
CHAPTER 8

RESULTS AND DISCUSSION

FOR

MASS TRANSFER COEFFICIENTS



200

CHAPTER - 8

RESULTS AND DISCUSSION FOR MASS TRANSFER COEFFICIENTS

8.1.0 RESULTS AND DISCUSSION FOR VOLUMETRIC LIQUID SIDE MASS

TRANSFER COEFFICIENTS (kLa) :

The volumetric liquid side mass transfer coefficient is an 
extensively studied design parameter. However, the effect of 
wettability of packing materials, surface tensions and viscosities of 
the absorption media on the values of k a have been investigated only 
during the past decade. Further, no attempt has been made in the 
literature to develop a generalised correlation for the k^a values 
during the past decade. Hence, the need was felt to reanalyse this 
data of kLa values along with previous data of the k^a values and to 
develop a generalised correlation which would take into account the
wettability of packing materials (a ).c

8.1.1 Critical analysis of data and mathematical modelling.

A data bank consisting of 235 points with 34 variations 
including system variations such as C02 - Water, C02 - aqueous
electrolyte solutions, C02 - aqueous glycerol solutions, H2 - water 
etc. and packings of different wettabilities such as ceramic, PVC 
polypropylene etc. reported in Table (5.4) could be used for 

analysing the effect of different variables on the values of k. a.
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The parameters affecting kLa values are the liquid flow rate 
(L), packing size (d^) [hence its dry surface area (a^)], physical 

properties of the soivent/absorption media such as density ( P J
viscosity ( P k}, surface tension ( a ) and the dif fusivity of t he
solute gas in absorption media (DL). Further it appears that the
wet tability of packing material also affects the values of kLa
signifcantly.

(I) Effect of liquid flow rate (L) :-
It is observed that with an increase, in the values of L, the

values of k^a increase considerably. Thus , for example for
observation numbers (1) and (10) under otherwise identical conditions
of at = 330 m2/m3, a = 71.3 mN/m, pL = 997.1 kg/m3, M L = 0.894 mNs/m2

- 9 2and = 1.97 x 10 m /s, with an increase in the value of L from
2 2 -1 0.47 kg/ra -s, to 12.22 kg/m -s, the value of kLa (s ) increases from
- 3 - 32.278 x 10 to 26.944 x 10 . For all the other systeras/variat ions

under consideration similar conclusions can be drawn.

(II) Effect of packing size (d^) :

With an increase in the size of packing ; hence a decrease 
in its dry surface area the values of kLa decreases. Thus, for 
example for observation numbers (19) and (21) under otherwise similar 
conditions of a = 70.0 - 74.0 mN/ra, PL = 1070 kg/m3, ML = 1.08 - 1.22 
mNs/m2, Dl = 1.54 x 10“9 - 1.63 x 10~9 m2/s^L = 3.1 kg/m2-s,with

an increase, in the packing size of ceramic Raschig rings from 0.013m 
to 0.038m (with decrease in a^ from 370 m2/m3 to 130 m2/m3), the 
value of kLa (s_1) decreases from 8.23 x 10~3 to 5.64 x 10 3. Under



202

otherwise identical conditions, similar trend is observed for all the 

other systems/variations under consideration.

(Ill) Effect of density ( PL)« viscosity ( ^^) and diffusivity (D^) 

on the k^a values :

The values of kLa appear to decrease marginally with an

increase in PL. Thus, for example for observation numbers (4) and
2 3(25), under otherwise identical conditions of a^ = 330 m /m , a = 71.3

- 73.2 mN/m, P = 0.89 -1.008 mNs/m2, DL = 1.88 x 10~9 - 1.97 x 10-9 

2 2m /s and L = 1.2 kg/m -s, with an increase in the values of PL from
3 3 -1997 kg/ra to 1070 kg/m the value of k^a (s ) decreases from

5.278 x 10-3 to 3.950 x 10~3.

With an increase in the viscosity of absorption media the

values of k^a decrease appreciably. Thus,for example for observation

numbers (182) and (187), under otherwise comparable conditions of
a = 460 m2/m3, cr = 67.7 - 68.3 raN/m, PL = 1160 - 1170 kg/m3,

Dl = 0.27 x 10-9 - 0.32 x 10"9 m2/s and L = 16.7 - 18.8 kg/m2-s,with

2 2an increase in PL from 10.8 m Ns/m to 16.1 mNs/m , the value of kLa

-1 - 3 -3(s ) decreases from 7.6 x 10 to 4.38 x 10 . Similar conclusions

can be drawn for the other systems under consideration wherein the

y k values have been altered considerably.

With a decrease in the value of D^, the values of k^a

decrease considerably. Thus , for example for observation numbers

(220) and (228), under otherwise identical conditions of at = 785
m2/m3, o= 71.3 mN/m, a . 61 raN/m, PL = 997.1 kg/m3, PL = 0.894 

2 2mNs/m and L « 3.95 - 4.11 kg/m -s, with a decrease in the value of
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-9 2 -9 2from 4.8 x 10 m /s (for H2 - water system) to 1.97 x 10 m /s
(for CO^ - water system), the value of kLa (s~*) decreases from 

- 3 -326.47 x 10 to 16.11 x 10 . Similar observation can be made for
the other systems under consideration.

(IV) Effect of o and o on k. a values ----------------  C-----L---------
The values of o and o also appear to affect the values of

kLa considerably. With a decrease in the value of 0 the value of k^a
increases. Thus for example, for observation numbers (31) and (60)

2 3under otherwise comparable conditions of at = 367 m /m , PL = 990.5 -
995.9 kg/m3, PL = 0.813 - 0.889 mNs/m2, DL = 2.019 x IQ-9 - 2.198 x 

-9 2 210 m /s and L = 2.72 - 2.86 kg/m -s, with a decrease in the values
-1of o from 71.6 to 56.0 raN/m, the value of kLa (s ) increases from 

8.1 x IQ-3 to 11.2 x 10*3.

The effect of wettability of packing material on the value of
k^a can be illustrated by comparing case (I) : a set of observations
- (38 to 42) for ceramic Raschig ring to that of case (II) : a set of
observations - (135 to 138) for polypropylene Raschig rings. Thus

2 3for example under otherwise comparable conditions of at = 190 m /ra 
a = 71.4 - 71.6 mN/m, PL = 996 kg/m3, PL = 0.818 - 0.827 mNs/m2, DL = 
2.15 x 10~9 - 2.18 x 10-9 m2/s and L = 11.2 - 13.6 kg/m2-s, when 

packing material of Raschig rings of size 0.025m is changed from 
ceramic to polypropylene, the value of o decreases from 61 raN/m to 
27.7 mN/m and consequently the value k^a decreases form 23.1 x 10 3 
to 15.9 x 10-3 (s"1). Thus the values of k^a do decrease

substantialy when a material having poor wettability is used as a 
packing material.
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Mathematical modelling of k^a data :
Since k^a is a product of *kL' and 'a', obviously the 

parameters affecting values of 'a' should be included in the 
correlation for k^a. In addition, the parameters affecting the kL 
values like D^, p^, a{ and L also have to be included explicitly.
Thus, a correlation for k^a is likely to have the following structure 
with respect to the hydrodynamic and system parameters

kL = f (L, p “1, u [*, a1, oc, at, Dl) (8.1)

When arranged in terms of dimensionless numbers, one obtains the 

following functional relationship

k. a > f (Ae. We. Fr, ( cr / cr ), Sc ) (8.2)L C

where Sc is the Schmidt numbers ( p L/ PLDL)> Re is the Reynolds
number, We is the Weber number and Fr is the Froude number. LHS and
RHS of equation (8.2) can be made dimensionally consistent by

*1/3incorporating a group ( P^/ P^g) and expressing equation (8.2) as

under

kLa » C (Re)a (We)B (Fr)Y ( 0/ aj6 (Sc)m ( p L/ PLg)"1/3 at (8.3)

In the above mentioned equation (8.3),the parameter appears in the 
denominator but from equation (8.1) it is observed that kLa is 

directly proportional to . Hence,the index 'm' of Schmidt number 
has to be negative. Moreover the magnitude of m is expected to be 
-0.5 in order to comply with the penetration theory model for mass

transfer.
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Thus, with an objective to develop a correlation for kLa by 
mathematical modelling as per equation (8.3), the relevant 
dimensionless groups [calculated using data reported in Table (5.4)] 
required for processing the data of kLa are tabulated in Table

(8.1.1).

8.1.2 Statistical analysis for different correlations :

Processing of the data reported in Table (8.1.1) was done by 
the versatile and flexible modifed simplex algorithm of Nelder and 
Mead. The results obtained are reported in table (8.1.2) and are 

discussed herewith. When all the five indices namely those of 
Reynold's number, Weber number, Froude number, (a / cr -) and Schmidt

V/

number, also the proportionality constant were regressed as per
step (l),the following correlation was obtained wherein the values of
% E , % E . and % S. were 0.136, 10.03 and 0.18 respectively avg abs dev

kL3 0.0422 [(Re)0,308 (We)0,212 (Fr)'0,004

... x [ (Sc)-0,5 ( P L/ HLg)“1/3 at]
( a /ac) -0.27 ^ x

(8.4)

However in the correlation of kLa,the indices of We, Fr, (a / a Q) 
obtained in the correlation of (ap/at) should be retained. Otherwise 
it could lead to erroneous interpretation that kL is dependent on 
parameters like (0/ 0 ) , We, Fr, etc. i.e.

kLa = f [(0/ oc), Fr, etc] (8.5)

Hence,the values of different indices of We, Fr, ( a / a ) were fixed 
as 8 = 0.222, Y = 0.002 and 5 = -0.442 [obtained from (a /a )

lr 1
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Table - ( B.1.1 )

Results inclusive of processing parameters for 
volumetric liquid side mass transfer coefficient ( k^a )

No. Re We Fr o/o Sc
a

to
ax to

c
X to

k a k a 7. errL. L.
a ax to x to-t -t

« V
exp. pared._________

1 1.60 0.95 0.76 1.168 4.55 6.84 2.278 2.188 3.96
2 2.35 2.06 1.63 1.168 4.55 6.84 3.056 2.899 5.13
3 3.39 4.27 3.39 1.168 4.55 6.84 4.444 3.783 14.88
4 4.14 6.37 5.06 1.168 4.55 6.84 5.278 4.380 17.01
5 4.90 8.90 7.07 1.168 4.55 6.84 6.111 4.948 19.03
6 6.50 15.67 12.44 1.168 4.55 6.84 6.944 6.083 12.41
7 9.42 32.91 26.13 1.168 4.55 6.84 9.167 7.975 13.00
8 14.12 74.05 58.80 1.168 4.55 6.84 12.222 10.722 12.27
9 30.13 337.02 267.61 1.168 4.55 6.84 23.889 18.642 21.96

iO 41.43 637.16 505.94 1.168 4.55 6.84 26.944 23.521 12.70
11 3.82 3.21 0.89 1.168 4.55 4.04 2.778 2.168 21.97
12 17.53 67.40 18.69 1.168 4.55 4.04 8.889 6.586 25.90
13 74.89 1230.44 341.15 1.168 4.55 4.04 26.111 19.013 27.18
14 4.53 8.54 8.52 1.168 4.55 7.66 6.400 5.378 15.97
15 3.09 8.39 7.99 1.230 8.96 8.61 4.555 3.758 17.49
16 1.93 2.14 1.96 1.148 6.19 7.97 3.250 2.785 14.31
17 3.88 8.68 7.93 1.148 6.19 7.97 4.860 4.641 4.50
18 5.78 19.27 17.62 1.148 6.19 7.97 6.830 6.210 9.07
19 7.77 34.74 31.75 1.148 6.19 7.97 8.230 7.700 6.44
20 9.69 54.13 49.47 1.148 6.19 7.97 9.810 9.053 7.72
21 19.88 96.26 11.48 1.215 7.39 2.92 5.647 4.105 27.30
22 27.79 188.05 22.42 1.215 7.39 2.92 8.000 5.242 34.47
23 31.62 243.52 29.03 1.215 7.39 2.92 8.823 5.761 34.71
24 40.76 404.69 48.25 1.215 7.39 2.92 10.924 6.934 36.52
25 3.54 6.17 4.69 1.200 5.38 7.11 3.950 3.932 0.45
26 8.76 37.70 28.66 1.200 5.38 7.11 8.330 7.613 8.61
27 21.72 231.84 176.24 1.200 5.38 7.11 16.660 14.773 11.33
28 43.76 941.06 715.40 1.200 5.38 7.11 29.160 24.635 15.52
29 2.82 2.80 2.77 1.174 3.85 7.41 3.600 3.846 -6.85
30 5.72 11.21 11.08 1.174 3.74 7.38 6.000 6.467 -7.79
31 9.11 28.24 27.91 1.174 3.72 7.37 8.100 9.096 -12.30
32 12.14 47.47 46.93 1.174 3.50 7.30 10.100 11.307 -11.95
33 15.45 75.19 74.19 1.174 3.42 7.27 12.900 13.522 -4.82
34 19.14 113.32 112.05 1.174 3.35 7.25 14.500 15.863 -9.40
35 24.77 193.65 191.45 1.174 3.43 7.28 17.400 19.087 -9.69
36 39.20 479.31 473.92 1.174 3.38 7.26 24.300 26.739 -10.04
37 51.96 835.12 825.79 1.174 3.35 7.25 28.600 32.885 -14.98
38 27.55 135.80 35.84 1.170 3.76 3.82 9.400 9.106 3.13
39 43.45 333.94 88.07 1.169 3.72 3.81 12.500 12.728 -1.83
40 51.58 476.03 125.63 1.170 3.76 3.82 15.200 14.393 5.31
41 69.05 848.72 224.05 1.170 3.74 3.82 18.400 17.818 3.17
42 88.11 1388.91 366.53 1.170 3.76 3.82 23.100 21.275 7.90
43 101.25 1834.02 484.00 1.170 3.76 3.82 25.800 23.548 8.73
44 2.77 2.94 2.77 1.116 3.99 7.46 3.500 3.910 -11.72
45 9.41 33.24 31.27 1.116 3.90 7.43 8.500 9.579 -12.69
46 18.08 117.34 110.41 1.116 3.71 7.37 14.700 15.533 -5.67
47 25.02 220.23 207.25 1.116 3.63 7.35 17.600 19.755 —12•24
48 47.00 752.23 708.02 1.116 3.51 7.31 28.400 31.456 -10..7&
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Table - 8.1.1 ( contd.)

No. Re We
3

x to

Fr
3

x to

&/ a 
c

Sc
-2X lO

MF fc a
L

3
X to-1e

exp.

k a
L

3
x to -1•

pred.

% err

47 2.68 3.11 2.71 1.030 4.17 7.51 3.400 4.003 -17.75
30 9.34 36.00 31.28 1.030 3.94 7.45 9.400 10.052 -6.93
31 17.81 127.53 110.82 1.030 3.83 7.42 16.000 16.161 -1.01
52 23.10 211.14 183.50 1.030 3.77 7.40 17.700 19.594 -10.70
53 46.30 820.42 713.18 1.030 3.65 7.36 31.400 32-657 -4.00
54 2.56 3.22 2.64 0.970 4.42 7.59 3.600 4.015 -11.54
55 9.05 37.61 30.85 0.970 4.12 7.51 9.900 10.178 -2.81
56 17.27 137.11 112.46 0.970 4.12 7.51 14.900 16.321 -9.53
57 23.87 254.68 208.93 0.970 4.00 7.48 20.600 20.755 -0.75
58 45.94 920.15 754.97 0.970 3-89 7.45 30.900 33.604 -8.75
59 2.49 3.49 2.71 0.918 4.81 7.70 4.000 4.036 -0.90
60 8.77 40.25 31.28 0.918 4.45 7.61 11.200 10.230 8.66
61 16.05 134.35 104.40 0.918 4.43 7.60 15.300 15.923 -4.07
62 20.88 222.81 173.16 0.918 4.33 7.58 20.100 19.357 3.70
63 44.03 978.45 760.52 0.918 4.27 7.56 35.000 33.426 4.50
64 2.39 3.76 2.71 0.848 5.18 7.80 3.800 4.103 -7.99
65 8.30 42.90 30.85 0.848 4.86 7.73 10.200 10.280 -0.78
66 15.78 156.42 112.46 0-848 4.91 7.74 17.100 16.413 4.02
67 19.79 240.82 173.16 0.848 4.80 7.71 18.700 19.428 -3.89
68 40.58 991.64 713.10 0.848 4.69 7.69 29.600 32.911 -11.18
69 7.41 46.73 30.42 0.764 5.98 8.01 9.400 9.921 -5.54
70 14.06 164.67 107.18 0.764 5.84 7.98 14.900 15.886 -6.61
71 21.51 380.22 247.53 0.764 5.76 7.96 19.800 21.712 -9.66
72 40.62 1328.87 865.19 0.764 5.64 7.94 31.100 34.635 -11.37
73 3.05 3.07 3.03 1.790 3.59 7.33 3 - 600 3.413 5.19
74 5.97 11.74 11.60 1.790 3.59 7.33 6.000 5.569 7.18
75 9.16 27.62 27.30 1.790 3.59 7.33 8.500 7.611 10.46
76 13.66 61.52 60.81 1.790 3.59 7.33 11.100 10.195 8.15
77 17.87 105.23 104.00 1.790 3.59 7.33 13.400 12.402 7.45
78 24.93 204.69 202.31 1.790 3.59 7.33 15.400 15.811 -2.67
79 32.21 341.91 337.93 1.790 3.59 7.33 17.200 19.067 -10.86
80 44.07 640.00 632m53 1.790 3.59 7.33 21.000 23.970 -14.14
81 22.65 109.70 28.88 1.781 4.55 3.94 6.900 6.385 7.47
82 30.99 205.35 54.04 1.781 4.55 3.94 9.100 8.027 11.79
83 39.03 325.70 85.74 1.781 4.55 3.94 11.800 9.498 19.51
84 46.72 466.61 122.83 1.781 4.55 3.94 13.000 10.830 16.69
85 62.80 843.17 221.96 1.781 4.55 3.94 17.200 13.441 21.86
86 78.65 1322.40 348.11 1.781 4.55 3.94 20.000 15.840 20.80
87 93.31 1861.26 489.96 1.781 4.55 3.94 22.000 17.945 18.43
88 2.95 3.42 3.24 1.712 4.12 7.49 3.500 3.372 3.67
89 5.61 11.98 11.34 1.712 3.99 7.46 6.300 5.407 14.17
90 8.67 28.41 26.88 1.712 3.95 7.45 9.000 7.443 17.30
91 13.19 64.90 61.40 1.712 3.90 7.43 12.900 10.131 21.47
92 16.79 102.91 97.39 1.712 3.80 7.40 14.600 12.125 16.95
93 23.62 199.44 188.76 1.712 3.72 7.38 16.400 15.607 4.84
94 34.60 427.89 404.98 1.712 3.72 7.38 21.300 20.622 3.18
95 45.48 731.70 692.60 1.712 3.68 7.36 23.200 25.220 -8.70
96 2.74 3.28 2.83 1.563 4.17 7.51 4.200 3.390 19.29
97 5.41 12.81 11.08 1.563 4.17 7.51 7.700 5.575 27.59
98 12.87 72.43 62.62 1.563 4.17 7.51 14.400 10.492 27.14
99 16.15 113.99 98.55 1.563 4.17 7.51 15.600 12.380 20.64

lOO 22.04 212.26 183.50 1.563 4.17 7.51 19.200 15.534 19.09
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Table — 8.1.1 ( contd.)

No. Re We
9

X lO

Fr
9

X lO

a/a
c

Sc
-aX lO

liF k a
L 3

x to-1B

exp.

k a
L ax to -t

8pred.

7, err

101 31.35 420.23 363.33 1.563 4.07 7.49 26.400 20.159 23.64
102 42.49 771.92 667.40 1.563 4.07 7.49 32.000 25.169 21.35
103 2.72 3.95 3.17 1.447 4.74 7.68 3.700 3.494 5.58
104 5.17 14.31 11.47 1.447 4.74 7.68 6.000 5.587 6.89
105 8.03 34.05 27.29 1.447 4.68 7.66 8.700 7.718 11.28
106 12.09 76.62 61.42 1.447 4.63 7.65 12.700 10.424 17.92
107 15.23 121.49 97.39 1.447 4.63 7.65 15.100 12.334 18.32
108 21.80 243.58 195.32 1.447 4.52 7.62 18.200 16.081 11.64
109 31.55 510.24 409.14 1.447 4.52 7.62 23.000 21.063 8.42
HO 40.46 839.25 673.09 1.447 4.48 7.62 25.600 25.377 0-87
111 2.66 3.89 2.91 1.355 4.55 7.62 3.400 3.613 -6.26
112 5.22 15.06 11.24 1.355 4.55 7.62 5.600 5.919 -5.69
113 8.07 35.66 26.89 1.355 4.50 7.62 8.500 8.163 3.96
114 12.35 83.47 62.94 1.355 4.50 7.62 12.000 11.135 7.21
115 15.37 129.16 97.39 1.355 4.50 7.62 14.700 13.059 11.17
116 22.98 283.00 213.42 1.355 4.40 7.60 17.400 17.572 -0.99
117 30.74 506.50 381.96 1.355 4 m 40 7.60 20.300 21.731 -7.05
118 40.29 852.01 642.58 1.355 4.30 7.57 24.000 26.555 —10.65
119 2.54 4.02 2.83 1.270 4.80 7.70 3.900 3.633 6.85
120 5.00 15.52 10.95 1.270 4.80 7.70 6.000 5.950 0.84
121 7.92 38.11 26.90 1.270 4.69 7.67 9.200 8.354 9.20
122 12.00 87.45 61.72 1.270 4.69 7.67 12.900 11.312 12.31
123 14.92 135.29 95.49 1.270 4.69 7.67 16.400 13.265 19.11
124 21.04 263.68 186.12 1.270 4.59 7.65 17.000 17.100 -0.59
125 29.19 507.40 358.16 1.270 4.59 7.65 22.300 21.715 2.62
126 40.25 945.41 667.41 1.270 4.49 7.62 26.500 27.549 -3.96
127 2.48 4.13 2.83 1.232 5.06 7.77 3.900 3.614 7.34
128 4.93 16.35 11.21 1.232 5.06 7.77 7.000 5.969 14.73
129 7.63 39.23 26.90 1.232 5.06 7.77 9.200 8.216 10.70
130 11.59 90.47 62.02 1.232 5.06 7.77 12.500 11.145 10.84
131 14.53 142.28 97.55 1.232 5.06 7.77 13.800 13.149 4.72
132 20.56 278.38 190.87 1.232 4.94 7.74 19.400 16.992 12.41
133 28.68 529.81 363.34 1.232 4.82 7.71 21.400 21.740 -1.59
134 39.07 983.30 674.34 1.232 4.82 7.71 26.900 27.245 -1.28
135 36.45 242.04 64.09 2.585 3.85 3.84 9.600 7.835 18.38
136 45.64 379.59 100.51 2.585 3.85 3.84 10.100 9.234 8.57
137 56.10 573.43 151.84 2.585 3.85 3.84 12.800 10.735 16.14
138 71.63 934.98 247.57 2.585 3.85 3.84 15.900 12*832 19.30
139 3.57 10.57 9.62 1.239 8.55 8.47 4.000 4.135 -3.3B
140 4.82 19.34 17.60 1.239 8.55 8.47 5.498 5.156 6.23
141 5.57 25.79 23.47 1.239 8.55 8.47 6.356 5.727 9.90
142 7.04 41.16 37.46 1.239 8.55 8.47 7.036 6.793 3.46
143 8.73 63.38 57.68 1.239 8.55 8.47 8.621 7.952 7.76
144 10.88 98.35 89.51 1.239 8.55 8.47 9.000 9.335 -3.72
145 12.93 138.94 126.44 1.239 8.55 8.47 10.980 10.590 3.55
146 14.39 172.06 156.58 1.239 8.55 8.47 11.600 11.449 1.30
147 3.45 19.34 16.73 1.259 14.49 9.39 3.924 3.962 -0.97
148 4.92 39.42 34.11 1.259 14.49 9.39 5.233 5.138 1.81
149 6.40 * *7 JL 57.71 1.259 14.49 9.39 6.000 6.226 -3.76
150 8.10 106.93 92.51 1.259 14.49 9.39 7.445 7.396 0.66
151 9.62 150.89 130.54 1.259 14.49 9.39 8.000 8.386 -4.83
152 11.50 215.55 186.48 1.259 14.49 9.39 9.074 9.552 -5.27
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Table — 8.1.1 ( contd.)

No. Re We
ax to

Fr
a

x to

a/ a 
c

Sc MF
-2X tO

k a
JL

ax to-t
m

exp.

k a
X.

a
X io -i 
s

pred.

X err

153 6.75 23.36 36.41 3.998 4.55 9.53 5.555 5.445 1.97
154 10.63 57.89 90.23 3.998 4.55 9.53 8.330 7.584 8.96
155 15.92 129.92 202.49 3.998 4.55 9.53 11.110 10.186 8.31
156 20.95 224.78 350.33 3.998 4.55 9.53 13.492 12.443 7.78
157 26.24 352.76 549.79 3.998 4.55 9.53 15.897 14.667 7.74
158 31.70 514.81 802.34 3.998 4.55 9.53 18.370 16.837 8.34
159 15.67 125.80 196.06 0.986 4.55 9.53 14.470 18.692 -29.18
160 20.73 220.27 343.29 0.986 4.55 9.53 18.020 22.933 -27.26
161 26.21 351.85 548.36 0.986 4.55 9.53 21.750 27.208 -25.09
162 31.88 520.75 811.60 0.986 4.55 9.53 24.800 31.394 -26.59
163 10.75 58.36 90.99 0.989 4.54 9.51 11.110 14.115 -27.05
164 15.75 125.13 195.07 0.989 4.54 9.51 14.870 18.645 -25.39
165 20.74 217.06 338.38 0.989 4.54 9.51 18.510 22.797 -23.16
166 26.35 350.29 546.08 0.989 4.54 9.51 22.100 27.149 -22.84
167 31.88 512.77 799.38 0.989 4.54 9.51 25.230 31.200 -23.66
168 4.31 91.49 128.68 0.973 37.21 13.66 7.894 6.069 23.12
169 6.81 228.80 321.79 0.973 37.21 13.66 10.233 8.480 17.13
170 9.16 413.86 582.07 0.973 37.21 13.66 14.238 10.528 26.06
171 O.B5 13.02 17.29 0.952 98.23 16.79 2.456 1.890 23.05
172 1.76 55.98 74.34 0.952 98.23 16.79 3.918 3.218 17.87
173 2.86 147.31 195.63 0.952 98.23 16.79 5.263 4.581 12.96
174 4.19 316.44 420.24 0.952 98.23 16.79 6.608 6.056 8.36
175 5.48 542.00 719.77 0.952 98.23 16.79 9.824 7.370 24.98
176 0.40 10.77 13.69 0.936 290.95 20.77 1.578 1.057 33.00
177 0.83 46.56 59.19 0.936 290.95 20.77 2.280 1.804 20.87
178 1.01 69.46 88.31 0.936 290.95 20.77 2.836 2.088 26.39
179 1.86 239.01 317.21 0.936 290.95 21.22 3.450 3.339 3.22
180 2.45 416.46 552.72 0.936 290.95 21.22 4.327 4.089 5.50
181 3.16 678.32 862.36 0.936 290.95 20.77 5.877 4.796 18.39
182 3.79 970.31 1233.57 0.936 290.95 20.77 7.602 5.466 28.10
183 0.46 31.65 39.55 0.927 509.65 23.66 1.695 1.208 28.76
184 0.75 86.05 112.24 0.927 509.65 24.17 1.988 1.772 10.86
185 1.08 180.92 235.98 0.927 509.65 24.17 2.397 2.324 3.03
186 1.85 513.54 641.61 0.927 509.65 23.66 4.093 3.339 18.42
187 2.26 766.71 957.90 0.927 509.65 23.66 4.385 3.S65 11.86
188 3.75 12.41 55.76 1.168 4.55 16.26 9.833 11.780 -19.80
189 9.46 79.03 355.12 1.168 4.55 16.26 19.944 23.155 -16.10
190 1.80 2.88 12.93 1.168 4.55 16.26 5.694 6.910 -21.35
191 3.30 9.65 43.34 1.168 4.55 16.26 8.806 10.746 -22.03
192 2.43 5.22 23.44 1.168 4.55 16.26 6.944 8.586 -23.64
193 0.90 0.71 3.20 1.168 4.55 16.26 3.278 4.153 -26.69
194 1.22 1.31 5.90 1.168 4.55 X^£} • 26 4.333 5.189 -19.74
195 5.74 29.09 130.71 1.168 4.55 16.26 12.972 16.077 -23.94
196 1.55 2.12 9.50 1.168 4.35 16.26 4.833 6.176 -27.78
197 1.10 1.08 4.84 1.168 4.55 16.26 3.917 4.827 -23.25
198 0.53 0.25 1.13 1.168 4.55 16.26 2.292 2.842 -23.99
199 11.63 89.04 222.20 X m 168 4.55 12.12 18.389 18.776 -2.10
200 3.54 8.24 20.55 1.168 4.55 12.12 7.556 7.874 -4.22
201 8.18 44.03 109.88 1.168 4.55 12.12 13.028 14.520 -11.45
202 6.64 29.01 72.39 1.168 4.55 12.12 10.694 12.468 -16.59
203 12.69 106.05 264.64 X«168 4.55 12.12 18.583 20.013 -7.69
204 15.14 150.81 376.32 1.168 4.55 12.12 21.444 22.757 -6.12
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Tabic — 8.1.1 ( contd.)

No. Re We
3

x to

Fr
sx iO

o/o
c

Sc
-2x IO

MF k a
V aX IO

-l
6

exp.

k a
X. a

' X IO 
-l

B
pred.

