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The theoretical correlations have been derived by the authors for the con-
centration gradients in the froth layer on a sieve or bubble-cap plate, based on
the assumption that the flow velocities of the gas and liquid in each direction
are constant throughout the froth layer. The degree of liquid- and gas-mixing -
was experessed by the backmixing diffusion.

Point efficiency varies with change in the number of transfer units and with
the degree of gas-mixing. The liquid-mixing has no effect on the point efficiency.

Plate efficiency is affected by both the liquid- and gas-mixing. The effect
of the liquid-mixing is more marked than that of gas-mixing.

1. Introduction

In the mass transfer operation between gas and liquid or two immiscible
liquids on bubble-cap or sieve plates, the plate efficiency is affected by the diameter
of the column. It is considered to be the concentration gradient on a plate.

Since the first attempt to account for the variation of the concentration
gradient on the plates was made by Kirschbaum?®, many theoretical or experimental
studies have been performed by several investigators. Sherwood and Walter®
gave the correlation between the plate efficiency and diameter of the column on
the assumption that the liquid flows in a piston type flow on a plate and the vapor
passing through the froth is perfectly mixed. On this assumption, however, the
fact that the plate efficiency exceeds 100% under certain conditions could not be
explained. Lewis® derived the expressions for the point and plate efficiencies on
the assumption that the liquid flow is of a piston type in the direction of its flow
and is of perfect mixing in the direction of the gas flow. Kamei and Takamatsu®
have studied the concentration gradients in both phases of the froth layer on a
plate on the assumption that the liquid and gas flow are in a perfect piston
type state.
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All the works mentioned above are based on the assumption that the fluid
flows are either in a piston or perfect mixing type, but the actual flows on a plate
are really intermediate between the above two extreme types. To find the plate
efficiency, O’Connell and Gautreaux® assumed that a plate consists of the number
of pools in series in the direction of liquid flow which have the equal volume
and are perfectly mixed in each pool, and found the correlation between the length
of travel of the liquid and the number of pools, empirically. Oliver and Watson®
assumed a imaginary recirculation for the liquid-mixing on a tray, and the plate
efficiency was connected with the point efficiency and the fraction of mixing.
Recently, the liquid-mixing and its effects on the plate efficiency have been studied
in terms of liquid residence time distribution function by Foss, Gerster and
Pigford.” Marangozis and Johnson® suggested a mechanism for the liquid-mixing,
i.e. the mixing of liquid phase in the direction of flow results from the splashing
of the liquid.

Authors®'°'> have already shown that the mixing in continuous homogeneous
flow or countercurrent two phase flow could be expressed on the assumption that
the backmixing diffusivity is constant throughout the equipment. This paper is
based on the above assumption for the crosscurrent operation on a tray.

2. Assumptions and Basic Equations

Let the case be considered where the two phases contact crosscurrently on a
plate as shown in Fig. 1. &-axis is taken in the direction of liquid flow on a
tray, ¢-axis in vertical direction to the tray and »-axis in vertical direction to §—¢
plane. For the flow of both phases on a tray, the following assumptions are made:

1. The tray consists of a rectangular plate with constant width, Y. The
height of the froth layer is Z. The holdup volume of both phases per unit volume

of the froth layer, % and %g, and the

contacting surface area per unit volume Coomv
of the froth layer, a, are constant through- ' 1 ' oo b
out the froth layer on a tray. : Cl“

2. Both phases are perfectly mixed ey G| dlri )Cg
before entering into the froth section, | '| | & __‘f_l ______ \l\
ie. fed at Cr; and Cg: respectively, where 80 ol W,
C. is the molar concentration of volatile = CEE;X ‘&\
component in liquid phase, Cs is that in (A T T R O A |CL"£

gas phase and subscript / means the
entering stream. Also, both phases are
again perfectly mixed after leaving the

we
l 3
wee

Fig. 1.

Schematic diagram of the

flows on a sieve plate,
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froth layer, and so the concentration of each phase may be taken as Croar and
Ccoav, TESpECtively.

