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1. Introdaction

Puwuam o Lewis’ wari [1]. the use of mmmnnims

A UG ag
phiuses  enhances t?w d’i‘ciéﬁay of ammpwm&
sepitmtion on the tray. The waxm effect is achieved
~ upon perfect d:spiacmem by iuqmd and vapor snd
- sing-direction movement of liquid on adjacent contact
degrees. In such conditions the efficiency of Murphy's
- tray may significantly exceed the focal efficiency and
reach 200-300%; C&mm {21 sugg:ﬁm the way of
. phase interaction, for which during the passage of
_vapor through the column. the liquid docsn't overflow
from tray 1 tray and ‘apon fquid overflow it doesn’t
mix on adjiscent trays (eyclic process). o g series of
works |3, 4] it ‘was shown. that upon campatison of
 stationary mycim processes m:h by the time of
- masy transker on the tray and by the phase interaction
nafure, the L’:}«‘cﬁi‘f pwc.m-iﬁ simdlar 10 the stathonary
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process upon single-direction movement of liguid on
atjacent contact levels and perfect displacement by
tiquid and vapor. A mathematical model of the
hydrodynamic processes oceurring in a periodic cycled
plaie column. is developed and experimentally
confinmed. The model is applied to the prediction of the
holdup distribution -and the investigation of
hydrodynamic problems {31, For description of mass
transier upon. perfect hydrodyoamic  displacement
processes in coondinates Y-X there was suggested the
 theoretical stags. xmd&i with th displacement {6].

The model shee e of composition of
the contacting | supply moment on

on differential equation of

of meeting of the vapor
Liguid on the above ay,
ork is the mathematic
drodynamics in tray
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2 Hymdym sdynamics of Liquid Flow in the Model of Theoretical Stage with Perfect Displacement

2. Peeulhriﬁa of Hydrodynamic Conditions
of Work of the Tray Columns with Separate
Phase Movement

The mass iransfer technology suggested by Cannon
in the first attempts of industrial implementation used
the mﬂiu‘niy» overflow  trays  accompanied by
changeable, or cyclic supply of contacting phases to the
column. Their use was unsuccessful. Subsequently the
creation of gpma% contact devices allowed nbtammg a
broad range of the required technical solutions with
various options of discrete and even uninterrupted flow
inputs. Therefore, in our opinion, the term o separate
phase movement reflects the essence of this
phenomenon in the most integral manner and may be
used as a synonym to the term of the cyclic process. In
essence, the cyclic process of mass transfer in tray
columns comes 1o satisfaction of requirements to the
tiquid flow dynamics: (1) lack of the liquid overflow
on the trays during vapor supply: (2} lack of mixing of
figuids on adjacent trays during liquid overflow. The
constructive solution of such tasks automatically brings
about the enhancement of mass transfer efficiency and
reduction of power consumption for distillation process.
The authors obtained a series of patents, which allowed
implementing all advantages of cyclic process in
industrial field. The algorithm of engineering design of

a special tray is as follows. The requirement as 1o the

lack of liquid overflow on the trays during vapor
supply is performed on the trays of hollow type while
the vapor speed exceeds the column flood speed. The
requirement as to the lack of liguid mixing on adjacent
trays during liquid overflow is performed by means of
a sluice chamber located under the tray. This
instaltation works as follows. The fiquid flows (supply.
phlegm) are continuously supplied to the tray. During
vapor supply, the liquid doesn’t overflow from tray to
tray for the speed of vapor is the column exceeds the
column flood speed. The controlling influence on
liquid overflow from tray to tray is exercised by vapor,
the cut in supply of which for a couple of seconds
allows the liquid to overflow from the tray bubbled

cloth to the sluice chamber. Subsequent vapor supply
opens the sluice chamber and the liquid flows to the
empty tray below. Such sequence of actions tukes place
synchronically on all trays on the column height. The
pumber of trays in the columns consecutively increased
from $ to 21. No complication in provision of column
operability related to the increase of tray number was
observed. i)éscriptim of  the liguid

hydrodynamics  should be subdivided in
stages—vapor supply stage and liquid overflow stage. In
the first case during the mass transfer between vapor
and liquid, the liquid is on the bubbles cloth of the tray
and doesn’t overflow from tray o tray. We disregard
the transfer of liquid to the above tray. The volume of
liquid on the 1ray can be considersd as closed-circuit,

