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Introduction

Due to the increasing need for agricultural products, protection of products against pathogens and preventing
them from being wasted is important. Studies on droplet charging systems result in the reduction of chemical
usage and an increase in the deposition of droplets on the target. Conventional sprayers used in Iran have
numerous disadvantages such as drift, environmental pollution, lack of complete and homogeneous coverage of
the spraying surface, phytotoxicity, and crop losses. Therefore, evaluation of new spraying methods and using a
variety of electrical sprayers as alternatives to conventional spraying is essential. This study aims to design,
construct, and optimize the performance of the electrodynamic head of an atomizer motorized knapsack sprayer,
and study the effects of the angle of the target position, spraying distance, and wind speed on the performance of
the electrodynamic sprayer.

Materials and Methods

Experiments were performed in an agricultural machinery workshop at The Department of Biosystems
Engineering, the University of Kurdistan, Iran, with an atomizer motorized knapsack sprayer equipped with an
electrodynamic head. The effect of some factors including wind speed, spraying angle, and spraying distance on
deposition, coverage percentage, and uniformity of spraying were investigated. These effects were investigated
to determine the uniformity coefficient of total spraying. Design Expert 8.0.6 Trial software was used to design
the experiments based on central composite design and to analyze the data. The investigated factors and levels
were: the distance of nozzles from the target (at three levels of 2, 4, and 6 m), the angle of the target position (at
three levels of 0, 45, and 90 degrees), and wind speed (at three levels of 2.5, 3, and 3.5 m s). Water-sensitive
paper cards were used to evaluate the quality of the spraying. The cards were scanned and magnified with an
Olympus SZX12 Stereo Microscope equipped with an objective lens of X1 and a total magnification of 7X. The
characteristics of droplet size were determined using Mountains Map Trial and Deposit Scan software.

Results and Discussion

The maximum value of the total spraying uniformity coefficient was equal to 1.95 for the spraying angle of 0
degrees, the distance of 6 meters, and the speed of 3.5 meters per second. Meanwhile, the lowest value of the
spray uniformity coefficient of 1.18 was obtained for the test conditions of 90 degrees, distance of 2 m, and
speed of 2.5 m s, respectively. Based on analysis of variance for the two-factor interactions model (P-value less
than 0.0001, explanation coefficient 0.9383, absolute explanation coefficient 0.910, standard deviation 0.0590,
and coefficient of variation 3.790%). It can be stated that this model is highly accurate in predicting the
uniformity of the total spraying, and the linear components of spraying angle and spraying distance, as well as
the interaction of spraying angle x spraying distance and spraying distance x wind speed, significantly affect the
uniformity of the total spraying (p<0.05). Nevertheless, the linear component of wind speed and the interaction
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between wind speed and spraying angle had no significant effect on the changes in the uniformity coefficient of
the total spray. According to the variance analysis table (F-values), spraying distance has a far greater effect on
the spraying uniformity coefficient than the spraying angle.

It has been observed that the spraying uniformity coefficient will increase by increasing the spraying distance
and decreasing the spraying angle. It can also be stated that the linear components of spraying angle and spraying
distance, the interaction component of spraying angle x spraying distance, and the square power of the
components of spraying distance and wind speed have a significant effect on surface coverage. The values of R?,
Adj-R?, CV, and PRESS for the model adapted to the test data of leaf surface coverage percentage were obtained
as 0.9929, 0.9865, 4.87%, and 188.61, respectively.