3. The volumetric flow rates of the two phases, Fr and F¢, are constant
throughout the froth layer regardless of the mass transfer which may occur. In
the froth layer, the velocity gradient over any vertical cross section to the direc-
tion of each flow may be considered negligible. By the above assumptions, the
superficial mean velocities of both phases, #; and wug, are constant in the direc-
tion of flow.

4. For the flow of the liquid phase, the concentration gradient in the »-direc-
tion is negligible, and the mean backmixing diffusivities in the &§- and ¢-direction,
Er¢ and Er¢, are assumed constant throughout the froth layer. Similarly, the
average backmixing diffusivities for the gas-mixing in the froth layer, E¢t and Eg¢,
are assumed constant.

layer is given by Kpa(Cr—Cr¥) or

5. The overall mass transfer ¥ o
™ T~
coefficients in both phases, K and g G’)TSM C:"i
>
K¢, are constant throughout the g‘ingﬁg
froth layer, and the mass transfer Qf Q'&A’ Qé%
L % =
rate per unit volume of the froth 5§ d
|
t
1

9

Kca(Ce*—Cq). u Ced —— gy ulC T Ua,fé‘dg
* L
On the basis of the above Eun 3t “@gf}d?" e Esn flC Cadf/d 3
. EoensQle gy ==~ [HuAO-CdE 25~ Eecho (CosE 955
assumptions, let the case be con- o

sidered where the volume element
in the froth layer, déde, has unit
width in the »-direction. Fig. 2

wCsd
Eemgg—%‘d;— -
L
Erghe d?-d £

shows the material balance in this Fig. 2. Material balance in a volume element.
element referring to the flow,

backmixing diffusion and mass transfer. From the material balances for both

phases in the volume element, the following equations are derived at steady
operation.

For the liquid phase

9°C 0°Cr. oCL

L
Erthr e +Erchr e M ge —Kra(CL—Cr*) =0 (1)
For the gas phase
2, 2
Eocho 208 1 Eaphe LS8 — up 96

uGTC +Kea(Ce*—Cg) =0 (2)

a CZ 6 52
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The equilibrium relationship is given by the following equations in the range
of the concentrations on a tray.

Ce = mCre+b (3a)
Co* = m'CL+b (3b)

m’ and b in equation (3a) may not be strictly equal to those in equation (3b),
but they are considered as equal in this case.

Solving the above equations under the proper boundary conditions, the con-
centrations of both phases at any position in the froth layer may be obtained;
however, it is rather difficult to obtain rigorous general solution of the above
simultaneous equations. Therefore, let the special case be considered as follows:

6. Since the liquid mixing in the ¢-direction on a tray is very intense, the
concentration gradient in the ¢-direction of the liquid phase may be considered
negligible.

Epe = oo, 0CL/0¢ =0 (4)

7. Since the gas-mixing in the &-direction in the froth layer is very weak,

backmixing diffusivity of the gas phase in this direction may be negligible.

Ec:=0 (5)

3. Concentration Gradients on a Tray
Substituting equation (5) in equation (2), the following equation is obtained.

0*Ce 0Cc
Ecthe— —uc—— + Keca(Cc*—C¢) =0 6
cehe o e o ca(C¢ G) (6)
Cc* is the equilibrium concentration for C.. According to Assumption 6, or equa-
tion (4), Cr is independent of ¢ and constant over any vertical cross section §

to the &-direction. Equation (6) is rearranged as follows by éubstituting the value
for Ce* of equation (3b)

0%Cc M 0Cc

_ _ _ ’ ’ — 7
3/ 2 GO_—(C/Z) 2MeNe[Ce— (m'Cr+b")] =0 (7
where,
ucZ
= 8a
fel Eoche (8a)
Ng = KeaZ _ Ke_aZ (8b)
uc muc

The boundary condition at the entry to the froth layer, ¢/Z=0, where the
backmixing diffusion across the plate does not exist, is obtained by taking material
balance as follows:
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[ 0Cc = 2Mc[ (Co)¢/zr0t—Cai] (9

7 (C/Z)]g/z.m’r

where, Cg: is the concentration of the gas stream entering into the froth layer,
and (Cg)¢/ze+ is the limiting value of Cc when ¢/Z—0* in the froth layer.

A similar relation is obtained for Cg at the exit from the froth layer, ¢/Z=1,
but it is replaced by the following equation as shown by Danckwerts'® and others.

