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AbstractBubble cutting was realized by installing a wire mesh in a micro-structured bubble column (MSBC) and
studied experimentally with liquid viscosity range from 1 to 39.6 mPa·s. A non-intrusive high-speed camera method
was used to determine bubble size and size distribution. The changes of gas holdup, bubble size, size distribution and
Sauter mean diameter before and after cutting were systematically studied with mesh openings of 3.8 mm and 5.5 mm.
Three novel bubble cutting behaviors with uniform cutting, detachment cutting and indirect cutting behavior were
observed. In the presence of two wire meshes, the bubble size distribution roughly shows a Gaussian curve distribu-
tion and the peak tends to shift towards lower diameters. With increasing liquid viscosity and superficial gas velocity,
the dominant peak tends to move towards higher diameters, resulting in poor mesh cutting effect. After cutting, in the
case of two wire meshes, the Sauter mean diameter decreased by 33.5% and 22.2% and the gas holdup increased by
3.2-12.2% and 1.2-4.4%, respectively. For the case of 3.8 mm mesh opening, the interfacial area increased by 10-26%,
which is much better than 5.5 mm mesh. The mean bubble size above the mesh will grow again and its growth rate
depends on the liquid viscosity.
Keywords: Micro-structured Bubble Column, Bubble Cutting, Bubble Size Distribution, Liquid Viscosity, Wire Mesh

INTRODUCTION

As efficient multiphase contactors and reactors, bubble column
reactors (BCR) have been extensively applied in chemical engineer-
ing and related fields, including chemical adsorption and biologi-
cal reactions [1-5]. BCR is one of the most commonly used reactor
types in gas-liquid reaction, which is mainly used in high interfa-
cial area and intense mixing of the liquid phase is necessary [6]. Its
characteristics, such as simple geometry arrangement and compact-
ness, low operating and maintenance costs, high effective interfa-
cial area and excellent mixing capability, are attractive in the aspect
of mass and heat transfer [7]. However, in spite of their simplicity
in geometrical construction, the design of BCR, the improvement
of its mass transfer efficiency, scale-up and process optimization
still face great difficulties [8-10]. However, coalescence, caused by
the interaction between bubbles, is a common process that has a
great influence on the resulting bubble size distribution. In BCRs,
the pronounced coalescence between bubbles greatly impedes the
increase of the gas-liquid interfacial area, which the performance
of the reactor is mostly restricted by the mass transfer rate and heat
removal rate [11].

Enhancing the mass transfer process to improve efficiency and
economic benefit has always been the focus of multiphase flow re-
search. The volumetric mass transfer coefficient, kl, which depends
on the two-phase physical properties and the operating conditions,
is regarded as a key parameter to characterize the mass transfer effi-

ciency and capacity [12]. However, mass transfer is not only related
to the gas-liquid volumetric mass transfer coefficient kl, but it also
depends on liquid velocity, gas holdup and interfacial area [13,14].
The enhanced mass transfer process is associated with bubble co-
alescence and breakup, since this process creates poly-disperse bub-
ble swarms. Li and Kang [15] found that the variation of the mass
transfer coefficient has a significant crest observed for all the pre-
sented cases at a column height, which is in agreement with the
trend for the occurrence frequency of bubble coalescence and
breakup. Mass transfer can be promoted by the process of coales-
cence and breakup in the liquid phase within a certain intensity
range. An effective method of installing the internals to enhance
the bubble breakup process has been adopted and studied in some
research [16-19].

