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Abstract: This paper studies the peculiarities of fuel jet atomization in multipoint injection
systems and will determine the forward and deformation resistance of liquid droplets. It is
necessary to determine the drag coefficient of the droplets as a function of the ratio of fuel to air
viscosity. Since a dependence of the coefficient of friction on the Reynolds number has been
established, it is considered appropriate to analyse the conditions that precede droplet break-

up. To this end, a comparative study of droplet shape is carried out.
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1. Introduction

The simulation of the atomisation process
aims to validate the results obtained with the
analytical models.

For the simulations, known parameters
from the experiments are used as input data.
Examples are the angle 0 of the droplet jet or
the jet break-up constant C, where the values
adopted depend on the injector and the
characteristics of the injection system. The
way in which the droplets are sprayed is also

taken into account: with or without
vaporisation, in a controlled isobaric or
isochoric environment. Studies on fuel

atomisation phenomena in relation to injector
wear are extremely rare according to the
literature used in the literature.

1.1. Fuel jet parameters

In figure 1 the following parameters are
shown: Ly - the depletion length, S - the jet
penetration length, 0 - the jet deflection angle,
SMD - Souter Mean Diameter.

These are taken into account, as they

influence the jet breakup.
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1.2. The drag coefficient of
droplets, simulation of their dynamics

liquid

A theoretical prediction of the drag
coefficient for Re<l1 is given by Taylor and
Acrivos [1], shown in equation (1).
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For w—o0, the drag coefficient will be:

c, =4 )
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For w—0, the drag coefficient will be:
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Figure 2 simulates the process of breaking
up the liquid jet into droplets [2].
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Figure 2. Simulation of the liquid jet atomization
process, [2].

2. Change in friction coefficient of
droplets with the gaseous medium as a
function of Reynolds number

For a liquid droplet moving in any gaseous
medium, the forces due to aerodynamic
resistance to displacement can be determined
by knowing the aerodynamic drag coefficient
and the cross-sectional area of flow normal to
the liquid flow.

In turn the cross-sectional area can be
calculated based on the maximum droplet
diameter for various assumptions that take into
account the shape of the droplets.

It has been found that towards the end of
the  atomisation  process  acceleration
differences for different droplet sizes lead to
small variations in the mean droplet diameter,
a phenomenon explained by the “convective
mixing" effect.

67

The shape of droplets moving in a gaseous
medium is constantly changing.

Figure 3. shows the results obtained by [3]
showing how droplet shape evolves over time.
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Figure 3. Deformation of droplets over time for
different diameters, [2].

The images in Figure 3 were obtained for
the case where the droplet starts to move from
the resting state. It can be seen that the
deformation is more pronounced as the
diameter of the droplet increases. For droplets
with a diameter of 3 [mm] or 4 [mm], the
evolution from spherical to spheroid and disc
shape is observed.

For each of the three cases, mathematical
models have been developed to determine the
friction coefficient. Although the present case
analyses relatively large droplets, it is not
excluded that for droplets of much smaller
diameters, moving at high velocities in a
gaseous medium leads to similar deformations.

2.1. Calculation for the spherical drop
case

The calculation of the friction coefficient
was performed using a calculation code [5]
developed in Mathcad [7].

Considering the sprayed droplet in the
shape of a sphere, the friction coefficient Cs
was calculated with the relation deduced by
Clift and co-workers, [4] which has the
following form:

C, =§(1+ 0,15R?%" )+
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2.2. Calculation for the disc-shaped drop
case

For disc-shaped liquid droplets, the friction
coefficient Cr, is deduced by Clift and co-
workers [4] with the relation:

C,, =ﬁ(1+ 0,138RY™*).  (5)

7R,

where: Re€(1,5+133).

2.3. Calculation for the spheroid drop
case

For spheroid-shaped liquid droplets, Clift
and co-workers [4, 6] established for the
coefficient of friction, the relationship shown
below:

~1,66+0,3958l0g (Re)—0.03log> (Re)}

C,,=108,42R. . (®)
where: Re € (40+104).

3. Results obtained for the three forms of
the drop
3.2. Results for spherical droplets

Figure 4 shows the values of the
calculations performed for the friction
coefficient Cs at Reynolds number values Re<
3-105.
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Figure 4. Friction coefficient as a function of Reynolds
number for the spherical droplet.

3.2. Results obtained for disc-shaped
drops

The data obtained using the code for the
mathematical model for calculating the
coefficient of friction Cr. [5], as a function of
Reynolds number, allowed Figure 5 to be
obtained.
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Figure 5. Friction coefficient as a function of the
Reynolds number of the disc-shaped droplet.

3.3. Results obtained for spheroid
droplets

Using the calculation code for determining
the friction coefficient Css as a function of the
Reynolds number mentioned [5], Figure 6 was
obtained for the spheroid-shaped droplet.
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Figure 6. Friction coefficient of the spheroid droplet as
a function of Re number.
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It is found that there is a range of Reynolds
number values for which the friction
coefficient increases or decreases very much,
marked in Figure 7 by the dashed circles. The
results obtained for the aerodynamic friction
coefficients corresponding to the spherical and
disc-shaped droplets, respectively, as a
function of Reynolds number, show much
higher values for the first category.
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Figure 7. Friction coefficient of the sphefoid droplet as
a function of Re number.

5. Conclusions

The variation of friction coefficients as a
function of Reynolds number, for spherical,
disc and spheroid shaped droplets, obtained
using equations (4), (5) and (6), undoubtedly
show differences in values and modes of
evolution characteristic of each case. This is
due to the fact that in sphere-shaped droplets
the friction coefficient increases with
increasing Reynolds number Re due to the
larger characteristic size of the shape
considered. In disc or spheroid droplets, even
if the Reynolds number increases, the friction
coefficient decreases and has lower values
than in spheres. Both the Reynolds number
used and the droplet aspect ratio depend on the
cross-sectional diameter of the droplet under
study.

Research on liquid jet atomization in fuel
droplets shows that a variety of models have
been developed.
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These are generally focused on the
determination of the droplet diameter, the jet
penetration length, the angle of the envelope
flare, the duration of the vaporisation process.

The models studied in the literature for
multipoint injection systems rarely take into
account the influence of the temperature of the
gaseous medium in which the fuel spray
occurs. The phenomenon of thermal diffusion
is not taken into account when studying the
evolution of the droplet diameter as it moves
through a gaseous medium. The simulations
have led to satisfactory results both
guantitatively and qualitatively.
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