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Abstract

Spray formation by bi-component liquid flashing through a spedal-design injedor has been studied. The injedor
is composed of an inlet orifice (i), an expansion chamber (m), and a discharge orifice (c). In principle, in this
method, a given mixture cmprising of two dfferent types of liquids; a solvent (s) and a propellant (p), flows
through the inlet orifice into the expansion chamber (Fig 1), and leaves it through the discharge orifice The
propellant, which has a higher vapor presaire than the solvent, undergoes a rapid boiling process (flashing
process, in which many tiny bubbles are aeaed, and then grows along the expansion chamber. In this process
the spedfic volume of the mixture increases and therefore it’s velocity increases. Nevertheless, due to the very
low acceeration, no slip between the two phases inside the expansion is expeded. Slip, however, is important
inside the discharge orifice
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Fig 1 —inerctor design

The various relevant processes, which include the presaure drop at the inlet orifice nuclei formation, bubble
growth inside the expansion chamber and the pressure drop and accéeration at the discharge orifice have been
analyzed by using a one-dimensional model approach. Whilst the one-dimensional assumption cannot fully
justified, it enables smple analysis and yet provides redistic quantitative results.

In the present work, spedal attention has been drawn to the processes inside the expansion chamber. It was
found that the optimal length of the expansion chamber strongly depends on the growth rate of the bubble and on
the aoss-sedion arearatio between the inlet orifice ad the chamber. Slower growth rates demand longer
expansion chambers in order to attain the optimal void fradion at the discharge orifice

Introduction

Spray formation of a bi-component liquid is widely used in household applications; odars, medicd, and painting
sprays, are few examples. This type of spraying method provides remarkably low SMD spray for arelatively low
operating pressure (SMD<100pum for presaure difference of lessthan 200kPa, Zeigerson-Katz & Sher, [1,2]). As
compared to spay formation by mecdhanicd means, for the same operating pressure, spray formation by flash
bailing is charaderized by smaller mean diameter, more droplets homogeneous distribution, wider cone agle
and shorter penetration depth. These charaderistics are needed for many applicaions, smaller and more
homogeneous fray are important in almost every application, shorter penetration depth is important in fuel
injedion systems, where droplet wall impingement should be avoided, and lower injedion pressure is important



where safety is a mgjor concern (Smallwood [3]). Spray formation by flash baili ng provides the oppatunity to
generate the desired spray at low injedion presaures.

Many experimental works have been focused on finding relationships between the injedion properties and the
final spray properties (Oza[4], Zeigerson-Katz & Sher, [1,2], Sher & Elata[5]). A detailed review can be found
in Witlox & Bowen [6]. Senda d a. [7] presented a semi-empiricd model to correlate the rate of generated
nuclei to the operation conditions in a flash bailing spray. They measured the number density of bubble nuclei
that are aeaed at the inlet orifice by using microscopic photographs. Solomon et a. [8] investigated spray
charaderistics for flashing injedors of fuels containing dissolved air and superheaed fuels.

The present analysis suggests a model, to describe quantitavely the different processes that occur in the different
parts of the injedion system (the inlet orifice the expansion chamber and the discharge orifice). This modd is
used to estimate the pressure inside the expansion chamber, the flow regime in it, and the mean diameter of the
spray’ sdroplets, al interms of the design parameters and the orifices and expansion chamber geometries.

M ode€l
Nucledion

A given mixture of two dfferent types of liquids (a solvent, s, and a propellant, p) flows through an inlet orifice
into an expansion chamber. The propellant, having a higher vapor presaure, undergoes a nucleation process It is
assumed that a mixed (homogeneous and heterogeneous) nucledion occurs at the inlet orifice Riznic & Ishii [9]
use the heterogeneity fador in their estimation of the bubble nuclei formation rate. Various heterogeneity factors
have been developed (Alamgir & Lienhard [10], Deligiannis & Cleaver [11] and Elias & Chambré[12]) in order
to modify the classicd kinetic theory expression for homogenous nucledion to include the wall heterogenous
nucleation. Schematics representation is shown in Fig 2. The rate of nuclei formation is:

N =Jg Td; |j, where J; — nucleation rate per urit area, d, — diameter of inlet orifice I; — length of inlet
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Fig 2 — Wall nededion at the inlet orifice (based on Fig 1 in He & Ruiz [13]).