0Ce
= 10
[0 (c/z>];/zﬂ— 0 (10)

Solving equation (7) under the conditions of equations (9) and (10), the
change of Cs in the ¢-direction is obtained as follows.

Co—Co*  2(1+ p)eMa1+P2gMz=PXE/Z) _2(] — p)eMa1=PIgMa1+PX(5/ 2>

Coi—Ce* (1+ p)2eMo+P> (1~ p)teMati=> an

. where,
1”' cf’ p=[1+(@2Ne/Mc)1'"* (12)

G ol le achE] §c Since the second term in equation (1)

Vi L LY)E ¢ o .

- E_.df 5 f I x\ becomes infinite by the condition of equation
(4), equation (1) for the material balance on the

|

Coi

) liquid in the element dfd¢ can not be used in

Fie. 3. A . a this case; however, the following equation is
1§. pfate. pproximate flow on derived from the material balance for the liquid
phase in the element Zd¢ as shown in Fig. 3.
2 V4
Erezin By, 7% S Kra(Co—Co¥)de = 0 13)
d&? d§ 0

The third term in the above equation is the mass transferred from liquid to gas
phase in the element Zd¢. By the Assumption 6, or equation (4), Cr is independent
of ¢ over any cross section §, but C.* which is the equilibrium concentration for
Cc is dependent on ¢. Applying equation (11) to C.¥, the integration term in
equation (13) is expressed as follows.

("Kratci—comae
0

Z (1 + p)eMaC+P2gMaQi=PX /2> — (1 — p)Me—PgMeC+ P4/ 2>
o (1 +ﬁ)ZeMg(l+P) — (l_p)ZeMg(l——P)

_KiaZ 4pe*Ma
= "Ne [1_ a +p)zeMg(1+p)_(1_p)2eM¢;(1—P)](CL—CL‘*) a4

where,

- 2KLa<crcL,~*>S

Cri* = (Cei+b)/m’



Effect of Liquid- and Gas-Mixing on the Raie of Mass Transfer 331
between Two Phases in Crosscurrent Flow

Substituting equation (14) in equation (13), the following equation is obtained.

d*Cr dC.

— — - 2M, —Cri*) =
ace/xy Mgy MGG =0 e
where,
_ urX
£ 2ELthr oo
Ny = KraX m'KeaX _ (m XYuc)(Kca ~ INe (16b)
ur, ur YZur uG
P dpete
*= Nc[l (1+p)2eMe<*+">—(1—p>2eMG“‘"’] oo
A=m'Fg/FL . an

The boundary conditions for equation (15) are derived from the material
balance in liquid phase at §/X=0 and £/X=1 in the same manner as in equa-
tions (9) and (10).

dCr _ o
[d(E/X)]E/X-m'*' =2M[ (CL)&/x50+—CLi] (18)
dCr, _
[d<e/x>]e/xﬂ— =0 (19)

Solving equation (15) under the above conditions, the concentration in the
liquid at any cross section & on a tray, Cr, is given as follows.
Co—Cr* _ 2(1+¢q) eMr+ DM~/ X) — 9(] — ) gMLi—0) ML+ X/ X0
Cri—Cri¥ (1+¢)2eMLO+D — (1 —q)2eML—D
where,

(20)

q = [1+(2Nra/ML)J/* = [1+ (2Noad/ ML) ]/ @)

Substituting the relation of equation (20) in equation (11) with an equilibrium
relationship, the concentration in gas at any position (£ ,{), Cg, is shown by the
following equation.

Ce—Ceci 2(1 +q) eMLO+ DMEA—DE/X) — )(] — g) MEA—D g ML+ DCE/ XD
CoF—Car ~ { (1 +g)%eMiF O (1 —q)2Mi0—0 }
MgQ+P) o Ma(1—PX({/Z) — MgQ—P3pMa(1+PX{/ZY
(1201 preMsame 2(1— peMaci—rrg
(1 +p>2eMg.(l+P) — (1 __p)zeMg(l—P)

bo@

Equations (20) and (22) are evaluated on the basis of the volumetric flow
rates and molar concentrations. If the molar flow rates and molar volumes of
both phases are constant throughout the froth layer, the following relations are
derived from the compositions expressed in mole fractions of both phases, ¥ and
_}, instead of molar concentrations, Cr and Cg.

