


x (m)

z 
(m

)

 

 

0 0.1 0.2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8 0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Figure 6.10: Contours of liquid volume fraction for smooth inlet conditions.

Table 6.6: Reactor system characteristics in a bed of constant porosity.

Porosity 0.365
vl (x < 4 mm) 0.22 m/s

vg (4 mm < x < 200 mm) 2.8·10−3 m/s
ρl 611 kg/m3

ρg 20.8 kg/m3

Drag in x-direction Yes
Drag in y-direction Yes

Capillarity Yes
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Figure 6.11: Contours of liquid volume fraction obtained with MFS.

Figure 6.11 shows liquid volume fraction contours. As it can be seen, despite
the non-fully converged results for the fields shown, the results are physically con-
sistent, showing the tendency of continuous liquid radial spreading.

6.5 Case D: Two-phase flow dispersion with a poros-
ity change

Figure 6.12 shows the comparison of relative liquid volume fraction for neigh-
boring beds with different porosity. The left image displays the results provided by
Fluent, where it can be seen a liquid reconcentration when the flow goes from the
top less porous to the bottom bed with larger porosity, which lacks physical mean-
ing. On the other hand, MFS is able to yield results which are physically consistent,
as shown in the right image. As it can be seen, there is no liquid reconcentration in
the bottom bed, as the liquid distribution through the bed does not change significa-
tively from the one at the exit of the first bed.
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Figure 6.12: Relative liquid volume fraction contours obtained with Fluent (left) and MFS (right).

6.6 Case E: Two-phase flow dispersion in the central
region of the reactor

Figure 6.13 shows the liquid distribution in the central region of the reactor, by
displaying an iso-surface of liquid volume fraction of 0.10. The circular region at
the top of the bed represents one chimney’s projection and the arrow shows the inlet
direction of the gas in the chimney. As it can be seen in Figure 6.13, the liquid
distribution does not change significatively as the flow descends except for the top
of the first bed, the third bed and the interphase of different beds. This change in
the liquid distribution in the interphase between two beds is in agreement with their
different porosity. For example, it can be seen in Figure 6.14 that the liquid is more
dispersed in the first bed, of lower porosity (ε = 0.33, Figure 6.14.a), while it is
more concentrated in the second bed, in which porosity is 0.53 (Figure 6.14.b). The
same reasoning can be applied to Figures 6.14.c and 6.14.d, which show the third
(ε = 0.45) and fourth (ε = 0.40) beds, respectively.
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Figure 6.13: Liquid distribution in the area surrounding a central region chimney.

Figure 6.14: Liquid volume fraction contours at horizontal slices in the different beds for the central
region. The slices are placed 75 mm below each bed inlet.
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Figure 6.15: Liquid distribution in the area surrounding a near-wall region chimney.

6.7 Case F: Two-phase flow dispersion in the near-
wall region of the reactor

Liquid distribution in the near-wall region is shown in Figure 6.15, as an isosur-
face of liquid volume fraction of 0.10. The circular regions shown at the top of the
bed represent the projections of the chimneys placed above, while the arrows show
the gas inlet direction into the chimney. As it has been previously seen in the case of
the flow under a chimney placed at the central region of the reactor, the liquid distri-
bution does not change significatively as the flow descends through the beds, except
for the third bed in this case, where a flow attachment to the wall is suggested.
This can be observed in the inclination towards the wall of the isosurface shown.
However, this effect will be discussed in more detail later in section 6.8. The effect
of the different porosity in the beds can be observed in Figure 6.16 which shows
liquid volume fraction contours at four horizontal slices of the beds. As it can be
seen in Figure 6.16, lower porosity beds show a more dispersed liquid than those of
larger porosity. For example, liquid is more dispersed in the first bed (Figure 6.16.a,
ε = 0.33) than in the second one (Figure 6.16.b, ε = 0.53). Figures 6.16.c and 6.16.d
show a liquid more dispersed due to the lower porosity of these beds, 0.45 and 0.40
respectively, in comparison with the second bed.
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Figure 6.16: Liquid volume fraction contours at horizontal slices in the different beds for the near-
wall region. The slices are placed 75 mm below each bed inlet.

