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■Diesel engines have been used for ships 
and big cars.

■Recently contributing global warming, 
Diesel engines for small cars are paid 
attention ,  especially in Europe.
　

■Diesel engines are expected to be more 
clean and efficient.

Situation



Background

Impingement Wall

High pressure injection for clean exhaust gas

Phenomenon Influence

■Rebounding
■Splashing
■Jet
■Adhesion

■Increasing   
ignition relay time
■Forming 

soot and
unburned HC

By numerical simulation , 
evaluating spray model and searching phenomenon



Procedure

Evaluating breakup model

Evaluating wall model



Impingement WallIDEA , DieselFuel 
50 , 60 mmImpingement distance

15°Spray cone angle
1.5 ms×2Injection duration

20 mgInjection fuel mass
0.15 mmNozzle diameter
16 kg/m3Ambient density
135 MPaInjection pressure

297 KFuel temperature
373 KWall temperature
573 KAmbient temperature

2.6 MPaAmbient pressure

Calculation condition 1

IDEA= n-decane70%+α-methyl-naphtalene30%



RosinRammlerDroplet PDF
WW
BG

Reflect
Wall Model

Standard DragDrag Model
Stochastic DispersionDispersion Model

RanzMarshallHeatTransfer Model
Standard EvaporationEvaporation Model

HollowConeInjectorInjector Model
ReitzDiwakar
ReitzKHRT

ETAB
Breakup Model

3D Calculation model

□486000 Cells 
(60mm)        
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ETAB model

Bag breakup Stripping breakup
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Reitz KHRT breakup model

ΛKH

Kelvin-Helmholtz instability

Rayleigh-Taylor instability
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Reitz Diwakar breakup model

ggWe Re5.06 ��

gg WedRe5.0

Bag breakup

Stripping breakup



Spray tip penetration
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Spray shape at 2.1ms after start of injection
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Spray shape at 2.1ms after start of injection
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Spray shape at 2.1ms after start of injection

ExperimentReitzDiwakar 
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☆ReitzDiwakar ,ReitzKHRT and ETAB 
breakup models were good agreement 
with experimental result about tip 
penetration. 

☆ReitzDiwakar and ReitzKHRT breakup 
models were good agreement with 
experimental result about spray shape.

☆ETAB breakup model was bad agreement 
with experimental result about spray 
shape.

breakup model
In this calculation condition



Reflect model

Rebound
Elastic coefficient  0.9



BG model

5�liquidWe 18.05 ���d LaAWeliquid liquidWeLaA d� � 18.0

Rebound
E

993.049.056.176.1993.018.0 32 d���d EEE
Elasticity coefficient

Adhesion Splash

0.17990°
0.29860°
0.3730°

Elasticity coefficientβ



WW model

Jet

1sin05.0195.0 2 d�d E

Rebound

E

80�liquidWe liquidWed80

Elasticity Coefficient

0.9790°
0.9860°
0.9930°

Elasticity coefficientβ



Observation points of sauter mean diameter , velocity
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mm

Main wall-jet region3

mm
Stagnation region Downstream region

Coordinate system

Axial direction

Radial direction
Axis



Droplet velocity vector

Reflect model

BG model

WW model
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Droplet velocity vector

Reflect model

BG model

WW model
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Reflect model BG model WW model
Local droplet velocity vector

0.17990°
0.29860°
0.3730°

eβ

0.9790°
0.9860°
0.9930°

eβe=0.9



Axial droplet velocity at 2.1ms after start of injection
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☆BG and WW models were better 
agreement with experimental results　
than Reflect model about local Sauter
mean diameter and droplet mean 
velocity.

wall model

In this calculation condition



END


