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Abstract

Droplet distribution is of fundamental importance to the performance of a Venturi scrubber. Ensuring good liquid distribution can increase
performance at minimal liquid usage. In this study, droplet dispersion in a rectangular Pease—Anthony Venturi scrubber, operating horizontally,
was examined both theoretically and experimentally. The Venturi throat cross-section was>238%5mm, and the throat length varied from
63 to 140 mm. Liquid was injected through a single orifice (1.0 mm diameter) on the throat wall. This arrangement allowed the study of the
influence of jet penetration on droplet distribution. Gas velocity at the throat was 58.3 and 74.6 m/s, and the liquid flow rate was 286, 559 and
853 ml/min. A probe with a 2.7 mm internal diameter was used to isokinetically remove liquid from several positions inside the equipment.

It was possible to study liquid distribution close to the injection point. A new model for droplet dispersion, which incorporates the new
description of the jet atomization process developed by the present authors in the first article of this series, is proposed and evaluated. The
model predicted well the experimental data.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and low concentration of liquid, will present a poorer per-
formance in comparison with scrubbers with good droplet
The Venturi scrubber is a relatively compact and highly distribution, in which the droplet throat coverage is approxi-
efficient gas-cleaning device. It uses a liquid in the form of mately uniform.
droplets to collect and remove micron size particles from  Droplet distribution is a function of design parameters
gaseous streams. In a Pease—Anthony Venturi scrubber, theuch as the injection system and the fluid velocities. The use
washing liquid is introduced as jets, usually at the throat of of an adequate droplet dispersion model can help the designer
the Venturi. The high speed gas causes the atomization of theo optimize droplet throat coverage without increasing liquid
jets, forming droplets of varying sizes. The droplets, initially usage unnecessarily, thus reducing operational costs.
concentrated near the trajectories of the jets, disperse due to This paper aims at studying droplet dispersion both exper-
the gas drag and turbulence. imentally and theoretically. It presents a new mathematical
The importance of droplet distribution in the performance model, based on the earlier models of Fathikalajahi 2.
of Venturi scrubbers has been recognized since the first the-Viswanathan et a[3], and Viswanathaf], which, in addi-
oretical studie$1] on these gas-cleaning devices. Scrubbers tion, utilizes the new jet dynamics description proposed by
with bad droplet distribution, that is, with regions of high the present authors in the previous article of this sgbgs
to locate droplet source points. The model was tested and
* Corresponding author. Tel.: +55 16 3351 8045; fax: +55 16 3351 8266 Parameterized by the use of data obtained in a rectangular
E-mail addressjasgon@power.ufscar.br (J.A.S. Gahes). laboratory scale Venturi scrubber.

0304-3894/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
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Nomenclature

D1, Dy, D3 distances (in the-direction) from the in-

Ng,average average droplet mass flux through the Venty

Ndlocal droplet mass flux through the probe (kg/s)
Nd.local.norm Normalized droplet mass flux (dimension

Greek symbols

droplet mass concentration (kgfjn

time averaged droplet mass concentratid
(kg/m?)

droplet fluctuation mass concentration (kgjm
drag coefficient (dimensionless)

droplet diameter (m)

jection point (mm)

Sauter mean diameter (m)

droplet eddy diffusivity coefficient (Ais)
gas eddy diffusivity coefficient (Ats)
droplet Prandtl mixing length (m)

gas Prandtl mixing length (m)

characteristic parameter in the
Rosin—Rammler function (dimensionless)
droplet mass flux (kg/fs)

throat (kg/n? s)

less)
Peclet number (dimensionless)
rate of production of droplets (kgfs)

