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Pressure drop of vertical plates with inclined capillary grooves for a redistribution
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The uniform distribution of the liquid phase over the cross-section of a packed column is a major prerequisite for its
effective operation. Regarding various distributor designs, the best uniformity is achieved with devices, where the liquid
is divided into jets with equal flow-rates. The final liquid redistribution, to obtain uniformity over a cross-section area
of the size of a packing element, takes place in the packing itself or in a specially designed redistribution layer. For this
purpose a new packing, especially proper for low liquid superficial velocity, has been developed and investigated. It
consists of parallel vertical polystyrene plates with inclined crossing capillary grooves stamped on their surface. In the
present work experimental data for the pressure drop of the new redistribution packing at different gas velocities and
liquid superficial velocities have been obtained and compared with data for other packings designed with the same
purpose. The results prove that of all compared redistribution packings, the proposed packing is characterized by the
lowest pressure drop which is connected with its advantage to change the direction of the liquid phase without changing

the direction of the gas phase.
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INTRODUCTION

Of all existing packing designs the packings
with vertical walls and especially the honeycomb
packings [1-3] are characterized by the lowest
pressure drop for a mass transfer unit, but they have
bad liquid distribution properties. With the purpose
to operate as a redistribution layer over a basic
layer of this type of packings, a new packing is
developed and investigated [4-6]. It consists of
vertical polystyrene plates with crossing inclined
capillary grooves stamped on their surface,
especially proper for low liquid superficial velocity.
Changing only the direction of the liquid phase by
adding a horizontal component to its velocity
vector, it avoids the disadvantage of the existing
redistribution packings with inclined walls [8-10] to
turn also the direction of the gas flow which leads
to increasing of the pressure drop. The aim of the
present work is to investigate the pressure drop
of the new packing and to compare it with the
respective data for other redistribution
packings.

* To whom all correspondence should be sent:
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EXPERIMENTAL

For evaluation of the pressure drop of the
proposed packing, experiments have been carried
out with vertical plates with inclined grooves with a
height of the packing elements of 90 mm, a
distance between the grooves of 20 mm and groove
angle 45°. The grooves are with a square cross-
section 2x2 mm with rounded corners formed by
stamping on the groove surface. The pressure drop
investigations are performed for dry packing and
for liquid superficial velocities of 3x107- 21.4x10™
m’/(m’s), much higher than the operational regime
range of the new packing applicable for superficial
velocities one order lower (the values in Table 1)
than the minimal experimental superficial velocity.
The measurements are obtained in these regimes
with the purpose of comparing with the available
data for other redistribution packings.

The pressure drop of the packing was measured
in a packed column with a cross-section of
175%225 mm at a total height of the packing of
1170 mm. The liquid was regularly distributed by
means of a shower type distributor located in an
enlargement of the column top.

The results for the pressure drop of a layer 1 m
high, AP/H, where AP, Pa, is layer pressure drop
and H, m,- total height of the packing, are given in
Fig. 1 and compared to data for the pressure drop of
inclined Raschig rings [8]. The geometrical
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characteristics of the rings are as follows: an
outside diameter of 49.1 mm, an element height of
41.2 mm and an inclination angle of 16°. Of all
investigated inclined ring packings the described
one is characterized by lowest pressure drop for a
given degree of redistribution [8]. The lines for the
pressure drop of the inclined rings 2', 3', 4' are
interpolated from the experimental data in order to
compare the pressure drop of the two packings at
equal liquid superficial velocities L, m*/(m’s). The
original data in [8] are measured for L=0; 2.3x107;
3.3x10” and 6.4x10° m’/(m’s) at the same range of
gas velocities w, m/s. It is seen that at a given gas
velocity w and liquid superficial velocity L the
pressure drop of 1 meter layer of inclined rings is
about 40% higher than of the new packing with
grooves.
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Fig. 1. Pressure drop of plates with inclined grooves and
inclined Raschig rings [8] versus the gas velocity at

different liquid superficial velocities.

