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Transverse spray volume distribution experiments for commercially available nozzles 
could help technicians and applicators select correct combinations of the operating 
variables suitable with different field conditions. The aim of this study is to generate 
numerous spray patterns are suitable for different weather conditions. Spray 
distribution patterns from three Tee Jet nozzle sizes XR11002, XR11003 and XR11004 
at three operating pressures 1, 2 and 3bar at three spray heights 0.50, 0.75, and 0.90m 
were generated with spray pattern analysis system (patternator). The results suggest 
that numerous and clear changes in the nature of the spray patterns were noted 
depending on operating variables. Working width values increased as operating 
pressure increased resulting in more uniformity of spray distribution patterns. Further, 
interaction of operating variables impacted spray width and volume distribution of the 
spray pattern. The spray peak direct under the nozzle centre decreased linearly as the 
nozzle height increased. The use of smaller nozzle sizes and higher operating pressure 
improve the spray uniformity. Correct selection of operating variables suitable to the 
field conditions could provide optimal and effective performance of the spray nozzle. 
Producing of nearly identical spray patterns from different operating variables has 
made the spray system easy to use in a wide range of field conditions. 
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1. Introduction 
 

The requirements of protection the environment and the high cost of agrochemical are incentives 
for applicators and users of spraying systems to do their very best in spraying processes. The 
productivity of a crop per unit area increases as a result of the use of accurate spraying for 
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agrochemical and organic fertilizers. Use and operation of a sprayer to achieve optimum results of 
spray application and economic use of agrochemical, a sprayer must be calibrated such as nozzle 
output, pressure and the swath width to avoid inaccurate application of chemicals [1, 2].  

Uniformity of spray pattern is critical for an optimum spray application to increase the 
effectiveness of agrichemicals and to reduce plant injury [3]. The most important operating variables 
that affect spray pattern are nozzle size, spray height and operating pressure. All flat fan nozzles 
present similar spray volume distribution pattern with a peak of volume collected in the central 
region below the tip of the spray nozzle, with a gradual volume reduction towards the end of the two 
sides of the spray[4]. 

There is a direct relationship between nozzle height and spray coverage in which greater spray 
coverage is as spray height on the targets reduced [5]. Several spray applications were carried out to 
study effect release height on spray deposition, it was noticed that spray nozzle must be at an 
optimum height [6]. The use of the minimum nozzle height remains a significant part of any spray 
application [7]. These nozzles can be operated at higher operation pressures. As operation pressure 
increased the swath width was increased [8]. In addition, spray nozzle height and the operating 
pressure have a significant effect on the spray width and the uniformity of the spray distribution [9-
11]. The best distribution of nozzle can be achieved at higher heights and medium operation 
pressures [12]. 

Hydraulic nozzles are carefully designed to use to deliver agrochemicals to targeted areas by 
achieving the desired spray coverage under certain conditions. One of the difficult decisions  faces 
sprayer users in the agricultural fields is selection of the nozzle that gives optimal spray patterns 
among a large numbers of nozzle types and suitable with weather condition in the spray time[13]. 
Selection and testing a lot of nozzle types is time consumption and costly spray way and the results 
may be not positive and it is not guarantee. Therefore, to reach to the effective and efficient spray 
application in the field, the easy and optimal way to generate nearly similar spray patterns in volume 
and spray quality by different operating variables settings of the nozzle. 

The feasibility of using the test-bench methodology is to demonstrate the spray volume 
distributions [14, 15]. The objective of this study is to evaluate and analyses spray patterns of the 
flat-fan XR110 nozzle for broadcast spraying based on spray width and volume distribution under 
effect different operating variables using a spray test bench in controlled environmental conditions, 
in an effort to provide spray pattern data for users of spray systems according to the field needs. 

2. Methodology  
2.1 Spray system 

 
A conventional spraying system equipped with a pressurized tank, pressure regulator, pressure 

gauge, and a spray boom with single nozzle in the Aeronautical laboratory of Faculty of Mechanical 
Engineering at University Technology Malaysia was used to test a group of nozzles. Numerous spray 
nozzle setups were carried out to assess the effect of three TeeJet XR nozzle sizes of XR11002, 
XR11003 and XR11004 (Spraying Systems Co, Inc. Wheaton, Illinois, USA) at three boom heights 0.50, 
0.70 and 0.90 m and at three operating pressures of 1, 2 and 3bar on spray pattern width and spray 
distribution[16, 17]. For the spray distribution validation, the reference nozzle behavior was defined 
as that obtained using flat fan TeeJet XR11003 nozzle operated at 3bar and at a boom height of 
0.50 m[18]. Table 1 shows specification of the spray nozzles. 