Reynolds number based on droplet diameter

(dimensionless)

time (s)

time averaged droplet velocity (m/s)
droplet fluctuation velocity (m/s)
mean gas velocity through the Venturi throg
(m/s)

time averaged gas velocity (m/s)

mean jet velocity as it leaves the injection or
fice (m/s)

characteristic parameter in the
Rosin—Rammler function (m)

droplet density (kg/r®)
gas density (kg/

fraction of total mass contained in droplets @
diameter less thaDqy (dimensionless)

n

=]

it

=

2. Literature review

ible gas flowing in a rectangular Venturi and a single droplet
source point located in the center of a throat cross-section
in the beginning of the throat. A partial differential equation
for droplet concentration was obtained through a mass bal-
ance following an Eulerian approach and further simplified
by assuming the flowing hypothesis:

e In comparison with convective and turbulent diffusion
terms, molecular diffusion can be neglected.

e Convection acts only in the direction of flow, that is, the
axial direction.

e The turbulent diffusion is significant in the transversal di-
rections only, being neglected in the axial direction on ac-
count of being much smaller than the convection in that
direction.

e The gradient diffusion hypothesis was assumed in model-
ing the turbulence, and, accordingly, a droplet eddy diffu-
sivity coefficient was used.

The model equation was solved numerically for droplet
concentration by using a particle in cell technique. The drag
coefficient was estimated according to Caly&€i. Droplets
were assumed to be all of the same size, estimated according
to Nukiyama and Tanasawal]. The eddy diffusivity for
the droplets was modeled according to Longwell and Weiss
[12], assuming the Peclet number to be constant (Baldwin
and Walsh13]) and equal to 10.

Viswanathan et al[3] improved the above described
model by incorporating the possibility of multiple source
points, one for each jet injected into the throat. The coor-
dinates of such points could be determined by Viswanathan'’s
jet penetration theorf8] which was critically review by the
present authors in the first article of this sefigls

Fathikalajahi et al[2] advanced the droplet dispersion
modeling mainly by proposing to estimate the eddy diffusiv-
ity coefficient for the droplets as a function of the distance
traveled by a droplet during the average time that an eddy
persisted as a single entity. This average time was obtained
by applying Prandtl’s mixing length theory to the gas phase
flow.

Boll [14], based on photographic evidence, and
Viswanathar{4] considered that the initial transversal mo-
ment of the droplets was very important for determining
droplet concentration distribution and could not be neglected
asitwas done in all the models reviewed above. Accordingly,
the model of Viswanathaf¥] included a term for droplet
velocity in the direction of the transversal jet penetrating
the Venturi. The initial droplet velocity was made equal to
the jet velocity, not at the breakup point, but rather at the

Most Venturi scrubber models assume that the droplets point the jet passes the orifice and enters into the Venturi
are uniformly distributed in the Venturi throat, including the scrubber. Viswanathad] also included a droplet size dis-
well-known works of Calverf6] and Boll[7].

Taheri and Haines stressed the importance of the non-Viswanathan’s model still calculates the droplet eddy diffu-

uniformity in the droplet dispersiof8] and are responsible

tribution function into his model. Despite these advances,

sivity according to the scheme proposed originally by Taheri

for the first mathematical model that takes this into account and Sheil{9]. Ananthanarayanan and Viswanattjas] ex-
[9]. That model, tri-dimensional, considers an incompress- tended Viswanathan’s modgl] to cylindrical geometries.
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Fig. 1. Cartesian coordinate system used in this study.

3. Proposed model Cartesian coordinate systefid. 1) in which thez-axis co-
incides with the Venturi axis and theaxis is parallel to the
A mass balance for the droplets over an element of in- initial jet velocity, and also considering that the transport of

finitesimal volume yields: droplets in thez-direction due to the turbulent flux vector
is small compared to the transport due to the time averaged
acd oo S .
- = —(V-ng) +ryg 1) velocity in that direction, we obtain:
t
_ - P P
wherecy is the droplet concentration inside the elemegt,  _ Ocauaz) _ dcaudy) + dea Czd + Edva Czd frg=0
the droplet mass flux through the element frontiers, mnd 9z dy ox dy
the rate of production of droplets inside the element. ®)

