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A B S T R A C T 

 

Accurate pesticide application from sprayers, is essential in modern farming practice 
as it increased pest control, reduced pesticide costs and wastage, and greater environ-

mental safety. Evenness of flow characteristics of liquid from a sprayer nozzle is one 
of the requirements of accurate pesticide application. Hence, a study was undertaken 

to evaluate the flow characteristics of liquid from four different spray nozzles (hollow 
cone ceramic nozzle (HCC)) 422HCC02, 422HCC025, 422HCC03, and 422HCC05 on a 

horizontal spray patternator. The discharge rate, spray distribution pattern, spray 
swath of all the types of nozzles were measured with a pressure range from 6.0 to 9.5 
bar at three different nozzle heights (30, 40, and 50 cm). Considerable variations in 

pattern occurred between successive runs with individual nozzles: The maximum co-

efficient of variation (C.V.) for the average of nozzle discharges was within the per-

missible limits because it is less than 10%. It was observed that with the increment of 
operating pressure  and spraying height, the swath width was found to be increased. 

The average discharge from hollow cone ceramic nozzles has been increased as a result 
of the increased operating pressure of the pump where the average discharge for 

422HCC02 nozzle ranged between (0.98 to 1.35 L/min), for 422HCC025 nozzle ranged 
between (1.15 to 1.65 L/min), for 422HCC03 nozzle ranged between (1.23 to 1.76 
L/min), for 422HCC05 nozzle ranged between (1.35 to 2.03 L/min) when the pump 

pressure increased from 6.0 bar to 9.5 bar.

 

1. Introduction 

In this agriculture sector, there is a lot of field 

works, such as weeding, reaping, sowing, etc.  Apart 

from these operations, spraying is also an important op-

eration to be performed by the farmer to protect the cul-

tivated crops from insects, pests, funguses, and diseases 

for which various insecticides, pesticides, fungicides, 

and nutrients are sprayed on crops for protection. The 

growing concern to control plant diseases, insects, and 

weeds for a qualitative yield of agricultural products is 

increasing speedily in many developing countries 

(Singh et al., 2018). The nozzle type not only determines 

the amount of spray applied but also the uniformity of the 
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applied spray, the coverage obtained on the sprayed sur-

faces, and the amount of drift that might occur (Sumner, 

2009). In pesticide application, accuracy and uniformity of 

application are most important to avoid adverse effects of 

pesticides on the environment and crop injury and reduce 

pest management. Flow rate, operating pressure and 

pressure losses, nozzle material, nozzle spray angle, noz-

zle positioning, spray height, spray width, spray thick-

ness, breakup length, atomization degree or droplet size, 

impact, spray drift, velocity, spray pattern, etc. are some 

parameters that affect the nozzle performance. Each noz-

zle type has specific characteristics and is designed to be 

used for different applications. Selecting a nozzle based on 
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the spray pattern and other spray characteristics that are 

required generally yields good results (Padhee et al., 

2019). Keeping in view of the above discussions, an at-

tempt was made to evaluate the spray characteristics with 

different nozzles used in agricultural sprayers in a hori-

zontal spray patternator which could help in selecting the 

appropriate nozzle for plant protection of any agricultural 

crop. The data from this study could be used by the nozzle 

manufacturers to recommend a spacing of their nozzles 

on the booms, operating pressure, and other spray param-

eters that farmers use to treat their field crops during 

spraying using different hydraulic sprayers. 

2. Materials and methods 

The prototype spraying machine was tested in the 

faculty of Agriculture and Natural Resources – Aswan 

University - Aswan - Egypt. Tests were carried out to 

evaluate the machine performance in terms of the labor-

atory. The laboratory tests are conducted to assess the 

discharge rate, spray distribution pattern, and spray an-

gle. The sprayer was operated at different heights of (30, 

40, and 50 cm) at different operating pressures of (6.0, 

7.0, 8.0, 8.50, and 9.5 bar). 

2.1. Uniformity of spray distribution 

The uniformity of the spray distribution across the 

boom or within the spray swath is essential to achieve 

maximum chemical effectiveness with minimal cost 

and minimal non-target contamination. The uniformity 

of the nozzles was calculated by using a patternator. A 

patternator normally consists of several channels 

aligned perpendicular to the nozzle spray and can be of 

any convenient length provided that it encompasses the 

area of the spray.  

Spray volume distribution pattern was noted on a 

patternator of size 600 cm x 67 cm. The patternator has 

many curved grooves at equal spacing and a rack car-

rying spray-collecting tubes, which were mounted be-

low the collecting endpoints of the grooves. The spray-

ing boom was placed horizontal direction above the 

patternator, at the height of 30 cm, 40 cm, and 50 cm. 

