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ON THE PREDICTION OF AN AVERAGE DROPLET
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HOMOGENEOUS POROUS MEDIA UNDER LAMINAR
FLOW CONDITIONS
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*Address all corespondence to F. A. Coutelieris E-mail: fkoutel@cc.uoi.gr

Original Manuscript Submitted: 9/11/2008; Final Draft Received: 11/28/2008

This paper deals with the prediction of a spatially averaged droplet size during transport within homogeneous porous
media. More precisely, this transport process occurs in a mixture of a continuous aqueous phase which includes a
discontinuous one in the form of droplets. The mixture flows in a homogeneous porous medium under laminar flow
conditions. The collection of y-order moments, S, is used here to describe the time evolution of the spatially averaged
mean diameter of spherical droplets, mainly because Sy satisfies the convective/diffusive transient transport equation.
As it is well known, breakup and coalescence are the primary local phenomena controlling the size of droplets in such
a process. The essence of the so-called “Sy concept” is that break-up and coalescence processes determine the source
terms in a transport equation for the moments of an averaged characteristic size, representative for the droplet size. The
velocity vector at any point is calculated by typical computational fluid dynamics simulations. The assumptions made
are that (a) the flow conditions correspond to low Reynolds numbers, (b) the local flow field is independent of the droplets
and thus, the droplet size is small enough compared with the mean pore diameter, and (c) the liquid/solid interfaces are
chemically neutral. Since the proposed constitutive model adequately simulates the droplet transport process, it is used
here for the investigation of the effect of porous geometry and flow characteristics on the droplet size.

KEY WORDS: multiphase transport, S’y moment, break-up, coalescence, porous media

1. INTRODUCTION a connected liquid phase (heavy oil) is observed over pe-
riods of time large enough to consider that such a phase
Transport of mixtures is encountered in many industridistribution is governing the flow dynamics (Gerami and
processes as well as in engineering applications. Mdteoladi-Darvish, 2007; Heibel et al., 2001). Qualita-
specifically, one of the most interesting cases is that ofieely speaking, the aspects of such a transport process
discontinuous phase (droplets) sited in a flowing contiare rather well understood: in general, droplets are trans-
uous aqueous one. A typical example might be a prdefred due to convection and diffusion, while their pop-
lem of interest to the oil industry, which is related to aulation is strictly governed by local hydrodynamic phe-
unconventional behavior found in some heavy oil resaremena (Sheng et al., 1999). It is very difficult to ob-
voirs where a disconnected gas phase (gas bubbles) intddle a globally valid description for the consequent tran-

1091-028X/10/$35.00 Copyrigk® 2010 Begell House, Inc. 1



2 Coutelieris

NOMENCLATURE
Latin symbols Proqi(deq) coalescence probability of a single
c = B'/2, artificial speed of sound collision event
Caer critical capillary number Py pressure at inlet
d diameter (size) of the droplets R Reynolds number
d arbitrary diameter to define r position vector
a collision event Sy moments of distribution
ds2 mean droplet diameter (Sy)in moments of distribution at inlet
der critical droplet diameter (SY) out moments of distribution at outlet
deq equivalent mean diameter t time
of a uniform distribution tmax time when the droplet diameter
Ayivs characteristic diameter given reaches the maximum value
by Eq. (3) u local velocity vector
E extinction term in Eq. (5) Uin velocity at inlet
fi(d), interpolation functions given Uy velocity vector for droplets,
fa(A) in Table 1 given by Eq. (8)
G generation term in Eq. (5) Greek symbols
hEV) source terms for transport B artificial compressibility factor
Egs. (7) and (9) Y integer indicating the specific moment
hfj,) Break-up source term 0% local velocity gradient
hg) coalescence source term Y1,Y2 specific values of/
Ky, Break-up rate ASf;T(d) change in moments of distribution
K. (d,d) collision rate due to breakup
K (deq) coalescence rate AS< (d,d")  change in moments of distribution
Koot (deg) = keott Urel (deg)s due to collision
Smoluchowski collision rate € porosity
M Mach number e viscosity of the continuous phase
n total number density A dummy value used in interpolation
N¢(d) number of fragments of diameter functions
P pressure field o fluid viscosity
P(d) size distribution of the droplets o interfacial tension
P, pressure at outlet © volume fraction

sient (dynamic) behavior of the microstructure of such a Renewed interest in this field originates from the-
mixture due to the high geometrical complexity of suchaetical investigations on flow in porous materials us-
configuration. For example, the domain size could grang conventional computational aspects (Goldschmidt et
because the domains may coalesce under flow conditiahs 2003; Mousavi et al., Zooeétémnek and Ansari,
and a break-up process sets in when they are large enc2@®5), the lattice Boltzmann method (Inamuro, 2006;
to be affected. Luo and Girimaji, 2002, 2003), and pore network sim-
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On the Prediction of an Average Droplet Size Evolution 3

ulators (Bravo et al., 2006; Fenwick and Blunt, 1998ations through common and rather simple computational