Asthe Venturithroatis characterized by high gas velocities Apart from the allowance for different eddy coefficients
and turbulence, it is possible to neglect diffusion by natural for each direction, the differences betwegq. (5)and the
convection and express the droplet flux as: mass balances developed by Viswanatfdrand Fathikala-

- — jahi et al.[2] are summarized ifiable 1
Ng = (Ug + Uy) - . 2 ja o , ,

d = (Ug +Ug) - (ca + cq) 2) In order to solveEq. (5)it is necessary to find expressions
whereug and cq are the droplet mean velocity and mean forthe droplettime averaged velocity, for the droplet eddy dif-
concentration, respectively, ang andcj; the droplet fluc- fusivity coefficient, and also to identify droplet source points
tuation velocity and fluctuation concentration, respectively. inside the Venturi scrubber.

Substitutingeqg. (2)into Eq. (1) and considering steady-state The velocities of the droplets are calculated after a force

regime, we obtain, after a time averaging operation: balance. The present model neglects the force of gravity
e and assumes that the drag force is the only one acting on a
=V - (Uged) = V - (Ugeg) +ra =0 3 droplet. Under the conditions encountered in Venturi scrub-

= bers, with small droplets, high relative velocities between
where the quantityc is the turbulent mass flux. There are a5 and droplets, and small residence time, it is reasonable to
several ways of estimating this flux. Since Taheri and Sheih cqnsider the drag force much greater than the gravity force.

[9], it has been customary for Venturi scrubber models to as- Accordingly, the droplet acceleration can be expressed as:
sume a gradient diffusion hypothesis in order to estimate this

turbulent mass flux. We adapt this suggestion and estimated_le _ §CD/°9 0 Tal(Ue — O 6
= lug — Ugl(Ug — Uq) (6)
the components of the flux vector as: dt 4 Ddpd
. dcg whereuyg is the gas velocity vectoCp the drag coefficient
(ugey); = —Eai— (4) andDq the droplet diameter. In this work, a simple model was

assumed for the gas phase flow, allowing us to calculate the
whereEy; (i =xory) is the eddy diffusivity coefficient forthe  gas velocity simply by dividing the volumetric gas flow rate
droplets, which, in the present model, assumes non-isotropicby the cross-section area. The following assumptions were
turbulence. Substitutingqg. (4)into Eq. (3) consideringa  made:

Table 1

Main differences in the mass balances adopted in the present paper and those of Viswdhatdfathikalajahi et aJ2]

Terms included in mass balance Present model Viswan@han Fathikalajahi et al[2]
Convective mass flux ir-direction No No No

Convective mass flux ig-direction Yes Yes No

Convective mass flux iz-direction Yes Yes Yes

Turbulent mass flux ix-direction Yes No Yes

Turbulent mass flux iy-direction Yes Yes Yes

Turbulent mass flux iz-direction No Yes No
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e The gas was considered incompressible. The source termr{) in Eq. (5) represents the points of
e One-way phase coupling was assumed, that is, while thedroplet formation inside the Venturi. Fathikalajahi et[al.
flow of the droplets was influenced by the flow of the carrier used the jet atomization theory proposed by Viswanathan et
phase, the contrary was assumed not to occur, and the gaal.[19] in order to locate these points. According to that the-
flow was considered not affected by the presence of the ory, the atomization of a jet occurs at a single point. Gaives
dispersed phase. et al.[5] proposed an alternative theory which considers that,
e A flat gas velocity profile was assumed. after a certain initial distance, there is a continuous shredding
of liquid from the jet until its final disruption. Consequently,
there are many droplet source points along each jet trajectory.
The initial velocity (in botte- andy-directions) of each newly

Cp was estimated by the Dickinson and Marshall equa-
tion (apud Licht [16]), stated to be valid withink7% for

