NOTATIONS

A = coefficient in Equation (1)

a = exponent in Equation (1)

a, = specific surface area of the packing
D = column diameter

d = particle diameter

Eo = Eotvos number, (prgcd?)/(ov)

G = superficial gas flow rate

g. = conversion constant

hi, hg = constants in Equation (5)

L = superficial liquid flow rate

P, Q, R = coefficients in Equation (5)
ug = gas superficial velocity

Z = height of packed bed

Greek Letters
B, Bne, Bc = total, noncapillary and capillary holdup ex-
pressed in percentage of interparticle void 8 =

Bne + Be
AP = pressure loss; APy for single phase liquid, AP for
single phase flow
€ = porosity (interparticle)
0.5
A = flow parameter, A = s L ]

Pair  Pwat
1G> fLs #wat = gas, liquid viscosity, and water viscosity
PG> PLs Pwats pm = g8, liquid, water, manometric fluid den-

sity
oL, oway = liquid, water surface tension
¢y = flow parameter,

P P
oL Hwat PL
LITERATURE CITED

Bakos, M., and J. C. Charpentier, “Taux de Rétention pour des
écoulements gaz-liquide & Cocourant vers le Bas dans les
colonnes & Garnissage Arrosé et Noyé,” Chem. Eng. Sci., 25,
1822 (1970).

Charpentier, J. C., C. Prost, W. P. M. Van Swaaij, and P. Le
Goff, “Etude de la Rétention de liquide dans une colonne &
garnissage arrosé & contre-courant et & co-courant de gaz-
liquide,” Chim. Ind. Génie Chim., 99, 803 (1968).

Charpentier, ]J. C., C. Prost and P. Le Goff, “Ecoulement Ruis-
selant de Liquide dans une colonne 4 gamissage. Détermina-
tion des Vitesses et des Débits Relatifs des Films, des Filets
et des Gouttes,” ibid., 100, 653 (1968).

Charpentier, J. C., M. Bakos, and P. Le Goff, “Hydrodynamics
of Two-Phase Concurrent Downflow in Packed Bed Reac-
tors,” paper presented at the 2nd Congr. on “Quelques ap-
Flicati;ms de la Chimie Physique,” Veszprem, Hungary

1971).

Charpentier, J. C., N. Midoux, and M. Favier, “Hydrodynamics
of Concurrent Two Phase Downflow in Packed Bed Reac-
tors,” Chem. Eng. Sci., to be published.

Henry, H. C,, and ]. B. Gilbert, “Scale Up of Pilot Plant Data
for Catalytic Hydroprocessing,” Ind. Eng. Chem. Process
Design Develop., 12, 328 (1973).

Larkins, R. P., R. R. White, and D. W. Jeffrey, “Two-Phase
Concurrent Flow in Packed Beds,” AIChE J., 7, 231 (1961).

Mears, D. E., “The Role of Liquid Holdup and Effective Wet-
ting in the Performance of Trickle Bed Reactors,” Chem. Re-
action Eng., 2, Adv. in Chem. Ser. No. 133, p. 218 (1974).

Sato, Y., T. Hirose, F. Takahashi, and M. Toda, “Pressure Loss
and Liquid Hold Up in Packed Bed Reactor with Co-current
Gas-Li)quid Down Flow,” J. Chem. Eng. Japan, 6, 315
(1973).

Satterfield, C. N., and P. F. Way, “The Role of the Liquid
Phase in the Performance of a Tricke-Bed Reactor,” AIChE
J., 18,305 (1972).

Satterfield, C. N, and F. Ozel, “Direct Solid Catalyzed Reac-
tion of a Vapor in an Apparently Completely Wetted Trickle-
Bed Reactor,” ibid., 19, 1259 (1973).

Satterfield, C. N., “Tricke-Bed Reactors,” ibid., 21, 209 (1975).

Wijftels, J. B., J. Verloop, and J. F. Zuiderweg, “On the Wet-
ting of Catalyst Particles under Trickle Flow Conditions,”
Chem. Reaction. Eng., 2, Adv. Ser. No. 133, p. 151 (1974).

Manuscript received July 7, 1975; revision received September 5 and
accepted September 9, 19735.

Prediction of the Pressure Drop Across Sieve Trays

Generally, the total pressure drop across a sieve tray
operating in the froth regime is calculated as the sum of
a number of terms representing additive resistances to
vapor flow:

P=hpr+h,

Although it is generally recognized that the pressure
drop across the tray itself is not the same with arid without
liquid, in nearly all cases this assumption is made, and any
variations due to the presence of liquid on the tray are
incorporated in an additional term such that h, = hy + hg.