x—x%  Cp—Cr* ,
%i—2F " CimCo (20
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y=yi _ Ce—Cei ,
yi¥—y;  Ce*—Cai 229

where, x is the mole fraction of volatile component in liquid phase at any cross
section &, and y is that in gas phase at any point (§,¢) in the froth layer.
Subscript { means the entering stream to the froth layer. x7* and y/* are equili-
brium compositions for y; and x; respectively, and the equilibrium relationship
is given by the following equation.:

y=mx¥+b (3a”)

yE=mx+b (3b"
where, m is the slope of the equilibrium curve when the compositions of both
phases are expressed in mole fraction. Expressing the molar flow rates of the
gas and liquid as G and L, respectively, equation (17) is expressed as follows.

A =m'Fg/FL = mG/L ar)

Applying equation (20) at £§/X=1, the concentration of the liquid exit stream
from froth layer, C.,, is given by equation (23).

CLD_CLi* — xo_xi*
CLi—Cr*  xi—x*

4qe2ML

= A+ )2 M+ D (1 —q)2Mi—0 * (23)

Since the concentration gradiént of liquid in the ¢-direction is negligible by
Assumption 6, Cr, is equal to the concentration of down flow to the lower tray,
Croas-

Cro=CLoav, %Xo= ZXoav. (24)

Applying equation (22) at £/Z=1, the concentration of the gas exit stream
from the froth layer at any £ is obtained.

Ceo—Cqi _ Yo—Jyi _ [1_ 4peMs ]

Ce*—Coi  yF—y: A+ p)2eMe+P) — (1 p)2eMe—7>

2(1 +¢)eMr+ DM A—DUY/X) — 9(1 —g) gMEA— DM+ DE/ XD
X[ (1+¢)2eMiO+ D (1 —¢)2eMr—D

] @

Then, the concentration of up flow to the upper tray, Ceoqs, is evaluated by the
integral mean of equation (25) in the range from &/X=0 to §/X=1; however,
Ccoav is also calculated by the following equation from the material balance using
Croa» evaluated from equation (23).
(C6oav—Cai) = (FL/F6)(CLi—CLogv) (26)
(Yoav—y:i) = (L/G)(Xi—%0an) (26"

$4. Point Efficiency

Point efficiency, E,, is defined by the following equation.
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Bs = GG~ . @
The concentration of the gas phase, y,, leaving the froth at any & on a tray is
given by equation (25) and that of the liquid phase, x, at any &, is given by equa-
tion (20); therefore, substituting those relations in equation (27) with equilibrium
relation, the following relation is derived.

— 4pe*Ms
Ep=1- a +p)2eM(;(1+P€_ (A=p)eMec=2> —

Noa =i (28)
According to equation (28), point efficiency is affected by the holding time, mass
transfer coefficient and gas-mixing, but is independent of the position on the tray,
and constant throughout the froth layer. For scale up of the equipment, however,
it is rather difficult to establish the condition where the values of E, are equal.

Now, assuming that the gas flow is perfectly mixed in the ¢-direction, the
following relation is obtained.

: _ Ne _ N:i/2
Sm Es = 13N = 13 N/

(29)

If the gas flow has no mixing throughout the froth layer, the following relation
is obtained.

lim E,=1—¢Ne = 1—¢ Ni/A (30)
Mgr>

Equation (30) coincides with the relation derived by Gerster, et al.®® on the as-
sumption that there is no gas-mixing.
Fig. 4 shows the correlation between E, and N¢ or Np using Mg as the

parameter.

100

L~ =] ——
n f“;‘Aé;ﬁ/
N g ‘f; r//,é 2
LA

lf W /;\%nuf‘g
é 60 /) A/t aS |
< 1eC !
) pen
S 20+
s e i
o 40
)
£
O
<

20 /

0

0 0.5 1 15 2 3 § 10 20 30 50 100
Number of transfer unit i Ne=N./>
Fig. 4. Effects of Mg and N on E;.
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§5. Plate Efficiency
Murphree plate efficiency in the gas phase, Euc, is defined by the following

equation.