7. err

205 5.31 18.57 46.33 1.168 4.55 12.12 9.972 10.594 -6.24
206 2.72 4.87 12.14 1.168 4.55 12.12 6.833 6.499 4.90
207 1.52 1.53 3.82 1.168 4.55 12.12 4.222 4.259 -0.88
208 10.84 77.27 192.81 1.168 4.55 12.12 16.694 17.828 -6.79
209 0.83 0.45 1.13 1.168 4.55 12.12 2.581 2.729 -5.76
210 2.29 3.45 8.61 1.168 4.55 12.12 5.667 5.731 -1.14
211 16.20 172.71 430.99 JL»JL 4.55 12.12 22.250 23.912 -7.47
212 17.79 208.36 519.95 1.168 4.55 12.12 21.556 25.607 -18.79
213 17.69 205.88 513.75 1.168 4.55 12.12 21.500 25.495 -18.58
214 0.90 0.72 3.23 1.168 1.87 16.26 5.972 6.503 -8.88
215 8.61 65.45 294.09 1.87 16.26 35.139 33.740 3.98
216 0.83 0.61 2.73 1.168 1.87 16 m 26 5.444 6.113 -12.28
217 4.95 21.62 97.13 1.168 1.87 16.26 25.333 22.519 11.11

218 3.94 13.73 61.67 1.168 1.87 16.26 18.417 19.078 -3.59
219 2.35 4.87 21.86 1.168 1.87 16.26 11.917 13.066 -9.64
220 5.86 30.31 136.17 1.168 1.87 16.26 26.472 25.474 3.77
221 1.84 3.00 13.50 1.168 1.87 16.26 10.444 10.958 -4.92
222 7.80 53.69 241.26 1.168 1.87 16.26 29.667 31.388 -5.80
223 9.72 83.39 374.68 1.168 1.87 16.26 36.389 36.859 -1.29
224 1.56 2.14 9.63 1.168 1.87 16.26 10.389 9.686 6.77
225 7.48 49.42 222.07 1.168 1.87 16.26 30.778 30.452 1.06
226 0.99 0.86 3.89 1.168 1.87 16.26 6.389 6.955 -8.86
227 1.52 2.03 9.12 1.168 1.87 16 • 26 9.556 9.496 0.62
228 5.64 28.09 126.24 1.168 4.55 16.26 16.111 15.874 1.47
229 1.51 2.00 9.00 1.168 4.55 JL m 26 6.028 6.054 -0.44
230 6.49 37.21 167.21 1.168 4.55 16.26 16.694 17.590 -5.36
231 3.38 10.07 45.23 1.168 4.55 16.26 10.861 10.914 -0.49
232 0.87 0.67 3.01 1.168 4.55 16.26 3.694 4.059 -9.86
233 13.22 154.35 693.52 1.168 4.55 16.26 27.556 29.563 -7.28
234 5.09 22.88 102.81 1.168 4.55 16.26 14.389 14.729 -2.36
235 1.69 2.51 11.28 1.168 4.55 16.26 6.583 6.575 0.13

Note 8 MF ' ( ^ 'W ri/a j
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Table - ( 8.1.2 )

Statistical analysis for different correlation, of k^a

Correlation .Structure s :-
k a - C . Rea. We^- Fry. (& /a ) ^.Scm.( p /p g)_1/3.a, .

£« C L JL« v

No. C a ft y & a X E X E X Sovg aba dev

Optimisation by the Modified Simplex algorithm of Nelder and Mead

All parameters are iterated, base values of guesses were 0.4, 0.2, 
0.002, -0.4, -0.5, and 1.0 for a, ft, y, 6, m, and C, respectively. Each 
indice value perturbed 50 X at a time.
1 0.0422 0.308 0.212 -0.004 -0.27 -0.50 0.136 10.03 0.18.

6 value fixed as —0.442 (as obtained in the case of effective 
interfacial areas during gas absorption without reaction.). Other 
parameters iterated as in step 1.
2 0.0617 0.295 0.214 0.0089 -0.442 -0.456 2.75 11.19 0.20.

ft, y and 6 fixed as 0.222, 0.002 and -0.442 (as obtained xn the case of 
effective interfacial areas during gas absorption without chemical 
reaction.). Other parameters iterated as in step 1.
3 0.0606 0.294 0.222 0.002 -0.442 -0.4535 2.44 11.02 0.19.

ft, y and 6 fixed as 0.222, 0.002 and -0.442 (as in previous step) in 
addition index of Sc ( i.e m) fixed as —0.5 in concordance with the 
penetration theory. Only a and C were iterated as in step 1.

4 0.0833 0.286 0.222 0.002 -0.442 -0.50 2.48 11.48 0.20.

Note t The,values of indices in the finalised generalised correlation 
are as per regression step marked by ( * )



212

correlation developed in this investigation : Equation (7.7)] and the 

index of Sc was also fixed as m = -0.5. When the data on k^a was 
regressed accordingly as per step (4), the mathematical modelling of 

the data yielded the following correlation

k,a 0.0833 [(Re)0'286 (We)0’22 (Fr)0’002 ] x

x [ ( o / a c) ~° ‘442 (Sc)-0,5 ( PL/ \g)“1/3 at] (8.6)

The statistical analysis of correlation [Equation (8.6)] was as under
The values of % E A % E ,„and % S, were 2.48, 11.48 and 0.2^ avg abs dev

respectively.

The statistical analysis of the correlation [Equation (8.6)] 
aithought slightly inferior, it is not very much different from the 

previous correlation [Equation (8.4)]. Hence it can be considered as 
an appropriate equation which can be conveniently used for predicting 
most of the values of k^a within ± 20 % error range.

8.1.3 Comparison between the experimental values based on data bank 

and the predicted values of k^a :

The values of k^a obtained from the data bank and the values 
of kLa predicted by using the correlation : Equation (8.6) are
tabulated in Table (8.1.3) and are plotted in Figure (8.1).

The detailed statistical analysis of the correlation 
[Equation (8.6)] can be described as follows

(i) The total number of points used in the correlation is 235
with 34 different variations inclusive of system variations.
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Tabla - ( 8.1.3 |

Comparison bttMMn experimental values based on data bank 

and predicted values of k^a

No k a
L Sx lO 
-1■

exp

k aL.
8

X lO -I
■

This

L err k a /. err
V

ax 10 -t
•

work Sherwood

k a /. err
aX lO -i

•

Norman

k a l. err
L ax tO -i

B

Mohunta

1 2.278 2.188 4.0 3.443 -51.2 2.454 -7.7 2.283 -0.2
2 3.056 2.899 5.1 4.425 -44.8 3.277 -7.3 3.049 0.2
3 4.444 3.783 14.9 5.608 -26.2 4.308 3.1 4.008 9.8
4 5.278 4.380 17.0 6.389 -21.1 5.008 5.1 4.659 11.7
5 6.111 4.948 19.0 7.122 -16.5 5.676 7.1 5-281 13.6
6 6.944 6.083 12.4 8.560 -23.3 7.018 -1.1 6.529 6.0
7 9.167 7.975 13.0 10.895 -18.8 9.270 -1.1 8.624 5.9
8 12.222 10.722 12.3 14-180 —16-0 12.565 -2.8 11.689 4.4
9 23.889 18.642 22.0 23.204 2.9 22.179 7.2 20.634 13.6

10 26.944 23.521 12.7 28.539 -5.9 23 * JL&2 -4.5 26.200 2.8
11 2.778 2.168 22.0 3.116 -12.2 3.179 -14.4 2-829 -1.9
12 8.889 6.586 25.9 10.216 -14.9 9.957 -12.0 8.863 0.3
13 26.111 19.013 27.2 31.713 -21.5 29.591 -13.3 26.340 -0.9
14 6.400 5.378 16.0 7.293 -13.9 5.834 8.8 5.480 14.4
15 4.555 3.758 17.5 5.752 -26.3 4.429 2.8 3.169 30.4
16 3.250 2.785 14.3 4.040 -24.3 2.967 8.7 2.542 21.8
17 4.860 4.641 4.5 6.367 -31.0 5.015 -3.2 4.297 11.6
18 6.830 6.210 9.1 8.251 -20.8 6.764 1.0 5.795 15.2
19 8.230 7.700 6.4 9.993 -21.4 8.436 -2.5 7.228 12.2
20 9.810 9.053 7.7 11.541 -17.6 9.962 -1.6 8.535 13.0
21 5.647 4.105 27.3 7.354 -30.2 8.040 -42.4 5.747 -1.8
22 8.000 5.242 34.5 9.549 -19.4 10.335 -29.2 7.388 7.7
23 8.823 5.761 34.7 10.562 -19.7 11.387 -29.1 8.140 7.7
24 10.924 6.934 36.5 12.876 -17.9 13.776 -26-1 9.847 9.9
25 3.950 3.932 0.5 5.978 -51.3 4.613 -16.8 3.914 0.9
26 B.330 7.613 8.6 10.765 -29.2 9.094 -9.2 7.716 7.4
27 16.660 14.773 11.3 19.426 -16.6 17.970 rnrnTJ Cp 15.249 8.5
28 29.160 24.635 15.5 30.628 -5.0 30.389 -4.2 25.787 11.6
29 3.600 3.846 -6.8 5.369 -49.1 4.093 -13.7 4.078 -13.3
30 6.000 6.467 -7.8 8.506 -41.8 6.959 —16.0 7.006 -16.8
31 8.100 9.096 -12.3 11.516 -42.2 9.871 -21.9 9.966 -23.0
32 10.100 11.307 —11.9 13.907 -37.7 12.268 -21.5 12.649 —25.2
33 12.900 13.522 -4.8 16.265 -26.1 14.697 -13.9 15.296 -18.6
34 14.500 15.863 -9.4 18.731 -29.2 17.292 -19.3 18.110 -24.9
35 17.400 19.087 -9.7 22.127 -27.2 20.961 -20.5 21.780 -25.2
36 24.300 26.739 -10.0 29.840 -22.8 29.596 -21.8 30.899 -27.2
37 28.600 32.885 -15.0 35.849 -25.3 36.571 -27.9 38.302 -33.9
38 9.400 9.106 3.1 14.349 -52.6 13.808 -46.9 13.129 -39.7
39 12.500 12.728 -1.8 20.483 -63.9 19.443 -55.5 18.573 -48.6
40 15.200 14.393 5.3 23.403 -54.0 22.100 -45.4 21.013 -38.2
41 18.400 17.818 3.2 29.387 -59.7 27.510 -49.5 26.206 -42.4
42 23.100 21.275 7.9 35.533 -53.8 33.021 -42.9 31.396 -35.9
43 25.800 23.548 8.7 39.602 -53.5 36.649 -42.0 34.846 -35.1
44 3.500 3.910 -11.7 5.310 -51.7 4.041 -15.5 3.969 -13.4
45 8.500 9.579 -12.7 11.768 -38.4 10.120 -19.1 10.024 -17.9
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T able

No.

8.1.3 ( contd.)

k a k a 7. err
L L

x to* x lO*
-1 -1

m b

exp This work

k a /. err
i. 3x to-l

Sherwood

k a 7. err
t. 3

X iO 
-1 

m
Norman

k a 7. err
L. ax IO 

-i

Mohunta

46 14.700 15.533 -5.7 18.025 -22.6 16.546 -12.6 16.674 -13.4
47 17.600 19.755 -12.2 22.285 -26.6 21.132 -20.1 21.464 -22.0
48 28.400 31.456 -10.8 33.619 -18.4 33.955 -19.6 34.925 -23.0
49 3.400 4.003 -17.7 5.196 -52.8 3.940 -15.9 3.801 -11.8
50 9.400 10.052 -6.9 11.735 -24.8 10.084 -7.3 9.930 -5.6
51 16.000 16.161 -1.0 17.869 -11.7 16.378 -2.4 16.287 -1.8
52 17.700 19.594 -10.7 21.180 -19.7 19.924 -12.6 19.941 -12.7
53 31.400 32.657 -4.0 33.270 -6.0 33.551 -6.9 34.010 -8.3
54 3.600 4.015 -11.5 5.065 -40.7 3.825 -6.2 3.604 -0.1
55 9.900 10.178 -2.8 11.525 -16.4 9.872 0.3 9.533 3.7
56 14.900 16.321 -9.5 17.548 -17.8 16.035 -7.6 15.484 -3.9
57 20.600 20.755 -0.8 21.681 -5.2 20.463 0.7 19.971 3.1
58 30.900 33.604 -8.8 33.220 -7.5 33.475 -8.3 32.988 -6.8
59 4.000 4.036 -0.9 4.968 -24.2 3.740 6.5 3.408 14.8
60 11.200 10.230 8.7 11.292 -0.8 9.642 13.9 9.040 19.3
61 15.300 15.923 -4.1 16.740 -9.4 15.185 0.8 14.256 6.8
62 20.100 19.357 3.7 19.881 1.1 18.515 7.9 17.521 12.8
63 35.000 33.426 4.5 32.298 7.7 32.409 7.4 30.816 12.0
64 3.800 4.103 -8.0 4.852 -27.7 3.638 4.3 3.212 15.5
65 10.200 10.280 -0.8 10.932 -7.2 9.284 9.0 8.384 17.8
66 17.100 16.413 4.0 16.594 3.0 15.027 12.1 13.529 20.9
67 18.700 19.428 -3.9 19.244 -2.9 17.826 4.7 16.183 13.5
68 29.600 32.911 -11.2 30.712 -3.8 30.566 -3.3 27.967 5.5
69 9.400 9.921 -5.5 10.186 -8.4 8.553 9.0 7.113 24.3
70 14.900 15.886 -6.6 15.459 -3.8 13.839 7.1 11.605 22.1
71 19.800 21.712 -9.7 20.393 -3.0 19.048 3.8 16.057 18.9
72 31.100 34.635 -11.4 30.851 0.8 30.708 1.3 26.085 16.1
73 3.600 3.413 5.2 5.664 -57.3 4.352 -20.9 4.448 -23.6
74 6.000 5.569 7.2 8.759 -46.0 7.197 -19.9 7.356 -22.6
75 8.500 7.611 10.5 11.567 -36.1 9.920 -16.7 10.139 -19.3
76 11.100 10.195 8.1 15.006 -35.2 13.395 -20.7 13.692 -23.3
77 13.400 12.402 7-4 17.866 -33.3 16.381 -22.2 16.744 -25.0
78 15.400 15.811 -2.7 22.179 -44.0 21.024 —36.5 21.490 -39.5
79 17.200 19.067 -10.9 26.204 -52.3 25.484 -48.2 26.049 -51.4
80 21.000 23.970 -14.1 32.125 -53.0 32.238 -53.5 32.953 -56.9
81 6.900 6.385 7.5 12.229 -77.2 11.837 -71.6 10.513 -52.4
82 9.100 8.027 11.8 15.615 -71.6 14.973 -64.5 13.298 -46.1
83 11.800 9.498 19.5 18.694 -58.4 17.802 -50.9 15.811 -34.0
84 13.000 10.830 16.7 21.508 -65.4 20.371 -56.7 18.093 -39.2
85 17.200 13.441 21.9 27.090 -57.5 25.432 -47.9 22.587 -31.3
86 20.000 15.840 20.8 32.288 -61.4 30.107 -50.5 26.740 -33.7
87 22.000 17.945 18.4 36.892 -67.7 34.225 -55.6 30.397 -38.2
88 3.500 3.372 3.7 5.530 -58.0 4.235 -21.0 4.110 -17.4
89 6.300 5.407 14.2 8.396 -33.3 6.856 -8.8 6.733 -6.9
90 9.000 7.443 17.3 11.151 -23.9 9.511 -5.7 9.372 -4.1
91 12.900 10.131 21.5 14.656 —13.6 13.035 -1.0 12.912 -0.1
92 14.600 12.125 17.0 17.163 -17.6 15.639 -7.1 15.623 -7.0
93 16.400 15.607 4.8 21.447 -30.8 20.221 —23.3 20.367 -24.2
94 21.300 20.622 3.2 27.486 -29.0 26.923 -26.4 27.118 -27.3
95 23.200 25.220 -8.7 32.851 -41.6 33.070 -42.5 33.441 -44.1
96 4.200 3.390 19.3 5.275 -25.6 4.010 4.5 3.868 7.9
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Table - 8.1.3 ( contd.)

No . k aL.

a
X to -t•
exp

k aL

ax to -tB

This

7. err

work

k a /. err
t. 3

x to -t e
Sherwood

k a J. errL.

a
X to -t

e
Norman

k a 7. err
L. a

X to -t e
Mohun ta

97 7.700 5.575 27.6 8.215 -6.7 6.685 13.2 6.449 16.2
98 14.400 10.492 27.1 14.425 -0.2 12.799 11.1 12.348 14.2
99 15.600 12.380 20.6 16.716 -7.2 15.172 2.7 14.637 6.2

10O 19.200 15.534 19.1 20.458 -6.6 19.155 0.2 18.480 3.7
lOl 26.400 20.159 23.6 25i750 2.5 24.974 5.4 24.299 8.0
102 32.000 25.169 21.3 31.376 1.9 31.371 2.0 30.523 4.6
103 3.700 3.494 5.6 5.246 -41.8 3.985 -7.7 3.658 1.1
104 6.000 5.587 6.9 7.969 -32.8 6.454 -7.6 5.926 1.2
105 8.700 7.718 11.3 10.613 -22.0 8.983 -3.2 8.289 4.7
106 12.700 10-424 17.9 13.859 -9.1 12.220 3.8 11-315 10.9
107 15.lOO 12.334 18 m 3 16.098 -6.6 14.526 3.8 13.450 10.9
108 18.200 16.081 11.6 20.346 -11.8 19.030 -4.6 17.770 2.4
109 23.000 21.063 8.4 25.873 -12.5 25.111 -9.2 23.448 -1.9
HO 25.600 25.377 0.9 30.560 -19.4 30.406 -18.8 28.389 -10.9
111 3.400 3.613 -6.3 5.173 -52.1 3.920 -15.3 3.657 -7.6
112 5.600 5.919 -5.7 8.028 -43.4 6.509 -16.2 6.072 -8.4
113 8.500 8.163 4.0 10.719 -26.1 9.077 -6.8 8.465 0.4
114 12.000 11.135 7.2 14.132 -17.8 12.488 -4.1 11.645 3.0
115 14.700 13.059 11.2 16.287 -10.8 14.709 -0.1 13.717 6.7
116 17.400 17.572 -1.0 21.173 -21.7 19.908 -14.4 18.712 -7.5
117 20.300 21.731 -7.0 25.583 -26.0 24.764 -22.0 23.276 -14.7
118 24.000 26.555 -10.6 30.524 -27.2 30.357 -26.5 28.761 -19.8
119 3.900 3.633 6.9 5.045 -29.4 3.806 2.4 3.466 11.1
120 6.000 5.950 0.8 7.828 -30.5 6.319 -5.3 5.754 4.1
121 9.200 8.354 9.2 10.568 -14.9 8.932 2.9 8.203 10.8
122 12.900 11.312 12.3 13.843 -7.3 12.197 5.5 11.202 13.2
123 16.400 13.265 19.1 15.952 2.7 14.365 12.4 13.193 19.6
124 17.000 17.100 -0.6 19.962 -17.4 18.604 -9.4 17.220 -1.3
125 22.300 21.715 2.6 24.694 -10.7 23.781 -6.6 22* OX X 1.3
126 26.500 27.549 -4.0 30.464 -15.0 30.295 -14.3 28.265 -6.7
127 3.900 3.614 7.3 4.960 -27,2 3.733 4.3 3.331 14.6
X28 7.000 5.969 14.7 7.754 -10.8 6.250 10.7 5.578 20.3
129 9.200 8.216 10.7 10.306 -12.0 8.679 5.7 7.746 15.8
130 12.500 11.145 10.8 13.522 -8.2 11.872 5.0 10.596 15.2
131 13.800 13.149 4.7 15.665 -13.5 14.070 -2.0 12.557 9.0
132 19.400 16.992 12.4 19.642 -1.2 18.264 5.9 16.441 15.3
133 21.400 21.740 -1.6 24.411 -14.1 23.467 -9.7 21.307 0.4
134 26.900 27.245 -1.3 29.846 -10.9 29.592 -10.0 26.868 0.1
135 9.600 7.835 18.4 17.833 -85.8 17.017 -77.3 16.045 -67.1
136 10.100 9.234 8.6 21.254 -110.4 20.145 -99.5 18.994 -88.1
137 12.800 10.735 16.1 24.964 -95.0 23.515 -83.7 22.172 -73.2
138 15.900 12.832 19.3 30.208 -90.0 28.247 -77.7 26.633 -67.5
139 4.000 4.135 -3.4 6.146 -53.6 4.800 -20.0 3.572 10.7
140 5.498 5.156 6.2 7.479 -36.0 6.021 -9.5 4.481 18.5
141 6.356 5.727 9.9 8.213 -29.2 6.707 -5.5 4.991 21.5
142 7.036 6.793 3.5 9.561 -35.9 7.993 -13.6 5.948 15.5
143 8.621 7.952 7.8 11.001 -27.6 9.397 -9.0 6.993 18.9
144 9.000 9.335 -3.7 12.689 -41.0 11.080 -23.1 8.246 8.4
145 10.980 10.590 3.6 14.197 -29.3 12.613 -14.9 9.386 14.5
146 11.600 11.449 1.3 15.219 -31.2 13.666 -17.8 10.170 12.3
147 3.924 3.962 -1.0 6.303 —60.6 4.906 -25.0 2.867 26.9
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Table - 8.1.3 ( contd.)

No . k a
L

3

x to -l

•
exp

k aL
aX io 

-l 
s

This

% err

work

k a % err
L

3
X IO 

“1
s

Sherwood

k a % err
V

aX to 
“1

B

Norman

k a X err
L. aX io 

-i
m

Mohunta

148 5.233 5.138 1.8 7.945 -51.8 6.408 m 5 3.745 28.4
149 6.000 6.226 -3.8 9.426 -57.1 7.805 -30.1 4.562 24.0
ISO 7.445 7.396 0.7 10.988 -47.6 9.316 -25.1 5.445 26.9
151. 8.000 8.386 -4.8 12.289 -53.6 10.600 -32.5 6.195 22.6
152 9.074 9.552 -5.3 13.799 -52.1 12.117 -33.5 7.082 22.0
153 5.555 5.445 2.0 10.068 -81.2 9.268 -66.8 8.866 -59.6
154 8.330 7.584 9.0 12.863 -54.4 13.025 -56.4 12.461 -49.6
155 11.110 10.186 8.3 16.001 -44.0 17.637 -58.8 16.873 -51.9
156 13.492 12.443 7.8 18.553 -37.5 21.663 -60.6 20.724 -53.6
157 15.897 14.667 7.7 20.954 -31.8 25.651 -61.4 24.539 -54.4
158 18.370 16.837 8.3 23.205 -26.3 29.558 -60.9 28.276 -53.9
159 14.470 18.692 -29.2 15.862 -9.6 17.425 -20.4 16.670 -15.2
160 18.020 22.933 -27.3 18.452 -2.4 21.498 -19.3 20.567 -14.1
161 21.750 27-208 -25.1 20.939 3.7 25.626 -17.8 24.515 -12.7
162 24.800 31.394 -26.6 23.277 6.1 29.685 -19.7 28.398 -14.5
163 11.110 14.115 -27.0 12.863 -15.8 13.057 -17.5 12.563 -13.1
164 14.870 18.645 -25.4 15.805 -6.3 17.380 -16.9 16.723 -12.5
165 18.510 22.797 -23.2 18.339 0.9 21.368 -15.4 20.559 -11.1
166 22.100 27.149 -22.8 20.869 5.6 25.568 -15.7 24.601 -11.3
167 25.230 31.200 -23.7 23.130 8.3 29.496 -16.9 28.380 -12.5
168 7.894 6.069 23.1 8.140 -3.1 6.818 13.6 2.817 64.3
169 10.233 8.480 17.1 10.425 -1.9 9.615 6.0 3.972 61.2
170 14.238 10.528 26.1 12.234 14.1 12.008 15.7 4.960 65.2
171 2.456 1.890 23.1 3.876 -57.8 2.309 6.0 0.589 76.0
172 3.918 3.218 17.9 5.746 -46.7 3.989 -1.8 1.018 74.0
173 5.263 4.581 13.0 7.461 -41.8 5.733 -8.9 1.463 72.2
174 6.608 6.056 8.4 9.172 -38.8 7.637 -15.6 1.949 70.5
175 9.824 7.370 25.0 10.606 -8.0 9.345 4.9 2.385 75.7
176 1.578 1.057 33.0 2.837 -79.8 1.442 8.6 0.224 85.8
177 2.280 1.804 20.9 4.213 -84.B 2.497 -9.5 0.388 83.0
178 2.836 2.088 26.4 4.694 -65.5 2.901 -2.3 0.450 84.1
179 3.450 3.303 4.2 6.591 -91.0 4.648 -34.7 0.722 79.1
180 4.327 4.046 6.5 7.657 -77.0 5.724 -32.3 0.889 79.5
181 5.877 4.796 18.4 8.684 -47.8 6.818 -16.0 1.059 82.0
182 7.602 5.466 28.1 9.566 -25.8 7.798 -2.6 1.211 84.1
1B3 1.695 1.208 28.8 3.417 -101.6 1.788 -5.5 0.205 87.9
184 1.988 1.753 11.8 4.502 -126.5 2.623 -31.9 0.301 84.9
185 2.397 2.300 4.1 5.503 -129.6 3.466 -44.6 0.397 83.4
186 4.093 3.339 18.4 7.251 -77.2 5.084 -24.2 0.583 85.8
187 4.385 3.865 11.9 8.079 -84.2 5.908 -34.7 0.677 84.6
188 9.833 11.780 -19.8 9.778 0.6 8.899 9.5 8.904 9.4
189 19.944 23.155 -16.1 16.119 19.2 17.819 10.7 17.829 10.6
190 5.694 6.910 -21.3 6.590 -15.7 5.144 9.7 5.147 9.6
191 8.806 10.746 -22.0 9.135 -3.7 8.097 8.0 8.102 8.0
192 6.944 8.586 -23.6 7.738 -11.4 6.430 7.4 6.434 7.4
193 3.278 4.153 -26.7 4.521 -37.9 3.049 7.0 3.050 6.9
194 4.333 5.189 -19.7 5.331 -23.0 3.833 11.6 3.835 11.5
195 12.972 16.077 -23.9 12.307 5.1 12.249 5.6 12.256 5.5
196 4.833 6.176 -27.8 6.064 -25.5 4.584 5-2 4.586 5.1
197 3.917 4.827 -23.3 5.054 -29.0 3.559 9.1 3-561 9.1
198 2.292 2.842 -24.0 3.415 -49.0 2.065 9.9 2.066 9.9
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Table - 8.1.3 ( contd.)
No . k a

L
S

X io -1B

exp

k a
L

8
X IO 
-i 

a

This

Y. err k a X errL
3

X IO 
-1

9

work Sherwood

k a X errl
9

X io -lS

Norman

k a % err
X.

3
x IO 
-i

B

Mohunta

199 18.389 18.776 -2.1 15.376 16.4 16.688 9.2 16.291 11.4
200 7.556 7.874 -4.2 8.085 -7.0 6.834 9.5 6.671 11.7
201 13.028 14.520 -11.5 12.714 2.4 12.815 1.6 12.510 4.0
202 10.694 12.468 -16.6 11.359 -6.2 10.959 -2.5 10.701 -0.1
203 18.583 20.013 -7.7 16.119 13.3 17.819 4.1 17.394 6.4
204 21.444 22.757 -6.1 17.727 17.3 20.334 5.2 19.849 7.4
205 9.972 10.594 -6.2 10.070 -1.0 9.270 7.0 9.049 9.3
206 6.833 6.499 4.9 7.015 -2.7 5.611 17.9 5.477 19.8
207 4.222 4.259 -0.9 5.132 -21.5 3.635 13.9 3.548 16.0
208 16.694 17.828 -6.8 14.798 11.4 15.824 5.2 15.447 7.5
209 2.581 2.729 -5.8 3.692 -43.1 2.301 10.8 2.246 13.0
210 5.667 5.731 -1.1 6.392 -12.8 4.931 13.0 4.813 15.1
211 22.250 23.912 -7.5 18.388 17.4 21.395 3.8 20.885 6.1
212 21.556 25.607 -18.8 19.343 10.3 22.955 -6.5 22.407 -4.0
213 21.500 25.495 -18.6 19.281 10.3 22.852 -6.3 22.307 -3.8
214 5.972 6.503 -8.9 7.074 -18.5 4.774 20.1 4.777 20.0
215 35.139 33.740 4.0 23.912 31.9 25.916 26.2 25.931 26.2
21b 5.444 6.113 -12.3 6.758 -24.1 4.481 17.7 4.483 17.7
217 25.333 22.519 11.1 17.731 30.0 17.106 32.5 17.116 32.4
218 18.417 19.078 -3.6 15.684 14.8 14.427 21.7 14.435 21.6
219 11.917 13.066 -9.6 11.853 0.5 9.778 17.9 9.784 17.9
220 26.472 25.474 3.8 19.424 26.6 19.416 26.7 19.428 26.6
221 10.444 10.958 -4.9 10.407 0.4 8.161 21.9 8.166 21.8
222 29.667 31.388 -5.8 22.667 23.6 24.061 18.9 24.075 18.8
223 36.389 36.859 -1.3 25.528 29.8 28m379 22.0 28.396 22.0
224 10.389 9.686 6.8 9.499 8.6 7.189 30.8 7.194 30.8
225 30.778 30.452 1.1 22.166 28.0 23.324 24.2 23.338 24.2
226 6.389 6.955 -8.9 7.435 -16.4 •5 a «3L 19.9 5.119 19.9
227 9.556 9.496 0.6 9.361 2.0 7.045 26.3 7.049 26.2
228 16.111 15.874 1.5 12.192 24.3 12.090 25.0 12.098 24.9
229 6.028 6.054 -0.4 5.976 0.9 4.491 25.5 4.494 25.5
230 16.694 17.590 -5.4 13.153 21.2 13.434 19.5 13.442 19.5
231 10.861 10.914 —0.5 9.241 14.9 8.228 24.2 8.233 24.2
232 3.694 4.059 -9.9 4.445 -20.3 2.978 19.4 2.980 19.3
233 27.556 29.563 -7.3 19.312 29.9 22.903 16.9 22.917 16.8
234 14.389 14.729 -2.4 11.534 19.8 11.195 22.2 11.201 22.2
235 6.583 6.575 0.1 6.352 3.5 4.888 25.8 4.891 25.7
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(ii) The values of % E^ , % E , and % S. , were 2.48, 11.48 andavg aOS Q8V
0.20 respectively.