Rey < 3000: created droplet is considered equal to the velocity of the jet
241+ 0.15Re8'6) at the point in which the droplet was created. The calculation
Cp =022+ Req @) of the jet trajectory is presented in details in Galves et

, . al. [5]. The present model for droplet dispersion utilizes this
Ferrandez Alonso et al17] measured drop sizes in a Ven- new jet atomization theory.

turi scrubber and concluded that the distribution of droplet The injected liquid is divided into several parcels of
diameters can be approximated by a Rosin-Rammler func'droplets, each with a certain amount of mass and initial

tion: droplet position, size and velocity. For each parcel, a droplet
1—¢=exp [_ (&)”} ®) velocity field is obtained by integratirigg. (6) Eqg. (5)is then

- X solved progressively for concentration (for each parcel) using
forward finite differences. The final droplet concentration at
each grid point is obtained by summing the concentrations of
all parcels at that point. The boundary conditions used are: (a)
for z=2zy the droplet concentration for the parcel is known;
(b) there is no flux of matter across the equipment walls:

where¢ is the fraction of total mass contained in drops of
diameter less thabBgy, andX andn the characteristic param-
eters. For the droplet size distribution near to the injection
point, Ferrandez Alonso et aJ17] suggest a value afequal

to 2.15. The paramettis the drop diameter such that 63.2%

of the total liquid mass is in drops of smaller diameter. Itcan /52, ey
be related to th®3, (Sauter mean diameter) by means of the <§> = (E) =0 (11)
gamma function: walls walls
X 1
Dz r (l - ;) ©) 4. Experimental procedure

The Sauter mean diameter was estirr_]ated by the equation The experimental facility utilized in this work,
of Boll et al.[18], which was found to be in good agreement
with the experimental results of Fénndez Alonso et aJ17].

The droplet eddy diffusivity coefficient in thedirection
(Edqy) was calculated as a function of the gas eddy diffusivity
coefficient Eg), according to the work of Fathikalajahi et al.

illustrated
in Fig. 2, consisted of a rectangular Venturi scrubber with
a throat cross-section of 35 mr24 mm. The Venturi was
located horizontally in relation to the ground. Water was in-
jected transversally into the air stream though a single orifice,
with a 1 mm diameter, located approximately 31.5 mm after

[2]: the beginning of the throat on its top side. The Venturi was
Egy 1(2, builtin acrylic and glass to allow optical access to its interior.
E - = 2 (10) Throat length was varied by the introduction of extra sections
g g

between sections (2) and (3). Three throat lengths were uti-
wherelg andlg are the Prandtl mixing length for the droplets  lized, so that concentration was measured at 29.5, 83.5 and
and gas respectively. The procedures for calculaffigdg 137.5 mm downstream from the liquid injection point.

andlq are detailed in the work of Fathikalajahi et @], and The droplet sampling technique utilized here is similar to
depend on the assumption (Baldwin and W4$8]) that that used by Viswanathan et ] and Koehler et al[20].

for high Reynolds numbers, the number of Peclet (based onThe droplets were sampled isokinetically in nine positions for
the gas velocity and the duct equivalent diameter) remainseach throat, utilizing the sampling probe, (3), with 2.7 mm in
constant. The rectangular cross-section of the Venturi stud-diameter, and sucked through an high efficiency cyclone, (5),
ied here introduced the necessity of non-isotropic turbulence.followed by a pre weighed silica gel column, (6). The silica
The horizontal cross-section, being smaller than the vertical gel column was necessary to capture small entrained droplets
one, creates different constraints for each direction. There-eventually not caught by the cyclone. Although this column
fore, in the present model, the droplet eddy diffusivity co- also catches water vapor from the Venturi gas stream, this
efficient in thex-direction Eq;) was simply assumed to be  was found to be small in comparison to the total amount of
higher tharEy,, by a constant factor (= 5) which served really liquid withdrawn, so that the error was negligible. The sam-
as a numerical adjustment parameter. pling probe insertion, as well as the sampling positions are
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liquid
injection

