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ABSTRACT

In order to obtain an appreciable effect of exioctof the heat from a heat source (eg a fire} ihécessary that the water
flows are high (20- 30 liters per minute) and thepdet diameters are between 20 and 100 micronach@ve both of these
two features are the nozzles of the type used rholgé and supply pressures exceed 80 bar. In ttmsditions there are
strong interactions between the individual holeat thenerate particular phenomena such as entraihseair and the
generation of areas where the drops tend to staghatunderstand the physics of this second phemomeén this paper the

interaction of two spray
characterized using a PDA system.

INTRODUCTION

A spray is generally considered as a system of drop
immersed in a gas continuous phase. Most practicahizers
generate drops in the size range from a few micterseip to
around 500um. Owing to the heterogeneous nature of the
atomization process, the threads and the liganfentsed by
the various mechanisms of jet and sheet disintegratary
widely in diameter, and the resulting main dropd aatellite
drops vary in size correspondingly. Practical atars do not
produce sprays of uniform drop size at any givearafing
condition; instead, the spray can be regardedspeetrum of
drop sizes distributed about some arbitrarily dsdirmean
value. In addition to mean drop size, another irtgur
parameter of importance in the definition of a gpi= the
distribution of drop sizes it contains.

A simple method of illustrating the distribution ofop
sizes in a spray is to plot a histogram where eadmnate
represents the number of droplets whose dimensfalis
between the limits IAD/2 and DHAD/2.As AD is made
smaller, the histogram assumes the form of a fregue
distribution curve. Because the graphical repredemt of
droplet size distribution is laborious and not alated to
experimental results, many workers have used ttacepit
with mathematical expressions and their parametars be
obtained from a limited number of drop size meanarmds.
The most widely used expression for drop size ibigtion is
Rosin —Rammler, it may be expressed in the form

1-Q = exp[-(D/X)Y]

Where Q is the fraction of the total volume conggiirin
drops of diameter less than D, and X and q aretaotssthat
are determined experimentally; the exponent q plesia
measure of the spread of drop size. The highevdhes of g,
the more uniform the spray. If q is infinite, theods in the

is studied . It defint® regions of interaction between the two sprayd then these are

spray are all the same size. For most practicalysphe value
of g is between 1.8 and 3.0.From analysis of aidensble
drop size data obtained with pressure-swirl nozzResk and
Lefebvre rewritten the Rosin-Rammler equation mfibrm

1-Q = exp[—(InD/InX)q]

M ean Diameters

In many calculations of mass transfer and spray
evaporation it is convenient to work only with mean
average diameters instead of the complete drop size
distribution. One of the most common mean diamateR10

(1].

The most important mean diameter for combustion
applications is the Sauter mean diameter, whichsisally
abbreviated to SMD or D32. This diameter is a numised
to express the average droplet size in terms ofatferage
ratio of volume to surface area of the droplets:
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So:



wherei denotes the size range considered, Ni is the number

of drops in size range and Di is the middle diameter of size
rangei. For example, D30 is the diameter of a drop whose
volume, if multiplied by the number of drops, equtie total
volume of the sample.

Characterization Pressure Swirl Atomizers

Pressure swirl atomizers [2] rely on the conversain
pressure into kinetic energy to achieve a hightik&lavelocity
of the liquid and the surrounding gas. In pressswérl
atomizer, a swirling motion is also imparted to tlgiid so
that, under the action of centrifugal force, it et as a
conical sheet as soon as it leaves the orificerel'aee two
basic types of pressure nozzles. In the first tmesolid-cone
pressure atomizer, the spray is consists of drops that are
distributed fairly uniformly throughout its volun{&igure 1)
the second one, th®llow-cone pressure atomizer, produces
a