(iii) From the 235 data points, 80 % of the predicted values of kLa
(i.e. 189 data points) were within ± 20 % of the experimental data
bank values, 65 % were within + 15 % and 50 % were within t 10 %.

(iv) 20 % of the points registered deviations greater than ± 20 % 
with the value of maximum deviation being ± 36 %.

Figure (8.1) shows a parity plot wherein the values of
^kLa)pred have been pi°ted versus (kLa)eXp (Lit)* The satisfactory 
fit in Figure (8.1) clearly reflects that equation (8.4) can 

correlate satisfactorily all the data obtained from various sources 
covering a wide range of variables as mentioned earlier.

The existing correlations of k^a have been surveyed in
Chapter - (2). The most widely used correlation is the one proposed 
by Sherwood and Halloway (Equation (2.12)] which is not dimensionally 

consistent in nature. The values of kLa obtained by using this 
correlation are also reported in Table (8.1.3). The detailed 
statistical analysis of Sherwood and Halloway's correlation can be 
described as follows

(i) The values of % E , % E , and % S, were -23.56, 29.4 andavg abs dev
0.37 respectively.

(ii) From the 235 data points, only 44% of predicted values of kLa

(i.e. 104 data points) were within ± 20 % of the experimental data

bank values and 35 % were within ± 15 %.
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0 10x103 1 20x103 30x103

k|_a s experimental (lit.)

Fig.8.1 VOLUMETRIC LIQUID SIDE MASS TRANSFER COEFFICIENT. 
DURING PHYSICAL ABSORPTION.

COMPARISON OF PREDICTED vs. EXPERIMENTAL (LIT.) 
DATA.
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LEGENDS FOR FIG. 8.1

Da ta No. Relevant Information Symbol

1-13 Hikita (40), CO„- H„0, C.R.R., 15mm, 25mm.
/ ^

a 0

14-15 Danckwerts (19), C.R.R. , 13mm, C02~ H20;
C02- aq. Na2S04<

A
A

16-20 Richards (21), C02~1.8 M NaCl, C.R.R., 13mm. A

21-24 Danckwerts (22), C02~ aq. Na2S04, C.R.R., 38mm. X

25-28 Onda (28), 02~ aq. Na^Og, C.R.R., 15mm. a
29-43 Sahay (41), C02-H20, C.R.R., 13mm, 25mm. A*

44-72 Satiay (41), C02~ aq. isopropanol, C.R.R., 13mm,

o = 62.8, 59.2, 56.0 mN/m. 
a - 52.0, 47.0 mN/m.

AAV 
1 V

73-87 Sahay (41), C02-H20, PVC.R.R., 13mm, 25mm. D O

88-134 Sahay (41), C02~ aq. isopropanol PVC.R.R., 13mm,

o = 68.5, 58.0, 54.0 mN/m. 
a .= 51.0, 49.0 mN/m.

A

^ V
135-138 Sahay (41), C02-H20, Polypropylene R.R., 25mm.

139-152 Joosten (42), C02~ aq. NaNO^, C.R.R., 13mm. a
153-162 Mangers (43), C02-H20, dp = 10mm,

PTFE R.R. , Glass R.R. 0 0

163-187 Mangers (44), C02-H20, aq.Glycerol, Glass R.R. , 
dp = 10mm, = 0.90, 2.88, 5.50 mNs/m2.

= 10.8, 16.0 mNs/m2.

□ □ CD
S B

188-213 Onda (45), C02~H20, C.R.R., 6mm, 8mm. 9 ©

214-227 Onda (46), H2~H20, C.R.R., 6mm. *

228-235 Onda (46), CO2-H2O, C.R.R., 6mm. 9



221

(iii) 20 % of the points registered deviations greater than 50 % 
with the values of maximum deviation being -129 %.

The correlation by Norman [Equation (2.13)] was also used to 
predict the values of k^a, which have been tabulated in Table 
(8.1'.3). The detailed statistical analysis of Normans correlation 

can be described as follows :-

(i) The values of % E , % E , and % S, were -9.79, 18.21 and3Vg 3 US QGV
0.34 respectively.

(ii) From the 235 data points, 69 % of the predicted values of kLa

(i.e. 162 data points) were within t 20 % of the experimental data
bank values and 55 % were within ± 15 %.

(iii) 12 % of the data points registered deviations greater than - 
40 % with the value of maximum deviation being -99 %.

The only existing generalised correlation which is 
dimensionally consistent is due to Mohunta et al. [Equation (2.14)]. 

The values of k^a were also obtained by Mohunta's correlation and are 
reported in Table (8.1.3).

The detailed statistical analysis of the correlation can be 
described as follows

(i) The values of % E , % E . and % S. „ were 5.9, 22.7 andavg abs dev
0.36 respectively.

(ii) From the 235 data points, 66 % of the predicted values of k^a 
(i.e. 155 data points) were within ± 20 % of the experimental values 

and 50 % were within ± 15 %.
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(iiij 15 % of the points registered deviations greater than ± 40 % 

with the values of maximum deviation being - 88 %.

Therefore, based on the detailed statistical analysis of the 

different correlations inclusive of the correlation developed in this 

investigation, it can be concl-uded that the correlation [Equation 

(8.6)] developed in this investigation is expected to be superior in 

comparison to the existing correlations for predicting kLa.

The unusually high error in most of the existing correlations 

stems from the fact that none of these correlations incorporate the 

effect of wettability of packing material and surface tension 

effect on the values of k^a. It can be easily visualised that a 

poorly wettable packing such as those made of polymeric materials 

would provide very low values of effective interfacial area and hence 

very low values of k^a.

Further most of the existing correlations are able to predict 

the k^a values only under conditions wherein the values of viscosity 

are not significantly greater than those of water.

Hence it can be concluded that the correlation for k^a 

[Equation (8.6)] developed in this investigation is a truly 

generalised dimensionally consistent correlation wherein the effect 

of all the parameters has been' rationally and adequately 

incorpora ted.

The validity of the generalised correlation [Equation (8.6)] 

developed in this investigation was further checked by applying this
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Table - ( 8.1.4 )

Comparison between the experimental values ( literature ) 
and the predicted values of k^a for system having 

high viscosity of absorption media

System : Desorption of 0^ from water and viscous solutions.

Ho. T

©c

at
2 3 m /m

pu

3kgsm zmN e/m

a

mN/m

D LL PX xo2 Zm /s kg/m s

k aL, 3x lO -16
exp

k a
3x lO -1s

pred.

Z err

1 30.0 190 996.0 0.80 72.0 2.84 4.00 13.00 10.60 18.46
2 30.0 190 996.0 0.80 72.0 2.84 5.87 18.40 14.05 23.65
3 30.0 190 998.0 0.80 72.0 2.84 7.78 22.80 17.27 24.23
4 30.0 190 996.0 0.80 72.0 2.84 9.90 26.30 20.82 21.61
5 30.0 190 996.0 0.80 72.0 2.84 12.66 31.50 24.69 21.60
6 30.0 190 996.0 0.80 72.0 2.84 14.90 34.78 27.63 19.98
7 30.0 190 996.0 0.80 72.0 2.84 17.60 40.00 31.45 21.37
8 30.0 190 998.2 2.35 70.3 2.69 5.32 8.00 7.93 0.86
9 30.0 190 996.2 2.35 70.3 2.69 7.27 10.80 9.87 7.68

10 30.0 190 996.2 2.35 70.3 2.69 11.08 15.00 13.59 9.40
11 30.0 190 996.2 2.35 70.3 2.89 14.90 18.00 16.89 6. 16
12 30.0 190 996.2 2.35 70.3 2.69 18.90 20.00 20.11 -0.56
13 30.0 190 1093.0 3.08 70.4 1.00 5.21 5.65 4.19 25.91
14 30.0 190 1093.0 3.08 70.4 1.00 8.51 8.30 8.00 27.70
IS 30.0 190 1093.0 3.08 70.4 1.00 12.51 10.90 7.96 26.95
16 30.0 190 1093.0 3.08 70.4 1.00 16.73 13.20 9.88 25.33
17 30.0 190 1093.0 3.08 70.4 1.00 18.71 15.20 10.70 29.61
18 30.0 190 1141.0 7.27 69.1 0.55 4.44 2.18 1.89 13.33
19 30.0 190 1141.0 7.27 69.1 0.55 8.15 3.70 2.95 20.28
20 30.0 190 1141.0 7.27 89.1 0.55 13.36 5.20 4.24 18.45
21 30.0 190 1141.0 7.27 69.1 0.55 16.15 6.00 4.87 18.77
22 30.0 190 1141.0 7.27 69.1 0.55 18.53 8.52 5.39 17.29
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correlation to the latest literature data on kLa obtained by Delaloye 

et al.(188). The values of k^a obtained by using the correlation 

developed in this investigation [Equation (8.6J] and the experimental 

values of k^a for the system O^-aqueous glyerol wherein particularly 

the viscosities of absorption media were varied substantially are 

listed in Table (8.1.4), from which it is evident that the agreement 

between the experimental and predicted values is within ± 25 %.

8.2.0 RESULTS AND DISCUSSION FOR TRUE GAS SIDE MASS TRANSFER 

COEFFICIENTS {J
U

Data bank for gas side mass transfer coefficients can be 

classified under four different cases as under

CASE (I) 

CASE (II)

Overall gas side mass transfer coefficients (K^a).

Volumetric gas side mass transfer coefficient (k^a) 

obtained by chemical technique.

CASE (III) Volumetric gas side mass transfer coefficient (k^a) 

during vaporization.

CASE (IV) : HTU data for vaporization.

These data banks can be used to obtain the values of true gas side 

mass transfer coefficients (k„).
U

The values of true gas side mass transfer coefficients for 

physical absorption have been obtained by various investigators from 

the corresponding values of the volumetric gas side mass transfer
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coefficient (k„a) by dividing them with either values of totalb
surface area per unit packed volume (a t) or the wetted surface area 
(awJ . Both these approaches appear to be inappropriate. The values 
of effective interfacial area availiable for mass transfer during
physical absorption (a } and that during chemical absorption (a )P c
also that during vaporization (av j are different. Further, the 
values of aw and a^ are not equal. Hence, it is obvious that the 

values of k^, obtained by different investigators do not represent the 

real values of k„ and can be called as the apparent values of k„.b b

Hence, the data banks for "Gas side 
coefficients" were reanalysed in this investigation, 
of k„ were obtained from the k„a values by dividingb b
the appropriate values of effective interfacial area.

mass transfer 

The real values 
these values by

8.2.1 Results for true gas side mass transfer coefficient (kg) :

The real values of true gas side mass transfer coefficients 
for physical absorption were obtained from the undermentioned four 

cases

CASE (1) : Values of kg obtained from overall gas side mass
transfer coefficient (K a) :------------------------------------------------------------------------- ij

The existing literature data on K^a reported in Table (5.5 A) 
incorporating 17 variations including system variations such as 
ammonia - water, acetone - water, methanol - water etc. were used 
initially to obtain the values of kQa from which subsequently the 
values of kr were estimated.
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In order to obtain the values of k„a from the reported values
U

of K^a, the methodology listed in section (4.1.0) of Chapter - (4) : 

General Considerations was used. The values of volumetric liquid 
side mass transfer coefficient during physical absorption (k^a) were 
estimated under otherwise identical conditions mentioned for the K„a 

data reported in Table (5.5 A) by using the generalised correlation 
[Equation (8.6)] developed in this investigation. The values of 
Henry's, constant were estimated by using the appropriate 

equation/data mentioned in Chapter - (4). Thus, the values of kGa 

were estimated by using Equation - (4.1).

For the Case (I) under consideration, the effect < CD

interfacial area avaitable for mass transfer during physi ca 1
absorption based on the static area model developed in t his
investigation in Chapter - (6), the following equation holds good

kGa k„G p k„ a ,G dy k„ (a - a . ) G w s t (8.7

are
Hence, the values of 'a^ ' A obtained for the Case (I) under

consideration by calculating the values of aw and agt using the
generalised correlations developed in this investigation [Equations
(7.3) and (7.16) respectively] and subtracting the a values from

the a values. Thus the values of k.a, a , a ., a . , H, k0a and k„ w Lwstdy G G
were obtained under otherwise identical conditions mentioned for the
kQa data bank reported in Table (5.5 A). Results obtained for Case
(I) under consideration are reported in Tables (8.2.1 A) and 
(8.2.1 B).
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
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Table - 8.2.1 (A)

Results for k^a inclusive of physical properties of liquids 
and processing parameters required for obtaining 
true gas side mass transfer coefficients ( k_ ).

U

, 3 kg/m
2

mNs/m

a

mN/m

C
D

LP
- iO2

_ m /s

aV asi
2 3

m Sm

ady
k a

L, 3~ IO 
-i 

s

996.6 0.867 71.8 1.281 2.430 43.7 16.7 27.0 2.342
996.6 0.867 71 .8 1.281 2.430 55.0 18.8 t y •'“AOO • x. 3.862
996.6 0.867 71.8 1.281 2.430 69.5 21.1 48.4 6.433
996.6 0.867 71.8 1.281 2.430 43.7 16.7 27.0 2.345
996.6 0.867 71-8 1.281 2.430 54.7 18.7 36.0 3.825
996.6 0.867 71.8 1.281 2.430 69.7 21.2 48.6 6.480
996.6 0.867 71.8 1 . 281 2-430 43.7 16.7 27.0 2.345
996.6 0.867 71.8 1.281 2.430 43.7 16.7 27.0 2.345
996.6 0.867 71.8 1.281 2.430 43.7 16.7 27.0 2.345
996.6 0.867 71.8 1.281 2.430 69.5 21.1 48.4 6.433
996.6 0.867 71.8 1.281 2.430 79.8 22.7 57.1 8.691
996.6 0.867 71.8 1.281 1.204 43.7 16.7 27.0 1.651
996.6 0.867 71.8 1.281 1.204 54.8 18.7 36.1 2.704
996.6 0.867 71.8 1.281 1 .204 43.7 16.7 27.0 1.651
996.6 0.867 71.8 1.281 1.204 54.8 18.7 36.1 2.704
996.6 0.867 71.8 1.281 1.204 69.5 21.1 48.4 4.529
996.6 0.867 71.8 1.281 1.204 79.8 22.7 57.1 6.118
996.6 0.867 71.8 1.281 1.204 43.6 16.7 27.0 1.646
996.6 0 * 867 71.8 1-281 1.204 54.8 18.7 36.1 2.704
996.6 0.867 71.8 1.281 1.204 69.5 21.1 48.4 4.529
996.6 0.867 71.8 1.281 1.757 43.7 16.7 27.0 1.994
996.6 0.867 71.8 1.281 1 .757 54.9 18.8 36.2 3.281
996.6 0.867 71.8 X - 2B1 1.757 69.5 21.1 48.4 5.471
996.6 0.867 71.8 1.281 1.757 43.7 16.7 27.0 1.994
996.6 0.867 71.8 1.281 1.757 54.8 18.7 3£> • X 3.267
996.6 0.867 71.8 1.281 1.757 69.5 21.1 48.4 5.471
996.6 0.867 71.8 1-281 1.757 79.8 22.7 57.1 7.391
996.6 0.867 71.8 1.281 1.757 43.7 16.7 27.0 1.994
996.6 0.867 71.8 1.281 1.757 55.1 18.8 36.3 3.298
996.6 0.867 71.8 1.281 1.757 69.5 21.1 48.4 5.471
996.6 0.867 71.8 1.281 1.757 79.8 22.7 57.1 7.391
996.6 0.867 71.8 1.281 1.757 43.7 16.7 27.0 1.994
996.6 0.867 71.8 1 .281 1.757 54.8 18.7 36.1 3.267
996.6 0.867 71.8 X - 28X 1.757 69.5 21.1 48.4 5.471
996-6 0.867 71.8 1.281 1.757 79.8 22.7 57.1 7.391
996.6 0.867 71.8 1.281 1.757 43.7 16.7 27.0 1.994
996.6 0.867 71 *B 1.281 1.757 54.8 18.7 36.1 3.267
996.6 0.867 71.8 1.281 1.757 69.5 21.1 48.4 5.471
996.6 0.867 71.8 1.281 1.373 43.6 16.7 26.9 1.755
996.6 0.867 71.8 1.281 1.373 55.0 18.8 36.2 2.903
996.6 0.867 71.8 1.281 1.373 69.5 21.1 48.4 4.835
996.6 0.867 71.8 1.281 1.373 69.5 21.1 48.4 4,835
996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
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Table - 8.2.1 A < contd.J

No

, 3
kg/m 2mNs/m

O'

1

mNXm

oso
G

D
LP

X lO
2m /s

a
V a a,st dy

Z 3
— m /m -----------------

k a
L

3X lO -1
8

45 996.6 0.867 71.8 1.281 1.373 43.6 16.7 27.0 1.758
46 996.6 0.867 71.8 1.281 1.373 55.0 18.8 36.2 2.903
47 996.6 0.867 71.8 1.281 1-373 54.5 18.7 35.8 2.851
48 996.6 0.867 71.8 1.281 1.373 69.5 21.1 48.4 4.835
49 996.6 0.867 71.8 1.281 1.373 69.5 21.1 48.4' 4.835
50 996.6 0.867 71.8 X • 281 1.373 69.5 21.1 48.4 4.835
51 996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
52 996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
53 996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
54 996.6 0.867 71.8 1.281 X • 37 o 43.7 16.7 27.0 1.763
55 996.6 0.867 71.8 1.281 1.373 43.7 16.7 27.0 1.763
56 996.6 0.867 71.8 1.281 1.373 55.0 18.8 36.2 2.903
57 996.6 0.867 71.8 1.281 1.373 55.0 18.8 36.2 2.903
58 996.6 0.867 71.8 1.281 1.373 54.8 18.7 36.1 2.888
59 996.6 0.867 71.8 1.281 1.373 55.0 18.8 36.2 2.903
60 996.6 0.867 71.8 1.281 1.373 54.8 18.7 36.1 2.888
61 996.6 0.867 71.8 1.281 1.373 69.5 21.1 48.4 4.835
62 996.6 0-867 71.8 1.281 1.373 69.5 21.1 48.4 4.835
63 996.6 0.867 71.8 1.281 1.373 69-5 21.1 48.4 4.835
64 996.6 0.867 71.8 1.281 1.373 69.5 21.1 48.4 4.835
65 996.6 0.867 71.8 1.281 1.373 79-8 22.7 57.1 6.533
66 996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
67 996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
68 996.6 0.867 71.8 1.281 1.373 43.7 16.7 27.0 1.763
69 996.6 0.867 71.8 1.281 1.373 43.7 16.7 27.0 1.763
70 996.6 0.867 71.8 1.281 1.373 54.8 18.7 36.1 2.888
71 996.6 0.867 71.8 1.281 1.373 54.8 18.7 36.1 2.888
72 996.6 0.867 71.8 1.281 1.373 54.0 18.6 35.4 2.797
73 996.6 0.867 71.8 1.281 1.373 69.5 21.1 48.4 4.835
74 996.6 0.867 71.8 1.281 1.373 69.5 21.1 48.4 4.835
75 996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
76 996.6 0.867 71.8 1.281 1.373 79.8 22.7 57.1 6.533
77 996.6 0.867 71.8 1.281 1.373 43.7 16.7 27.0 1.763
78 996.6 0.867 71.8 1.281 1.373 54.8 18.7 36.1 2 > 808
79 998.2 1.008 71.2 1.167 1.276 143.6 79.2 64.4 8.340
80 998.2 1.008 71.2 1.167 1.299 143.6 79.2 64.4 8.414
81 998.2 1.015 71.2 1.167 1.275 143.6 79.1 64.5 8.310
82 998.2 1.029 71.2 1.167 1.275 143.6 78.9 64.7 8.259
83 998.3 1.015 71.4 1.170 1.234 143.3 79.0 64.3 8.158
84 998.2 1.003 71.4 1.170 1.275 143.3 79.2 64.1 8.338
85 998.2 0.996 71.8 1.177 1.318 142.6 79.1 63.5 8.443
86 998.1 0.996 71.8 1.177 1.333 142.6 79.1 63.5 8.491
87 998.1 1.003 71.4 1.170 1.246 143.1 79.1 64.0 8.212
88 998.2 0.982 71-4 1.170 1.242 143.1 79.4 63.7 8.278
89 998.0 0.974 71.2 1.167 1.254 143.9 79.B 64.2 8.439
90 997.9 0.970 71.2 1.167 1.311 144.0 79.8 64.1 8.645
91 997.9 0.996 71.2 1.167 1.306 143.9 79.5 64.5 8.526
92 998.1 0.982 71.2 1.167 1.322 143.9 79.6 64.3 8.634
93 998-0 0.974 71.2 1.167 X * 202 101.3 66.7 34.5 3.968
94 998.9 1.112 73.3 1.202 1.322 132.0 74.8 57.2 6-899
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No ay a

kgym rnNs/m mN/m

D

x iO 
2

m ys

st

2 3
tn /m

dy
k a

L
X io"

95 998.9 1.112 73.3 1.202 1.322 114.0 69.4 44.6 5.014
96 998.9 1.112 73.3 1.202 1.322 147.1 79.0 68.1 8.724
97 998.7 1.081 73.2 1.199 1.365 143.1 78.3 64.8 8.451
98 998.5 1.052 73.0 1.197 1.408 143.3 78.7 64.6 8.702
99 998.5 1.046 72.9 1.196 1-417 146.8 79.7 67.1 9.216

100 998.8 1.087 73.2 1.200 1.356 158-3 82.3 76.0 10.469
101 998.7 1.073 73.1 1.199 1.377 127.7 74.0 53.7 6.638
102 998.4 1.031 72.9 1.195 1.441 135.8 76.8 59.0 7.890
103 997.3 0.916 72-1 1.182 1.648 95.7 65.6 30.1 4.121
104 996.9 0.884 71.9 1.179 1.717 90-9 64.3 26.6 3.818
105 996.9 0.884 71.9 1.179 1.717 81.6 60.9 20.7 3.015
106 997.5 0.931 72.2 1.184 1.618 142.5 80.1 62.5 9.667
107 997.5 0.954 72.1 1.182 1.573 142-7 79.8 62.9 9.436
108 997.8 0.960 72.4 1.188 1.562 137.4 78.2 59.2 8.663
109 996.7 0.866 71.8 1.176 1.758 141-6 80.8 60.9 10.220
HO 996.5 0.855 71.7 1.175 1.784 138.3 80.0 58.3 9.827
111 996.8 0.872 71.8 1.177 1.744 138.2 79.7 58.5 9.617
112 996.7 0.866 71.8 1.176 1.758 143-3 81.3 62.0 10.482
113 996.3 0.863 71.7 1.176 1.7 5 143.4 81.3 62.0 10.526
114 996.7 0.866 71.8 1.176 1.758 143.3 81.3 62.0 10.482
115 996.4 0.846 71.6 1.173 1.806 143.5 81.7 61.9 10.756
116 996.2 0.836 71.5 1.172 1.831 143.6 81.8 61.8 10.897
117 996.2 0.836 71.5 1.172 1.831 143.6 81.8 61.8 10.897
118 996.4 0.846 71.6 1.173 1.806 143.5 81.7 61.9 10.756
119 996.0 0.820 71.4 1.170 1.872 143.8 82-2 61.7 11.129
120 995.6 0.800 71.2 1.167 1.926 144.0 82.6 61.5 11.435
121 995.6 0.800 71.2 1.167 1.926 144.0 82.6 61.5 11.435
122 995.4 0.785 71.0 1.165 1.968 144.2 82.9 61.4 11.674
123 995.1 0.778 70.9 1.163 1.991 144.4 83.0 61.3 11.804
124 995.8 0.807 71.3 1.169 1-906 143.9 82.4 61.5 11.319
125 996.6 0.862 71.7 1.176 1.211 93.4 65.5 27.9 3.432
126 996.6 0.862 71.7 1.176 1.211 99.1 67.5 31.6 3.904
127 996.8 0.872 71.8 1.177 1.195 104.7 69.2 35.4 4.351
128 996.6 0.862 71.7 1.176 1.211 92.7 65.2 27.5 3.376
129 996.5 0.862 71.6 1.174 1-213 99.2 67.5 31.7 3.911
130 996.5 0.862 71.6 1.174 1.213 104.6 69.3 35.3 4.394
131 996.1 0.825 71.4 1.171 1.274 92.9 65.8 27.2 3.542
132 995.7 0.804 71.2 1.168 1.312 99.5 68.4 31.1 4.212
133 995.7 0.804 71.2 1.168 1.308 105.0 70.3 34.7 4.725
134 995.3 0.781 71.0 1.164 1.357 94.2 66.8 27.4 3.842
135 995.3 0.781 71.0 1.164 1.357 99.7 68.8 30.9 4.350
136 995.4 0.792 71.1 1.166 1.335 105.1 70.5 34.6 4.814
137 996.7 0.872 71.8 1.177 1.195 93.3 65.3 28.0 3.388
138 996.6 0.862 71.7 1.176 1.211 99.1 67.5 31.6 3.904
139 996.4 0.851 71.6 1.174 1.229 105.1 69.6 35.4 4.490
140 995.5 0.791 71.1 1.165 1.337 68.9 31.5 37.4 3.350
141 995.5 0.791 71.1 1.165 1.337 72.1 32.2 39.9 3.700
142 995.5 0.791 71.1 1.165 1.337 72.1 32.2 39.9 3.700
143 995.3 0.781 71.0 1.164 1.357 72.2 32.3 39.8 3.752
144 995.3 0.781 71.0 1.164 1.357 72.2 32.3 39.8 3.752
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145 995.6 0.800 71.2 1.167 1.320 67.9 31-2 36.7 3.214
146 995.6 0.791 71.1 1.165 1.337 72.1 32.2 39.9 3.700
147 995.3 0.776 71.0 1.164 1.367 72.2 32.4 39.8 3.777
148 995.6 0.800 71.2 1-167 1.320 67.9 31.2 36.7 3.214
149 995.5 0.791 71.1 1.165 1.337 72.3 32.3 40.0 3.723
150 996.3 0.841 71.6 1.173 1.246 47.7 12.9 34.8 2.735
151 996.8 0.872 71.8 1.178 1.195 45.0 12.4 32 - 6 2.330
152 997.1 0.899 72.1 1.181 1.154 47.3 12.7 34.6 2.526
153 997.3 0.918 72.2 1.183 1.127 42.4 12.0 30.4 1.945
154 997.5 0.933 72#2 1.184 1.107 45.1 12.3 32.8 2.194
155 997.4 0.923 72.2 1.183 1.120 47.4 12.7 34.8 2.474
156 997.3 0.918 72.2 1.183 1.127 42.5 12.0 30.6 1.961
157 997.0 0.894 72.0 1.180 1.161 44.8 12.4 32.5 2.255
158 997.2 0.909 72.1 1.181 1-140 36.3 11.1 25.3 1.405
159 997.3 0.918 72.2 1.183 1.127 39.2 11.5 «27 7 1.640
160 996.1 0.830 71.4 1.171 1.265 45.1 12.6 32.6 2.453
161 996.3 0.842 71.5 1.173 1-245 47.9 12.9 34.9 2.752
162 995.8 0.810 71.3 1.273 2.625 43.8 16.9 26.9 2.518
163 995.8 0.810 71.3 1.273 2.625 43.8 16.9 26.9 2.518
164 995.8 0.810 71.3 1.273 2.625 43.8 16.9 26.9 2.518
165 995.8 0.810 71.3 1.273 2.625 43.8 16.9 26.9 2.518
<JL 995.8 0.810 71.3 1.273 2.625 43.8 16.9 26.9 2.518
167 995.8 0.810 71.3 1.273 2.625 43.B 16.9 26.9 2.518
168 995.8 0.810 71.3 1.273 2.625 40.7 16.3 24.4 2.139
169 995.8 0.810 71.3 1.273 2.625 43.4 jlib * 8 2&«6 2.466
170 995.8 0.810 71.3 1.273 2.625 46.6 17.4 29.1 2 m 876
171 995.8 0.810 71.3 JL • 273 2.625 51.3 18.3 33.0 3.548
172 995.8 0.810 71.3 1.273 2.625 2 19.2 37.0 4.325
173 996.0 0.818 71.3 1.170 2.596 83.0 24.4 58.6 9.568
174 995.8 0.809 71.3 1.168 2.629 73.7 23.0 50.7 7.465
175 995.8 0.809 71.3 1.168 2.629 03 n O 24.4 58.6 9.685
176 1000.0 1.350 74.8 1.225 1.530 67.1 11.8 55.3 6.303
177 1000.0 1.280 74.4 1.220 1.634 46.6 9.9 36.7 3.001
178 1000.0 1.440 74.8 1.225 1.425 67.1 11.7 55.4 5.907
179 1000.0 1.400 74.6 1.222 1.473 67.2 11.7 55.5 6.093
180 1000.0 1.470 74.8 1.226 1.393 67.2 11.6 55.5 5.796
181 1000.0 1.470 74.8 1.226 1.393 51.6 6.6 45.1 4.952
182 1000.0 1.440 74.8 1.225 1.425 51.6 6.6 45.1 5.056
183 1000.0 1.350 74.8 1.225 1.530 35.7 5.5 30.2 2.419
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Table - 8.2.1 (B)

Observed values of kQ obtained from KQa data bank 
inclusive of processing paraeeters.

No.

