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Height of vertical plates with inclined capillary grooves for a redistribution packing
layer of packed columns

D. Dzhonova-Atanasova, D. Kolev, N. Kolev

Institute of Chemical Engineering, Bulgarian Academy of Sciences, “Acad. G. Bonchev” Str., BL.103, 1113 Sofia,
Bulgaria

Received January 29, 2010; accepted March 16, 2011

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 them. A computer
procedure has been developed for calculating the height of the redistribution layer for a distributor with a given distance
between the feed points. The calculated height ensures, with a selected precision, equality of the flow-rates of the liquid
phase leaving the capillary grooves. The comparison with other devices shows that for a given degree of uniformity, the
new packing is characterized by significantly smaller height.
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1. 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 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 [4-7]. 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 plates can operate as a redistribution layer
between the distributor and the main packing and
also as a part of the liquid distributor. A scheme of
such a device is presented in Fig. 1. The liquid
phase leaves the pipes (troughs) (1) of the
distributor through orifices perforated in them and
runs over plates (2). Here it is regularly distributed
by the inclined crossing capillary grooves. From
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plates (2) the liquid flows over plates (3) and is
regularly distributed by the grooves. The uniform
distribution after plates (2) and (3) ensures regular
distribution over the whole apparatus cross-section.
Fig. 2 is a photograph of a sample plate with stamp
inclined grooves.

For implementation of the new device in the
industry, it is necessary to have a method for
calculation of the height of the plate under which
the distribution of the liquid phase will be uniform
with a preliminary given precision.

The aim of the present work is to propose a
calculation procedure for determination of the
height of the new redistribution layer at a given
distance between the feed points and degree of
uniformity and to compare the new packing design
with the existing.

2. CALCULATION PROCEDURE
2.1. Calculation equations

Fig. 3 shows a scheme of the capillary grooves
on the surface of the vertical plate between two
feed points A and A;. Here /, m, is distance
between the feed points. The liquid from a feed
point flows down and is divided into the grooves
(shown by arrows). The flow between each two
drip points is symmetrical in respect to the axis
A'B'. That is why the calculations are performed
only for one of the symmetrical parts, ie. the
grooves between lines AB and A'B'.
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The proposed procedure for calculation of the
flow-rates in each part of the grooves uses the
following equations.

1. Equation of the material balance at a crossing
point with coordinates x; , y; :

Viit U=V + Uil (1)

where U;; and V;; are the outgoing flow-rates in
m’/s in direction from line AB to A'B' and from line
A'B' to AB respectively (Fig. 3) at a crossing point
with coordinates (x;);). The beginning of the
accepted coordinate system is in the feed point A.
The computations are made in discrete points with
vertical distance between them Ax=x;-x.;, and
horizontal distance Ay=yy;; in m, Fig. 3, in the
calculation region AA'B'B, i=0-m, j=0+n are
current numbers of steps along x and y axis
respectively, where m and » are the respective
maximal numbers of steps.

b

Fig. 1. Liquid phase distributor including plates with
inclined crossing grooves. (a) Cross—section view; (b)
Above view; (1) Distributing pipes (troughs); (2)
Distributor plates with grooves; (3) Redistribution layer
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capillary grooves.

2. Equation for the maximal flow-rate in a
capillary groove, just below the drip point A (in
Fig. 3), where i=7=0, [7]:
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tA Rep=0.07 Ga®" (sin a)**,  (2)

where o is the groove inclination angle, Fig. 3;
Repnay=Unax/vdy, 1s Reynolds number of the flow in
the part of the groove just below the feed point; dj,
is the hydraulic diameter in m, defined as d,=
4ab/(2b+a), where a and b are the groove width
and depth in m; U, is maximum flow-rate in the
parts of the groove just under the feed point, m*/s; v
is kinematic viscosity, m%/s; Ga=gd,’/V* is Galilei
number; g is gravity constant, m/s’.

