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The current study attempts to experimentally determine the effects of nozzle type, size 
and pressure on spray parameters. A total of 8 even flat fan nozzles were tested at 
pressures of 2 and 3bar. Spraying pattern analyzing method (pattrenator) was used to 
measure spray width and distribution. Liquid volume under the nozzle from 
pattrenator was quantified by weight method using precision electrical balance. The 
results indicated that DG flat fan nozzle behaviour was to some extent similar to that 
TP flat fan nozzle but additional variables like increase of spray width. Results also 
showed that small variations in nozzle pressure can cause significant difference in spray 
width and spray distribution. The current work presents liquid volume data under the 
nozzle centre increased with increasing nozzle size.    
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1. Introduction 
 

The use of conventional broadcasting sprayers in the agricultural fields raises a lot of problems. 
A huge amount of chemicals is lost between planting rows. Plant protection products (ppp) are 
dangerous chemicals and must be applied with the utmost efficiency to prevent environmental 
pollution and save costs [1]. According to the ASABE standard, to reduce agrochemicals losses 
between rows in the field, band boom spraying is used instead of broadcast boom spraying. This 
technology works on the basis one nozzle for every line and it suitable to the size of the band or row. 
In addition, spaces between rows are not sprayed, which saves significant farming cost by reducing 
chemical wastage and off-target environmental pollution [2].  

The proper amount of chemicals applied uniformly from the spray nozzle to the crop or soil 
surface is one of the successful spray application requirements. Thus, maintaining accurate and 
uniform spray pattern is critical to proper application, If operators understood how factors influenced 
spray uniformity [3]. 
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Environmental concerns and rising demands for optimizing agrochemical application by spraying 
system are increased. The continuous growth and change in the size of plant require an accurate 
adjustment of the spray width; therefore, different spray nozzles types and sizes have been used to 
control spray width and distribution to improve performance of sprayer [4-6].  

Accurate application of sprays is important to minimize dangerous impacts from chemicals. 
Agricultural nozzles are designed to obtain certain specific spray width to accurately apply 
agrochemicals to the crop canopy, targeted weeds, or soil surface. Numerous procedures are used 
to determine the effect of nozzle type on spray width and distribution. Pre-orifice nozzle or drift 
guard even flat fan nozzle (DG) was developed and manufactured by Delavan-Delta, Inc. to work for 
as a single nozzle over the rows of the plants [7] and to produce uniform spray distribution [6]. One 
of the most important factor affect spray distribution is nozzle pressure. Increasing of the pressure 
tend to improve the uniformity of spray distribution [9, 10]. 

Spray pattern width for band spraying can be defined as the effective sprayed width by a single 
nozzle, and spray width is the band width [2]. According to static spray distribution test, the nozzle 
settings could not be simply calculated. There are deviations between the theoretically calculated 
spray width and the actual width [11]. 

Spray volumetric distribution is one of the most important indicators of the nozzle performance 
[12]. An even spray distribution is obtained by selecting and calibrating of the nozzles correctly [13] 
using spray analysing system or patternator [14]. The aim of this study is to know effects of nozzle 
type, size and pressure on spray parameters in banding spraying application. 
 
2. Materials and methods 
2.1 Selection Nozzles 
 

Four even drift guard DG flat-fan nozzles and four even TeeJet TP flat-fan nozzles were used for 
this study. These nozzles were manufactured by spraying systems co, Inc. Wheaton, Illinois, USA. 
Nozzle sizes were classified according to the International Organization for Standardization (ISO) of 
015, 02, 03 and 04 (0.15, 0.2, 0.3, 0.4 gpm) and comprise of the BCPC threshold nozzles [15]. The 
nozzles were chosen because of their common using in banding spraying application.  

 
2.2 Flow Rate Test 
 

The discharge rate tests of the nozzles (L/min) were conducted in the aeronautics laboratory of 
the faculty of mechanical engineering, university technology, Malaysia by collecting amount of water 
directly from the nozzle on a container at a system pressure of 2 and 3 bar for 1 minute. A precision 
electric balance was used to measure the nozzle output. The spray liquid used was tap water. A 140 
L pressurized bottle was used to supply water discharged from the nozzle tip. The system pressure 
was adjusted via a pressure regulator. The tests of discharge rate were repeated three times and the 
maximum deviation of all nozzles with the nominal flow rate was ± 2.5%. Flow rate of the spray 
nozzles selected are shown in Table 1. 
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Table 1 
Flow rate for different DG and TP even flat fan nozzles at 
pressures of 2 and 3 bar 

Nozzle type Nozzle code 
Nominal flow rate (L/min) 

2 bar 3 bar 

Drift guard DG95015E 0.48 0.59 

TeeJet TP95015E 0.48 0.59 

Drift guard DG9502E 0.65 0.79 

TeeJet TP9502E 0.65 0.79 

Drift guard DG9503E 0.96 1.18 

TeeJet TP9503E 0.96 1.18 

Drift guard DG9504E 1.29 1.58 

TeeJet TP9504E 1.29 1.58 

 
2.3 Spray Pattern Width Test 
 

Spray width of the nozzle was presented as the distance between two spray ends at spray height 
of 0.50m above the patternator. The measurements were repeated three times. Results of the spray 
width were presented as (m) [16].  
 
