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The liquid phase mass transfer resistance in the Rotational-current tray is
one of the most important factors in its design and performance.

In this report, the holding time of liquid on the tray was studied experi
mentally by water-air system, and then the desorption tests were carried out
by water-oxygen-air system that the liquid phase resistance were controlling.

From the results of these experiments, it was found that the gas flow rate
and the holding time of liquid on the tray control the tray efficiency strong
ly. Thus, the experimental equation for the number of transfer units based
on liquid phase was derived. And also, it was found that this type of tray
can be operated at high efficiency with a higher gas rate than the Kittel
tray and the sieve tray without downcomer.

§ 1. Introduction

The liquid on Rotational-current tray is
carried along by the gas flow and intimately
mixed with it. Therefore, this tray has many
advantages in comparison with other trays.
The pressure loss of gas flow through a tray
and the liquid holdup on the Rotational-cur
rent tray have already been reported), 2, 3)

In this work, as a foundamental study of
mass transfer in the tray, the holding time of
liquid on the tray was considered experimen
tally by the water-air system and then the
desorption tests were carried out by the water
oxygen-air system. Using above experimental
data, the correlative equations were obtained
to present the relation between tray efficiency,
gas flow rate and holding time of liquid on
the tray. In addition, in comparison with
other types, the characteristics of this tray
were obvious.

§ 2. Experitnental apparatus.

The dimensions of the tray are shown in
Table 1. In the table, the equivalent dia
meter of the hole (D) and the ratio of the hole
area to the tray area in percentage (An/A") are
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Table 1 Dimensions of trays

Tray Ko. D T N An/Aa
(em) (em) (- ) (%)

P-2 0.54 0.08 60 10.3

P- 4 0.55 0.16 126 21.3

P- 5 0.72 0.16 60 17.2

P-6 0.72 0.08 60 17.2

P-7 0.82 0.08 60 22.3

P-8 0.92 0.08 60 28.6

P-14 0.64 0.08 90 20.7

P-15 1.10 0.08 36 22.5

obtained from the projected area of hole (S')2).

In Fig. 1 (a), the flowsheet of the experimen
tal apparatus is shown. Liquid is stored in
the feed tank ® and pumped up the con
stant head tank ® from there by the circula
tion pump @, from which it is fed to the
column CD after passing through the tempera
ture controlling device @ and the flow meter
@. Flow rates are controlled with the valve
@. On the other hand, air from the blower
@) flows into the column after passing through
the temperature controlling device @ and the
flow meter @. Flow rates are controlled with
the valve @.

The structure of the column is shown in
Fig. I (b). The column is 15cm in diameter
and is made of transparent vinyl chloride.
Therefore, the observation of foaming layer
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(1)

tray is measured by the stopper
@ fitted just under the tray;
that is, the stopper is closed at
the same time that feed liquid
and gas are stopped, and some
falling liquid whieh exists be
tween the liquid distributor
and the top of foaming layer,
is deducted from liquid volume
on the stopper. The average
holding time of liquid is that
the liquid holdup is divided by
the liquid flow rates. These
operations are carried out on
each trays and with wide
ranges of on gas and liquid
flow rates.

X':-X{j

Xi -~X*

4.1. Theory

Murphree tray efficiency based on liquid
phase is defined as follows (refer to Fig. 2)

§ 4. Experilll.ental results and discus
sions

where x* is concentration of oxygen in liquid
phase at equilibrium. On the other hand,
material balance in the microheight of foam-

3.2 Desorption test

As shown in Fig. 1(a) oxygen
gas from bomb @ is dissolved
into water at the inlet of the
pump @. Undissolved oxygen
releases from water to air at the

head tank@. Water containning about 20 ppm
oxygen enters into the foaming layer after pass
ing through the distributor@) and contacts
with air stream. Then, the dissolved oxygen
in water diffuses in air. After leaving the col
umn, the water enters again into the feed tank.

Liquid sampling device @ for measuring
desorption rates of oxygen is shown in Fig.
l(b). As upper sampling tap is possible to lift
up and take down, it is always set just over the
foaming layer. The down sampling tap is fitted
just under the tray. Therefore, the concentra
tion of sample from these taps can be regarded
as those of inlet and outlet of the foaming
layer. The flow pattern on the tray does not
change because the discharge rates of sampling
are small. The sample is analyzed by the
Winkler method.