hollow-cone spray, in which most of droplets are
concentrated at the outer edge of a conical spattenm. The
main drawback of solid-cone nozzle is a coarse igtion,
the drops at the center of the spray being larigen those
near the periphery. Hollow-cone nozzles providetdoet
atomization and their radial liquid distribution ialso
preferred for many industrial processes, especidy
combustion applications. The simplest design of ltbow-
cone nozzle is the simplex atomizer Liquid is fatbia swirl
chamber through tangential ports that give it ehraggular
velocity, thereby creating an air-cored vortex. Duélet from
the swirl chamber is the final orifice, and theatotg liquid
flows through this orifice under both axial andieddorces to
emerge from the atomizer with the shape of a hollowical
sheet, the actual cone angle being determined éoyefative
magnitude of the tangential and axial componentsexf
velocity.

Figure 1- Spray produced by pressure-swirl atomie
hollow cone, b) solid cone

The main drawback of solid-cone nozzle is a coarse
atomization, the drops at the center of the sprigcblarger

than those near the periphery. Hollow-cone nozpleside
better atomization and their radial liquid disttion is also
preferred for many industrial processes, especidty
combustion applications. The simplest design of tbow-
cone nozzle is the simplex atomizer.

Figure 2 - Schematic view of a simplex swirl nozzle

Since Sauter mean diameter deals with surface #rsaa
good way to describe a spray that is to be usegroresses
involving evaporation. Because of the complexity tok
physical phenomena involved in atomization by gues
swirl nozzles, the study of atomization has beerfopmed
principally by empirical methods, resulting in calations for
SMD of the following general form:

AATY _ A Ao 025 025 - 025 —025,13-05
SMD =225 ", "m; "p, AP}

where:

o is the surface tension.

v is the kinematics viscosity.

m L is the mass flow rate.

APL is the injection pressure differential acroszae.

This formula takes no account of spray angle, whih
known to affect mean drop size. To overcome soméhef
deficiencies of this relation, and to explain somie the
apparent anomalies that careful measurements oftezal,
Lefebvre has proposed an alternative form equdtorthe
mean drop sizes produced by pressure-swirl atomizZEtis
equation is not the result of a mathematical treatnof the
subject, but is based on considerations of theiphlyprocess
involved in pressure swirl atomization. Severalfetiént
mechanisms have been proposed to describe thezatitoni
process, it is generally agreed that the disintagraof a
liquid jet or sheet issuing from a nozzle is naised solely by
aerodynamics forces, but must be result of turlmdenr other
disruptive forces within the liquid itself. Theséstdrbances
are very important for the sheet disintegratiompeeglly in
the first stage of atomization. Subsequently, tledative
velocity between the liquid and the surrounding la@s a
profound effect on atomization through its inflaenon the
development of waves on the initially smooth swefaény
increase in this velocity causes a reduction ingize of the
ligaments that disintegrate and become smallepdrdhe
process of atomization in pressure swirl atomizecamplex
so it is useful to divide it into two main stagéhe first



represents the generation of surface instabilities to the
combined effects of hydrodynamic and aerodynamice®.
The second stage is the conversion of surface Ipecances

into ligaments and then draps

INTERACTION BETWEEN TWO SINGLE HOLE
SPRAY

When droplets are expelled at a high velocity lspaay, a
strong vertical air jet is induced throughout whibk smallest
droplets are dispersed (their Reynolds numberscited
with their relative motion being small). In our &ws we
focus on the interaction between quiescent air thiglspray
jet. The impulsive ejection of the liquid phasedige to the
conversion of the pressure energy in kinetic enegpuses
the pressure reduction close to the boundary layehe

region far from the tip of the spray. The atomizing

characteristics investigated in this research thelthe spray
droplet size distribution and behavior out the riary layer
between liquid phase and quiescent air.