Fig. 2. General view of the equipment utilized, where: (1) converging section of the Venturi; (2) first section of the throat; (3) sampling priobesecéh;
(4) diverging section of the Venturi; (5) cyclone for droplet collection; (6) silica-gel column; (7) flow controller; (8) suction pump.

shown in detail irFig. 3. The droplet flux through the probe, These values were normalized@Qocal.norm, given by:
Nd.local Was obtained from the mass of liquid in the cyclone nd local
reservoir plus the increase in mass in the silica gel column asd,localnorm = ————— (13)
. nd,average
follows:
o total flow of liquid injected in the throat (in ki)
mass of liquid nd,average= :
Rd.local = S (12) throat cross-sectional area
’ samplingtimex probe area (14)
o
3
]
& " sampling
~ positions
R
00|

DIMENSIONS IN mm

Fig. 3. Detail of the sampling probe insertion and sampling positions.
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(a) Photographic image of the Venturi throat with a single jet for 1, = 58.3 m/s and u; = 12.4 m/s.

(b) Normalized droplet flux in the vertical axial plane (parallel to the YZ plane, passing through the
injection orifice) as predicted by the proposed model.

(c) The same vertical axial plane according to the model of Fathikalajahi et al. (1995) with Pe = 50.

(d) Cross-sectional plane (parallel to the XY
plane) 29.5 mm after liquid injection according to
the proposed model.

(e) Same as in (d), but according to the model
of Fathikalajahi et al. (1995), Pe = 50

Normalized flux: ] 0.1-0.5 B a5-100
] o-0.001 @ o05-15 B 10.0-20.0
] 0.001-0.1 EH 15-45 Il 200

Fig. 4. Photographic image of the Venturi throat with a single jet and droplet dispersion as predicted by the model proposed here and the moalejaliFathik
etal.[2] (ug=58.3m/s andjj =12.4 m/s).

Tests were performed at three jet velocitiés£6.07,12.4 5. Results and discussion
and 18.81 m/s) and three gas velociti¥g £ 58.3, 66.6 and
74.9 m/s). All tests were made in duplicate. We first discuss the performance of the proposed model
A Panasonic M3000 video camera was used to take motionin a qualitative wayFigs. 4a and 5aepresent photographs
pictures of the jet. The shutter opening time could be adjustedof part of the Venturi scrubber throat operating with a gas
from normal speed to 1/8000s. Pictures with varied shutter velocity of 58.3 m/s and a single jet with a velocity (at the
opening speeds were made. The throat of the Venturi wasorifice) of 12.4 m/sig. 4a) and 6.07 m/sKig. 5a). One can
illuminated from above with a halogen 1000 W light. Ablack see in the photos the wall which contains the orifice and its
paper was placed on the wall opposing the wall from which opposite wall. (Please note that although in these figures the
the pictures were taken, in order to improve the contrast.  injection orifice appears in the bottom wall, this orientation



J.A.S. Gonalves et al. / Journal of Hazardous Materials B116 (2004) 147-157 153

(a) Photographic image of the Venturi throat with a single jet for «, = 58.3 m/s and u; = 6.07 m/s.

(b) Normalized droplet flux in the vertical axial plane (parallel to the YZ plane, passing through the
injection orifice) as predicted by the proposed model.

(c) The same vertical axial plane according to the model of Fathikalajahi et al. (1995) with Pe = 50.