These approaches focus mainly on the dynamics of fléiwid dynamics (CFD) techniques.

for multiphase and multicomponent fluids rather than the

microstructure formation where very limited effort has THEORY: THE MOMENTS OF DISTRIBUTION

been focused (Kostoglou and Karabelas, 1994, 2005;(5V)

Lehr et al., 2002; Luo and Svensen, 1996; Wang et al.,

2003). The domain (droplets) size distribution can be described
This theoretical study aims at the description of thf¥y & collection of moments of the distribution as (Kamp

microstructuring, especially for a mixture flowing irftal-, 2001; Klahn et al., 2002; Agterof et al., 2003)

a homogeneous porous medium under laminar condi- oo

tions. In particular, the scope of this theoretical study S, = n/ d¥ P(d) dd (1)

is to investigate the physical/geometrical parameters as

well as the flow conditions which could assure the hc\}\?herey is an integer indicating the specific momens

mogeneity of the mixture (water/droplets, i.e., continL{ﬁe total number gensit aria%l ) thp e distributi

ous/discontinuous phase) in terms of mean droplet size? Y (d} is the size distribu lon

The focus is on the domain sizes formed during this pr%- the droplets: Some of fchese mom_ents can be directly

cess, and the approach we take is the so-calfadcon- rglated to physical proper.ues of the dispersion. More pre-

cept”, i.e., the “moments of distribution”, for the de:scrip(—:ISGIy (Kamp et al., 2001; Agterof et al., 2003),

tion of the droplet sizes as in Kamp et al. (2001), where

an arbitrary number of moments of the domain size distri- So = n/ P(d)dd=n (2a)

bution is used to describe the microstructure. In the same 0

study, the method was also described in relation t0 §X+he total number of droplets (number density),
periments on bubble coalescence. Subsequently, Klahn et

0

o0

al. (2002) and Agterof et al. (2003) used that method for 7 )
the analysis of experiments on the transient behavior of Sy = "/d P(d) dd (2b)
emulsion droplet breakup in an impeller flow and analy- 0

sis of the behavior of double emulsions, respectively. Ad the specific interfacial area, and
examples showed the power of the method, which will be
explained in some detail below. 3 6@

Summarizing, we extend th&y method to phenom- S5 = n/d P(d) dd = T (2¢)
ena related with porous structures. The problem we ex- 0
amine is the laminar flow of a biphasic mixture in a hds an expression for the volume fractiap,
mogeneous porous medium. The domain size for the twolt is easy to show that for two different values, the
phases not only depends on the flow itself but also on g@respondingy functions can produce a useful charac-
break-up and coalescence processes taking place bectgrisgic diameterl, ., according to the relation
of the flow. The fundamental idea of the method is that

oo

1
the evolution of the moments of a distribution can be an- j’od% P (d) dd e
alyzed using a transport equation including a convective dy vy = 0
term, which can be coupled to the local flow character- wa P(d) dd
istics, which should not be affected by the presence of o ®)

droplets. It is evident that this assumption is valid only L
for droplet sizes small enough to follow the bulk flow Sy, e for £

and to adequately assure the homogeneity of the flow- \Sy, Y172

ing mixture [see Eqg. (8) and the relative detailed disrhe most interesting! is the area-weighted mean
cussion there]. The source terms in the transport eq'd?c')plet diameterdss gK/leyr? as

tion describe the local phenomena (breakup and coales- ’

cence) that affect the particle size distribution. The main Td [d2 P (d)] dd
advantage of this approach is that analytical expressions _S3_ 0 @)
(including probabilistic parameters) for the characteristic 276,

T 2
magnitudes could be derived, leading to successful simu- Ofd P(d) dd

Volume 13, Number 3, 2010



4 Coutelieris

This diameter is a spatially averaged size, which in tieents of distribution. For the majority of engineering ap-
present study is considered to be representative for fgiieations, the above transport equation could be simpli-

actual droplet size. fied to
The main advantage of they function is that it satis- 95y _ h Y) 9)
fies the transport equation (Kamp et al., 2001). Starting ot Y

from the well-known population balance equation and s far as the flow problem could be uncoupled from the

following the mathematical route presented in Kamp et @Iansport one, the Ve|0city field can be obtained from
(2001), one can derive the following transport equationtypical CFD flow simulations.

