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ABSTRACT

Annular centrifugal extractors have a great potential inntultiphaseextraction of pharmaceutical,

nuclear, and many other processes. Although the widespread use of this device, the design procedures are
still unavailable because of the complexity of fluid mechanics in the rotor region called the separation

zone. From a structural point of view, this region has a complicated conception due to the different
internals. This study presents a thddmensional numerical simulation of the flow field idsithe rotor

region of an annular centrifugal extractor ACHe industrial CFD code (Fluent) was used to model the
highly swirling fluid flow in the settling zone with various geometries of separation blades (straight blades
and curved bladesNumericalpredictions and experimental results were compared in order to validate

the proposed modeIThe velocity field with the k) mo d e | shows a good agreement
data available in the literaturéhe Volume of Fluid (VOF) method was employtedsimulate the physics

of the interface of air/water free surfade.comparisonbetween the flow field and the performances of

the ACE model design wittvertical straightblades andwith vertical curvedblades wasfurther
investigatedo study the effecdvf the geometric shape of the separation blades on the parameters of liquid
holdup volume, the interface radius and the pressure Wnops found that the geometry of the separating
blades has a significant impact on the pressure drop, liquidupokblume and interface radius and
general flow in the extractesettling zone. The predicted pressure drop proved that the geometry of the
ACE rotor with curved blades leads to a lower values of pressure drop.

Keywords: CFD; ACE rotor; Multi-phase flow Pressuredrop, The interface radiyd.iquid holdup volume

NOMENCLATURE
a diameter of the light phase outlet " Whirl velocity (velocity due to the moving
CFD C_omputational Fluid Dynamics; frame)
D diameter of the rotor ) Relativevelocity
g gravitational acceleration & absolute velocit
hd distance between the inletcithe diverter CILy
disc w angular velocity(rad/s)
KARF }\l/IJLtI)tlinla?gtR}gPe ?gﬁfenﬁrr%qe V] turbulent energy dissipation rate
P pressure J ?neorl]zgﬁlar viscosit
rpm revolution per minute . - SIy
; radial distance 3 klnematlcwscpsny
ri interface radius W anlgular fv eloplty
R radius of the rotor ! volume fraction
Rd radius of the diverter disc Subscri
YQ Reynolds number, dimensionless ubscripts

t time i, j, k indices in coordinate direction;
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1. INTRODUCTION critical in the design of a separator zone.

) . ) Despite the experimental and the analytical
The multiphase extraction technique or solvent osearches that have been carriecbauhe ACE. the
extraction is used to separate one Or MOrenaior part of the reported design predictions and
components from a homogeneous fluidxture. A 5n3iysis of the results has been mostly through flow
very attractive device to integrate chemical reactiongpeet simulations, which treat the operation as a black

and separation fanultiphasesystems is the annular 5y Computational fluid dynamics (CFD) provides
centrifugal contactor ACC or extractor ACE. The 5 ;seful tool for solving the bave problems.

ACE has been developed at the Argonne Nationaljowever, there is a lack of literature focusing on the
Laboratory in the USA in 1960s. An imprale genaration region of the ACE; several reports have
version was patented by Costner Industries Nevad@een published on CFD studies of the centrifugal
Corporation. This device mainly include a rotating gytractor order to reduce empiricism. Most of the
hollow centrifuge that was been called a rotor in a5 ihors have investigated the fluidechanics of
stationary house (Boelo Schuur, N. Kraai,  gjngle and multiphase flow in the annular zone
G.M.Winkelman, & J.Heeres, 2012)The tWo  (ardle K. , Allen, Anderson, & Swaney, 2009)
immiscible procesdluids enter the equipment in the (Wardle K. E., Allen, Anderson, & Swaney, 2008)
annular zone between the fixed wall and the mOVing(Deshmukh, Vedantam Joshi, & Koganti,
rotor, where they are intensely mixed. Afterwards, computational flow modeling and visualization in
they are transported into the centrifuge through a holgne annylar region of annular centrifugal extractor,
in the bottom where separatiooscurs by the action 2007) (Deshmukh, Vedantam, & Joshi, Flow
of centrifugal forces. Visualization ~and  Thre®imensional CFD
Annular centrifugal extractors are widely used in Simulation of the Annular2008)(Sathe, Deshmukh,
several industrial fields for theextraction of Joshi, & Koganti, 2010fShaowei, Wuhua, Jing, &
radioactive fuel in nuclear fuel reprocessing whereJianchen, 2012 or instance, Collinst al. (Padiat
safety is the concerBernstein, Grosnor, Lenc, &  Collins, Zhang, Zou, & Ma, 2006jave simulated the
Levitz, 1973) in biological operations, in agfood ~ Separation of an agueous and organic stream in the
applications, in chemical and pharmaceuticalOtor zone. Thls.smulatlon.dl.d not consider the flow
industries such as the synthesis of powdered silic®f the airLiquid interface within the rotor.

