipment moves autonomously across the field using
Global Navigation Satellite System (GNSS) guidance, allowing precise control of irrigation
operations and remote monitoring through digital platforms (Bocu et al., 2025; Precision Agri

Services, 2024).

The system is hydraulically connected to the water supply source through a flexible
polyethylene hose, which is automatically unwound during the forward movement of the
machine and reeled during its return movement. This operational configuration enables

continuous irrigation while minimizing manual intervention (Elshikha, 2025; Naik et al., 2025).

According to specifications provided by 360 Yield Center, the main operational characteristics

of the system include:
e hose diameter of approximately 76 mm;
e maximum hose length close to 900 m;
e operating flow rate ranging from 34 to 45 m* h';
e operating pressure between 7 and 8 bar;
e irrigation capacity exceeding 60 ha from a single water supply point.
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Water application occurs through drag hoses positioned between crop rows, similarly to the Y-
Drop nutrient application concept, promoting localized irrigation near the root zone. This
configuration reduces evaporation and wind drift losses compared with conventional sprinkler

irrigation systems.

A distinctive operational characteristic of the 360 RAIN system is that water application occurs
during both forward and return machine movements (360 Yield Center, 2024). Consequently,
irrigation depth estimation and travel speed determination must account for the cumulative

effect of the two application passes.
Hydraulic Sizing Principles

The hydraulic sizing of irrigation systems generally involves the estimation of crop water
requirements, determination of irrigation depth, and hydraulic design of the pumping and

distribution systems (Alves, 2023; Tamele, 2007).

For the 360 RAIN system, several hydraulic parameters are predefined by the manufacturer,
including hose diameter, emitter configuration, nominal operating pressure, and discharge
capacity (Precision Agri Services, 2024). Therefore, hydraulic design efforts are primarily

focused on determining the appropriate machine travel speed and sizing the pumping system.
Determination of Irrigation Depth

Crop evapotranspiration was estimated according to the FAO-56 methodology proposed by
Allen et al. (1998):

Equation 1. Determination of crop evapotranspiration

ET. = K, X ET,
Where:

e ETc is crop evapotranspiration (mm day');
e Kc is the crop coefficient;

e [ETo is reference evapotranspiration (mm day ).
The gross irrigation depth was determined as:

Equation 2. Determination of the gross irrigation depth

ET,
E,

IRb ==
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e [RbD is gross irrigation depth (mm);

e Eais application efficiency.

The accurate estimation of irrigation depth is essential because excessive irrigation may

increase deep percolation losses, whereas insufficient application may reduce crop productivity.
Travel Speed Determination

In the 360 RAIN system, the applied irrigation depth is directly dependent on machine travel
speed. Therefore, speed control represents one of the main operational variables affecting

irrigation uniformity and application efficiency.

The irrigation depth applied during a single machine pass can be estimated as:

Equation 3. Determination of the blade applied by the system

Q

IR, = ———
b7y xw

where:
e (@ is system flow rate (m?s™);
e V is machine travel speed (m s™);
e W is wetted width (m).

Because irrigation occurs during both forward and return movements (360 Yield Center, 2024),

the total irrigation depth becomes:

Equation 4. Determination of the total depth applied by the system
IR, = 2 X IRy
Thus, the required travel speed for a target irrigation depth can be estimated by:

Equation 5. Determination of the travel speed required

2
V= —Q
IR, X W
Small variations in travel speed may produce substantial changes in applied irrigation depth,
particularly under low-speed operating conditions. Consequently, accurate speed regulation is

essential to maintain irrigation uniformity and avoid water application deficits or excesses.

Pumping System Design
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The pumping system was sized based on the total dynamic head required for system operation

(Alves, 2023):
Equation 6. Determination of the total head
H; = Hy + Hy + Hy + H,,
where:
e H_s is suction head;
e H_d is discharge head;
e H_f represents head losses;
e H_p is the operating pressure required by the irrigation equipment.

Hydraulic power demand was calculated as:
Equation 7. Determination of the hydraulic power

Pp = pgQH,
where:

e p is water density (1000 kg m3);

e g is acceleration of gravity (9.81 m s72)

The required pump power was then estimated by:

where:
e 7 is overall pump efficiency.

Due to the long flexible hose used in the system, head losses may become significant, especially
under high flow rates and extended operating distances. Consequently, hydraulic losses along
the hose represent one of the main engineering constraints in the design of the 360 RAIN

system.
Main Hydraulic and Operational Challenges

Although the 360 RAIN system presents a relatively simple operational configuration, its

hydraulic sizing involves several technical challenges, including:

e accurate estimation of crop water requirements;
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e precise determination of machine travel speed;

e consideration of cumulative irrigation depth during forward and return movements;
e adequate pump sizing under variable operating conditions;

o management of head losses along the supply network.

Furthermore, spatial variability in soil hydraulic properties, crop development, and field
topography may require continuous operational adjustments to maintain irrigation efficiency

and water application uniformity.
Hydraulic Simulation and Operational Analysis
Simulation Conditions

A hydraulic and operational simulation was performed to evaluate the main design constraints
of the 360 RAIN irrigation system under field conditions for wheat cultivation. The simulation
considered a hypothetical commercial production scenario representative of semi-arid

agricultural regions.

The operational and hydraulic parameters adopted in the simulation are presented in Table 1.

Table 1. Operational and hydraulic parameters used in the simulation

Parameter Value
Crop Wheat (Triticum aestivum L.)
Irrigated area 60 ha

Reference evapotranspiration (ETo) 5.2 mm day’!