2.4 Static Spray Volumetric Distribution Test 
 

Spray volumetric distribution of the nozzle was determined under laboratory conditions using a 
spray pattern analysing system or patternator [14, 17, 18]. The patternator was manufactured in the 
workshop with dimensions 300 cm length × 100 cm width spray table with fifty V-shaped gutters (6 
cm width × 3 cm depth). The patternator was inclined 6° from the horizontal plane [16, 19] as shown 
in Figure 1. Single nozzle was placed 0.50 m above the centre of the patternator. System pressure 
was set at 2 and 3 bar. A set of plastic tubes (250 mL) was used in front of the table to collect the 
spray liquid from each channel. A precision electric balance was used to determine the transversal 
volumetric distributions collected during 1 min. Results of the liquid volumetric distribution were 
presented as (mL/min). All tests were carried out at average 30C° and 79% RH. Nozzle type, size and 
pressure combinations were selected randomly. 
 

 
Fig. 1. Spraying pattern analysing system (pattrenator) 
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3. Results and Discussion 
3.1 Spray Pattern Width 
 

The results in Table 2 can help determine how the system pressure should be used to get specific 
spray width of the nozzle. In general, DG nozzle gave spray width bigger than TP nozzle. There was 
no significant effect for the nozzle size on spray width. Increasing the system pressure increased the 
spray width of the nozzles. 

 
Table 2  
Average spray pattern width for different DG and TP nozzles at 
pressures of 2 and 3 bar 
Nozzle type Nozzle code Average spray pattern width(m) 

2 bar 3 bar 

Drift guard DG95015E 1.30 1.43 

TeeJet TP95015E 1.00 1.09 

Drift guard DG9502E 1.30 1.43 

TeeJet TP9502E 1.00 1.09 

 Drift guard DG9503E 1.30 1.43 

TeeJet TP9503E 1.06 1.09 

Drift guard DG9504E 1.31 1.44 

TeeJet TP9504E 1.06 1.09 

 
3.2 Static Spray Volumetric Distribution  
 

The uniform of spray distribution is one of the banding spraying requirements.  According to the 
spray results, nozzle type affects significantly on the spray distribution.  A standard TP flat fan nozzle 
achieved the best spray distribution in comparison to the DG nozzle. TP nozzle gave a consistent 
deposit across the spray width by reducing the difference in the heights of the peaks under the nozzle 
centre and the neighbouring peaks around near to the spray edges as illustrated in Figure 2. 

From Figure 3, it can be noticed that the use of bigger nozzle sizes increases the liquid volume 
under the nozzle centre. The results in Figure 4 show that increasing the system pressure increases 
the liquid volume under the nozzle centre and improves the spray distribution because of reducing 
the differences in the heights of the peaks under the nozzle centre. 
 

 
Fig. 2. Spray volumetric distribution of TP and DG nozzles at a pressure of 3 bar 
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Fig. 3. Spray volumetric distribution of TP nozzle sizes 015, 02, and 03 at a pressure of 3 bar 

 

 
Fig. 4. Spray volumetric distribution for TP nozzle at pressures of 2 and 3 bar 

 
        The results in Figure 5 show spray distribution for different nozzle type, size and pressure 
combinations. The use of smaller sizes of the TP and DG nozzles gave good uniform of spray 
distribution at pressures 2 and 3 bar. Increasing the pressure from 2 to 3 bar increases the liquid 
volume under the nozzle. By increasing of DG nozzle size from 02 to 03 at pressures 2 and 3 bars, two 
big peaks appeared on the sides of the nozzle centre in comparison to the TP nozzle.  Generally, Spray 
distribution of the TP nozzle was better than DG nozzle in all spray combinations because of reducing 
the differences in heights of the peaks under the nozzle. 
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Fig. 5. Spray volumetric distribution for TP and DG nozzle sizes 02 and 03 at pressures of 2 
and 3 bar 

 
4. Conclusions 
 

The results of this work typically showed important variations. The results indicated that DG 
nozzle behaviour is to some extent similar to that TP nozzle but additional variables like increase of 
spray width. Increasing of the nozzle size increases the liquid volume under the nozzle centre while 
an increase in the system pressure increases spray pattern width and improves the uniformity of the 
spray distribution.     
 
Acknowledgment 
The authors would like to thank all the colleagues and members of the workshop as well as the 
instrumentation section of the aeronautics laboratory of the Faculty of Mechanical Engineering, 
Universiti Teknologi Malaysia. 
 
References 
[1] van de Zande, Jan C., Huijsmans J. F. M., Porskamp H. A. J., Michielsen J. M. G. P., Stallinga H., Holterman H. J., and 

De Jong A. "Spray techniques: how to optimise spray deposition and minimise spray drift." The Environmentalist 28, 
no. 1 (2008): 9-17. 

[2] ASABE. "Terminology and definitions for agricultural chemical application." The American Society of Agricultural 
and Biological Engineers. 2950 Niles Road, St. Joseph, MI 49085-9659, USA, 2006. 