(b)

I
I
t

(a)

1. tower 2. constant head tank 3. liquid flow meter 4. blower

5. pump 6. feed tan'~ 7. liqui:l distributor 8. tray 9. sampling
device 10. gas distributor II. liquid temperatt:re control vessel
12. valve 13. gas temperatme control vessel 14. gas floN meter

15. valve 16. stoPFer 17. 02 gas bomb

Fig. I Experimental apparatus

3.1. Average holding tin1.e of liquid

The average holding time of liquid on the
tray is measured by the water-air system. The
flow mechanism of this system is similar to that
of the water-oxygen-air system used in mass
transfer operations, because the concentration
of diffusing component in water is small.

At a steady stilte, the height of foamin!-!,"
layer is measured. Then, liquid holdup all the

§ 3. ExperiInental procedures

Each tray in Table 1 is experimented in
conditions that the guides are set upward
(upper guide tray, U. G. T) and downward
(down guide tray, D. G. T.). The variables
and their ranges investigated are as follows;
the hole diameter (D ~ 0.54-1.1 em), the ratio
of the hole area to the tray area (All';A, = 10.3
-28.696), gas velocity through the hole of the
tray (UI< = 1.5 -18 m/sec) and liquid velocity
through the hole of the tray (Wit = 0.0028-0.025
m/sec).

from outside is possible. The entering gas is
regulated by the distributor @ and flows to
the tray:]). The liquid enters at the top of the
column and is regulated by the distributor @).
Then it falls on the tray. These liquid and gas
form the foaming layer on the tray and contact
at there.



1968) Liquid-phase Mass Transfer Resistance in Rotational-current Tray 53

As concentration change of oxygen in air is
small, x* is nearly constant. Therefore, Eq.
(2) can be integrated and Eq. (1) substitutes
in it.

T
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Fig. 2 Flo'.\" mectanisrn of gas an:l
liquid on a tray
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ing layer (dh j ) is

Ldx = Kor. a(x-x*)dhf

= -111(1- EM!)

(3)
In the operation where oxygen is desorbed
from water to air phase, the number of over
all transfer units based on liquid-phase (Nor) is
equal to the number of tranSI'er units based
on liquid-phase (Nj ) because gas-phase resist
ance is negligible.

4.2. Average holding tilne of liquid

The contact time of gas and liquid is the
most important variable in mass transfer. The
average holding time of liquid on the tray is
closely related with contact time of liquid
phase and is important in mass transfer of
liquid-phase resistance controlling system. The
average holding time of liquid is that the liquid
holdup is divided by the liquid flow rates.
Liquid holdup is calculated by correlative
equations that are already reported,12J

Fig. 3 shows an example of the relation be
twcen the average holding time of liquid and
the gas velocity, using the liquid velocity as
a parameter. The average liquid holding time
of liquid increases with the gas velocity, be
cause liquid holdup increases with the gas
velocity. And also, that holding time decreases
slightly with increasing liquid velocity. When
the ratio of the hole area to the tray area
(Ah/AJ increases, the liquid holdup decreases.
This is probably due to the [act that the liquid
is easily passed through the hole of the tray.
Therefore, the average holding time of liquid
decreases with increasing Ah / A,. These tenden-

cies [or U. G. T. are similar to that for D. G.
'I.. How~v~r, the avcrage holding time of liquid
on D. G. 1'. is smaller than that on U. G. T.,

because the liquid holdup on the down guide
tray decreases by the effect of the down guide.

4.3 Mass transfer resistance of liquid
phase controlling systen..

When the contact time of gas and liquid is
long and the contact area is large, mass trans
fer rate is large. As the resistance of gas-phase
is negligible in the water-oxygen-air system
where oxygen is desorbed from liquid-phase to
gas-phase, the contact area and time between
gas and liquid on the tray control the mass
transfer rate. Therefore, the average holding
time of liquid and the gas velocity effect
strongly on mass transfer rate, because liquid
turbulence and liquid holdup on the tray are
enlarged by those.