Genera
The foll owing definiti ons were used:

V,
The void fradion, SEVY; the Crosssectional fradion, £p =

A
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propell ant massfradion, 3 = —;andthedlipratio, k= U_ .
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The foll owing assumptions were made:
I — Steady state process
[l —Thefluid to be dispersed isincompressible (ps=const).
11 —Nucledion takes placeonly at the entrance orificedroplet (Senda  al [7]).
IV —coalescence of bubblesinside the expansion chamber are negleded.
V  —bubble growth rate is dominated by thermal diffusion.
VI —No dip velocity between the vapor and liquid of the propell ant.
VIl —D>>d, d and therefore the presaure inside the chamber is constant.
VI — The temperature inside the expansion chamber is fairly constant (T;=T,,).
IX —Thekinetic energy/pressure head ratio of the mixture upstream (u) is negligible.

For a stealy state process the mass conservation is:
m=mg+ mp +1m, ;s = solvent (Lig.) ;p = propellant (Lig.) ;v = propellant (Vap.)

Bubble Growth

; the mixture quality,xz_ﬂ

Mp

; the

Bubble growth is controlled by thermal diffusion (V): Ry(t) =Ry +2CR /apﬂ, where,
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Using Clausius-Clapeyron: Ja =

Flow inside the expansion chamber

For non-choked flow: U; :\/2@ :\/2 (PU; Pm)
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At z =0 (inside the expansion chamber): U1=UiE%E=UiEP—ig

(D It followsthat U , =U,
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Since U, is very low (for A/A=107 ,U; =10 m/s), the velocity at the end of the chamber is low comparing with

the velocity at the exit orifice, and hence the accéeration inside the chamber (a = N oL == 1)is
10
U, &
Ao _ 10" 4
negligible comparing to the accéartion at the discharge orifice (a=——=——==——-=10") . It is

therefore assumed that there is no dlip between the phasesinside the chamber (V).

Velocity at the &it orifice

/ (R Pe )
For non-choked flow: U g = 2XM "€/ The mixture accéerates towards the second arifice, therefore
PL

drag should be acounted for, and dip between the two phasesis possble.
The vapor’svelocity is cdculated through the momentum equation:
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Thedipratio istherefore: k =1+

Presaure Inside the expansion Chamber

The presaire inside the chamber depends both on the inlet and exit conditions. Py, is estimated from the mass
conservation
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Optimal chamber’s length and void fradion

Expressing the void fradion in terms of the total nuclei number and bubbe volume yields:
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Number and mean diameter of droplets

At the end of the chamber, 6 droplets suirround eat bubble and every 3 bubbles crede 1 droplet (Senda € al.
VLig, Ly
Viot, L,

Each droplet is most likely to be disintegrated into m additional droplets due to hydrodynamic effeds and

possble further flashing. The final mean diameter is therfore: mﬂﬂ = 3/(12_—8)4i v
n T

Discussion and conclusions

[7]): ng =2Jg [(ndi 0, )GLIJ'— ; Ng — number of droplets, and =(1-¢)=2n E—Ign@:g
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A simple 1D model for spray formation by flashing of a given binary mixture has been developed. It is
postulated that in a well-designed expansion chamber, a pre-spedfied void fradion hasto be atained at the end
of the expansion chamber. The latter is designed to yield this void fradion, subjeded to the thermodynamic
conditi ons of the entering mixture and orifices geometries.

For a given mixture properties and pre-spedfied padkaging (from which the void fradion is derived), increasing
of bubble nucledion rate, either by altering the inlet orifice surfaceroughness or superheating degree resultsin a
deaeasing of the maximum bubble radius. Smaller bubbles need shorter residence time, and thus reducing the
optimal length for a given cross-sedion ratio (A; /A=const).

For a given mixture, bubble nucledion rate and cross-section ratio, deaeasing of the optimal length will shorten
the residence time of the bubbes in the expansion chamber, and thus reducing the maximal bubble radius.
Consequently, the void fradion cannot read its maximal padkaging as required. This, in turn, deaeases the
efficiency of the disintegrating process thus increases the mean diameter of the spray droplets.
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