particles and the regeneration of spent activatedyg the experimental studies are often limited by
carbon. This equipment can also beed in metal  qir high cost related to the measment
recycling, in emulsion polymerizatiofimamura, techniques(Chouari, Kriaa, Mhiri, & Bournot,
Saito, & Ishikura, 1993{Kataoka, Ohmura, Kouzu, 2017) (Yan, Jiangang, Shuangjang, & Zhi-shan
Simamura, & M.Okubo, 1995) i 2p15)have experimentally examined the flow field
hydrometallurgical processeqJing, Ning, Cao, py changing only the speed of rotation andftive
Wang, & & Sun, 2018)Zhou, Duan, Zhou, & Zhang, rate. To overcome these limits and provide a
2007) in wastewatertreatment and in many other general way to estimate tmeultiphaseextraction
processesAnnular centrifugal extractors could also process phenomena, we propose, in this study, a
be used for a variety of chemical reactions such agetajled numerical investigation on the effect of
synthesis of monodisperse silica partiof@gihara,  geyeral operating parameters (rotation speed of
et al., 1995)est.er|f|cat|on and hydrolysigGandhi, g0, et.) for a variety range of values and
Sawant, & Joshi, 1995) different designs of the rotor on the performance

The annular centrifugal extractors provide severalof the ACE.

advantages ithe multiphasextraction process over |, the present work, CFD simatlons of the flow
other conventional process. The equipment providegattern of anAnnular Centrifugal Extractor rotor

a very high centrifugally accelerated settling, a5 investigated. This study aims to validate the
excellent separation of phases and quick-satime experimental results made by Xat al (Yan, Jian
than conventional extractors such as pulse columnﬁang Shuandjang, & Zhi-shan, 2015)We tried

or mixer sefers, small hold up volume, low 3155 {0 study the three dimensional, complicated,
residence time, high throughput and very high mass;igh swirling flow pattern inside the mting rotor.
transfer efficiency. This work also aims to compaby simulation the

Because of the above advantages, much experimentdPW field in the rotor of different designs with
work on annular centrifugal extractors has beenstraight internals and curved _|nternals. It is to be
performed through the 1980s by ANL researchershoted that the performance improvement of the
Theeffort was first focused on analytical approachesACE requires a complex structure and additional
and descriptive correlation of experimental data. AnOPerating costs. Therefore, a better ustimding
analytical methods and experimental correlationsOf the flow field is needed to make further design
based on hydrostatic balance arguments have bedfiProvements (Achouri, Mokni, Mhiri, &
developed to determine the proper dimensions ofournot, 2012jThis study provide a more
ACE waers (Leonard, Bernstein, Pelto, & Ziegler, cOmplete understanding of the flow inside the
1981)(Leonard, Ziegler, & Bernstein, 1980ost of ~ Moving rotor in order_ to gain the condéidce to go
the design optimization of annular extractors wasfurther and model increasingly more complex
based on operating experiences like Aradatal ~ CaS€s.

