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Abstract  Characterizing the complex two-phase hydrodynamics in structured packed columns requires a power-
ful modeling tool. The traditional two-dimensional model exhibits limitations when one attempts to model the de-
tailed two-phase flow inside the columns. The present paper presents a three-dimensional computational fluid dy-
namics (CFD) model to simulate the two-phase flow in a representative unit of the column. The unit consists of an 
entire corrugation channel and describes well the real liquid flow conditions. The detailed unsteady two-phase 3D 
CFD calculations on column packed with Flexipak 1Y were implemented within the volume of fluid (VOF) mathe-
matical framework. The CFD model was validated by comparing the calculated thickness of liquid film with the 
available experimental data. Special attention was given to quantitative analysis of the effects of gravity on the hy-
drodynamics. Fluctuations in the liquid mass flow rate and the calculated pressure drop loss were found to be quali-
tatively in agreement with the experimental observations.  
Keywords  structured packing column, two-phase flow, computational fluid dynamics, three-dimension 

1  INTRODUCTION 

Structured packed columns (SPC) offer enhanced 
performance for separation operations, both in terms 
of pressure drop and capacity, as compared with ran-
domly packed columns [1, 2]. However, the benefits 
associated with the efficiency improvement of struc-
tured packings come at the cost of an increased initial 
investment. It is therefore necessary to further mini-
mize the pressure drop while maintaining high separa-
tion efficiency and flooding capacity. These technical 
indices are all closely related to the two-phase flow 
process with the liquid holdup as a linking parameter 
[3, 4]. Regardless of significant efforts over the past 20 
years to model the hydrodynamics and mass transfer 
in structured packings, the design of a structured 
packed column still primarily relies on empiricism and 
semi-empirical equations with uncertain limits of ap-
plication [2, 5, 6]. To our knowledge, the available 
theoretical models make use of empirical constants to 
various degree, which are calibrated with limited and 
case-dependent experimental data. However, it is very 
difficult to obtain the data with high accuracy mainly 
because of the complex geometry inside the column. 
For example, the liquid film thickness or the holdup 
for the calculation of irrigated pressure drop and 
flooding point is an approximate parameter obtained 
from experiments with the assumption that the liquid 
flow is evenly distributed over the solid surface.  

On the other hand, the rapid advances in compu-
tational fluid dynamics (CFD) have greatly acceler-
ated the development of distillation equipment [3]. For 
example the MellapakPlus packings developed by 
SulzerTM in 1999 with the aid of CFD tools is consid-
ered a remarkable advance, because of its greatly  

reduced pressure drop and increased capacity [3]. A 
comprehensive review of CFD applications in the de-
sign of structured packings can be found in Refs. [1, 7]. 
Up to now, the volume of fluid (VOF) mathematical 
framework with its 2D geometrical model has been 
commonly applied to characterize the two-phase flow 
inside structured packings [2, 8]. In such an approach, 
the countercurrent two-phase flow is initially modeled 
in a simplified 2D geometry. Next, the calculated liquid 
film thickness and the liquid velocity are used to mod-
ify the wall boundary conditions in the subsequent 3D 
simulations with only the gas as the working media [7]. 
This approach provides an indirect strategy to obtain 
the irrigated pressure drop; however, the related 
mechanisms are not accurately accounted for.  

The present study aims to develop a two-phase 
CFD model for the SPC with a 3D geometrical element. 
First, the state of the art for two-phase CFD simula-
tions of SPC is reviewed in detail. A preliminary nu-
merical experiment is performed to highlight the limi-
tation of the present two-phase calculations based on a 
2D geometrical element. Then, the VOF mathematical 
framework, the turbulence model, and the surface ten-
sion consideration are introduced. Finally, the 3D CFD 
simulation results of wetted area, liquid mass flow 
fluctuation at the outlet, spatial liquid film thickness 
variation and pressure drop are analyzed.  

