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Silicon carbide (SiC) foam material has been applied as monolithic tray for distillation column in our previous study. A
systematic understanding of the gas distribution process on the foam tray should help to the design of commercial appli-
cation. In this article, local gas holdup distribution and bubble size distribution are used to measure the gas distribu-
tion. The local gas holdup is tested by the conductive probe and the number of test point is counted in different local
gas holdup. The bubbles are captured by the high-speed camera to measure the bubble size. Bubble size is calculated
as ellipsoidal bubble and counted with different pore sizes. Furthermore, a three-stage process model is put forward to
explain the uneven distribution of gas phase, and verified by the experimental values. The results show that the structure
and the thickness of SiC foam is the decisive factor for the gas distribution performance. © 2015 American Institute of

Chemical Engineers AIChE J, 61: 45094516, 2015
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Introduction

Plate columns are important equipment for mass transfer
between gas-liquid and liquid-liquid, because of its simple
structure, convenience and stable operation, and low cost.!
Compared with the packing columns, the plate columns perform
better at higher operation pressure. So the study of the new col-
umn trays is always the focus of much research. In 2012, Zarei
introduced a new type of cap trays called Conical Cap tray,2
which has good turndown ratio without having too much pres-
sure drop. Union Carbide developed Expansion Capacity Multi-
downcomer (ECMD) sieve trays,3 which particularly perform
well in high pressure and high liquid-gas ratio.

In the last few years, the foam Silicon Carbide (SiC) materi-
als have been applied in many fields with low density, good
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thermal stability, high porosity, and specific area.*”” Also the
foam SiC material is used in distillation columns, such as SiC
packing,*® SiC valve tray,'” and SiC foam monolithic tray.'"'>
The foam SiC ceramic has wide material sources and low man-
ufacture cost, compared with the metal material, the preparation
process of foam SiC ceramic is more environmentally friendly.
Therefore, the SiC foam monolithic tray has a better economic
and environmental benefits compared with traditional metal
internals.'* '3

The previous study found that the SiC foam monolithic tray
had the advantage of lower pressure drop, less entrainment, less
weeping, and higher mass-transfer efficiency.! The results
shown that the SiC ceramic foam tray is an appropriate mass-
transfer unit element for a distillation column. However, the
applications would be limited to the clean services due to the
small orifice size on the tray deck. In additional, the gas-phase
distribution in the foam monolithic tray is uneven at the low
F-factor. Furthermore, the Foam monolithic tray may appear to
have a poor mass-transfer performance at the low F-factor.
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Therefore, to find out the reasons for the poor distribution of
gas phase in the foam tray is crucial to improve the performance
of SiC foam trays.

Two factors may influence the gas distribution performance,
the local gas holdup distribution and the bubble size distribu-
tion. A variety of technologies have been designed to measure
the bubble size and the gas holdup, which are classified into
two categories16 invasive and noninvasive. Noninvasive tech-
nologies include particle image velocimetry'’ and high-speed
camera,'® which can obtain the bubble data at low-disturbance
conditions. Invasive techniques such as flying optical probe19
and conductive probe?’*! are suited to industrial-type applica-
tions having high-gas holdup.

In this article, we explore the influence of SiC structure to
the gas distribution. To reveal the surface structure of SiC
foam monolithic tray, x-ray three-dimensional (3-D) imaging
technique is used to reconstruct the SiC foam, which is widely
used to study liquid flow distribution in packing and porous
media. X-ray 3-D imaging technique can faithfully measure
3-D internal structure of SiC foam. Furthermore, we put for-
ward a process model of gas distribution on SiC monolithic
foam tray to explain the uneven distribution of gas phase. Two
methods are used to study the gas distribution on the SiC foam
tray in air-water system. First, we discuss the three-step model
to describe the process of gas distribution on SiC foam. Then
we use dual conductivity probe to measure the radical profile
of local gas holdup, and study the formation mechanism of
bubbles on SiC foam tray. The high-speed camera is used to
display the bubble size distribution.

Experimental Equipment and Procedure
Structure of SiC foam tray

The material preparation method was developed by the
Institute of Metal Research, Chinese Academy of Sciences,’
which was based on the impregnation of the polyurethane
foam with a homogeneous mixture of silicon, charcoal, and
phenolic resin. The foam has a surface area between 2200 and
3800 m*/m?, an apparent density between 720 and 810 kg/m3.
The SiC foam monolithic trays in the test are squares with
10-cm side length, and different thickness. The foam elements
have constant porosity arranged from 61 to 63%. The specific
parameters are shown in Table 1.

