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Gas flow maldistribution in columns packed with HOLPACK packing
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HOLPACK packing is the type of horizontal structured packing and is already widely used in the industry. It has
good heat and mass transfer characteristics, and good ability to distribute uniformly the flows over the column cross-
section. This work reports on the examination of the gas distribution using the so called maldistribution factor, Mf. The
uniformity limit and the depth of penetration are determined for the various packing types, differing by dimensions of
the packing sheets as well as by distances between the sheets. In arrangement where sheets are distant from each other
within the range between 10 and 50 mm, the uniformity limit is at Mf = 0.19 and Mf = 0.18, and if no distance Mf =
0.23.
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INTRODUCTION

The HOLPACK packing consists of expanded
metal sheets, placed horizontally inside the column
at a given distance [1, 2] (Fig. 1). To improve the
uniform gas and liquid distribution over the column
cross-section it is only necessary to alternate the
direction of the slits from sheet to sheet, each sheet
rotated in the same direction as the previous, to 90°.
The packing has shown by far very good efficiency
and low pressure drop, and thus it has found
industrial application [3-5].

Fig.1. Scheme of the HOLPACK packing arrangement

It is known that a basic problem for the packed
columns is the non-uniform flow distribution over
the column cross section. This changes the flow
velocity and the mass transfer intensity which
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results in variable concentrations of the radial
direction and reduction of the efficiency. There is a
method for determination of the influence of the
vapor phase radial maldistribution on the column
efficiency in the rectification process [6, 7]. This
method is based on data for the maldistribution
factor which is an integral indicator that takes into
account both the velocity value at a point of the
column cross section and the area of the section it
occupies. In order to apply this method in columns,
using the HOLPACK packing, it is necessary to
determine the maldistribution factor for the
different heights of the packed layer, and to find its
lower value — the so called uniformity limit.

EXPERIMENTAL

The first studies on gas distribution in
HOLPACK packed columns are from 1984 [8], and
they show the velocity profiles at different heights
along the column. The examinations were made
with two types of packings that differ by their
dimensions and distances between the sheets. The
geometric characteristics of the examined packings
are given in Table 1, lines 1 to 4. Line 5 shows the
characteristics of a packing, examined later.

The present experiments are carried out as gas
flow velocity is measured above a packed layer
with a given height at two mutually perpendicular
diameters, along the axis of the gas inlet device and
perpendicularly to it [8]. The velocity was
measured by electrical anemometer without a
counter current liquid flow. Gas was fed into the
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column with two types of gas inlet devices. Table 1
shows initial distribution data for both types of inlet

Table 1. Geometric characteristics of the studied types
of the HOLPACK packings.

Pac Hydraulic Distance Thickness Thickness Free

king diameter of between  of the of the  volume,
No the orifices,  the metal  packing e
dy, mm sheets, sheet, sheet,
' h,mm ¢ h
, mm 1, mm
1 6.5 10 0.8 3.0 0.87
2 6.5 50 0.8 3.0 0.87
3 20.8 10 4.0 175 0.85
4 20.8 50 4.0 175 0.85
5 20.8 0 4.0 175 0.85

devices along with the velocity profiles above the
packing layers [8]. This gives an idea about the
distribution ability of the HOLPACK packing
layers. The data [8] show that the packing layers
‘smooth down’ the velocity profile to a uniformity
of less than 25 %, having a very high value of the
initial maldistribution.

Using the results of these experiments, data was
collected to find the dependence of the
maldistribution factor from the layer height. These
data were processed in order to determine the value
of the uniformity limit and the penetration depth.

More recently experiments were carried out with
HOLPACK packing but having no distance
between the metal sheets, i.e. at h = 0 (see line 5 in
Table 1). However, measurements were done while
changing the packing height.

RESULTS AND DISCUSSION

The packing layer heights at which a uniform
distribution of the gas flow is achieved, or the so
called penetration depth, are defined based on these
experiments [8, 9].

The correlation between the maldistribution
factor, Mf and the packing layer height, H, is a very
important characteristic in practical terms [9].
Figure 2 shows this correlation for packing No 1
(see Table 1). We see a sharp improvement of the
uniformity to a certain value, and then with increase
of the layer height, it remains constant. This value
of the Mf is called the uniformity limit, and the
layer height at which it is obtained is the
penetration depth. Thus, the uniformity limit is 0.19
and the penetration depth is 0.6 m for HOLPACK
packing No 1.

The maldistribution factor, Mf, is defined as
follows [10]:
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where w is the local gas flow velocity, w, — the
mean velocity over the column cross section, and n
is the number of the experimental points.

The maldistribution is generally divided into
two types: large-scale and small-scale [11]. Large-
scale maldistribution is due to the initial phase
distribution and the formation of local flows such
as wall flow or bypass gas flows. Small-scale
maldistribution is due to the packing discrete
structure and cannot be eliminated. These two types
of maldistribution can be easily distinguished on
Fig. 2. The section of the curve from H = 0 to the
depth of penetration is the maldistribution, caused
by the gas inlet device, i.e. this is the large-scale
maldistribution, and the uniformity limit
characterizes the small-scale maldistribution.
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Fig.2. Dependence of the maldistribution factor Mf from

the layer height for HOLPACK No 1 at gas velocity w =
1.8 m/s.
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Fig.3. Dependence of the maldistribution factor, Mf,

from the layer height for HOLPACK No 2 at gas
velocity w = 1.8 m/s.

Fig. 3 shows the dependence of the maldistribution
factor from the packing height, H, for HOLPACK
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packing No 2. A value at which the uniformity
remains constant also can be seen. This happens at
Mf = 0.18, and the height at which it is reached, i.e.
the penetration depth, is 0.25 m. The same figure
shows as well the value of the maldistribution
factor for packing No 5, i.e. with no distance
between the sheets. It is Mf = 0.23 at H = 0.26 m,
and it remains the same at H = 0.63 m. This gives
us grounds to assume that this value remains
constant. Obviously, the lack of distance between
the sheets does not allow radial distribution as gas
passes through the sheets.