2  GEOMETRICAL MODELS 

Commercially available SPCs, without exception, 
are comprised of many identical element of structured 
packing. An element is made up of an ensemble con-
sisting of a large number of triangular channels having 
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identical cross-sections, [see Fig. 1 (a)]. The triangular 
flow channel is characterized by the dimensions of 
height (h), side (s), and base (b) [Fig. 1 (b)], as well as 
the corrugation angle α with respect to the horizontal 
plane [Fig. 1 (a)]. The two adjacent corrugated sheets 
are superimposed so that the opposite corrugations form 
a cross-type pattern with the crests of the corrugations 
nearly in contact. Such a structure permits a high specific 
surface with void fractions as high as about 98% [3]. 

Three-dimensional two-phase CFD calculations 
for the whole column seem to be presently impossible 
due to the complexity of structured packing geometry 
and the limitations of computer resources. A popular 
way is to model the two-phase flow based on a re-
duced 2D geometry or a representative unit. Baten and 
Krishna [9, 10] used a geometry as shown in Fig. 1 (a) 
to model two-phase mass transfer process within a 
sheet of Katapak type packing. The most complete 
configuration of ceramic structured packing was mod-
eled by Fard et al. [11] to calculate the wet pressure 
drop. The results showed good agreement with the 
experimental data, at the cost of a higher requirement 
for computer resources than the aforementioned sim-
plified models. A common 2D structure [Fig. 2 (d)], 

which is actually a special cross section of the geometry 
shown in Fig. 1 (a), was first used by Beata et al. [12], 
and later by Raynal et al. [8], who further improved 
the structure to take into account the micro- scale tex-
ture of the surface [7]. The purpose of the CFD simu-
lations by Raynal et al. based on the 2D geometry was 
to determine the liquid holdup and the gas/liquid in-
terface velocity, that were used to modify the bound-
ary conditions of subsequent quasi-wetted pressure 
drop calculations.  

In fact, there are two limitations in the present 2D 
two-phase CFD simulations of structured packing as 
compared to real flow situations. First, the configura-
tion of the 2D flow channel is actually determined by 
the cross section position in Fig. 1 (a), and different 
structures will be formed at different cross section 
locations in the same structured packing, as shown in 
Fig. 2. Therefore, the one as shown in Fig. 2 (d) used by 
Raynal et al. [8] can’t represent the typical flow channel 
of the liquid and gas inside. Second, all 2D simula-
tions assume that the gas and liquid flow in opposite 
directions. Strictly speaking, they are not opposite 
directions, since the corrugation is 45° or 60° inclined 
with respect to the vertical (gravity) direction. Fig. 3 
shows the typical dry gas streamlines within the ge-
ometry of Fig. 1 (a) from our preliminary simulations, 
where a clearance of 1 mm is left between the two 
adjacent corrugated sheets. The renormalization-group 

 
Figure 1  Schematic of geometrical model for CFD simulations for structured-packing column 

 
(a)     (b)       (c)      (d) 

Figure 2  Side view of gas flow channels in structured 
packing in different cross sections 

 
Figure 3  Simulated typical gas streamlines within the 
geometry of Fig. 1 (a) 
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(RNG) k-ε turbulence model is used to obtain the results. 
The boundary conditions are also shown in Fig. 1 (a). 
It is observed that most of the gas in the interior of the 
triangular channel will flow up through the channel 
until it reaches the column side walls, although part of 
the gas near the base side of the triangle channel may 
deviate the route because of intensive collisions. As far 
as the 3D model used by Fard et al. [11] for two-phase 
simulations, it requires too many grid cells for the 
domain. For example, there are over 640000 tetrahe-
dral cells with a cell size of 1 mm for Fig. 1 (a), re-
gardless of the grid resolution used inside the liquid 
film layer in order to characterize the liquid flow. If 
the cell size decreases to 0.5 mm as Fard et al. [11] 
suggested, it is estimated that the cell number will be 
over two million for the same geometry. 