-kg/n)ZB—

K a 
a 2

x lO 3
kmol/m sa

k a H
L 3 Z

x lO x lO
b-1 o/kmol/m3

k a 
a

x io‘
dy

x lO
3 Z 3 Z

kmol/m sa m /m kmol^m so

1 0.679 0.244 2.767 2.342 1.938 3.589 27.0 1.330
2 1.348 0.258 4.049 3.862 1.938 5.081 36.2 1.404
3 2.712 0.248 4.760 6.433 ,1.938 5.558 48.4 1.149
4 0.681 0.537 3.915 2.345 1.938 5.788 27.0 2.143
5 1.330 0.537 6.585 3.825 1.938 9.882 36.0 2.745

2.740 0.553 7.652 6.480 1.938 9.924 48.6 2.044
7 0.681 0.663 4.983 2-345 1.938 8.472 27.0 3.137
8 0.681 0.825 5.695 2.345 1.938 10.758 27.0 3.984
9 0.681 0.797 5.428 2.345 1.938 9.844 27.0 3.645

10 2.712 0.766 11.478 6.433 1.938 17.547 48.4 3.629
11 4.096 0.716 11.256 8.691 1.938 15.029 57.1 2.631
12 0.681 0.118 0.943 1 .651 4.534 1.273 27.0 0.471
13 1.339 0.129 1.522 2.704 4.534 2.043 36.1 0.566
14 0.681 0.245 1.428 1.651 4.534 2.350 27.0 0.870
15 1.339 0.239 2.416 2.704 4.534 4.061 36.1 1.125
16 2.712 0-262 3.123 4.529 4.534 4.544 48.4 0.940
17 4.096 0.250 4.342 6.118 4.534 6.403 57.1 1.121
18 0.678 0.564 2.033 1.646 4.534 4.622 27.0 1.714
19 1.339 0.505 3.261 2.704 4.534 7.196 36.1 1.994
20 2.712 0.561 4.760 4.529 4.534 9.096 48.4 1.881
21 0.681 0.144 1.659 1.994 0.518 1.734 27.0 0.642
22 1.347 0.138 2.776 3.281 0.518 2.903 36.2 0.802
23 2.712 0.136 2.861 5.471 0.518 2.940 48.4 0.608
24 0.681 0.254 2.171 1.994 0.518 2.301 27.0 0.852
25 1.339 0.247 4.133 3.267 0.518 4-423 36.1 1.225
26 2.712 0.254 5.294 5.471 0.518 5.574 48.4 1.153
27 4.096 0.237 5.339 7.391 0.518 5.546 57.1 0.971
28 0.681 0.559 3.688 1.994 0.518 4.079 27.0 1.511
29 1.356 0.555 6.229 3-298 0.518 6.904 36.3 1.902
30 2.712 0.557 9.343 5.471 0.518 10.250 48.4 2.120
31 4.096 0.582 11.123 7.391 0.518 12.063 57.1 2.112
32 0.681 0.803 5.250 1.994 0.518 6.079 27.0 2.251
33 1.339 0.734 8.898 3.267 0.518 10.361 36.1 2.870
34 2.712 0.814 12.502 5.471 0.518 14.181 48.4 2.933
35 4.096 0.698 12.991 7.391 0.518 14.293 57.1 2.502
36 0.681 1.192 8.097 1.994 0.518 10.255 27.0 3.798
37 1.339 1.287 13.347 3.267 0.518 16.933 36.1 4.691
38 2.712 1.279 18.686 5.471 0.518 22.706 48.4 4.695
39 0.677 0.140 1.504 1.755 0.570 1.581 26.9 0.587
40 1.348 0.140 2.202 2.903 0.570 2.302 36.2 0.636
41 2.712 0.141 3.212 4.835 0.570 3.339 48.4 0.690
42 2.712 0.138 3.604 4.835 0.570 3.764 48.4 0.778
43 4.096 0.141 3.359 6.533 0.570 3.460 57.1 0.606
44 4.096 0.140 4.138 6.533 0.570 4.293 57.1 0.751
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Table - 8-2.1 B ( cor»td. )

No L e

, z------kg/m m-—

K a 
a 2

x *o akmol/m bo

k a H
L. a 2X iO x lO

-i , , as a/kmol/m

k a aO dy
2X IO
a 2 3kroolXm sa m Sm

k
a 3x iO

2kmoi/ro sa

45 0.678 0.244 2.002 1.758 0.570 2.141 27.0 0.794
46 1.348 0.245 3.648 2.903 0.570 3.930 36.2 1 * 086
47 1.316 0.237 3.484 2.851 0.570 3.744 35.8 1.045

*48 2.712 0.245 4.493 4.835 0.570 4.745 48.4 0.981
49 2.712 0.244 4.716 4.835 0.570 4.994 48.4 1.033
50 2.712 0.245 4.938 4.835 0.570 5.244 48.4 1.084
51 4.096 0.243 5.917 6.533 0.570 6.239 57.1 1.092
52 4.096 0.247 6.585 6.533 0.570 6.986 57.1 1.223
53 4.096 0.243 5.294 6.533 0.570 5.551 57.1 0.972
54 0.681 0.540 2.999 1.763 0.570 3.321 27.0 1.230
55 0.681 0.532 2.847 1.763 0.570 3.136 27.0 1.161
56 1.348 0.534 5.428 2.903 0.570 6.076 36.2 1.678
57 1.348 0.541 5.784 2.903 0.570 6.525 36.2 1.802
58 1.339 0.532 4.627 2.888 0.570 5.092 36.1 1.411
59 1.348 0.529 5.428 2.903 0.570 6.076 36.2 1.678
60 1.339 0.530 4.760 2.888 0.570 5.254 36.1 1.456
61 2-712 0.529 6.851 4.835 0.570 7.454 48.4 1.541
62 2.712 0.538 7.830 4.835 0.570 8.627 48.4 1.784
63 2.712 0.540 7.074 4.835 0.570 7.718 48.4 1.596
64 2.712 0.537 7.118 4.835 0.570 7.771 48.4 1.607
65 4.096 0.529 8.542 6.533 0.570 9.230 57.1 1.616
66 4.096 0.540 8.987 6.533 0.570 9.752 57.1 1.707
67 4.096 0.533 10.144 6.533 0.570 11.129 57.1 1.948
68 0.681 0.765 4.160 1.763 0.570 4.806 27.0 1.780
69 0.681 0.758 4.493 1.763 0.570 5.258 27.0 1.947
70 1.339 0.765 6.985 2.888 0.570 8.102 36.1 2.245
71 1.339 0.753 7.163 2*836 0.570 8.343 36-1 2.311
72 1.282 0.758 6.585 2.797 0.570 7.605 35.4 2.146
73 2.712 0.765 9.387 4.835 0.570 10.556 48.4 2.183
74 2.712 0.759 9.387 4.835 0.570 10.556 48.4 2.183
75 4.096 0.777 11.745 6.533 0.570 13.087 57.1 2.291
76 4.096 0.765 14.059 6.533 0.570 16.025 57.1 2.805
77 0.681 1.164 6.807 1.763 0.570 8.729 27.0 3.232
78 1.339 1.154 10.233 2.888 0.570 12.824 36.1 3.553
79 3.960 0.283 4.671 8.340 4.140 6.082 64.4 0.944
80 3.960 0.426 5.739 8.414 4.232 8.069 64.4 1.253
81 3.960 0.499 5.899 8.310 4.131 8.347 64.5 1.294
82 3.960 0.679 7.875 8.259 4.075 12.878 64.7 1.991
83 3.960 0.793 8.765 8.158 3.892 15.061 64.3 2.342
84 3.960 0.261 4.547 8.338 4.041 5.832 64.1 0.909
85 3.940 0.407 6.318 8.443 4.358 9.375 63.5 1.477
86 3.940 0.530 7.697 8.491 4.434 12.870 63.5 2.027
87 3.940 0.656 8.297 8.212 4.044 14-031 64.0 2.194
88 3.940 0.799 9.031 8.278 4.107 16.365 63.7 2.570
89 3.987 0.400 5.695 8.439 4.195 7.944 64.2 1.237
90 3.987 0.542 7.541 8.645 4.467 12.355 64.1 1.926
91 3.987 0.667 8.231 8.526 4.333 14.150 64.5 2.194
92 3.987 0.770 8.942 8.634 4.460 16.619 64.3 2.584
93 1.397 0.420 3.857 3.968 4.265 6.589 34.5 1.908
94 3.255 0.412 9.298 6.899 0.413 9.847 57.2 1.720
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Table — 8.2.1 B ( contd.)

L G K a 
a 2

k a
L 3

H
2

k a a ,
O dy

z
k

o 3
, x to x iO X 40 X 40 X 40

2 3 ~l 3 3 2 3 Z
——kgsm b---- krool/m ©a s o/kmol/m icmol/m sa in /is kmol/m sa

95 2.102 0.412 7.497 5.014 0.443 8.028 44.6 1.800
96 4.489 0.279 7.029 8.724 0.411 7.270 68.1 1.068
97 4.123 0.557 10.010 8.451 0.469 10.599 64.8 1.635
98 4.123 0.659 11.478 8.702 0.511 12.308 64.6 1.904
99 4.421 0.797 13.258 9.216 0.481 14.243 67.1 2.124

lOO 5.574 0.411 9.610 10-469 0.465 10.038 76.0 1.321
101 2.929 0.414 7.808 6.638 0.476 8.271 53.7 1.540
102 3.499 0.255 6.206 7.890 0.442 6.430 59.0 1.090
103 1.207 0.412 5.294 4.121 0.510 5.665 30.1 1.885
104 1.031 0.412 4.783 3.818 0.580 5.157 26.6 1.938
105 0.746 0.412 3.604 3.015 0.580 3.872 20.7 1.871
106 3.974 0.509 5.057 9-667 0.424 5.172 62.5 0.828
107 3.974 0.788 7.163 9.436 0.396 7.385 62.9 1.174
108 3.580 0.513 5.561 8.663 0.389 5.704 *■'9 2 0.964
109 3.852 0.717 6.251 10.220 0.510 6.452 60.9 1.060
HO 3.580 0.692 2.767 9.827 0.527 2.809 58.3 0.481
111 3.580 0.313 1.869 9.617 0.501 1.887 58.5 0.323
112 3.987 0.380 2.202 10.482 0.510 2.226 62.0 0.359
113 3.987 0.759 3.559 10.526 0.518 3.623 62.0 0.584
114 3.987 1.112 4.582 10.482 0.510 4.687 62.0 0.756
115 3.987 1.214 4.796 10.756 0.545 4.915 61.9 0.794
116 3.987 0.636 1.851 10.897 0.563 1.869 61.8 0.302
117 3.987 1.058 2.607 10-897 0.563 2.643 61.8 0.428
118 3.987 1.492 3.399 10.756 0.545 3.459 61.9 0.559
119 3.987 1.847 4.271 11.129 0.591 4.370 61.7 0.709
120 3.987 0.932 2.184 11.435 0.631 2.211 61.5 0.360
121 3.987 0.434 1.317 11.435 0.631 1.327 61.5 0.216
122 3.987 0.570 1.428 11.674 0.662 1.440 61.4 0.235
123 3.987 1.164 2.122 11.804 0.695 2.149 61.3 0.350
124 3.987 1.682 2.714 11.319 0.611 2.754 61.5 0.448
125 1.111 0.459 2.803 3.432 4.665 4.528 27.9 1.622
126 1.326 0.459 3.181 3.904 4.703 5.157 31.6 1.630
127 1.565. 0.459 3.608 4.351 4.594 5.829 35.4 1.645
128 1.086 0.545 2.825 3.376 4.845 4.751 27.5 1.729
129 1-326 0.545 3.426 3.911 4.919 6.019 31.7 1.900
130 1-555 0.545 3.782 4.394 4.919 6.557 35.3 1.859
131 1.086 0.569 2.941 3.542 5.231 5.199 27.2 1.914
132 1.326 0.569 3.581 4.212 5.388 6.609 31.1 2.124
133 1.555 0.569 3.902 4.725 5.360 6-999 34.7 2.016
134 1.118 0.401 2.291 3.842 5.884 3.530 27.4 1.291
135 1.326 0.401 2.838 4.350 5.972 4.651 30.9 1.504
136 1.555 0.401 3.403 4.814 5.799 5.769 34.6 1.666
137 1.111 0.700 2.914 3-388 4.534 4.778 28.0 1.707
138 1.326 0.700 3.786 3.904 4.639 6.882 31.6 2.176
139 1.575 0.700 4.169 4.490 4.675 7.365 35.4 2.079
140 1.257 0.380 2.536 3.350 5.620 4.413 37.4 1.181
141 1.440 0.380 2.634 3.700 5.620 4.390 39.9 1.101
142 1.440 0.444 2.781 3.700 5.620 4.814 39.9 1.208
143 1.440 0.503 2.830 3.752 6.003 5.171 39.8 1.298
144 1.440 0.378 2.776 3.752 5.801 4.864 39.8 1.221
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Table - B.2.1 B ( contd.)

No. L G K a
□ 2

x jo
2 3

-----kg/m s----- kmol/m sa

k a H
L

3 2
X IO X JO
-1 3

s a/kmol/m

k a a k
a dy a2 3

X JO X JO
3 2 3 2

kmol/ro sa m /m kmol/m sa

145 1.208 0.584 2.678 3.214 5.755 5.146 36.7 1-402
146 1.440 0.584 3.048 3.700 5.878 5.908 39.9 1.482
147 1.440 0.413 2.607 3.777 5.801 4.348 39.8 1.092
148 1.208 0.387 2.322 3-214 5.501 3.854 36.7 1.050
149 1.452 0.387 2.741 3.723 5.620 4.675 40.0 1.168
150 1.462 0.308 2.033 2.735 4.963 3.222 34.8 0.926
151 1.240 0.276 1.833 2.330 4.139 2.718 32.6 0.835
152 1.450 0.276 2.064 2-526 3.951 3.049 34.6 0.880
153 1.045 0.350 1.855 1.945 3.861 2.937 30.4 0.966
154 1.262 0.350 2.051 2.194 3.716 3.142 32.8 0.958
155 1.465 0.350 2.394 2.474 3.630 3.689 34.8 1.060
156 1.057 0.393 1.993 1.961 3.861 3.280 30.6 1.074
157 1.230 0.425 2.176 2.255 3.893 3.484 32.5 1.073
158 0.659 0.425 1.490 1 .405 3.833 2.511 25.3 0.994
159 0.828 0.425 1.771 1.640 3.745 2.972 27.7 1.073
160 1.235 0.284 1.815 2.453 4.604 2.753 32.6 0.846
161 1.477 0.284 2.024 2.752 4.467 3.015 34.9 0.B63
162 0.678 0.678 4.004 2.518 2.230 6.204 26-9 2.305
163 0.678 0.678 4.538 2.518 2.230 7.587 26.9 2.819
164 0.678 0.194 2.211 2.518 2.230 2.750 26.9 1.022
165 0.678 0.467 3.630 2.518 2.230 5-351 26.9 1.988
166 0.678 0.706 4.255 2.518 2.230 6.828 26.9 2.537
167 0.678 1.126 5.570 2.518 2.230 10.992 26.9 4.084
168 0.542 0.678 3.928 2.139 2.230 6.652 24.4 2.728
169 0.659 0.678 4.138 2.466 2.230 ^•5 . £y 11 26.6 2.487
170 0.814 0.678 4.569 2.876 2.230 7.075 29.1 2.427
171 1.085 0.678 5.570 3.548 2.230 8.569 33 . O 2.597
172 1.423 0.678 6.077 4.325 2.230 8.850 37.0 2.391
173 4.069 0.698 10.273 9.568 2.175 13.403 58.6 2.287
174 2.848 0.705 7.692 7.465 2.230 9.987 50.7 1.970
175 4.069 0.549 8.333 9.685 2.230 10.311 58.6 1.759
176 6.078 1.351 16.550 6.303 0.725 20.442 55.3 3.696
177 2.026 1.351 9.254 3.001 0.880 12.700 36.7 3.464
178 6.078 0.473 7.074 5.907 O . 648 7.669 55.4 1.384
179 6.078 0.810 10.099 6.093 0.705 11.435 55.5 2.062
180 6.093 0.270 4.849 5.796 0.629 5.119 55.5 0.922
181 6.078 0.810 8.520 4.952 0.629 9.554 45.1 2.120
182 6.078 1.350 11.923 5.056 0.648 14.072 45.1 3.123
183 2.026 0.810 4.849 2.419 0.725 5.674 30.2 1.879
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A typical sample calculation for obtaining the values of kG 

from the data bank of kGa has been illustrated in Appendix (I) : 

Sample Calculation (A.1.1). Using this six step procedure the values 

of kG were calculated for all the 183 data points mentioned in the 

data bank of KQa reported in Table (5.5 A) and these values of kQ - 

hence forth referred as "observed values of k " - are tabulated in 

Table {8.2.1 B).

CASE (II) Values of kg obtained from kGa values (chemical

Sharma and coworkers (41,53) have used the instanta

reaction technique to obtain the values of k„
U
a for the systems

absorption in 2 M NaOH and S02 absorption 2M NaOH. Since

systems are unambiguously gas film controlled, the entire resis 

to mass transfer lies in the gas side. Hence the values of KQ 

kGa are expected to be identical.

neous

- C12 

t hese

tance

a and

It has been discussed in chapter - (6) : Mathematical 

modelling of effective interfacial areas and mass transfer 

coefficients, that when absorption is accompanied by an instantaneous 

reaction, the values of effective interfacial area available for mass 

transfer are equal to a(Refer to equation (6.7)].

Hence for the case under consideration also, the values of 

were obtained by calculating the values of a^ and agt - by the 

generalised correlations (Equations (7.3) and (7.16) respectively] 

and '•subtracting the values of ag(. from the values of a^. Thus the
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values of aw, agt> ady and kQ were obtained under otherwise identical 

conditions mentioned for the k^a data bank reported in Table (5.5 B). 
Results obtained for Case (II) under consideration are reported in 
Table (8.2.1 C) which consists of 59 data points - observed values 
of kG.

CASE III : Values of kG obtained from kga values during

vaporization

When a pure solvent is vaporized in a gas stream in a
randomly packed bed the values of KGa and kGa become equal because of
absence of liquid film resistance. For the case under consideration
the effective interfacial area available for mass transfer (a ) willv
be equal to the wetted surface area (aw). Thus the values of kQ can 
be obtained conveniently by dividing the values of kQa by a^ values.

Therefore, the values of aw were calculated by using the
generalised correlation for a, [Equation (7.3)] under otherwisew
identical conditions mentioned for the kGa data during vaporization 
reported in Table (5.5 C). The results obtained for Case (III) under 
consideration are reported in Table (8.2.1 D) which consists of 60 
data points - observed values of kQ.

CASE (IV) : Values of kG obtained from HTU data on vaporization :-
In order to obtain the values of k_ from HTU data, the

U

methodology listed in Section - (4.1.1) of Chapter - (4) : General
Consideration was used. The values of effective interfacial area 
during vaporization being equal to aw were estimated by the



No

1
2
3
4
5
6
7
8
9

lO
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
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Table - 8-2.1 (C)

Observed values of kQ obtained from kQa data bank 
inclusive of physical properties.

p P a ay a a a a k a kL L c V et dy o 2 a 3
kg/nj3 2 3

rrt Sm —
x io3ktnolym ea

x IO
mN*/m mN/m 1 kmolym sa

1084.0 1.400 74.2 1.216 55.8 17.6 38.2 4.470 1.171
1084.0 1.400 74.2 1.216 69.8 19.7 50.1 6.330 1.264
1084.0 1.400 74.2 1.216 90.6 22.5 68.0 12.150 1.786
1084.0 1.400 74.2 1.216 69.8 19.7 50.1 10.200 2.037
1084.0 1.400 74.2 1.216 69.9 19.8 50.2 12.450 2.482
1084.0 1.400 74.2 1.216 57.9 17.9 39.9 3.000 0.751
1084.0 1.400 74.2 1.216 88.2 22.2 65.9 5.200 0.789
1084.0 1.400 74.2 1.216 101.8 23.9 77.9 7.000 0.899
1084.0 1.400 74.2 1.216 116.3 25.6 90.7 7.500 0.827
1084.0 1-400 74.2 X * 216 57.9 17.9 39.9 4.000 1.002
1084.0 1.400 74.2 1.216 72.5 20.1 52.4 5.100 0.973
1084.0 1.400 74.2 1.216 88.2 22.2 65.9 6.700 1.016
1084.0 1.400 74.2 1.216 101.8 23.9 77.9 8.300 1.066
1084.0 1.400 74.2 1.216 108.9 24.7 84.1 8.900 1.058
1084.0 1.400 74.2 1.216 116.3 25.6 90.7 9.000 0.992
1084.0 1.400 74.2 1.216 57.9 17.9 39.9 4.900 1 227
1084.0 1.400 74.2 1.216 88.2 22.2 65.9 7.800 1.183
1084.0 1-400 74.2 1.216 101.8 23.9 77.9 9.200 1.181
1084.0 1.400 74.2 1.216 116.3 25.6 90.7 10.400 1.146
1084.0 1.400 74.2 1-855 48.4 13.3 35.1 3.100 0.883
1084.0 1.400 74.2 1.855 60.8 14.9 45.9 3.800 0.828
1084.0 1.400 74.2 1.855 69.2 15.9 53.3 4.300 0.807
1084.0 1.400 74.2 1.855 74.1 16.5 57.6 5.100 0.885
1084-0 1.400 74.2 1.855 44.7 12.7 31.9 4.500 1.409
1084.0 1.400 74.2 1.855 61.2 14.9 46.2 5.900 1.277
1084.0 1.400 74.2 1.855 70.1 16.0 54.1 7.000 1.294
1084.0 1.400 74.2 1.855 75.2 16.6 58.6 8.000 1*365
1084.0 1.400 74.2 1.855 47.5 13.1 34- • 3 6.300 1.835
1084.0 1.400 74.2 1.855 58.3 14.6 43.7 7.300 1.669
1084.0 1.400 74.2 1.855 68.3 15.8 52.5 9.000 1.713
1084.0 1.400 74.2 1-855 75.2 16.6 58.6 10.300 1.758
1084.0 1.400 74.2 1.855 46.9 13.1 33.8 7.400 2.188
1084.0 1.400 74.2 1.855 61.0 14.9 46.1 9.200 1.996
1084.0 1.400 74.2 1.855 68.3 15.8 52.5 12.300 2.342
1084.0 1.400 74.2 1.855 78.7 17.0 61.7 14.100 2.284
1084.0 1.400 74.2 1.855 46.3 13.0 33.3 10.200 3.062
1084.0 1.400 74.2 1.855 61.8 15.0 46.8 13.900 2.973
1084.0 1.400 74.2 1.855 68.1 15.8 52.3 16.200 3.099
1084.0 1.400 74.2 1.855 76.5 16.7 59.8 18.600 3.112
1087.0 1.600 74.0 2.671 44.1 10.3 33.8 3.500 1.035
1087.0 1.600 74.0 2.671 52.8 11.3 41.5 4.100 0.987
1087.0 1.600 74.0 2.671 60.3 12.0 48.3 5.000 1.036
1087.0 1.600 74.0 2.671 64.7 12.5 52.3 5.400 1.033
1087.0 1.600 74.0 2.671 41.4 10.0 31.4 4.200 1.337
1087.0 1.600 74.0 2.671 53.4 11.3 42.0 5.800 1.380
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Table - 8.2.1 C ( contd.)

No P u a o','-o' a a a k a k
ML c w si dy a o2 3

X 40 X 403 2kmol/m sa kmot/m sa
3

kg/m 2
roNn/m mN/m — Z -am Sm----------

46 1087.0 1.600 74.0 2.671 58.2 11.8 46.4 5.800 1.251
47 1087.0 1.600 74.0 2.671 65.5 12.6 52.9 7.000 1.322
48 1087.0 1.600 74.0 2.671 45.3 10.4 34.9 5.600 1.606
49 1087.0 1.600 74.0 2.671 53.4 11.3 42.0 7.200 1.713
50 1087.0 1.600 74.0 2.671 61.4 12.2 49.3 7.500 1.522
51 1087.0 1.600 74.0 2.671 65.2 12.5 52.6 8.900 1.691
52 1084.0 1.400 74.2 1.855 48.4 13.3 35.1 2.800 0.798
53 1084.0 1.400 74.2 1.855 59.4 14.7 44.7 3.500 0.784
54 1084.0 1.400 74.2 1.855 68.3 15.8 52.5 4.300 0.819
55 1084.0 1.400 74.2 1.855 73.6 16.4 57.2 5.000 0.874
56 1084.0 1.400 74.2 1.855 47.2 13.1 34.1 4.500 1.319
57 1084.0 1.400 74.2 1.855 58.9 14.7 44.3 5.400 1.220
58 1084.0 1.400 74.2 1.855 64.8 15.4 49.4 6.200 1.254
59 1084.0 1.400 74.2 1.855 73.6 16.4 57.2 7.300 1.276
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Table - 8.2.1 (D)

Observed vaiun of kQ obtained from kgS vaporization data bank 
inclusive of physical properties.

No P fj a ay a a k a k
L L. c v a a2 3

x 10 x to3 2 2 3 . . 3 2
kg/ro mNa/m mN/m m /m kmol/m sa kmol/m so

1 881.4 0.672 29.2 0.521 113.7 7.741 0.681
2 884.3 0.705 29.6 0.528 112.7 9.298 0.825
3 885.4 0.715 29.7 0.531 112.4 9.031 0.804
4 886.2 0.724 29.8 0.532 112.1 9.387 0.837
5 886.6 0.728 29.9 0.534 111.9 10.678 0.954
6 886.3 0.725 29.8 0.533 112.1 11.923 1.064
7 886.6 0.728 29.9 0.534 111.9 13.480 1.204
8 887.1 0.732 29.9 0.534 111.8 12.991 1.162
9 886.6 0-728 29.9 0.534 111.9 14.103 1.260

io 887.6 0.738 30.0 0.536 111.6 14.548 1.303
11 887.1 0.732 29.9 0.534 111.8 14.415 1.289
12 887.8 0.740 30.0 0.536 111.6 13.925 1.247
13 887.8 0.740 30.0 0.536 111.6 14.993 1.343
14 887.8 0.740 30.0 0.536 111.6 16.105 1.443
15 888.4 0.746 30.1 0.538 111.4 18.107 1.625
16 876.1 0.640 24.2 0.433 127.4 6.896 0.541
17 876.2 0.641 24.3 0.433 127.3 7.830 0.615
18 876.4 0.642 24.3 0.434 127.2 8.142 0.640
19 876.5 0.642 24.3 0.434 127.2 9.165 0.721
20 876.9 0.647 24.3 0.435 127.0 9.832 0.774
21 877.2 0.650 24.4 0.435 127.0 10.945 0.862
22 877.5 0.652 24.4 0.436 126.9 11.034 0.870
23 877.7 0.635 24.4 0.436 126.8 11.745 0.926
24 877.5 0.652 24.4 0.436 126.9 13.258 1.045
25 878.0 0.657 24.4 0.436 126.7 12.413 0.980
26 876.7 0.645 24.3 0.434 127.2 12.101 0.952
27 876.9 0.647 24.3 0.435 127.0 12.813 1.009
28 877.5 0.652 24.4 0.436 126.9 14.548 1.147
29 877.8 0.654 24.4 0.436 126.8 14.815 1 • 168
30 877.5 0.652 24.4 0.436 126.9 14.415 1.136
31 998.6 1.067 73.1 1.305 55.1 8.142 1.479
32 998.6 1.057 73.0 1.304 66.3 11.478 1.731
33 998.7 1.070 73.1 1.305 68.7 10.411 1.516
34 998.5 1.053 73.0 1.304 69.2 10.767 1.556
33 998.6 1.062 73.1 1.304 71.6 8.275 1.156
3b 998.3 1.018 72.8 1.300 48.0 7.608 1.586
37 998.3 1.026 72.8 1.301 55.6 9.165 1.650
38 998.3 1.024 72.8 1.301 55.9 9.432 1.687
39 998.3 1.021 72.8 1.300 62.8 11.567 1.841
40 998.2 1.029 72.8 1.300 70.9 10.233 1.444
41 998.0 0.982 72.6 1.296 41.3 7.875 1.905
42 997.9 0.978 72.6 1.296 49.1 8.587 1.749
43 998.1 0.994 72.7 1.298 57.7 9.743 1.687
44 998.0 0.990 72.6 1.297 60.6 9.788 1. i
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Table - 8.2.1 D ( contd.)

No P u O' cx/cx a k a k
L c w a o2 aX lO X ioa z 2 3 a 2kg/m inNs/m mN/n m sm kmol/m sa kmol/m aa

45 998.3 1.024 72.8 1.301 65.7 10.989 1.673
46 997.9 0.978 72.6 1.296 57.8 9.743 1.686
47 997.9 0.977 72.6 1.296 63.. O 10.010 1.589
48 997.6 0.947 72.3 1.292 64.1 7.430 1.158
49 996.6 0.945 72.3 1.292 64.1 8.275 1.290
50 998.5 1.043 72.9 1.303 63.8 10.856 1.702
51 998.6 1.060 73.1 1.304 63.7 13.036 2.045
52 998.0 0.989 72.6 1.297 64.0 13.347 2.086
53 998.2 1.003 72.7 1.299 63.9 12.457 1.949
54 998.4 1.031 72.9 1.302 63.8 14.148 2.217
55 998.4 1.031 72.9 1.302 63.8 14.459 2.265
56 998.7 1.074 73.1 1.306 63.7 17.485 2.745
57 998.8 1.088 73.2 1.307 63.7 16.283 2.558
58 998.8 1.084 73.2 1.307 63.7 16.951 2.662
59 998.9 1.101 73.3 1.308 63.6 18.330 2.881
60 998.8 1.088 73.2 1.307 63.7 17.885 2.810



241

generalised correlation for a^ [Equation (7.3jj under otherwise 
identical conditions mentioned for the HTU data reported in Table 

{5.5 D). The results obtained for Case (IV) under consideration are 

reported in Table {8.2.1 E) which consists of ten data points - 
observed values of k„.

VJ

8.2.2 Critical analysis of data and Mathematical modelling :

The observed values of kQ obtained for the earlier mentioned 
four cases consisting of 312 data points are reported in Tables ' 
(8.2.1 B), (8.2.1 C), (8.2.1 D) and (8.2.1 E). In totality the kQ 

data bank incorporates 27 variations including 10 system variations.

(I) Effect of L and G on the values of k_ and k„a---------- ------------------ ------------ ---------------- - U ------ U ----

It is observed that the values of kQ get affected by the gas
flow rate (G). The liquid flow rate (L) appears to have no effect on
the values of kG* However, the values of kQa get affected by L as
well as G. Thus for example in Table (8.2.1 B) the observations (18)
and (20) for the system acetone - water, using 25 mm carbon Raschig

2 3rings (a^ = 190 m /m ) reveal the following 

Observation (18) - CASE (A) :
For a fixed value of L = 0.678 kg/m2-s and G = 0.564 kg/ra2-s 

2 3 2the values of a^ (m /m ), k^a (k mol/m s atm.) and k^
(k mol/m2s atm) are 27.0, 4.622 x 10~2 and 1.714 x 10**3 respectively.

