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Some ways for expression of efficiency of liquid mixing on a stage of contact of vapor and liquid 
phases using the sectional, diffusion, and complex models as well as the mass-exchange mode corre-
sponding to the Murphree model at the analysis of liquid phase efficiencies have been considered. The de-
pendences of the intensity of liquid mixing on a number of sections of ideal liquid mixing in the sectional 
model and on a Peclet number in the diffusion model have been derived for the countercurrent and cross-
current movement of vapor and liquid phases. In order to simplify the analytical expressions, it has been 
proposed to evaluate the intensity of liquid mixing by a reciprocal of the number of sections of ideal mix-
ing for the crosscurrent movement of phases. The satisfactory description provided by the obtained formu-
las has been graphically confirmed for the dependences on the efficiency, the number of sections of ideal 
mixing, the phase equilibrium coefficient, and the ratio of molar flows of liquid and vapor phases.  

.

 [1], 
. -

, . .

, -
, -

. -
-

.

-
,

.

.
-

, -
. -

-
,  – 
.

-
.

.
-
-

.

,
, -

.

-

,
.

.

 [2].  ( )

 ( ) ,
-

. -
. -

. -
-

. -

.

,
s  [3], 

0,5Pe 1.s                           (1) 
s

 [4] 

,  – 
, -

 200–300 .
 [5–7] 

-
.

 (1 – )
.

,



129

, -
.

.  = 1 -
,

 = 0 – .

.
-
-

-
 [8]  [9]  

. -
.

-
s

,
 – -

,
, -

 [1] .
-

. -
-

,
.

.
-

-
-

, -
. 1,  [5, 7]: 

0
0

0s

g

E
m

L E E
mV

;                  (2) 

0
0

0 1
2

s
k

E
m

L E E
mV

.               (3) 

:

0

0
0

s
g

g

Ez
L E E

mVm

;          (4) 

0

0
0

1
2

s
k

k

Ez
L E E

m mV

.       (5) 

s  ( )  [10, 11] 
( . 1). -

-
,

, -
,

, -
-

.

 ( . 1). 
-
-

:

0
0

1 0
1

y
x E

m
x x

sL E E
mV

.                     (6) 

,
, , -

:

0
0

2 1

1

1 1

y sLx E Em Vx x
sL sLE E E E

mV mV

;    (7) 

2
0

0

3 2

1
;

1 1

y sLx E Em mVx x
sL sLE E E E

mV mV

  (8) 

2
0

0

1 2

1
;

1 1

s

s s

y sLx E Em mVx x
sL sLE E E E
mV mV

 (9) 

1
0

0

1

1

1 1

s

s s

y sLx E Em mVx x
sL sLE E E E

mV mV

. (10) 

(6)–(10):

0
0 0

1
1

1

s

s

sL E ymVx x x
sL mE E

mV

. (11) 

 (11) -
,

(4)  (5) :



130

s
V y1 s

V y2   
s
V ys–1 s

V ys

0x       1x     2x       2sx                1sx sx

   
s
V y0 s

V y0   
s
V y0 s

V y0

. 1. 

0

0
0

1
1.

1

s

s
s

sL Ex x mVz y sL E Ex
mVm

 (12) 

 (4), (5)  (12) -

2 1;k g                         (13) 

;
1

1
1

g s
E LE E

mVsL E
mV

sL E E
V

   (14) 

2 22 1.
1

1
1

k s
E LE E

mVsL E
mV

sL E E
mV

  (15) 

 (13) -
-

.
,

-
 [7]. ,

g = 0,5 k = 0. -
g k.

 (14)  (15) -
-

. ,
 (s = 1) -

-
 (  = 1) , -

,
,

 (4)  (5), 

1 0

0
0 1

x x Ez
y L E Ex

mVm

.  (16) 

s
.

s
,

. .  (14)  (15) , -

m, -
.