The pressure drop of a redistribution layer with
a height /; ensuring a given degree of uniformity of
the liquid superficial velocity is expressed by

%h,. The pressure drop of the proposed new

redistribution packing layer is compared to the
layer pressure drop of the following redistribution
packings from literature: arranged packing of
inclined ceramic Raschig rings with an outside
diameter of 49.1 mm, an element height of 41.2
mm and an inclination angle of 16°, [8], Fig. 2;
block packing of inclined plastic sheets with an
inclination angle of 22° [9], Fig. 3; inclined

ceramic honeycomb packing with an inscribed
circle diameter of 27 mm, an element height of 49
mm and inclination angle of 24°, [10], Fig. 4. The
compared data for each type of packing are chosen
for these inclination angles of packing elements
which are found to be the optimal for the efficiency
of the respective picking.
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Fig. 2. Ratio of pressure drop of packing layer with
inclined Raschig rings [8] to pressure drop of packing

layer with grooves ap Iy 4P h | versus gas
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velocity at different values of liquid superficial velocity.
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Fig. 3. Ratio of pressure drop of packing layer with
inclined plates [9] to pressure drop of packing layer with

grooves [AP h[j / [AP hlj versus gas velocity at
H H
pl gar

different values of liquid superficial velocity.
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Fig. 4. Ratio of pressure drop of layer with inclined
honeycomb packing [10] to pressure drop of packing
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velocity at different values of liquid superficial velocity.
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RESULTS AND DISCUSSION

The heights of the redistribution layers of the
compared packings, Table 1, are calculated in [6] at
two distances /, m, between the drip points. The
liquid superficial velocity is determined as L=Qn,
where 0=3.7x10° m’/s is the maximal flow-rate the
grooves under a drip point can take up without
liquid overspilling, calculated in [6] for the
considered groove sizes, and z is the number of
drip points per square meter of the apparatus cross-
section determined from the distance between the
drip points as n=1/. The comparison is performed
using the pressure drop experimental data AP/H for
dry packing L=0, assuming that for these extremely
low superficial velocities the error of calculation
with the pressure drop for dry packing is negligible.

The heights of the redistribution layer of plates
with grooves in Table 1 are half of the heights
obtained in [6] for the same distances between drip
points. The calculated height necessary for liquid
phase regular distribution is doubled in [6] because
the crossing grooves distribute the liquid phase only
in one vertical plane and the packing layer should
comprise two rows of parallel plates, the plates of
the second row perpendicular to the first. But this is
not valid when the role of first row is performed by
the vertical plates with stamped grooves mounted
as a part of the liquid phase distributor [6, Fig. 1].
In that case in the redistribution layer only one row
of plates is necessary because the upper row of
plates included in the distributor construction
spread the liquid in planes perpendicular to the row

below. Because the distance between the vertical
plates in the distributor is significantly greater, than
this in the redistribution packing layer, the flow-
rate in the distributor grooves should be greater too.
That is why to keep similar hydrodynamic regime
in these grooves, each of them should be composed
of several single parallel channels like those in the
redistribution packing layer. It should be mentioned
that the pressure drop of the liquid distributor is
negligibly low due to its great free cross-section.
The layer heights of the compared packings

from the literature [8-10], Table 1, are obtained in
[6] by the relation:

/2

h=0.09695— ,
D

proposed in [11] using the simple model of Kolev
[12], where /, m is distance between drip points and
D, m, is radial liquid spreading coefficient.

Fig. 2 shows that the pressure drop of a
redistribution layer of the proposed packing with

grooves (ﬁh,) for the same degree of
H
8r

uniformity after it and gas velocity is lower over 4
times at L=0.295x10~ m’/(m’s) and over 7 times at
L=0.131x10" m*/(m’s) than the pressure drop of a

redistribution layer of Raschig rings (% h,) . The
indices gr and » denote plates with grooves and
rings respectively.

Table 1. Comparison of packing layer heights calculated in [6] ensuring uniform flow-rate distribution as a function of

the distance between the drip points.

Distance  Superficial
between velocity Packing layer height
drip L h, m
points m*/(m®s)
L,m x10°
Plates Plates Plates Inclined Inclined Inclined ceramic
with with with Raschig rings,  plastic sheets, honeycomb
inclined inclined  inclined 16° 22° packing 24°
grooves  grooves grooves  D=2.85%1 0°m, D=14x10"m, D=2.67x10"m,
45° 30° 15° [8] [9] [10]
0.112 0.295 0.140 0.07275  0.03375 0.4267 0.8687 0.4555
0.168 0.131 0.182 0.11315 0.0525 0.9601 1.9545 1.0248
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The results of similar comparison in Figs. 3 and
4 with other redistribution packings from literature
are the following:

- The pressure drop of the new redistribution
layer is lower over 2 times at L=0.295x107
m’/(m’s) and over 4 times at £=0.131x10> m*/(m’s)
than the pressure drop of a redistribution layer of

plate packing, (ﬁh,) , Fig. 3. The index pl/
H "),
denotes plate packing.