Observation (20) - CASE (B) :
For a fixed value of L = 2.712 kg/m2-s and G = 0.561

2 2 3 2kg/m -sf the values of ady (m /m ), kGa (k moi/m s atm) and kQ



242

Tabla - 8.2.1 {£)

Obsarvad valuas of kQ obtained from HTU data bank 

inclusive of physical propartias.

No.

kg/m

fj D
o a2 3X iO X IO 

2 2
mNe/m m /s kg/m mNs/rn

a

ibN/td

a/a

2 3
m /m

k a k 
a a2 3x to x lO 

2
kmol/m sa

1 1.144 1.910 2.848 995.2 0.774 71.9 1.179 66.5 28.614 4.300
2 1.156 1.869 2.716 996.1 0.827 71.4 1.171 57.5 10.032 1.743
3 1.156 1.868 2.714 996.1 0.827 71.4 1.171 72.3 10.588 1.464
4 1.156 1.873 2.721 995.9 0.812 71.3 1.169 47.7 7.330 1.537
5 4.685 1.315 1.254 994-3 0.732 70.5 1.156 67.4 14.261 2.117
6 4.669 1.324 1.258 994.3 0.729 70.5 1.155 67.4 17.257 2.561
7 4.765 1.303 1.215 994.9 0.759 70-8 1.160 67.2 3.660 0.545
8 4.792 1.295 1.207 994.6 0.743 70.6 1.158 67.3 5.108 0.759
9 4.565 1.344 1-270 993.9 0.713 70.3 1.152 67.5 10.021 1.485

lO 4.685 1.311 1.257 994.4 0.733 70.5 1.156 67.3 12.022 1.785
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(k mol/m2s atm) are 48.4, 9.096 x 10~2 and 1.88 x 10-3 respectively.

Since the values of kQ for Cases (A) and (B) are comparable 
under otherwise identical conditions, the liquid flow rate appears to 
have no effect on the values of k„. However, since the values of k„ab b
are substantially higher for the Case (B) than that for the Case (A)
the values of kGa do get affected by L. It is already known that
with an increase in L, the value of 'a' increases (here it increases

2 3from 27.0 to 48.4 m /m } and hence the value of k~a also increases.b

Further for example, in Table (8.2.1 B), the observations (1)
and (8) for the system ammonia - water, using 25 mm carbon Raschig

2 3rings (a^ = 190 m /m ) reveal the following 

Observation (1) - CASE (A)
For a fixed value of L = 0.679 (kg/m2-s) and G = 0.244

2 2 3 3(kg/m -s),the values of ad (m /m ), kGa (k mol/m s atm), and kG
2 - 2 - 3(k mol/m s atm) are 27.0, 3.589 x 10 and 1.33 x 10 respectively.

Observation (8) : CASE (B) :
2 2For a fixed value of L = 0.681 kg/m -s and G = 0.825 kg/m -s

2 3 2 2the values of a^ (m /m )t kGa (k mol/m s atm) and kG (k mol/m s atm)
- 2 - 3are 27.0, 10.758 x 10 and 3.984 x 10 respectively.

Under otherwise identical conditions since the, values of ady 
for Case (A) and (B) are comparable,the liquid flow rate appears to 
have no effect on the values of k„a. The increase in the value ofb
k„a for CASE (B) than for CASE (A) is because of the increase in the b
value of k„ which is due to an increase in the value of G. Similar b
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observations can be made about the effect of L and G on the observed 
values of kg reported in Tables (8,2.1 C) and (8.2.1 D).

(II) Effect of packing size and at on kg :
The values of kg decrease with an increase in the packing

size or with a decrease in the surface area. Thus for the system :
Acetone - water, under otherwise similar conditions comparing points
(132) and (145) of Table (8.2.1 B), for a fixed value of G = 0.569 - 

20.584 kg/m -s with an increase in d^ from 13 mm to 19 mm (with
2 3 2 3decrease in the value of a^ from 370 m /m to 243 m /ra ), the value of 

kg decreases from 2.124 x 10~3 to 1.402 x 10~3 k mol/m2s atm. 

Similar observation can be made about the effect of the packing size 
on the values of kG reported in Tables (8.2.1 C). (8.2.1 D) and 
(8.2.1 E).

(III) Effect of diffusivity of the solute gas (Dg) :
The value of k„ decreases with a decrease in difusivity.U

Thus for example in Table (8.2.1 B) comparing observations (3) and 
(16) for systems ammonia - water and acetone - water respectively 
under otherwise identical conditions of [Data from Table (5.5 A)] 
at = 190 m2/m3, eL = 996.6 kg/m3, = 1.178 kg/m3, p = 0.867
mNs/m2, yQ = 1.839 x 10'2 mNs/m2, L = 2.712 kg/m2-s and G = 0.248 -

2 -50.262 kg/m -sjwith a decrease in the value of DQ from 2.33 x 10
2 -5 2m /s (for ammonia - water) to 1.28 x 10 m /s (acetone - water), the

- 3 -3 2value of k~ decreases from 1.149 x 10 to 0.94 x 10 k mol/m s atm.u
Similiar observations can be made about the effect of the diffusivity 
of gas on the values of kg reported in Tables (8.2.1 C), (8.2.1 D)
and (8.2.1 E).



245

(IV) Effect of density of gas ( P^) on the values of :
The value of k„ decreases with an increase in the value ofu

density (hence corresponding pressure) of gas. Thus for example for
the case of absorption of methanol vapour in water, using 13 mm

2 3ceramic Raschig rings (at = 370 m /m ) the observations (115) and 
(123) from Table (8.2.1 B) and the corresponding preliminary data 
from Table (5.5 A) reveal the following

Observation (115) : Case A
2For a fixed value of P = 3.9 atm a, L = 3.987 kg/m -s, G =

1.214 kg/m2-s, W = 1.85 x 10~2 mNs/m2, = 0.4 x 10~5 m2/s and
3 2 3 3= 4.56 kg/m , the valuesof a. (m /ra ), kGa (k mol/m s atm) and kG

2 - 2 - 3(k mol/m s atm) are 61.9, 4.915 x 10 and 0.794 x 10 respectively.

Observation (123) : Case B
For a fixed value of P « 10.7 atm a, L = 3.987 kg/m2-s, G = 

1.164 kg/m2-s, M_ = 1.86 x 10“2 mNs/ra2, Dn = 0.15 x 10~5 m2/s and Pn
b b g

3 2 3 3= 12.46 kg/m , the values of a. (m /m ), kQa (k mol/m s atm) and kG
2 - 2 - 3(k mol/ra s atm) are 61.3, 2.149 x 10 and 0.35 x 10 respectively.

Thus,under otherwise identical conditions with an increase in
PG from 4.56 kg/m3 to 12.56 kg/m3 and decrease of DQ from 0.4 x 10 5

-5 2 -2to .15 x 10 m /s, the value of kQa decreases from 4.915 x 10 to
_ 22.149 x 10 . And this decrease in the values of kGa is due to the

-3 -3decrease in the value of kQ from 0.794 x 10 to 0.35 x 10 as the
values of a^ remains practically the same for both Cases (A) and 
(B). Similarly it is also observed from the data of vaporization of
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water into air and into Freon - 12 that with an increase in the value 
of P^the value of kG decreases [Table (8.2.1 E}].

Mathematical modelling of kg data
Hence, based on the above discussion in order ot*correlate • 

the data for k^ in terms of system parameters and hydrodynamic 
parameters one can propose the following equation :-

kQ = f (G, Dg, ug\ Pq1, a'1) (8.8)

With the help of dimensional analysis, 
grouped in terms of different dimensionless 
the following equation

these parameters can be 
numbers and groups as per

--^ C3IM (WWl $ ^
kQ = C (ReG)a (ScG)m Cat.dp)n (RT/at.DQ) (8.9)

The dimensionless numbers and groups used in this equation (8.9) are 
identical with those utilised by Onda et.al [Equation (2.2.6)]. For 
performing mathematical modelling, one thus requries the knowledge of 
Re„, Sc„, (a..d ) and (RT/a..D,,). With the help of data on physicalu Lj t p t u
properties and hydrodynamic parameters reported in Tables [(5.5 A) 
and (8.2.1 B)], [(5.5 B) and (8.2.1 C)J, [(5.5 C) and (8.2.1 D)] and 
[(5.5 D) and (8.2.1 E)],the relevant dimensionless numbers and groups 
were calculated and all these values along with the corresponding kQ 
values are tabulated in Table (8.2.2). The observed values of kG 
reported in Table (8.2.2.) are totally 312. The category wise split 
up is as under

t
CASE I : k„ from K„a : Total number of data points = 183.

U U

CASE II : kr from k„a (chemical): Total number of data points= 59.



247

Tabla - ( 8.2.2 )

Rasults inclusive of processing parameters for ( k )

No. Re Sc a.dp R.T/a.D ( k ) ( k ) erra a t ^ t a a o
obs. pred.

m e o/kmol —Jctnol/m b a—
^9 3 3

x io x lO x io

Observed values of k obtained from K a data bank, s
a a

1 69.865 0.670 4.826 5.550 1.331 1.267 4.80
2 73.747 0.670 4.826 5.550 1.404 1.316 6.27
3 71.030 0.670 4.826 5.550 1.150 1.282 -11.51
4 153.700 0.670 4.826 5.550 2.145 2.200 -2.60
5 153.700 0.670 4.826 5.550 2.747 2.200 19.89
6 158.360 0.670 4.826 5.550 2.045 2.247 -9.89
7 189.800 0.670 4.826 5.550 3.140 2.550 18.77
8 235.990 0.670 4.826 5.550 3.988 2.971 25.52
9 228.230 0.670 4.826 5.550 3.649 2.902 20.47

IO 219.300 0.670 4.826 5.550 3.631 2.822 22.28
11 204.940 0.670 4.826 5.550 2.632 2.691 -2.25
12 33.768 1.217 4.826 10.081 0.472 0.536 -13.73
13 36.873 1.217 4.826 10.081 0.566 0.570 -0.75
14 70.253 1.217 4.826 10.081 0.871 0.896 -2.85
15 68.313 1.217 4.826 10.081 1.126 0.878 21.99
16 74.911 1.217 4.826 10.081 0.940 0.937 0.36
17 71.418 1.217 4.826 10.081 1.122 0.906 19.21
18 161.470 1.217 4.826 10.081 1.717 1.604 6.59
19 144.390 1.217 4.826 10.081 1.996 1.483 25.71
20 160.690 1.217 4.826 10.081 1.883 1.598 15.11
21 41.143 1.001 4.826 8.293 0.642 0.691 -7.55
22 39.590 1.001 4.826 8.293 0.802 0.672 16.20
23 38.814 1.001 4.826 8.293 0.608 0.663 -9.06
24 72.582 1.001 4.826 8.293 0.852 1.028 -20.61
25 70.641 1.001 4.826 8.293 1.226 1.008 17.72
2b 72.582 1.001 4.826 8.293 1.153 1.028 10.84
27 67.925 1.001 4.826 8.293 0.971 0.981 -1.05
28 159.910 1.001 4.B26 8.293 1.511 1.787 -18.26
29 158.750 1.001 4.826 8.293 1.903 1.778 6.58
30 159.530 1.001 4.826 8.293 2.120 1.784 15.86
31 166.510 1.001 4.826 8.293 2.112 1.838 12.98
32 229.780 1.001 4.826 8.293 2.252 2.303 -2.27
33 209.980 1.001 4.826 8.293 2.871 2.162 24.70
34 232.880 1.001 4.826 8.293 2.933 2.324 20.75
35 199.890 1.001 4.826 8.293 2.502 2.089 16.53
36 341.180 1.001 4.826 8.293 3.799 3.037 20.06
37 368.340 1.001 4.826 8.293 4.693 3.204 31.72
38 366.020 1.001 4.826 8.293 4.696 3.190 32.08
39 39.978 1.301 4.826 10.773 0.587 0.581 1.10
40 39.978 1.301 4.826 10.773 0.636 0.581 8.70
41 40.367 1.301 4.826 10.773 0.690 0.585 15.34
42 39.590 1.301 4.826 10.773 0.778 0.577 25.92
43 40.367 1.301 4.826 10.773 0.606 0.585 3.51
44 39.978 1.301 4.826 10.773 0.751 0.581 22.74
45 69.865 1.301 4.826 10.773 0.794 0.858 -8.03
46 70.253 1.301 4.826 10.773 1.086 0.861 20.65
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Table - 8-2.2

No. Rea

contd.>

Sca atdP R.T/a Dn ( k ) ( k >
to a o

2 obs. z pred,
m e a/kmol —kmolxm m a—

x lO x iO x lO

7. err

47 67.925 1.301 4.826 10.773 1.045 0.841 19.49
48 70.253 1.301 4.826 10.773 0.981 0.861 12.21
49 69.865 1.301 4.826 10.773 1.033 0.858 16.90
50 70.253 1.301 4.826 10.773 1.084 0.861 20.56
51 69.477 1.301 4.826 10-773 1.092 0.855 21.74
52 70.641 1.301 4.826 10.773 1.223 0.865 29.29
53 69.477 1.301 4.826 10.773 0.972 0.855 12.04
54 154.480 1.301 4.826 10.773 1.230 1.495 -21.59
55 152.150 1.301 4.826 10.773 1.161 1.480 -27.39
56 152.930 1.301 4.826 10.773 1.678 1.485 11.53
57 154.870 1.301 4.826 10.773 1.803 1.498 16.90
58 152.150 1.301 4.826 10.773 1.411 1.480 -4.87
59 151.370 1.301 4.826 10.773 1.678 1.474 12.16
60 151.760 1.301 4.826 10.773 1.456 1.477 -1.45
61 151.370 1.301 4.826 10.773 1.541 1.474 4.36
62 154.090 1.301 4.826 10.773 1.784 1.493 16.33
63 154.480 1.301 4.826 10.773 1.596 1.495 6.30
64 153.700 1.301 4.826 10.773 1.607 1.490 7.27
65 151.370 1.301 4.826 10.773 1.616 1.474 8.77
66 154.480 1.301 4.826 10.773 1.707 1.495 12.41
67 152.540 1.301 4.826 10.773 1.948 1.482 23.92
68 218.910 1.301 4.826 10.773 1.780 1.909 -7.22
69 216.970 1.301 4.826 10.773 1.947 1.897 2.59
70 218.910 1.301 4.826 10.773 2.245 1.909 14.98
71 215.420 1.301 4.826 10.773 2.312 1.887 18.36
72 216.970 1.301 4.826 10.773 2.146 1.897 11.62
73 218.910 1.301 4.826 10.773 2.183 1.909 12.57
74 217.360 1.301 4.826 10.773 2.183 1.899 13.00
75 222-400 1.301 4.826 10.773 2.291 1.930 15.76
76 218.910 1.301 4.826 10.773 2.806 1.909 31.97
77 333.020 1.301 4 • 826 10.773 3.234 2.560 20.82
78 330.310 1.301 4.826 10.773 3.554 2.546 28.37
79 41.275 1.218 4.699 5.133 0.944 1.242 -31.51
80 61.878 1.218 4.699 5.123 1.253 1.652 -31.87
81 72.637 1.218 4.699 5.131 1.295 1.846 -42.59
82 98.942 1.219 4.699 5.137 1.992 2.290 -14.93
83 115.970 1.218 4.699 5.151 2.344 2.551 -B.80
84 38.078 1.218 4.699 5.141 0.910 1.172 -28.87
85 59.056 1.217 4.699 5.113 1.478 1.602 -8.41
86 76.846 1.218 4.699 5.109 2.029 1.928 4.95
87 95.843 1.218 4.699 5.148 2.196 2.234 -1.75
88 116.700 1.218 4.699 5.151 2.572 2.562 0.39
89 58.385 1.218 4.699 5.145 1.238 1.580 -27.62
90 78.784 1.218 4.699 5.119 1.928 1.958 -1.58
91 96.904 1.218 4.699 5.119 2.196 2.264 -3.09
92 111.690 1.219 4.699 5.113 2.587 2.504 3.23
93 61.288 1.218 4.699 5.137 1.910 1.637 14.31
94 60.102 1.002 4.699 4.226 1.720 1.811 -5.24
95 59.715 1.003 4.699 4.202 1.801 1.813 -0.70
96 40.727 1.002 4.699 4.228 1.068 1.379 -29.06
97 80.604 1.002 4.699 4.194 1.635 2.241 -37.09
98 94.906 1.002 4.699 4.176 1.904 2.523 -32.49
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No. Re
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contd.)

Sc atdP R.T/a.D t o

m e a/kmol 
-3

x lO

k ) 
a

obs.

( V 7. err

pred.

—kmolxrn b a—
9 9

x io x io
99 115.500 1.002 4.699 4.200 2.124 2.878 -35.52

lOO 59.423 1.002 4.699 4.194 1.321 1.810 -37.06
lOl 59.783 1.002 4.699 4.192 1.540 1.819 -18.11
102 37.228 1.002 4.699 4.234 1.090 1.292 -18.53
103 60.199 1.002 4.699 4.234 1.885- 1.809 4.00
104 59.811 1.002 4.699 4.206 1.939 1.813 6.47
105 59.811 1.002 4.699 4.206 1.871 1.813 3.08
106 74.275 1.002 4.699 8.254 0.828 1.075 -29.84
107 115.080 1.002 4.699 8.254 1.174 1.461 -24.40
108 74.869 1.002 4.699 8.254 0.964 1.081 -12.19
109 104.920 1.002 4.699 8.265 1.060 1.367 -28.96
HO 100.870 1.002 4.699 16.544 0.481 0.665 -38.03
111 45.655 1.002 4.699 16.533 0.323 0.382 -18.31
112 54.983 1.002 4.699 16.431 0.359 0.438 -21.95
113 110.990 1.002 4.699 16.578 0.584 0.709 -21.39
114 162.060 1.002 4.699 16.533 0.756 0.927 -22.66
115 176.890 1.002 4.699 16.533 0.794 0.985 -24.05
116 91.767 1.002 4.699 27.852 0.302 0.370 -22.20
117 152.620 1.002 4.699 27.852 0.428 0.528 -23.37
118 215.540 1.002 4.699 27.891 0.559 0.671 -20.03
119 266.880 1.002 4.699 27.891 0.709 0.779 -9.92
120 136.260 1.002 4.699 45.501 0.360 0.298 17.07
121 62.657 1.002 4.699 44.943 0.216 0.175 18.73
122 82.180 1.002 4.699 44.912 0.235 0.212 9.60
123 168.960 1.002 4.699 45.189 0.350 0.349 0.34
124 244.390 1.002 4.699 45.220 0.448 0.452 -0.89
125 67.177 1.218 4.699 5.163 1.623 1.737 -7.00
126 67.105 1.218 4.699 5.159 1.632 1.737 -6.45
127 67.177 1.218 4.699 5.163 1.646 1.737 -5.51
128 79.550 1.218 4.699 5.145 1.731 1.962 -13.35
129 79.550 1.218 4.699 5.145 1.902 1.962 -3.15
130 79.550 1.218 4.699 5.145 1.861 1.962 -5.44
131 82.873 1.218 4.699 5.133 1.916 2.023 -5.60
132 82.873 1.218 4.699 5.133 2.126 2.023 4.83
133 82.694 1.218 4.699 5.123 2.018 2.024 -0.31
134 58.078 1.218 4.699 5.109 1.292 1.585 -22.74
135 57.985 1.218 4.699 5.102 1.505 1.586 -5.36
136 58.078 1.218 4.699 5.109 1.668 1.585 4.96
137 102.720 1.217 4.699 5.169 1-708 2.335 -36.67
138 102.610 1.218 4.699 5.165 2.178 2.335 -7.20
139 102.720 1.217 4.699 5.169 2.081 2.335 -12.19
140 83.971 1.218 4.617 7.800 1.182 1.365 -15.55
141 83.971 1.218 4.617 7.800 1.102 1.365 -23.86
142 98.155 1.218 4.617 7.800 1.209 1.523 -25.99
143 110.850 1.218 4.617 7.764 1.299 1.666 -28.24
144 83.446 1.218 4.617 7.789 1.222 1.361 -11.37
145 128.800 1.218 4.617 7.774 1.404 1.848 -31.67
146 128.670 1.218 4.617 7.768 1.484 1.849 -24.56
147 91.318 1.218 4.617 7.795 1.093 1.449 -32.56
148 85.850 1.217 4.617 7.806 1.051 1.385 -31.78
149- 85.711 1.218 4.617 7.800 1.169 1.385 -18.47
150 112.560 1.218 4.699 12.869 0.926 1.000 -7.95
151 102.020 1.217 4.699 13.031 0.835 0.921 -10.35
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No. Re
a

Sc
a

atdP R.T/a.D t o ( k > 
a ( V 7. err

obs. pred
m s axkmol -3

x lO
—JcTnol-'m • a—3 3X lO X lo

152 102.070 1.217 4.699 13.040 0.881 0.921 -4.62
153 129.450 1.217 4.699 13.040 0.966 1.088 -12.58
154 129.730 1.217 4.699 13.068 0.959 1.087 -13.42
155 130.090 1.217 4-699 13.104 1.061 1.086 -2.39
156 145.610 1.217 4.699 13.040 1.074 1.1B1 -9.95
157 157.610 1.217 4.699 13.068 1.074 1.246 -16.05
158 157.610 1.217 4.699 13.068 0.995 1.246 -25.20
159 157.690 1.217 4.699 13.077 1.074 1.246 -15.96
160 104.760 1.217 4.699 12.976 0.846 0.943 -11.40
161 104.880 1.217 4.699 12.994 0.863 0.942 -9.17
162 192.600 0.670 4.826 5.511 2.307 2.596 -12.53
163 192.600 0.670 4.826 5.511 2.821 2.596 7.99
164 55.085 0.670 4.826 5.511 1.022 1.081 -5.76
165 132.740 0.670 4.826 5.511 1.989 2.000 -0.56
166 200.500 0.670 4.826 5.511 2.539 2.670 -5.16
167 319.960 0.670 4.826 5.511 4.089 3.703 9.44
168 192.600 0.670 4.826 5.511 2.730 2.596 4.93
169 192.600 0.670 4.826 5.511 2.489 2.596 -4.28
170 192.600 0.670 4.826 5.511 2.429 2.596 -6.86
171 192.600 0.670 4.826 5.511 2.599 2.596 0.14
172 192.600 0.670 4.826 5.511 2.392 2.596 -8.50
173 198.600 0.670 4.826 5.517 2.288 2.649 -15.80
174 200.310 0.670 4.826 5.510 1.971 2.668 -35.37
175 156.010 0.670 4.826 5.510 1.760 2.240 —27.29
176 595.030 0.776 4.940 9.958 3.696 3.290 10.99
177 590.297 0.772 4.940 9.844 3.464 3.304 4.64
178 209.309 0.776 4.940 10.005 1.384 1.576 -13.92
179 357.476 0.779 4.940 9.980 2.062 2.302 -11.68
180 119.778 0.777 4.940 10.021 0.922 1.065 -15.50
181 491.914 0.776 4.750 13.713 2.120 2.167 -2.23
182 818.882 0.776 4.750 13.691 3.123 3.100 0.74
183 488.813 0.774 4.750 13.611 1.879 2.171 -15.59

Observed values of k
n

obtained from k a data bank, i a
184 88.192 1.140 4.826 9.353 1.171 1.102 5.94
185 86.211 1.140 4.826 9.353 1.264 1.084 14.20
186 139.720 1.163 4.826 9.544 1.786 1.502 15.87
187 170.770 1.167 4.826 9.580 2.037 1.725 15.29
188 265.240 1.208 4.826 9.916 2.482 2.301 7.29
189 50.868 1.110 4.826 9.113 0.751 0.761 -1.29
190 50.868 1.110 4.826 9.113 0.789 0.761 3.48
191 50.868 1.110 4.826 9.113 0.899 0.761 15.32
192 50.868 1.110 4.826 9.113 0.827 0.761 7.94
193 71.347 1.110 4.826 9.113 1.002 0.964 3.73
194 71.347 1.110 4.826 9.113 0.973 0.964 0.93
195 71.347 1.110 4-826 9.113 1.016 0.964 5.07
196 71.347 1.110 4.826 9.113 1.066 0.964 9.50
197 71.347 1.110 4.826 9.113 1.058 0.964 8.82
198 71.347 1.110 4.826 9.113 0.992 0.964 2.78
199 102.070 1.110 4.826 9.113 1.227 1.239 -0.98
200 102.070 1.110 4.826 9.113 1.183 1.239 -4.77
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201 102.070 1.110 4.826 9.113 1.181 1.239 -4.91
202 102.070 1.110 4.826 9.113 1.146 1.239 -8.10
203 49.546 1.110 4.826 9.113 0.883 0.747 15.41
204 49.546 1.110 4.826 9.113 0.828 0.747 9.72
205 49.546 1.110 4.826 9.113 0.807 0.747 7.38
206 49.546 1.110 4 - Q 26 9.113 0.885 0.747 15.54
207 99.093 1.110 4.826 9.113 1.409 1.214 13.88
208 99.093 1.110 4.826 9.113 1.277 1.214 4.92
209 99.093 1.110 4.826 9.113 1.294 1.214 6.18
210 99.093 1.110 4.826 9.113 1.365 1.214 11.08
211 148.640 1.110 4.826 9.113 1.836 1.612 12.17
212 148.640 1.110 4.826 9.113 1.669 1-612 3.40
213 148.640 1.110 4.826 9.113 1.713 1.612 5.91
214 148.640 1.110 4.826 9.113 1.758 1.612 8.27
215 214.700 1.110 4.826 9.113 2.188 2.085 4.67
216 214.700 1.110 4.826 9.113 1.996 2.085 -4.49
217 214.700 1.110 4.826 9.113 2.342 2.085 10.94
218 214.700 1.110 4.826 9.113 2.284 2.085 8.70
219 280.760 1.110 4.826 9.113 3.062 2.516 17.81
220 280.760 1.110 4.826 9.113 2.973 2.516 15.35
221 280.760 1.110 4.826 9.113 3.099 2.516 18.80
222 280.760 1.110 4.826 9.113 3.112 2.516 19.15
223 50.135 1.110 4.826 9.158 1.035 0.750 27.60
224 50.135 1.110 4.826 9.158 0.987 0.750 24.08
225 50.135 1.110 4.826 9.158 1.036 0.750 27.66
226 50.135 1.110 4.826 9.158 1.033 0.750 27.47
227 83.558 1.110 4.826 9.158 1.337 1.072 19.81
228 83.558 1.110 4.826 9.158 1.380 1.072 22.32
229 83.558 1.110 4.826 9.158 1-251 1.072 14.32
230 83.558 1.110 4.826 9.158 1.322 1.072 18.95
231 133.690 1.110 4.826 9.158 1.606 1.489 7.28
232 133.690 1.110 4.826 9.158 1.713 1.489 13.05
233 133.690 1.110 4.826 9.158 1.522 1.489 2.17
234 133.690 1.110 4.826 9.158 1.691 1.489 11.93
235 49.546 1.052 4.826 8.632 0.798 0.771 3.31
236 49.546 1.052 4.826 8.632 0.784 0.771 1.58
237 49.546 1.052 4.826 8-632 0.819 0.771 5.77
238 49.546 1.052 4.826 8.632 0.874 0.771 11.71
239 99.093 1.052 4.826 8.632 1.319 1.253 4.97
240 99.093 1.052 4.826 8.632 1.220 1.253 -2.73
241 99.093 1.052 4.826 8.632 1.254 1.253 0.09
242 99.093 1.052 4.826 8.632 1.276 1.253 1.76

Observed values of k
<3

obtained1 from k a vaporization data bank.

243 59.158 1.723 4.826 14.310 0.681 0.646 5.17
244 68.110 1.725 4.826 14.328 0.825 0.712 13.70
245 76.966 1.723 4.826 14.364 0.804 0.773 3.78
246 84.713 1.723 4.826 14.419 0.837 0.824 1.60
247 97.940 1.723 4.826 14.401 0.954 0.913 4.27
248 112.040 1.723 4.826 14.401 1.064 1.003 5.71
249 124.630 1.723 4.826 14.364 1.204 1.084 10.00
250 131.630 1.723 4.826 14.401 1.162 1.123 3.32
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No. Re
a

Sc
a

atdp R.T/a.D t a

rr>2es a/kmol 
-3

X iO

< k > < kJa a
obs. pred.

