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Abstract— A simplified experiment was performed to figure out the atomization characteristics of
highly viscous liquid of rice-bran oil by applying ultrasonic energy to improve the atomization of spray
droplets. A spray system, an ulfrasonic system, and three kinds of pintle-type nozzles(pin-edge angle: 5,
10°, 15°) were manufactured. To investigate the effects of ultrasonic energy on the atomization of a high-
ly viscous liquid, a phase doppler particle analyzer was used for the measurement and calculation of
spray droplets data. Nozzle opening pressures were chosen of 3 levels, ie, 10, 13, and 16 MPa. As a
result, it could be concluded that the ultrasonic energy was effective to improve the spray atomization
when applied to the fuel by means of 3 different nozzles because of the effects of the liquid fuel cav-
itation and relaxation between molecules caused by ultrasonic energy. The improvement rate of the
spray atomization by the ultrasonic spray atomization by the ultrasonic spray compared with the con-
ventional spray was about 10% increase in the case of pintle type nozzles. With the increase of pin-
edge angles the distribution lines by nozzle opening pressures are declined for both conventional and ul-
trasonic sprays. This means that the increase of the pin-edge angle improves the atomization of sprays.
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Table 1. Chemical and physical properties of the fu-
els used.

Contents Light Oil Rlce-pran
Oil
Carbon (%) 85.7 77.2
Hydrogen (%) 13.6 11.6
Carbon residue (%) 0.20 0.307
Sulfur (%) 0.093 0.002
Ash (%) 0.001 <0.01
Specific Gravity (21°C) 0.848 0.932
Kinenatic Viscosity (21°C, cSt) 49 76
Higher Calorific Value (Cal/g) 10920 9500
Lower Calorific Value (Cal/g) 10244 8939
Flash Point (°C) 47 >150
Pour Point (°C) 22 -5.0.
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Fig. 1. Schematic of the experimental apparatus.
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Fig. 2. Schematic of the PDPA system.,

Table 2. Specifications of the nozzle.

Nozzle inl

Characteristics type Pintle type
Opening pressure (MPa) 10 13 16
Initial spring load (N) 2597 298 343
Seat diameter (mm) 2.5

Open water pressure area (mm’) 23.37
Closed water pressure ares (mm’) 28.27
Nozzle lift (mm) 0.71

Material of nozzle body
Material of needle valve SDT11, HRC57
Material of line contact SCM415, HRCSS
Hole length (mm) 5

SCM420, HRC60
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Fig. 3. Detailed drawing of nozzle.
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Fig. 8. Comparison of drop size distributions between
conventional and ultrasonic sprays (15°, 10 MPa, 300
mm, pintle-type nozzle).

Table 3. Improvement rate of atomization expressed in
terms of mean diameters between conventional and ul-
trasonic sp (5°, 10 MPa, 300 mm, pintle-type nozzle).

Item
Mean Conventional | Ultrasonic [mprovement
diameter (pm) rate(%)
D 8.9 7.7 14.2
D, 10.4 9.0 13.7
Dy 11.7 10.3 12.6
D., 14.9 13.4 10.3
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Table 4. Improvement rate of atomization in terms
of SMD between conventional and ultrasonic sprays
depending on nozzle opening pressures (15°, 300 mm,
pintle-type nozzle).

Item

Opening % 4 Improve-
pressure Conventional | Utrasonic ment Remark
(MPa) rate(%)

10 14.9 134 103 [*SMD(um)

**mean
13 151 13.7 8.9 improvement
16 15.7 141 10.5 fate: 10%
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Fig. 9. Variation of area mean diameter depending
on the nozzle opening pressures in pintle-type nozzie.
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