6.8 Case G: Effect of the wall on the two-phase flow
distribution along the reactor

Since the previous near-wall region simulation hinted at a tendency of the flow
to attach the wall of the reactor as it descended through the beds, a study of that
effect was carried out in more detail. Due to the nature of this case, calculations
are carried out in sections, since simulating the whole reactor would result in a very
large number of cells and an extremely high computational cost. The first 11 m
of the reactor have been simulated, since it is considered that this is enough to
appreciate any possible wall effect on the flow behavior.

6.8.1 Numerical procedure and optimization

As shown in Figure 6.17, the reactor has been divided in sections which are
15 cm deep, where the volume fractions and velocities distribution results at the
outlet in each of these sections are taken as the inlet conditions of the following sec-
tion. This contributes to speed up calculations, although, due to the large number
of simulations needed to obtain meaningful results of the flow distribution through
the reactor, time for calculations is also large. To avoid a possible distortion in the
results caused by the outlet boundary condition, which seems to have an influence
at the exit zone in each simulation, it has been decided to simulate sections 20 cm
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Flow

Figure 6.17: Sketch of the simulation procedure in sections.

Table 6.7: Simulation time comparison

Simulated section depth (cm) 10 20
Real section depth (cm) 5 15

Number of cells 1244720 2489440
Time per iteration (min/iteration) 2.97 5.72

deep but taking only the first 15 cm as valid.

Simulations varying the section depths were carried out to optimize the calcula-
tion time. Table 6.7 shows the comparison of the studied cases. It can be seen that
simulating a thickness of 15 cm of the reactor instead of 5 cm produces a speed up
factor of 15

5
2.97
5.72 = 1.56. In order to speed up calculations even more, two proces-

sors were working in parallel. Table 6.8 shows the comparison between the serial
and parallel computations. It can be seen that Fluent parallelizes in a very efficient
manner the simulation with two processors, with a speed up factor of 2. The overall
improvement factor in the computation efficiency, using two processors working in
parallel and simulating 15-cm sections (real depth) is 3.12.

Table 6.8: Parallel computation

Number of processors 1 2
Real section depth (cm) 15 15

Number of cells 2489440 2489440
Time per iteration (min/iteration) 5.72 2.86
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6.8.2 Liquid volume fraction

Figure 6.18 shows a liquid volume fraction isosurface of 0.10. It can be observed
that the liquid spreads slowly in the radial direction, reaching a more uniform dis-
tribution in the central zone than in the near-wall zone. It should be noted that the
isosurface shown provides only a partial information of what is really happening in
the reactor. In order to obtain a more detailed view of the distribution of the liquid
fraction, it is required to resort to liquid volume fraction contours and profiles at
different reactor depths.

Figures 6.19 to 6.21 show liquid volume fraction contours at different depths.
The red color represents liquid and the blue color gas, with the color gradation
representing different values of liquid volume fraction according to the color scale
shown at the left side of the contours. It can be seen that, as the flow descends
through the reactor beds the liquid spreads radially improving phase distribution.
While not perfectly uniformly distributed, from a depth of 8 m on the liquid is un-
der a reasonably good distribution. This is seen in a more detailed manner in the
volume fraction profiles shown next.

Two different planes have been chosen to show the liquid volume fraction pro-
files. The first of these planes is marked with a line in Figure 6.22. Figures 6.23
to 6.25 show the liquid volume fraction profiles at different reactor depths in the
aforementioned plane. The reactor radius is shown on the horizontal axis while the
liquid volume fraction is shown in the vertical axis. It can be seen in these figures,
in the region close to the inlet, around the first 3 m, that the liquid volume fraction
decreases faster in the chimneys placed near the wall than in the central ones. In
other words, chimneys which are close to the wall spread the liquid radially faster
than those in the central region of the reactor. This phenomenon balances between
3 m and 5 m of the reactor. From that depth on, the central chimneys start spread-
ing faster than those near the wall. It can be seen, for a depth of 11 m, that in the
first 0.3 m in radial direction the liquid distribution is uniform. Figure 6.26 shows
simultaneously liquid volume fraction profiles at different depths.