CGgau“CGi — Yoav—Yi 31
CGoav*—Cai yoav*_yi @b

Eumc =

where, Ceoqoo* and y,,.f are equilibrium composition for the liquid flowing down
to the lower tray.
Substituting equations (23) and (26) in the above equation, the following

relation is obtained. .
1- dgM
1 +¢)2eMi0—D (] —q)2eM0—D
Ene = LT’ 4qem§ q) (32)

A (]_ _|_q)2eML(l+q) — (1 __q)ZeML(l—q)

Similarly, Murphree plate efficiency in the liquid phase, Exyr, is given by the
following equation.

Cri—ClrLogv Xi—Xogv

EML B CL:’—CLtmvE’< - xi”_xaav*
1- dge*s
(1 +q)ZeML(1+q)_ (l_q)ZeML(l_ﬂ) (33)

Y P dge*Mz
1 7[1 (1+¢)2eML+ D — (1 —¢)2Mi~0

If the liquid phase is perfectly mixed on a tray, i.e. Mr—0, the following
equations are derived from equations (32) and (33).

lim Epg =1— 4pe*Mg

L (L+p)%eMeC+P) — (1—p)?eMe™2> (34)
A1 4pe*My

Hm Epyy = [ ~ (A +p)?eMs+— (l—ﬁ)zeMG(l_")]

Mp>0

4peM, (35)
1+ (X'—l)[l— (1+p)2eMg(1+P€_ (]G._p)zeMg(l—P)]

Substituting equation (28) which was previously obtained for point efficiency into
equations (34) and (35), the following relations are obtained.

lim Enc = E, (36)
M>0
: 1E,
dm Eme = {10 -DE, (37

Similarly, the following equations are derived on the assumption that the
liquid phase is not mixed on the tray.
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lim Epc = (1/D)[erEs—1] (38)
Mr->oo
; _ 1—¢*Ep
IJ}ELEML T I-Q/D[1—e*Bp] (39)

Equation (38) agrees with the correlation derived by Lewis® on the assumption
that the liquid is not mixed on a tray.

According to equation (32), Emc is a function which has three variables, 4,
M; and g; however, ¢ is the function which has three variables, 4, M. and E,, as
shown by equations (21) and (28). Accordingly, Emc is also expressed as func-
tion which has three independent variables, 4, M; and E,. Fig. 5 shows the
correlation between E, and Ey¢ for a few values of 4, using M. as the parameter.
Knowing 4, Mg, M. and N¢ or Np, Murphree plate efficiency, Eumc, is evaluated
using Figs. 4 and 5.

Fig. 6 illustrates an example of the calulation of plate efficiency. Let the case
be considered where a sieve tray having the liquid path length X=100cm, is
operated at the following conditions :

100 T T T 4

] [ I ’//
L (a ~— y /
80 (a 0Tt ) /Q .
1
~Ep=532% /ﬁ . g -
601 r=58 2 P oo/

N Mo~ W//
g |
40— ! - ~
] i
i I
t 5
i ] _
200~ ! T ‘ﬁ\?f A=z
‘ <o
! o
0 1 | l I EO N R B
0 05 1 1.5 0 40 80 12¢,
Ne =N, A Ews %

Fig. 6. Illustration of the Calculation of Exc.

uc = 15.0 cm/sec, ur = 0.20 cm/sec
G/L =1, m=2
Under these operating conditions, the froth height, capacity coefficient, holdup

and backmixing diffusivities are as follows:

Z = 20cm, Kca = 0.75sec™
hr = 040 cm®/cm?, ke = 0.60 cm®/cm?,

Er¢ = 50 cm?/sec, Eg¢ = 100 cm?/sec
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By equations (8a) and (8b), Mg and Ng are evaluated as follows:

_ weZ __(15)(20) _
Me = op 7 ~ 301009 (060) — 20

No = KeaZ = 07520 = 1.00
uc 15
With these conditions, E, is given by the above values of Mg and N¢ from Fig.
4 or equation (28) as shown in Fig. 6(a).
E, = 0582
From equation (17”), 2 is evaluated.
A=m(G/L) = (2)(1) =2
And M; is calculated by equation (16a).

