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Abstract

Our work is being conducted with the aim to devetop effervescent atomizer for industrial burnerat thill
generate a fine and stable spray in large turn-d@tin. The single-hole, plain orifice atomizerpewered with
light heating oil and uses air as an atomizing m@din the “outside-in” gas injection configuratioAublished
design concepts of the effervescent atomizer sseried. Based on the published results severamearameters
are modified: size and number of aerator holedr theation and diameter of the mixing chamberluahce of
these parameters on spray performance is studedmizing pressures 0.1, 0.3 and 0.5 MPa andahsttid-ratio
(GLR) of 2, 5 and 10%.

Introduction mixing system on performance of effervescent
A method of atomization commonly referred to agtomizers. It is shown that optimization of thenaizer
.effervescent atomization” was developed in thee latdesign can improve the spray characteristics. famgr
1980s by Lefebvre and co-workers [1]. Also someliversity of design modifications can be seen in
earlier works [2, 3] mention similar concepts.different papers. However it is not fully possitie
Effervescent atomizers can be categorized as twid-f generalize these results made for different effergat
atomizers with internal mixing. In the simplestrfoof atomizer concepts and for liquids of different ghgs
the effervescent atomizer, a gas is injected direstt properties (typically water). Moreover currently lyn
low velocity into a flowing liquid at some point SMD is often evaluated and other important spray
upstream of the atomizer exit orifice in such a way parameters (spray cone angle, velocity profiles,
create a bubbly two-phase flow. As the liquid flowsentrainment number and mass flux) are neglected. Th
through the discharge orifice it is transformedtty gas SMD varies with spray position and this featurefien
bubbles into thin shreds and ligaments. When the gaeglected. In this study we bring an overview ofige
bubbles emerge from the nozzle at sufficient pnessuconcepts investigated by different researchersthege
drop, they expand so rapidly that the surroundiggid with specification and description of important
is shattered into droplets. geometric parameters. Our work is being conducted
Effervescent atomizers are becoming more andith the aim to develop an effervescent atomizer fo
more commonplace in numerous engineeringdustrial burners that will generate fine and Eab
applications in which a liquid must be fragmentatbi spray in large turn-down ratio. The single-holeqimpl
droplets. Major advantage of effervescent atomizers orifice atomizer is powered with light heating aihd
their relative insensitivity to fuel physical praies and uses air as an atomizing medium in the “outsidegas
ability to provide good atomization over a widegarof injection configuration. Several design parametas
operating conditions even for less refined fuels. Anodified: size and number of aerator holes, their
possibility to vary both the operating pressure almb location and diameter of the mixing chamber. Infice
the ratio of flow rates of gas and liquid, GLR,dsao of these parameters on the spray performance déestu
large atomizer turn-down ratios. As the atomiziag ¢ at atomizing pressures 0.1, 0.3 and 0.5 MPa and &LR
utilized by effervescent atomizer in relativelyiefnt 2, 5 and 10%. A near nozzle spray visualization by
manner, a good atomization can be achieved using veligital camera illustrates the atomization process
small flow rates of the gas. Another attractivetdeais different operation modes.
good atomization even when operating at low ingecti
pressures. Furthermore the E-atomizers can hagerlar Effervescent Atomizer Configurations
orifice than conventional atomizers which alleviate Already in some early papers [9] a lot of different
clogging problems and facilitates atomizer fabiaat designs of effervescent atomizer appeared. We will
It also predestinates this type of pneumatic atersifor attempt to make their basic classification here. To
atomization of suspensions and slurries [4-8]. simplify our task we focus only on single-hole plai
Despite of its inherent simplicity the effervescenbrifice atomizers. Design described in differentrke
atomizer gives possibility for wide variety of dgsi can thus be divided into three basic groups, sgelfFi
configurations. Large amount of literature can dent Type A: In this configuration the liquid flows
to describe an influence of geometry of the ligaid- through a central tube. Gas is introduced intoliti&d
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of the aerator holes is used as an evaluated ptgame
[34, 35].
uxtRE e | ocation of the aerator holes relative to the final
, discharge orifice [20, 27]. This parameter deteasia
| <2. development length of the two-phase mixture inside
atomizer.
e Cross section area (given by its diameter in cése o
cylindrical shape) of mixing chamber modifies vetpc
and hence a character of the two-phase flow [36% t
parameter was studied in [27]. Mixing chamber with
rectangular shape was described in [37]. The cross
section area of the mixing chamber together witl th
by a set of small holes. This “outside-in" gas atien dis_tan(_:_e of th_e last set of aerator hol_e_s relati/éne