Recently, Chen et al. [13] developed a complex 
3D model for two-phase simulations focused on the 
hydrodynamics and mass-transfer behavior in a typical 
representative unit of structured packings. The model 
consisted of four triangle channels, two of which are 
reversely positioned with the others, therefore, it is 
still time-consuming to generate high-quality grid for 
simulating the liquid and gas flows since the complex 
geometry. However, if only the liquid film flow condi-
tions are only concerned, the model can be further 
simplified, as shown in Fig. 1 (d). The geometry with 
a square cross section was shaped by cutting through 
the triangular cross section of a single channel at a 
point along its axial length, and mirroring it relative to 
the base side of the triangular channel, as shown in 
Figs. 1 (c) and 1 (d). The purpose of the mirroring step 
is to provide the water inlet with a width of w through 
the surface indexed by “4” in Fig. 1 (d) and to obtain a 
hexahedral structured grid for the entire domain of the 
calculation. Based on the observations of Fig. 3 that 
the gas inside the channel is almost unaffected by the 
sudden collision at the base side, it is reasonable to 
assume that the collision has a negligible effect on the 
liquid flow along the corrugation walls. Therefore, 
any mirrored shape is allowable. The whole model 
approximates the liquid flow conditions within the 
original triangular channel. The total axial length of 
our modeled geometry is 85 mm, and the liquid inlet 
and outlet boundary occupies 25 mm in the middle of 
the length, as shown in Fig. 1 (d). The width w of the 
liquid layer, from a prior estimate, approaches the 
thickness δ of the liquid film. Velocity inlet and pres-
sure outlet boundary conditions are, respectively, ap-
plied to both the gas and liquid inlet and outlet. The 
gas inlet velocity vg is calculated as 

g gs t/[ (1 )sin( )]v U e h α= −           (1) 

where Ugs is the superficial gas velocity, calculated 
from the gas flow factor 0.5

s gs gF U ρ= ⋅ , where gρ  is 
the gas density; e is packing void fraction; α is corru-
gation angle. The effective velocity of the liquid vl is 
defined as 

s t/[ sin( )]l lv U eh α=             (2) 
where Uls is superficial liquid velocity, and ht is the 
total holdup. If the entire surface is covered and no 
suspended liquid exists, then ht can be described in 
terms of the thickness of the liquid film by 

t 4 /h sδ=                (3) 
where s is the side length of corrugation. 

The entire 3D geometry is made up of 139638 
hexahedral structured grid cells, each with a cell size 
of 1 mm. Additionally, the meshes near the corrugation 
side walls have a dimension of 0.1 mm in the normal 
direction to ensure at least 5 cells in the liquid film 
thickness [7, 8]. The commonly used structured pack-
ings Flexipac 1Y, whose detailed geometries are listed 
in Table 1, is modeled to validate the two-phase cal-
culations. The micro-scale treatment of the corruga-
tion surface is not modeled in the simulations, as 
treated in Refs. [8-10]. 

3  CFD MATHEMATICAL FRAMEWORK 

A variety of researchers have validated the VOF 
model for gas-liquid CFD simulations of structured 
packing [7, 8, 14]. In this model, no relative velocity 
between the phases is considered and all phases share 
a single set of momentum equations: 

( ) ( )

( )
m m m m m

T
m m m m st

p
t
ρ ρ

μ ρ

∂
+∇ = −∇ +

∂

∇ ∇ +∇ + +

ν ν ν

ν ν g F      (4) 

where the term Fst accounts for the surface tension 
effects. The mixture density ρm and viscosity μm cal-
culated by the volume-averaged method embodies 
implicitly the dependence of the momentum equation 
on the volume fractions of the phases. One limitation 
of the shared-fields approximation is that the accuracy 
of the velocities near the interface can be adversely 
affected if large velocity differences exist. Fortunately 
this effect is insignificant for packing situations be-
cause the shear force imposed  by the countercurrent 
gas flow can be neglected under conditions far away 

Table 1  Geometrical and surface characteristics for the simulated structured packing [2] 