(Arafat, Hash, Hebben, & Leonards, 200 fact,

the estimation of proper settling zone height is very
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1-Housing 6-light phase inlet 11-heavy phase weir
2-Rotor 7-Separating blades | 12-light phase weir
3-heavy phase inlet| 8-Annular mixing zon 13-weirs section
4-heavy phase outle; 9-Radial vanes 14-separating zone
5-light phase outlet 10-Rotor inlet

Fig. 1.General view of the annular centrifugal extractor (ACE).

2. OPERATING PRINCIPALS understanding of the flow field is needed to make
further design enhancements.

The design of two concentric cylinders where the

Innercylinder rotates and the outer stationary oneis 3. COMPUTATIONAL FLUID
based on the Tayler Couette principle. The DYNAMICS

equipment is schematically shown in Fiy The

flows of the immisciblefluids enter through the 14 estimate the flow pattern and the presstet fi
tangentialports light phase inlet and heavy phase precisely, unsteady CFD simulations were
inlet into the region of the annular mixture. Indeed, performed. In our case, threedimensional

it forms the form of dispersion while the fluids mix  simy|ations have been carried out for the multiphase
by the shear induced by the rotation of the rotor. Thegystem.

rotor region can include different equipment that is ) )

used to improve the separation process such as thd8.1 Computational Geometry andGrid

;?%'al l\J/ ;nist'hg:ﬁdcsegtu:?g Ss?r%zrzt:s;rr; etW %gg:se‘?he considered geometry is the separating zone of an
pump P ) P P annular centrifugal extractor (ACE) with two

then, flow by gravitation to their respective weirs and different shapes of vertical separating blades (four
out of the outlet fines. Thus, the annulantcugal straight blades and four curved bladdd)e studied

extractor acts as a mixer, centrifuge and pump. From : . .
a structural point of view, the annular centrifugal geometriexonsisted of the rotor and the weir zones.

extractor can be divided into two zones: the mixing This region is much more complicated because of the

zone and the separaton zone. The mixing zone sCSCTEE 1 s Bt ety
located in the annular zone in which tino-phase P

mass transfer process is mainly controlled by thef'ns)' As th'§ geor_netry is quite complex, the most
flow field. The field of flow in important dimensions of the 50 mm model rotor
geometry are taken from the experimental study of
this zone is studied in depth by numerical simulation Xu et al (Yan, Jiangang, Shuardjang, & Zhi-shan,
and experimental methods. The separation zone wag015) Figure 2 and Fig.3 Showa general view of
composed of the rotor and the weir zones. Thisthe studied separating region thfe ACE and its
region is much more complicated due to the presencelimensions notations.

of the different internals. The flow field in the oot . .

region directly affects the efficiency of the annular The mesh generatef the ACE rotoiis hybrid. We
centrifugal extractor. Therefore, a better

11901



H. Ghayaet al./ JAFM, Vol. 12, No. 4, pp11891202 2019

The four outlets of
the light phase

! Separating
i straight blades

The ACE
rotor internals

Fig. 2. General view of the studied separating region of the ACE rotor.

tried to generate a maximum of hexahedral cells withmodel to simulate the interface between the liquid
refinement in the critical zones like the central region and the air in the separating zone of annular
and near the walls. The computational domainscentrifugal  extractor and  describe the
consist of 583, 098 and 711, 017 CFD cells for ACE hydrodynamics ofthe flow.

rotor with straight blades and rotor with Thi del simul fluid h
curvedlades respectively. This work was simulated Is model simulates two or more fluids (or P ases)

using the fAFluentodo soft \W%%hgr? ”F"éﬁ‘erp‘a“atﬁ'“ﬂ adﬁ%ﬁjs&%egltg%ny@te tests
have been stiied for both types of the ACE rotors bubble motion and to track the freée surface flows:”.

and the chosen meshes were the best ones. In facy order to reduce computational costs and keeping

for each type of the ACE rotor, we tested three the same accuracy the multiple efnce frames

numbers of grids, and we found out that the chosen(MRFs) model was employed to simulate the

mesh and the finer mesh gave the same values Ofotational extractor.