.
-

 (14)  (15). 
s

, .
, , -

, -

-
. -

. , -
,

,
. ,

, , -
 – 

, -
, -

.
,

 – ,  – . . -
,

, -
:

1 .
s

                              (17) 

-
 (17)  (4) -

.
 (17) 

1 0, 25g s
                        (18) 

 (4) 

0

0
0

.1 0,25

s
g

Ez L E E
mV sm

    (19) 

-
-

1 2 s–1 s



131

 (17)  (18). 
-

 (5)  (17) 

0

0
0

1
2

s
k

Ez
L sE E

mV sm

,       (20) 

,
-

,
 (12). 

z . 2, 

z,  (12), 
(19)  (20). 

,
L / V. s = 1 

zs, zg zk,
 (12) -

 (4)  (5) g = k = 1 ( . 2, ).
 (12), (19)  (20) -

, L / V m.
-

 (16) , -
 –  

0

0
0

1

1

s
gz

L
mVm

                  (21) 

z.
z,  (4) 

 (17) ( 3 . 2), -

-
,  (21) ( 6). 

       
                                                                                                                                         

       
                                                                                                                                         

. 2. z  ( ),  ( ),
 ( ) L / V ( ) s = 10, m = 2, L / V = 4,  = 0,5:  

1 – ,sz 2  3 – ;gz gz ;
4 – ;kz 5 – ;z 6 – gz

0,0

0,2

0,4

0,6

0,8

1,0

0 5 10 15 20

1 2
3 4
5 6

z

s
0,0

0,2

0,4

0,6

0,8

1,0

0 0,2 0,4 0,6 0,8 1

1 2
3 4
5 6

z

E

0,0

0,2

0,4

0,6

0,8

1,0

0 2 4 6 8 10

1 2
3 4
5 6

z

m
0,0

0,2

0,4

0,6

0,8

z

0            2            4            6           8              m

1 2
3 4
5 6

0,0

0,2

0,4

0,6

0,8

1,0

0 2 4 6 8 10

1 2
3 4
5 6

z

L/V
0,0

0,2

0,4

0,6

0,8

z

 0           2            4            6           8         L / V

1 2
3 4
5 6



132

 (1)  (18) 
, -

:
0,5 +3 ;

Pe +2g                        (22) 

1 .
0,5Pe +1k                         (23)

,

,
-

 (17) . -
 (1)  (17) 

,  (23) 
.
,  (17)  (18), (22) 

 (23) , -
-

,
,

, -
-

.
.

, -
-
-

. -
-

,
.

.  – -
;  – 

 ( ); 
L – ; V – 

; m – -
; s – -
;  – 

-
; z – . -

:  – ; g – 
; k – ;  – -

; 1, 2, 3, …, s – 1, s – .

1. Murphree, E. V. Rectifying column calcula-
tion with particular reference to n-component mix-
tures / E. V. Murphree // Ind. Eng. Chem. – 1925. – 
Vol. 17,  7. – P. 747–750. 

2. , . .  / 
. . . – .: . ., 1972. – . 273–289.

3. Kramers, H. Frequency response analysis 
continuous flow system / H. Kramers, G. Alberda // 
Chem. Eng. Sci. – 1959. – Vol. 2,  4. – P. 173–181. 

4. , . . -

 / 
. .  // 

. – 1967. –  4. – . 33–37. 
5. , . . -

-

 / . .  // . – 2000. – 
. 73,  3. – . 514–519. 

6. , . .
-

 / . . , . .  // -
- -

-
: .

.- . ., , 9–10 . 2000 . – 
, 2000. – . 70–71. 

7. , . . -
-

 / . . , . .  // 
. . III, -

. - . – 2001. – . IX. – . 74–80. 
8.

 / . . -
 [ .] // 

. – 2008. –  11. – . 51–56. 
9. , . . -

 / . . , . . , . . -
 // . . III, 

. - . – 2008. – . XVI. – . 90–94. 
10. Sherwood, T. K. Absorbtion and Extraction / 

T. K. Sherwood, R. I. Pigford. – New York, 1952. – 
286 p. 

11. Goutreaux, M. F. Effect of length of liquid 
path on plate efficiency / M. F. Goutreaux, 
H. E. O-Connell // Chem. ng. Progr. – 1955. – 
Vol. 51,  5. – P. 232–237. 