Channel dimension/mm 
Packing type a/m2·m−3 e/% α/(°) 

Base (b) Height (h) Side (s) 
Type of packing surface 

Flexipac 1Y 453 91 45 12.7 6.4 9 fluted, large holes 
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from flooding [15]. The deduction is also validated by 
the present calculations presented in the forthcoming 
results. The volume fraction of the second phase at the 
interface is tracked through the solution of the conti-
nuity equation, which has the following form:  

( ) ( )q q q q q 0
t
α ρ α ρ∂

+∇ =
∂

ν         (5) 

where αq is volumetric fraction of phase q. The vol-
ume fraction equation of the primary phase is com-
puted based on the constraint of αp = 1 − αq.  

The surface tension effects can be ignored if the 
Weber number We = 2

m / 1l Luρ σ . By substituting 
the density lρ ≈ 1000 kg·m−3, characteristic length 
L ≈ 1 mm (liquid film thickness), liquid film 
free-stream velocity um ≈ 0.2 m·s−1, and surface ten-
sion coefficient σ ≈ 0.072 m·s−1 for water, into the 
definition of the Weber number, one obtains We~0.5. 
Another factor that impacts the liquid flow is the wet-
tability of the solid packing surface. This is especially 
true if the contact angle is large enough, and the liquid 
flows down in forms of drop and rivulet. Such a con-
dition should be avoided because it reduces the 
two-phase contact time and area, and increases the wet 
pressure drop. In our simulations, the interface surface 
tension effects and the contact angle of 70° between 
water and treated stainless steel wall are considered, 
and the detailed modeling strategy and mathematical 
framework are given by Ref. [16]. 

The k-ε turbulence model and its upgraded model: 
the realizable k-ε model and the RNG k-ε have been 
widely used for modeling turbulent flow inside struc-
tured packings. Raynal et al. [8] compared the calcula-
tions on an elementary crossing geometry [Fig. 1(b)] 
using these turbulence models together with the stan-
dard wall function treatment. They suggested that the 
RNG model, which combines turbulence modeling for 
high Reynolds numbers and laminar viscosity consid-
erations for low Reynolds numbers, may be the ap-
propriate model to consider for the whole range of 
Reynolds numbers. Therefore, the RNG turbulence 
model was adopted in our simulations. The upstream 
turbulence was considered to be fully developed, and 
the turbulence intensity I and length scale λ are speci-
fied at the inlet boundary, which are estimated from 
the following empirical formulas, respectively [16]:  

1/80.16( )I Re −=              (6) 

0.07sλ =                 (7) 
The commercial CFD software package Fluent 

6.3 is used to solve the sets of equations. The general 
computational strategy is as follows: First, by tempo-
rarily changing the liquid input boundary condition to 
the wall boundary condition, while maintaining the 
other boundary conditions unchanged, the steady gas 
flow field without the liquid phase is obtained. Restor-
ing the liquid inlet boundary then triggers the unsteady 

two-phase calculations. The convergence criterion for 
the continuity equation and the species equation is 
10−3 on the residual. To ensure convergence at every 
time step, the time step size is set at 50 μs. The pres-
sure-implicit with splitting of operator (PISO) pres-
sure-velocity coupling algorithm is adopted, and the 
standard scheme is used for the pressure discretization. 
A second order upwind scheme is used for the mo-
mentum equation, and a modified high resolution in-
terface capturing (HRIC) for the volume fraction 
equations of species. Parallel computations are per-
formed on a workstation with 8 processors and 8G 
RAM. It takes over 24 h to calculate a complete case. 

4  RESULTS AND ANALYSIS 

As shown in Table 2, five cases were calculated 
to validate the geometrical and mathematical model. 
High liquid flux is chosen to quantitatively compare 
the calculated values with the limited published data. 
However, it should be pointed out that the modeled 
liquid flux here is much higher than the general opera-
tion of corrugation packings. The experimental liquid 
flux is for a tailored structured packing by Sulzer Co. 
[8]. A more practical liquid flux of 100 m3·m−2·h−1 was 
also calculated to validate the CFD models. 

