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Development of Control System of Twin-Fluid Nozzles

for Controlling Spraying Rate and Droplet Size
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SUMMARY

In precision chemical application, increment of biol

ogical efficacy with less chemical is the virtue.

Spraying rate and droplet size is closely related to biological efficacy. This study was performed to develope
a spray-control-system that could control spraying rate and droplet size independently.

Twin-fluid nozzles were selected and tested to certify if the nozzles were suitable for the the objective of
this study. Characteristics of the nozzles i.e., spraying rate and droplet size change under the changes of
spraying pressure and air pressure were statistically modeled. The model had 1 to 1 matching property
between dependent variables and independent variables. Using the property and the model, inverse relation-
ship could be determined between variables. A feedback spray control system was developed and tested with

predetermined error of 5% in pressures. The system sh

owed 4% error in spraying rate and 9% error in

droplets size. Performance of the system could be upgraded by fine tuning but, in practical sense keeping air
pressure in the field sprayer was the bottle neck of commercialization of the spray system.
F2-%°)(Key Words) : ©] 73 = Z&(Twin-flow-nozzle), ¥ 5 (Spraying rate), 27 %] % (Droplet size),

o] A] 2 & (Control system)

A7 Fodol AAFHWA Ay

2 3 A
X, AHAE, £= YAFHEE A7) BE £

of wet RRUR
) A EHE D)7

° du oy
2 f

olth shtel AofelR
F A9 B4 & RRad
235 RS oEFoR Eihssch FURA
o 9o YA TFE FYOZ 2UE 4
god® F 7HA AolAE &

okt Fhsatel old WF) Fake wFEE €
AxZs olRAxZ, FAS=E ol At

2
0,
N

B ATE olFA 2Bt T Aol AoldAr}
Atke Mol HAsl, o FA xZY RIFH

TR EATE 19979 $EATY SAATHAR A Udor £¥HUS

* Medgtn AP AT JEFEFTRY FANART



d=FU7NASHA

7}. OjBH| = E(twin-fluid nozzle)

O|FAxZEL ZIAFTHY AAE Y
AlgFe g2y 217 BFYAY vgEE =9
Fd7o] B Zo vE o 2EFZA F7]9
FehPa)d A LRAPs)Y 2Ee Bl o
& 27 ER 2FYEe €€ ¢ Adth
OlFAEL VA A L2l uep
Z1A8F A = U9 EFAHMixing
Chamber)oll 4l E3¥ o] F o] EFH= YR EH2
(Intemal Mixing Type)® 5% ¥ 718 79
Lemaoja BAHE 7)Ao o) 2ar <A vl
g F=3le JRE4(External Mixing Type) o3
EHETh

1%3 1% Aol AHE c)FAxEY DEE
JJr LHHI"L““‘—] T2 Bo &

M Mo

o2t A

A
)

=

=

[e]

&

o
v

fo
oX I

Mixing
Chamber

{Internal Mixing Type)>

{External Mixing Type>

Fig. 1 Structure of twin-fluid nozzles.
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Table 1. Specifications of the systerh parts

Item Specifications

A/D : 12bit, 16 Channel, 60kHz
A/D D/A : 0-5, 0~10 V, 2Ch.
input/output DIO : 24Channel

Board On-board clock

Model : AX5411, AXIOM

Pressure Range : 0~8 bar
Model : Type 6022, Burkert
Application to Water

B3 AojrzH g

START

{Initiatization)
Input : Spraying Rate
Droplet Size

A
{Calculation)
Pressure of Water(Ps)
Pressure of Air{Pa)

Proportional

Valve Pressure : 0~ 10 kgf/cm2

Input Current : 0~1A
Model : VEP3121, SMC
Application to Air

Power : 24V DC

Input signal : 0~10V DC
Model : 2832 DN 2, Burkert
Application to Water

Power : 24V DC
Input signal : 0~5V DC
Qutput Current : 0~1A
Model : VEA252, SMC
Application to Air

Pressure : 0~10 kgf/em2
Output signal : 0~5V DC
Model : P-155, Green Sensor
Application to Water & Air

Controller &
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Fig. 3 Control algorithm of the spraying
system.
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Fig. 5 Control method of spraying rate &
droplet size respectively.
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Pa : Air pressure (100kPa)
Ps . Spraying pressure (100kPa)
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pect to Pa & Pd (setup no. 42).
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Table 2. The difference values between predicted values & real values (setup no. 22)

Spraying rate (g/min) Droplet size
Pa Ps
Rate_P Rate M Error (%) Size P Size M Error (%)
1.1 2.5 1,795 1,747 3 116.2 126.5 9
1.7 3.0 1,800 1,787 1 98.7 104.3 6
2.4 35 1,800 1,838 2 85.2 92.7 9
3.0 4.0 1,800 1,781 1 77.4 83.1 7
3.7 4.5 1,800 1,833 2 70.5 76.8 9
1.1 3.0 2,000 2,008 0 124.0 131.6 6
1.9 3.5 2,000 1,979 1 98.5 106.0 8
25 4.0 2,000 1,984 1 86.6 92.6 7
32 4.5 2,000 1,928 4 77.4 84.2 9
3.8 5.0 2,000 2,030 2 71.7 76.8 7
12 3.5 2,200 2,230 1 129.3 134.4 4
2.0 4.0 2,200 2,157 2 101.2 106.7 5
26 45 2,200 2,160 2 88.2 95.0 8
3.2 5.0 2,200 2,179 1 79.6 84.9 7
3.4 5.1 2,200 2,125 3 77.3 83.0 7
4.0 5.6 2,200 2,260 3 71.8 76.0 6
3.0 4.0 1,800 1,781 1 77.4 83.1 7
32 4.5 2,000 1,928 4 77.4 84.2 9
3.4 5.1 2,200 2,125 3 77.3 83.0 7
3.6 4.4 1,800 1.820 1 71.5 78.0 9
38 5.0 2,000 2,030 2 71.7 76.8 7
4.0 5.6 2,200 2,260 3 71.8 76.0 6
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Fig. 8 The change of droplet size at spray- Fig. 9 The change of droplet size at spray-
ing rate(1,800g/min). ing rate(2,000g/min).
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