The second plane chosen to show these profiles is the one shown in Figure 6.27.
Figures 6.28 to 6.30 show liquid volume fraction profiles at different reactor depths.
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Figure 6.18: Liquid volume fraction isosurface of 0.10.
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Figure 6.19: Liquid volume fraction contours. Slices at 0 m, 1 m, 2 m and 3 m.

Figure 6.20: Liquid volume fraction contours. Slices at 4 m, 5 m, 6 m and 7 m.

Figure 6.21: Liquid volume fraction contours. Slices at 8 m, 9 m, 10 m and 11 m.
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Figure 6.22: Plane on the symmetry axis chosen to show the liquid volume fraction profiles.
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Figure 6.23: Liquid volume fraction profiles in the plane shown Figure 6.22. Slices at 0 m, 1 m, 2
m and 3 m.
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Figure 6.24: Liquid volume fraction profiles in the plane shown Figure 6.22. Slices at 4 m, 5 m, 6
m and 7 m.
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Figure 6.25: Liquid volume fraction profiles in the plane shown Figure 6.22. Slices at 8 m, 9 m, 10
m and 11 m.
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Figure 6.26: Liquid volume fraction profiles in the plane shown Figure 6.22. Slices at 0 m, 3 m, 7
m and 11 m.

As it can be seen, the results obtained are similar to those seen in the other plane.
Figure 6.31 shows simultaneously liquid volume fraction profiles at different depths.

A characteristic of the liquid distribution worth mentioning is the lack of sym-
metry in the plumes as the flow descends through the reactor beds. As it can be
seen in Figures 6.23 to 6.26 and Figures 6.28 to 6.31, the plume region close to the
wall is narrower than the plume region close to the center of the reactor, or in other
words, there is a suction effect on the flow from the central zone of the reactor,
which is explained in the following subsection.

6.8.3 Liquid velocity

Figures 6.32 and 6.33 show the liquid axial velocity profiles, at different depths,
for the planes shown in Figures 6.22 and 6.27, respectively. As it can be seen in
these figures, liquid descends with higher velocity through the central zone of the
reactor than in the near-wall region. This would explain the effect of liquid displace-
ment towards the central region of the reactor, previously commented, resulting in
a better liquid distribution in this region of the reactor. As the flow descends faster
in the center, the liquid in the surrounding plumes is allowed to preferentially move

77

UNIVERSITAT ROVIRA I VIRGILI 
NUMERICAL STUDY OF ISOTHERMAL TWO-PHASE FLOW DISPERSION IN THE PACKED BED OF A HYDRODESULFURIZATION REACTOR 
Manuel Martínez del Álamo 
DL: 



Figure 6.27: Plane chosen to show the liquid volume fraction profiles.
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Figure 6.28: Liquid volume fraction profiles in the plane shown Figure 6.27. Slices at 0 m, 1 m, 2
m and 3 m.
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Figure 6.29: Liquid volume fraction profiles in the plane shown Figure 6.27. Slices at 4 m, 5 m, 6
m and 7 m.
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Figure 6.30: Liquid volume fraction profiles in the plane shown Figure 6.27. Slices at 8 m, 9 m, 10
m and 11 m.
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Figure 6.31: Liquid volume fraction profiles in the plane shown Figure 6.27. Slices at 0 m, 3 m, 7
m and 11 m.

towards the center, thus explaining the non-symmetrical liquid plumes descending
through the bed.