Experimental setup and procedure

The equipment of experiment is shown in Figure 1. The
tests are carried out in the rectangular Polymethyl Methacry-
late (PMMA) tower. The tested SiC monolithic foam tray is
pasted on the frame of PMMA tower. The experiments are car-
ried out in the air-water system at room temperature and ambi-
ent pressure. In the test, the prestore tank filled with water, the
water flow over the weir and drop into the downcomer, pass-
ing through the test tray and drawing down. Air is sent into the
bottom of equipment, distributed homogeneously and flowing
through the test tray and liquid layer. U-tube manometer is
used to measure the pressure drop of SiC foam tray.

The local gas holdup is obtained by the dual conductivity
probe as shown in Figure 1b. In the test, the conductivity
probe is dropped into the liquid layer on the test point.
When the bubbles pass through the probe, the instrument
will detect the changes of conductivity and record the
voltage variation, then the local gas holdup can be calcu-
lated as Eq. 1
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Table 1. Detail Parameters of SiC Foam Monolithic Trays

Thickness (mm) Pore size (mm) Porosity (%)

4 2 61
8 2 61
12 2 61
4 3 62
8 3 62
12 3 62
4 4 63
8 4 63
12 4 63
2. Wy

ey

&
Il
-

The local gas holdup () is equal to the time of bubbles
though the probe (3 W,;) divided by the total testing time (7).
Zhang et al.>*?! assumed that the average gas holdup on the
section measured by the conductivity probe is agreed with that
measured by pressure drop methods. The standard deviations
of the two methods are both less than 8%.%%*' To measure the
local gas holdup as precisely as possible, the test tray is
divided into 100 grids for 10 X 10 cm? areas, each grid acts as
a test point to measure the local gas holdup. In the experiment,
the measuring height of 10 mm on each test point is a fixed
value. The test is developed with data acquisition time of 60 s
and data acquisition frequency of 1000 Hz. To present the
distribution of local gas hold in different points, we count the
number of test point at different gas holdup. The tests are
carried out on the condition of F = 1.0 kg”2 .m~ 2. shL=
2.86 m>- h !, H,, =22 mm, where F stands the F-factor, L is
liquid flow rate, and H,, is the height of overflow weir.

The high-speed camera is used to capture the bubbles, which is
provided by Olympus Corporation fall. The high-speed camera is
set in the front of test plate, and the visualization of bubble is real-
ized at a rate of 1000 images per second with a size of 1280 X
1024 pixels. The light source is provided by an indirect 500-W
halogen which enlightened the column via a parchment paper
between the column and the light source. The bubble size is
measured using image analysis software Image Pro Plus (Media
Cybernetics Cooperation).”> Images acquired by the high-speed
camera are first converted to gray scale to get a clear bubble
boundary. In the present test, the test bubble is equal to an ellip-
soidal bubble, and an equivalent bubble diameter is calculated as
mean diameter along different axes of bubble. To obtain more
comprehensive and accurate data, about 300-500 bubbles are
measured for representative bubble size distribution.”>**

The high-speed camera has the advantage of visualizing the
bubble motion instantly and noninterference flow field. But it
has the limitation that the camera neither acquires all the bub-
bles in the cross section, nor gets bubble boundary clearly at
disrupted flow field. In order to calculate the bubble size above
the SiC foam tray, one bubbling point is picked and measured.
In the test, we assume the all the bubbling points are noninter-
ference each other and the picked one is representative. A
plate with only one hole in the center is placed under the test
tray. The gas flow through the orifice of glass and the SiC
foam tray in sequence. The diameter of the orifice is 4 mm,
the gas volume flux is 2.7 m3/h, the volume flux of the water is
400 L/h, and the down weir is 6 cm height.

In order to measure the bubble size distribution, the total
number of bubbles N is divided into m internals from small to
large. Therefore, in internal i, the number of bubbles whose
diameter is d; is n;, the probability density distribution is:
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Figure 1. Schematic drawing of experimental setup for the bubble size distribution (a) and the gas holdup distribu-

tion (b).