. . ' - . exit orifice defines the volume of the mixing chaamb
configuration enables large liquid flow area which Direction of aeration holes [27, 29, 33, 36]: it
prevents from clogging and thus it is also feasiole difies the direction of inout of the ,as 'ﬁto ﬂ,um'd '
atomization of slurries. This probably the mosgfrent _rlpo "e‘:'. I Id' It' II p; ¢ QI ! i If.th
configuration has been studied in [3, 4, 7, 8, 1p&hd maith%(rag '(;nn"’:j itlre(c:a:gn irﬁSrc?veo rr?:;\(/::lg mgrlc?cnes(;' a(r§1
other papers. An option with switched inputs of gfas inclination angle between liquid flow (aerator 3»aémd

and liquid, an "inside-out” gas injection modificat of the aeration holes can also modify two-phase flow
the A-type is less frequent, it is described a1d3] Difference between the “inside-out” and “outside-

Type B: Liquid flows through an annular port. S i ) L
forme)(/jp by ator?ﬂzer body and gaerator tube. GF;s gas injection configuration has been studied2n].
ischarge orifice geometry is determined by:

introduced into the liquid by a set of small hofesm o _
the aerator side and/or from the aerator bottonis Th*  Orifice diameter [1, 4, 11, 20, 27, 28, 38].
“outside-in” modification is mentioned in works [@2- ° _ Convergence angle at the inlet of the discharge
27]. An “inside-out” gas injection modification ahe ©rifice [9]. _ .
B-type has not been found in the literature. * Length to diameter ratio [9]. _
Type C: Both the fluids enter separately into the Based on the analysis of the above mentioned
mixing chamber. This configuration enables arfes€arch works, we have defined four important
independent control of the gas and liquid inpubeiy, geometncal parameters to study in the present work
direction and distribution. This version has beenlied diameter and number of aerator holes, locationhef t
in [28, 29]. aerator holes relative to the final discharge ceifand
Usage of different inserts inside the mixingdiameter of the mixing chamber.
chamber can modify and improve mixing and internal _ .
two-phase flow [19, 27]. Input of the gas can b&xperimental Facility _
modified by changing the position of aeration hples ~Experimental equipment includes effervescent
their size and directions. Disintegration of puiids ~&tomizer, cold test bench with fluid supply systend
may be enhanced using perforated plates in frothef Phase/Doppler Particle Analyzer. Our single-holeinp
discharge orifice. Application of the so calledaligent- Orifice atomizer of A type (Fig. 1) is powered witght
control inserts can be found in works [24, 26]. &ltitat  Neating oil and uses air as an atomizing mediurinén
atomizers with annular discharge orifice [9, 30] 86 “Outside-in” gas injection configuration, see Fi. It
multi-hole atomizers [11, 12, 19, 32] can havetgliy CONSists ofa cyImdnca_I body in which an aeratd_re is
different design and probably also other morénsert_ed._ The_ aerator is connected y\_nth an exitzleoz
complicated and sophisticated configurations couldhe liquid (oil) enters the central orifice of therator
appear in the future. from a side, while the air is injected into theulid

In our research we decided to use the A_typ@rough a set of small holes in the aerator eneelop
effervescent atomizer with “outside-in” gas injecti BOth fluids form a two-phase mixture, flow downsine
configuration which seems to be the most promigimg and exit the atomizer through a discharge orif@ehe
atomization of light heating oil and possible atiion ambient atmosphere in the form of a spray.

T

Fig. 1. Simplified schemes of design configurations
of the effervescent atomizer.

for waste fuels in the future. The volume of the mixing chamber formed inside
the aerator tube is given by a length downstreartnef
Important Geometrical Parameters last row of air holed; and internal diameter of the

