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Dry plate pressure drops of sieve plates with hole diameter 1-6 mm were measured on an experi-
mental section 150 mm ID with free plate areas 0-53, 1-0, 2-0 and 3-0%. Obtained data were 
correlated by the McAllister Eq. Overal pressure drops with the same plates with a bed of liquid 
were measured in the range of superficial gas velocities in the range of 0—30 cm/s. By subtraction 
of the liquid holdup from the overall pressure drop were obtained the apparent dry plate pres-
sure drops from which, according to the McAllister equation, the area of holes through which 
the gas was flowing were calculated. The in this way obtained free hole areas were correlated 
empirically in dependence on the gas velocity. 

For formation of the heterogeneous bed in bubble-type reactors are at present mostly 
used sieve plates with a large number of holes. This arrangements have several draw-
backs: 1) manufacture of sieve plates with a large number of small holes is time 
consuming and expensive, 2) diameter of holes should be as small as possible in 
accordance with the requirement of minimum weeping, 3) from the point of view of 
homogeneous bubbled bed and its stability is desirous that all holes on the plate be 
a source of bubbles which for large number of holes is not fulfilled. 

Practical result of this contribution is the method for calculation of the minimum 
number of holes sufficient for formation of a uniformly bubbled bed. 

For correlation of dry plate pressure drops a relation has been proposed by McAl-
lister and coworkers1 in the form 

APd = klk2(cp) QV ,2 

where the dependence k1 = f(t\d) is given graphically and 

k2(<p) = [0-4(1-25 - cp) + (1 - cp)2]l<p2 . 

Relation (1) has been found 2 , 3 suitable for plates with t/d < 2-3. 

* Part VIII in the series Gas-Liquid Reactors; Part VII: This Journal 39, 3246 (1974). 
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F r o m the force and momentum balance for sieve plates4 results that for small 
gas velocities the momentum term is negligible so that the relation holds 

Ap0 = Ap z + gegh . (3) 

It is possible, by use of this equation, on basis of simultaneously measured experi-
mental da ta on overall pressure d rop and liquid holdup to calculate the apparent 
dry plate pressure drop i.e. the pressure d rop of a plate operated with a part of hole 
area blocked by liquid (regardless whether the liquid is flowing through the holes 
or if the holes are only blocked by it). If we apply the assumption made and verified 
by Kolar and Cervenka5 that the pressure d rop of the plate is not affected by the 
liquid present on it (i.e. tha t Eq. (l) holds for Ap z = Apd as well) then f rom the ap-
parent dry plate pressure drop calculated f rom the experiments and f rom the mea-
sured gas velocity, the value of k2(cp) and f rom it the value of cp can be directly 
calculated f rom relation (1). 

As results f rom Eqs (7) to (3) Ap/cpv2 is a function of <pe. F rom the technical point 
of view (e.g. with regard to the magnitude of weeping rates through the plate, to mo-
delling of circulation in the bubbled bed on the plate etc.) the size of hole area which 
is occupied by the flowing through gas <pg in dependence on v is quite important . 

EXPERIMENTAL 

The measurements were performed on the glass sectioned column 150 mm ID which is described 
in detail in the study by Nyvlt6. The measurements were performed with the water-air system 
at 25°C with sieve plates with free plate areas cp = 0-53, 1-0, 2-0 and 3-0% at heights of clear 
liquid from 0-2 to 1-2 m. Superficial gas velocities were up to 30 cm/s. The plates were made 
of stainless steel sheets 3 mm thick. 

RESULTS 

Dry plate pressure drop was, for the above given geometrical plate parameters 
and for v < 0-4 m/s correlated by the relation (1) with the result 

A p j g v 2 = 0-45k2(cp) . (4) 

The given coefficient k1 = 0-45 is in a good agreement with the value read off" f rom 
the graph given by McAllister (2kt = 0-80). For calculation of the coefficients 
of Eq. (4) were neglected the points Apd < 20 N / m 2 for which the measurement is 
affected by a too large error. 

F rom values Ap z (calculated according to Eq. (3)) were by use of Eq. (4) calculated 
the values k2(cp) (see Eq. (2)) and numerically on the computer Tesla 200 the cor-
responding values (p r By relating to the geometrical hole area was obtained a single 
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dependence which in the coordinates cpgr ~ v 0 is expressing with a good accuracy 
the experimental data. This dependence is empirically described by Eq. 

(pgr = 1 - exp ( —0-lli;0) . (5) 

This relation is in agreement with the experimental data with the average accuracy 
11 rel.%. 

As results from the obtained data only a small part of the hole area of sieve plates 
is under the considered operating conditions and geometrical plate parameters oc-
cupied by the flowing gas. This is demonstrated in Fig. 1 from which the relative free 
plate areas for the considered plates can be read off. 

The proposed relations are representing with a reasonable accuracy the experi-
mental data of dry pressure drops (Eq. (i) for small (p and for one f/d = 1-9. Eq. (5) 
is correlating with a good accuracy the free plate areas through which the gas flows. 
These results are significant for considerations concerning the distribution plates 
in use at present and they can be used in the design for determination of the number 
of holes on the plate which is necessary for formation of a stable and uniformly 
bubbled bed. Also the range of Ap0 must be taken into consideration for the con-
sidered types of plates (requirement of maximum uniformity and of minimum Ap0). 

FIG. 1 

Relative Free Hole Area through which the Gas Flows in Dependence on Gas Velocity 
Plate I (<p = 0-53) C A = 0-4 m, o 1-2 m, O 0-2 m; II (<p = 1-0%) o h = 0-2 m; III (<p = 2-0%) 

© A = 0-2 m, • 0-6 m, © 1-2 m; IV (<p = 3-0%) © h = 0-2 m, © 0-4 m, © 0-6 m. 
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LIST OF SYMBOLS 

9 gravitational acceleration (m s ~ 2) 
h height of clear liquid bed (m) 
k, (graphical dependence on t/d1) coefficient of Eq. (1) 
k2 coefficient of Eq. (7) given by Eq. (2) 
4 p d dry plate pressure drop (N m - 2 ) 
APo overall pressure drop (plate + liquid bed) (N m ~ 2 ) 

apparent dry plate pressure drop = pressure drop of plate with part of holes blocked 
by flowing liquid ( N m - 2 ) 

V superficial gas velocity (m s ~ 
v0 = v/<p velocity of gas related to the geometrical area of holes on the plate (m s " 1 ) 
t thickness of plate (m) 
Q density of gas (kg m - 3 ) 
Q\ density of liquid (kg m _ 3) 
V geometrical free plate area 

Vs free area of holes of the plate through which the gas flows 
• <Pg!<P relative free hole area through which the gas flows 

REFERENCES 

1. McAllister R. A., McGinnis P. H., Plank C. A.: Chem. Eng. Sci. 9, 25 (1958). 
2. Rylek M., Standart G.: This Journal 30, 1041 (1965). 
3. Cervenka J., Kolar V.: This Journal 38, 2891 (1973). 
4. Standart G., Rylek M.: This Journal 30, 2307 (1965). 
5. Cervenka J., Kolar V.: This Journal 39, 2735 (1974). 
6. Nyvlt V.: Thesis. Czechoslovak Academy of Sciences, Prague 1973 

Translated by M. Rylek. 
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