6.8.4 Evolution of the center of the plumes

Figures 6.34.a and 6.34.b show the evolution of the center of the plumes for the
central and near-wall chimneys in the planes shown in Figures 6.22 and 6.27, re-
spectively. The point of maximum liquid volume fraction is considered the center of
the plume. The horizontal axis shows the point of maximum liquid volume fraction
for the plume, in other words, the center, while the depth of the bed is shown in the
vertical axis. As it can be seen, in the first 3 m the plume of the near-wall chimney
is displaced faster than the one of the central region, with a change in tendency hap-
pening at 5 m. The same phenomenon takes place in both planes, so it is assumed
that it happens in the whole reactor. This confirms what the volume fraction profiles
suggested, that in the first 3 m the liquid spreads faster in the near-wall region and
that tendency changes from a depth of 5 m on, where the liquid spreads faster in the
central region.
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Figure 6.32: Liquid axial velocity profiles in the plane shown in Figure 6.22. Slices at 3 m, 7 m and
11 m.
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Figure 6.33: Liquid axial velocity profiles in the plane hown in Figure 6.27. Slices at 3 m, 7 m and
11 m.
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Figure 6.34: Evolution of the center of the plumes for the near-wall and central chimneys. (a) Plane
shown in Figure 6.22. (b) Plane shown in Figure 6.27

6.8.5 Half-width

An efficient manner to measure dispersion in porous media is the half-width.
The half-width concept is shown in Figure 6.35. In a gaussian distribution, the half-
width is defined as the distance that links the two points of value half of the maxi-
mum of the distribution at both sides of this maximum. That distance is represented
by the red arrow in Figure 6.35. Figures 6.36.a and 6.36.b show the evolution of the
half-width along the reactor in the planes shown in Figures 6.22 and 6.27, respec-
tively. As it can be seen, until a depth of 5 m the plume of the near-wall chimney
is wider than the central region one. However, from a depth of 6 m on the central
plume is clearly wider than the one in the near-wall region. From a depth of 8 m
on, it is considered that in the central region the liquid is well enough distributed
so there is no need to represent the half-width. This reinforces the idea of a faster
dispersion near the wall in the first meters of the reactor and a change of tendency
from a depth of 5 m on.
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Figure 6.35: Half-width concept
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Figure 6.36: Evolution of the half-width for the near-wall and central chimneys. (a) Plane shown in
Figure 6.22. (b) Plane shown in Figure 6.27
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Figure 6.37: Evolution of the distance between the center of the plume of the nearest-wall chimney
and the wall.

6.8.6 Distance to the wall

Figure 6.37 shows the distance between the center of the plume which is nearest
the wall and the wall in the planes shown in Figures 6.22 and 6.27. As it can be
seen, from a depth between 5 m and 6 m, the plume starts to move away from the
wall. Thus, any suction effect by the wall is discarded. On the contrary, and as
previously discussed, the liquid tends to move towards the center of the reactor.

As it was already reported in section 3.7, the inlet distribution of the phases
for this case is not as detailed as it is for case F, and the computational mesh is
also coarser. These factors have to be taken into account when drawing conclusions
about the wall effect. The results from section 6.7 suggested a tendency of the liquid
flow to attach the wall, while the results from this section show that the liquid moves
away from the wall from a depth of 5 m on. Case F only studied the first 70 cm of
the reactor, while case G studies the first 11 m. Figure 6.38 shows the comparison
between cases F and G for the first 70 cm of the reactor, where the distance between
the center of the nearest-wall plumes and the wall is plotted against the reactor
depth. As it can be seen, at that depth of 70 cm the case G simulation shows no
change in the distance between the center of the nearest-wall plume and the wall.
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Figure 6.38: Comparison between the evolution of the distance between the center of the plume of
the nearest-wall chimney and the wall for cases F and G.

