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A study on fuel spray features in diesel engine (Second report) 

(Effects of fuel injection pressure and nozzle hole diameter on internal structures 
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The combustion process in diesel engines is greatly affected by spray features and depends on air-fuel mixture features. 
Therefore, it is necessary to grasp the detailed spray features in mixture formation process. The purpose of this report 
is to grasp macro features and internal structures in diesel sprays. In the previous 1st report, temporal macroscopic 
characteristics were discussed for the non-evaporative sprays with a variation of fuel injection pressure, nozzle hole 
diameter and ambient density. In this 2nd report, the spray internal structures and microscopic characteristics such as 
spray density spatial distribution and droplet size distribution inside the non-evaporative sprays is focused by applying 
Laser Induced Fluorescence method (LIF) and magnified high spatial resolution photography. As a result, with 
increasing in injection pressure and smaller nozzle hole, the spray internal structure is getting homogeneous and mean 
droplet size is getting small. 
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Fig.1 Optical system of LIF photography
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Fig.3 Schematic diagram of Super High Spatial Resolution 
Photography 

Fig.2 Fluorescence spectra of tetralin/tridecane mixture under 
266 nm excitation and transmission curve  
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Table 1 Experimental conditions for Pinj variations 

 

Ambient temperature

Ambient pressure

Injection fuel amount

Injection pressure

Injector

Nozzle hole diameter

40 80 120

3rd generation Piezo Injector with 
Single hole nozzle

0.121

[K]

[MPa]

5.7

[MPa]

Ta

Pa

Pinj

293

Test fuel

1.5

Fuel temperature Tf [K]

Ambient density [kg/m3]a 18.75

[mm]dn

[mg]mf

1.298 0.960 0.863tinj [ms]Injection duration

nC13H28

Nozzle length 0.8[mm]ln 

293

Table2 Experimental conditions for dn variations 

Ambient temperature

Ambient pressure

Injection fuel amount

Injection pressure

Injector

Nozzle hole diameter

120

3rd generation Piezo Injector with 
Single hole nozzle

0.115 0.121 0.133

[K]

[MPa]

5.7

[MPa]

Ta

Pa

Pinj

293

Test fuel

1.5

Fuel temperature Tf [K]

Ambient density [kg/m3]a 18.75

[mm]dn

[mg]mf

1.210 0.863 0.658tinj [ms]Injection duration

nC13H28

Nozzle length 0.8[mm]ln 

293

- 38 -

微粒化 Vol. 29, No. 97(2020)54



- 39 -

微粒化 Vol. 29, No. 97(2020) 55



- 40 -

微粒化 Vol. 29, No. 97(2020)56



(1) 
 

(2) 
 

(3)  
(4) 

 
(5) 

 
 

 
 
(1) 

Journal of the 
ILASS-Japan 17-58 2008 59-66  

(2) 

Vol.20 No.70 (2008) 106-113  
(3) 

LIEF
Vol.48 No.6

(2017) 1213-1218  
(4) 

2008 415-420  
(5) 

(2011) 209  
(6) 

 2016
No.32-16 771-775 

(7) 

Vol.47 No.5 (2016) 1067-1072  
(8) 

( )
(2012)  

 

- 41 -

微粒化 Vol. 29, No. 97(2020) 57