The atomizer are used in a lot of industrial fighdl like
gas turbine, internal combustion engine, agricalturn
several of these fields the atomizer used are mhdte
atomizer. In the fight fighter field a typical miulhole
atomizer is shown in the fig 3.
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Fig.3 Flux density distribution in a multihole watgst pressure
swirl atomizer

The picture represents the flux density distributamd the
lines between the central hole and each perifehiold show
the presence of regions where the dristibutiorhefdroplets

depends on the fluidodynamics field created by rthei

intereaction.
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Fig. 4 Gas liquid interf;ction in the liquid breag-region of
Twin-fluid atomization [3]

The figure 3 and 4 shows
repectively theoretical and experimental thateanighen a
single hole pressure swirl nozzle is used . Theidi film
generates a drop of static pressure close to thedaoy layer
of a liquid phase. In this region it is possibleattrsome
droplets detach from the liquid boundary layer and call
back from the exteral region. If a secondary single exists
will arise an interaction between the two spraydshis
interaction depends on the the supply pressure hef t
atomizers and on the distance of the holes.

Fig 4. Experimental image of gas liquid interawtio the liquid
break-up region of a single hollow cone nozzle

In this paper will be studied and characterizeditbleavior
of the droplets along the regions generated by fihiel
dynamics of the interaction of two sprays

EXPERIMENTAL APPARATUS

Two Danfoss pressure swirl atomizer 7 I/min 60° HBar
supply pressure are been used to create the dtitera
between two sprays like shown in fig.5

Fig.5 Nozzles interacting

The configuration of the two sprays gives the feileg
schematic distribution of the interaction of theotaprays Fig
6.

the dynamic mechsanisms
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Fig 6. Schematic flow field generated by the intéica of two
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The figure shows that the interaction of two spraystwo
holes of a spray head, creates three region. Tétadisituated
between the two tips of the nozzles and it's catlegressure
region or empty region. The second region is atdled “free
zone”. In these part of space the nozzle can blyzathlike a
single nozzle because the fluxes don't betweemth&he
third region is called “intersection zone” becausiee
overlapping of the two spray. The figure 6 shoveodhat the
grid of the measurements crosses through the hadlet
regions.

Depressure or empty zone.

The depressure zone is far from the tip of thezl@about
12 mm. This region develops itself along the brepkef
liquid sheet length like shown in fig. In this spatwo
phenomena arise. The first phenomenon is due to
interaction of the two phases liquid and gaseolsseCto the
tip of the nozzles the energy of pressure isldyiconverted
in kinetic energy so the liquid injected interactith the
surrounding quiescent gas (air) and the breakuphef
ligaments begins. The interaction of the two pha&seates, on
the their boundary layers, e shear stress and sbopets
leave the liquid phase and are callback by the etsspire
generated between the two nozzles.

Intersection zone

In the intersection zone the droplets generatethéywo
nozzles interacts among them and can coaleschisimetgion
we will expect droplets with large diameter due ttee
interaction o droplets in a low velocity flow field

Free zone
It is the region where the n behavior of the spsayhe
same of the single spray.

Devicesand Controls
The tests to characterize the droplet distributioa carried
out using the apparatus shown in the following g

7

Fig.7 Volumetric pump, air and spray line

The test bench and it's sensors are controlled byata
acquisition system. The fig. 8 shows the controhgba
designed in Labview language

Fig. 9 Remote control panel and data acquisitiotesys

The atomizer is set up on a vertical test stanahvhllows
the atomizer itself to translate both in verticatlghorizontal
directions relative to a fixed. control volume tathin 0.1
mm, in order to make the measurement possible \erak
points in the vertical plane. Liquid, coming fromstorage
tank, and it is vertically injected into the enviroent.