In BCRs, generating small bubbles is perceived as an effective
step to improve the heat and mass transfer rate. Cutting is a very
important and commonly used method of forced bubble break-
ing, which cuts large bubbles into smaller ones by setting internals
such as wire or screen meshes in the rising path of the bubbles
[20-23]. A smaller bubble size can result in a lower rising velocity,
a lesser turbulence, a greater gas holdup, a larger gas-liquid interfa-
cial area and the rate of diffusion [24,25]. Wire meshes coated with
catalyst can be introduced to cut the larger bubbles, improve the
gas-liquid interfacial area and avoid adding external filtration equip-
ment to separate the catalyst. The interaction between the wire mesh
and the bubbles also enhances the interface dynamics, from which
a higher surface renewal rate and local mass transfer rate could be
realized [11]. In our previous work [26-28], we broke the bubble by
setting up a mesh on the sieve tray and found that the mean bub-
ble size can be significantly reduced and the gas holdup can be in-
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creased after the installation of the mesh. We found that bubble
cutting is an effective method to promote gas-liquid mass transfer,
since bubble breakup behavior will increase the gas-liquid mass
transfer area, update the phase boundary. Zhang et al. [29] investi-
gated the influence of different screens mesh on the gas holdup
and bubble rising velocity in the internal loop airlift reactor. The
bubble velocity distribution is more uniform when a screen mesh
is installed and higher gas holdup can be obtained. Jain et al. [11]
developed a new model for bubble cutting based on the 3D dis-
crete bubble model (3D-DBM) in a micro-structured bubble col-
umn (MSBC) and the effect of key parameters such as the mesh
opening and the superficial gas velocity was preliminarily studied.
The volume of fluid (VOF) model is widely used to study the phase
interface. Baltussen et al. [30,31] used the VOF model combined with
experimental verification to investigate the interaction between wire,
wire mesh and single bubble, respectively. Sujatha et al. [32] devel-
oped a novel MSBC by using the wire mesh to overcome some
drawbacks such as high coalescence rates and short gas phase resi-
dence time at high gas flowrates, which result in a greater degree
of back-mixing and low interfacial area in the gas-liquid phase.

Air-water bubble columns have been extensively adopted in
many bubble cutting studies. However, organic liquids are often
used in industrial production and only the air-water system involved
is not sufficient. The characteristics of bubble dynamics are greatly
determined by the liquid parameters and the flow regime around
the bubble [33]. Among the liquid parameters, viscosity l and sur-
face tension  are two critical parameters affecting the hydrody-
namics of bubbles. Kováts et al. [34] found that differences in the
bubble size distribution results significantly depend on viscosity
and surface tension. At present, research on bubble cutting behav-
ior is mainly based on the air-water system [35], and there is little
research on other liquid systems. Compared with water, high vis-
cosity liquids contribute to a smaller gas holdup, larger bubble size
and lower mass transfer rate. In the case of high viscosity fluid,
enhanced mass transfer process should be focused, but the effects
of different liquid properties on bubble cutting have not been
explored in depth. Baltussen et al. [30] used a glycerol solution in
their experiment to ensure that the bubbles could pass the single
wire without being cut, but only the interaction between a single
wire and a single bubble was taken into account. Therefore, in this
work, we consider the influence of liquid viscosity under the con-
dition that the surface tension is approximately equal. A compre-
hensive and multi-level perspective is essential to quantitatively
describe the effects of viscosity on hydrodynamics and mass trans-
fer behavior, which has a significant impact on the operation, opti-
mization and scale-up of the reactors [36].

In the present work, we conducted experiments to thoroughly
investigate the interaction between wire mesh and bubble cutting
behavior under different liquid viscosities in an MSBC reactor. The
viscosity allows to be changed by adding different concentrations
of aqueous glycerol solution without affecting the surface tension
of the liquid prominently. Therefore, in this paper, the effect of sur-
face tension on bubble behavior can be ignored. In addition, the
effect of different wire meshes on bubble cutting performance with
different viscosity was also investigated. The bubble size, size dis-
tribution, gas holdup g, the Sauter mean diameter d32 and interfa-

cial area a before and after bubble cutting were analyzed in detail
by a non-intrusive high-speed camera method to determine the
influence of liquid viscosity on bubble cutting in BCRs.

EXPERIMENTAL SETUP

A schematic of the experimental and photography devices for
bubble measurement is shown in Fig. 1. The rectangular BCR with
dimensions of 120 mm width×25 mm depth×840 mm height was
made of transparent plexiglass used for bubble size and bubble for-
mation number measurement in the experiment. The rectangular
structure allows easier visual observation and optical measurement
than the cylindrical ones [37] and has sufficient optical accessibility
under low gas fraction (3-5%) to obtain good bubble capture images
for analysis [38]. At higher gas flowrate, more obvious bubble over-
lap occurs, and the area covered by bubble shadow is larger, which
the visual observation and experimental measurement will add fur-
ther uncertainty.