1. Air blower; 2. rotameter; 3. gas distributor; 4. test tray; 5. prestore tank; 6. water storage tank; 7. centrifugal pump; 8. u-tube

manometer; 9. probe; 10. transmitter; and 11. Computer.

f(di)=n;/N 2

Development of the Process Model

The growth process of bubble from a single orifice was
modeled by Kasimsetty,25 the model represented a balance of
buoyance, viscosity, surface tension, liquid inertia, and gas
momentum force. The behavior of bubble was described as
three steps, incipience, growth, necking, and departure.

From the single orifice theory, we can deduce the single
bubble formation on the SiC foam tray. Similarly the history
of bubble formation on the SiC foam tray also can be divided
into three steps. First is the incipience stage, the gas accumu-
late in the cavity of the SiC foam until the gas pressure reach
the critical pressure which is the minimum value for the bub-
ble formation, the critical pressure includes the hydrostatic
pressure, the capillary pressure, and the surface adhesive
forces caused by the good wettability of the SiC foam mate-
rial. When gas pressure reaches critical pressure, the bubbling
point can take shape. Second is the growth stage, the bubble
expands quickly and takes shape. Third is the necking and
departure, the neck of bubble gets cut off and the bubble rises

up. In the process of bubble formation on the SiC monolithic
foam tray, the forces governing the balance of bubble forma-
tion include buoyance, viscosity, surface tension, liquid iner-
tia, and gas momentum force.

Our study starts on the incipience stage. The deciding factor
of gas distribution is the distribution of bubbling points, and
the bubbling points are the positions where the bubbles take
form and grow up. Because the radical distribution of bubbling
points is determined in the stage of incipience.

The process of single bubble formation is discussed above.
To describe the process of bubble distribution on the SiC foam
tray, we put forward a three-stage process model. The process
model divides the bubble distribution into three stages. Figure
2 shows the condition of three stages briefly, Figure 2a, b,
and c presents the Stages I, II, and III, respectively

d <lIs;,P=pgh+ P,
L { 3)

d>1,,P=pgh+ P,

The first stage is used to describe the critical condition of
bubble formation. In this stage, no gas phase flows through the
SiC foam, the pressure under the tray (P) acts the role of
momentum force. In the test, the height of liquid layer is

Jet
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Liquid / L N Ligtd // Bubble
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Gas Gas Gas
(a) (b) (c)
Figure 2. Schematic drawing of the process model for the gas distribution on the SiC foam monolithic tray.
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 3. The pore size distribution and the actually
structure of the SiC foam monolithic tray
acquired by x-ray 3-D imaging techniques.

[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

constant, so the hydrostatic pressure (pgh) is constant. Capil-
lary pressure (P.) is defined as

0
p. = 40825

“

which is decided by the surface tension (o), contract angle (0),
and the pore diameter (d), acts the role of resistance force. P;
is defined to describe the resistance force obstructing the air
pushing the water in the porous media, which is caused by the
surface adhesive force. The surface adhesive force can be
described by the contact angle, which is decided by the proper-
ties of liquid and wall roughness of SiC.%°

Capillary length (/) is used to give a measure for the sur-
face tension force. A free surface that has a characteristic
length longer than the capillary length can be considered that
the system is relatively unaffected by surface tension effects,
on the contrary, surface tension dominates. Capillary length is
defined as

- 1/2
I, = (*) Q)]
129

where ¢ is the surface tension, p is the fluid density, and g is
the gravitational acceleration. On the SiC foam tray, the pore
size which is less than the capillary length will keep the sur-
face system stable and prevent the liquid invading into the
porous of SiC foam. Therefore, when the pore size d < I, sur-
face tension could keep the gas-liquid surface stable, the capil-
lary pressure (P.) is the main resistance force; when the pore
size d > I, the gas-liquid surface cannot keep stable, liquid
will invade into the porous of SiC foam and obstruct the gas
channel, then the gas must push obstructive liquid, overcome
surface adhesive force (P)

1. P= pgl’l + APSiC (6)

The second stage describes the quasisteady stage. In this
stage, the gas volume flux is stable, the bubbling points have
taken shape in the first stage, and there is not new bubbling
point taking form in the second stage. Therefore, P. and P,
discussed in the first is not under consideration in this stage. A
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Psic is the pressure drop on SiC foam caused by the gas flow
through the tray, and APs;c decides the value of pressure
under the tray (P)

d < Iy, APsic > pgh+P,
III. {

(N
d> Ig,APSiC > pgh+P.