M, = 42X _ (020)(100)

= 9B,z 2(50)(0.40) ~ °20

Since 1 is equal to 2, Epy is obtained for E,=0582 and M. =050 by using Fig.
5(a) as shown in Fig. 6(b).

Euc = 0675

6. Discussion

Fig. 7 illustrates the correlation calculated by equation (32) between Ea and
N¢ or N using Mc and M, as the parameters. Plate efficiency is largely affected
by the increase in the values of Ng or N, and is decreased with the increase in
both the liquid- and gas-mixing. The effect of the liquid-mixing on plate efficiency

500—T—

[RALL T TTTHN I

T 11T
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2001~

i

—
o
Q

T TTTTY
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— OOW 8
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Murphree vapor plate efficiency

Sk
1
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N
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I RN |
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S
w

Number of transfer unit i Ne=N. A,

b1l
50 100

Fig. 7. Effects of Mg, M; and Ng on Exc.
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is more marked than that of gas-mixing, and is also more apparent with the increase
in the values of Ng or Nr. On the other hand, the effect of gas-mixing is only
striking in the range N¢ gives the values from 0.5 to 20. In Fig. 8, the ratio of
Euc at any gas-mixing to value at max-

-
x

imum gas-mixing, (Emc)mg=0, is plotted LA LA S B A N A R B B

against Ng. According to this figure, the =2 -

ol
™
T

difference between Ep at maximum gas-

Ens/TEueug=0
EN

mixing and that at minimum mixing is

lower than 10% in the range where Ng L2

. . . . .

is less than 0.5; but this difference in 10 T R TR AT
creases with the increase in Ng, reaches a Ne=Ne/ 2

Fig. 8. Effect of the gas-mixing on the

maximum value at Ne=2.5 to 3, and then plate efficiency.

decreases with the increase in Ng, and is

again lower than 10% at N¢ over 20. Although the result of Fig. 8 is obtained at
the condition of A=2 and M =25, similar relations are also obtained at the other
values of 4 and M., and the effect of M¢ on Epg is more conspicuous with the
increase in Mr. In general, the effect of the gas-mixing may be negligible when
Ng is less than 0.5 or greater than 20.

Now, let the case be considered where the diameter of the plate column is
enlarged. For the scale up of the sieve plate column, m, G/L and uc are generally
kept constant. If the plate spacing is kept constant, the froth height, Z, may also
be kept at about the same height. For the sake of convenience, assume the values

of those factors as follows.
m(G/L) = 2, uc = 15.0 cm/sec, Z=20cm

In the case where G/L, uc and Z are kept constant and the liquid path width
Y is enlarged in proportion to liquid path length X, the flow velocity of liquid #.
increases in proportion to X. Since the holdups of both the phases #¢ and 4.,
capacity coefficient Kge, and backmixing diffusivities Eg¢ and Er¢ are the func-
tions of u¢ and wr, the values of these factors change with the value of X;
however, the effect of uz on kg, kL, Ec¢ and Er: are relatively insignificant at
the condition which Z and u¢ are kept at constant value. Then, assume the values
of the above factors as follows:

he = 0.60 cm®/cm?, hr = 040 cm®/cm?, Ege = 100 cm?/sec

Although Kga changes with the change in #., let the case be considered where
Kca is kept constant as follows, regardless of the change in u;,

Kca = 0.75 sec™
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Under the above assumptions, the cor-
relation between Epyc and X is shown
for some values of Er¢ in Fig. 9 Ac-
cording to this figure, Epmc at any
constant Er: gradually shifts from the
maximum mixing state to the mini-
mum mixing state with the increase in
liquid path length.