(d) Cross-sectional plane (parallel to the XY (e) Same as in (d), but according to the model
plane) 29.5 mm after liquid injection according to of Fathikalajahi et a/. (1995), Pe = 50
the proposed model. ) ’

Normalized flux: ] 0.1-0.5 B a5-100
] o-0.001 @ 05-15 B 10.0-20.0
] 0.001-0.1 B 15-45 Il 200

Fig. 5. Photographic image of the Venturi throat with a single jet and droplet dispersion as predicted by the model proposed here and the modejafiFathik
et al.[2] (ug=58.3m/s andj =6.07 m/s).

was adopted for comparison with the model results, which ing possible to see the region were the lateral wall begins to be
was solved with the axis oriented asHig. 1 As mentioned wetted. The liquid film that flows on this wall hinders, to some
earlier in this paper, the orifice was physically located in the extent, optical access to the interior of the scrubber. Where
top wall, as inFig. 2 As the model does not include gravity this wall is not yet wetted, it is possible to distinguish regions
effects, the results are unchanged by rotation.) Horizontally, of high and low concentration of liquid. The pictures also
the picture covers about 35 mm, counting from the injection make clear that there is no single atomization point, but, after
point. The jet shown ifrig. 4a has a high penetration, and the a short distance from the orifice, droplets are continuously
liquid soon reaches the opposite wall, whereas the jet seen inshred from the jetig. 4b—e and Fig. 5b-show the predic-
Fig. 5a has a smaller penetration. Droplets spread quickly, be-tions of the proposed model and the model of Fathikalajahi et
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D1=29.5mm D2 =83.5 mm D3 =137.5 mm
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ug =583 m/s
uy =6.07m/'s

Vertical axial plan
(parallel to the YZ plane,
passing through the
injetion orifice)

Throat Height (mm)

@ Experimental

- - = -Fathikalajahi et al.
(1995)

Proposed model

D1 =29.5mm * D3 =137.5 mm
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~

g iR
E N . . Y ug =583 mls
) : \ Yo = 124ms
é ‘ . S Vertical axial plan
- .’ e S (parallel to the YZ
g 4 . plane, passing through
=
=
=

the injetion orifice)

@ Experimental

T T T - - - -Fathikalajahi et al.
5 7.5 0 25 5 75 0 25 (1995)

Proposed model

Normalized Flux

uy =583 m's
. u; =18.8 m/s
Vertical axial plan
(parallel to the YZ plane,
passing through the
injetion orifice)

Throat Height(mm)

DI =29.5 mm

D3 =137.5 mm

® Experimental

0 ' T T T i T ' - - - -Fathikalajahi et al.
0 2.5 5 7.5 0 2.5 5 7.5 0 2.5 (1995)

Proposed model

Normalized Flux

Fig. 6. Normalized droplet flow in the vertical plane that contains the jet (parallel t6Ziptane, passing through the injection orifice) at three distances from
the injection (29.5, 83.5, 137.5mm), fog = 58.3 m/s andjj =6.07, 12.4 and 18.8 m/s. Experimental points are compared to theoretical predictions.

al.[2] for droplet distribution in the throat (163 mm inlength) by Fathikalajahi et a[2], which represents the jet by a single
ofthe Venturi scrubber operating with the same gas and jet ve-atomization point and does not attribute an initial transversal
locities mentioned abovEig. 4b and c and Fig. 5b angbow moment for the droplets, results in a droplet dispersion pat-
a vertical plane passing through the injection orifice, while tern that is symmetrical around the axis passing through the
Fig. 4d and e and Fig. 5d andrepresent a cross-sectional “atomization point”. Such symmetry is not seen in the pho-
cut 29.5 mm after the injection point. tographic evidence. On the other hand, the proposed model,
The main difference between the proposed model andby using a jet atomization theory which allows for multiple
that of Fathikalajahi et al.[2] is clearly visible in source points along the jet trajectory and also provides in-
Fig. 4b—e and Fig. 5b—&he simpler jet dynamics adopted formation on the jet velocity vector at each of these points,
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\ D3 =137.5 mm

® Experimental

24
D1 =29.5 mm D2 =83.5 mm
20 4 )
. ]
. ..
16 .
12 4 [} )
u, =583 ms .
8 - u; =124 mis Lt
Horizontal plan PY -
(parallel to the XZ .-
4 plane, 8.75 mm R
from it) i
' '
0 . . | - , : —
0 0.25 0.5 0.75 0 0.25 0.5 0.75
Normalized Flux