Aqueous glycerol solution was the liquid phase and air was used
as the gas phase. Aqueous glycerol solutions of different concentra-
tions were used to study the effect of viscosity on bubble cutting,
since the surface tension used in this experiment was similar [39].
The addition of different doses of glycerol solution to water allows
an increment in the viscosity of the solution with little change in
liquid surface tension. The surface tension of glycerol aqueous solu-
tion with different concentrations is approximately the same, while
the viscosity changes significantly. The variation of liquid surface
tension is very little, resulting in very small changes in bubble size,
cutting process and gas holdup. In this work, the influence of sur-
face tension on the measured results in the experiment was not
considered. The physical properties of the liquid phase are listed in
Table 1. As shown in Fig. 2, the internals used in this work were
wire mesh. The wire mesh was fixed 150 mm above the gas inlet
for the experiments. Two types of mesh used in the experiment
have similar wire diameters (0.5 mm and 0.7 mm) and different

Fig. 1. Experimental devices for bubble measurement.
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mesh openings (3.8 mm and 5.5 mm). In this work, the experiment
was operated under a homogeneous bubble flow regime.

MEASUREMENT METHODS

1. Gas Holdup Measurement
In this work, the pressure drop method was used to measure

the gas holdup g by a differential pressure transmitter at a height of
600mm. The relationship between the pressure drop and gas holdup
can be calculated according to the following equation:

(1)

In addition, the gas holdup also can be calculated as follows:

P   lgh 1  g 

Table 1. Liquid phase physical properties at 25 oC
Glycerol solutions wt% Viscosity l (mPa·s) Density l (kg/m3) Surface tension  (N/m)

00.0 1. 1,000 0.0725
54.9 07.9 1,124 0.0636
69.9 20.1 1,140 0.0632
76.6 39.6 1,184 0.0621

Fig. 2. Structure of the wire mesh.

Fig. 3. Calibrate the camera’s focus position.

Fig. 4. Measure the size of the bubble with different spatial resolutions. Left: 0.057 mm/pixel, right: 0.055 mm/pixel.

(2)

2. Bubble Size and Size Distribution Measurement
A transparent scale was used to calibrate the camera’s focus posi-

tion (see Fig. 3) and length of the unit pixel was determined (see

g   P1 P2 /P1
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Fig. 4). The shooting positions in the vertical direction were located
at the wire mesh, which were monitored by moving the high-speed
camera and LED light to the corresponding height.

In previous studies, only a constant bubble diameter was used
and either empirical correlation or theoretical analysis was calcu-
lated [40]. However, the image of the bubble recorded by a high-
speed camera is two-dimensional and the deformation of bubbles
should also be taken into account. It is difficult to obtain regular
round bubbles. Therefore, the bubble equivalent diameter deq was
introduced to replace the diameter of each deformed bubble in the
field of engineering due to its simplicity and practicability [41,42],
which can be expressed as:

(3)

Bubble Sauter mean diameter d32 determines the interfacial mass
transfer capacity in a MSBC because the interfacial area for gas-
liquid two-phase greatly depends on d32. The Sauter mean diame-
ter d32 can be calculated from the bubble equivalent diameter deq

[43]:

(4)

The gas-liquid interfacial area a can be estimated by the Sauter
mean diameter and gas holdup obtained from the experimental
data [44,45]:

(5)

The probability density function (PDF) for a particular bubble
diameter deq, i class is calculated from the number of bubbles and
equivalent bubble diameter can be defined as:

(6)

RESULTS AND DISCUSSION

1. Visual Observation
We directly analyzed the bubble image captured by a high-speed

camera operated at 50 Hz. We can see from visual observation in
Fig. 5, in the case of 1 mPa·s solution, bubble size mainly ranges
from 3.5 to 5.5 mm without wire mesh (Fig. 5(a)). The bubble size
varies within a small range, since bubble coalescence and breakup
are suppressed to the greatest extent in the homogeneous regime.
It is well known that the interaction between bubbles has a great
impact on bubble size distribution. Another interaction, between
the bubbles and the wire mesh, also has a significant effect on the
resulting bubble size and its distribution. As shown in Fig. 5(b)
and Fig. 5(c), the bubble size is significantly reduced, the bubble
size distribution becomes wider and the number of bubbles in-
creases dramatically in the MSBC equipped with a wire mesh. In
addition, the bubbles are extremely irregular, which are mostly angu-
lar. These heavily deformed bubbles can be broken into smaller
bubbles by an external force such as fluid shear force or coalesce
with surrounding bubbles to form larger bubbles.