The case F simulation shows an approachment of 6 cm between the center of the
plume and the wall, which occurs up until a depth of 55 cm, remaining constant
from there on. In case G, the maximum distance that the liquid moves away from
the wall is 7 cm at a depth of 11 m. Taking into account those displacements and
that the reactor has a diameter of 2.77 m, any wall effect on the two-phase flow can
be discarded.
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Chapter 7

Conclusions

After all the results obtained, both with the commercial CFD software Fluent
and the domestic code MFS, the following conclusions can be drawn:

• There is no need to model turbulence in porous media, as it has no effect on
this type of flow for the conditions (liquid velocities up to 2 m/s, gas velocities
up to 0.3 m/s, porosities ranging from 0.33 to 0.53) considered as compared to
the effect the media has on the flow dispersion. Simulations with and without
implementing a turbulence model yielded the same results. This simplifies
slightly the already complex modelization of multiphase flows through porous
media.

• The widely used commercial CFD software Fluent predicts accurately the
macroscopic pressure drop in this type of flows for the operating conditions
of interest in this study. However, regarding two-phase flow dispersion in
porous media there are two issues which need to be properly solved. The
lack of a continuous liquid spreading as the flow descends through a packed
bed and the subtle liquid reconcentration when the flow changes from a less
porous bed to a more porous one need to be addressed. However, the overall
magnitude of the dispersion predicted is in reasonable agreement with ex-
perimental data available in the literature, which allowed the software to be
used in most cases presented in this PhD thesis. In order to do that, new
drag models had to be implemented in Fluent via User Defined Functions.
The same was done with the capillarity models, but stability problems arose
which could not be solved.
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• The domestic code developed during the length of this PhD thesis, Multiphase

Flow Solver (MFS), yields results which are physically more consistent than
those provided by Fluent. MFS is able to predict continuous two-phase flow
dispersion through a packed bed and avoids non-physically consistent predic-
tions when dealing with porosity changes. MFS is still on its development
stage and it is not a completely finished product yet. Numerical instabili-
ties have yet to be removed under certain conditions, although some of them
were already eliminated by linearizing the convective terms, but the results
obtained as of now are encouraging. In addition, the current version of MFS
can be used for parallel computation with OpenMP.

• The capillarity term is the most important parameter for the two-phase flow
dispersion in porous media. At the same time, it increases the complexity of
the model. Modifying this term has a big impact both on the flow behavior
and on the numerical stability of the model. MFS is able to incorporate a
capillarity term without the stability problems of Fluent.

• Two different zones of the reactor have been studied: a region containing the
projection of a chimney from the center of the distribution tray and its sur-
rounding area and another for a near-wall region, containing also the projec-
tion of one chimney and three additional half-chimneys from the surrounding
area. No significant differences have been found in the flow behavior between
the two zones. The liquid distribution does not change significatively as the
flow descends, except at the interface of two different beds when porosity
changes from one bed to another one.

• The simulation of the region under the projection of one near-wall chimney
of the distribution tray and its surroundings hinted at the possibility of liquid
tending to attach the wall as the flow descends. A more detailed study of
one fourth of the reactor shows that there is no flow attachment to the wall.
The regions under the projections of the chimneys placed near the wall spread
the liquid faster radially in the first 3 m of the reactor than those in the cen-
ter of the reactor. From a depth of 5 m on, that tendency changes, and the
regions under the projections of the chimneys placed at the center of the dis-
tribution tray spread the liquid faster radially than those near the wall of the
reactor. Liquid descends with higher velocity in the central region than in the
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near-wall region, which allows the liquid from surrounding regions to move
towards the center of the reactor. Comparing the results of cases F and G and
taking into account the reactor dimensions, it can be concluded that no wall
effect exists.