Table 2  Boundary conditions for the modeled cases 

Case number Packing type 
F factor/ 

kg1/2·m−1/2·s−1 
Liquid flow 

rate Ql/ m·h−1 

1 Flexipac 1Y 2 400 

2  2 1080 

3  3 400 

4  3 1080 

5  1.5 100 

Figure 4 shows the volumetric liquid fraction 
distribution on the corrugated walls for Cases 1-4 
when quasi-steady state is achieved, where the defini-
tion of quasi-steady is explained in the following con-
text. Comparing Case 1 and Case 3, which are far 
from the flooding point and have the same liquid flux, 
but differing air flow rates, one finds that the liquid 
distribution is practically unaffected by the gas flow. 
Also, by considering total mass conservation, it can be 
observed that the mean liquid film thickness is not 
sensitive to the gas flow, as revealed by the experi-
mental observations of counter-current gas-liquid flow 
in an inclined tube [17, 18]. The liquid spreads more 
uniformly on the lower corrugation wall than on the 
upper one, as shown in Fig. 4.  

The reasons can be explained by referring to the 
gravity component schematic shown in Fig. 5. Here 
the global reference frame is defined with the z axis 
vertically up and the x-z plane coinciding with the 
base area of the triangular channel. Gravity is first 
decomposed into g1 = gsin(α) and g2 = gcos(α) on the 
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vertical plane (also x-z plane, dotted line), where g1, g2 
are parallel and normal to the corrugation edge, re-
spectively. Then g2 is further decomposed into 
g21 = g2sin(β) = gcos(α)sin(β) and g22 = g2cos(β) =  
gcos(α)cos(β) on the plane normal to the corrugation 
wall, where g21 is normal to the corrugation wall, g22 
is on the corrugation wall and normal to the corruga-
tion edge, and β is the acute angle between the long 
side and short side of the triangle section, see Fig. 5. 
So the total gravity component on the corrugation wall 

is 2 2
1,22 1 22g g g= + = 2 2 2sin ( ) cos ( )cos ( )g α α β+  

with angle relative to the corrugation edge 
tg(γ) = g22/g1 = ctg(α)cos(β). The angle φ between g1,22 
and the projection of the vertical line on the corruga-
tion wall is calculated as 

ϕ = 90°-α-γ = 90°-α-arctan[ctg(α)cos(β)]   (8) 
φ represents the general direction of gravity acting on 

the fluid with respect to the projection of the vertical 
line on the corrugation wall. Ideally for a column, the 
liquid flows downward along the gravity projected 
direction on the wall to avoid the liquid possibly ac-
cumulating, therefore, φ = 0 is expected. Fig. 6 depicts 
the curves described by Eq. (8), and it is found that φ 
reaches the maximum as α approaches 40° regardless 
of the value of β. In addition, φ increases with β if   
α is fixed. When α = β = 45°, g22/g = 0.866, γ =      
arctan[cos(β)]~35° and φ~10°, which indicates that 
other forces, such as the inertial force, the drag force 
from the gas flow and the frictional force from the 
wall, balance the gravitational effects, otherwise the 
liquid would accumulate downstream. 

As pointed out in the above analyses, the gravita-
tional component g21 pulls the liquid off the upper 
wall, leading to an increased thickness of liquid film δ; 
While, g21 pressing the liquid onto the lower wall, 
leading to a decreased δ. For one-dimensional laminar 
thin liquid film along an inclined surface due to gravity, 

 
Figure 4  Liquid volumetric fraction distribution on wetted corrugation walls when reaches quasi-steady 
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the liquid velocity profile is [19]: 

( ) 2
g0.5 sin( )(2 ) /l lv g y yρ ρ φ δ μ= − −    (9) 

In Eq. (9), the interfacial shear stress due to the 
gas flow is ignored, and y is the normal distance to the 
surface. It is found that the magnitude of velocity near 
the interface (y ≈ δ) is proportional to δ, therefore, the 
liquid on the upper wall accumulates more obviously 
than that on the lower wall along the general direction 
of gravity ϕ. As the liquid flux increases, the residence 
time of a liquid element on the wall is shortened because 
the increased inlet velocity, the accumulation on the 
upper wall becomes not obvious, as shown in Fig. 4 (c). 