The sprayer was operated for 20 s in each situation was 

able to obtain a measurable amount of spray from the 

collecting tubes and this was replicated thrice for each 

flow rate (Padhee et al., 2019). 

2.2. Spray swath width 

According to Indian Standard. IS: 8548 – 1977, test 

code for the power-operated hydraulic sprayer, the 

working width (the distance between the outer edges of 

the outermost channels which at the operating pressure 

received 50% or more of the largest quantity of liquid 

collected from anyone channel) in millimeters shall be 

measured for each of the nozzle height (Jassowal, 

2016). 

2.3. Statistical analysis 

The statistical analysis was carried out using IBM 

SPSS statistics 25, PC statistical software. Each experi-

ment in triplicate was repeated at least twice and the 

values were presented in terms of coefficient of variance 

(S´anchez-Hermosilla et al., 2011) 

 
Figure 1. Shows a patternator consists of a number of channels during the uniformity test. 

    
422HCC02 422HCC025 422HCC03 422HCC05 

Figure 2. The different types of hallow cone ceramic nozzles are used in the current study. 
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3. Results and discussions 

The tests were carried out in the Agricultural and 

Bio-Systems Engineering Department – Faculty of Ag-

riculture and Natural Resources – Aswan University – 

Aswan- Egypt, during the period from 9 to 31 October 

2020. 

3.1. The laboratory tests include 

1. Effect of operating pressure on single nozzle 

discharge rate on spraying boom. 

2. Uniformity of spray distribution. 

3. Effect of spraying pressure and spraying 

height on coefficients of variation of the pat-

ternator test data. 

3.1.1. Effect of operating pressure on single nozzle dis-

charge rate on spraying boom 

The test was performed to find out the actual dis-

charge rate produced by a single nozzle in the boom at 

different pressures. The discharge obtained from four 

different nozzle types was collected for different pres-

sures with three replications and the average data was 

tabulated in Table 1 and Figure 3. 

Table 1 

Average actual discharge rate produced by a single nozzle in the boom. 

Average pump 

pressure, (bar) 

Average discharge from hollow cone ceramic nozzle, (L/min) 

422HCC02 422HCC025 422HCC03 422HCC05 

6 0.98 1.15 1.23 1.35 

7 1.09 1.25 1.37 1.52 

8 1.16 1.44 1.52 1.74 

8.5 1.22 1.51 1.64 1.83 

9.5 1.35 1.65 1.76 2.03 

 

It can be inferred from Table 1 and Figure 3 that, as 

the operating pressure increased from 6 bar to 9.5 bar, 

the discharge rate for a hollow cone nozzle type 

(422HCC02) increased from 0.98 to 1.35 L/min while for 

a hollow cone nozzle type (422HCC025) the discharge 

increased from 1.15 to 1.65 L/min, also, we found that 

the discharge rate increased for a hollow cone nozzle 

type (422HCC03) from 1.23 to 1.76 L/min while for a 

hollow cone nozzle type (422HCC05) the discharge in-

creased from 1.35 to 2.03 L/min. 

 

Figure 3. Effect of operating pressure on single nozzle discharge rate in the boom. 

3.1.2. Uniformity of spray distribution 

The uniformity of spray of the hollow cone ceramic 

nozzles was evaluated through a patternator at spray-

ing pressures of (9.5, 8.5, 8, 7, and 6 bar) and spraying 

heights of (30, 40, and 50 cm). The four types of nozzles 

were tested at different pressure and height 

combinations. The discharge obtained from different 

channels of the patternator was measured for a single 

nozzle. 

The coefficients of variation were calculated for the 

above data using SPSS.25 to determine the variability 

within the data. The volumetric distributions of the noz-

zles obtained from the patternator test were presented 
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through trend lines Figure 4. Each trend line represents 

the average discharge collected from the channels of the 

patternator at a particular height and pressure. A pre-

cise nozzle should produce uniform spray, i.e., dis-

charge collected at both sides of the nozzle axis should 

be equal, and there should be the least coefficient of var-

iation within the data, but in actual the concentration 

was more at the center and declined to both the sides.  

 

 

 

Figure 4. Effect of pump pressure on spray volumetric distribution of 422HCC02 nozzle. 
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Figure 5. Effect of pump pressure on spray volumetric distribution of 422HCC025 nozzle. 