The interaction between the bubbles and the wire mesh is more
complex than that of a single wire. Three novel bubble cutting behav-
iors were observed in this work. The bubble shape, besides the
diameter and rising velocity of bubbles which affect the bubble
cutting behavior, also is a non-negligible factor. Bubbles of differ-
ent shapes with the same equivalent diameter that have a larger
projected area in the vertical direction with the mesh are more
likely to be in a position to interact with more wires and be cut into
multiple small daughter bubbles. The experimental capture image
of large bubbles being cut into multiple small bubbles by wire mesh
is shown in Fig. 6. The two irregular bubbles close to the wire
mesh have a maximum chord length of about 5.5 mm, and can
interact with the two wires and be cut into six sub-bubbles of sim-
ilar size. This cutting behavior may also be called uniform cutting
or equal-diameter cutting behavior.

The part of the bubble that passes through the mesh has been
cut up into daughter bubbles (Fig. 7(b)), but as the cutting process
continues, the daughter bubbles immediately coalesce into a large
daughter bubble (Fig. 7(c)) due to the small spacing of bubbles before
the cutting is finished. The bubbles formed by the re-coalescence

deq   2 Ab/ 

d32   i1
n deq, i

3 /i1
n deq, i

2

a   6g/d32

PDFdeq, i
   ndeq

/deq, min

deq, maxndeq, i

Fig. 5. Bubble cutting behavior at a superficial gas velocity of 3.5 mm/s in 1 mPa·s solution. Left: without mesh, middle: with a 3.8 mm mesh
opening, right: with a 5.5 mm mesh opening.
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have greater buoyancy and rising velocity, and will lead to prefer-
entially separating from the mother bubble (Fig. 7(d)), while the
rest of the mother bubble may be cut or through the mesh. The
bubbles produced by this cutting behavior vary in size. The cut-
ting behavior described above is called detachment cutting behav-
ior or non-uniform cutting behavior.

Without the influence of other bubbles, most of the trapped
lemon-shaped bubbles will deform in place (Fig. 8(a) and Fig. 8(b)).
The bubbles are elongated in the vertical direction as they pass
through the mesh, forming a peanut-shape (Fig. 8(c)). Another bub-
ble cutting behavior is illustrated in Fig. 8. The most intuitive mani-
festation of this cutting behavior is that the bubble breakup occurs
after passing through the mesh. When the bubbles pass through
the mesh without being cut (Fig. 8(c)), the mesh will increase the
instability at the larger daughter bubble surface, leading to the
sharp fluctuation of the bubble surface, which contributes to bub-
ble breakup in the rising process. The above phenomenon occurs
more frequently in the liquid phase with lower viscosity. As the
viscosity increases, the fluctuation of the bubble surface caused by
the mesh or collision will be greatly reduced. This pseudo-contact
bubble cutting phenomenon is called indirect cutting behavior.

Fig. 9 shows the bubble cutting behavior in three glycerol solu-
tions with different viscosities. As the viscosity increases, the bub-
bles become rounder. Combined with the change in the size and

shape of the bubbles, the bubbles within a certain size range are
observed will get stuck underneath provisionally when interacting
with the mesh, especially when interacting with the intersections
of the wire. This phenomenon can be noticed underneath the wire
mesh when the bubbles are small or the mesh spacing is small.
Increase the viscosity, and this behavior becomes more pronounced,
but gas pocket cannot be observed below the wire mesh in the
present work. The increase in viscosity also affects the bubble ris-
ing velocity. In all cases, a distinct experimental phenomenon has
been observed that the bubble first decelerates as the bubble ap-
proaches the wire mesh. After, the mesh gradually accelerates the
rise. The deceleration mechanism can be summarized as: (1) the
presence of the mesh causes local vortices below and disturbs the
normal development of the bubble rising path; (2) the surround-
ing bubbles will increase the local drag coefficient, especially in the
viscous and distorted bubbles [46]. Increasing the superficial gas
velocity directly increases the bubble’s initial velocity; thus, the
bubbles still maintain a large kinetic energy when the bubble starts
passing through the mesh, and will not stop underneath the mesh
due to kinetic energy depletion. In addition, we found that for
smaller bubbles (1.0 mm), they would be trapped and difficult to
escape under the influence of eddy currents below the wire mesh.
This greatly increases the residence time of the small bubbles. In the
field of micro bubble research, the intrusion effect of wire mesh

Fig. 6. Bubble uniform cutting behavior.

