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(1st Report, Visualization of Internal Flow Using Enlarged Nozzle) 
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In this research, it is purpose to understand a cavitation effect on fuel spray atomization for various nozzle geometries and 

injection conditions. The experiment is carried out by use of 25-times enlarged acrylic nozzle that has rectangular geometry for 

cavitation observation and pressure measurement inside the nozzle. Primary, for each injection pressure, cavitation phenomenon 

was observed and pressure inside the nozzle hole was measured. Secondary, various fuels having different vapor pressure were 

applied under the constant injection pressure for cavitation observation and pressure measurement inside the nozzle hole. As results 

of these experiments, by use of test fuel having high vapor pressure, cavitation region develops as well as increase in fuel injection 

pressure. In addition, pressure distribution inside the nozzle has the strong relationship with the cavitation region. Furthermore, 

cavitation region, pressure inside the nozzle at each measurement position and width of liquid jet injected from the nozzle is able to 

be arranged by using cavitation number. Meanwhile, the calculation using Star-CD is conducted under the same condition as 

experiments. For scale of cavitation region, calculation results denote same tendency of experimental visualization inside the 

nozzle. 
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Fig. 1. Nozzle configuration 

Table 1. Dimensions of actual and enlarged nozzle 
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Fig. 2. Set position of pressure sensor 
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Table 2. Mass fraction of regular gasoline 
Actual mass fraction

m [wt%]

5.40

4.78
4.73

4.09
3.81

3.59

3.53

3.52
2.72
1.94

1.54

1.51
1.14
1.09

43.39

Hypothetical mass fraction
m’ [wt%]

12.44

11.02
10.90
9.43

8.78
8.27

8.14

8.11
6.27
4.47

3.55

3.48
2.63
2.51

100

2-Methylpentane

Benzene
Toluene

Pentane
Butane
Hexane

2-Methylhexane

3-Methylpentane
3-Methylhexane

2-Methyl-2-butene

Methylcyclopentane

Heptane
trans-2-Pentene

2,3-Dimethylbutane

Regular gasoline

Component
Actual mass fraction

m [wt%]

5.40

4.78
4.73

4.09
3.81

3.59

3.53

3.52
2.72
1.94

1.54

1.51
1.14
1.09

43.39

Hypothetical mass fraction
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11.02
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8.27
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8.11
6.27
4.47

3.55

3.48
2.63
2.51

100
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Toluene

Pentane
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Hexane
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trans-2-Pentene

2,3-Dimethylbutane

Regular gasoline

Component

Table 3. Properties and components of regular gasoline 
Saturated vapor pressure

Pv [MPa]

0.023

0.010
0.003

0.056
0.208
0.016

0.007

0.020
0.006
0.051

0.015

0.005
0.055
0.025

0.013

Kinematic viscosity
10-6 [m2/s]
0.452

0.745
0.679
0.355

-
0.469

0.560

0.455
0.534
0.324

0.676

0.597
0.342
0.567

0.461

2-Methylpentane

Benzene
Toluene
Pentane
Butane
Hexane

2-Methylhexane

3-Methylpentane
3-Methylhexane

2-Methyl-2-butene

Methylcyclopentane

Heptane
trans-2-Pentene

2,3-Dimethylbutane

Regular gasoline

Component

0.047

Saturated vapor pressure
Pv [MPa]

0.023

0.010
0.003

0.056
0.208
0.016

0.007

0.020
0.006
0.051

0.015

0.005
0.055
0.025

0.013

Kinematic viscosity
10-6 [m2/s]
0.452

0.745
0.679
0.355

-
0.469

0.560

0.455
0.534
0.324

0.676

0.597
0.342
0.567

0.461

2-Methylpentane

Benzene
Toluene
Pentane
Butane
Hexane

2-Methylhexane

3-Methylpentane
3-Methylhexane

2-Methyl-2-butene

Methylcyclopentane

Heptane
trans-2-Pentene

2,3-Dimethylbutane

Regular gasoline

Component

0.047  
Table 4. Fuel properties of two components mixture 

5.1 1043.6 1042.4 1042.3 104[Pa]Saturated vapor pressure

n-C5H12/n-C11H24n-C5H12/n-C7H16n-C5H12/n-C6H142-Methylpentane

[N/m]

[Pa s]

[kg/m3]

1.7 10-21.8 10-21.8 10-21.8 10-2Surface tension

2.9 10-42.9 10-42.9 10-43.0 10-4Viscosity

6.5 1026.5 1026.6 1026.5 102Density

9 16 42 8-Mixture ratio (mole fraction)

iC6 C5/C6 C5/C7 C5/C11Fuel
Component

Pv :  At bubble point

Pv 5.1 1043.6 1042.4 1042.3 104[Pa]Saturated vapor pressure

n-C5H12/n-C11H24n-C5H12/n-C7H16n-C5H12/n-C6H142-Methylpentane

[N/m]

[Pa s]

[kg/m3]

1.7 10-21.8 10-21.8 10-21.8 10-2Surface tension

2.9 10-42.9 10-42.9 10-43.0 10-4Viscosity

6.5 1026.5 1026.6 1026.5 102Density

9 16 42 8-Mixture ratio (mole fraction)

iC6 C5/C6 C5/C7 C5/C11Fuel
Component

Pv :  At bubble point

Pv
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Fig. 3. Injection system 
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Fig. 4. Optical system for back light photography 
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Fig. 5. Pressure history in upstream region of the 

enlarged nozzle 
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Table 5. Experimental conditions for each Pinj 

Reynolds number

Saturated vapor pressure

Ambient pressure

Injection pressure

Fuel

0.1

2-Methylpentane

Pinj

Pamb

[MPa]

[MPa]

[kPa]

[-]

Pv 23

1.02

Cavitation number [-] 1.61

Injection duration 0.85[s]

Ambient temperature 293[K]

1.45 1.77

0.79 0.53

0.15 0.20 0.25

tinj

Ta

Re 105 2.05

0.39

0.30

K

(a) For enlarged nozzle

Injection duration

Ambient pressure

Injection pressure

0.1

Pinj [MPa]

[MPa]

[s]

Pamb

Cavitation number [-] 0.39 1.61

0.15 0.30

tinj

K

Actual nozzle 25-times
enlarged nozzle

0.4

1.36 10-3

30.8 124.6
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3.0 12.4 10-3

Reynolds number [-]Re 105 1.01 2.05

(b) Relationship between actual and enlarged nozzle
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Fig. 6. Images of cavitation, liquid jet and pressure 

inside the nozzle (iC6, Pv = 23kPa) 
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Table 6. Experimental conditions for each Pv 
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Fig. 7. Images of cavitation, liquid jet and pressure 

inside the nozzle (Pinj = 0.20MPa) 
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Fig. 8. Pressure distribution inside the nozzle hole for each conditions 
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Fig. 9. Reference of cavitation number on pressure, 

void fraction inside nozzle hole and width of 
liquid jet 
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Fig. 10. Computational grid 
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Table 7. Calculation conditions for each Pin 
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Fig. 11. Distributions of pressure, void fraction and velocity magnitude for each Pin 

Table 8. Calculation conditions for each Pv 
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Table 8 3.2
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Fig. 12. Distributions of pressure, void fraction and velocity magnitude for each Pv 
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