As we said above, the minimal values of the
maldistribution factor that can be reached are the
uniformity limit [9, 12, 13]. They are limited by the
small-scale maldistribution which is characterized
by the discrete structure of each type of packing

The maldistribution factor values below and
above the packing layer at different gas flow
velocities [12] are interesting. Such data for
packing No 5 are given on Fig. 4. We see the big
difference in the Mf value below and above the
packing layer. This is probably due to the
aerodynamic resistance, spreading coefficient, and
the packing type. Therefore, data for the pressure
drop, 4p, of several types of the HOLPACK
packing are given on next Figure 5.
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Fig.4. Dependence of the maldistribution factor, Mf,
from the mean velocity w, at column cross section,
measured below and above a layer of HOLPACK No 5
with height of 0.63 m.

Uniformity limit of packings No 3 and No 4 can
be determined based on the aerodynamic picture of
packings No 1 and No 2. They have the same
distance between the packing sheets, similar
geometry and similar pressure drop (Fig. 5).
Therefore, we can assume that the uniformity limit
of packings HOLPACK No 3 and No 4 is also 0.19
and 0.18, respectively.

For HOLPACK packing with distance between
the sheets of 20 mm, which is often used in
practice, the uniformity limit can be assumed at Mf
=0.185.
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Fig.5. Dependence of the pressure drop at 1 m height of
the HOLPACK layer from the gas velocity wy,.

To determine the value of the Mf for an
uniformity limit is not a goal of this paper in itself.
It gives a possibility to determine the impact of the
gas flow maldistribution on the mass transfer
efficiency in a packed column. This can be done
using the recently found stochastic model for
guantitative evaluation of the influence of vapor
phase small-scale maldistribution on the packing
efficiency in rectification packed columns based on
data for maldistribution factor [6, 7]. The obtained
here data for the maldistribution factor at reaching
the penetration depth does not change with the
increase of the layer height. Therefore, it can be
assumed that this lowest value of the Mf
characterizes  specifically  the  small-scale
maldistribution, caused by the discrete packing
structure. In the rectification of ethanol-water
system in the range of high ethanol concentrations,
the efficiency reduction of the HOLPACK packing
is found to be 10 — 12 %. It should be noticed that
under the same conditions the efficiency reduction
of some modern random packings is between 14
and 38 %, although in general, they show higher
mass transfer efficiency. Therefore, non-uniform
distribution in gas (vapor) phase is significant in
some cases and has to be taken into consideration.
The above should be considered when choosing a
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packing for a given particular process. The lesser
efficiency reduction due to gas maldistribution is
another important feature of the HOLPACK
packing.

CONCLUSION

In conclusion we can say that the HOLPACK
packing, apart from its good heat and mass transfer
characteristics, has very good ability to equalize gas
flow in packed columns. The packings with
distance between the expanded metal sheets make it
possible by equalization of velocity profile in radial
direction in the space between the sheets. The
packings with no distance between the sheets give
less opportunity to the gas to spread in all
directions. The uniformity limit is found to be 0.19
for packings No 1 and 3 (Table 1), and 0.18 for
packings No 2 and No 4. A uniformity limit at Mf =
0.185 can be assumed for the HOLPACK packing
with distance between the sheets of 20 mm (often
used in practice). A uniformity limit is determined
at Mf = 0.23 (for packing No 5 (Table 1). These
values lead to a comparatively small deterioration
of the mass transfer processes, occurred in the
columns, packed with HOLPACK packing, because
of the gas flow maldistribution.
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HEPABHOMEPHOCT HA I'A30BOTO TEYEHHME B KOJIOHU C IThJIHEXK HOLPACK

C. lapakurieB

Hucmumym no unscenepua xumus, bvieapcka akademus na naykume, ya. “Axao. I'. Bonyeg” 6a. 103, 1113 Cogus

ITocTpimna Ha 30 ampu 2010 r.; mpuera Ha 25 maii, 2010 T.

(Pe3tome)

[IemaexxsT HOLPACK € oT THma Ha XOpPHW30HTATHHWTE CTPYKTYPHPAHH ITBIHEXKH M € HaAMEpPWJI Bede IIMPOKO
NIPWIOKEHNE B NPOMUIUICHOCTTa. TO# mpuTexaBa JOOpPH TOIUIO- M MacOOOMEHHM XapaKTEpPHCTHKH KakTo W J1o0pa
CIOCOOHOCT Jia pasmpesielisi paBHOMEPHO IOTOLMTE IO HANPEYHOTO CeueHHe Ha KoJjioHata. B Hacrosimiata pabota e
W3CIIE/IBAHO Pa3lpeJIeNIeHNeTO Ha ra3a ¢ HoMmolnra Ha (akTopa Ha HEpaBHOMEPHOCT. YCTaHOBEHH ca JIMMHUTA Ha
PaBHOMEPHOCT W IbJI00YMHATA HA NPOHUKBAHE HAa PAa3IMYHUTE BUJIOBE ITBJIHEKH, PA3JINYaBaIly Ce KaKTO 110 pa3Mepu
Ha ITHJIHEKHUTE JINCTA, TaKa CHII0 U MO Pa3CTOSIHUATA MEX/Ly TSIX. 3a IIbJIHEXHTE C pa3cTosiHne Mexay imcrara 10 u 50
mm, TUMHUTa Ha paBHOMepHocT e nipu Mf = 0,19 u Mf = 0,18, a npu nunca Ha pascrosiaue Mf = 0,23.
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