velocity distribution profiles and pressure drop, )

which led us to the choice of the presented meshes. The Reynolds number&@ (Patra, Pandey, Muduli,

Natarajan, & Joshi, 20133 given by:Y Q 888

The strength of the numerical results is highly
depending on the modeling of the flow in the region |, ne present work, we have varied thegalar
nea th_e walls_ of the ACE rotory+ is a non velocity from 590 rpm to 4000 rpm. The rangeRef
dimensional distance fromehwall. It describes the  {5,,nd 768190 520776 A high Reynolds number
fineness of the mesh in theall-boundedlows. The jngicates a high inertia armbnsequently a turbulent

y+ used in this study was 30. While the non gq Therefore,in the actual rotor; the flow can be
equilibrium wall functions are employed to solve the gnsidered as turbulent.

solution near the wall regioim theinlet, we have a

mixture of air andwater with the same volume In this numericalstudy(,) turbulence vea modeled
fraction of 0.5.The inlet boundary condition was using the standard k) model. This model is
defined by velocity inlet equal to 0.1 m /s, ahe essentially a high Reynolds number model and
outlet was defined by pressure outlet. All the walls assumes that the flow is fully turbulent and the
had neslip boundary conditiom The surface tension  effects of molecular viscosity are negligible

was included with the valuefo72 dynes /cm
(air/water interfacial tensionhie water contact angle
on all surfaces was set at 78Nardle, Allen, &
Swaney, CFD simulation of the separation zone of an3.3  Governing Equations

annular centrifugal contactor, 2009jhe ambient ] o

pressure was fixed to be atmospheric pressureVe consider a twophase flow impling an
Figure4 is an overall view of the generated grid and incompressible liquid and a compressible gas in the
zooms in the four integrated vertical blades and theturbulent regime. The surface tension effects are

light phase outlets of the fluid for the different taken intq account. The tested fluids are .air and
studied designs of the ACE rotors. water, which have been assumed Newtonian and

immiscible. The flow is unsteady and isothermal.

We will discuss the details of the flonogerning
equations further in this work.

3.2 Numerical Scheme ) ) )
Given the aboveassumptions,the governing

The used multiphase model is thecsdled VOF free  equationgKhaldi, Mhiri, & Bournot, 2014)an be
surface multiphase flow model, which is the best written as follows:
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(a) The basic geometry of the ACE rotor

(b) The proposed modification o
curved blades

R |R |R%|R#|Rd|hd|L [a [All
dimensions
25 (10 | 10 12 17 | 10 | 120 | 10| are in mm

Fig. 3. Geometries andDimensions of the studied domaing§Yan, Jian-gang, Shuangliang, & Zhi-shan,
2015)

.......

P | Velocity inlet |

(a)ACE rotor with straight blades (b) ACE rotor with curved blades
Fig. 4. CFD grid of the studied domain and boundary conditions.

Continuity components,| is the pressure, andqds the

wo, H(ru;) o @ Reynolds stress tensor.
ut K 3.3.1 VOF Model

To model the sharp fluidluid interfaces using a

Momentum o !

finite volume approach, the VOF method is very

. H(fUi ) N H(fUi ) _H(fij ) 1P sunapl_e. It has been \_/erlfled that it is appropriate for
i B S acquiring and tracking a freeudace (Mokni,

K X XH Dhaouadi, Bournot, & Mhiri, 2015)(Achouri,

(@) Mokni, Mhiri, & Bournot, 2012)(PadialCollins,

. L, . Zhang, Zou, & Ma, 2006)Wardle K. E.,Allen,
Where,” is the density6 is the three velocity Anderson, & Swaney, 2008)Wardle, Allen, &
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Swaney, CFD simulation of the separation zone of ark equation:
annular centrifugal contactor, 2009)

kU; 0 5
The tracking of the interface between the two phases M +M kA n %’E gGlt
is done by a coldunction (phase indicator function) pt K; & Sk XjHyg