Among the three input variables, the spraying distance has the greatest effect on the coverage of water-
sensitive papers. At larger spraying angles, especially 90 degrees, the coverage decreased with the increasing
distance. At spray angle of 90 degrees, by increasing the distance from 2 to 4 m, the spray uniformity coefficient
increased from 1.18 at a wind speed of 2.5 m s to 1.84 at a wind speed of 3.5 m s. However, at smaller
spraying angles (for example zero-degree angle), at first, the spraying coverage increases with the increase of the
spraying distance from 2 to 3 m and then sharply decreases afterward. According to the contours of spray
coverage, in the spray distance range of 4 to 6 m and regardless of wind speed, the spray coverage does not vary
with the increase of the spraying angle (p< 0.05). Meanwhile, in the spray distance range of 2 to 4 m, with the
increase of the spraying angle, the spraying coverage increases significantly (p<0.05). Overall, increasing the
distance between the sprayer and the target decreased the surface coverage on the target, and in electrodynamic
spraying, the uniformity of particle deposition on the underside of the target was relatively the same as on the
upper side.

Conclusion

To improve the performance of the atomizer motorized knapsack sprayer, an electrodynamic spraying head
was designed and built, and its performance was optimized using the response surface method (RSM) with a
central composite design. During the research process, the influence of the independent parameters such as the
distance between the nozzle and the target, the angle of the target position, and the wind speed on the variables
including spraying uniformity, the percentage of the spraying coverage, and the percentage of changes in the
total spraying coefficient were discussed and investigated. The results of the research led to the determination of
the 3.5 m s wind speed, 2.5 m sprayer distance, and 90 degrees spraying angle with 0.792 desirability, which
were considered as the optimal performance conditions of the electrodynamic spraying head. The results of
laboratory validation for optimal conditions show that the uniformity of total spraying indicated by the total
relative span factor (RSFT) and the percentage of spraying coverage (Cov) are equal to 1.65 and 28.27%,
respectively.

Keywords: Electrodynamic head, Response surface method, Spraying angle, Sprayer, Uniformity
coefficient, Wind speed
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Table 1- Values of independent variables and their levels
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Table 2- Central composite design used in the experiments and the resulting response

1 Response (Y)

Runno.  f(degree) D (M) U(MS™) —mers=006) Dyos (um) Dvos (um) Dvos (um)
1 0 2 250 152 2188 16262 40843 78210
2 90 2 250 118 2798 22534 46685  777.74
3 0 6 250 170  7.08 11624 26097 57486
4 90 6 250 183 7.8 98.00 268.73  588.50
5 0 2 350 133 1958 22314 41154 76936
6 90 2 350 125 3068 18590 49339 80400
7 0 6 350 195  6.78 91.80 25050  580.08
8 90 6 350 181 688 80,56 20641 52576
9 0 4 300 162 2273 14845 32542 67660
10 90 4 300 152 2633 14745 34710 67400
11 45 2 300 132 2593 19925 44246 78330
12 45 6 300 182 7.3 96.65 258.60  567.30
13 45 4 250 156 2193 15055 34078  680.80
14 45 4 350 158 2113 14535 33109  669.80
15 45 4 300 155 2419 14795 34264 68010
16 45 4 300 161 2372 14795 33731 67480
17 45 4 300 157 2301 14795 33439 67220
18 45 4 300 150 2378 14795 35210 67610
19 45 4 300 159 2401 14795 34452 67530
20 45 4 300 151 2319 14795 34140 67301
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Table 3- The results of mathematical model fitting on derived data from experiments for uniformity coefficient of total

spraying
Ol ped oo @l anyy SRR ON R g gl
Source of Variations (df) Mea?,\jl%l;ares F-Value  P-Value
Jae 6 0.120 3297  <0.0001
Model
an a)g)bs @sl5 1 0.028 7.98 0.0143
Gaa b J\JDL@I alold 1 0.630 179.01 < 0.0001
sl :c o 1 0.0017 0.48 0.5005
S XD 1 0.019 5.97 0.0296
(Interaction)
e pu 1 000001 0004 09534
(Interaction)
Jlize siDxu 1 0.015 4.35 0.0573
(Interaction)
ool 13 0.003
Residual
55
Fin e 8 0.005 2.37 0.1785
Lack of Fit
oAl gl 5 0.002
Pure Error
Cor Total 19
O S 0.9383
RZ
o8l s o 0.9100
Adj R2 '
sire Sl 0.0590
Std. Dev. '
b 3.790
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ot gl Oluye ggoxe 0.480
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Fig.5. Response surface graph for uniformity coefficient variations of total spraying based on independent parameters at
3 m st wind speed
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Table 4- The results of quadratic mathematical model fitting on derived data from water sensitive paper coverage

