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A relation was obtained which on a high statistical level makes possible the calculation of the
friction factor for the gaseous phase at flooding for different dimensions of particles of the packing
and different physical properties of liquids employed. In this work is demonstrated how the pres-
sure drop at flooding may be used for determination of pressure drop at different conditions and
relations are derived for calculation of critical flow rates of individual phases.

The friction factor for.the gaseous phase at countercurrent two-phase flow through
a packed bed was defined by relation'

AP, = y(1fd) {Gg|[20,(e — 2)°T} - (1)

If values of friction factor defined in this way are plotted as a function of Reynolds
number in logarithmic coordinates, a system of lines is obtained with the liquid
flow rate as a parameter. The shape of the dependence is obvious from Fig. 1 and
Figs 1 to 5 of the preceding paper®. At low liquid flow rates the course of the de-
pendence of friction factor on Reynolds number for gas is close to that one for dry
packed bed. At the increasing liquid flow rate, the dependence is deformed in a dif-
ferent manner and becomes straight at high liquid flow rates.

Though the dependences for different liquid flow rates are mutually quite dif-
ferent, it is obvious from all the given figures that values of the friction factor at
flooding are situated for the given packing and physical properties of the system
in given coordinates on the same straight line.

As is obvious from Fig. 2, these straight lines have for different dimensions of partic-
les of the bed the same slope and are mutually only shifted.

For the friction factor at flooding is thus valid the relation
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Vg, = A Rel,. 2)

The curve analytically expressed by Eq. (2) is crossing the curve of dependence
of friction factor on Reynolds number for the value of parameter G, = 0 in the point
for which the corresponding gas flow rate G,, may be determined from the earlier
derived® relation for flooding given by equation
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from which by substituting for G, = 0 we obtain

G,.(G, = 0) = 0-533(2g €3¢ \0,,d.) "> . 4)
!
18
% .
10 .
07 5 n
% ¥

100~ - Dy -

L
100 1ol Reg 107 o' 0 Reg 10°

FiG. 1 F16. 2
Dependence of v, on Re, for the Water-Air Dependence of Wes and y,, On Re, for Pack-
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G, in kg m~2s™'. 1 Dry packing; 2 wet- Diameter, mm Water Dry packing
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Relation (2) may be also written in the form

wgz(:lg; 0 [ng(g,g; 0)]" ©)

or by substituting for G,(G, = 0) from Eq. (4) as

2 B/2
b L (G V" 0

UGy = 0)  0:533% \2ge%0,0,d,

As the curve for the dependence of friction factor for the value of parameter G, = 0
is not usually available (this curve is not identical with that one for dry bed due
to static holdup at G, = 0) and as this dependence is very close to that for dry bed
and is in the cross point with the curve given by Eq. (2) very flat,"instead of value
Ve(G, = 0) the value of friction factor for dry bed y,, is used for Reynolds number
corresponding to gas flow rate given by Eq. (4) which results in Eq. (6) mostly by
change of value of the constant and only slightly in value of the exponent.

By evaluating 117 experimental data measured with a bed of spheres of 10, 15
and 20 mm diameter the relation was obtained

Vealtres = 048(G.[2g010,d.€%) ™7, (7

with the mean relative quadratic deviation 15-6% and with the correlation coefficient
r = 0:9923.

From Eq. (I) and (7) the relation for pressure drop at flooding is obtained, if for
Vg the friction factor for dry packed bed is substituted at the gas flow rate given
by Eq. (4) and the value z, is substituted for z which may be calculated from earlier
derived? relations

z, = (1177 £ 0-0457) z, 8)
and
¢ 0-1
zo = 0:265 (—') — 0222G6%,*°, @)
aw

so that we obtain the final relation

(APg/l)z = 0_48.//gs(yglel)0'723 (2dic)—0-277G2;554 .

o 01 -3
: I:e - 0312 (4> + 0‘261632'25] , (10)
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where beside physical characteristics of the packing and of fluids only the quantity
G,, appears.
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As the relation (10) holds on a high statistical level of confidence with relatively
small variance, it may also be used for calculation of pressure drop for different
gas flow rates in the region Gy, £ G, £ G,,. For pressure drop was earlier® derived
the relation

AP, =y (1/d.) (GF[2e)) (125 — 1/2°), (1)

where i, is the factor constant for the given liquid flow rate in the whole region of gas
flow rates.

For the ratio of pressure drop in an arbitrary point of the considered region to pres-
sure drop at flooding at the same liquid flow rate according to Eq. (11) holds the rela-

tion
3,3 _ 3
AP _ (7' (z AN 12)
AP,, z) \z2 -z}
which by use of Eq. (8) can be transformed into

(%) = 2551 = (zof2)"]. (13)

gz,

For special case of pressure drop at the beginning of liquid loading i.e. for G, =
= Gy may be written by use of relation®

7, = (1-041 & 0:0025) z, , (19
relation
AP [AP,, = 0283 (15)

The ratio of pressure drop at the gas flow rate corresponding to the beginning of li-
quid loading to pressure drop at flooding is constant.

Tn a similar way as we have derived relation (4) for maximum gas flow rate in the
given packing, at which flooding takes place even at very low liquid flow rate, relation
(3) may be derived for maximum liquid flow rate at which flooding of the bed takes
place even at a very low gas flow rate if G, = 0 is substituted. The following relation
is then obtained

G e @\ [\ (29%02d,)" (16
(G = 0) = 037 (w8} (% geloid,)” . )

Hy Ow d

co

DISCUSSION

Obtained results are very valuable not only bécause the calculation of pressure drop
in an arbitrary point of the region Gy = G, £ G, is possible by use of Egs (10)
and (13) without using the friction factor y, whose calculation is affected by a greater
error but also because they enable quick orientation concerning the operating region

of the given packing by use of Eqs (4) and (16).
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From literature it is known that mass transfer is most intensive in packed columns
if hydrodynamic conditions are close to flooding. It is obvious that in practical cases
the operating regime must be chosen farther from flooding with regard to reliable
operation of the unit and to complexity of automatic control. But nevertheless it may be
assumed that the actual operating regime will be situated in the region limited by the
loading point and flooding. If for example for absorption the total amount of gas is
given which should be processed and the initial and final component concentration
which must be absorbed, we may determine the ratio (G,/G)). According to the degree
of control the suitable ratio G,/G,, is chosen and in this way the ratio (G,,/G)) is
obtained which is substituted into relation (3) and for the given system and packing
the liquid flow rate and the gas flow rate through a unit of cross section of packing
and thus the column diameter and corresponding pressure drop per unit of the bed
height may be calculated. For a complete design of the unit the mass transfer
coefficients must be known. The procedure would be also the same in the case when the
dimension of packing is not known subject to prior determination of this dimension
from the known dependence of mass transfer coefficient and the economic analysis.

LIST OF SYMBOLS

A constant in Eq. (2)

a packing surface per unit of bed volume (m~')

B constant in Eq. (2)

e porosity of dry packing

d, characteristic length defined by Egs (8) and (9)1 (m)

4., characteristic length of packing taken as basis (sphere 10 mm diameter) (0-002797 m)
g gravitational acceleration (ms~2)

G mass flow rate of fluid per unit area (kgm~™2s7')

1 height of packed bed (m)

AP pressure drop of packing (Nm™2)

Re = Gd,/u Reynolds number

liquid holdup per unit volume
density kgm™3

viscosity Nsm ™2

friction factor

surface tension Nm™!

Q€«ERAON

Indices

s dry bed k loading w  water
g gas 1 liquid z  flooding
o valueat G, =0
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