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1. Atomization
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1. Manifold
2. Part load
3. Full load
4. Group micro hole
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Figure 1- Meshing geometry for modeling of diesel fuel spray
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1. Spray break-up
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Figure 2- Blob model
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1. blob method

2. Kelvin-Helmholtz

3. Dukowicz

4. O’Rourke Droplet Collisions/Coalescence model
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Figure 4- Kelvin-Helmholtz secondary breakup model
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1. Particle Interaction
2. Non Evaporating Spray
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Table 1- Experimental conditions used for CFD validation

Fuel Spray Angle Nozzle Diameter Chamber Temperature Chamber Pressure | Injection Pressure
(deg) (mm) O (bar) (bar)

Diesel 16 0.2 20 1 1000 \

Diesel 16 0.2 20 10 1000 Y
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Figure 5- Mass Flow rate versus time base on injection rate diagram of [22] for Injection pressure of 1000 bar and Chamber
pressure of 1 bar
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Figure 6- Comparison between CFD (present work) and Experimental [21,22] results for spray penetration for injection pressure of
1000 bar and chamber pressure of 1 bar
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Figure 7- Comparison between CFD (present work) and Experimental ([21-22]) results for spray penetration for injection pressure
of 1000 bar and chamber pressure of 10 bar
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Figure 8- Types of diesel injector nozzles: a) single hole nozzle, b) micro hole nozzle
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Figure 9- Geometrical factors of the group-hole nozzle: (a) definitions of included angles, a and B,
and distance between orifices, B; (b) definition of distance y at wall-impinging condition
Improving diesel mixture preparation by optimization of orifice arrangements[9]
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Table 2- CFD conditions for spray modeling in micro hole nozzles (a type micro holes)

Fuel Spray angle | Diameter nozzle o | Hole distance | Chamber Temperature | Chamber Pressure | Injection Pressure
(deg) (mm) (deg) | B(mm) 0) (bar) (bar)
Diesel 16 0.2 5 0.194 20 10 1500
Diesel 16 0.2 10 0.194 20 10 1500
Diesel 16 0.2 15 0.194 20 10 1500 3
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Figure 10- Penetration versus time for different micro hole angles for e type micro hole configuration
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Figure 12- Evaporated mass versus time for various micro holes angles (for a type micro hole configuration)
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Figure 13- Sauter Mean Diameter versus time for various micro holes angles (for a type micro hole configuration)
Slamio S plodaz 30 BE ] jgm 31y o Alizo 5Llg) (60 bl Hloj s 3 il phad bauwgitn plad —VY ISl

L o ok Laugie b S oy ial38l Flyses 59 o Ausly lake 4z 50 45 Caul Laseie MY JSS a azs b
lessl ploy e a5 3,8 (o) 2 Sloy 0 Wb ) 65 iy Ol gl (RPN 556 098 oe eS By5 Oloy De

)99 Sl 00 00l u‘).'aﬁ L d)l..j\ﬁo)yf u.....?bo.bs <L>5JL' 9 d.a.ls‘ 4.:).7u ‘5‘).3 ,n)Y uLO)B Gl @538 asledl 4.».»9.1

s, ow Dl Gl S ) p 3l e ol @l el lawgie s i 51 Swjo Jldod g5 e e Q]
o us e ol Ll ¥ Jgaz s a1 (glazmiingd g9 lodizr ;0 dugly Sialidl 30 (slamin S g5 plodiz ;o (25,5

.Cowl (SMD=Sauter Mean Diameter) 5glu lawgio ,hd @lic gl dan ;o Ol lad lawgin Jhd g Cox ool ools (gl jlad 5l jalais

ay


http://www.sid.ir
http://www.sid.ir

B TR VR R R O P g g S e g

(B) glaxinogs g9 ploduz 55 Elygwin)y 99 e &glh Gl 38! JSU (o) 2 o 4385 plnil (g3ae Jo Ll pl =Y Jour
Table 3- CFD conditions for spray modeling in micro hole nozzles ( type micro holes)

Fuel Spray angle | Diameter nozzle B Hole distance Té:n:];ggfurre %?:s?fg Injection Pressure
(deg) (mm) (deg) | B(mm) 0) (ban) (ban)
Diesel 16 0.2 5 0.194 20 10 1500 1
Diesel 16 0.2 10 0.194 20 10 1500 2
Diesel 16 0.2 15 0.194 20 10 1500 3
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Figure 14- Penetration versus time for different micro hole angles for p type micro hole configuration
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Figure 15- Droplet distribution based on CFD results for for p type micro hole configuration 0.2ms after start of injection (red and
blue droplets are emanating from first and second holes respectively)
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Figure 16- Evaporated mass versus time for various micro holes angles (for § type micro hole configuration)
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Figure 17- Sauter Mean Diameter versus time for various micro holes angles (for B type micro hole configuration)
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English Abstract

Numerical Investigation of using Micro-Hole Injector on Characteristics of
Diesel Fuel Spray of High Speed Diesel Engine

Alireza Hajialimohammadi®, Davood Fallahi’ and Seyed Mostafa Mirsalim?

1- Department of Mechanical Engineering, Semnan University, Iran
2- Department of Mechanical Engineering, AmirKabir University, Tehran, Iran
(Received: 2015.6.2, Received in revised form: 2015.12.30, Accepted: 2016.1.6)

Low exhaust emissions and fuel consumption, made diesel engines suitable for passenger car applications
today and various concepts have been presented for mixture formation improvement that has very important
influence on the combustion efficiency and fuel consumption. One of these concepts which is used recently is
micro-hole group nozzle. Using of injector with micro hole nozzles, the atomization of fuel spray is improved
and this leads to have better air fuel mixture and lower engine emissions. In the present research, effect of
using this kind of injector nozzle holes has been studied numerically using AVL fire Software. For numerical
simulation, spray break up and atomization models and problem boundary conditions have been validated
using experimental results of similar works, then the effect of micro hole configuration and angle between
holes on spray penetration, droplet size and vaporized mass were investigated for two configuration of o (one
plane type) and B (two planes type). Results showed that for micro hole nozzle, increasing the angle between
two holes would increase spray penetration and evaporated mass and decrease droplets Sauter mean diameter.

Keywords: Diesel, Injector, Group micro hole, Numerical investigation
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