- - - -Fathikalajahi et al.
0.25 (1995)
Proposed model

Fig. 7. Normalized droplet flow in the horizontal plane parallel to the wall which contains the liquid injection orifice (this wall coincides Withpilaee)
and distant 8.75 mm from such wall, at three distances from the injection (29.5, 83.5, 137.5 nug); &8.3 m/s andj; = 12.4 m/s. Experimental points are

compared to theoretical predictions.

which can be used to describe the initial droplet moment

In order to evaluate the proposed model in a quantitative

in both they- and z-directions, displays a better qualitative way, we present ifrigs. 6—-8typical theoretical normalized
agreement with the photographic evidence. Although all of droplet flux profiles and compare them with the experimental
these factors contribute significantly to the better agreement,data.Fig. 6 illustrates the nine profiles in the vertical plane
it seems that the consideration of the convective mass flux inthat contains the jet (parallel to tN&plane, passing through

the y direction is the most significant.

Throat Height(mm)

Throat Width (mm)

(b)

35

the middle of the injection orifice), for a fixed gas velocity

30 o,

D1 =29.5 mm

D2 =83.5 mm

D3 =137.5 mm

ug =749 mss

uj =12.4m/s
Vertical axial plan
(parallel to the YZ
plane, passing through
the injetion orifice)
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- - - = Fathikalajahi et al

0 1 2 3 4 3 4 1 (1995)
. Proposed mode-
Normalized Flux
24 <
D1 =29.5 mm D2 =83.5 mm N D3 =137.5 mm
A .
20 A N ' u, =749 m's
PY u;=12.4mis
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16 4 (parallel to the
. v XZplane, 8.75
N '\ mmfiom it)
12 . [ ] '
) f
) B
g4 .
.
® |
41 .
S ® Experimental
0 T T
- - -Fathikalajahi et al.
0 1 2 0 1 2 1 (1995)

Normalized flux

Proposed model

Fig. 8. Normalized droplet flow in (a) the vertical plane that contains the jet (parallel t6Zdane, passing through the injection orifice) and in (b) the
horizontal plane parallel to the wall which contains the liquid injection orifice (this wall coincides witkiZipdane) and distant 8.75 mm from such wall, at
three distances from the injection (29.5, 83.5, 137.5 mm)yder 74.9 m/s andj = 12.4 m/s. Experimental points are compared to theoretical predictions.
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of 58.3m/s, and combinations of the three liquid jet veloc- e There are regions of high and low concentration of liquid
ities (6.07, 12.4 and 18.8 m/s), representing both high and in the throat of a Pease—Anthony Venturi scrubber. Liquid
low penetrating jets, and the three measurement distances coverage in the throat is sensitive to operational conditions

along the throat (29.5, 83.5 and 137.5 mfiy. 7illustrates such as gas velocity and jet velocity.

the profile in the horizontal plane parallel to the wall which e The proposed model, that incorporates momentum to the
contains the liquid injection orifice (th€Z plane), and dis- liquid jet and its partial atomization before bursting, pro-
tant 8.75mm from it, for gas and jet velocities of 58.3 and  duces simulations that are visually very similar to the actual
12.4 m/s, respectively (same condition akig. 4), and three jet.

measurement distances along the threaf. 8illustrates the e The droplet dispersion predicted by the proposed model
same vertical and horizontal planes for another gas velocity, represented well the experimental data.
namely, 74.9 m/s, and jet velocity of 12.4m/s.
Itcan be seen that most of the experimental points are qual-
itatively correct: the maximum concentration point decreases Acknowledgements
as the droplet cloud travels down the throat (leading to a more
uniform distribution) and are located in higher positionsasjet  The authors are grateful to FAPESP, CNPq and PRONEX-
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