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HIGHLIGHTS

Three non-conventional convergent-divergent diesel nozzles are compared.

The nozzle with higher convergence-divergence level shows the higher mass flow and momentum flux.

The nozzle with higher convergence-divergence level exhibits similar effective velocity than the nozzle with lower level.
The nozzle with higher convergence-divergence level is more prone to cavitate.

Better mixing process is expected for the nozzle with highest convergence-divergence level.

ARTICLE INFO ABSTRACT

Article history: In this paper, the behaviour of the internal nozzle flow and cavitation phenomenon are

Received 30 November 2015 numerically studied for non-conventional Diesel convergent-divergent nozzles in order to

Received in revised form 1 April 2016 assess their potential in terms of flow characteristics. The used nozzles differ each other in
the convergence-divergence level of the orifices but all of them keep the same diameter at

Keywords: the middle of the nozzle orifice. The calculations have been performed using a code previ-

g;‘s;;g%'w@ ously validated and able to simulate cavitation phenomenon using a homogeneous equi-

Internal flow librium model for the biphasic fluid and using a RANS method (RNG k-¢) as a turbulence
Diesel injector modelling approach. For the simulations, one injection pressure and different discharge
CFD pressures were used in order to assess the characteristics of nozzles for different Reynolds
Convergent-divergent nozzle conditions involving cavitating and non-cavitating conditions.

The comparison of the nozzles has been carried out in terms of flow characteristics
such as mass flow, momentum flux, effective velocity and other important dimensionless
parameters which help to describe the behaviour of the inner flow: discharge coefficient
(Cy), area coefficient (C,) and velocity coefficient (C,). Additionally, the nozzles have been
compared in terms of cavitation inception conditions and cavitation development.

The study has shown a high influence on the results of the level of convergence-
divergence used in the nozzles. In these nozzles, the vapour originated from cavitation
phenomenon came from the throttle of the orifice at the midpoint, and it extended along
the whole wall of the divergent nozzle part towards the outlet of the orifice. The main
results of the investigation have shown how the different geometries modify the cavi-
tation conditions as well as the discharge coefficient and effective velocity. In particular,
the nozzle with highest convergence-divergence level showed cavitation for all the tested

* Corresponding author. Tel.: +34 963879659; fax: +34 963877659.
E-mail address: fsalvado@mot.upv.es (FJ. Salvador).

http://dx.doi.org/10.1016/j.cam.2016.04.010
0377-0427/© 2016 Elsevier B.V. All rights reserved.


http://dx.doi.org/10.1016/j.cam.2016.04.010
http://www.elsevier.com/locate/cam
http://www.elsevier.com/locate/cam
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cam.2016.04.010&domain=pdf
mailto:fsalvado@mot.upv.es
http://dx.doi.org/10.1016/j.cam.2016.04.010

FJ. Salvador et al. / Journal of Computational and Applied Mathematics 309 (2017) 630-641 631

conditions while for the nozzle with lowest convergence-divergence level, the cavitation
phenomenon could be avoided for high discharge pressures. Additionally, the nozzle
with highest convergence-divergence level showed the lowest discharge coefficient val-
ues but similar effective injection velocity than the nozzle with lowest level of conver-
gence-divergence level despite of its higher orifice outlet area.

© 2016 Elsevier B.V. All rights reserved.

Nomenclature

Aetf outlet effective area

Ao outlet area

C, area coefficient

Cq discharge coefficient

G velocity coefficient

Ce1 constant for ¢ transport equation calculation
(G variable for ¢ transport equation calculation
Cer constant for ¢ transport equation calculation
Cu constant for turbulent viscosity calculation
c speed of sound

D; diameter at the orifice inlet

Dinid diameter at the middle of the orifice

D, diameter at the orifice outlet

K cavitation number

k turbulent kinetic energy

k-factor conicity factor

L orifice length

Mg momentum flux

my mass flow

P pressure

Py discharge back pressure

Pin injection pressure

Pyap vaporization pressure

Dk production of turbulent kinetic energy

r rounding radius at the inlet orifice

t time

u velocity

u averaged velocity

u fluctuating velocity

Ueff effective velocity

Ugp theoretical velocity

S mean strain

Sij strain tensor

Greek symbols:

AP pressure drop, AP = P, — Py,

v fluid compressibility

'] liquid compressibility

v, vapour compressibility

o constant for e transport equation calculation
oy constant for k transport equation calculation
B constant for the turbulence model

y vapour mass fraction

e turbulence dissipation rate

% fluid viscosity
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