onP(d)
ot
whereu is the local velocity vector and’ and E are the

generation and the extinction terms, respectively. TheSimce the governing phenomena in the fluid phase are
terms are strongly related to the creation (breakup) atié droplet breakup and coalescence processes, the source

+ V- (unP(d)) =G - E (®) 3. THEORY: DETERMINATION OF THE SOURCE

TERMS

death (coalescence) of droplets. term of the previous equation can be expressed as
After multiplying each term bylY and subsequently
integrating overall particle sizes, the following equation h(y) h(y) + h( Y) (20)

can be obtained:
Wherehg) andhg’) are the respective source terms that

% /C[YnP(d)dd +V. n/d’/gP(d)dd can be modeled explicitly.

(6) 3.1 Breakup Source Term

/ (G- E)d¥dd Breakup happens when the droplet diameter becomes
5 larger than a critical value],,., related with the critical

capillary number as follows:
By reversing the order of differentiation and integration,

this equation can also be written as a transport equation Ao — 20Cac, (11)
as follows: “ NeY
95y V- (uySy) = ALY (7) WhereCa,, is the critical capillary numbery is the lo-
ot ! cal velocity gradienty),. is the viscosity of the continuous
where phase, and is the interfacial tension. This critical diam-
oo eter depends also on the viscosity ratio and the flow type,
J P(d)u(d)d¥dd as discussed extensively elsewhere (Grace, 1982; Stone,
T — (8) 1994).
[ P(d)dvdd The break-up source term, in its generic form, can be
0

written as (Janssen et al., 1994)
The expression in (8) equals the local velocity vectnr,
if the droplets have the same velocity as the flowing con-
tinuous bulk phase, an assumption that is adopted in the Y = /Kbr ASY (d)nP(d)dd (12)
present study. Actually, it has been assumed that the lo-
cal flow field is independent of the droplets; thus, their
mean diameter is very low to affect the homogeneity ®fherek, is the break-up rate aniS%"(d) is the change
the flowing phase. Even for porosities close to unity, tf@ Sy due to a single break-up event of a droplet of size
mean droplets size must be lower tham ¢ m for creep- d. An expression fOﬂS%’,T (d) follows from the conser-

ing or laminar flow conditions (Lehr et al., 2002) in ordevation of dispersed phase volume when droplet fragments

to satisfy the above assumption. are formed (Wieringa et al., 1996),
In Eq. (7), h,EV) is the source term related to droplet sy
breakup and coalescence, expressed in terms of the mo- ASY(d) =dY - (Nf(d)T - 1) (13)

Journal of Porous Media
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On the Prediction of an Average Droplet Size Evolution 5

where Ny is the number of fragments formed. Since the. SIMULATIONS
break-up ratd,, is conversely analogous to the break-

u . . . .
time 1y, the break-up source term becomes 'Phe simulations were carried out using a FORTRAN code

especially developed for this work. Calculations were
) 7 dY sy performed on a simple PC equipped with an I§tdduo
Py :/ Lbr (d) (Nf (d) - 1)} nP (d)dd (14) Core processor and 2 GB of RAM using a WindowsXP
operating system. On average, the calculations took about
for d>d., half a day.

3.2 The Coalescence Source Term 4.1 The Algorithm

Coalescence depends not only on the collisions but algpadequately simulate the above-described problem, we
on the coalescence probability; thus, the generic form@fed the algorithmic procedure shown in Fig. 1. The pro-

the coalescence source term is (Chesters, 1991) cedure we used is as follows: first we calculate the char-
00 00 acteristics of the flow in a porous medium using standard
) — //K 1 (d,d') ASY (d,d') n? CFD methods, and subsequently the local velocity field
cl Ci 9 Y ’ R R R R .
(15) obtained is used in a transport equation for the analysis