Fig. 7. Bubble detachment cutting behavior.

Fig. 8. Bubble indirect cutting behavior: bubble breakage caused by the bubble surface instability.
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also increases the turbulence intensity near the wire mesh. Smaller
bubbles are more likely to be trapped and the gas-liquid mixing
time is prolonged, which greatly improves the mass transfer pro-
cess of gas-liquid two-phase flow.
2. Effect of Viscosity on Bubble Cutting Behavior

Fig. 10 shows the bubble size distribution under different liquid
viscosities with and without wire mesh. With increasing viscosity
and superficial gas velocity Usg (Figs. 10(a), 10(d) and 10(g)), results
in the bubble size distribution range and size peak value shifting to
the right entirety, and the mean bubble diameter growing by degrees.
However, different from the results presented in literature, Kováts
et al. [34], the bubble size distribution width was almost unchanged
in this work, which may be related to the reactor size and the flow
regime. The change in the bubble size distribution was marginal
when the liquid viscosity was increased from 1 to 7.9 mPa·s. But it
increased when the liquid viscosity was further increased to 20.1
and 39.6 mPa·s, respectively, suggesting that the prevailing effect of
changing the liquid viscosity in BCRs changes the bubble coales-
cence and breakup rate. In the low liquid viscosity range (1mPa·s),
with the increase of superficial gas velocity, the change of bubble
size and its distribution is small, and the proportion of bubbles
with size less than 4.3 mm is almost unchanged. The small change
in bubble size distribution can be thought to be caused by the
change in inlet velocity; the bubble size and its distribution were

almost independent of the liquid viscosity, indicating with the
decrease of viscosity that the coalescence rate of bubbles is inhib-
ited and the frequency of bubble breakage does not increase greatly.
While with increasing liquid viscosity (7.9 mPa·s), the influence
of liquid viscosity on bubble behavior is reflected in that it enhances
bubble coalescence rate and inhibits breakup rate.

As shown in the second and third columns in Fig. 10, a signifi-
cant change is noticeable in the bubble size distribution between
the measurements with and without wire mesh, and the increase
of viscosity has a great influence on bubble size distribution. Com-
pared to the presence of no wire mesh (the first column in Fig. 10),
the bubble size distribution shifts to the left and the peak tends to
shift towards lower diameters. Before adding the mesh, the bubble
size distribution presents a pseudo-Gaussian curve distribution
with most bubbles’ size range of about 4.5 mm in 1 and 7.9 mPa·s
solutions, and a range of about 5.0 mm in other cases. In the pres-
ence of the wire mesh, a roughly Gaussian size distribution is still
obtained with most bubbles ranging from 3.0 to 5.0 mm, with only
one dominant peak that tends to shift towards higher diameters
with the increase of liquid viscosity. After inserting 3.8 mm mesh
opening, most bubble size in 4.5 mm below, while 5.5 mm wire
mesh most bubbles in 6.0 mm below. The larger mesh opening
restricts the wire mesh for the rising bubble cutting behavior, so
the former has a better bubble cutting ability.

Fig. 9. Bubble cutting behavior at a superficial gas velocity of 3.5 mm/s under different liquid viscosities. The upper row shows the with a
3.8 mm mesh opening while the lower row shows the with a 5.5 mm mesh opening. From left to right, they represent the case of
7.9 mPa·s, 20.1 mPa·s and 39.6 mPa·s solution, respectively.
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The peak shifts towards lower diameters because the bubbles
are cut by the wire mesh, while shifts towards higher diameters are
due to the increased viscosity exerting an adverse influence on bub-
ble cutting performance. Two reasons account for this adverse effect:
(1) viscosity is conducive to maintaining the stability of the bubble
surface, which greatly reduces the fluctuation of bubble surface
caused by the interaction between bubbles or between bubbles
and mesh, and even the bubble excessively elongated in the verti-
cal direction will not break easily (see Fig. 8); (2) bubbles in high
viscosity fluids are rounder, and round bubbles are not conducive
to bubble cutting (see Section 4.1), resulting in bubbles more likely
to pass through the wire mesh by severe deformation, especially in
high viscosity fluids. The 3.8 mm mesh opening can better deter-
mine the bubble cutting effect than the wire diameter, which con-
firms the observation results.
3. Effect of Wire Mesh on Sauter Mean Diameter d32