that shows the fractional amount of fluid at a some +Gy {r e¥oy)
position. The interface tracking between the two b M

phases is done with the solution of the continuity (6)
equation (Eq. 1) for the secondary phase (air is set

the secondar phase in this study,). Then, thea@equanon:

interface is reconstructed using the geometric H(f g) & ~
reconstruction (Geeeconstruct) method. This (rg Mro) _u &m X g8
method can simulatefficiently flows including the Ht K X Se +XjH

shape and evolution of the free surfagéhaldi, e

Mhiri, & Bournot, 2014) That is why this model can @G—(Gk +C3 &) )
simulate flows including the shape and evolution of k

the free surface in theeparating zone of the annular e

centrifugal extractor.

equation: turbulence kinetic energy due to the mean velocity
gradients G is the generation of turbulence kinetic
u(a2 r2)+ (l 2 Mi) S, ©) energy due to buoyancy. mY represents the
Mt K contribution of the fluctuating dilatation in

compressible turbulence to the overall dissipation
Where"Y is the source of the phagg(in this study rate.6 ,6 ,andd are constants. and, are the
"Y is equal to zero), isthe density ofthesecondary t ur bul ent Prandt | numbers for
phase and is the volume fraction of the secondary
phase [( =V2/V).V is the total volume of fluids 3-3-3 ~ MRF Model

(V=V1+V2), Viis the volume of phase 1 andgthe  The Multiple Reference Frame model is a steady state
volume of phase 2. approach, which can provide a reasonable model for
many applications such as the rotational flow in the
ACE equipment. The computational domain for the
numerical problem is defined with respect to the

The volume fraction of the primary phag=V2/V)
is deduceddy the constrain:

2 rotating frame gch that an arbitrary point in the
qa-=1 (4) computational domaiis located by a position vector
i=1 ©from the origin of the rotating frame.

In the momentum Eq2j, the interaction between the The following relation is used to transform the fluid
phases is modeled by the surface tendign velocities from the stationary frame to the rotating
frame (FLUENT 6.3, 2001)
332 Standard k-t Model S —
V.=V U (8)

The standard &) mo d e | of turbulence is a semi

empirical model constructedon model transport Where

equations for the turbulence kinetic energy (k) and its___

di ssi pat iloisbased anehe Bdilgsinesq U, =i T 9)
hypothesis, whiclassumes that the Reynolds stress is

proportional to the mean velocity gradient, with the Where W is the relative velocity,

constant of proportimality being the turbulent
viscosity. This quantity is assumed by the following i
equations: U, is the fAwhirlo velocity

due to the moving frame).

V' is the absolute velocity,

K2

3 = Cm? ®) Solving the equationsf motion in the rotating frame
introduces an additional acceleration terms in the

Where6 is an empirical constant of the standard k momentum equation.

U model

K E—
The model transport equation for k is derived from AT (10

the exact equation, while the model transport
equation for U was obt ailye.- S d, (P si_c a measoning
and bears little resemblance to its mathematically:tn(ﬁl()~J+ %( ﬁ"ﬂ +(r %y ,9 Sr (1)

exact counterpart. o ] )
The Coriolis and the centripetal accelerations are

The turbulence kinetic @ngy, k, and its rate of included in the momentum equation with the term
di ssipation, U, ar e ob(ﬁmaié).ned from the foll owing

transport equationdLUENT 6.3, 2001)

1194

(th



H. Ghayaet al./ JAFM, Vol. 12, No. 4, pp11891202 2019

8 ®=590rpm
7 -
6 o*”
5 o®
'§ * @ —&— Radial velocity
S 3 o **
&~ —e— Axial velocity
2 & : :
& #—Tangential velocity
1
PO IO
0 @ ('\‘;“ 88 @ o 0T o0 r—.un‘f-beg_:ﬁ-,ut e -
o =702 04 0,6 08 1

r/R

Fig. 5. Comparison of the dimensbnal tangential, axial and radial velocity components in the ACE
rotor at z=30mm andw=590rpm.