[3] Forney, Shane H., Joe D. Luck, Michael F. Kocher, and Santosh K. Pitla. "Laboratory and Full Boom-Based 
Investigation of Nozzle Setup Error Effects on Flow, Pressure, and Spray Pattern Distribution." Applied engineering 
in agriculture 33, no. 5 (2017): 641-653. 

[4] Hassen, Nasir S., Nor Azwadi C. Sidik, and Jamaludin M. Sheriff. "Effect of nozzle type, angle and pressure on spray 
volumetric distribution of broadcasting and banding application." Journal of Mechanical Engineering Research 5, 
no. 4 (2013): 76-81. 

[5] E. P. Ying, M. Z. Ngali and N. H. Zakaria. "Scaled-down Model Design of Granular Fertilizer Boom Sprayer." Journal 
of Advanced Research in Applied Mechanics 5, (2015): 1-7. 

[6] M. Osman, S. Hassan, K. Wan Yusof. "Effect of Combination Factors Operating Pressure, Nozzle Diameter and Riser 
Height on Sprinkler Irrigation Uniformity." Journal of Advanced Research in Applied Mechanics 2, (2014): 1-5. 

[7] Wolf, R., Equipment to reduce spray drift. Kansas State University Agricultural Experiment Station and Cooperative 
Extension Service Publication# MF-2445, 2000: p. 1-4. 

[8] Dursun, E., İ. Çilingir, and A. Erman. "Tarımsal savaşım ve mekanizasyonunda yeni yaklaşımlar. Türkiye Ziraat 
Mühendisliği VI. Teknik Kongresi, 3-7 Ocak." (2005). 

0

10

20

30

40

50

60

70

80

90

-69 -63 -57 -51 -45 -39 -33 -27 -21 -15 -9 -3 3 9 15 21 27 33 39 45 51 57 63 69

Li
q

u
id

 v
o

lu
m

e
 (

m
l)

Distance from nozzle center (cm)

DG9502E at 2bar

TP9502E at 2bar

DG9503E at 2bar

TP9503E at 2bar

DG9502E at 3bar

TP9502E at 3bar

DG9503E at 3bar

TP9503E at 3bar



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 61, Issue 1 (2019) 140-146 

146 
 

[9] Azimi, A. H., T. G. Carpenter, and D. L. Reichard. "Nozzle spray distribution for pesticide application." Transactions 
of the ASAE 28, no. 5 (1985): 1410-1414. 

[10] Višacki, Vladimir, Aleksandar Sedlar, Rajko Bugarin, Jan Turan, and Patrik Burg. "Effect of Pressure on the Uniformity 
of Nozzles Transverse Distribution and Mathematical Model Development." Acta Universitatis Agriculturae et 
Silviculturae Mendelianae Brunensis 65, no. 2 (2017): 563-568. 

[11] Jensen, Peter Kryger, and Ivar Lund. "Static and dynamic distribution of spray from single nozzles and the influence 
on biological efficacy of band applications of herbicides." Crop protection 25, no. 11 (2006): 1201-1209. 

[12] Wang, L., N. Zhang, J. W. Slocombe, G. E. Thierstein, and D. K. Kuhlman. "Experimental analysis of spray distribution 
pattern uniformity for agricultural nozzles." Applied engineering in agriculture 11, no. 1 (1995): 51-55. 

[13] Lardoux, Y., C. Sinfort, P. Enfält, and F. Sevila. "Test method for boom suspension influence on spray distribution, 
Part I: Experimental study of pesticide application under a moving boom." Biosystems Engineering 96, no. 1 (2007): 
29-39. 

[14] Lebeau, Frédéric, E. Hamza, and Marie-France Destain. "Automation of a patternator to measure liquid distribution 
of nozzles." Cahiers Agricultures 9, no. 6 (2000): 505-509. 

[15] Southcombe, E. S. E., P. C. H. Miller, H. Ganzelmeier, J. C. Van de Zande, A. Miralles, and A. J. Hewitt. "The 
international (BCPC) spray classification system including a drift potential factor." In Proceedings of the Brighton 
Crop Protection Conference-Weeds, pp. 371-380. 1997. 

[16] Guler, H., Heping Zhu, H. E. Ozkan, R. C. Derksen, Y. Yu, and C. R. Krause. "Spray characteristics and drift reduction 
potential with air induction and conventional flat-fan nozzles." Transactions of the ASABE 50, no. 3 (2007): 745-754. 

[17] Vasquez-Castro, Javier A., Gilberto C. De Baptista, CASIMIRO D. GADANHA, and Luiz RP Trevizan. "Effectiveness of 
the standard evaluation method for hydraulic nozzles employed in stored grain protection trials." Revista 
Colombiana de Entomología 34, no. 2 (2008): 182-187. 

[18] Douzals, Jean–Paul, Antoine Porte, and Pierre Fernandez. "Simulating CoV from nozzles spray distribution: a 
necessity to investigate spray distribution quality with drift reducing surfactants." 2012. 

[19] Daggupati, Naga Prasad. "Assessment of the varitarget nozzle for variable rate application of liquid crop protection 
products." PhD diss., Kansas State University, 2007.  


