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Improvement of the Efficiency of a Twin-fluid Nozzle using
Ultrasonic Vibration
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ABSTRACT

Characteristics of a twin-fluid spray with ultrasonic vibration were examined in order to obtain a high
efficiency of cold-fog spray of the automatic pest control machine which has been widely used in protected
horticulture recently. .

An electrostrictive vibrator of PZT BLT and a magnetostrictive 7 -type vibrator were used applied as the
ultrasonic transducers with a frequency of 28 kHz. All experiments were conducted in 4 methods of spray ; a
conventional spray method without ultrasonic forcing, an indirect vibration method with ultrasonic forcing, an
improving-quality method by ultrasonic forced within liquid, and a combined-use method with both of the
indirect vibration method and the improving quality method. It was found that the ultrasonic energy increased
the atomization efficiency of spray droplets about 10% and especially much more in the case of the
combined-use method.

Keywords : Twin-fluid Nozzle, Ultrasonic, Spray Droplet, Atomization.
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Fig. 2 Schematic diagram of the experimental apparatus for the vicinity region.
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Table 1 Specification of PDA system

A 2738 A43 2002 89

Measurement instrument

2-D Fiber PDA(DANTEC. Inc.)

Light source

Ar-ion Laser
(Laser-Spectra model Stabilite 2017)
(output : max SW, used 2W)

Shift frequency

40 MHz

Transmitting optics

Laser wavelengh

Beam(mm) : Green(514.5), Blue(488)

Receiving optics

Beam seperation 38mm
Lens focal length 400 min
Mximum diameter 173445 um (Aperture ID : A)
Scattering angle 30 deree
Lens focal length 400 mm

High voltage

U1(1000V), U2(1344V)
U3(1400V), U4(1000V)

Band width

4 - 12 MHz

Signal processor

DANTEC model 58N50

3D Traverse

DANTEC model 41T50
(Lifting capacity 30 kg)

Traverse controller

DANTEC model 41T70

Fig. 3 Measuring point of the spray.
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Table 2 Specification of 28 kHz PZT BLT
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Fig. 4 Comparison of the VMD according
to the axial distance from the nozzle

tip.
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Fig. 5 Comparison of the mean diameter
according to the axial distance from
the nozzle tip.
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Fig. 6 Comparison of axial velocity accord-
ing to the axial distance from the

nozzle tip.
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according to the radial distance at
200 mm from the nozzle tip.

% vz
252 éo*éz} S5g vz Aet Ad
= 23 v
72191 *J%-‘i—%dmf’% GHEEs} 283 7bA 3
AR Z2FR FAEGA YEbgch o Al
Mk Zol 2 Aol A sHEEel o3 Sre
77 8 AR Aoz AR
100 mmol A 150 mm7b=) &) < <o) A
%

AEW A9 g RS £E2 mAEd o
A PAY 3 AL AEEel dY EEZ7le

A 278 AMaz 20029 8¢

]

T T T T T T

—w— Conventional
—e— Forcing Ultrasonic
~a— Forcing Vibrations 4
-—v— Forcing Ultrasonic+Vibrations

\ ;
§“§§ |

T T T T Y T T T T

10 15 20 25 30 35 40 45 50
Radial Distance from Axis (mm)

w

S
1
i

»n
@
1

® 8
t 1
1

Mean Diameter (micron)
N
!

o

Fig. 8 Comparison of the mean diameters
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Table 3 Comparison of mean diameters according to the radial distance at the axial

distances of 500 mm and 300 mm

(99 - wm)
Axial Radial Forcin Forcin Forcing
. ) Conventional g . .g Ultrasonic &
Distance Distance Ultrasonic Vibration .
Vibrations
0 29.62 24.59 23.77 21.75
16 22.76 22.92 20.85 19.73
300 mm
32 19.12 18.24 18.36 17.34
48 18.58 17.7 18.21 16.01
0 31.77 26.76 26.84 24.16
16 25.81 25.58 26.14 2221
500 mm 32 21.8 21.2 21.77 21.99
48 19.89 18.83 20.32 19.36
64 18.93 19.61 18.68 17.42
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Fig. 9 Comparison of the VMD according
to the radial distance at 200 mm
from the nozzle tip.
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Fig. 10 Comparison of VMD according to
the radial distance at 300 mm from
the nozzle tip.
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Fig. 11 Comparison of VMD according to
the increasing or the radial dis-
tance at 500 mm from the nozzle

tip.
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