Many suggestions have been made regarding the value
of hy (Hunt et al.,, 1955; Mayfield et al., 1952; and Bram-
billa et al., 1969). However, it will be contended that this
approach is unsound, since vapor flow through the holes
on the tray is fundamentally modified owing to the pres-
ence of liquid for the following reasons:

1. Not all the holes have an equal, instantaneous vapor
flow rate. Owing to the irregular movement of liquid across
the floor of the tray, some holes, or groups of holes, may
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be discharging rapidly at a given instant, while others
may be temporarily inactive,

2., The rate of flow through an individual hole is oscilla-
tory as bubbles grow and then detach.

3. Liquid may penetrate into the holes, effectively re-
ducing the area available for vapor flow. At high vapor
velocities, this penetration may depend on surface ten-
sion forces, but as the vapor velocity through the holes
decreases, the liquid penetration can rapidly increase
owing to gravity. This is the situation when the tray is
weeping.

4, There is a venturi effect produced by the cone of
liquid around the gas stream at the outlet of each hole
which will tend to decrease the pressure drop and could
give rise to pressure recovery. This is likely to be most
noticeable at high hole velocities when the gas emerges
from the holes nearly continuously rather than as distinct
bubbles.

Steiner and Kolar (1969) have recognized that any
equation for dry tray pressure drop must be modified for

AIChE Journal (Vol. 21, No. 6)



TaBLE 1. DaTa Usep 1N CORRELATION OF BuBBLING FACTOR

Tray
hole size, Free area,
System Reference mm %

Air-water Davy (1974) 4.8and12.7 8.15and 155
n pentane-iso Sargentetal. 1.6and 3.2 10.1 and22.6

pentane (1964)
Methanol-ethanol Davy (1974) 12.7 155
Methylcyclo- Davy (1974) 12.7 15.5

hexane-

toluene

the wet tray situation. They consider that the effect of the
liquid on the tray is to alter the effective free area of the
tray, and they have derived theoretical relationships for
the variation of free area with superficial vapor velocity,
tray thickness, hole diameter, and downcomer free area.
This method was tested on a number of different trays by
using the air-water system; however, Steiner and Kolar
(1969) failed to take account of system properties in their
correlation for free area, and, in fact, their method has not
been found to give good results for organic systems.

In the present work an alternative approach is proposed.

THEORY

Define
P=hwr+h (1)

where hwr is the head loss through the tray with liquid
present, including the loss due to bubble formation.
Assume that hwy can be correlated by an orifice type of

equation: \
1 1%
hwr = — L2 (—}'{-) (2)
2g pr \Cw
where Cw = Z Co. This is an adaptation of one of the
most comprehensive dry tray, pressure drop correlations
(Kolodzie and van Winkle, 1957):

11 pv (VH )2
hor 2 T2 (1—-F?) —\Go (3)

As Y is close to, but less than 1, 1/¥? is slightly greater
than 1. The free area of the tray (or fraction of the active
area occupied by perforations) is nearly always less than
0.2, so that the term 1 — F? is close to unity but slightly
less than it. As stated above, the free area will decrease
with liquid present on the tray; hence, 1 — F? becomes
closer to 1, but still less than it. Therefore, 1/Y2 and 1 —
F? have been neglected. This simplification leads to a cor-
responding dry tray pressure drop equation of the form
proposed by Kamei (1954) which is identical to Equation
(2) with Cw = Co; that is, Z = 1 for the dry tray.

In order to be able to calculate Z, experimental values
of P, hy, and Vi must be substituted into the equation

1 Va \?

P=— "”( H) + ke (4)
28 po VZCo

EXPERIMENTAL RESULTS

The experimental data used, and the range of variables
which they cover, are shown in Table 1.

In all cases, the value of Co was calculated from experi-
mental dry tray runs by using Equation (3).

The bubbling factor has been plotted (Figure 1)
against the vapor load factor, based on the hole velocity:
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Fig. 1. Correlation of bubbling factor.

\%

F’ Lo/ (pr — po) 1% (5)
This has been used to bring the results for the different
systems onto a single line, which is given by

Z =1 — exp [—0.0265 (V,/F) (ps/ (pr — po) 1% (8)

Although the plotted points show a slight divergence
from this line at high values of load factor, further results
obtained by the authors on a small air-water rig follow this
line up to load factors of 170, which was the highest for
which results were available.