4., COMPUTATIONAL RESULTS the rotor velocity of 1190 rpm, a slight deviation was
denoted for the tangential velocity values near the
The simulated results of ACE rotor were used formiddle of the rotor. This could be explained first by

validating the velocity predicted results with the the more or less important errors slip in the
experimental ones available in the literature and€XPerimental aspecEurthermore, thesdifferences

provided by Xuet al (Yan, Jiangang, Shuangjang, ~ Petween the values are because the geometrical

& Zhi-shan, 2015) dimensions of the integrated internals and the weirs
_ were not given. Thus, we have estimated the
4.1 CFD Model Validation dimensions of the rotor interior.

Figure 5 shows a comparison between tangential,Figure 7 shows the comparison between the predicted
axial, and radial velocity components across a crosand experimetal path lines in the horizontal section
section at a height of z=30 mm. In fact, according toz=5mm which is located between the rotor inlet and
this figure, it was clear that the magnitude of radialthe diverter disc. It can be observed fr&ig. 7 that

and axial velocities were muclower than the the predicted streamlines of the fluid inside the
tangential velocity.The tangential velocity is the rotational rotor is highly turbulent swirling flow and
most dominant component in the extractors becausthis latter spins in a clockwise direction that increases
it leads to large centrifugal action forces, which isin a radial direction. The comparison of the CFD
responsible for the swirling motion of the fluid and simulations with the experimental results shows a
for the separation phenomenoitiee two phases in good agreement. So from these preceding results, it
the considered extractofuizani, Mokni, Mhiri, &  was concluded that the present CFD methodology
Bournot, 2014) That is why we focused on this coud be valid for further simulations.

component of the velocity in the validation study. . .

4.2 Comparison Investigation
Indeed, we employed the standard different ] ] ]
turbulence modes to carry out the thredimensional [N this part of our work, the flow field in the
CFD simulations in the rotor region of the annular Séparating zone of ACE and the behavior of the
centrifugal extractor with the multiple reference dispersed phase (alr) into the rotor are treated in order
frame (MRF). In addition, simulations were t0 compare the straight blades ahd turved blades

performed using the Reormalized group (RNG)ik ~ Performances.

o

U, the Reymdhe 83T ks modeissob , |ngaed we started the study by simulating tHew
turbulence. field when using straight separating blades in the
Figure 6 shows the comparison between thefotor region_ofACE. The studied domain is si_mulated
tangential velocity profiles for the tested turbulent fo the multiphase flows and for a constant impeller
models. rotational speed (N = 3000 rpmn the water/air
flows, as in the studied ACE rotor, we roatil the
Results showed that the tangential velocityformation of the air core in theentralregion. That is
component could be predicted with the SSWkthe  why, it is essential to examine the two fluidserms
RNG models. It can be seen froRig. 6 that the of the volume fractiorof each phase in the whole
predicted results of these two models agree with thetudied areaFigure 8 shows the contours of the
standardk0 model . Based on twdume &actpo sn the yze planee fothd tws ,
the validated kU mo d el was us e d coffigurationsroMle &CE. gat i ng
the effects of the shape of the separattiiagles in the

flow field and performances of the rotor of the ACE. Moreover, the examination of the predicted and the

experimental velocity vectors that ameviously
Results showed that our numerical results for theplotted in Figure7 showed that the flow structures
tangential velocity component for rotor velocity 590 formed inside the ACE rotor are inflneed by the
and 890 rpm are in good agreement compared teertical vanesThat is why we proposed to modify
those experimentaimade by Xuwet al. However, for
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Fig. 6. Comparison between Radial profiles of tangential velocity for different turbulence models at
z=30mm for rotor speeds (a)590rpm, (b) 890rpm and (c) 1190 rpm.

the curvature of the blades in order to enhancetheyz plane for the two configurations of the ACE.
separation phenomenon by improving the velocity According to this figure, a significant difference in

distribution in the ACE rotor.
4.2.1 Pressureprofiles and Air Core

The pessuredistributions nside the two different
geometries of theACE rotors and for different
rotational speedwere investigated and CFD results
are reported in Fig9 in order to understand the
impactof the shape of theeparating blades studied
in the pressu field.

the pressure distribution appeared in the central part
of the rotating rotor with strght blades and with
curved blades. The comparison of the results showed
that the modification of the separation blades visibly
affects the internal structure of the flow in the ACE
rotor. This difference is clear especially in the central
zone of the rotowhere there is a strong depression
for the rotor configuration with straight fins.