The third stage is derived from the second stage. The model
of this stage is used to describe the positions where no bubble
forms in the first stage. In this stage, the requirement for bub-
ble formation is similar to the first stage, only when the pres-
sure under the tray (P) must overcome the resistance force (P,
and P;) could the bubbles take form. However, the condition
in this stage is not same to the first stage, the pressure under
the tray (P) is decided by APs;c, therefore, we can deduce that
when the APs;c is larger than the resistance force (P, and P.),
the bubbles could take form.

In air-water system, the surface tension of water is 6=72.75
mN-m™ ', and the capillary length is I, = 2.71 mm. Therefore,
we can deduce that, on the SiC tray with 2-mm pore size, the
surface tension force can hold up the air-water surface and
prevent the water into interspace of SiC foam. On the SiC tray
with 4-mm pore size, the pore diameter is larger than the capil-
lary length, thus the surface cannot keep the air-water surface
and water can attach into the interspace. On the SiC tray with
3-mm pore size, the pore diameter stands near the capillary
length, which means that some of surface hole diameter may
be larger than the capillary length but some smaller. There-
fore, the surface tension force act the role of preventing water
in some positions of SiC foam tray. In summary, the pore
diameter decides the resistance pressure drop (P, and P;) on
the SiC foam tray.

In order to reflect the pore diameter on the SiC foam tray
faithfully, x-ray 3-D imaging techniques is used to reconstruct
the surface structure of the SiC foam monolithic tray. The
tested SiC foam is 5 and 5 cm in length and width. The pore
size is measured and the distribution of pore size is shown in
Figure 3. The average pore size calculated is equal to
3.55 mm. As shown in Figure 3, the pore size on the surface of
plate is not of uniform size. The pore diameter mainly concen-
trates around the 3—4 mm diameter, and there is some smaller
pore around 2-mm diameter.

Results and Discussions

Influence of the structure for the SiC foam monolithic
tray on the gas holdup distribution

Figure 4 shows the distribution of the local gas holdup on
the SiC foam trays with different thickness. The test trays are
all in 3-mm pore diameter, the differences among trays with
4-, 8-, and 12-mm thick are discussed. On the tray with 4- and
8-mm thickness, the number of test points with gas holdup
less than 10% is about 25-30, which illustrates that there is
hardly any bubble formation on these points. Furthermore, on
the 4-mm-thick tray, there exists more than 10 points with the
gas holdup larger than 90%, which reflects that the bubble for-
mation concentrates on these positions. Compared with the
trays with 4- and 8-mm-thick tray, the number of points with
the gas holdup less than 10% is about 7, and there is no point
with the gas holdup larger than 90% for the tray with 12-mm
thick. The results illustrates that the distribution of gas holdup
is more uniform for the tray with 12-mm thick.

The pressure drop for the SiC foam tray (APs;c) is directly
proportional to thickness of SiC foam. The measured dry
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Figure 4. The influence of the tray thickness on the

distribution of the gas holdup for the SiC
foam monolithic tray with 3-mm pore size.
F=10 kg m™"?.s7!, L =2.86m> -h~', H, =30 mm.
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

pressure drop of the SiC foam tray with 3-mm pore size for
thickness of 12, 8, and 4 mm is, respectively, 85, 45, and 23
Pa. The dry pressure drop is measured by the U-type manome-
ter when the F =1.0 kg">-m~"?.s7'. As discussed in the
process model of the gas distribution, the dry pressure drop of
SiC foam (APs;ic) decides the impetus pressure under the tray
in the Stage III. Therefore, the increasing of APg;c will make
bubbles formation on more points of the tray.

Figure 5 shows the distribution of the local gas holdup on
the SiC foam trays with different pore sizes. The tray with
4-mm pore size and 4-mm thick is not in our consideration,
because the weeping rate is equal to 14% when the F-factor is
1.0 kgl/2 -m~"?.s7!, which is unable to cooperate properly.’
As shown in Figure 5, on the 8-mm-thick tray, the tray with
4-mm pore size has an unequal gas distribution. About 55 test
points have a gas holdup less than 10%, which reflects that the
half of the tray has no bubble formation. The tray with 3-mm
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Gas hold up / %
(a)
Figure 5.

thickness and (b) 12 mm thickness.

pore size performs better compared with the 4-mm pore size,
the points with no bubble formation decrease to 25. The tray
with 2-mm pore size has best gas holdup distribution, almost
all the test point, there exists bubble formation.

