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A Study on the Development of Two-phase Nozzle Suitable for
Multi-purpose Spraying in Orchards
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Abstract: In orchard or crop-growing environments, pesticides are sprayed using various nozzles to prevent pests

and improve productivity. Nozzles currently in use are restricted for use in multi-purpose environments, thus, it is

necessary to develop new nozzles. In this study, new two-phase nozzles are proposed to improve the performance

of the nozzle (flow rate, spray angle, spray particle size). The performance of the two-phase nozzles are predicted

through the CFD analysis and the performance of the nozzles is compared with the experiment. The experimental

results showed that the proposed two-phase nozzles are available at relatively low operating pressure condition and

are capable of extensive spray particle size control. Thus, the proposed nozzles are expected to be available in

various orchard environments.
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2. Nozzle Design
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Table 1 Comparison results of nozzle specifications

Flow rate | Spray angle | Droplet size
Type .
(ml/min) °) (1tm)
Nozzle A 230 16.79 33.95
Nozzle B 86 13.27 47.19
Nozzle C 570 16.74 68.07

i

Fig. 1 Conventional Nozzles (a)Nozzle A

(b)Nozzle B (c)Nozzle C
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Fig. 2 Proposed nozzle design (a)Linear type (b)
Diagonal type
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3. CFD Analysis
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Fig. 3 Boundary Condition (a)Linear (b)Diagonal
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Fig. 4 Analysis of optimal liquid outlet diameter
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Fig. 5 Multiphase flow analysis results of mixture
velocity and water volume fraction (a)
Linear Type (b) Diagonal Type
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Table 2 Multiphase flow analysis result

New-Linear | New-Diagonal (@) Laser
Air inlet pressure 0.1 MPa
Air
Water inlet pressure 0.025 MPa Spray angle | _|
Spray angle 19.30° 20.19° Nozzle

Spray flow rate

—— Graduated cylinder

4. Experimental results

Droplet size
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Fig. 7 Nozzles used for performance evaluation (a)Nozzle A (b)Nozzle B (c)Nozzle C (d)New-Linear
(e)New-Diagonal
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Table 3 The operating conditions of each nozzle 42 M A3l
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Fig. 8 Performance evaluation result (a)spray flow (b)spray angle (c)spray droplet size
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Table 4 Performance for each nozzle

Flow rate | Spray angle | Droplet size
Type ,
(ml/min) ©) (1m)
Nozzle
230 16.79 33.95
A
Nozzle
86 13.27 47.19
B
Nozzle
570 16.74 68.07
C
New-
. 308 18.49 87.55
Linear
New-
) 304 19.92 98.78
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