 In order to validate the discharge rate of the nozzles, a group of tests were conducted by 
collecting amount of water directly from the nozzle at three operating pressures 1, 2, and 3 bar on a 
container for one minute using tap water. The tests were repeated three times. The deviation 
between the actual flow and the target flow is stable at ± 2.5%. 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spray-booms
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Table 1  
Specification of the nozzles 

Nozzle 
Code 

Pressure 
(bar) 

Flow Rate 
(l/m) 

1Droplet 
Category Symbol 

2Approximate 
VMD Range 
(microns) 

 
XR11002 
 

1 0.46 Medium M 236–340 
2 0.65 Fine F 106–235 
3 0.75 Fine F 106–235 

 

XR11003 
 

1 0.68 Medium M 236–340 
2 0.96 Fine F 106–235 
3 1.18 Fine F 106–235 

 
XR11004 
 

1 0.91 Medium M 236–340 
2 1.29 Medium M 236–340 
3 1.58 Medium M 236–340 

1ASABE (American Society of Agricultural & Biological Engineers) Standard 572. 2  
2VMD = Volume median diameter 
 

2.2 Swath width 
 
Theoretical swath width of the XR nozzle with spray angle 110° at spray heights 50, 75 and 90 are 

143,214.5 and 257cm respectively. In order to validate the practical swath width of the tested nozzles 
was presented as the distance between two spray ends of the nozzle  for three XR110 nozzle sizes 
02, 03 and 04 at three nozzle heights of 0.50 and 0.75 and 0.90 m above the spray table at three 
operating pressures 1, 2, and 3bar [19]. Tests was repeated three times. The randomized complete 
block design with three replications was used to analyze the test data. Differences among means 
were determined with LSD test using Genstat version 10 Software at the 0.05 level of significance. 

 
2.3 Static spray volumetric distribution  

 
The volumetric distributions measurements of the spray from individual nozzle have been 

investigated using repeatable and precision assessment method and according to the official 
standards of spray pattern analyzing system or spray table under laboratory conditions [20-23].  This 
spray table was manufactured in the workshop with an area of 300 cm length × 100 cm width and 
contains fifty V-shaped gutters of 6 cm width ×3 cm depth. The spray table was inclined 6° from the 
horizontal plane [19, 24]. A vertical movable stand was used to support the nozzle above the center 
of the spray table on the heights of 0.50, 0.75 and 0.90 m to spray at operating pressure of 1, 2 and 
3bar. In front of the table, a set of 250 mL tubes was used to collect the liquid from each channel as 
shown in Figure 1. For all the tests, the average of the temperature and the relative humidity in the 
laboratory was 30C° and 79% RH respectively. The weighting method (a precision electric balance) 
was used to determine the transversal volumetric distributions collected during one minute. The 
spray volumetric distribution data were presented as (ml/min). 
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Fig. 1. Spray pattern analysing system 

 
3. Results and Discussion 
3.1 Spray pattern width 
 

The results in table 2 show that the working width of the tested Tee jet XR1100 nozzle can help 
determine how the nozzle size, pressure and height should be installed to get specific spray pattern 
width. The spray widths ranged from 1.26 - 2.99m at nozzle heights in the range of 0.50-0.90 m and 
operating pressures 1-3 bars. It is clear that there are significant effects for nozzle height and 
operating pressure on the working width.  Spray pattern width increased as nozzle height and 
operating pressure increased for all nozzle sizes. The widest spray width was obtained from XR11003 
nozzle of 2.99m from interaction of the nozzle height 0.90 m and operating pressure 3bar[8]. There 
was no clear effect of the nozzle size on spray width .  

 
Table 2  
Spray pattern width (m) of different nozzles sizes of 02, 03and 04, nozzle heights of 50, 75 and 90cm, and 
operating pressure of 1, 2 and 3 bar 

Nozzle size Nozzle height (cm) Operating pressure (bar) Height * Size 

1 2 3 

 

XR11002 

 

50 1.2633 1.7267 1.9067 1.6322 

75 2.0133 2.4467 2.4900 2.3167 

90 2.2733 2.6333 2.7933 2.5667 

 

XR11003 

 

50 1.3800 1.7333 1.9067 1.6733 

75 2.2467 2.4967 2.7000 2.4811 

90 2.6167 2.9033 2.9933 2.8378 

 

XR11004 

50 1.3767 1.7300 1.9100 1.6722 

75 2.2267 2.5867 2.7133 2.5089 
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 90 2.6033 2.8633 2.9500 2.8056 

LSD 0.05 0.03770 0.02177 

 Average size 

 

Pressure* Size 

XR11002 1.8500 2.2689 2.3967 2.1719 

XR11003 2.0811 2.3778 2.5333 2.3307 

XR11004 2.0689 2.3933 2.5244 2.3289 

LSD 0.05 0.02177 0.01257 

  Average Height 

 

Pressure* Height 

50 1.3400  2.1622 2.4978 1.6593 

75 1.7300 2.5100 2.8000 2.4356 

90 1.9078 2.6344 2.9122 2.7367 

LSD 0.05 0.02177 0.01257 

Average pressure 2.0000 2.3467 2.4848  

LSD 0.05 0.01257  

 
3.2 Effect nozzle height spray volume distribution 
 

In this study, the effect of different nozzle heights on spray volume distribution was suggested. 
Figure 2 shows that the spray peak direct under the nozzle centre decreased linearly as the nozzle 
height increased. In addition, the spray volume at the two spray ends increased. The results 
conformed to the results of [5].   