Z=

DISCUSSION

Although the bubbling factor is an empirical concept,
Equation (6) has some physical meaning, as Z is likely to
be a function of vapor rate, tray geometry, and system
properties. It decreases rapidly at low vapor rates and
tends to unity at high values, as discussed in the introduc-
tion. It was expected that surface tension would be a
significant variable; however, on the basis of these results,
no trend has emerged despite the large surface tension dif-
ference between the aqueous and organic mixtures.

The predicted pressure drop from using Equations (4)
and (6) is compared with the experimental values in Fig-
ure 2. These are to within 109 for most values, although
the error already noted at high load factors is again
apparent. Further work should be directed towards deter-

20

10’ %/ O

Predicted(cm)

O T T T T T T T T T 1
O 10 20
Experimental (cm)

Fig. 2. Comparison of predicted and experimental pressure drop.
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mining the upper limit of the applicability of this corre-
lation; however, it is thought that it will apply at all
vapor velocities where the tray is operating in the froth
regime from below the point at which the tray commences
weeping, up to the point of transition from the froth to
spray regimes.

At hole load factors greater than 0.9 m/s, Z is between
0.9 and 1.0, and so in this range the correction to the dry
tray correlation is of only small significance. However,
below 0.9 m/s the correction becomes more important,
particularly as this is the more likely operating range for
modern large hole trays with high free areas.

CONCLUSIONS

Use of a correction to the dry tray orifice equation pro-
vides a useful design correlation for pressure drop in terms
of the liquid head on the tray, superficial vapor velocity,
system properties, and tray geometry. This correction is
most significant at values of hole load factor below 0.9 m/s.

NOTATION

= dry tray orifice coefficient
Cw = wet tray orifice coefficient

F tray free area (that is, fraction of the perforated
tray area occupied by holes)

g = gravitational acceleration, cm/s

hy = static liquid head, cm

hr = residual head, cm

h, = head loss by vapor passing through the liquid, cm

hpr = head loss across dry tray, cm

hwr = head loss across tray with froth present, cm

= pressure drop across operating tray, cm
superficial vapor velocity, cm/s

vapor velocity through perforations, cm/s
expansion factor

bubbling factor

liquid density

vapor density

s

AL
Pv

>.<
AN
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An Approach to Mechanism Discrimination in Free-Radical Reactions

MANUEL P. SENA and LESTER S. KERSHENBAUM

There has been considerable interest over the past 10
yr. in the treatment of kinetic mechanisms involving active
intermediates which may be experimentally unobservable
for all or part of the reaction time. Examples of such re-
action systems include free radicals in homogeneous py-
rolysis and oxidation reactions, active surface compounds
in catalytic systems, and enzymes in biochemical systems.

By their nature, such sets of reactions involving active
intermediates have two different time scales, and the dy-
namic behavior of such systems leads invariably to a stiff
set of differential equations with widely differing eigen-
values. A significant amount of attention has been focused
on methods of solving such equations numerically (Sein-
feld et al., 1970; Gear, 1971; Sena and Kershenbaum,
1975; Denis and Daubert, 1974), and several generally
successful algorithms are available.

However, in the absence of any good estimates of the
rate constants involved or even of the viability of a pro-
posed reaction mechanism, it is often more important to
test some preliminary experimental data on such systems to
see if they are consistent with the proposed mechanism.

Correspondence conceming this note should be addressed to Lester S.
Kershenbaum. Manuel P. Sena is with Instituto de Quimica, Universidade
de Lourenco Marques, Mozambique.
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A usual procedure in this direction is to invoke the well-
known quasi steady state approximation (QSSA). This
reduces some of the differential equations to algebraic ones
and often allows the remaining differential equations to be
solved analytically. Bowen et al. (1963) showed that, in
fact, the QSSA was generally the first term in a singular
perturbation solution of the complete problem, and Aiken
and Lapidus (1974) have recently devised an effective
numerical integration method based on that principle.

In this work, a systematic approach has been outlined
for the study of systems of chemical reactions involving
active intermediates. By utilizing existing theory with some
small extensions, it has been possible to show that such
systems have built into them a set of constraints which
must be satisfied by any proposed mechanism seeking to
explain the kinetics of the system.

THEORY

The singular perturbation approach to the solution of
problems in kinetics seeks to put the differential equations
descr.bing the system in the form

dx

= f(¢, ) b t (1
E‘_‘ (,X,)’,E € dt_ g(:x’y’e) )
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