Internal geometry of the effervescent atomizer igerator tubep,. The exit orifice has a diametér, of
described by dimensions of its mixing chamber apd 2-5> MM and a length of 0.7 mm. There is a conical
size and shape of discharge orifice. Main pararsater junction with the apical angle of 120° in front dfe
the mixing chamber studied in the past are: orifice. The lengthL;, internal diameteD, together
«  Size and number of aerator holes; investigated Byith the span lengthll=L,-L,, diameteiD; and number
[27, 33]. These values define a total aahrough Of aeration holes are varied in this study.
which gas penetrates into the liquid. Sometimes als _ The air and oil supplies are controlled separately.
ratio of the final discharge orifice area to theatmrea Operational conditions of the twin-fluid atomizerthw
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given geometry can be basically described by ary tv| -60 -40 -20 0 20 40 60
independent parameters. The air gauge pressure Radial distance [mm]
GLR were chosen in our case. Experiments we| e 02WPa
performed for several air gauge pressures and Gl m-05MPa

Dz [um]

b

values. Temperature, gauge pressure and volume| 1m i 1.0MPa
flow rates of both fluids were measured. The atemiz
was studied in the vertical position of the mainsax |_ ]
Physical properties of the atomized liquid — ligh|2 ;| ‘\A\A\A
heating oil are documented in [36]. Descriptionoof
40 4

experimental facility and Dantec 1D Phase/Doppl¢
Particle Analyser (P/DPA) used for drop size an

velocity measurement can be found in [39]. 1

Spray Structure 0.1 1 10 100
As it has been shown in number of publication: GLRI4]

droplet size and velocity significantly depend dre t Fig. 3. Radial profiles dbs, at p=0.2MPa and

input pressure drop and on GLR [11, 17, 19, 3338F, different GLR (top) and influence of pressure and
Results for atomizing pressure of 0.2MPa are GLR onlIDs, (bottom).

documented in Fig. 3, top. Radial profiles of Saute
Mean DiameteDy, at the lowest GLR are almost flat 54is of the nozzle exit orifice. Simplified equatidor
W|t_h indistinctive Iocal_ maximum in the atomizeri®x  cajculation of Da, as derived in [6] reads:
This shape oDs, profiles is also documented in [12,
40], profiles with more distinct maximum in the n n
atomizer axis were seen in [28]. ID,, :Z(ri Dy ; Dfi) Z(ri Dy, Dfi) Q)

An increase of GLR leads to a decreaségf in i=2 i=2
the entire radial profile but mainly in the atomizis. _
For GLR higher then 0.6% the profiles tend to bd&heré Daxi and Da; are volumetric and surface
inversely bell-shaped with a minimum in the spraiga diameters of droplets measured in position An
This change oDs, profiles with GLR can be related to aensemble oh droplets is measured using P/DPA with
character of internal two-phase flow which is bybiol ~ droplet frequency:. _
case of small GLR, changing to slug, annular anallfy _Resultl_ng ID3, calculated from data measured in
to dispersed with an increase of GLR. For moréadial profiles of D;; 150mm downstream the exit
information see [36]. To characterize atomizatio?ifice are shown in Fig. 3, bottom. ThBs, decreases
quality by a single parameter we introduce a tefm ¢fom 95um at GLR 0.4% to 42m at GLR 100% for
Integral Sauter Mean DiametHDs,, which represents a Pressure 0.2MPa. An increase of input gas presssice
whole spray at certain cross section perpendicaléne  leads to a finer spray. This dependence of atofoizat

Fig. 4. Spray structure of effervescent atomizeraaying air gauge pressure and GLR.



performance on atomizer operation conditions is inhamber for our range of operation conditions isutb
general agreement with our earlier findings [17} 49 10mm for the orifice diameter 2.5mm.
well as with results of other investigators [1, 33].
Near nozzle spray structure was visualized by &able 1. Atomizers under test.
digital camera CANON EOS 300D using telephot