Figure 10 shows the radial profiles of the static

Figure 9 shows the contours of the static pressure orPressure within the twetudied ACE rotors. From

this figure, we noted that for the two rotspeeds
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Experimental Xu et al.

(b)
Fig. 7. Comparison between PIV experimental ofYan, Jiangang, Shuangjang, & Zhi-shan, 2015and
CFD results of (a) The velocity vectors relative to the ground and (b) the velocity vectors relative to the
rotor, at z=5mm.

w=890 rpm andv=1190 rpm and for the two axial Thus, pressure drop reduction due to AQEOr with
positions z=5mm and z=30mm, the values of thecurved blades design reduces considerably power
static pressure of the geometry with curved blades isequirements. However, this criterion is insufficient to
greater than with straight blades. However for a highudge a performance of classification. It is necessary to
rotor speedv=2500rpm andv=3000 rpm we noted compare also othetetailed hydrodynamic information,
that the static pressuoéthe ACE with curved blades such as the liquid holdp vdume and the interface

is reduced compared with the straight bladesradius, which are very important for successful design
Besides, it can be seen that in both rotor geometriegind operation of ACEs.

there was an air core formed in the center of the rotosi.he Fluent code with the VOF multiphase model

zone.The pressure of the air core in the separatin : -
. redict very well the liquid hol volume and th
zone of the ACEwas lower than atmospheric g_ped ct very well the liquid holdup volume and the

b f th . ffect of the ligh nterface radius in the separation region of the ACE
gLiSsseu:)itI:tgause ot the pumping €fiect of the 1ig tWardIe K. E., Allen, Anderson, & Swaney, 2008)

That we will try to prove in this study.

According to Figs. 9 and 10, it is clear that the effect .
of the geometry of the separating blades in the flow4'2'3 Effects of the Shape of Separating

field is more prominent in the central area inditke Blades in he Liquid Hold-Up Volume
rotary ACE. Figure12 shows the effects of the shape of the

4.2.2 Effects of the Shape of Separating internals in thdiquid hold-up of the ACE rotor.

Blades in the Pressure Drop: The liquid holdup volume of the rotor of the ACE
The oressure drop across the rotor of the ACE was aincludes the volumes of both the weir section and the
P p eparating zone. It is an important parameter that

:;nportf:n:n r?thar_ert]cterl_stth (tj(?r ilhe ; lpetrfgrrpantche affects the fluid behavior, the intéacial area and the
easurement since 1t 1S directly refated 10 e o q traction efficiency of the ACE.

operating costs.
The liquid holdup volume of the rotor was obtained

The presure drop over the rotor ACE with straight sing the CFD simulatioriThe effects of the rotor

blades and with curved blades were investigated an P
CFD results are reported in Fig. 11. The pressurgﬁg\?ﬁ] ?nn;izelthwd holdp volume of the rotor are
drop is obtained by integrating the pressure on the '

inlet and the exit faces. The rotor with curved bladesThe liquid holdup volume decrease initially withe
opaates at lower pressure drop than with straightincrease of rotational speed, and then remains
blades when the rotational speed is greater than 220tbnstant regardless of the shafeélades. Besides,
rpm and whenv is less than 2200 rpm, we noted that we noted in Figl2that the liquid holeup volume of

the ACE rotor with straight blades works at lower the rotor with curved blades was markedly lower than
pressure. the rotor with curved blades