3. Equation for the outgoing flow-rates at the
crossing points on line AC, where i=j and the flow-
rates Vi ;+1=0, [7]:

U -0.17 [@]w 14 (sin )
>\ L _071Ga U x
U,
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Rey ;= - Reynolds number in the groove
h
between points (x;.1,y;.1) and (x;y;).
4. Equation for the outgoing flow-rates at the
crossing points under line AC, where i# and the

flow-rates V. j+1>0:
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At the boundaries of the calculation region:

1. Initial point A: Uy = O/2, where Q is flow-
rate at a feed point, m’/s;

2. Axis of symmetry, line AB: U;o=Vii —
perfect deflection;

3. Line CB’ V;,=U; 1,1 - perfect deflection. To
have flow symmetry for the end points next to the
column wall, the distance between the plate vertical
edge and the closest feed point is equal to 1/2 AA,
and the end grooves are stopped.

4. Line AC i=j: Vi, j+1=0, U;; calculated by Eq.
(3).

Inside the boundaries of the calculation region
U,; is calculated by Eq. (4)

Assumptions

1. Q=2U,4, 1. the liquid flow-rate at the drip
point is chosen equal to the maximum flow-rate the
first channel is able to take up according to Eq. (2)
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without liquid overspilling.  Although the
calculation results presented are obtained with this
assumption, the proposed calculation procedure
gives the possibility to use larger flow-rates at the
drip point with overspilling and taking the liquid by
the channels situated downwards.

2. Egs. (3) and (4) are obtained in [7] by
processing experimental data for which

L1 >30% (5)

max

This ratio is used to characterize the filling up
with liquid of the groove cross-section. The smaller
is the liquid flow-rate in the groove, the smaller is
the degree of its filling up with liquid and the
greater the possibility for the liquid to be
completely drawn out in the crossing groove. It
means that different equations describe the data for
different extent of filling up.

3. Egs. (2) and (3) are proved only for laminar
hydrodynamic regime [7].

Variants of plate design

1. To get round the constraint for laminar flow,
at turbulent regime conditions the single groove can
be replaced by several parallel channels of smaller
hydraulic diameter, which ensures laminar regime
in each of them.

2. To ensure a greater degree of filling up of the
grooves with liquid satisfying Eq. (5), for an
industrial packing the dimensions of the groove
cross-section can be reduced downstream of a given
row of crossing points. At the same time, reduction
of the groove depth will reduce the packing
pressure drop.

3. To increase the number of the drip points
after the redistribution plate, the number of the
channels can be redoubled after achieving a given
degree of uniformity at a row of crossing points
(plate design in Fig. 2). The reduction of the
distance between the crossing points at a given
inclination of the grooves leads to increasing of the
necessary height of the vertical plate for obtaining a
prescribed degree of uniformity, which follows
from the distribution model of Tour and Lerman

[11].
2.2. Steps of the calculation procedure:

1. Input data:

- angle of inclination of the grooves o,

- steps between the crossing points Ay, Ax=
Ay.tg o;

- groove width and depth, a and b;

- distance between the feed points, /;

- physico-chemical properties of liquid phase;

- flow-rate at the feed point O dependent on the
liquid superficial velocity and the number of the
drip points of the distributor per unit of the column
cross-section.

2. Calculating the flow-rates U;; and V;;
successively in each crossing point of a given
horizontal row on the plate using their values
determined at the previous horizontal row of
crossing points Ui, Viij1, by Eq. (1)-(4) with
the relations at the boundaries.

3. When at a certain crossing point condition Eq.
(5) is not fulfilled, the groove hydraulic diameter is
reduced preserving the ratio between the groove
depth and width. The reduced diameter is

U 0.297
max j following
max
from Eq. (2), where U',.o. = U;;/0.3, U;; is the flow-
rate at the current point. It is assumed that d,=d},’
downstream of the current row of crossing points

determined by d,, =dh(

with coordinate x4, i.e. for x = x; (down the dashed

line in Fig. 4). This means that after size reduction
the filling up of the channel with the smallest flow-
rate will be equal to 30% of the maximal possible.

4. If 0ean<30%U,ux, Where Ouean=Una/n, and
for x;<x, condition Eq. (5) is not fulfilled, the
hydraulic diameter is not changed until x,=x, and
the calculated height is increased with 4x as many
times as these conditions occur.