—kraol/tn e a—
3 3 'x io x io

% err

251 142.990 1.723 4.826 14.401 1.260 1.190 5.55
252 148.620 1.723 4.826 14.383 1.303 1.224 6.04
253 157.230 1.723 4.826 14.383 1.289 1.274 1.19
254 168.640 1.723 4.826 14.419 1.247 1.334 -6.96
255 172.660 1.723 4.826 14.42B 1.343 1.356 -0.93
256 180.800 1.723 4.826 14.392 1.443 1.404 2.71
257 193.920 1.723 4.826 14.401 1.625 1.473 9.38
258 60.550 2.292 4.826 18.983 0.541 0.557 -2.80
259 66.164 2.291 4.826 19.031 0.615 0.591 3.99
260 80.953 2.291 4.826 19.031 0.640 0.680 -6.26
261 89.905 2.291 4.826 19.031 0.721 0.732 -1.58
262 102.080 2.292 4.826 19.055 0.774 0.799 -3.26
263 111.430 2.292 4.826 19.055 0.862 0.850 1.42
264 jLj?JL * 110 2.291 4.826 19.103 0.870 0.898 -3.30
265 128.150 2.291 4.826 19.103 0.926 0.935 -0.90
266 135.960 2.291 4.826 19.103 1.045 0.974 6.79
267 143.230 2.291 4.826 19.079 0.980 1.012 -3.24
268 146.350 2.291 A m B26 19.079 0.952 1.027 -7.92
269 159.400 2.291 4.826 19.103 1.009 1.089 -7.96
270 171.510 2.291 4.826 19.103 1.147 1.146 0.06
271 181.860 2.291 4.826 19.079 1.168 1.196 -2.32
272 190.660 2.291 4.826 19.103 1.136 1.234 —8.63
273 79.310 0.603 4.826 5.076 1.479 1.449 2.00
274 78.352 0.603 4.826 5.040 1.731 1.447 16.40
275 79.485 0.603 4.826 5.063 1.516 1.455 4.02
276 78.568 0.603 4.826 5.053 1.556 1.446 7.08
277 78•175 0.603 4.826 5.053 1.156 1.441 -24.63
278 78.961 0.603 4.826 5.053 1.586 1.451 8.46
279 79.659 0.603 4.826 5.050 1.650 1.461 11.40
280 79.223 0.603 4.826 5.047 1.687 1.457 13.65
281 77.961 0.603 4.826 5.040 1.841 1.442 21.65
282 79.136 0.603 4.826 5.040 1.444 1.457 -0.93
283 78.395 0.603 4.826 5.043 1.905 1.447 24.04
284 78.352 0.603 4.826 5.040 1.749 1.447 17.26
285 78.223 0.603 4.B26 5.034 1.687 1.448 14.20
286 78.223 0.603 4.826 5.034 1.616 1.448 10.41
287 78.438 0.603 4.826 5.047 1.673 1.447 13.55
288 76.628 0.604 4.826 4.934 1.686 1.456 13.62
289 76.710 0.604 4.826 4.940 1.589 1.455 8.41
290 55.936 0.603 4.826 5.034 1.158 1.145 1.19
291 59.963 0.603 4.826 5.012 1.290 1.207 6.43
292 90.442 0.603 4.826 5.018 1.702 1.608 5.53
293 107.850 0.603 4.826 5.047 2.045 1.808 11.61
294 113.800 0.603 4.826 4.984 2.086 1.901 8.87
295 116.970 0.603 4.826 5.002 1.949 1.931 0.93
296 126.710 0.603 4.826 5.018 2.217 2.035 8.17
297 135.590 0.603 4.826 5.015 2.265 2.136 5.73
298 145.300 0.603 4.826 5.053 2.745 2.224 18.97
299 165.050 0.603 4.826 5.056 2.558 2.430 4.99
300 173.270 0.603 4.826 5.012 2.662 2.537 4.70
301 181.850 0.606 4.826 5.060 2.881 2.605 9.58
302 185.460 0.603 4.826 5.015 2.810 2.659 5.35
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No. Re
a

ccw^t^i. 1

Sc a dp
o t

R*T/a,D t a

m s a/kmol 
—3

X lO

k ) 
a

obs.
i k ) 

a
pred

—kreot/m s a- 
3 3

X iO X ID

7. err

Observed values of k obtained from HTU data bank, s

303 349.470

a

0.586 4.826
304 97.502 0.595 4.826
305 97.554 0.595 4.826
306 97.108 0.595 4.826
307 821.810 0.224 4.826
308 940.760 0.225 4.826
309 111.640 0.225 4.826
310 181.560 0.224 4.826
311 464.280 0.232 4.826
312 662.070 0.223 4.826

4.760 4.300 4.314 ’ -0.33
4.858 1.743 1.741 0.14
4.860 1.464 1.741 -18.89
4.861 1.537 1.735 -12.89

10.826 2.117 2.320 -9.58
10.812 2.561 2.561 0.00
10.970 0-545 0.567 -4.19
11.008 0.759 0.793 -4.50
10.736 1.485 1.591 -7.17
10.784 1.785 1.998 -11.91
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CASE III : kQ from vaporization : Total number of data points = 60.
CASE IV : kg from HTU data : Total number of data points = 10.

8.2.3 Statistical analysis for different correlations

For processing the data of kg reported in Table (8.2.2), the 
flexible and robust algorithm - the modified simplex method of Nelder 

and Mead was utilised. The results of various regression steps are 
reported in Table (8.2.3) and are discussed herewith.

In step (1), all the groups viz. Reg, SCg, (at.dp) and the 
proportionality constant (C) were regressed. The base values of 
guesses and ranges of perturbation were based on Onda's co^elat ion^ 

(Equation (2.2.6JJ. The regression of the kg data yielded the 
following correlation

kg = 1.024 (ReG)0,69 (SCg)0'408 (at.dp)"1,02 (RT/at.Dg)"1 (8.10)

The values of % E , % E , and % S , were 2.11, 12.37 and 0.031avg abs dev
respectively.

Further, by fixing the values of some indices inclusive of 
proportionality constant and performing regression of the data as per 
steps (2) and (3) yielded the following correlation

07 041?1! -OQ -1kg = 1.75 (R6g)u‘' (SCgj* (at.dp) u*3 (RT/at.Dg) (8.11)

The values of % E„ , % E„. and % S._„ were 0.76, 12.17 andavg abs dev
0.030 respectively.
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Table - ( 8.2.3 )

Statistical analysis for different correlations of kQ

Correlation Structure s k = C . Rea. Sc*0. {a.dp)n. (R T /aJD_) *
a aat ' ter

No. C a m n 7. E 7. E 7. SJavg abe dev

Optimisation by the Modified Simplex algorithm of Nelder and Mead

All parameters are iterated, base values of guesses and ranges of 
perturbation were as follows s-

for a 1.1 0.7 0.3, for m 0.33 0,5 0.66. for n -0.5 -1.0 -2.0
and for C 3.0 2.0 1.0.

1 1.024 0.69 0.4083 -1.024 2.108 12.368 0.031.

a. value fixed as 0.7. Other parameters iterated as in step 1.

2 1.75 0.70 0.4068 -0.896 0.535 12.540 0.0304.

Values of a, n and C fixed as 0.7, -0.9, and 1.75 respectively. Only 
the indice m was iterated.
3* 1-75 0.70 0.4125 -0.9 0.76 12.17 0.030.

Note s The values of indices in the finalised generalised correlation 
are as per regression step marked by ( * )
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The values of % E . for regression steps (1) and (3J are 

practically the same being 12.37 and 12.17 respectively. However 
the values of % E for regression steps (1) and (3) do differ to3 V §
some extent, being 2.11 and 0.76 respectively. Therefore the 
appropriate correlation for predicting the values-of kQ appears to be 
equation (8.11) in comparison with equation (8.10).

The values of indices of all dimensionless numbers inclusive 
of proportionality constant in equation (8.11) are therefore,such 

that the correlation predicts the values of kQ with the least amount 
of error.

8.2.4 Comparison between the observed values and the predicted 
values of k„ :b

The observed values of k„ obtained by utilising the variousb
processing steps discussed earlier and the values of kQ predicted by 
using the generalised correlation [Equation (8.11)] developed in 
this investigation are tabulated in Table-(8.2.4) and are plotted in 
Figure (8.2). The detailed statistical analysis of the correlation 
[Equation (8.11)] can be described as follows :

(i) The total number of data points used in the correlation is 
312 belonging to four different cases comprising of 27 variations 
inclusive 10 systems - variations.

(ii) The values of % Eavg« % Eat,s and % Sdev were °*76* 12.17 and 
0.030 respectively.



Table ( 8.2.4 )

Comparison between observed values based on data bank 
and pradlctad valuas of kQ.

26?

No. k k 7. err
a a—kmol/mZ«a—

X IO3 x iO3

exp This Work

k /. err
a 2kmol/m sa
3X IO

Onda et al.

1 1.331 1.267 4.80 0.693 47.94
2 1.404 1.316 6.27 0.720 48.75
3 1.150 1.282 -11.51 0.701 39.02
4 2.145 2.200 -2.60 1.203 43.90
5 2.747 2.200 19.89 1.203 56.19
& 2.045 2.247 -9.89 1.229 39.91
7 3.140 2.550 18.77 1.395 55.58
8 3.988 2.971 25.52 1.624 59.27
9 3.649 2.902 20.47 1.587 56.51

iO 3.631 2.822 22.28 1.543 57.50
11 2.632 2.691 -2.25 1.472 44.08
12 0.472 0.536 -13.73 0.279 40.79
13 0.566 0.570 -0.75 0.297 47.55
14 0.871 0.896 -2.85 0.466 46.46
15 1.126 0.878 21.99 0.457 59.39
16 0.940 0.937 0.36 0.488 48.13
17 1.122 0.906 19.21 0.472 57.94
18 1.717 1.604 6.59 0.835 51.37
19 1.996 1.483 25.71 0.772 61.33
20 1.883 1.598 15.11 0-832 55.81
21 0.642 0.691 -7.55 0.365 43.10
22 0.802 0.672 16.20 0.356 55.67
23 0.608 0.663 -9.06 0.351 42.31
24 0.852 1.028 -20.61 0.544 36.19
25 1.226 1.008 17.72 0.533 56.47
26 1.153 1.028 10.84 0.544 52.83
27 0.971 0.981 -1.05 0.519 46.54
28 1.511 1.787 -18.26 0.945 37.44
29 1.903 1.778 6.58 0.940 50.58
30 2.120 1.784 15.86 0.944 55.49
31 2.112 1.838 12.98 0.972 53.96
32 2.252 2.303 -2.27 1.218 45.90
33 2.871 2.162 24.70 1.144 60.16
34 2.933 2-324 20.75 1.230 58.08
35 2.502 2.089 16.53 1.105 55.84
36 3.799 3.037 20.06 1.606 57.71
37 4.693 3-204 31.72 1.695 63.88
38 4.696 3.190 32.08 1.688 64.07
39 0.587 0.581 1.10 0.301 48.80
40 0.636 0.581 8.70 0.301 52.73
41 0.690 0.585 15.34 0.303 56.17
42 0.778 0.577 25.92 0.299 61.65
43 0.606 0.585 3.51 0.303 50.05
44 0.751 0.581 22.74 0.301 60.00
45 0.794 0.858 -8.03 0.444 44.07
46 1.086 0.861 20.65 0.446 58.92
47 1.045 0.841 19.49 0.436 58.32
48 0.981 0.861 12.21 0.446 54.55
49 1.033 0.858 16.90 0.444 56.98
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
S3
84
85
86
87
88
89
90
91
92
93
94
95
96
97
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k k 7. err
-kmol/TTi

3

a
8a—

ax 20 X iO

exp This Work

3
X lO

Onda

1-084 0.861
1.092 0.855
1.223 0.865
0.972 0.855
1.230 1.495
1.161 1.480
1.678 1.485
1.803 1.498
1.411 1.480
1.678 1.474
1.456 1.477
1.541 1.474
1.784 1.493
1.596 1.495
1.607 1.490
1.616 1.474
1.707 1.495
1.948 1.482
1.780 1.909
1.947 1.897
2.245 1.909
2.312 1.887
2.146 1.897
2.183 1.909
2.183 1.899
2.291 1.930
2.806 1.909
3.234 2.560
3.554 2.546
0.944 1.242
1.253 1.652
1.295 1.846
1.992 2.290
2.344 2.551
0.910 1.172
1.478 1.602
2.029 1.928
2.196 2.234
2.572 2.562
1.238 1.580
1.928 1.958
2.196 2.264
2.587 2.504
1.910 1.637
1.720 1.811
1.801 1.813
1.068 1.379
1.635 2 .241
1.904 2.523
2.124 2.87B
1.321 1.810
1.540 1.819
1.090 1.292

20.56 0.446
21.74 0.443
29.29 0.448
12.04 0.443

-21.59 0.774
-27.39 0.766
11.53 0.769
16.90 0.776
-4.87 0.766
12.16 0.763
-1.45 0.765
4.36 0.763

16.33 0.773
6.30 0.774
7.27 0.772
8.77 0.763

12.41 0.774
23.92 0.767
-7.22 0.988
2.59 0.982

14.98 0.988
18.36 0.977
11.62 0.982
12.57 0.988
13.00 0.983
15.76 0.999
31.97 0.988
20.82 1.326
28.37 1.318

-31.51 0.666
-31.87 0.886
-42.59 0.989
-14.93 1.227
-8.80 1.367

-28.87 0.628
-8.41 0.859
4.95 1.034

-1.75 1.197
0.39 1.374

-27.62 0.847
-1-58 1.050
-3.09 1.213
3.23 1.342

14.31 0.877
-5.24 0.986
-0.70 0.988

-29.06 0.751
-37.09 1.221
-32.49 1.374
-35.52 1.568
-37.06 0.986
-18.11 0.991
-18.53 0.704

'/. err

et al.

58.87
59.49
63.39 
54.46
37.05
34.05 
54.20 
56.97 
45.71 
54.52
47.48
50.48
56.68
51.49
51.99
52.77 
54.65 
60.61
44.49
49.57
55.99
57.73 
54.25
54.73 
54.96
56.39
64.78 
59.01
62.91
29.50
29.31
23.57
38.40
41.68
30.92 
41.89
49.05 
45.46 
46.60 
31.59 
45.55
44.74 
48.13
54.06 
42.67 
45.15 
29.70
25.32 
27.83 
26.18 
25.34 
35.66 
35.43
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112
113
114
115

<1^-9
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
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k
o

k
o

%
2

---JcTnol/m so—
9 9

X lO x iO

exp This Work

err k X err
a

kmol/ro so 
9x io Onda et a1.

1.885 
1.939 
1.871 
0.828 
1.174 
0.964 
1.060 
0.481 
0.323 
0.359 
0.584 
0.756 
0.794 
0.302 
0.428 
0.559 
0.709 
0.360 
0.216 
0.235 
0.350 
0.44B 
1.623 
1.632 
1.646 
1.731 
1.902 
1 .861 
1.916 
2.126 
2.018 
1.292 
1.505 
1.668 
1.708 
2.178 
2.081 
1.182 
1.102 
1.209 
1.299 
1.222 
1.404 
1.484 
1.093 
1.051 
1.169 
0.926 
0.835 
0.881 
0.966 
0.959 
1.061

1.809
1.813
1.813
1.075
1.461
1.081
1.367
0.665
0.382
0.438
0.709
0.927
0.985
0.370
0.528
0.671
0.779
0.298
0.175
0.212
0.349
0.452
1.737
1.737
1.737
1.962
1.962
1.962
2.023
2.023
2.024
1.585
1.586 
1.585
2.335
2.335
2.335 
1.365 
1.365 
1.523 
1.666 
1.361
1.848
1.849 
1.449 
1.385 
1.385 
1.000 
0.921 
0.921 
1.088 
1.087 
1.086

4 .OO
6 .47
3 .08

-29 .84
-24 .40
-12 .19
-28 .96
-38 .03
-18 .31
-21 .95
-21 .39
-22 .66
-24 .05
-22 .20
-23 .37
-20,.03
-9,.92
17,.07
18.73
9,.60
O,.34

-O..89
-7..OO
-6..45
-5..51

-13..35
-3..15
-5.,44
-5..60
4.,83

-o. 31
-22.,74
-5.,36
4. 96

-36. 67
-7. 20

-12. 19
-15. 55
-23. 86
—25. 99
-28. 24
-11. 37
-31. 67
-24. 56
-32. 56
-31. 78
-18. 47
-7. 95

-IO. 35
-4. 62

-12. 58
-13. 42
-2. 39

0.986
0.988
0.988
0.586
0.796
0.589
0.745
0.362
0.208
0.238
0.386
0.505
0.537
0.201
0.287
0.365
0.424
0.162
0.096
0.116
0.190
0.246
0.931
0.931
0.931
1.052
1.052
1.052
1.085
1.085
1.085
0.850
0.850
0.850
1.251
1.252 
1.251 
0.746 
0.746 
0.832 
0.911 
0.744 
1.010 
1.010 
0.792 
0.757 
0.757 
0.536 
0.494 
0.494 
0.583 
0.583 
0.582

47.71
49.05
47.20 
29.27
32.23 
38.89
29.75
24.81 
35.55 
33.57 
33.87 
33.18
32.43
33.43 
32.80 
34.62
40.13
54.82
55.73
50.76
45.71
45.04
42.64 
42.94
43.44
39.24
44.71 
43.48 
43.40
48.98 
46.23
34.21
43.53
49.06
26.74
42.54 
39.86 
36.85 
32.31 
31-15
29.92
39.13
28.04
31.93
27.55
27.98
35.25
42.14 
40.84 
43.92
39.65 
39.20
45.11
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163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
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ka
—kmol/m2

3
x iO x
exp

k 7. erra
i—

3iO
This Work

ko 2
kmol/m ea 

3
x IO

% err

Onda et al.

1.074
1.074 
0.995
1.074 
0.846 
0.863 
2.307 
2.821 
1.022 
1.989 
2.539 
4.089 
2.730 
2.489 
2.429 
2.599 
2.392 
2.288 
1.971 
1.760 
3.696 
3.464 
1.384 
2.062 
0.922 
2.120 
3.123 
1.878 
1.171 
1.264 
1.786 
2.037 
2.482 
0.751 
0.789 
0.899 
0.827 
1.002 
0.973 
1.016 
1.066 
1.058 
0.992 
1.227 
1.183 
1.181 
1.146 
0.883 
0.828 
0.807 
0.885 
1.409 
1.277

1.181
1.246
1.246
1.246
0.943
0.942
2.596
2.596
1.081
2.000
2.670
3.703
2-596
2.596
2-596
2.596
2.596
2.649
2.668
2.240
3.290
3.304
1.576
2.302
1.065
2.167
3.100
2.171
1.102
1.084
1.502
1.725
2.301
0.761
0.761
0.761
0.761
0.964
0.964
0.964
0.964
0.964
0.964
1-239
1.239
1.239
1.239
0.747
0.747
0.747
0.747
1.214
1.214

-9 .95
-16 .05
-25 .20
-15 .96
-11 .40
-9 .17

-12 .53
7 .99

-5 .76
-0 .56
-5 .16
9 .44
4 .93

-4,.28
“6 .86
o,.14

-8 .50
-15,.80
-35,.37
-27,.29

10,.99
4..64

-13..92
-11..68
-15..50
-2..23
0..74

-15..59
5.,94

14..20
15.,87
15.,29
7.,29

-1. 29
3. 48

15..32
7. 94
3. 73
O. 93
5. 07
9. 50
8. 82
2. 78

-0. 98
-4. 77
-4. 91
-8. IO
15. 41
9. 72
7. 38

15. 54
A. *5 * 88
4. 92

0.633 
0.668 
0.668 
O . 668 
0.505 
0.505
1.419
1.419 
0.591 
1.094 
1.460 
2.025
1.419
1.419
1.419
1.419
1.419 
1.449 
1.459 
1.225 
1.733 
1.740 
0.830 
1.212 
0.561 
1.191 
1.704 
1.194 
0.577 
0.568 
0.785 
0.901 
1.199 
0.399 
0.399 
0.399 
0.399 
0.506 
0.506 
0.506 
0.506 
0.506 
0.506 
0.650 
0.650 
0.650 
0.650 
0.392 
0.392 
0.392 
0.392 
0.637 
0.637

41.06
37.79 
32.88 
37.84 
40.28 

-41.48
38.47
49.69
42.17
45.01
42.50
50.48
48.01 
42.98
41.57
45.39
40.67
36.68
25.97
30.39
53.13
49.77
40.01
41.21 
39.19
43.80
45.43
36.44
50.77 
55.09
56.04 
55.75 
51.71 
46.87 
49.37
55.58 
51.71
49.50
48.03
50.21 
52.53
52.18
49.01
47.03
45.05
44.97 
43.30 
55.63 
52.65 
51.42
55.70 
54.83
50.13



211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
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k k 7. err
a a2

—kmol/m »a— 
x io8 x io8 
exp This Work

k % err
a

kmoV/tn «a 
3

x IO
Onda et al.

1.294 
1.365 
1. 836 
1.669 
1.713 
1.758 
2.188 
1.996 
2.342 
2.284 
3.062 
2.973 
3.099 
3.112
1.035 
0.987
1.036
1.033 
1.337 
1.380 
1.251 
1.322 
1*.
1.713
1.522
1.691
0.798
0.784
0.819
0.874
1.319
1.220
1.254
1.276
0.681
0.825
0.804
0.837
0.954
1.064
1.204
1.162
1.260
1.303
1.289
1.247
1.343
1.443
1.625
0.541
0.615
0.640

1.214
1.214
1.612
1.612
1.612
1.612
2.085
2.085
2.085
2.085
2.516
2.516
2.516
2.516
0.750
0.750
0.750
0.750
1.072
1.072
1.072
1.072
1.489
1.489
1.489
1.489
0.771
0.771
0.771
0.771
1.253
1.253
1.253
1.253
0.646
0.712
0.773
0.824
0.913
1.003
1.084
1.123
1.190
1.224
1.274
1.334
1.356
1.404
1.473
0.557
0.591
0.680

6.18
11.08
12.17
3.40
5.91
8.27 
4.67

-4.49
10.94
8.70

17.81 
15.35 
18.80 
19.15
27.60
24.08 
27.66 
27.47
19.81
22.32
14.32
18.95
7.28

13.05
2.17

11.93
3.31 
1.58
5.77

11.71
4.97

-2.73
0.09
1.76
5.17 

13.70
3.78
1.60 
4.27
5.71

10.00
3.32 
5.55 
6.04 
1.19

-6.96
-0.93
2.71 
9.38

-2.80
3.99

-6.26

0.637
0.637
0.846
0.846
0.846
0.846
1.094
1.094
1.094
1.094
1.320
1.320
1.320
1.320
0.393
0.393
0.393
0.393
0.562
0.562
0.562
0.562
0.781
0.781
0.781
0.781
0.406
0.406
0.406
0.406
0.660
0.660
0.660
0.660
0.327
0.360
0.391
0.417
0.462
0.508
0.548
0.568
0.602
0.619
0.644
0.675
0.686
0.710
0.745
0.275
0.292
0.336

50.79
53.36
53.93
49.33 
50.65
51.89 
50.00 
45.19
53.29 
52.11
56.89
55.60 
57.41 
57.59 
62.02 
60.18
62.06
61.96
57.94 
59.26
55.06
57.49
51.36 
54.39 
48.68
53.81
49.06 
48.14 
50-35 
53.48
49.93 
45.87
47.36 
48.24 
52.03 
56.35
51.33
50.22 
51.57
52.30
54.47
51.09
52.22
52.47 
50.02
45.89
48.94
50.78 
54.16 
49.21 
52.56
47.50
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265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
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- 8-2.4 ( contd.)

k k 7. err
o a

—kmolxm2sa—

a ax 10 x 10
e>:p This Work

k /. err
CJ

2kmol/m sa
3X iO

Onda et al.

0.721 0.732 -1.58 0.362 49.81
0.774 0.799 -3.26 0.395 48.98
0.862 0.850 1.42 0.420 51.30
0.870 0.898 -3.30 0.444 48.96
0.926 0.935 -0.90 0.462 50.15
1.045 * 0.974 6.79 0.481 53.94
0.980 1.012 -3.24 0.500 48.99
0.952 1.027 -7.92 0.507 46.68
1-009 1.089 -7.96 0.538 46.66
1.147 1.146 0.06 0.566 50.62
1.168 1.196 -2.32 0.591 49.44
1.136 1.234 -8.63 0.610 46.32
1.479 1.449 2.00 0.800 45.94
1.731 1.447 16.40 0.798 53.88
1.516 1.455 4.02 0.803 47.05
1.556 1.446 7.08 0.798 48.74
1.156 1 • ■4-4JL -24.63 0.795 31.25
1.586 1.451 8.46 0.801 49.51
1.650 1.461 11.40 0.806 51.13
1.687 1.457 13.65 0.804 52.37
1.841 1.442 21.65 0.796 56.78
1.444 1.457 -0.93 0.804 44.32
1.905 1.447 24.04 0.798 58.10
1.749 1.447 17.26 0.798 54.36
1.687 1.448 14.20 0.799 52.67

1.448 10.41 0.799 50.58
1.673 1.447 13.55 0.798 52.31
1.686 1.456 13.62 0.803 52.36
1.589 1.455 8.41 0.803 49.48
1.158 1.145 1.19 0.631 45.50
1.290 1.207 6.43 0.666 48.38
1.702 1.608 5.53 0.887 47.89
2.045 1.808 11.61 0.997 51.24
2.086 1.901 8.87 1.049 49.73
1.949 1.931 0.93 1.065 45.35
2.217 2.035 8.17 1 - 123 49.35
2.265 2.136 5.73 1.178 48.00
2.745 2.224 18.97 1.227 55.30
2.558 2.430 4.99 1.341 47.59
2.662 2.537 4.70 1.400 47.43
2.881 2.605 9.58 1.436 50.14
2.810 2.659 5.35 1.467 47.79
4.300 4.314 -0.33 2.385 44.53
1.743 1.741 0.14 0.961 44.86
1.464 1.741 -18.89 0.961 34.35
1.537 1.735 -12.89 0.958 37.66
2.117 2.320 -9.58 1.389 34.40
2.561 2.561 0.00 1.532 40.18
0.545 0.567 -4.19 0.340 37.66
0.759 0.793 -4.50 0.475 37.45
1.485 1.591 -7.17 0.950 36.03
X m 7015 1.998 -11.91 1.196 32.98



263

(iii) From the 312 data points, 80% of the predicted values of kg 

were within ± 20% of the observed data values ; 67 % were within ± 

15 % and 50 % were within ± 10 %.

Figure (8.2) shows a parity plot of equation (8.11) wherein 

the values of fko^pred have been plotted versus (kQJ05S* The 

satisfactory correlation data fit clearly reflects that equation 

(8.11) can correlate satisfactorily all the data obtained from the 

various sources covering wide range of variables as mentioned 

earlier.

Out of the various correlations reported in literature, the 

correlation proposed by Onda et al. [Equation (2.2.6)) appears to be 

more generalised in nature and has been proposed based on a large 

data bank of *G. Hence the values of UG)pred. obtained by using 

the correlation of Onda et al. are also reported in Table (8.2.4) 

for the purpose of comparison. The detailed statistical analysis of 

the correlation by Onda et al. can be described as follows

(i) The values of % Eavg ’ ^ Eabs' and ^ (i) * * * Sdev were 47.11, 47.11 

and 0.048 respectively.

(ii) Out of 312 data points none of the predicted values were 

within ± 20 % of the observed values. The predicted values of k„
U

were consistently less than the observed values of kg.

The comparison of the detailed statistical analysis for both 

these correlations under consideration reveals that the values of % 

Eabs *or the correiaticm °* Onda and for the correlation developed
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Fig. 8.2 TRUE GAS SIDE MASS TRANSFER COEFFICIENT. 
COMPARISON OF PREDICTED vs. EXPERIMENTAL 
(Lit.) DATA.
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LEGENDS FOR FIG. 8.2

Data No. Relevant Information Symbol

1-11 Houston (47), Carbon R.R., 25mm. Ammonia-Water. Q

12-20 Houston (47), Carbon R.R., 25mm. Acetone-Water. 0

21-38 Houston (47), Carbon R.R., 25mm. Methanol-Water. IS

39-78 Houston (47), Carbon R.R., 25mm. Ethanol-Water. S

79-93 Zabban (48), C.R.R., 13mm, Acetone-Water. L

94-124 Zabban (48), C.R.R., 13mm, Methanol-Water,
at pressures in atm a 1.00, 1.95, 3.90, O D •

6.70 and 10.70. 0 •

125-161 Hutchings (49), Acetone-Water. C.R.R., 13mm, 0)
19mm, 31.7mm. g g

162-172 Dyer (50), Ammonia-Water; Carbon R.R., 25mm. O

173-175 Molstad (51), Ammonia-Water, C.R.R., 25mm. X

176-183 Fellinger (52), Ammonia-Water, C.R.R., 38mm, 50mm. -X-@

184-188 Vidwans (53), S02-NaOH, C.R.R., 25mm. A

189-234 Sahay(41), dp=25ram, Cl2-NaOH, C.R.R., V
PVC. R.R. Polypropylene .R.R. A

235-242 Sahay(41), dp=25mm, S02-Na0H, PVC. R.R., A

243-257 Surosky (54), Carbon. R.R., 25mm, Benzene vaporization. ®

258-272 Surosky (54), Carbon. R.R., 25mm, Ethylbutyrate vaporsation. O

273-302 Surosky (54), Carbon. R.R., 25mm, Water vaporization. ©

303-312 Lynch (55), C.R.R, 25mm, Water vaporization in air, 0
water vaporization in Freon 12. ©
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in this investigation are 47 % and 12 % respectively. Further
Onda1s correlation predicts values which are consistently lower
than the observed values. This is expected for the cases where the
k„ values were obtained from either K„a or from k_a (chemicalb b b
technique) by dividing the values of aw instead of a^. However, -it 
is rather surprising that also for the cases wherein the values of 
k„ were obtained from vaporization data (wherein a values were used 
in this investigation as well as Onda's correlation) the data fit is 
highly inferior.

Thus, it can be concluded that the correlation developed in 
this investigation appears to be more appropriate and sound than the 
correlation of Onda and coworkers.

8.3.0 RESULTS AND DISCUSSION FOR TRUE LIQUID SIDE MASS TRANSFER
COEFFICIENT (kL) :

When gas absorption is accompanied by a chemical reaction 
knowledge of the true liquid side mass transfer coefficient (k^) and 
the effective interfaciai area (a ) separately is essential for the 
design of packed column.

The existing correlations available in the literature 
(listed in Table 2.2 : Chapter 2) for predicting the values of k^
are mostly developed based on the values of k^ obtained by dividing 
the experimentally obtained k. a values for physical absorption byL
the corresponding values of wetted surface area (aw}. Thus, the 
values of k. predicted using these generalised correlations are also
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expected to involve 
on obtained by 
chemical technique 
correlations.

considerable amount of 
different investigators 

cannot be correlated

error. Further, the data 
(22, 36, 37, 56) using

satisfactorily by these

Hence, it was thought desirable to reobtain the values of 
from the data bank of k^a by dividing these values by the 
appropriate values of 'a'. It was also thought desirable to 
reanalyse both these data banks (kL values obtained from kLa data 
bank and k^ values obtained by using chemical technique) and to 
develop a generalised correlation by mathematical modelling for 
predicting the values of k^.