 

The trend lines for Figure 5 showed that the effect 

of nozzle height on spray volumetric distribution of 

hollow cone ceramic nozzle (422HCC025) at different 

pressures (9.5 to 6 bar) and different heights (30, 40, and 

50 cm). The distribution pattern showed that the chan-

nels present in the center received more discharge as 

compared to the channels at both ends. This confirms 

that while spraying, the central part of the nozzle re-

ceived a good spray amount compared to both the ends. 

Therefore, overlapping is done to counteract the phe-

nomena. 
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Figure 6. Effect of pump pressure on spray volumetric distribution of 422HCC03 nozzle. 

 

Figure 6 represents the volumetric distribution of 

hollow cone ceramic nozzle (422HCC03) for different 

pressures (9.5, 8.5, 8, 7, and 6 bar) and heights (30, 30, 

and 40 cm). Also, the results in Figure 6, indicated that 

with the increase in pressure at a constant height the 

peak discharge at any channel increased along with to-

tal discharge. From the figures, it was shown with the 

increase in height the number of channels receiving the 

spray increased in number. The trend lines increased in 

length both vertically and horizontally with the in-

crease of pressure. The trend lines followed a similar 

pattern i.e., the distribution on both sides of the peak 

declined gradually. This revealed that maximum dis-

charge was concentrated just below the nozzle and far-

ther areas received less spray. 
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Figure 7 depicts the volumetric distribution of 

spray from the hollow cone ceramic (422HCC05) nozzle 

at previously mentioned pressures and heights. Any 

particular figure shows the spray distribution at one 

height and five different pressures. Figure 69 describes 

the distribution pattern obtained for different operating 

pressures at 30 cm height. That clearly indicated that, as 

the pressure was increased the discharges were in-

creased, and also it was inferred that with the increase 

in height the number of channels receiving the spray in-

creased. Figures 7 show good distributions in the mid-

dle. There are some deviations for all these graphs as 

the very little spray was obtained from the channel next 

to the peak one. 

 

 

 

Figure 7. Effect of pump pressure on spray volumetric distribution of 422HCC05 nozzle. 
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3.1.3. Effect of spraying pressure and spraying height on 

coefficients of variation of the patternator test 

data 

The coefficient of variation (C.V) was estimated at 

different heights (30, 40 and 50 cm) and pressures (6.0, 

7.0, 8.0, 8.5 and 9.5 bar) for four different hollow cone 

ceramic nozzles (422HCC02, 422HCC025, 422HCC03 

and 422HCC05) are shown in Figure 8.  

Figure 8 illustrated the effect of pump pressure and 

spraying height on the coefficient of variation, the re-

sults show that there is no specific pattern in which it is 

possible to predict the values or method of predicting 

the value of the coefficient of variation for the 

performance of the nozzles under the influence of the 

different pressures and different spray heights men-

tioned above.  

However, when comparing the values of the coeffi-

cient of variation for different nozzles at a height of 30 

cm spraying, Figure 8a, we find that there is complete 

randomness between the different curves when com-

paring these differences with Figure 8b when spraying 

at a height of 40 cm. There is approximate stability was 

showed and the differences became almost close. In the 

case of relative stability, the difference value found 

gradually increases at a slight rate as shown in Figure 

8c, when spraying at a height of 50 cm. 

 

 

 

Figure 8. Data of coefficient of variation of the hollow cone ceramic (HCC) nozzles at different pump pressures. 

(a) At 30 cm spraying height 

(b) At 40 cm spraying height 

(c) At 50 cm spraying height 



Elwakeel et al.  Al-Azhar Journal of Agricultural Engineering 1 (2021) 29-38  

- 37 - 

3.1.4. Effect of spraying height, pump pressure, and noz-

zle type on length of spraying (Swath width) 

Figure 9 shows the effect of operating pressure and 

spray height on the length of spray. It was observed that 

the spray length varied from 6.58 to 6.95 m and 

maximum length was observed for boom height of 30, 

40, and 50 m at operating pressure of 9.5, 8.5, 8.0, 7.0, 

and 6.0 bar. From Figure 9, the swath was calculated for 

different pressures and heights for the different types of 

hollow cone ceramic nozzles.  

 

 

 

Figure 9. Effect of operating pressure on spraying length. 
 

Figure 9 showed the relationship for the swath of 

different types of hollow cone nozzles at different 

heights and pressures. The different colored trend lines 

are for different types of hollow cone nozzles. The re-

sults showed that the swath increased due to increasing 

the spraying height or pump pressure or both of them. 