- The pressure drop of the new redistribution
layer is lower over 3 times at L=0.295x107
m’/(m’s) and over 6 times at L=0.131x10" m*/(m’s)
than the pressure drop of a redistribution layer of

honeycomb packing (% h,j , Fig. 4. The index A
h
denotes honeycomb packing.

CONCLUSION

Experimental data for the pressure drop of a new
packing, designed to operate at low liquid
superficial velocity as a redistribution layer of a
packed bed column, are obtained and a comparison
with other redistribution packings from literature is
carried out. The results show that at liquid
superficial velocity of 0.131x10° m’/(m’s) the
pressure drop of the proposed new packing layer at
the same gas velocity and redistribution degree is
over 4 times lower than that of inclined ceramic
Raschig rings [8], over 2 times lower than that of

inclined plastic plates [9] and over 3 times lower
than that of inclined ceramic honeycomb packing
[10] when using a usual type of liquid phase
distributor.
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Paskalev,

XUAPABJIIMYHO CBIIPOTHBJIEHME HA BEPTUKAJIHA IJTACTHHI C HAKJIOHEHH
KAIIWJIAPHU KAHAJIN 3A TTIPEPA3ITPEJAEJIMTEJIEH ITBJIHEXXKEH CJIOU B KOJIOHU C ITBJIHEX

. Kones, /1. JxonoBa-Atanacosa*, H. Kosnes

5

Hucmumym no unsicenepna xumusl, bvieapcka akademus na naykume, ya. “Axao. I'. bonueg”, 6. 103, 1113 Coghus,
bvneapus

IMoctbnuna Ha 22 auyapu 2010 r.; npuera Ha 9 mapt 2011r.
(Pestome)

PaBHOMEpHOTO pasnpezneNieHne Ha TeuHaTa (as3a Mo HaIpeyHOTO CeUeHHe Ha KOJOHATA C IIBJIHEX € OCHOBHA
mpenrnoctaBka 3a edekTHBHa pabora Ha amapata. Cpen ChIIECTBYBAalUTE OPOCHTEIHH YCTPOKMCTBAa Hai-100pa
PaBHOMEPHOCT C€ ITOCTHIa IPH TE3U OT TAX, KOMTO pa3lpenesisiT TEeYHOCTTa Ha CTPYHKH ¢ paBHU aebut. KpaitHoTo
rpepasnpe/eseHue 10 PaBHOMEPHOCT I10 HANpEeYyHO CEYEHHWE C pa3Mepu OT HOpsSIbKa Ha IBJIHEKEH eJIeMEHT ce
OCBILIECTBSIBA B CaMMsl ITBJIHEK WM B CIELHAIHO KOHCTPYUPAH MPEepasNpeaeuTeIcH IbJIHEKEH CIOH. 3a Ta3u Ll €
pa3paboTeH M M3CIeaBaH HOB IBJIHEK, OCOOCHO MOAXOSI 32 HUCKH IUTBTHOCTH HA OpocsiBaHe. TOi ce ChbCTOM OT
YCIIOpEHN BEPTHKAIHHU IUIACTUHM C HAKIOHEHH TNpecHYalld ce KalWIAPHU KaHAJM, LIaMIIOBAaHW BBPXY TAX. B
HacTosmata paboTa ca TIOAYyYeHH eKCIICpUMEHTAIHH JAaHHU 32 XWAPABIUYHOTO CBHIIPOTHUBIICHHE HA HOBUS
IIpepe3NpeeuTeNIeH MbJIHEX IPH Pa3IMYHU CKOPOCTH Ha Tasa U ILITbTHOCTH Ha opocsBaHe. CpaBHEHHETO C JIaHHU 3a
JPYrd ChUIECTBYBAIM IBIHEKH ChC CHIIOTO IpEJHA3HAYECHHE JI0Ka3Ba, Y€ XHUJIPABIMYHOTO CHIIPOTHUBJICHHE Ha
NPEVIOKECHUAT MBJIHEXK € HaM-HUCKO, KOETO C€ Jb/DKM Ha HEroBOTO NPEAMMCTBO TpE CPaBHSBAHUTE
Ipepe3NnpeaeIUTEIHI IBIHESKH Ja IPOMEHs II0CoKaTa Ha TeyHata (aza 0e3 1a MpoMeHs IocoKaTa Ha rasa.
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