As deduced from the process model of the gas distribution
in the Stage I, the surface tension becomes weak with the
increasing of the pore size. On the tray with 4-mm pore size,
the pore diameter is larger than the capillary length, water
could easily flow into the porous of SiC and obstruct air chan-
nel. The obstruction channel cannot allow the air through
unless the pressure under the tray is larger than the surface
adhesive force (P;). As a result, the gas holdup distributes
unequally on the SiC foam tray. Meanwhile, the measured dry
pressure drop of SiC foam tray (APs;c) is, respectively, 77, 45,
31 Pa corresponding 2-, 3-, and 4-mm pore size for the §-mm-
thick tray. In Stage III of the process model, large pressure
drop (APs;c) will lead more points become active and lead an
equal gas distribution.

Figure 5b shows the distribution of the gas holdup on the
SiC foam tray with 12-mm thickness. The tendency of figure
is similar to previous one, the tray with 4-mm pore size does
not perform well, but the 3-mm pore size tray is analogous to
the 2-mm pore size, which is influenced largely by the increase
of thickness of SiC foam. Compared with 8-mm-thick tray,
12-mm-thick tray causes higher pressure drop (APsic), the
pressure drop of the trays with 2-, 3-, 4-mm pore size is,
respectively, 116, 85, 50 Pa. Deducing from the process
model, the pressure drop of the tray with 3-mm pore size and
12-mm thick is high enough to lead an equal gas distribution.

Influence of F-factor on the gas holdup distribution

In the process of bubble formation, the gas volume flux
acts a significant role. Figure 6 shows that the distribution of
the gas holdup on the foam tray with three pore size at 1.0
and 0.13 kg"?-m "?.s7'. As shown in three Figures, the
gas holdup on the SiC foam tray is better distributed
with F=1.0 kg">-m "?.s7" compared with the F=
0.13 kg"?-m~"?.57!. In smaller gas volume flux, the distri-
bution of the gas phase on the foam tray maintains a rela-
tively lower level, about 80% of test points have gas holdup

45
40t | = 2mm pore size
+ ®  3mm pore size
S A 4mm pore size
@ 30+
g st
i
= 20
5 L]
2 15F . [ *
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(b)

The influence of the pore size on the distribution of the gas holdup for the SiC foam tray with (a) 8 mm

F=1.0 kg1/2~m_1/2's_1, L=286m*>-h~!, H,=30 mm. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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Figure 6. The influence of F-factor on the distribution of the gas holdup.

(a) Foam tray with 2-mm pore size; (b) foam tray with 3-mm pore size; (c) foam tray with 4-mm pore size. (F = 1.0 kg"? - m

121

S

F=0.13 kgl/ 2. m~"2.57L) [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

less than 10%. The pressure drop of the foam tray stays at a cor-
responding low value when the F-factor is 0.13 kg'?-m~"?. s~
Therefore, the bubble formation could only take form in the

positions where the residence are weak as discussed in the Stage
II of the process model. With the increasing of gas volume flux,
the pressure drop of the foam tray increases to a corresponding
higher value. The driving force is large enough to overcome the
residence of the pore in more points, which results in the better

650
- = thickness=4mm, pore size=2mm gas-phase distribution. Meanwhile, the increase of bubbling
600 i o thickness=8mm, pore size=2mm points can be revealed by the wet pressure drop of the SiC foam
550 |- 4 thickness=12mm, pore size=2mm tray, which will be discussed below.
| - As shown in Figure 7, the changes of the wet pressure drop pres-
o 500 - o Adal ) ' ent an S-shaped curve with the increasing of F-factor. When F-factor
= 450 | a0t arranges from 0.1 to 0.2 kg"?-m™"2.57", the wet pressure drop
£  sed increases with the F-factor increasing. This is because the bubbling
2 400 [ g ® % points are lack, the flow rate of the gas on single orifice is big, and
%30l 0 ™ " . the vortex flow is violent in a single orifice. When F-factor arranges
£ L s R = from 0.2 to 0.5 kg'*-m~ .57, the wet pressure drop decreases
300 |- * : with the F-factor increasing. Because more bubbling points take
250 i form at the higher pressure drop of the foam tray. The increasing of
L bubbling points decrease the flow rate of the gas on the orifice,
3“‘:.]’0 uf : n.l 7 ()f = 0" F— 172 ]j Py which lead to less lv/g)rtex_ {lgw lnl a single orifice. When F-factor is
o larger than 0.5 kg’-m™ "-s ', the wet pressure drop increases
F-factor / kg'“m™’s" continuously with the F-factor increase. This result is attributed to
Figure 7. The wet pressure drop per tray of various almost all of the hole has been opened by the highly gas flow rate
foam tray as a function of F-factor at liquid that results in a higher pressure drop of the foam monolithic tray.
flow 2.86 m?.-h~ ", With the increase of the gas rate, there is no holes continues can be
[Color figure can be viewed in the online issue, which is open. So the pressure drop of the foam tray increases with the F-fac-
available at wileyonlinelibrary.com.] tor increasing when the F-factor larger than 0.5 kg'?- m~ 2.5,
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Figure 8. Bubbles generation on the SiC foam tray cap-
tured by high-speed camera.