Zabaras and Dukler defined flooding as the phe-
nomenon observed when the liquid film becomes very 
wavy and a mass of liquid is carried by the gas flow 
upwards and away from the channel [18]. Therefore, 
one of the ways to judge whether flooding occurs is to 
observe the transient mass flow rate fluctuations at the 
liquid outlet, as shown in Fig. 7 for Cases 1 to 4 when 

the quasi-steady state is achieved. Here quasi-steadiness 
means the time-averaged mass flow does not vary 
with time over several cycles. Both the fluctuating 
amplitude and frequency are observed to increase with 
the gas flow rate, implying that the disturbance at the 
surface becomes more intense. Such behavior agrees 
with the experimental observation regarding the in-
cipience of flooding for inclined pipes by Pantzali et 
al [17]. They also found that the fluctuating frequency 
up to flooding conditions is less than 10 Hz, as is 
shown in Fig. 7. The time-averaged mass flow rate at 
the liquid outlet for Case 4 is about 18.45 g·s−1, very 
close to the exact value 18.5 g·s−1 at the inlet calcu-
lated by Eq. (2). The observations of simulated fre-
quency and mass flow rate imply that all the flows are 
still far away from a flooding condition. Fig. 7 also 
reveals that mean mass flow rate remains practically 
unaffected by the gas flow before flooding [17, 18, 20]. 

It is difficult to exactly define the mean liquid 
film thickness when quasi-steady state is reached be-
cause of the spatially uneven liquid distribution on the 
walls, as shown in Fig. 4. A straightforward way is to 
calculate the average values on the plane normal to the 
flow direction (also normal to the corrugation walls). 
On every plane, the thickness values are estimated by 
counting the structured cell number in the normal di-
rection, and the results are shown in Fig. 8. The values 
near the corrugation valley are not given because all 
the sampled planes are submersed in the liquid film. 
Although Case 3 has a smaller liquid flow rate than 
Case 2, the film thickness on the upper wall for the 
former is larger than the latter also because of the liquid 

 
Figure 5  Schematic of gravity components in the refer-
ence frame of corrugation channel 

 
Figure 6  Variation of ϕ and g21/g as function of α and β

 

 
Figure 7  Liquid mass flow rate at outlet vs. time when 
reaches quasi-steady 
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accumulation. As a whole, the mean liquid film thick-
ness on the upper corrugation wall is larger than that 
on the lower one. Raynal et al [8] experimentally 
measured the thickness of the liquid film in the struc-
tured packing with the same geometrical dimensions 
as those of Flexipac 1Y shown in Table 1. In their ex-
periments, the water and air flowed co-currently and 
the liquid holdup across the packing was measured 
using an original high-resolution gamma ray topog-
raphic system. The liquid film thickness was then de-
duced based on the assumption that the walls were 
totally wetted. In view of the fact that the mean liquid 
film thickness is almost unaffected by the gas flow 
before flooding [17, 18], it makes sense to compare our 
calculations with the experimental data, as shown in 
Table 3, where the 2D numerical results by the same 
authors using the VOF model are also present. Our 
results appear to be closer to the experimental data 
than the 2D-CFD results.  