No particle of liquid will leave this volume. And
though the liguid inside the volume is perfecily mixed
under the influence of vapor flow, we have egual speed
of movement of the liguid volume, which equals to
zero, lack of gradient in
temperatures for a cenain point of time and. finally,
equal time of stay of the liguid particles on the tray,
Such conditions are peculiar of only one hydrodynanuc
mode. ic.. perfect displacemem mode. Meanwhile i
can be achicved in actual circwnstances, and not only

flow

P

concentrations  and

in hypothetic piston-flow. Therefore, during transter of
vapor about the column, the hyvdrodvnamic model of
liquid flow on the tray i real circumstances is the
perfect displacement modcl.

3. The Theoretical Stage Model with Perfect
Biipkcmcut

For formalized description of work of the tray
columns - with  scparate  phase
mathematic model of the process incloding the
following equations is used.

(1) Material balance by volatile component VO on
the contact stage during vaper supply:

dx, e . . (ki

N
dr g o

where H-is the amount of Higuid on the tray, mol; G-is

movement  the

vapor consumption, mol’s; ¥,-VO concentsation in

A




Hydrodynamics of Liquid Flow in the Model

at the . output from tray%; Ve —is VC
mmtm&wn in vapor at input to the tray, %: . is
concentration in liquid on the tray, % r - is the
y sﬁwl}* time, s; and n- is the tray number.
2) Liquid flow hydrodynamics during liquid
erflow from tray to tray: »
2400 = Fx, (g )+ (- Fix 1)
D<Fsl,
re F - is the multiplication factor of transfer of

(2)

Gl

v ing on the tray;
A4 Equilibrium line:

¥y =mx 3

The suggested system of equations is solved
ytically, Generally, the concentration profiles on
stage are reconded as follows:

iim {m y 5"‘ w4

eanwhile the source conditions are as fniiows:
X (0=
&w tray columns, the most wxdespwud model is the
of theorctical stage offered by McCabe-Thiele
The model is based on the column material balance

M= T O A G

of Theoretical Stage with Perfect Displacement 17

by distributed component and is expressed in two
postulates as follows: (1) The concentration of volaule
component on the contact stage is permanent. ()
Vapor leaving the stage is in balance with liquid
leaving this stage. In this case, the hydrodynamic
models of ligquid and vapor flows are expressed as
perfect mixing models. The process operating hine
determines  the - concentrations of  distributed
component in liquid and vapor on ecach tray.
Meanwhile. it is discretd and the coordinates of
operating line points {trays) in ¥~ X coordingtes are
recorded as A(X,. ¥},

We use this technique for obtaining of the oyclic
process  operating  line.  Upon  known  interim
concentration profiles in liquid and vapor for a random
pointoftimer, e 10,7, 1. onall trays we deternane the
operating line point coordinates as ALx, (7, 0.0 ik
(Fig. 1). By changing the time points 7 €10.7. ], we
graphically find any number of points referred to the
operating line (fine 3. Fig. 1. Thercfore, the operating
fine of the cyelic process is built on the basis of
differential equation of the malerial balance by
distributed component on the contact stages. It is drawn
by definition as a line of points of mueeting of the vapor
rising from the below tray and liguid located on the
asbove tray. The line is uninterrupted and straight for
¥ =mx . The tangent of the perfect displacement
operating line inclination is less than  the values of
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mm of l‘.ﬂﬁ&ffﬂﬁﬁl of the perfect displacement mode operating line is as follows: a) Temporary
. profites in liquid; b) Depicting of the perfect displacement operating Hine in Y-X coordinates: 1 equilibrium line;
tf mixing opersting line; 3 perfect displacement operating line.
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LG Using this 1mc, one can mmm: the values of
concentration of the distributed vompaam in vapor
and liquid fwmbmymdmwmswmwtof
time. mmmwm&ewﬁfou&is line may be called
1 theoretical contact stage of perfect displacement, for
its operation conditions are the same as those of the
ydmdyﬁamicmo&ﬁf perfect displacemen afﬁquiﬂ
va;mr in a mgmm Ii@mé mwmt on
adjacent trays suggested by txms ‘I"%w r&;ﬁm
‘between cyclic and stationary process consists