0 0
, , of the evolution of the domain size distribution. Although
x P(d) P (d) dddd the algorithm aims at a steady-state solution, the moderate
whereK; is the collision rate, whose detailed descriptioresults up to its end could be used for the study of transient
follows. The change ity due to a single coalescencéehavior of the mean droplets by just taking into account
event,AS¢ (d,d’), between two droplets of diametets the steady-state flow field in any case. For the numeri-
andd’, respectively, can be expressed as (Chesters, 198l)solution of the transport boundary value problems, a
a\Y/3 ~y nonuniform finitg difference schemfe with upwingiing.was
ASCl(d, d)=d" <1+ (d> ) _ <1+ (d> ) (16) used for discretization in space, with the resulting linear
Y d d systems of equations solved again using successive over-

. . . o ) ) relaxation (SOR).
or, by involving a uniform distribution with an equivalent

mean diameted.., 4.2 The Domain

cl 3
ASy =de, (2Y/ B 2) (17) To define a realistic domain for the solution of the flow
Consequently, the coalescence source term becor@ed transport problem, a porous medium is constructed in
(Agterof et al., 2003) the form of a spherical particle assemblage. Specifically,
9 the representation of the biphasic domains under consid-
h) = (Qv/:% _ 2) <6¢’> K (deg)dY;®  (18) eration is achieved by the random deposition of spheres
™ of a given radius in a box of specified dimensions as pre-
The coalescence raté’,; (ds’q) is typ|ca||y given as sented in Flg 2, where a Sample mediunect 0.72 is
(Chesters, 1991) depicted. The structure is digitized and the phase function
is determined to obtain the specified porosity. The size of
Kei (deq) = Keott (deg) Peoat (deq) 19) the digitized domains i02 x 102 x 102, and the length of
whereP,.q; (d.q) is the coalescence probability of a sinthe simulation box is approximately 10 times the sphere
gle collision event, which is a function of the equivalerradius.
diameterd.,, andK ..y (deq) iS analogous to the product
keotttirer (deq), representing the Smoluchowski collisiony 3 The Flow Field
rate (Agterof et al., 2003). Finally, the coalescence source

term is given as To obtain the velocity field, it is necessary to solve the
6o 2 Stokes equations,
h(y) = QY/:S -2 ((P) kcolitrer (de
cl ( ) T collUrel ( q) (20) vp — LLVQQ (21a)
X Peoal (deq) dYy V-u=0 (21b)

Volume 13, Number 3, 2010
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Calculation of | Transport eq. | 53 52
FLOW-FIELD i for Sy
&
i)
hbr s hci
k J
hd
Calculation of 4= 5y
SOURCE TERMS 52— 3,

b

NO Steady- . YES @
state 7

FIG. 1: Flowchart of the simulation algorithm

3 mm

3 mm

FIG. 2: Stochastically constructed 3-D porous medium
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On the Prediction of an Average Droplet Size Evolution 7

wherew, p, andu are the velocity vector, the pressure P(r,t=0)=F, (24)
field, and the fluid viscosity, respectively. The procedure
for solving the three-dimensional Stokes flow problem is
rather complicated in the vicinity of a porous structure V - u(r = void space of the inlet, t) = 0 (25b)
(Kainourgiakis et al., 2002; Kikkinides and Burganos, . . _ D

2000), where a staggered marker-and-cell (MAC) mesh P(r = void space of the inlet, ) = P (26)
is involved, with the pressure defined at the center of the P(r = void space of the outlet,?) = Py (27)

cell an.d the velocity components defin_ed e}long the corre- u(r = void /solid interfaces, t) = 0 (28)
sponding face boundaries. The resulting linear system of

equations is solved by an SOR method. An initial gueltial conditions (23) and (24) indicate a quiescent mix-
for p is determined through the solution of a Laplacélre in void space of the porous medium, while bound-
equation. Next, the velocity vectar is calculated from ary conditions (25a), (25b), and (26) impose a uniform
the corresponding momentum balance and the contind@jtg) flow at the inlet. Obviously, nonzero values appear
equationv ~u=0. The pressure is corrected through d?rlly at the surfaces of the void space, since VelOCity and

u(r = void space of the inlet,t) = uiy, (25a)

artificial compressibility equation of the form pressure are zero at the solid phase. Boundary condition
(27) assures the necessary pressure gradient for the Stokes
dp — BV -u 22) flow, while Eq. (28) expresses the no-slip condition at the
dt - fluid/solid interfaces, everywhere in the porous medium.

