circumference of pore
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pore length

molar flow rate through pore

gas pressure

radius of circular pore
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absolute temperature

mean molecular velocity
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Predicted Comparisons of the Efficiency of Large Valve Trays and

Large Sieve Trays

Valve trays are proprietary devices, and as such the de-
signs are usually provided by the supplier. However, there
are times when a knowledge of the performance of such
trays is desirable for preliminary studies. Recently, Bolles
(1976) has considered the relationship between valve
trays and sieve trays with a view to using the vast amount
of data available for sieve trays. For tray efficiency, he rec-
ommends, in the absence of more detailed figures, that an
efficiency similar to that of a sieve tray be assumed.

This approach appears to be reasonable based on the
studies which have been reported by various authors com-
paring trays. However, these studies have been made in
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small to medium sized columns, and the question arises
whether these similarities would still exist tor very large
trays. Recently, Garrett et al. (1977) have attempted to
compare the scale-up of sieve tray and valve tray efficien-
cies. They have assumed similar mixing characteristics on
the two types of trays.

During the course of a computer simulation of a 2.43 m
diameter valve tray column separating benzene from a
benzene/toluene/xylene mixture (Biddulph and Ashton,
1977), the mixing characteristics of a Koch valve tray
have been established. This was achieved using a 0.69 m
diameter air/water simulator which has been described
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Fig. 1. Eddy diffusivity on valve trays and sieve trays.
—o— Valve tray. Liguid rate 460 1/min(m).
—4— Valve tray. Liquid rate 317 1/min(m).
W Sieve trays. Various conditions, some equipment.
— — — Valve tray. Welch (1964) equation. 460 1/min(m).
Valve tray. Welch (1964) equation. 317 1/min(m).
Sieve tray. Barker (1962) experimental. 373 1/min(m).

elsewhere (Biddulph and Stephens, 1974). The values of
eddy diffusivity measured by salt tracer injection are
shown in Figure 1. Plotted on the same graph are the re-
sults of Welch, Durbin, and Holland (1964) on a Glitsch
V-1 ballast tray. The magnitude of these results is some-
what higher. The eddy diffusivities measured in Notting-
ham do not completely confirm the dependence only on
liquid rate found by Welch et al. (1964). Plotted on the
same graph is an assortment of results from sieve trays,
some from the Nottingham rig and some from Barker and
Self (1962). It can be seen that at higher liquid loadings,
the eddy diffusivity results on the valve trays are substan-
tially greater than found on sieve trays. This indicates that
the extent of mixing to be expected on valve trays is much
greater than on sieve trays. This observation raises the
question whether this could substantially alter the per-
formance of large valve trays compared with sieve trays.

First, taking the conditions in the upper section of the
benzene/toluene/xylene column referred to above, a Peclet
number of 23 is indicated for a valve tray compared with a
value of 82 if sieve trays had been used. Using simple
backmixing theory as described previously (Biddulph,
1975), a point efficiency of 66% is required for each com-
ponent, comparing quite well with measured (Carey et al.,
1933) values of 69% for this system. In order to make a
comparison, we should know whether valve trays and
sieve trays might be expected to operate with similar point
efficiencies.

Considering the results reported by Anderson, Garrett,
and van Winkle (1976) on the system benzene/propanol
in a 0.46 m diameter column, very similar tray efliciencies
were established for two types ot valve trays and a sieve
tray. Calculations based on the conditions reported in their
column, with its fairly low liquid rate, indicate very similar
values for the Peclet number. Therefore, we may say that
similar point efficiencies were probably operating. If we
accept this, then we can rerun the simulation of the ben-
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zene/toluene/xylene column with a Peclet number of 82
and discover less than one tray difference in twenty one
trays above the feed. This similarity is to be expected,
since the value of Eog) is low, about 0.32, and so valve
trays and sieve trays would be expected to behave very
similarly here.

Tn the lower section of the same column, where Eggh is
about 1.20 and the Peclet numbers for the split flow trays
are 11 for valves and 36 for sieves, the efficiency of indi-
vidual valve trays might be expected to be 10% less than
sieve trays. This has been based on simple backmixing
theory. The introduction of the stagnant zones model
(Lockett et al., 1973) would tend to reduce the difference
between single tray values of efficiency. The cumulative
effect of stagnant zones being stacked above each other
would be reduced by the improved mixing in the case of
valve trays, and the results reported by Lockett (1973) in-
dicate that under the prevailing conditions in the upper
part of the benzene column, there could be a 15 to 209
tray efficiency advantage for valve trays over sieve trays.

CONCLUSIONS

The observation that valve trays appear to promote
much improved mixing in the liquid phase compared with
sieve trays indicates possible differences in large columns.
This should be the subject of further study. The difference
in mixing characteristics may influence the changeover
diameter from single cross flow to split flow in the case of
valve trays based on the stagnant zones effect.

NOTATION

Eoe = point efficiency

vapor rate (kg-mole/s)
liquid rate (kg-mole/s)
slope of equilibrium curve

mG/L

I
i
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