Crop coefficient (Kc) 1.15
Application efficiency (Ea) 90%
Operating flow rate 40 m® h!
Hose length 900 m
Hose diameter 76 mm
Operating pressure 7.5 bar
Wetted width 18 m
Pump efficiency 75%

The adopted crop coefficient corresponds to the mid-season growth stage of wheat,

characterized by maximum water demand (Allen et al., 1998).

250

Bingbingo, A. B. (2026). Engineering challenges in the dimensioning of the 360 rain precision irrigation system. RECUJES
Edigao Especial Angola 50 Anos - Agosto Cientifico: Huambo. e-ISSN: 3006-9688, Vol. 06, n.° 01 — 2026, p.2443-255.



Revista Cientifica da Universidade José Eduardo dos Santos

Irrigation Depth and Travel Speed Analysis

Crop evapotranspiration was estimated using the FAO-56 methodology:
ET, =K. X ET,

Considering K. = 1.15and ET, = 5.2mm day:

ET, = 1.15% 5.2 = 5.98 mm day ™"

The gross irrigation depth required to satisfy crop water demand was calculated as:

p _ ETe
IRy = 220 = 6.6
b~ o090 UM

Because the 360 RAIN system applies water during both forward and return movements, the

machine travel speed was determined using:

2
p=_29¢
IR, x W

where the total irrigation depth (IR;) corresponds to the cumulative depth applied during the
two operational passes. Table 2 presents the estimated travel speeds required for different

irrigation depths.

Table 2. Relationship between irrigation depth and machine travel speed

Total irrigation depth (mm) Travel speed (m h!)

4 1111
6 741
8 556
10 444
12 370

The results demonstrate a strong inverse relationship between travel speed and applied
irrigation depth. Small reductions in machine speed substantially increased water application,
indicating that accurate speed control is essential for maintaining irrigation uniformity and

preventing excessive water application.

Under wheat production conditions, excessive irrigation depths may increase risks of nutrient

leaching and temporary soil saturation, particularly in fine-textured soils.
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Hydraulic Head Loss Analysis

Hydraulic head losses along the flexible supply hose were estimated using the Darcy-Weisbach
equation (Abdulameer et al., 2022):

hf = —_

Simulations were performed for different hose lengths while maintaining constant flow rate and

pipe diameter conditions.

Table 3. Estimated head losses as a function of hose length

Hose length (m) Head loss (m)

300 7.8
600 15.6
900 24.1

The results indicate that hydraulic losses increased proportionally with hose length. Under the
maximum operational distance of 900 m, pressure losses became considerable, potentially

compromising the operating pressure required by the irrigation equipment.

These findings demonstrate that hose length represents one of the main hydraulic constraints of

the 360 RAIN system, particularly under high-flow operating conditions.
Pumping Power Requirements

The total dynamic head required by the system was estimated considering suction head,

discharge head, pressure losses, and operating pressure requirements:
Hi=Hs;+ Hy + Hy + Hp
Hydraulic power demand was calculated using:
Pp = pgQH,

The required pump power was then determined as:

p=-2"
n

Table 4 presents the estimated pumping power requirements for different total head conditions.
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Table 4. Pump power requirements under different hydraulic conditions

Total dynamic head (m) Required pump power (kW)

60 8.7
75 10.9
90 13.1

The increase in total dynamic head significantly affected energy demand (Loureiro et al., 2024;
Moreno et al., 2010), demonstrating that hydraulic optimization of the supply network is

essential to reduce operational costs and improve energy efficiency.

Moreover, high operating pressures combined with long hose distances may increase pumping

costs, especially in large-scale irrigation operations.
Operational Implications for Wheat Irrigation

The hydraulic simulation demonstrated that the operational performance of the 360 RAIN

system is strongly dependent on machine travel speed and hydraulic pressure stability.

For wheat cultivation, maintaining adequate irrigation depth is particularly important during
critical phenological stages such as tillering, stem elongation, and grain filling, when water

deficits may significantly reduce crop productivity (Ma et al., 2025; Zhao et al., 2025).

The localized application pattern adopted by the 360 RAIN system may contribute to reducing
evaporation losses and improving water use efficiency compared with conventional sprinkler
irrigation systems (Ali et al., 2025; Ali, 2025; Gopal et al., 2025). However, improper travel
speed adjustment may lead to non-uniform water distribution and reduced irrigation
performance. Additionally, the long flexible hose used by the system introduces substantial
hydraulic head losses, requiring careful pump sizing to guarantee adequate operating pressure

throughout the irrigation cycle.

Overall, the results indicate that hydraulic design and operational management are fundamental
factors for maximizing the agronomic and hydraulic performance of the 360 RAIN irrigation

system under wheat production conditions.

Conclusions

The hydraulic simulation demonstrated that the operational performance of the 360 RAIN
irrigation system is strongly influenced by machine travel speed and hydraulic head losses along
the flexible supply hose.
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The results showed that small variations in travel speed significantly affect the applied irrigation
depth, making speed control one of the main operational challenges of the system. In addition,
hydraulic losses increased with hose length, directly influencing pumping power requirements

and operational efficiency.

For wheat irrigation conditions, the system showed potential to improve water application
efficiency through localized irrigation and reduced evaporation losses. However, proper
hydraulic sizing is essential to ensure adequate pressure, uniform water application, and

efficient system operation.

Overall, the study demonstrates that hydraulic and operational analyses are fundamental for

optimizing the performance of the 360 RAIN system under precision irrigation conditions.
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