From the above table and figures, we found that the 

swath for the hollow cone ceramic nozzle (422HCC02) 

was increased from 49.75 to 58.50 cm with increasing 

the spraying height from 30 to 50 cm at 9.5 bar, respec-

tively.  

Also, the maximum swath for the hollow cone ce-

ramic nozzle (422HCC025) was 61.75 cm at 50 cm height 

and 9.5 bar while the minimum swath was 38.00 cm at 

30 cm height and 6 bar. On the other hand, we found 

that the swath for the hollow cone ceramic nozzle 
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(422HCC03) was increased from 64.0 to 69.0 cm with in-

creasing the spraying height from 30 to 50 cm at 9.5 bar 

with 7.81 %. Finally, the results, illustrated that the max-

imum swath for the hollow cone ceramic nozzle 

(422HCC05) was 71.5 cm at 50 cm height and 9.5 bar 

while the minimum swath was 43.00 cm at 30 cm height 

and 6 bar. 

4. Conclusions 

This study was undertaken to evaluate the flow 

characteristics of liquid from four different spray 

nozzles (hollow cone ceramic nozzle (HCC)) 

422HCC02, 422HCC025, 422HCC03, and 422HCC05 

on a horizontal spray patternator. The discharge rate, 

spray distribution pattern, spray swath of all the 

types of nozzles were measured with a pressure 

range from 6.0 to 9.5 bar at three different nozzle 

heights (30, 40, and 50 cm). From this study, we can 

conclude that: 

▪ Average discharge, from hollow cone ceramic 

nozzle, is directly proportional to the average 

pump pressure for all experimental nozzles. 

▪ The best volumetric distribution for all experi-

mental nozzles was under 9 bar and 50 cm spray-

ing height. 

▪ length of spraying (Swath width) is directly pro-

portional to both spraying height and pump pres-

sure. 

Finally, we can say that the main contribution of 

this paper is to study the effect of spraying height, pres-

sure, and nozzle type on the flow characteristics of a 

field sprayer. The results obtained in this study can be 

used to provide a broad base for the design of modern 

pesticide spraying machines, whose role is to reduce the 

quantities of pesticides used and reduce the costs of 

spraying by knowing the appropriate conditions of op-

erating pressures and spraying height for the desired 

process based on the type of nozzle used. 
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   تأثير ارتفاع الرش
 وضغط الرش ونوع الفوهة على خصائص تدفق البخاخ الميدان 

  الوكيل
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  العرن   الملخص 

ي الممارسات الزراعية الحديثة حيث    باستخدام الرش الدقيق لمبيدات الآفات    يعد 
ر
 ف

ً
وريا  ضر

ً
آلات الرش أمرا

يزيد من مكافحة الآفات ويقلل من تكاليف المبيدات والفاقد ويزيد من السلامة البيئية. حيث يعد خصائص تدفق    إنه 
ي أو الرشاشات أحد متطلبات الرش الدقي 

ق لمبيدات الآفات. ومن ثم، أجريت دراسة لتقييم  السائل من فوهة الفوانر
وهي   ي 

ر
الخزف المخروطي  النوع  من  مختلفة  رش  ي 

فوانر من  أنواع  أربعة  من  المبيد  تدفق  ،  422HCC02خصائص 
422HCC025   ،422HCC03    422وHCC05    جهاز  علىpatternator    تم قياس معدل التصرف ونمط توزي    ع . ي

الأفق 
ي السابقة بمدى ضغط    الرذاذ وعرض الرش لجميع أنواع 

بار عند ثلاثة أرتفاعات مختلفة للفوهة    9.5الي    6.0الفوانر
ي نمط التوزي    ع عند الضغوط المختلفة للتشغيل. وجد أن الحد الأقصى    اختلافات سم(. وجدت    50و    40و   30) 

ر
ة ف كبير

. لوحظ أنه مع زيادة  % 10تصريف الفوهة ضمن الحدود المسموح بها لأنها أقل من  ( لمتوسط  CVلمعامل الاختلاف ) 
التشغيل   زيادة    وارتفاع ضغط  نتيجة  ي 

الفوانر من  التصرف  معدل  زيادة  تم   . الكلىي الرش  ي عرض 
ر
ف زيادة  يحدث  الرش، 
متوسط   تراوح  حيث  للمضخة  التشغيل  ) ضغط  ر  بير ) 1.35  -   0.98التصرف   ،)1.15   -  1.65 ( (،  1.76إل    1.23(، 

/ 2.03إل    1.35)  ي ( لي 
، عندم زيادة ضغط التشغيل من    على السابقة    دقيقة للفوانر  بار.   9.5إل    6.0التوالي
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