• A completely uniform distribution in the simulated depth of the reactor is not
achieved. However, at a depth of 11 m, a uniform distribution is reached for
the first 0.3 m in radial direction. In order to accurately determine the exit
flow conditions, and whether the flow is uniformly distributed there, it would
be needed to simulate the additional 7 m of the reactor, with the corresponding
high computational cost. However, the uniform distribution is not important
only at the last 7 m but at the first 11 m too, so the results obtained are enough
to conclude that the two-phase flow distribution is not optimum in the reactor.
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Chapter 8

Future work

Future work should be centered around the completion of the Multiphase Flow

Solver code. The early results point in the good direction, but the complexity of
two-phase flows through porous media requires some extensions to the current state
of MFS. The main recommendations are described below:

• Stabilize the code for the case of large gradients for flows in which the den-
sity ratio between liquid and gas is large. In order to do this, the focus should
be the convective and capillarity terms, and to a lesser extent, the drag terms.
The linearization of the convective terms already removed some of the nu-
merical instabilities. The next step could be the implementation of different
discretization schemes for those terms. Although not presented in this docu-
ment, a collocated mesh was also tested and the Rhie-Chow [31] interpolation
used, but the results were no significatively different from those obtained with
the staggered grid, so it is not recommended to change the type of grid.

• MFS is based on an Eulerian approach. It would be interesting and could be
worth trying to implement a Lagrangian approach as well, either by tracking
the liquid-gas interphase or packages of both phases. A combined Eulerian-
Lagrangian approach is also an option. However, this point needs better defi-
nition before being attempted.

• Since the capillarity term is the key one, it is highly recommended to search
for alternative models to the ones presented in this document.

• Implement chemical reactions and heat and mass transfer processes. Species
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concentrations and temperature can be implemented as scalars, with the cor-
responding transport equations for each of them.

• Once the code is stable under all conditions, and chemical reactions and heat
and mass transfer processes have been implemented, expand it to a cartesian
three-dimensional domain.
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Nomenclature

Latin symbols
C2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . inertial resistance coefficient (m−1)
Dp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . partial diameter (m)
dmin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . minimum diameter (m)
f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . wetting efficiency
F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . drag force per unit volume (N m−3)
G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . gas surface flow rate (kg m−2 s−1)
g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . gravity acceleration (m s−2)
K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . drag coefficient (kg m−3 s−1)
L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . liquid surface flow rate (kg m−2 s−1)
ṁ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mass flow rate per volum unit (kg s−1) m−3

p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . capillary pressure (Pa)
P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . pressure (Pa)
t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . time (s)
U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . velocity (m s−1)
u . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x-direction velocity (m s−1)
v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . y-direction velocity (m s−1)
x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x coordinate (m)
y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . y coordinate (m)

Greek symbols
α . . . . . . . . . . . . . . . . . . . . . . . . . . . . . coefficient for u velocity correction (m3 s kg−1)
β . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . coefficient for v velocity correction (m3 s kg−1)
γ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . permeability (m2)
ε . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . porosity
θ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . volume fraction
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µ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . dynamic viscosity (Pa s)
ρ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .density (kg m−3)
σ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . surface tension (N m−1)
φ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . any scalar
Ψ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .capillarity pressure (Pa)

Superscript
new . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . new time step
o . . .used for the momentum source term which does not include the pressure term
old . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . old time step
′ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . correction value
∗ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .value from the previous iteration

Subscript
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . east face of a cell
E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . center of the east neighboring cell
f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . fluid
g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . gas phase
i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x-direction cell face index
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x-direction cell center index
j . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . y-direction cell face index
J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . y-direction cell center index
l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . liquid phase
P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . center of the cell
s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . solid phase
w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . west face of a cell
W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . center of the west neighboring cell
x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x direction
y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . y direction
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Garcı́a M.A., Grau F.X. Poster presented at the International Conference

on Multiphase Flow (ICMF-2010), May 30 - June 4 2010, Tampa, Florida,

United States.

95

UNIVERSITAT ROVIRA I VIRGILI 
NUMERICAL STUDY OF ISOTHERMAL TWO-PHASE FLOW DISPERSION IN THE PACKED BED OF A HYDRODESULFURIZATION REACTOR 
Manuel Martínez del Álamo 
DL: 



• ”Numerical simulation of liquid distribution in a trickle-bed reactor.”
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