 

 
Fig. 2. Spray volume distribution of reference nozzle XR11003 at different nozzle heights 0.50, 0.75 and 
0.90 m and at operating pressure 3bar  
 

3.3 Effect operating pressure on spray volume distribution 
 

Figure 3 shows as operating pressure increased, the spray uniformity increased, this may be as 
result to a correlation between operating pressure with spray width and flow rate values in which 
increase the pressure increase the spray width and in the same time increase the spray volume at 
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the two spray ends in which reduced the number of peaks at the spray periphery because of the 
turbulent spray nature. In addition. Increasing of operation pressure tend to give a good distribution 
of spray [25]. 

 

 
Fig. 3. Spray volume distribution for reference nozzle XR11003 at different operating pressures 1, 2 and 
3bar and at nozzle height 0.50m  

 
From Figure 4, it is very clear that increasing of nozzle size increase the spray peak under the 

nozzle centre more than at the two sides of the spray because the number of big droplets in the spray 
increases in which they fall direct under the nozzle centre under effect their weight. 

 

 
Fig. 4. Spray volume distribution at of different XR110 nozzle sizes 02, 03 and 04 and at operating pressure 
3bar and at nozzle height 0.50m 
 

3.5 Effect of interaction of nozzle size and operating pressure on spray volume distribution 
 
It is noticed in Figure 5 that the interaction of nozzle size and operating pressure effected on 

nature of the spray periphery volume. Increasing of the nozzle size and reducing operating pressure 
at constant nozzle height increase the spray peak under the centre of the nozzle and reduce the spay 
volume at the two ends of the spray, and in the same time there is similarity in spray volume in the 
middle of the distance between the nozzle centre and the end of the spray at the two side of spray 
pattern. Further, increased operating pressure and decreased the nozzle size improve the uniformity 
of spray by increasing the spray width and reduce the peak of spray volume under the nozzle center, 
while in figure 6, at the nozzle height of 75cm, when the operating pressure increased from 2 to 3 
bar and nozzle size decreased from 04 to 03, spray volume next to the two ends of the spray increased 
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and the spray peak under the nozzle center decreased. And still there is similarity in spray volume in 
the points in the middle of the distance between the nozzle centre and the end of the spray. 

 

 
Fig. 5. Spray volume distribution of different XR110 nozzle sizes 03 and 04 and at operating pressures 2 and 
3 bar and at nozzle height 0.50 m 
 

 
Fig. 6. Spray volume distribution of different XR110 nozzle sizes 03 and 04 at working pressures 2 and 3bar 
and at nozzle height 0.75 m 
 

3.6 Effect of interaction of nozzle size, pressure and height on spray distribution 
 
Generally, the best way to control the uniformity of spray patterns is by interaction operation 

variables (nozzle size, height and pressure) to gather. Figure 7 and Figure 8 show that similarity in 
spray patterns can be achieved along the spray periphery although of changing operating variables. 
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Fig. 7. Spray volume distribution of different XR110 nozzle sizes 03 and 04 at operating pressures 2 and 
3bar and at nozzle heights 0.75 and 0.90 m 

  
Fig. 8. Spray volume distribution of different XR110 nozzle sizes 02and 04 at operating pressures1 and 3 
bar and at nozzle heights 0.50 and 0.75m 

 
4. Conclusions 
 

Study of uniformity of spray volume distribution is so important for any successful control. Tests 
were carried out to evaluate the effect of operating variables: nozzle size, pressure and spray height 
on transverse spray volume distribution. The results showed that working width of the nozzle could 
not simply be calculated by using the spray angle given by the manufacturers. Nozzle height and 
operation pressure significantly influenced working swath while nozzle size has no clear influence 
working swath. Numerous spray volume distribution patterns can be achieved accurately and rapidly 
based on the experimental data of controlled operating variables. Spray volume distribution 
measurements in the laboratory allowed use of the most optimal nozzle size, pressure and height to 
generate nearly identical spray patterns to the reference nozzle and according to the requirements 
of the field. The spray volume distribution and the similarity in the shapes of spray patterns can be 
adjusted by changing operation variables settings. In order to avoid uneven spray volume distribution 
patterns, selection of operating variable data should be according to the field requirements and 
needs.  
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