Step 4 needs some explanation. In the region
above C, the point of meeting of the two flows from
adjacent feed points, the liquid flows predominantly
in the channels along line AC (x;=x,) and the flow-
rates there are much greater than the flow-rates
from the rest of the points of a given horizontal
row. By the calculation it was found that this
condition could be approximately evaluated by the
inequality Q,ean<30%U,,,». So for the channels
downstream of such a horizontal row if we reduce
the groove cross-section according to step 3, the
channel along AC takes in flow-rate much greater
than U, (with about 50%). If we decrease the
cross-section so as the channel along AC to take in
flow-rate equal to U, the degree of filling up of
the channel with the minimal flow-rate is below
30%. Both possibilities result in going out of the
range of validity of the equations used. That is why
it is accepted that in this case the groove cross-
section is unchanged and the results for the
redistribution at that row of crossing points are not
the actual. Since at the worst the liquid is not
redistributed there at all, the calculated plate height
should be increased with as many steps as the
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number of “non-distributing” rows, i.e. the plate
height is determined with a small reserve.
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Fig. 3. Liquid spreading in the capillary grooves of a
vertical plate. The arrows show the directions of the
flows in the grooves. A, A; —Feed points; A'B' -Axis of
symmetry.

5. Comparing the determined flow-rates from
the crossing points of a horizontal row. If they
differ more than the prescribed degree of
uniformity the vertical coordinate, i.e current plate
height, is increased,

X=X +Ax,

and step 2 is repeated for the next row of crossing
points.

6. The calculation stops (at i=m, x=Xx,,) when the
flow-rates in all the grooves at a certain horizontal
row become practically equal with deviation from
the mean value not more than a preliminary chosen
percentage (e.g. 5%). The first and the end row of
crossing points are located at a distance of Ax/2
from the plate ends. The design of the plate top and
bottom edges ensures the best taking up of the
liquid from the drip points above the plate and
maximal number of drip points below the plate.
According to Fig. 3 the plate height / is determined
by

h=x,+x. (6)

Since the grooves distribute the liquid phase
only in one vertical plane, the packing layer should
comprise two rows of parallel plates, the plates of
the second row perpendicular to the first. The
packing layer height 4, is calculated by

h=2h. (7)

This is not valid for the liquid distributor in Fig.
1, where only one layer of redistribution packing is
necessary because the plates with inclined grooves
included in the distributor construction spread the
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liquid in planes perpendicular to the plates of the
packing layer below.

3. PACKING LAYER HEIGHT
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Fig. 4. Flow-rate distribution along a vertical plate with
inclined grooves.

Fig. 4 presents the transition to equal flow-rate
distribution along a vertical plate with capillary
grooves, the bars representing the dimensionless
flow-rates from a crossing point U;;/U,. and
Vi Unax-

The calculation is performed with the following
input data:

- angle of inclination of the grooves 0=45%

- steps between the crossing points Ay =14 mm;

- groove width and depth 2x2 mm;

- distance between the feed points /=112 mm;

- physico-chemical properties of liquid phase,
water dynamic viscosity #=1x10" Pa.s and density
p=1000 kg/m’, (at a temperature of 20°C);

- flow-rate at the drip point 0=2U,,,,=3.7x10"
m’/s.

At the horizontal line x/Ax=3.5, Fig. 4, the
hydraulic diameter has been reduced from d), =2.67
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mm (2X2 mm) to d),’ =2.23 mm (1.67x1.67 mm).
The plate height is determined by the horizontal
row at which the flow-rates become equal with the
prescribed precision of 5% of the mean flow-rate
Omeai=0.462x10° m’/s. As seen from Fig. 4,
uniform flow-rates have been achieved at x,,/4x=9,
so the plate height, Eq. (6), is A=104x=140 mm.
The packing layer height, Eq. (7), is

h=2h=280 mm.

When using the new redistribution layer under
the liquid phase distributor presented in Fig. 1 the
layer height is

h=h=140 mm

because the first layer of the redistribution packing
is replaced by the distributor plates (2) with
grooves presented in Fig. 1 as a part of the liquid
phase distributor.