1197



H. Ghayaet al./ JAFM, Vol. 12, No. 4, pp11891202 2019

s

hase 2
095

f=1
w

085
08
075
07
065
06
055
05
045
04
035
03
025
02
015

=1

0.05

@) (b)
=90mm 2=30mm
100 ~~ 7 100 — :
\ [ T

030 f 090 | | /
5 0,80 { | § 080 \‘ |
® | | 5 \
2 0,70 | [ 2 0,70
- | 2
S 060 ! | ° 0,60

| S
% 050 1 | = 0,50
g 0,40 \ —— with straight blades = 0,40 —— with straight blades
= 0, 1 | ¥
g \ with curved blades E 0,30 with curved blades
Eo30 \ | o
S o020 | | S 020
\ |
0,10 \ J 0,10 \
0,00 L i 0,00 \ .
-1,00 0,50 0,00 0,50 1,00 -1,00 0,50 0,00 0,50 1,00
/R r/R
©

Fig. 8. Contours of the volume fraction of water in the permanent regime within the two studied rotor
ACE, (a) rotor with straight blades, (b) rotor with curved blades,(c) Air/water interfaces for different
heights z=z90mm and z=30mm.

4.2.4 Effects of the Shape of Separating  The tangential velocity at various rotation speeds

Blades inthe I nterface Radius: were compared with experimental results. A good
agreement between the CFDegictions and the

Figure 13 shows the effects of the geometry of experimental measurements was obtained. The

separating blades in the radius interface of the ACEesults proved thatthe® t ur bul ence model

rotor. describe accurately the flow pattern in the separation

The light (aitheavy phase (water) interface is 2ON€ of the extractor in terms of streamlines, static
formed as a vertical cylindrical surface. The effect ofPressure distribution and velogiprofiles.

rotor speedy) on the inérface radius is showmi The separatiorphenomenorin an ACE rotor has
Fig. 13. The values ofi increases initially with the  peen investigated by CFD analysis. Standatthkd
increase ofyW) and demure constant. We noted also,volume of fluid models have been used to model the
that the values afi for the rotor with curved blades turbulence nature and the multiphase flow of the
is greater than the geometry with straight vanes in thé\CE rotor.

fw = [1000-2200].
range o [ ] The CFD results for a range of ootspeeds were

performed to characterize the flow of water in the
settling region of theACE using two different

separating blades geometries.
This study has presented the results of CFD

calculations of the flow in the settling region of an
annular centrifugal contactor.

5. CONCLUSION
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Fig. 9. Effects of the shape of separating blades and the rotor velocity on the pressure field inside the
ACE rotor.

It was found that the flow insid&e rotor is turbulent ~ Besides, the predictedgssure drop proved that the
forced vortex flow for the two types of the ACE geometry of the ACE rotor with curved blades leads
rotor. Besides, we noticed that the static pressure foito a lower values of pressure drop which is related to
both geometries is highest near the wall and decreasthe power consumption of energy for rotor speeds
gradually with respect to the radial distance from the superior tow=2200 rpm. Thus, the pressure drop to
wall to the centerwhich provides the separation of ACE rotor with curved blades design reduces
the heavy phase fluid to be separated from the lightconsiderably power requirements geometry of the
phase fluid in order to be derived to the appropriatevertical separating blades.

outlet. In addition, we noticed that the geometry of " .
the separating blades in the flow field is more N @ddition, it was found that curved blades has a
prominent in tle central area inside the rotary ACE. Significant impact on the liquid hoidp, in the
However, the central region in the rotor is highly Intérface radius and on the general flow in the
influenced with the geometry of internals, which SeParatig zone.

prevents the increase of the static pressure in the axig is to be noted that the CFD tools provide details on
of rotation and the central vortex. the entire flow field inside the ACE rotor not possible
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Fig. 10. Radial profiles of static pressure within the two studied rotor ACE at two axial positions
z=5mm and z=30mm for rotor speedw=890, 1190, 2500 and 3000rpm.

Fig. 11. Effects of the shape of separating blades in the pressuteop of the ACE rotor.
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