change of the coordinate system upon dﬁﬁﬁm F’m '
cyclic pmmsﬁdurmg vapor supply ide. for

stationary process-along the hquid movement route on
the tray de, /dl. . -

4. mmmwmwmwm

upon Liquid over mm Tray to Tray

In tbepm%@mmnmmmmmaf
theoretical stage of perfect. disg!wzm we considered
the case of the lack of liquid mixing on adjacent trays.
F=1. According to the theoretical stage model with
perfect displacement, the liquid flow hydrodynamics
upon overflow results md%m%&mmafﬁmmmm
contact stages as of the commencement ofvaw supply.
cquation (2), o, in atker words, in determination of
constants of €, in equation (4}, Therefore, the task of
description  of imperfect flows is  simplified
significantly. We use the simplest, historically the first
cell model, the only parameter in which is the number
of cells. To determine mmsmge rsf liquid mmm
we need 1o study the dmm of sepam liguid
purticles according to the time of their stay on the tray,
i.¢., to determine what share of the flow is on the tray in
a certain point of time. The data on distribution of the
time of stay of separate particles on the tray are
obtained by depicting of the source systens disturbance
{tracer agent input) and analysis of curves of
dependence of the tracer agent ewm@mﬁmm time
Cir}. in output Hauid. For ﬁw mixing dcm%e miysiﬂ
we use three values: »

The average m-siﬁzma time of liquid

a i} Mo
£l - i 4
i L ‘{: ;; t ()
The é&gree of ms;;mamn around the mean
froele e
o 2, W}QW B — (6}
e ole Me
The hydrodynamic cell model
i J i
Nt (N

&

Mm&m@ of the liguid flow hydrodynamics in the
range of 0< F <], allowed obtaining the following

é@m&mm& -
mmz residence time of liquid
£l {81
¥
mmﬁ ﬁm@m around the mean
o e {93
Mhyﬂrwyﬁmm cell model
IR ()
e

‘One can determine the authenticity of obtsined
&emsizmeﬁ of essence of the cell model of the liquid
flow hydrodynamics by studying their behavior upon :
extreme values of /. If F = 1. the average time of stay
r is equal 1o the vapor supply time. the dispersion is
o’ =0, W&mﬁmbﬂmf cells is Vs, and these
m the perfect displacement conditions. Similarly.
W.F%ﬁg the average time of stay isr o= . the

dispersion is o =1, and the number of cells is N =1

swhich are the perfeet mixing conditions. U s
considered that while the number of cells is V210,
the mode approximates w the perfect displacement. In |
our case, this condition is met by the range 0.9 =} 1
Therefore, the liquid flow hydrodynamics determines
the theoretical stage; from the theorotical stage with "

perfect mixing to the theoretical stage of perfect

displacement. For the cyclic mode the physical |

 interpretation of transfer of the theoretical stage with

WM displacement into the theoretical stage maodel
results in increase of the amount of liquid on the tray up |
to infinity, # —» = and in this case the concentration
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afwtmiic wmpmmt on the tray during the WW o & ton i’l@'

« Increase in p@a&m :
» Increase in product’s yield;
« Environment enhancement.
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