Droplet sizes and velocities as well as drop coimaéon

have been measured by two component phase Doppler

anemometer [7] [8] [9][10] [11][12][14] The latteis
composed of a Ar- ion laser, as a light source, arfeDA
system (Dantec) which includes a Bragg cell, trattiemand
receiver probes, and BSA flow to analyze the sigy@ald to
acquire the interested output quantities. As gaéliously,
the Bragg cell is used to shift the Doppler freguenin
particular the frequency imposed is 40 kH. The [féeagth is
310 mm. The laser power was typically 25 mW peminebhe
laser beams wavelength is 514.5 nm and 488 nmthier
vertical and horizontal component of the velocity
measurement, respectively. Drop sizes assumingrisphe

constant supply pressure. The volumetric pump ppked by
compressed air in a range of 1-10 bar correspontiing
pressure of the liquid phase of 10-350 bar. Irfithe7 the air
line (supply circuit of the pump) and spray lineugply circuit
of the atomizer) are shown.

RESULTS AND CONCLUSIONS

The measurements start from the centre of the brala and
move in horizontal and vertical direction. The ffivalid line
of the measurement is the one where the geometsicdl
spherical validation [14] of the PDA was realizedThe
validation limit has been chosen when the drepbebcessed
by the PDA were about 30.000. In fig. 9 is représérthe
D10 [4] [15][16] diameter along the entire field of
measurements. On the x axis the zero point repiedbn



origin of the coordinates like shown in fig.5. Tetwored lines
represent the distance from the tip of the nozZiée. fig. 10
represents instead the SMD. It is possible to divitie
diagram in three diagrams representing the thrggoms,
empty, intersection and free zone
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Fig. 9 Representation of the mean diameter to skl and
axial coordinates

72
68
6af
60
56 |
— 52}
E_ F
Z a8}
0 44F
20F
36F
32}

28|

24 1 1 T IR IR | 1 1

Fig. 10 Representation of the SMD to several raatial axial
coordinates

The figurell represents the characterization ef émpty
zone only. It shows that in the empty zone aregmniesome
droplets coming from the boundary layer of the at@mizers.
In particular the diagram shoe the trend represebte the
dashed line. The dashed line represents theoDa perfect
symmetrical position of the two sprays.

48

———— Z=6.6mm

Z=76mm
——— z=96mm
——a—— Z=11.6 mm

[Empty zone|

Fig. 11 Representation of the mean diameter to akxetial and
axial coordinates in the empty region

The value of the common mean diameter is low ctose
the boundary layer and it increase along the hotao
direction and achieves a minimum on the 0 poirthefx axis.
This trend is the same for each distance from theiy

In fig the trend of the B is represented. Also in this
diagram the SMD diameters increase coming from ghse
liquid interface and achieves a maximum befor¢hefx=0.
In this point all the [ distributions achieve a minimum and
then have another maximum going to the other gasdi
interface.
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Fig. 12 Representation of the SMD to several raatial axial
coordinates in the empty region

The measurements done and the related diagrams fhatve
in evidence that the empty zone interacts withtihe spray
and in the region between the two spray arise@’ “‘flue to
the callback of the droplets from the gas ligunigrface that
has kept suspended by the depressure insidarthy zone.

These statements are supported by the followingrdias
where the volume fraction distribution is represen

The fig 13 shows the volume fraction distributiohtbe
droplets in the empty region measured in the tpasts, x =
-1,5 mm, x=0mm, x=1.5mm and far from the tip of the
nozzles 7,6 mm. This distribution show that most tioé
droplets have a diameter between 55 andto@nd only few

small droplets ( 10-1Gm).
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Fig. 13 Volume fraction distribution in the empggion

It is interesting to compare the distribution obpls of the
empty region with that of the other two regionsiked in the
publication. The fig.14 shows the MVD inside thediregion
that is the same distribution of a single spray.
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Fig. 14 Volume fraction distribution in the freegien

The diagram shows that at x=2,5mm the most of the
droplets has a diameter between 50 andu80 The following
picture represent the volume fraction inside thersection
zone.
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Fig. 15 Volume fraction distribution in the intectien region
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It is interesting to note that the, in this casejumne
fraction distribution is quite independent of thadial
coordinate. The most of the droplets has a diantmtereen
50 and 85um. This is due mainly to the exchange of
momentum and to the phenomenon of coalescencegathen
droplets.
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