percentage
S g lan,y CEROSY B Gl e i
Source of Variations (df) Mea?,\;%l;ares F-Value P-Value
Je 9 131.96 25004  <0.0001
Model
e “”Bs )3 4 1 44.10 86.69 0.0001
Sl ‘g’D'w' ot 1 828.10 1627.79  <0.0001
= Z‘“"” 1 0.10 0.20 0.6669
iz P<D 1 36.13 7101 <0.0001
(Interaction)
Jlize P 1 3.13 6.14 0.0326
(Interaction)
iz DX 1 0.13 0.25 0.6308
(Interaction)
B2 1 3.57 7.03 0.0243
D2 1 129.41 25439  <0.0001
w2 1 9.51 18.70 0.0015
oslecdl 10 0.51
Residual
59
O P 5 0.80 3.78 0.0854
Lack of Fit
ol bt 5 0.21
Pure Error
Cor Total 19
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23 e 0.9919
Adj R? '
Sne Sl 0.710
Std. Dev. '
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Fig.6. Response surface graph and contour of total spraying coverage percentage based on the independent parameters
at 3ms™ wind speed
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Fig.7. Response surface contour of total spraying percentage based on the independent parameters at 2.5 and 3.5 ms™
wind speeds
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Table 5- Summary of the results of the current research in comparison with the results obtained by other researchers
SoF g0 iy ol

o Alew
R R 5 bw I Wb gle,d
s 3 053 s gty 09 bl Saoli g 551 Joe
e S el Sb SH.CO Jw ’ £ 51!
(S liwg JSI1 s sl g (pols (alind) Sro0jl olyb
The results of other (o> (3ai) Electrodynamic Location Parameter
researchers on Electrostatic atomizer sprayer of
electrostatic sprayers motorized knapsack (Current measurement
sprayer SH-CO research)
(Current research)
87.5 Bas (59, . P .
(Mozafari, 2010) 83.45 99.55 on target (NMD) (s8¢ ailio yhad ko i
Gim et The average value of the
785 78 776 L numerical median diameter
(Mozafari, 2010) : underside of the (NMD) (um)
target
3.58 P e xb ,‘~l . . /.LA l -
(Kumar Narang et al., 3.61 331 S (g5, OBl (GBIPSs cups (Sl ke
2015) on target # VMD/NMD
3.73 REXTOR The average value of the
Kumar Narang et al., 3.93 3.95 e f uniformity coefficient of
( 2015) J underts;%i:)f the spraying VMD/NMD
173-364 . L e s .
(Kumar Narang et al., 201 332 BB 59, 2 hld Cunls (5:50ka Jlade
2015) on target (ol plaB 3lusd comos ps) @oyo sio 5l
38-65 G Cudy The average drc_JpIet de_position
(Mostafaei Minagh et al., 64 55 underside of the ~ Per square centimeter (in terms
2008) target of the number of droplets)
1.6 172 157 G (so) 0ykad 0jluil 1565 ;5818 (Sikie ylade
Mishra et al., 2014 : . The average value of the relative
( : on target diameter span factor (RSF)

29 (Suling S Bl 1 5t (S8l (Saolinsg i8Il (ohews (sl bl (331, #

* The spray uniformity of the electrodynamic sprayer was slightly higher than the electrostatic sprayer.
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Table 6- The results of optimization and validation

Powt ) lie! 31 el Cuwady ol &U Cagllae S50 51 oselcuwday guls suelCunddy dingy ki
Validation results Desirability function  The results obtained from the software  The obtained optimal point
Cov (%) RSFT 0792 Cov (%) RSFT u(ms?) PB(deg) D(m)
28.27 1.65 ' 29.53 1.68 35 90 2.5
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