Equations (28), (32) and (33) are
derived on the assumptions stated in

—
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. . 60 =
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A schematic diagram of the experimental apparatus is shown in Fig. 11. The
apparatus consisted essentially of a single rectangular perforated plate, A, 10.5cm
width and 65.0cm long, and the effective liquid path length was varied from
410cm to 60.0cm by changing the location of the weirs, B and C. The plate
has 1.0, 15 or 20mm perforations spaced on a 5 10 and 20 mm triangular or
rectangular pitch. In order to prevent the break down of the froth layer over
the weir and to form a stable froth layer, the gauzes, D and D’, were set up at
the upper parts of the weirs. Water introduced into one end of plate, E, flowed
over the inlet weir, B, and reached the outlet weir, C, and then discharged. Air
was introduced into the air chamber under the plate, F, flowed up through a plate
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and contacted crosscurrently with
the water. Tracer solution (aque- T
ous solution saturated with sodi- N
L D\\i

um chloride) was continuously p i
fed with a constant small flow 5 ; c | Wt

e . . Wate, ater
rate to the injection points, G. inlet. E/ /A & /GI L outiet
These 1nJect1?n points were ar- %/,et F Tracer
ranged on a line at the distances = —— inlet
of 10.0cm from the exit weir and Fig. 11. Experimental apparatus.

of 11cm from the plate floor.
Electode, H, used for the measurement of the concentration of salt, was covered
with a brass gauze, I. Then, the concentration gradient of salt in the liquid in
the horizontal direction was measured at several heights in the froth layer by
the electric conductivity method.

Fig. 10 shows an example of the results in such an experiment. According
to this figure, the salt concentration is nearly equal in different froth levels either
upstream or downstream from the injection points. Accordingly, it may be verified
that Assumption 6 is approximately correct. Moreover, from the fact that the
concentration gradient of the salt upstream from the injection points gives a linear
relation on a semi-logarithmic paper, it may also be concluded that the backmix-
ing may be expressed by constant backmixing diffusivity.

Nomenclature
a : contacting surface area per unit volume of froth layer [cm?/cm?® of froth]
Ce : concentration of volatile component in gas phase [g-moles/cm?]
Ce* : concentration of volatile component in gas phase in
equilibrium with Cr [g-moles/cm?®]
C: : concentration of volatile component in liquid phase [g-moles/cm®]
C* : concentration of volatile component in liquid phase
in equilibrium with Cg [g-moles/cm®]
Ege, Ece: back-mixing diffusivity in gas phase in froth, in
&- and ¢-direction, respectively. [em?/sec]
Eje, Ere: back-mixing diffusivity in liquid phase in froth, ‘
in &~ and ¢-directions, respectively [cm?/sec]
Emc : Murphree plate efficiency in the gas phase [—1
Emr : Murphree plate efficiency in the liquid phase [—1
E, : point efficiency [ 1

Fe, Fr, : volumetric flow rate of gas and liquid, respecively [cm?/sec]
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hc=(Z—Zr)/Z: holdup of the gas phase in the froth layer
hr=Zr/Z: holdup of the liquid phase in the froth layer

K¢

K

L

Effect of Liquid- and Gas-Mixing on the Rate’of Mass Transfer 341
between Two Phases tn Crosscurrent Flow
molar gas flow rate [g-moles/sec]

overall mass transfer coefficient in gas phase

[em?/cm® of froth]
[em®/cm?® of froth]

[g-moles/cm?-sec- (g-mole/cm®) ]

overall mass transfer coefficient in liquid phase

[g-moles/cm?-sec- (g-mole/cm?) ]
molar liquid flow rate [g-moles/sec]
Mg=Zuc/2Ecthe: gas-mixing parameter

Mp=Xur/2Erthr : liquid-mixing parameter

m

7

m

. Ng=
Np=

slope of equilibrium curve based on mole fraction

slope of the equilibrium curve based on molar concentration
Kca(Z/uc): number of transfer unit in the gas phase
Kra(X/ur) : number of transfer unit in the liquid phase

p=[1+(2Nc/Mc)]*
g=[1+2Nra/ML)]/*=[1+ (2Nead/ ML) ]/

UG superficial linear gas velocity based on effective tray area

ur superficial linear liquid velocity based on froth area

X liquid path length

x mole fraction of volatile component in liquid phase

xk mole fraction of volatile component in liquid phase
in equilibrium with y

Y tray width

¥ mole fraction of volatile component in gas phase

¥ mole fraction of volatile component in gas phase
in equilibrium with x

Z height of areated liquid above tray floor

Zr : clear liquid height

a=FE,/N

¢ height from plate floor

& distance from the weir in the direction of liquid flow

A=m'F¢/Fr=mG/L
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