8.3.1 Results for true liquid side mass transfer coefficient (k^)

As has already been discussed in Chapter 6, during physical 

absorption the effective interfacial area avaliable for mass 

transfer is the dynamic area (ady). Under these conditions the 

interrelationship between volumetric mass transfer coefficient 

(k^a), the true mass transfer coefficient (k^), the dynamic area 

udy). static area (as() and the wetted surface area (a.) is given 

by the following equation

[kLa] phy. kLap = k. a . = k, (a -a . )L dy L w st ‘ (8.12)

Therefore the values of kL can be obtained by using the following
equations
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k. = [k,a] . /(a -a . )L 1 L phy / 1 w st

= [k.aj . /(a , ]1 L Jphy.'1 dy'

(8.13)

(8.14)

The existing literature data on kLa reported in Table (5.4)

incorporating 34 variations including system variations such as CO2~

water, C02 - aqueous electrolyte solutions, C02 - glycerol

solutions, H2 - water etc. and packings of different wettabilities

was used initially to obtain the values of a. . The values of a,1 dy dy
were obtained under otherwise identical conditions mentioned for the 

k^a data bank reported in Table (5.4) by calculating the values of 

aw and ag). using the generalised correlations developed in this 

investigation [Equations (7.3) and (7.16) respectively] and 

^subtracting the values of a . from the values of a . The values of 

k^ were then calculated by using equation (8.14). These values of 

k^ obtained by this two step procedure were reffered to as the 

observed values of kL-

The kL values obtained using the kLa data bank [Table (5.4) 

: observations 1 to 187] are reported in Table (8.3.1). This table 

also contains the relevant processing parameters like Re, Sc etc. 

required for the mathematical modelling of the kL data. The 

experimental values of kL obtained by Danckwerts plot reported in 

Data Table (5.6) have been merged as observation numbers (188) to 

(217) along with the observed values of k^ (observation numbers upto 

187) in Table (8.3.1). Thus, Table (8.3.1) consists of totally 217 

data points covering 37 variations inclusive of system variations as 

C02 - water, C02 - electrolyte solutions, C02 - isopropanoi, C02 -
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Table - ( 8.3.1 )

Results Indus!vs of processing parameters for
true liquid side mass transfer coefficient ( k )

s*

No

Jcg/m2«

k a
L>

£
x lO 
-1

Re Sc mf
-Z

X lO
zX 40

ady

z sm /m

k k % err
L L

4
----- X 40--------

-----m/s--------
obs. pred.

Observed values of k obtained from k a data bank :-
L L

1 0.472 2.278 1.601 4.55 2.07 18.2 1.251 1.060 15.25
2 0.694 3.056 2.354 4.55 2.07 23.9 1.279 1.140 10.91
3 1.000 4.444 3.390 4.55 2.07 30.2 1.473 1.220 17.16
4 1.222 5.278 4.143 4.55 2.07 34.1 1.549 1.267 18.23
5 1.444 6.111 4.896 4.55 2.07 37.6 1.627 1.307 19.67
6 1.917 6.944 6.497 4.55 2.07 44.0 1.577 1.378 12.61
7 2.778 9.167 9.416 4.55 2-07 53.8 1.705 1.477 13.40
8 4.167 12.222 14.123 4.55 2.07 66.1 1.848 1.593 13.80
9 8.889 23.889 30.130 4.55 2.07 95.2 2.509 1.836 26.83

10 12.222 26.944 41.428 4.55 2.07 110.2 2.444 1.948 20.30
11 0.667 2.778 3.824 4.55 2.07 27.7 1.003 1.248 -24.38
12 3.056 8.889 17.528 4.55 2.07 52.9 1.679 1.659 1.23
13 13.056 26.111 74.892 4.55 2.07 94.4 2.766 2.176 21.30
14 1.498 6.400 4.529 4.55 2.07 34.8 1.838 1.288 29.92
15 1.600 4.555 3.089 8.96 2.33 40.3 1.130 0.960 15.00
16 0.770 3.250 1.928 6.19 2.16 25.2 1.287 0.979 23.94
17 1.551 4.860 3.881 6.19 2.16 39.8 1.222 1.116 8.71
18 2.311 6.830 5.784 6.19 2.16 50.1 1.363 1.202 11.77
19 3.103 8.230 7.765 6.19 2.16 58.9 1.397 1.270 9-05
20 3.873 9.810 9-692 6.19 2.16 66.3 1.481 1.324 10.56
21 3.153 5.647 19.879 7.39 2.24 43.0 1.312 1.443 -9.91
22 4.407 8.000 27.790 7.39 2.24 48.8 1.641 1.5^S^£^ 6.39
23 5.015 8.823 31.617 7.39 2.24 51.2 1.725 1.573 8.77
24 6.465 10.924 40.763 7.39 2.24 56.2 1.943 1.650 15.10
25 1.263 3.950 3.543 5-38 2.16 36.1 1.094 1.177 -7.57
2b 3.122 8.330 B.759 5.38 2.16 58.2 1.430 1.394 2.53
27 7.741 16.660 21.720 5.38 2.16 89.9 1.852 1.652 10.80
28 15.596 29.160 43.760 5.38 2.16 123.1 2.368 1.884 20.46
29 0.857 3.600 2.822 3.85 2.02 22.8 1.582 1.249 21.07
30 1.713 6-000 5.720 3.74 2.01 36.9 1.625 1.439 11.40
31 2.719 8.100 9.111 3-72 2.01 49.0 1.652 1.575 4.68
32 3.524 10.100 12.139 3.50 1.99 56.6 1.786 1.695 5.06
33 4.439 12.900 15.448 3.42 1.98 64.2 2.010 1.788 11.04
34 5.444 14.500 19.139 3.35 1.98 71.5 2.029 1.874 7.61
35 7.117 17.400 24.766 3.43 1.98 82.4 2.111 1.952 7.55
36 11.196 24.300 39.202 3.38 1.98 103.3 2.351 2.137 9.12
37 14.778 28.600 51.957 3.35 1.98 118.1 2.421 2.259 6.69
38 4.282 9.400 27.551 3.76 2.01 59.6 1.577 1.928 -22.28
39 6.712 12.500 43.452 3.72 2.01 71.4 1.752 2.109 -20.40
40 8.017 15.200 51.583 3.76 2.01 76.5 1.986 2.168 -9.17
41 10.706 18.400 69.053 3.74 2.01 85.7 2.147 2.293 -6.84
42 13.694 23.100 88.110 3.76 2.01 94.4 2.448 2.396 2.12
43 15.736 25.800 101.248 3.76 2.01 99.6 2.591 2.459 5.09
44 0.856 3.500 2.770 3.99 2.03 24.8 1.410 1.231 12.69
45 2.875 8.500 9.410 3.90 2.02 54.0 1.573 1.560 0.86
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Table - 8.3.1 ( contd.)

No

fcg/TnZB

k a
L iX 10 
-1 B

Re Sc
-2

X lO

X

mf

2
lO

ady

Z 3 m /m

k k 7. err
L L4----- X iO---------

-----m/B---------

obs. pred.

46 5.401 14.700 18.079 3.71 2.01 75.8 1.940 1.792 7.63
47 7.399 17.600 25.023 3.63 2.00 88.9 1.980 1.919 3.10
48 13.673 28.400 47.005 3.51 1.99 119.7 2.373 2.185 7.91
49 0.845 3.400 2.676 4.17 2.05 28.0 1.213 1.205 0.62
50 2.871 9.400 9.340 3.94 2.03 59.3 1.586 1.553 ' 2.13
51 5.403 16.000 17.806 3.83 2.02 82.6 1.937 1.769 8.68
52 6.952 17.700 23.103 3.77 2.02 93.6 1.890 1.868 1.16
53 13.702 31.400 46.299 3.65 2.00 129.4 2.426 2.151 11.36
54 0.833 3.600 2.563 4.42 2.07 30.6 1.178 1.174 0.35
55 2.847 9.900 9.046 4.12 2.05 63.3 1.565 1.522 2.75
56 5.436 14.900 17.272 4.12 2.05 88.5 1.684 1.718 -2.00
57 7.408 20.600 23.865 4.00 2.04 102.8 2.004 1.844 7.99
58 14.080 30.900 45.936 3.89 2.03 138.9 2.225 2.104 5.45
59 0.843 4.000 2.488 4.81 2.10 33.7 1.188 1.134 4.48
60 2.863 11.200 8.770 4.45 2.07 67.8 1.651 1.475 10.68
61 5.229 15.300 16.050 4.43 2.07 92.2 1.660 1.655 0.30
62 6.734 20.100 20.882 4.33 2.06 104.1 1.931 1.752 9.29
63 14.111 35.000 44.033 4.27 2.06 146.9 2.383 2.023 15.12
64 0.840 3.800 2.388 5.18 2.13 37.7 1.008 1.099 -9.11
65 2.836 10.200 8.299 4.86 2.11 74.0 1.379 1.418 -2.89
66 5.416 17.100 15.782 4.91 2.11 102.1 1.676 1.595 4.83
67 6.720 18.700 19.794 4.80 2.10 112.9 1.656 1.677 -1.25
68 13.635 29.600 40.577 4.69 2.09 156.0 1.898 1.933 -1.83
69 2.804 9.400 7.412 5.98 2.18 83.1 1-132 1.298 -14.66
70 5.264 14.900 14.062 5.84 2.17 112.3 1.327 1.474 -11.09
71 7.998 19.800 21.514 5.76 2.17 136.0 1.456 1.605 -10.18
72 14.952 31.100 40.619 5.64 2.16 179.2 1.735 1.821 -4.92
73 0.896 3.600 3.052 3.59 2.00 25-2 1.431 1.299 9.26
74 1.752 6.000 5.968 3.59 2.00 37.5 1.599 1.472 7.91
75 2.688 8.500 9.155 3.59 2.00 47.4 1.794 1.595 11.10
76 4.012 11.100 13.665 3.59 2.00 58.3 1.906 1.719 9.79
77 5.247 13.400 17.871 3.59 2.00 66.6 2.013 1.807 10.22
78 7.318 15.400 24.925 3.59 2.00 78.1 1.971 1.923 2.40
79 9.458 17.200 32.214 3.59 2.00 88.1 1.951 2.018 -3.41
80 12.940 21.000 44.074 3.59 2.00 101.8 2.063 2.140 -3.71
81 3.848 6.900 22.654 4.55 2.07 50.0 1.381 1.740 -26.04
82 5.264 9.100 30.990 4.55 2.07 56.5 1.611 1.845 -14.56
83 6.630 11.800 39.034 4.55 2.07 61.8 1.910 1.927 -0.86
84 7.936 13.000 46.721 4.55 2.07 66.2 1.964 1.993 -1.47
85 10.668 17.200 62.805 4.55 2.07 74.1 2.320 2.106 9.22
86 13.360 20.000 78.653 4.55 2.07 80.8 2.476 2.196 11.29
87 15.850 22.000 93.312 4.55 2.07 86.2 2.553 2.268 11.17
88 0.925 3.500 2.951 4.12 2-04 27.7 1.263 1 .232 2.47
89 1.732 6.300 5.605 3.99 2.03 39.6 1.589 1.404 11.65
90 2.666 9.000 8.668 3.95 2.03 49.9 1.805 1.528 15.32
91 4.029 12.900 13.187 3.90 2.02 61.4 2.101 1.661 20.92
92 5.073 14.600 16.790 3.80 2.02 68.6 2.127 1.752 17.62
93 7.062 16.400 23.624 3.72 2.01 80.3 2.043 1.883 7.86
94 10.344 21.300 34.604 3.72 2.01 95.8 2.223 2.022 9.05
95 1^5. 5^?^v 23.200 45.484 3.68 2.01 108.1 2.146 2.137 0.44
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No L

, 2 Jcg/rn b

k aL 3
x io -1
s

Re Sc mf
x to

zx IO

dy

2 3TTI /HI

k k /. errL. L
4

---X IO----
--m/e----
obs. pred.

96 0.864 4.200 2.739 4.17 2.05 29.8 1.409 1.210 14.13
97 1.709 7.700 5.414 4.17 2.05 43.7 1.763 1.375 22.01
98 4.063 14.400 12.873 4.17 2.05 67.7 2.126 1.616 23.97
99 5.097 15.600 16.149 4.17 2.05 75.5 2.067 1.686 18.39

lOO 6.955 19.200 22.037 4.17 2.05 87.3 2.200 1.787 18.74
lOl 9.786 26.400 31.348 4.07 2.04 101.8 2.592 1.925 25.74
102 13.263 32.000 42.486 4.07 2.04 11 2.744 2.038 25.74
103 0.913 3.700 2.717 4.74 2.09 34.2 1.082 1.158 -6.97
104 1.737 6.000 5.169 4.74 2.09 48.3 1.242 1.306 -5.17
105 2.680 8.700 8.026 4.68 2.09 60.0 1.449 1.425 1.67
106 4.020 12.700 12.093 4.63 2.08 73.0 1.740 1.543 11.33
107 5.062 15.100 15.227 4.63 2.08 81.3 1.857 1.611 13.25
108 7.167 18.200 21.800 4.52 2.08 95.2 1.911 1.737 9.11
109 10.373 23.000 31.552 4.52 2.08 112.3 2.047 1.862 9.08
110 13.302 25.600 40.461 4.48 2.08 125.3 2.044 1.959 4.12
111 0.879 3.400 2.656 4.55 2.08 36.0 0.945 1.170 -23.81
112 1.729 5.600 5.223 4.55 2.08 51.5 1.088 1.327 -22.00
113 2.647 8.500 8.074 4.50 2.08 63.4 1.341 1.448 -7.98
114 4.050 12.000 12.354 4.50 2.08 77.7 1.545 1.568 -1.45
115 5.038 14.700 15.367 4.50 2.08 85.9 1.711 1.633 4.54
116 7.457 17.400 22.980 4.40 2.07 102.5 1.697 1.774 -4.54
117 9.976 20.300 30.743 4.40 2.07 116.6 1.741 1.873 -7.63
118 12.938 24.000 40.285 4.30 2.06 130.5 1.839 1.986 -7.96
119 0.861 3.900 2.542 4.80 2.10 38.3 1.018 1.140 -12.03
120 1.692 6.000 4.997 4.80 2.10 54.5 1.102 1.294 -17.42
121 2.651 9.200 7.919 4.69 2.09 67.7 1.359 1.422 -4.62
122 4.016 12.900 11.996 4.69 2.09 82.3 1.568 1.536 1.98
123 4.995 16.400 14.920 4.69 2.09 90.9 1.803 1.600 11.26
124 6.973 17.000 21.041 4.59 2.08 105.5 1.611 1.720 -6.72
125 9.673 22.300 29.188 4.59 2.08 121.8 1.831 1.828 0.13
126 13.203 26.500 40.255 4.49 2.08 139.2 1.904 1.957 -2.76
127 0.860 3.900 2.478 5.06 2.12 39.8 0.981 1.115 -13.69
128 1.710 7.000 4.927 5.06 2.12 56.6 1.236 1.268 -2.54
129 2.649 9.200 7.632 5.06 2.12 70.0 1.315 1.376 -4.64
130 4.022 12.500 11.590 5.06 2.12 85.0 1.471 1.488
131 5.044 13.800 14.535 5.06 2.12 94.2 1.465 1.552 -5.94
132 7.055 19.400 20.558 4.94 2.11 109.2 1-776 1.670 5.97
133 9.732 21.400 28.680 4.82 2.10 125.5 1.705 1.792 -5.14
134 13.258 26.900 39.071 4.82 2.10 143.3 1.877 1.899 -1.18
135 5.727 9.600 36.448 3.85 2.02 50.8 1.888 2.015 -6.71
136 7.172 10.100 45.644 3.85 2.02 55.4 1.823 2.102 -15.26
137 8.815 12.800 56.100 3.85 2-02 59.9 2.137 2.184 -2.21
138 11.256 15.900 71.635 3.85 2.02 65.7 2.421 2.286 5.54
139 1.851 4.000 3.565 8.55 2.29 44.1 0.906 1.014 -11.89
140 2.504 5.498 4.823 8.55 2.29 52.1 1.056 1.073 -1.60
141 2.892 6.356 5.569 8.55 2.29 56.2 1.131 1.102 2.57
142 3.654 7.036 7.036 8.55 2.29 63.4 1.110 1.152 -3.77
143 4.534 8.621 8.731 8.55 2.29 70.7 1.220 1.199 1.69
144 5.648 9.000 10.876 8.55 2.29 78.8 1.143 1.249 -9.33
145 6.713 10.980 12.927 8.55 2.29 85.6 1.283 1.290 -0.61



272

Table - 8-3.1 ( corttd.)

No L

, 2kgy'm s

k a
L

ax 10
-i

Re Sc mf 
-2

x iO
x to

<*y

2 3 
m sm

k k % err
L. L4

----x IO -------
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obs . pred.

146 7.470 11.600 14.386 8.55 2.29 90.1 1.288 JL • %5 -2.24
147 2.610 3.924 3.445 14.49 2.54 57.0 0.689 0.849 -23.24
148 3.727 5.233 4.919 14.49 2-54 67.9 0.771 0.907 -17.68
149 4.848 6.000 6.399 14.49 2.54 77.0 0.780 - 0.953 -22.22
150 6-138 7.445 8.102 14.49 2.54 85.9 0.867 0.996 -14.93
151 7.291 8.000 9.624 14.49 2.54 93.0 0.860 1.029 -19.55
152 8.715 9.074 11.503 14.49 2.54 100.8 0.900 1.063 -18.15
153 2.777 5.555 6.753 4.55 2.07 41.7 1.333 1.388 -4.13
154 4.372 8.330 10.630 4.55 2.07 52.4 1.589 1.511 4.93
155 6.549 11.110 15.925 4.55 2.07 63.7 1.743 1.629 6.53
156 8.614 13.492 20.946 4.55 2.07 72.5 1.862 1.715 7.88
157 10.791 15.897 26.240 4.55 2.07 80.4 1.978 1.789 9.55
158 13.036 18.370 31.699 4.55 2.07 87.6 2.098 1.853 11.67
159 6.444 14.470 15.670 4.55 2.07 68.4 2.114 1.624 23.16
160 8.527 18.020 20.735 4.55 2.07 82.5 2.184 1.712 21.61
161 10.777 21.750 26.206 4.55 2-07 95.6 2.275 1.788 21.37
162 13.111 24.800 31.882 4.55 2.07 107.6 2.305 1.855 19.50
163 4.403 11.110 10.754 4.54 2.07 51.5 2.156 1.512 29.85
164 6.447 14.870 15.746 4.54 2.07 68.2 2.182 1.624 25.58
165 8.491 18.510 20.739 4.54 2.07 81.9 2.259 1.710 24.32
166 10.786 22.100 26.346 4.54 2.07 95.3 2.320 1.788 22.92
167 13.050 25.230 31.876 4.54 2.07 106.9 2.360 1.853 21.51
168 5.707 7.894 4.308 37.21 2-97 92.8 0.851 0.640 24.85
169 9.025 10.233 6.812 37.21 2.97 117.8 0.869 0.697 19.79
170 12-138 14.238 9.162 37.21 2.97 136.6 1.042 0.736 29.35
171 2.169 2.456 0.850 98-23 3.65 65.3 0.376 0.357 4.98
172 4.497 3.918 1.761 98.23 3.65 95.7 0.409 0.409 0.00
173 7.295 5.263 2.857 98.23 3.65 121.2 0.434 0.448 -3.20
174 10.692 6.608 4.188 98.23 3.65 145.0 0.456 0.481 -5.65
175 13.993 9.824 5.481 98.23 3.65 164.0 0.599 0.506 15.49
176 1.981 1.578 0.399 290.95 4.52 72.8 0.217 0.223 -2.78
177 4.119 2.280 0.829 290.95 4.52 103.7 0.220 0.256 -16.28
178 5.031 2.836 1.013 290.95 4.52 113.8 0.249 0.265 -6.49
179 9.434 3.450 1.899 290.95 4.52 151.0 0.228 0.298 -30.66
180 12.453 4.327 2.507 290.95 4.52 170.5 0.254 0.314 -23.88
181 15.723 5.877 3.165 290.95 4.52 188.5 0.312 0.328 -5.33
182 18•805 7.602 3.785 290.95 4.52 203.4 0.374 0.340 9.14
183 3.396 1.695 0.459 509.65 5.14 100.9 0.168 0.197 -17.21
184 5.660 1.988 0.764 509.65 5.14 127.0 0.157 0.217 —38.36
185 8.207 2.397 1.108 509.65 5.14 149.3 0.161 0.232 -44.70
186 13.679 4.093 1.847 509.65 5.14 185.7 0.220 0.256 -15.91
187 16.714 4.385 2.257 509.65 5.14 201.9 0.217 0.265 -22.14

Observed values of k obtained from Danckwerts
f.

plots s -

188 6.595 — 41.579 7.51 2.25 — 1.315 1.652 -25.59
189 8.720 — 54.981 7.51 2.25 — 1.570 1.740 -10.84
190 9.538 — 60.136 7.51 2.25 — 1.720 1.770 -2.88
191 13.080 82.472 7.51 2.25 — 1.903 1.877 1.36
192 17.440 — 109.962 7.51 2.25 — 2.129 1.981 6.95
193 1.589 — 3.905 8.21 2.29 — 1.036 1.032 0.43
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No. L
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k a
L 3
x io-l
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Re Sc mf

x io
zx IO
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2m Sm
3

k k 7. err
L L

4
-----x IO--------

— m/e----
obs• pred•

194 3.132 — 7.695 8.21 2.29 — 1.124 1.171 -4.19
195 4.884 11.999 8.21 2.29 — 1.200 1.273 -6.05
196 6.102 — 14.991 8.21 2.29 — 1.280 1.327 -3.64
197 5.970 12.683 6.49 2.17 — 1.178 1.371 -16.46
198 3.498 7.432 6.49 2.17 — 1.158 1.241 -7.15
199 1.306 2.774 6.49 2.17 — 0.996 1.032 -3.64
200
201

10.683
8.570

19.768
15.858

8.08
8.08

2.27
2.27 _________

1.386
1.353

1.395
1.339

-0.65
1.08

202 6.105 — 11.296 8.08 2.27 — 1.268 1.256 0.91
203 3.757 — 6.952 8.08 2.27 — 1.180 1.147 2.77
204 2.055 3.802 8.08 2.27 — 1.190 1.025 13 - 87
205 9.643 — 16.175 9.49 2.34 — 1.432 1.281 10.56
207 8.350 — 14.005 9.49 2.34 — 1.415 1.247 11.89
207 6.468 — 10.849 9.49 2.34 — 1.304 1.189 8.85
208 3.528 5.918 9.49 2.34 — 1.326 1.061 19.97
209 1.999 — 3.353 9.49 2.34 — 1.315 0.954 27.43
210 10.680 — 14.727 12.81 2.49 — 1.273 1.149 9.78
211 8.520 — 11.748 12.81 2.49 — 1.218 1.101 9.61
212 5.160 7.115 12.81 2-49 — 1.140 1.002 12.07
213 3.600 4.964 12.81 2.49 — 1.137 0.937 17.57
214 2.280 3.144 12.81 2.49 — 1.112 0.860 22.62
215 2.941 4.171 8.80 2.31 — 1.490 1.016 31.79
216 3.922 — 5.561 8.80 2.31 — 1.550 1.073 30.80
217 4.902 — 6.951 8.80 2.31 — 1.580 1.118 29.22

. . ,-1/3= ( pl /pLg )Note x mf
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aqueous glycerol, CC^ - pottasium carbonate-bicarbonate-arsenite 
buffer solutions etc.

8.3.2 Critical analysis of data and mathematical modelling :

The observed values of k^ along with some values of k^ 

obtained by chemical technique reported in Table (8.3.1) can be used 
conveniently for analysing the effect of different 
parameters/variables on the values of kL>

Critical analysis of the k^ data reported in Table (8.3.1) 
alongwith the relevant data of physical properties etc. reported in 
Table (5.4) and (5.6) reveals the following

(i) Effect ofliquid flow rate (L)
Under otherwise identical conditions with an increase in L

the value of k^ increases. Thus for example for observation numbers
(1) and (8) for CC>2 - water system, under otherwise identical
conditions of at = 330 m* 2/m3, o= 71.3 mN/m, PL = 997.1 kg/m3

2 P -9= 0.89 mNs/m A = 1.97 x 10 m/s, with increase in the value
2of L from 0.47 to 4.17 kg/m s,the value of k^ Increases from 1.25 x 

-4 -410 to 1.848 x 10 m/s. Also for the k^ data ootained by chemical 
technique for observation numbers (193) and (196) for the system : 
CO2 - pottasium carbonate bicarbonate buffer under otherwise 
identical conditions [Data from Table (5.6) corresponding 
observations being (6) and (10)] of at = 290 m2/m3, = 75.6 mN/m
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§L = 1156.5 kg/m3 *, pL = 1.4 mNs/m2&DL = 1.478 x 10-9 m2/s, with

. 2 an increase in the value of L from 1.589 to 6.102 kg/m s, the value
of k^ increases from 1.036 x 10 ^ to 1.28 x 10~^ m/s. Also for

other systems/variations under consideration similar conclusions can
be drawn.

(iiJ Effect of packing size (d } and dry surface area (a.)P t
With a decrease in packing size ; nence an increase in its 

dry surface area, the value of k decreases under otherwise2-4

identical conditions. This effect is illustrated by comparing 
observation number (31) and (153) under similar conditions of =
996 - 997 kg/m3, P£ = 0.813 - 0.894 mNs/m2, cr = 71.6 - 72 mN/m, DL 

= 2.198 x 10”9 - 1.97 x 10-9 m2/s and L = 2.719 - 2.777 kg/m2-s.
n oWith an increase in at value f r om 367 to 460 m/m- (with a decrease in

packing size from 0.013 to 0.01m) the value of k^ decreases from 
-4 -41.652 x 10 m/s to 1.33 x 10 m/s. Similar trend is observed for 

all the other systems/variations under consideration.

(iii) Effect of physical properties P^, P^ and :-

Under otnerwise similar conditions, with an increase in
the values of k^ decrease. Thus, comparing observation numbers (4)

2 3and (25) under comparable conditions of at = 330 m /m , p = 0.89 -

1.08 mNs/m2 * *, DL = 1.97 x 10‘9 - 1.88 x 10~9 m2/s A L = 1.22 - 1.26
2 3kg/m -s, with an increase in the value of from 997 kg/m to 1070
3 -4 -4kg/m the value of kL decreases from 1.549 x 10 to 1.09 x 10

m/s .
With an increase in viscosity and with a decrease in

diffusivity,the value of kL decreases. Thus, for observation numbers
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2 3(163) and (172) under otherwise similar conditions of at = 460 m /m ,
p = 1000 - 1130 kg/m^JlL = 4.40 - 4.50 kg/m2-s, as P increases from
0.89 to 5.5 mNs/m2 and DL decreases from 1.97 x 10-9 m2/s to 0.5 x
10-9 m2/s, the value of kL decreases from 2.156 x 10~4 to 0.409 x 

-410 m/s. Similar conclusions can be drawn for the other 
systems/variations under consideration.

(iv) Mathematical modelling of k^ data
Hence, based on the above discussion in order to correlate 

the data for k in terms of system parameters and hydrodynamicL
parameters, one can propose the following equation

kL = f(L, at_1, V'1, Dl) (8.15)

With tne help of dimensional analysis, tnese parameters can be 
grouped in terms of different dimensionless numbers and groups as 
per following equation

kL = c (Re)3 (Sc) ( pJ PLg)~1/3 (8.16)

The dimensionless numbers and groups used in this equation (8.16) 
are identical with those utilised by Onda et al. [Equation (2.2.3)].

Thus,for performing "mathematical modelling" of the kL data 
one requires the knowledge of (Re), (Sc), ( P^/ ^8)- with ttie helP 
of data on physical properties and hydrodynamic properties reported 
in Tables (5.4) and (5.6), the relevant dimensionless numbers and 
groups were calculated and all these values along with the 
corresponding k^ values are tabulated in Table (8.3.1).
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8.3.3 Statistical analysis for different correlations

Processing of the data on k^ values reported in Table
(8.3.1) was done by the modified simplex algorithm of Nelder and
Mead. The results obtained for the various regression steps are
reported in Table {8.3.2} and are discussed herewitn.

In step - (1), all the groups viz. Reynolds number (Re)
Schmidt number (Sc), and the proportionality constant (C) were 
regressed. The regression of tne data yielded the following 
correlation :-

kL = 0.1075 (Re)0,201 (Sc)-0*513 ( PJ ^g)-173 (8.17)

The values of % E , % E . and % S , were 2.44, 10.75 and 0.002avg ^ abs ’ dev
respectively.

However, taking into consideration the indices of Re, Sc in 
the generalised correlation k^a [Equation (8.6)] and that of Re in 
tne generalised correlation of a^ [Equation (7.7)],the indices of Re 
and Sc in the correlation under consideration should be 0.187 for Re 
and -0.5 for Sc.

Hence, the values of. indices of Re, Sc were fixed as a = 
0.187 and m = -0.5. When the data on k^ was regressed as per step 
(4), the mathematical modelling of the data yielded the following 
correlation :-

kL = 0.0999 Re0'187 Sc-0-5 ( * J **Lg)"1/3 (8.18)
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Table - < 8.3.2 )

Statistical analysis for different correlations of k

Correlation Structure s k - C . Rea. Scm.( p sp g )

L

—i/3

No. C a m 7. Eavg 7. Eabe 7. Sdev

Optimisation by the Modified Simplex algorithm of Nelder and Mead

All parameters are iterated, base values of guesses and ranges of 
perturbation Here as follows s—
for a 0.1 0.2 0.4, for m -0.3 -0.5 —0.7 and for C 0.05 0.1 0.2.
1 0.1075 0.201 -0.513 1.44 10.75 0.00207.

m value ( i.e indice of Sc) fixed as -0.50 xn concordance with the 
penetration theory. C and a were iterated as in step 1.
2 0.0956 0.208 -0.50 2.83 11.06 0.00209.

a value fixed as 0.187 ( This value of a is arrived at by taking the
difference of a values obtained in the selected k a and a /a.l p t
correlations which were 0.286 and 0-099 respectively.) C and m were 
iterated as in step 1.
3 0.1149 0.187 -0.517 0.70 10.83 0.00206.

The values of a and m were fixed as 0.187 and -0.5 respectively. Only 
C was determined by iteration.
4* 0.0999 0.187 -0.50 3.39 11.32 0.00209.