Since the new redistribution packing is intended
for low liquid superficial velocity and because of

Table 1. Comparison of packing layer heights

the lack of such type of packings operating in
similar regimes, it is compared with redistribution
packings efficient at higher liquid superficial
velocities, inclined Raschig rings [9], block packing
of inclined plastic sheets [10] and inclined ceramic
honeycomb packing [12].

Table 1 shows the calculated by means of Eq.
(7) layer heights for different angles of groove
inclination a = 45°, 30° and 15° versus the distance
between the feed points, which is divisible by the
horizontal distance between the grooves. The
results show that the necessary plate height
increases with increasing of the feed points
distance. The observed exceptions for the plates
0=45° and 0=30° are due to the accepted precision
of the calculations in respect to degree of
uniformity of the liquid distribution and the
circumstance that the height is multiple of the
vertical distance between the grooves.

Distance Packing layer height
between h;, m
drip
points - - - - - - - - -
Im ' Pblates with ' P‘lates with ' P.lates with Incllnec.l ceramic Inclined plastic  Inclined ceramic
’ inclined grooves  inclined grooves  inclined grooves Raschig rings, sheets, honeycomb
a=45° a=30° a=15" 49.1/41.2 mm, 22° packing 27/50
16° mm, 24°
D=2.85x10"m,  p=14x103m, D=2.67x10"m
1] [10] [12]
0.0560 0.1960 0.1132 0.0375 0.1067 0.2172 0.1139
0.0840 0.3920 0.1617 0.0450 0.2400 0.4886 0.2562
0.1120 0.2800 0.1455 0.0675 0.4267 0.8687 0.4555
0.1400 0.3360 0.1940 0.0600 0.6667 1.3573 0.7117
0.1680 0.3640 0.2263 0.1050 0.9601 1.9545 1.0248
0.1960 0.3920 0.1940 0.1425 1.3068 2.6603 1.3949
In Table 1 the height of the new packing is )
compared with the heights of an arranged packing h=0 096951— (8)
of inclined ceramic Raschig rings with an outside D’

diameter of 49.1 mm, an element height of 41.2
mm and an inclination angle of 16° [9], a block
packing of inclined plastic sheets with an
inclination angle of 22° [10] and an inclined
ceramic honeycomb packing with an inscribed
circle diameter of 27 mm, an element height of 49
mm and inclination angle of 24°, [12]. The previous
investigations [9,10,12] show that just these angles
are the optimal for the efficiency of the respective
picking. The height ensuring flow uniformity with
accuracy 5% of the mean superficial velocity is
obtained by the following relation:

proposed in [13] using the simple model of Kolev
[14]. Here D, m, is radial liquid spreading
coefficient.

Table 1 shows that the necessary height of the
bed of plates with inclined grooves for a given
distance between the drip points and liquid flow
uniformity is much smaller than the heights of the
packings from literature.

It is known, that the increasing of the liquid
superficial velocity leads to increasing of the
spreading coefficient [10] for the packing with
inclined plates and does not affect this coefficient
of the packings from [9 and 12]. That is why the
value of D for inclined plates is taken for the region

453



D. B. Dzhonova-Atanasova et al.: Height of vertical plates with inclined capillary grooves for a redistribution...

of low superficial velocities, where it does not
depend on liquid superficial velocity.

4. PACKING RADIAL SPREADING
COEFFICIENT

The radial spreading coefficient of the new
packing is determined by Eq. (8) with the
calculated heights in Table 1. Table 2 shows that D
varies for different distances between drip points,
i.e. different superficial velocities, because as
expected the applied relation is not adequate. It is
based on the assumption that the liquid spreading
down a packing bed can be described in terms of
rivulets of stable but randomly orientated path
through the bed, which is a homogenous medium
characterized merely by an empirical radial liquid
spreading coefficient. Strictly speaking the random
walk hypothesis accepted in [9-12] is inapplicable
for arranged packings like these in [9,10,12], and
yet it was used there for evaluation and comparison
of their spreading ability with other packings. It is
especially improper for the present new
redistribution packing, where the path of the liquid
rivulets is determined by the crossing grooves. That
was the reason to develop a principally new method
for calculation of the liquid spreading in the
packing bed, the purpose of the present work.