Table 3  Comparison of liquid film thickness before 
flooding between experiments, 2D-CFD and 3D-CFD 

Film thickness, δ/mm 
Case Ql/m·h−1 

Experimental 2D-CFD 3D-CFD

2 1080 1.9 1.48 1.73 

3 400 0.71 0.59 0.68 

The wetted pressure drop is another crucial index 
for the operation of the SPC. An approximate CFD 
approach to calculate the wetted pressure drop has 
been recently proposed by Raynal et al [8]. They sub-
stituted the real gas velocity into the dry pressure drop 
calculations, and considered the flow space reduction 
as a result of liquid holdup in their 2D CFD simulations 
with a VOF model [8]. The separate two-step strategy 
is a feasible, though an approximate approach and it 
cannot reveal the real interactive process between the 
phases within the packings. Fig. 9 shows the pressure 
profiles along the axial midlines on the corrugation 
walls. It is found that the pressure drop loss occurring 

in the two-phase zone is much larger than in the dry 
gas flow zone. Another interesting phenomenon is that 
the maximum pressure drop on the lower wall occurs 
at the rear of the gas-liquid interaction zone, while on 
the upper surface it occurs at the front end. In the 
two-phase zone, the pressure on the lower wall is larger 
than that on the upper wall because of gravity. 

5  CONCLUSIONS 

This study proposes a 3D geometrical element 
for two-phase CFD simulations of structured packed 
columns. The 3D model is comprised of a triangular 
channel, more closely approaches the real conditions 
of liquid flows than the 2D calculations, and provides 
features of acceptable geometrical complexity and 
computer resource requirements. The VOF formulation, 
together with the RNG turbulence model, has been 
used to characterize the unsteady two-phase hydrody-
namics of columns Flexipak 1Y with high liquid flow 
rates. The general results obtained, such as the surface 
wetted area, transient liquid mass flow rate at the out-
let, and the wetted pressure drop were analyzed and 
qualitatively agree with previous experimental obser-
vations. The simulated liquid film thickness was found 
to more closely represent the experiment measure-
ments than that obtained from a 2D geometry.  

Other conclusions include: (1) Gravity compo-
nents on the two corrugation walls are quantitatively 
calculated as a function of corrugation angle and interior 
angle of the channel triangle section. Gravity causes 
the liquid to accumulate more on the upper corrugation 
wall than on the lower wall. (2) The transient liquid 
mass flow rate at the outlet was characterized, and its 
frequency behavior can be used as an index for deter-
mining the incipience of flooding. (3) The contribu-
tion of the two-phase flow zone to the pressure drop 
loss dominated that from the dry gas flow. 

In summary, the 3D CFD simulation is a more 
powerful tool to gain insight into the two-phase flow 
characteristics within a structured packed column. 

 
Figure 9  Pressure profiles for Case 2 

 midline on below corrugation surface; ■ valley; ○ midline
on upper corrugation surface 

 
Figure 8  Mean liquid film thickness δ on corrugation 
walls [χ is dimensionless distance, χ = d/(2s)] 
● Case 3; ○ Case 2 
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NOMENCLATURE 

a bed specific surface area, m2·m−3 
b channel base, m 
e packing void fraction, m3·m−3 
Fs gas flow factor, kg1/2·m−1/2·s−1 
g gravitational acceleration, m·s−2 
h channel height, m 
I turbulent intensity 
L liquid film characteristic length, m 
p pressure, Pa 
Ql liquid flow rate, m3·h−1 
Re Reynolds number ( /sρν μ= ) 
s corrugation side, m 
t time, s 
Ugs superficial gas velocity, m·s−1 
Uls superficial liquid velocity, m·s−1 
um mean liquid film velocity, m·s−1 
vg effective gas velocity, m·s−1 
vl effective liquid velocity, m·s−1 
vm mixture velocity vector, m·s−1 
We Weber number ( 2

m /l Luρ σ= ) 
w liquid inlet boundary width, m 
α corrugation angle, (°) 
β angle between long side and short side of the triangle from channel 

section, (°) 
γ angle of gravitational component on corrugation wall and corru-

gation edge, (°) 
λ turbulent length scale, m 
μm mixture viscosity, Pa·m 
ρm mixture density, kg·m−3 
ρq q phase density, kg·m−3 
σ surface tension coefficient, m·s−1 
ϕ angle of gravitational component on corrugation wall and frontal 

projection of gravity on corrugation wall, (°) 
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