Fig. 11 and Fig. 12 show the comparison of the Sauter mean
diameter d32 with and without wire mesh at a superficial gas veloc-
ity of 3.5 mm/s. The vertical black dashed line represents the loca-
tion of the wire mesh. The horizontal black solid and short dashed

lines (left and right) represent the average value of the Sauter mean
diameter with no wire mesh, before and after bubble cutting within
the vertical distance from the wire 120 mm to 120 mm, respec-
tively. It can be seen that the Sauter mean diameter increases with
liquid viscosity, both before and after cutting. In absence of a wire
mesh and before the bubble interacts with the wire mesh (black
dots), the Sauter mean diameter keeps on slightly increasing with
height first, and stops increasing above 150 mm, which indicates
that the bubble size distribution has become independent of the
vertical height of the column and the bubble coalescence and
breakup maintain a dynamic equilibrium state in the bubble flow.
In the presence of the wire mesh, the Sauter mean diameter expe-
riences a phase of significant decrease within 30 mm above the
wire mesh. The bubbles that are successfully cut by the mesh are
smaller and more numerous. In the case of 3.8 mm and 5.5 mm
mesh openings, the Sauter mean diameter after cutting is approxi-
mately 33.5% and 22.2% less than that before cutting, respectively.
The Sauter mean diameter gradually increases when the vertical
distance to the mesh is more than 40 mm. To avoid the undesir-
able effects caused by re-coalescence for industrial operation, a

Fig. 10. Bubble size distribution. From left to right: with and without wire mesh. From top to bottom: the superficial gas velocity increases
gradually.
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Fig. 11. Sauter mean diameter d32 as a function of column height with a 3.8 mm mesh opening at a superficial gas velocity of 3.5 mm/s.

Fig. 12. Sauter mean diameter d32 as a function of column height with a 5.5 mm mesh opening at a superficial gas velocity of 3.5 mm/s.
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Fig. 13. Total gas holdup versus superficial gas velocity at different viscosities with and without wire mesh.

Fig. 14. Interfacial area versus the superficial gas velocity for different wire mesh openings.
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method can be adopted by the use of multiple wire mesh inside
the MSBC, and the bubbles are cut when growing in size again.
Though the comparison can be more intuitive to find that the mesh
with 3.8 mm opening in the bubble cutting effect is better than
5.5 mm.
4. Gas-holdup and Gas-liquid Interfacial Area

The gas holdup is one of the most important parameters char-
acterizing the fluid dynamics of bubbles. Both Wilkinson et al. [47]
and Kojima et al. [48] concluded that the gas holdup was directly
proportional to the mass transfer coefficient. The interfacial area
concentration, which is a function of Sauter mean diameter and
gas holdup, is directly related to the gas-liquid mass transfer area
and has a strong impact on the heat and mass transfer perfor-
mance in BCRs. As can be seen in Fig. 13, the gas holdup slightly
increases in the presence of the wire mesh. In the case of 3.8 mm
mesh opening, the gas holdup increased by 3.2-12.2%. But, the
mesh with 5.5 mm mesh opening contributes to a lower gas holdup
growth rate, which only increased by 1.2-4.4%. In all cases, no sig-
nificant change in gas holdup was measured as superficial gas veloc-
ity increased with addition of 7.9 mPa·s solution (Fig. 13(b)) com-
pared to 1 mPa·s solution (Fig. 13(a)). However, a decrease in gas
holdup was found with further increases in viscosity. The gas holdup
for 3.8 mm mesh opening is significantly higher in comparison
with no wire mesh and 5.5 mm mesh opening, and the difference
increases with the superficial gas velocity. We detected that 3.8 mm
mesh opening has better cutting performance than 5.5 mm mesh
opening, and the significant reduction in bubble size increases the
bubble residence time. The poor cutting performance for 5.5 mm
opening mesh makes the change of gas holdup a little different
from that without wire mesh.