Table 2. Radial spreading coefficients of packing of
vertical plates with grooves

Distance Plates Plates Plates

between with with with
drip inclined inclined inclined
points grooves grooves grooves

0=45° 0=30° 0=15°

[, m D, m D, m D, m
0.0560 0.001551  0.002686  0.008108
0.0840 0.001745  0.004231  0.015202
0.1120 0.004343  0.008358  0.018017
0.1400 0.005655  0.009795 0.03167
0.1680 0.007517  0.012092 0.02606
0.1960 0.009501  0.019198  0.026136
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5. CONCLUSION

A procedure is developed for calculation of the
height of the redistribution bed of vertical plates
with inclined capillary grooves at given degree of
uniformity, distance between the drip points and
required design. It uses equations proposed in [6,
7], obtained on the basis of an experimental study
of the flow-rates in inclined crossing capillary
grooves on vertical plates. On the basis of the
investigation the new packing intended for low
liquid superficial velocities is evaluated by
comparison with other distributor packings showing
that the necessary layer height of the proposed
packing is much smaller than the heights of the
packings from literature.
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BUCOYUHA HA BEPTUKAJIHU IJIACTUHHN C HAKJIOHEHN KAITMJISIPHU KAHAJIM 3A
NPEPAS3ITPEAEJIMTEJIEH ITBJIHEXXEH CJIOU B KOJIOHU C ITBJIHEX

. Jloxonosa-Aranacosa*, JI. Kones, H. Kones

Hucmumym no unscenepua xumus, Bvneapcka akademus na naykume, ya. “Axao. I'. bonueg”, 6n. 103, 1113 Cogus,
bvacapus

[octenmna Ha 29 sayapu 2010 1.; npuera Ha 16 mapt 2011 T.

(Pesrome)

PaBHOMEpHOTO pasmpeneneHre Ha TedHata (asa 1Mo HANPEYHOTO CEUYCHHE HAa KOJOHATA C MBIHEX ¢ OCHOBHA
mopenrnocTaBka 3a edekTuBHa pabora Ha amapara. Cpell ChILECTBYBALIUTE OPOCUTENIHU YCTPOWCTBA Hal-100pa
PaBHOMEPHOCT C€ MOCTHIa MPHU TE3H OT TAX, KOUTO Pa3NpenesaT TeUYHOCTTA Ha CTpYHKu ¢ paBHU nebutu. KpaitHoTto
IpepasnpeeneHue A0 PaBHOMEPHOCT IO HAIIPEYHO CEUCHHE C pa3Mepu OT IOpsAAbKa Ha ITBJIHEKEH EJIEMEHT ce
OCBIIIECTBSIBA B CaMUsl ITBJIHEXK WM B CIIELHATHO KOHCTPYUPAH MpepasnpeeNnTeNIeH TbIHEeKEH CIIoi. 3a Ta3u Lel e
pa3paboTeH W HM3CIIEABAH HOB ITBJIHEXK, OCOOCHO IOIXOIAI] 32 HHCKH IDTBTHOCTH Ha opocsBaHe. Toil ce chCTOM OT
YCIOpEIHN BEPTUKAJIHU IUIACTHHH C HAKIOHEHW MpeCHYalld Ce KAamWLIPHA KaHald, INAMIOBAHU BBPXY THX.
PazpaboTeHa € KOMIIOTbpPHA Mporpama 3a M34YMCISBAHE HA BHCOUYMHATA HA IPEPA3NpPEASTUTENHUS CION NpU IafeHo
pa3CcTosiHME MEXAy TOUKHTE Ha OPOCABAaHE HA OPOCUTEIHOTO YCTPOMCTBO. lI3umcieHaTa BHCOYMHA OCHUTYpSIBA, C
n30paHa TOYHOCT, PaBEHCTBO Ha AeOMTHUTEe Ha TeyHaTa (asa, HamycKalla KamwiipHUTe KaHamu. CpaBHEHHMETO ChC
CBIIIECTBYBAIIUTE YCTPOMCTBA MMOKA3Ba, Y€ MPH JaJeHa CTENeH Ha PaBHOMEPHOCT HOBMSAT IBIHEXK CE XapaKTepusupa
ChC 3HAYMTEITHO [T0-MaJIKa BHCOYHHA.
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