[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Characteristics of the bubble size distribution

The photograph captured by high-speed camera is shown in
Figure 8, hundreds of photos are chosen to calculate the bub-
ble diameter and get the bubble size distribution. There were a
lot of researches about bubble formation on single orifice, the
calculation of bubble size has not formed a unified conclusion,
but most of researchers agreed that the bubble size was pro-
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portional to the gas flow rate and orifice diameter.?” For the
bubble formation on the SiC foam tray, we infer that the bub-
ble size is also proportional to the gas flow rate and orifice
diameter. In the following contest, as shown in Figure 9, the
impacts of pore size and thickness to the bubble size distribu-
tion are presented, and the Sauter mean diameter (Ds;=
S d;? /3" d?) with standard deviation are addressed.

From Figure 9, for the test trays with the same thickness,
the small pore size leads a narrow probability distribution and
concentrates on small bubble size compared with the large
pore size. As would be expected, the bubbles size on the tray
increase with the pore size of the foam tray increasing. The
changes of mean diameter also shows that with the increase of
pore size, the Dj, increases, and the standard deviation
increases with the pore size which reflects that the discreteness
with different pore size.

For the test trays with the same pore size, the thicker tray
leads a narrow probability distribution and concentrates on
small bubble size compared with the thin tray. Compare the
D3, and standard deviation between different thickness, it is
obvious that the mean diameter and standard deviation
decrease with the increase of thickness. This suggests that the
bubbles size on the tray decrease with the thick of the foam
tray increasing. We can know from Figure 8 that two more
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Figure 9. The influence of the pore size and tray thickness on the bubble size distribution.
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(a) Foam tray with 4-mm thickness; (b) foam tray with 8-mm thickness; and (c¢) foam tray with 12-mm thickness. [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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bubbling points exist after the gas flow through one orifice
under the SiC foam tray, the enumerated tray is 12-mm thick
with 2-mm pore size.

Conclusions

In this article, a three-step model is put forward to describe the
process of gas distribution on the SiC foam trays. The gas distri-
bution performance of SiC foam trays is study in air-water system,
at ambient temperature and pressure conditions. The distribution
of local gas holdup is tested at F = 1.0 kg]/2 m s
L=28m>-h !, H,, =22 mm; and the bubble size distribution
is studied on the single orifice. The characteristics of compounds
have influence to the gas distribution, due to the capillary length
changes with surface tension and density. Lower surface tension
could only maintain the stability at small pore size, which means
that the compounds with lower surface tension may match smaller
pore size to have evenly gas distribution.

The pore size of SiC foam is the critical factor, smaller pore
size will lead easier bubble formation and larger pressure
drop. The thickness of SiC foam is also an important factor,
the thicker tray will lead larger pressure drop. From the pro-
cess model of gas distribution, large pressure drop will lead
the gas equidistribution. Therefore, the SiC foam tray with
small pore size and bigger thickness will have better gas distri-
bution performance.
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Notation
Roman letters

Eoc = overall column efficiency
F = gas F-factor through superficial area of tray, kg"?-m
L = liquid weir loading, m*-h™"
H,, = height of the overflow weir, mm
APs;c = pressure drop of SiC foam, Pa
P, = capillary pressure, Pa
P, = pressure drop caused by the surface adhesive force, Pa
d = diameter of the pore size, mm
I; = capillary length, mm
d; = diameter of bubble, cm

Greek letters

—1/2 —1
2.

o = surface tension coefficient, N/m
0 = contact angle, °
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