Essentially, the method adds an artificial density “”%Qi?xiﬂ?'raelsﬁgfgﬁg ;Su?fsasczr;]%? Iﬁ;%rgsg:;e and ve-

derivative related to the pressure by an artificial equatlon_l_he transport equation (9) was integrated with the fol-

of statep = pBp, wheref is an artificial compressibil- L N
) ; ) lowing initial and boundary conditions:
ity factor. In analogy with the compressible momentum

equation,c = B'/? is an artificial speed of sound and S, (r,t = 0) = 10716 (29)
thus, for stability reasons during the iterative procedure, v
its magnitude should be such that the respective artifi- S, (r = void space of the inlet,¢) = (S,).  (30a)

1/2
cial Mach number) = (R/c)max (S uf | . is low V- Sy (r = void space of the inlet,t) =0  (30b)
(M < 1), whereR is the relevant Reimolds number. In Sy (r = void space of the outlet,t) = (Sy) .. (31)
the limiting case of? — 0, which is the present case, any v . S, (r = void/solid interfaces, ) = 0 (32)

finite value of 3 should meet this criterion. Thys = 1
was choseng although it is evident that the exact valudnitial condition (29) indicates a very low initial popula-
cannot have any effect on the final (steady-state) result@n for droplets, while boundary conditions (30) and (31)
since at steady state the artificial density time derivativelfgPose a gradient fofy. Equation (32) expresses neutral
equa| to zero. The above Steps are repeated until ConmfhaVior at the f|UId/SO|Id interfaces, Whlle Spatial periOd—
gence is reached. This numerical scheme for the dei6ity is again assumed for the other outer surfaces of the
mination of the velocity field has been widely validatelomain. Note that the above conditions are independent
in terms of both the velocity field and the correspondir®f they values.
permeability (Adler et al., 1990; Coutelieris et al., 2003).

5.1 Validation of the Algorithm

5. INITIAL AND BOUNDARY CONDITIONS To examine the validity of the solution scheme, we have

One of the six surfaces of the simulated domain was cdfsted the algorithm against its consistency. More pre-
sidered to be an inlet, while the opposite one is assigrfdge!y: different sets o'y values should lead to broadly
as outlet. The other four surfaces of the domain were 43€ Same distribution parameters, i.e., to the same mean
sumed to be spatially periodic, both from a geometricdioPlet size, by using Eq. (3). Such a test has been pro-
and physical (flow and transport) point of view. vided by carrying out simulations for two speuf_lc s_ets of
The differential equations for the flow-field were inte?Y Values, namelyS, Sz, 53, andS; These distribu-

grated with the following initial and boundary conditiondions lead to mearl groplet sizes through = (S3/52)
anddy; = (54/51) / , Which should theoretically be the

u(r,t =0) =0 (23) same. The mesh and time step size were the same for

Volume 13, Number 3, 2010



8 Coutelieris

both cases. Figure 3 depicts this comparison, where the h,(j’) =0 (33¢c)
two curves represent the evolution with timedf, and
d41, respectively. Since the results are quite identical, this hg’) =0 (33d)

plot indicates the self-consistency 8 modeling. _ )
For the results presented here, the simulation’s parameters

are tabulated in Table 1. Note that since the aim of this
study is the theoretical investigation of the transport pro-
Since the droplet size is representedday, the solution cess, the interpolation function (A) and f2 (A), used
scheme is hereafter used only for= 2 andy = 3; thus, for the estimation ofV;(d) andt,, were set to unity. For

the relevant source terms for the rest of this work becorgecific cases, these functions should be changed accord-
ing to the experimental results available for these cases.

o0 2 . . ..
héi):/{ d (3 N (d) — 1)]nP (d)dd (33a) The time evolution of the averaged characteristic
0

6. RESULTS AND DISCUSSION

Tpr(d) droplet sizeds,, is presented in Fig. 4 up to a critical time
when the system reaches the steady-state situation. A

@ 60 2 maximum in this size is observedtat 550 s, mainly due
hy’ = —0.740079 (W> Ecotttrer (deq) to the competition between the hydrodynamic phenom-
(33b) ena, i.e., breakup and coalescence. Later=ab00 s, the
X Proat (deq) deg droplet size distribution levels off, taking a rather constant
10.00 5
E
© 1.00 4
* 1
) ]
N
3 i
@ 0.10 4
Qo ]
e ]
° 1.
0-01 T T T T T TTTTTT
0.1 1.0 10.0 100.0 1000.0

time (s)

FIG. 3: Evolution of the averaged droplet size for two different setSpfvalues

10.0 -

7.5 1

5.0 -
2.5 1
0.0 T

0 100 200 300 400 500 600 700 800 900 1000

time (s)

droplet size x 107 (m)

FIG. 4: Characteristic averaged droplet sizg.
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On the Prediction of an Average Droplet Size Evolution 9