Oxygen concentrations of liquid-phase at
inlet and outlet of foaming layer are measured
by the methods of sampling and analysis show
ing in 3.2. Then Murphree tray efficiency
based on liquid-phase (Em) is calculated by
Eq. (1) and the number of over-all transfer
units based on liquid-phase (Nod that equals to
the number of transter units based on liquid
phase (Nj ) is calculated by Eq. (3).

In Fig. 4, the relation bet\'\:cen the number of
transfer units (Nf ) and the gas velocity in P-6,
U. G. T. is shown, using the liquid velocity as
a parameter. N r. increases rapidly with gas ve
locity and decreases slightly as liquid velocity
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Fig. 4 Number of transfer units based
on liquid phase
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Fig. 6 Relation between NI. and Ah/Ac m
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Fig. 5 Relation between NI. and II;

From the results of these considerations it
is recognized that the effect of gas velocity and
the average holding time of liquid on NI. can

increases. This is due to the facts that the con
tact area and time increases with gas velocity
and that the average holding time of liquid (lL)

decreases slightly as liquid velocity increases
(refer to Fig. 3).

The relation between NL and lL in P-6, U. G.
T. is shown in Fig. 5 using the liquid velocity
as a paratater. NL increases with lL because the
contact time of liquid-phase increases with lL.

Fig. 6 shows the effect of the ratio of the hole
area to the tray area UhfAc ) for NL , using the
gas velocity as a parameter. Because the liquid
holdup decrease as .1111./A~ increases and there
fore the contact area and time decrease with
it, N I• decreases according to increasing AniAG•
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not be discussed separately because gas velocity
effects greatly on the average holding time of
liquid (refer to Fig. 3). Then the relations
between NI. and product of gas velocity by
average holding time of liquid are shown in
Fig. 7 for U. G. T. and in Fig. 8 for D. G. T ..
From Fig. 7, the correlative equation for
U. G. T. is

NI. = 5.6 X 10-3 (UII..tI.)O 73 (4)

For D. G. T. from Fig. 8

NI. = 3.3 X 10- 2 (UII..td 52 (5)

From these figures it is recognized that the
7896 of experimental values of U. G. T. agree
within ± 30% errors with Eq. (4) and that the
8496 of experimental values of D. G. T. agree
within :±::30% errors with Eq. (5).

Murphree tray efficiencies based on liquid
phase of Rotational-current tray are compared
with the trays of other type in Fig. 9.4,5) In
this figure .1111./Ac and liquid flow rates of these
tray are similar to Rotational-current tray.
From these results, it is concluded that Rota
tional-current tray can be operated at high
efficiency up to large gas flow rates.

§ 5. Conclusions

In this work, the average holding time of
liquid using the water-air system and the
number of transfer units based on liquid-phase
using the water-oxygen-air system on Rotatio
nal-current tray have been considered experi
mentally. The results obtained are as follows.

1. The average holding time of liquid on
the tray increases with gas velocity and as
J.lh/Ac decreases. And it decreases slightly as
liquid velocity increases.
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2. The number of transfer units based on
liquid-phase increases with gas velocity and
average holding time of liquid, and as liquid
velocity decreases. And it decreases as AniAc

increases. The number of transfer units based

on liquid-phase of U. G. T. and D. G. T. are
by represented Eqs. (4) and (5), respectively.

3. It is concluded that this tray can be
operated at high efficiency up to gas and liquid
flow rates larger than that of other types.
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number of over-all transfer units based on
liquid phase
projected hole area, refer to

[- ]

literature (2)
[cm2]

tray thickness [em]
averge holding time of liquid phase in foam-
ing layer [sec]
gas velocity based on l:ole area S', refer to
literature (2) [em/sec]
liquid velocity based on hole area S', refer
to literature (2) [em/sec]
concentration of diffusing component in liquid
entering tray and leaving tray [mol-fraction]
concentration of diffusing component in liquid
at equilibrium [mol-fraction]

number of hole [ - J
number of transfer units based on liquid phase

[-]
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Fig. 9 Comparison of EMT. with Kittel

and sieve tray
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