A larger interfacial area than the cases with no wire mesh and
5.5 mm mesh opening was also obtained from 3.8 mm mesh open-
ing as shown in Fig. 14, because 3.8mm mesh opening has a larger
gas holdup and a smaller Sauter mean diameter. For the case of
3.8 mm mesh opening, increasing the gas velocity increases the
interfacial area by 18-21.7% in 1 mPa·s solution (Fig. 14(a)). How-
ever, increasing viscosity has no obvious effect on increasing the
gas-liquid interfacial area at low superficial gas velocity, but fur-
ther increasing the superficial gas velocity will greatly improve the
growth rate of the interfacial area, which increases by 10% to 26%,
indicating that increasing gas velocity can effectively increase the
gas-liquid mass transfer area for a system with high viscosity. But,
there is a little improvement in interfacial area at high liquid vis-
cosity for 5.5 mm mesh opening compared with no wire mesh,
which only increased by 0.44-6.32%.

CONCLUSIONS

The bubble size and size distribution have a great effect on the
bubble rising velocity, residence time, gas holdup and interfacial area,
thus affecting the overall performance of the gas-liquid flow sys-
tem. In this work, experimental studies of bubble cutting were car-
ried out in an MSBC with different liquid viscosities. The bubble
shape and cutting behavior were analyzed by visual observation of
the captured bubble images. The bubble size, size distribution,
Sauter mean diameter, gas holdup and gas-liquid interfacial area

were studied by a non-intrusive high-speed camera method. During
the experiment, three bubble cutting behaviors were observed:
uniform cutting, detachment cutting and indirect cutting. The uni-
form cutting produces multiple sub-bubbles of similar size. When
the size difference of sub-bubbles after cutting is large, detachment
cutting usually occurs. Indirect cutting behavior is mainly caused
by the instability of large bubbles. In addition, the increase in vis-
cosity makes the bubbles more rounded and likely to be stretched
without breaking.

With the increase of viscosity, the bubble size distribution range
and size peak value shift to the higher diameters and the mean
bubble diameter increases in all cases. The increase in viscosity
increases the coalescence rate of bubbles and the stability of bub-
bles (decreases the bubble breakup rate), and the average diameter
of bubbles increases. In the presence of the wire mesh, the bubble
size distribution presents roughly Gaussian curve distribution and
shifts to the left, and the peak tends to shift towards lower diame-
ters due to the bubbles being cut. The average of the Sauter mean
diameter of 3.8 mm mesh opening decreases by 33.5% compared
with that before cutting, while 5.5 mm mesh opening decreases by
22.2%. This means that a wire mesh with 3.8 mm mesh opening
has better cutting performance. The larger mesh opening (5.5 mm)
allows larger bubbles to pass through without being cut, which
significantly increases the average size of the bubble after cutting.
An increase in liquid viscosity reduces the wire mesh’s bubble cut-
ting performance. Compared to a mesh with 5.5 mm mesh open-
ing, the 3.8 mm mesh opening has the most obvious effect on the
increase of gas holdup and gas-liquid interfacial area, and the gas
holdup increases by 3.2-12.2% and the gas-liquid interfacial area
increases by 10-26%. In the experiment, micro bubbles (1.0 mm)
were easily disturbed by fluid flow and trapped by eddy currents,
which was caused by the local liquid reflux under the wire mesh
insertion. This greatly increases the residence time of bubbles and
is conducive to the mass transfer process between gas and liquid
phases.

In the future research work, researchers can start from the macro
perspective of the whole dynamic process of bubble movement,
conduct detailed research on each movement behavior of bubble
movement, and gradually explore the influence of improvement of
each bubble behavior on the overall process.
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NOMENCLATURE

a : gas-liquid interfacial area [m2/m3]
Ab : projected area [m]
deq : bubble equivalent diameter [m]
d32 : Sauter mean diameter [m]
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g : gravitational acceleration [m/s2]
h : distance between the pressure ports [m]
kl : volumetric mass transfer coefficient [1/s]
n : number of bubbles
P : pressure [Pa]
P1 : pressure without gas injection [Pa]
P2 : pressures with gas injection [Pa]
Usg : superficial gas velocity [m/s]
wt% : mass percent [-]

Greek letters
g : gas holdup [-]
l : viscosity [Pa·s]
l : density [kg/m3]
 : surface tension [N/m]

Abbreviations
BCR : bubble column reactor
DBM : discrete bubble model
MSBC : micro-structured bubble column
PDF : probability density function
VOF : volume of fluid
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