TABLE 1: Parameters used in the simulations

Parameter Units Expression/value Reference/comment
d 3
Ny (d) ) 2.69f1(A) <d ) (Grace, 1982)
5 Cd cr
Ty () (s) ”G' F2(N) (Grace, 1982)
fiA), f2(N) ) e 1 for the current case

e other values/expressions fo
the specific case studied

=

der (m) Eq. (11) Calculated at each point and time step

o (Nm™1) 0.0728 Since the current work is purely theoretical,
the continuous phase is supposed to be water

Caer ) 1 (Mingzhe et al., 1998)

Me (Centipoises) 0.89 Since the current work is purely theoretical,

the continuous phase is supposed to be water

—\ 2
P(d) O] ﬁ exp —(lnd2612nd)> (Kamp et al., 2001)
G O] 0.1 (Chesters, 1991; Kamp et al., 2001)
d (m) 3x 1078 (Chesters, 1991; Kamp et al., 2001)
Ecotttirer (deq) | (M s ) 0.6667u (Chesters, 1991; Kamp et al., 2001)
Peoal (degq) O] Follows the log-normal distribu; (Chesters, 1991; Kamp et al., 2001)
tion according to the droplet di
ameters
6@ 37
deq (m) () (Agterof et al., 2003)
w8y
2 8 ! lculated h ti
© O] 37 (ds2) 0.03 % 0.03 x 0.02" Calculated at each time step
n (m=3) Whole algorithm and Eq. (2a) | Calculated once from the solution S

value for longer time scales. This dynamic behavior & strongly dependent on the specific medium’s geome-
the system is clarified in Fig. 5, where the relative signifiry and the flow characteristics. Therefore the simulation
cance of the source terms is shown. The individual soutd®e for the above presented results is 1000 s for the
terms have been normalized by their maximum value, i.given porosity £ = 0.72) and velocity field ¢ = 1 m/s).
hg) — hlEZ)/MAX hé? , hg) — hg)/MAX hg) , A more detailed study of the influence of these parame-
rs follows below, where steady-state results are going to

in order to fit the same graph. Actually, their initial value
%Rresented.

are nonzero because the model assumes that the evol
of the droplet size initiates from a nonzero value as well Although porosity is not directly involved in the spec-
(see Fig. 4). During the first 550 s, coalescence dominaifesd transport equations, it is a crucial parameter for the
over the breakup as the particles are quite small; therefarggrostructure transport phenomena since it significantly
the droplet sizes increase. At= 550 s the contribu- affects the local flow field and the mass-transport regime
tions of breakup and coalescence are balanced and ttiugugh the void space in the porous medium. Thus, its
the particle size goes through a maximum. After 550 effect is clearly presented in Figs. 6 and 7. The time in-
breakup becomes more significant than coalescence statht when the droplet diameter reaches the maximum
thus, the particle size decreases up te- 900 s. The value, t,..x, IS presented in Fig. 6 as a function of the
time considered for the simulation is critical for the validmedium'’s porosity. The variation aof,,., with poros-

ity of the results. Obviously, this critical simulation timéty seems to be low because the droplets size is much
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smaller than the mean pore diameter, therefore leaving the only influence of the decreasing porosity is the en-
droplets affected by the presence of the solid phase, ewgincement of\"’, which corresponds to earlier times for
for the lowest porosity value. Furthermore, lower valuggaximum diameters with lower porosity. However, this
of porosity correspond to higher coalescence probabilitigfiuence or,,., does not correspond to any significant
because the lower the porosity, the narrower the path fagtange of the absolute value of maximum diameter, as de-
bubble to escape without any collision and therefore, tpRted in Fig. 7. Indeed, the maximum values of source
higher the coalescence source term. In addition, breakdims remain rather unaffected by the porosity, leading
is not significantly affected by porosity, becau‘éué) is to a maximum diameter that varies little, despite the fact
nonzero only for diameters higher than a critical diamettrat the time when these maximum values occur varies
value, whose order of magnitude i®=" m, which cor- with porosity, as discussed previously.

responds to porosity values of order of magnitide® Figures 8 and 9 show the effect of flow intensity on the
for reasonable characteristic length. Obviously, the actdgbplet size. As it can be observed in Fig. 8, an increase
porosity values are in the range of 0.5-0.9, assuring thathe inlet velocity value corresponds to delayed times
hg) is not practically affected by the porosity. Thereforayhen the maximum diameter appears. Indeed, as veloc-
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