zoom lens CANON EF 100mm. Several differeng Atomi Ly 4 D, D3 n
. ; . omizer
operation regimes at operation pressure and GUR (mm) | (mm) | (mm) | (mm) | ()
varying are documented in Fig. 4. E21 90 30 5,5 0,7 60
At very low GLR, about 0.1%, and low pressur¢ E22 85 30 5,5 1,0 30
0.01MPa the liquid forms continual film and ligan®en | E23 85 25 55 1,3 18
at the nozzle exit, gas flows mainly through thatcs E24 90 25 55 1,5 13
part of the exit orifice with higher velocity defaing E25 85 30 55 1,0 30
the liquid surfaces and tearing the liquid into Bema E26 85 30 8,0 1,0 30
fractions and finally into droplets. The liquid is| E27 85 25 11,0 1,0 30
additionally fragmented due to stretching of th¢ E28 85 40 14,0 1,0 30
ligaments and internal turbulent motion. Also shedr E29 75 0 14,0 1,0 8
stress due to still ambient air contributes to the E30 55 0 14,0 1,0 8
disintegration. Atomization process proceeds thhoag E31 35 0 14,0 1,0 8
relatively large distance from the nozzle exit. E32 65 10 14,0 1,0 24
Increase of GLR enables easier and fastgr g33 50 10 14,0 1,0 24
disintegration of liquid volumes and shortens thg E34 35 10 14,0 1,0 24
atomization distance. The gas overcomes forces |of E35 65 20 14,0 1,0 40
liquid surface tension by shear stress due tovsglipcity E36 45 20 14,0 1,0 40
between the gas and liquid phase and also by expany E37 35 20 14,0 1,0 40
of the pressurized gas volumes enveloped by liqujd E38 35 40 14,0 1,0 80
phase. At GLR of about 2% and higher there is no

compact liquid volume observed; the spray alreaty irapje 2. Integral Sauter mean diametem] in spray at
close distance from the exit orifice contains a banof  jittarent operation pressure and GLR.

small particles. We assume that also at higher GLR
qugid core exists at the nozzle exit but it is wotearly b (MPa) 01 ]03]03]03]05
visible due to the presence of a cloud of the smdft

droplets surrounding this continuous liquid bulk. GLR (%) > 2 > 10 >
E25 55| 954|87,9|835]| 75,6| 78,3
Influence of Atomizer Geometrical Parameterson E26| D, | 8 | 87,8|858|815]| 76,6| 78,2
Spray Perfor mance E27 |(mm)| 11| 88,9 84,6| 80,6 | 75,2| 77,6
Based on published results we have defined folr 28 14| 92,6| 88,2| 83,2| 77,0| 78,2
geometrical parameters to study in this work: the g5 0,7| 969|882 828|750 76,8

diameterD; and number of aerator holaslocation of
the aerator holes relative to the final dischangfce L, E;:ZS (”?;]) 12 gig ggj ggg ;?i ;gg
and diameter of the mixing chambdd,. Several ! ’ ’ ’ ’ ’
atomizers were designed for this study; their disiems | _E24 15] 942|91,2)| 86,8 77,0| 78,7
can be seen in Table 1. Atomization propertieshef t| E30 8 | 96,0| 93,7| 87,3| 80,9| 82,6
atomizers were measured at air gauge pressure8.8.1] E33| n 241 94,6 91,4| 859 81,5| 83,6
and 0.5MPa at GLR 2, 5 and 10%. Only some resuftse36| (-) 40| 89,1|86,0| 84,5| 76,5| 80,0
are processed in Table 2 due to the paper limitatio E38 80| 905/ 850! 838! 770! 776
Atomizers E25-E28 were used to study th : : : : :

g

influence of the diameter of the mixing chamii®y E:g Ly 22 1823 35(7) 222 gig 222
Mixing chamber diameter at given operation condgio (mm) ' ' ' ' '

(flow rates of the gas and liquid) influences aoeity of | E29 /5] 915|885|860|799|819
the internal flow of the two-phase mixture. Theogéty E34 L 35| 96,8|90,7|87,9| 81,9| 83,0
increases with a decrease of the cross-sectioroatba E33 ! 150| 94,6|91,4|87,2| 82,8 84,9
chamber. At lower pressure and lower GLR the twg- E32 (mm) 65| 91,7/ 90,1| 856| 80,6| 76,6

phaS(_a mixture is pubbly or slug and moves withveelo E37 35| 89.8] 91.6] 84.6] 79.8| 7.9
velocity [36]. At higher pressure the mixture chasgo E36 45| 883l 850! 836! 75.6 | 79.1
annular. Data in Table 2 shows a higher influerfcta® ' ' ' ' '
mixing chamber diameter at lower pressure, wheee th_E32 65] 93,3]1856)835|77,7| 794
smallestiD3, can be found for diameters between 8 and

11mm. For higher pressure and GLR the dependence of The diameter of aerator hol€s was varied using
IDs, on the chamber diameter almost disappears. veéomizers E21-E24. The number of the aerator holes

can conclude that the optimum diameter of the ngixinwas also varied to keep the total aeration crostese
area constant. Table 2 documents that at pressure
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