Note * The values of indices in the finalised generalised correlation 
are as per regression step marked by ( * )
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The statistical- analysis of correlation [Equation (•8.18)] was as 
under :-

The values of % E , % E and % S, were 3.39, 11.32 andavg abs dev
0.002 respectively.

The statistical analysis of the correlation [Equation 
(8.18)] although slightly inferior, it is not very much different 
from the previous correlation [Equation (8.17)]. Hence this 
correlation can be considered as an appropriate equation which could 
be used conveniently for predicting most of the values of within 
± 20 % error range.

8.3.4 Comparison between observed values and predicted values of 
kL :"

The observed values of obtained from k^a data bank along 
with the k^ values obtained by chemical technique and the values of 
k^ predicted by the generalised correlation [Equation (8.18)] 
developed in this investigation are tabulated in Table (8.3.3) and 
are plotted in Figure (8.3).

The detailed statistical analysis of the correlation 
[Equation (8.18)] can be described as follows

(i) The totglnumber of data points used in the correlation is 217
with 37 different variations/systems included.



No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
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Table - < 8.3.3 )

Comparison between observed values based on data bank 
and predicted values of k^

k k /. err k /. err k % err k /. err
L. L L L L

4 4 4 4 4X lO

obs.

X xo

This work

x to
m/8

Onda.

X io
m/B
Mersmann.

X IO

m/e

Billet.

1.251 1.060 15.25 0.358 71.39 2.038 -62.9 0.336 73.11
1.279 1.140 10.91 0.423 66.93 2.172 -69.8 0.382 70.10
1.473 1.220 17.16 0.496 66.30 2.308 -56.7 0.432 70.67
1.549 1.267 18.23 0.542 64.99 jL m 386 -54.0 0.462 70.20
1.627 1.307 19.67 0.584 64.09 2.453 -50.8 0.488 70.00
1.577 1.378 12.61 0.663 57.92 2.571 -63.1 0.536 65.98
1.705 1.477 13.40 0.786 53.93 2.735 -60.3 0.607 64.41
1.848 1.593 13.80 0.948 48.69 2.925 -58.3 0.695 62.42
2.509 1.836 26.83 1.364 45.64 3.317 -32.2 0.894 64.37
2.444 1.948 20.30 1.597 34.68 3.497 -43.1 0.994 59.34
1.003 1.248 -24.38 0.528 47.37 1.561 -55.6 0.331 66.98
1.679 1.659 1.23 1.057 37.06 2.010 -19.7 0.550 67.25
2.766 2.176 21.30 2.168 21.60 2.557 7.5 0.892 67.74
1.838 1.288 29.92 0.556 69.74 2.703 -47.0 0.519 71.75
1.130 0.960 15.00 0.360 68.11 2.266 -100.6 0.411 63.58
1.287 0.979 23-94 0.328 74.52 2.147 -66.8 0.362 71.85
X m 1.116 8.71 0.446 63.49 2.412 -97.3 0.458 62.57
1.363 1.202 11.77 0.534 60.82 2.577 -89.1 0.522 61.66
1.397 1.270 9.05 0.611 56.28 2.706 -93.7 0.576 58.74
1.481 1.324 10.56 0.677 54.30 2.807 -89.6 0.621 58.09
1.312 1.443 -9.91 0.945 27.97 1.346 -2.6 0.449 65.76
1.641 1.536 6.39 1.111 32.26 1.423 13.3 0.502 69.38
1.724 1.573 8.76 1.184 31.34 1.454 15.7 0.524 69.59
1.943 1.650 ■Si. b? e 1 1.343 30.89 1.517 22.0 0.571 70.63
1.094 1.177 -7.57 0.478 56.34 2.299 -110.1 0.436 60.13
1.430 1-394 2.53 0.718 49.78 2.672 -86.8 0.590 58.77
1.852 1.652 10.80 1.101 40.56 3.107 -67.7 0.798 56.92
2.368 1.884 20.46 1.555 34.33 3.490 -47.4 1.008 57.44
1.582 1.249 21.07 0.484 69.40 2-579 -63.0 0.456 71.18
1.625 1.439 11.40 0.670 58.76 2.916 -79.5 0.580 64.29
1.652 1.575 4.68 0.830 49.76 3.155 -91.0 0.678 58.93
1.786 1.695 5.06 0.971 45.65 3.346 -87.4 0.755 57.73
2.010 1.788 11.04 1.096 45.44 3.495 -73.9 0.821 59.14
2.029 1.874 7.61 1.224 39.69 3.640 -79.4 0.886 56.33
2.111 1.952 7.55 1.371 35.05 3.783 -79.2 0.961 54.47
2.351 2.137 9.12 1.725 26.62 4.093 -74.1 1.123 52.24
2.421 2.259 6.69 1.993 17.67 4.296 -77.4 1.235 48.97
1.577 1-928 -22.28 1.406 10.83 2.238 -42.0 0.655 58.48
1.752 2.109 -20.40 1.767 -0.87 2.420 -38.2 0.764 56.40
1.986 2.168 -9.17 1.915 3.54 2.484 -25.1 0.807 59.38
2.147 2.293 -6.84 2.226 -3.71 2.610 -21.6 0.890 58.55
2.448 2.396 2.12 2.521 -2.96 2.714 -10.9 0.964 60.62
2.591 2.459 5.09 2.712 -4.65 2.778 -7.2 1.010 61.03
1.410 1.231 12.69 0.461 67.31 2.539 -80.1 0.451 68.01
1.573 1.560 0.86 0.806 48.76 3.125 -98.6 0.681 56.73
1.940 1.792 7.63 1.117 42.42 3.515 -81.2 0.854 55.98
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47 1.980 1.919 3.10 1.318 33.44 3.726 -88.2 0.956 51.74
48 2.373 2.185 7.91 1.827 23.00 4.165 -75.5 1.187 49.99
49 1-213 1.205 0.62 0.427 64.82 2.477 -104.3 0.443 63.49
50 1.586 1.553 2» JL3 0.769 51.50 3.082 -94.3 0.679 57-22
51 1.937 1.769 8.68 1.056 45.45 3.449 -78.1 0.846 56.33
52 1.890 1.868 ■> 1 ^-5 1.208 36.11 3-614 -91.2 0.926 51.03
53 2.426 2.151 11.36 1.733 28.58 4.078 -68.1 1.173 51.66
54 1.178 1.174 0.35 0.396 66.35 2.419 -105.4 0.433 63.24
55 1.565 1.522 2.75 0.724 53.72 3.023 -93.1 0.668 57.34
56 1.684 1.718 -2.00 0-986 41.44 3.365 -99.8 0.828 50.82
57 2.004 1.844 7.99 1.170 41.61 3.572 -78.2 0.928 53.71
58 2.225 2.104 5.45 1.649 25.90 4.003 -79.9 1.160 47.87
59 1.188 1.134 4.48 0.367 69.13 2.354 -98.2 0.423 64.41
60 1.651 1.475 10.68 0.674 59.16 2.944 -78.3 0.652 60.49
61 1.660 1.655 0.30 0.903 45.57 3.260 -96.4 0.799 51.87
62 1.931 1.752 9.29 1.038 46.25 3.420 -77.1 0.876 54.64
63 2.383 2.023 15.12 1.526 35.97 3.880 -62.8 1.125 52.77
64 1.008 1.099 -9.11 0.335 66.74 2.287 -127.0 0.413 59.05
65 1.379 1.418 -2.89 0.611 55.65 2.848 -106.6 0.632 54.12
66 1.676 1.595 4.83 0.832 50.33 3.162 -88.7 0.782 53.33
67 1.656 1.677 -1.25 0.941 43.20 3.299 -99.1 0.847 48.86
68 1.898 1.933 -1.83 1.374 27 - 61 3.732 -96.6 1.080 43.08
69 1.132 1.298 -14.66 0.509 54.99 2.665 -135.5 0.590 47.90
70 1.327 1.474 -11.09 0.705 46.92 2.977 -124.3 0.733 44.77
71 1.456 1.605 -10.18 0.880 39.57 3.204 -120.0 0.847 41.85
72 1.735 1.821 -4.92 1.242 28.40 3.575 “X06 m JL 1.051 39.44
73 1.431 1.299 9.26 0.621 56.60 2.648 -85.0 0.474 66.85
74 1.599 1.472 7.91 0.830 48.10 2.960 -85.2 0.593 62.90
75 1.794 1.595 11.10 1.001 44.18 3.178 -77.2 0.684 61.87
76 1.906 1.719 9.79 1.197 37.17 3.397 -78.3 0.782 58.98
77 2.013 1.807 10.22 1.352 32.86 3.551 -76.4 0.855 57.55
78 1.971 1.923 2.40 1.574 20.12 3.753 -90.4 0.955 51.55
79 1.951 2.018 -3.41 1.774 9.11 3.916 -100.7 1.040 46.71
80 2.063 2.140 -3.71 2.056 0.33 4.126 -99.9 1.154 44.05
81 1.381 1.740 -26.04 1.382 -0.07 2.088 -51.2 0.591 57.17
82 1.611 1.845 -14.56 1.597 0.82 2.199 -36.5 0.656 59.25
83 1.910 1.927 -0.86 1.781 6.78 2.285 -19.6 0.709 62.90
84 1.964 1.993 -1.47 1.940 1.22 2.355 -19.9 0.753 61.68
85 2.320 2.106 9.22 2.237 3.56 2.473 -6.6 0.830 64.20
86 2.476 2.196 11.29 2.498 -0.88 2.567 -3.7 0.895 63.85
87 2.553 2.268 11.17 2.719 -6.50 2.641 -3.5 0.947 62.89
88 1.263 1.232 2.47 0.563 55.40 2.554 -102.2 0.458 63.75
89 1.589 1.404 11.65 0.754 52.56 2.857 -79.8 0.570 64.12
90 1.805 1.528 15.32 0.917 49.18 3.077 -70.5 0.661 63.40
91 2.101 1.661 20.92 1.113 47.00 3.308 -57.5 0.762 63.74
92 2.127 1.752 17.62 1.255 41.01 3.459 -62.6 0.829 61.02
93 2.043 1.883 7.86 1.482 27.46 3.677 -79.9 0.933 54.33
94 2.223 2.022 9.05 1.772 20.30 3.918 -76.2 1.060 52.34
95 2.146 2.137 0.44 2.028 5.50 4.109 -91.5 1.163 45.80
96 1.409 1.210 14.13 0.516 63.41 2.485 -76.3 0.446 68.35
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97 1.763 1.375 22.01 0.694 60.64 2.783 -57.9 0.560 68.24
98 2.126 1.616 23.97 1.022 51.91 3.213 -51.1 0.747 64.87
99 2.067 1.686 18.39 1.134 45.11 3.336 -61.5 0.806 61.02

iOO 2.200 1.787 .18.74 1.310 40.43 3.513 -59.7 0.893 59.38
lOl 2.592 1.925 25.74 1.563 39.71 3.742 -44.4 1.009 61.07
102 2.744 2.038 25.74 1.809 34.07 3.936 -43.4 1.117 59.30
103 1.082 1.158 -6.97 0.467 56.88 2.402 -121.9 0.435 59.76
104 1.242 1.306 -5.17 0.619 50.17 2.672 -115.2 0.539 56.55
103 1.449 1.425 1.67 0.758 47.71 2.882 -98.9 0.626 56.77
106 1.740 1.543 11.33 0.916 47.34 3.091 -77.6 0.719 58.67
107 1.857 1.611 13.25 1.019 45.11 3.212 -72.9 0.777 58.19
108 1.911 1.737 9.11 1 *218 36.27 3.424 -79.2 0.879 54.00
109 2.047 1.862 9.08 1.453 29.01 3.641 -77.8 0.994 51.44
HO 2.044 1.959 At m J.2 1.648 19.35 3.813 -86.6 1.085 46.89
111 0.945 1.170 -23.81 0.453 52.00 2.385 -152.5 0.435 53.90
112 1.088 1.327 -22.00 0.611 43.87 2.668 -145.3 0.545 49.87
113 1.341 1.448 -7.98 0.748 44.24 2.889 -115.5 0.634 52.70
114 1.545 1.568 -1.45 0.909 41.21 3.100 -100.6 0.731 52.72
115 1.711 1.633 4.54 1.006 41.21 3.215 -87.9 0.786 54.07
116 1.697 1.774 -4.54 1.228 27.66 3.452 -103.4 0.902 46.84
117 1.741 1.873 -7.63 1.413 18.82 3.623 -108.1 0.994 42.89
118 1.839 1.986 -7.96 1.628 11.49 3.805 -106.9 1.092 40.61
119 1.018 1.140 -12.03 0.420 58.71 2.332 -129.1 0.426 58.12
120 1.102 1.294 -17.42 0.567 48.57 2.608 -136.8 0.534 51.55
121 1.359 1.422 -4.62 0.705 48.14 2 m 820 -108.1 0.625 54.01
122 1.568 1.536 1.98 0.854 45.54 3.030 -93.3 0.718 54.21
123 1.803 1.600 11.26 0.946 47.57 3.142 -74.2 0.772 57.20
124 1.611 1.720 -6.72 1.124 30.26 3.340 -107.3 0.869 46.07
125 1.831 1.828 0.13 1.317 28.04 3.527 -92.7 0.969 47.06
126 1.904 1.957 -2.76 1.559 18.14 3.737 -96.3 1.083 43.11
127 0.981 1.115 -13.69 0.400 59.22 2.291 -133.6 0.419 57.29
128 1.236 1.268 -2.54 0.543 56.12 2* 568 -107.7 0.527 57.42
129 1.315 1.376 -4.64 0.662 49.68 2.762 -110.0 0.609 53.68
130 JL #471 1.488 1 4* 16 0.803 45.42 2.960 -101.2 0.700 52.40
131 1.465 1.552 -5.94 0.893 39.04 3.073 -109.8 0.755 48.47
132 1.776 1.670 5.97 1.064 40.06 3.270 -84.1 0.851 52.07
133 1.705 1.792 -5.14 1.264 25.82 3.472 -103.7 0.955 43.95
134 1.877 1.899 -1.18 1.475 21.41 3.655 -94-8 1.059 43.57
135 1.888 2.015 —6.71 2.132 -12.88 2.335 -23.7 0.715 62.12
JL 1.823 2.102 -15.26 2.362 -29.54 2.424 -32.9 0.771 57.72
137 2.137 2.184 -2.21 2.598 -21.56 2.508 -17.4 0.826 61.36
138 2.421 2.286 5.54 2.911 -20.27 2.612 -7.9 0.896 63.00
139 0.906 1.015 -12.04 0.398 56.11 2.332 -157.5 0.437 51.80
140 1.056 1.074 -1.72 0.455 56.89 2.452 -132.3 0.483 54.27
141 1.131 1.103 2.46 0.485 57.07 2.511 -122.1 0.506 55.21
142 1.109 1.152 -3.88 0.540 51.32 2.611 -135.4 0.547 50.65
143 1.219 1.200 1.59 0.596 51.09 2.706 -121.9 0.588 51.75
144 1.142 1.250 -9.43 0.660 42.20 2.806 -145.7 0.633 44.60
145 1.282 1.291 -0.70 0.716 44.15 2.888 -125.3 0.670 47.72
146 1.287 1.317 -2.32 0.753 41.49 2.940 -128.4 0.695 46.04
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k k 7. err k 7. err k 7. err k % err
L L L, L L

X io X IO X io X io x to
m/e m/e m/e m/e mSn
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0.689 0.849 -23.24 0.313 54.49 2.149 -212.0 0.403 41.47
0.771 0.907 -17.68 0.368 52.26 2.280 -195.7 0.454 41.13
0.780 0.953 -22.22 0.415 46.77 2.381 -205.4 0.495 36.47
0.867 0.996 -14.93 0.463 46.58 2.476 -185.8 0.536 38.16
0.860 1.029 -19.55 0.502 41.68 2.548 -196.2 0.568 34.04
0.900 1.063 -18.15 0.546 39.36 2.625 -191.6 0.602 33.09
1.333 1.388 -4.13 1.107 16.94 3.541 -165.7 0.641 51.87
1.589 1.511 4.93 1.342 15.55 3.818 -140.3 0.746 53.05
1.743 1.629 6.53 1.596 8.47 4.083 -134.3 0.854 51.04
1.862 1.715 7.88 1.796 3.50 4.274 -129.6 0.935 49.77
1.978 1.789 9.55 1.982 -0.20 4.436 -124.3 1.008 49.03
2.098 1.853 11.67 2.153 -2.62 4.578 -118-2 1.073 48.84
2.114 1.624 23.16 0.904 57.22 4.073 -92.7 0.849 59.84
2.184 1-712 21.61 1.036 52.56 4.266 -95.4 0.932 57.32
2.275 1.788 21-37 1.163 48.87 4.435 -95.0 1.008 55.70
2.305 1.855 19.50 1.283 44.34 4.582 -98.8 1.075 53.33
2.156 1.512 29.85 0.757 64.90 3.812 -76.8 0.746 65.39
2.182 1.624 25.58 0.907 58.42 4.061 -86.1 0.847 61.18
2-259 1.710 24.32 1.037 54.10 4.251 -88.2 0.928 58.90
2.320 1.788 22.92 1.167 49.70 4.423 -90.7 1.005 56.65
2.360 1.853 21.51 1.283 45.63 4.565 -93.4 1.071 54.61
0.851 0.640 24.85 0.207 75.66 2.325 -173.2 0.397 53.34
0.869 0.697 19.79 0.258 70.34 2.509 -188.8 0.463 46.74
1.042 0.736 29.35 0.298 71.44 2.635 -152.8 0.511 51.02
0.376 0.357 4.98 0.067 82.27 1.637 -335.6 0.215 42.74
0.409 0.409 0.02 0.093 77.33 1.848 -351.4 0.274 32.98
0.434 0.448 -3.20 0.116 73.19 2.003 -361.2 0.322 25.76
0.456 0.481 -5.65 0.140 69.32 2.134 -368.4 0.366 19.64
0.599 0.506 15.49 0.159 73.38 2.231 -272.6 0.400 33.14
0.217 0.223 -2.78 0.030 85.98 1-276 -488.5 0.149 31.33
0.220 0.256 —16•28 0.042 80.77 1-441 -555.6 0.190 13.54
0.249 0.265 -6.49 0.046 81.40 1.490 -497.9 0.203 18.48
0.228 0.298 -30.66 0.062 72.75 1.654 -624.0 0.250 -9.64
0.254 0.314 -23.88 0.071 71.97 1.732 -582.4 0.275 -8.25
0.312 0.328 —5.33 0.080 74.43 1.800 -477.4 0.297 4.77
0.374 0.340 9.14 0.087 76.70 1.855 -396.2 0.315 15.68
0.168 0.197 -17.21 0.026 84.53 1.277 —660.1 0.153 8.93
0.157 0.217 -38.36 0.033 79.04 1.390 -787.7 0.181 -15.83
0.161 0.232 -44.70 0.039 75.68 1.478 -821.1 0.205 -27.88
0.220 0.256 -15.91 0.050 77.40 1.609 -630.0 0.243 -10.37
0.217 0.265 -22.14 0.055 74.70 1.664 —666.O 0.260 -19.76
1.315 1.652 -25.59 1.352 -2-79 1.529 -16.3 0.576 56.20
1.570 1.740 -10.84 1.557 0.83 1.602 -2.0 0.632 59.73
1.720 1.770 —2.88 1.630 5.23 1.626 5.5 0.651 62-13
1.903 1.877 1.36 1.921 -0.95 1.713 10.0 0.724 61.98
2.129 1.981 6.95 2.239 -5.15 1.797 15.6 0.796 62.60
1.036 1.031 0.43 0.535 48.40 1.995 -92.6 0.387 62.68
1.124 1.171 -4.18 0.717 36.19 2.233 -98.7 0.485 56.88
1.200 1.272 —6.04 0.873 27.29 2.404 -100.3 0.562 53,17
1.280 1.327 -3.64 0.964 24.70 2.495 -94.9 0.605 52.72
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1.178 1.371 -16.46 0.671 42.99 3.478 -195.3 0.671 42.99
1.158 1.241 -7.15 0.522 54.88 3.182 -174.8 0.562 51.49
0.996 1.032 -3.64 0.335 66.40 2.702 -171.4 0.405 59.36
1.386 1.395 -0.65 0.764 44.84 3.658 -163.9 0.761 45.08
1.353 1.339 1.08 0.687 49.27 3.527 -160.6 0.707 47.73
1.268 1.256 0.91 0.583 53.99 3.333 -162.9 0.632 50.17
1.180 1.147 2.77 0.465 60.63 3.075 -160.6 0.537 54.45
1.190 1.025 13.87 0.353 70.37 2.782 -133.8 0.440 63.06
1.432 1.281 10.56 0.652 54.47 3.482 -143.1 0.701 51.05
1.415 1.247 11.89 0.608 57.03 3.400 -140.3 0.668 52.78
1.304 1.189 8.85 0.538 58.75 3.258 -149.9 0.614 52.94
1.326 1.061 19.97 0.405 69.46 2.947 -122.2 0.501 62.18
1.315 0.954 27.43 0.313 76.22 2.681 -103.9 0.415 68.44
1.273 1.149 9.78 0.554 56.46 3.307 -159.8 0.658 48.35
X a 218 1.101 9.61 0.497 59.22 3.185 -161.5 0.610 49.93
1.140 1.002 12.07 0.391 65.67 2.931 -157.1 0.516 54.73
1.137 0.937 17.57 0.331 70.88 2.761 -142.8 0.458 59.74
1.112 0.860 22.62 0.269 75.82 2.559 -130.1 0.393 64.64
1.490 1.016 31.79 0.378 74.65 2.863 -92.1 0.490 67.11
1.550 1.073 30.80 0.431 72.21 3.003 -93.7 0.539 65.21
1,. 580 1.118 29.22 0.478 69.78 3.116 -97.2 0.581 63.23
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(ii) The values of % E , % E and % S, were 3.39, 11.32 andavg aos dev
0.002 respectively.

(iii) From the 217 data points, 81 % of the predicted values of 
were within ± 20 % of the observed data values, 69.5 % were within ± 
15 % and 54 %—were within ± 10 %.

(iv) 19 % of the points registered-deviations greater than ± 20 % 
with the values of maximum deviation being ± 31 %.

Figure (8.3) snows a parity plot of equation (8.18) wherein
the values of (k. ) , have been plotted versus (k, ) , . TheL'pred. ^ L obs
satisfactory correlation fit in Figure (8.3) clearly reflects that 
equation (8.18) can correlate satisfactorily all the data obtained 
from various sources covering a wide range of variables as mentioned 
earlier.

Out of various correlation reported in literature, the
correlation proposed by Onda and coworkers (97) appears to be more 
generalised in nature and has been proposed based on a large data 
bank of k^. The values of k^ were predicted by using Onda' s
correlation [Equation (2.2.3)] and are also tabulated in Table
(8.3.3). The detailed statistical analysis of the Onda's
correlation [Equation (2.2.3)] can be described as follows

(i) The values of % Ea^g> % Eabs anc* ^ (i) * * * Sdev were 43.3, 44.4 and
0.354 respectively.

(ii) Out of 217 data points only 15 % (i.e. 32 points) of the
predicted values of were within ± 20 % of the observed data
values.
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I O

Fig 8.3 TRUE LIQUID SIDE MASS TRANSFER COEFFICIENT 
COMPARISON OF THE PREDICTED vs. EXPERIMENTAL 
(LIT.) DATA.
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LEGENDS FOR FIG. 8.3

Data No. Relevant Information Symbol

1-13 Hikita (40), C02~ H20, C.R.R., 15mm, 25mm. a o
14-15 Daiickwerts (19), C.R.R., 13mm, C02~ H20; ' A

C02~ aq. Na2S04. A

16-20 Richards (21), C02-1.8 M NaCl, C.R.R., 13mm. A

21-24 Danckwerts (22), C02~ aq. Na2S0^, C.R.R., 38mm. X

25-28 Onda (28), Q - aq. Na2S03, C.R.R., 15mm. a

29-43 Sahay (41), C02~H20, C.R.R., 13mm, 25mm. A •
U-72 Sahay (41), C02~ aq. isopropanol, C.R.R., 13mm,

a = 62.8, 59.2, 56.0 mN/tn. AAV

a = 52.0, 47.0 mN/m. ¥ V

73-87 Sahay (41), C02-H20, PVC.R.R., 13mm, 25mm. D O

88-134 Sahay (41), C02~ aq. isopropanol PVC.R.R., 13mm,

o = 68.5, 58.0, 54.0 mN/m. L. A 0

o' = 51.0, 49.0 mN/m.

135-138 Sahay (41), C02-H20, Polypropylene R.R., 25mm.

139-152 Joosten (42), C02~ aq. NaNO^, C.R.R., 13mm. a
153-162 Mangers (43), C02~H20, dp = 10mm,

PTFE R.R., Glass R.R. © ©

163-187 Mange's (44), C02-H20, aq.Glycerol, Glass R.R.,
dp = 10mm, p L = 0.90, 2.88, 5.50 raNs/ra2. □ 0 m

M^ = 10.8, 16.0 mNs/m2. B B

188-192 Danckwerts (22), C02~K.Buffer, C.R.R., 38mm. ©

193-196 Alper (36), C02~K.Buffer, Polyethylene R.R., 16mm. ©
197-214 Rizzuti (37), C02~K.Buffer, Glass R.R., 10mm,

UL = 1.2, 1.4, 1.5 and 1.9 mNs/m2.

215-217 Rizzuti (56), C02-K.Buffer, Glass R.R., 10mm,
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(iii) Most of the predicted values were nearly 30 to 70 % less than 
the observed values. The values of maximum deviation was 85 %.

The theoreticl correlation based on hydrodynamics of 
rivulets of Zech 8 Mersraann (104) [equation (2.2.4)] was also used 
to predict the values of k^. The predicted values are also^tabulated 
in Table (8.3.3). The detailed statistical analysis can be 
described as follows

(i) The values of % E , % E , and % S. were -12.4, 125.0 andavg abs 0 dev
0.566 respectively.

(ii) Out of the 217 data points only 9 % (i.e 18 points) of the
predicted values of were within ± 20 % of the observed data
values.

(iii) Most of the predicted values were consistently substantially 
greater than the observed values. The value of maximum deviation 
obtained was -821.0 %.

The recently proposed correlation by Billet and Schultes 
(105) (Equation (2.2.5)] also appears to be a generalised
correlation. The values of k^ obtained by Billet and Schultes 
correlation are also reported in Table (8.3.3). The detailed 
statistical analysis of k^ values obtained by the correlation of 
Billet and Schultes can be described as follows :

(i) The values of % E , % E . and % S. were 51.79, 52.8 andavg abs dev
0.368 respectively.
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(ii) Out of 217 data points only 4 % of the predicted values of kL 
were within ± 20 % of the observed values.

(iii) Most of the data points were consistently falling short by 40 
to 70% from the observed values. - The value of maximum deviation was 
68 %.

The comparison of the detailed statistical analysis for all
the four correlations under consideration reveals that the values of
% E . for the correlation of Onda, Mersmann, ©illet and that abs
developed in this Investigation are 44.4, 125.0, 52.8 and 11.3
respectively. The values of k. obtained by chemical technique being

Li

more representative can be considered as the real values of k^, and
that obtained from k. a data can be considered as the apparent valuesL
of k. . As expected, it can be seen from % E , values that the data 
for kL obtained by chemical technique as well as that obtained from 
kLa values cannot be correlated satisfactorily by any of existing 
generalised correlations. However, the generalised correlation 
developed in this investigation correlates both the data sets of kL 
values quite satisfactorily with ± 20 %.

Hence it can be concluded that the generalised correlation 
developed in this investigation is expected to be superior than the 
existing generalised correlations of Onda et al., Mersmann et al.
and Billet et al.
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8.4.0 RESULTS AND DISCUSSION FOR VOLUMETRIC LIQUID SIDE MASS 
TRANSFER COEFFICIENT WITH CHEMICAL REACTION (k'a) :

L

Data Dank for the overall gas side mass transfer coefficient
(during chemical absorption can be used to obtain the values of k^a by 

using the methodology discussed in Chapter - (4} : General
Considerations. Such observed values of k a can then be comparedL
with the predicted values of k^a obtained by utilising "the mass 
transfer coefficient model" proposed in Chapter - (6). \ No such study 
has been reported in the literature which establishes relationship

Ibetween (k,a) . and (k,a) .L phy. L chem.

8.4.1 Results for observed values of volumetric liquid side mass
ftransfer coefficients with chemical reaction (k^a) :

IThe observed values of k^a were obtained utilising the two
data banks for overall gas side mass transfer coefficient during
chemical absorption [K^a - chemical] reported in Tables - (5.7) and
(5.8). The data bank - (I) (Table - 5.7) for K^a consists of 162
data points for the systems such as CO^ - NaOH, C02 -monoethanol-
amine, CQ2 - diethanolamine, C02 - aqueous ammonia solution and C02 -
KOH solution inclusive 15 variations. In this data bank - (I) the
systems/data points falling under the category of very low
concentration of reactive species are excluded. The Data bank - (II)
(Table - 5.8) for K a consists of 24 data points for systems such as

G
C02~Na0H, C02~KQH etc. wherein the concentration of reactive species 
was very low.
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The observed values of K^a using data bank - (I) [Table - 5.7]
lIn order to obtain the observed values of k^a the methodology 

listed in section (4.2) of Cnapter - (4) : General Considerations was 
used. The values of true gas side mass transfer coefficient (kg) and 
the effective interfacial area during chemical absorption (a ) were

u

estimated under otherwise identical conditions mentioned for the K„a 
data- bank (I) reported in Table (5.7) by using the generalised 
correlations for k„ and a [Equations (8.11) and (7.10) respectively]

vj C
developed in this investigation. The values of Henry's law constant 
(H1) for absorption of gas in eiectrolyte/reactive solutions were 
estimated by using appropriate equations and methodology mentioned in 
section - (4.3.1) of Chapter - (4). Tnus knowing the values of kg,

ta and H', the observed values of k a were obtained by using equation G G
(4.5).

IA typical sample calculation for obtaining the values of k^a 
from the data bank of kgU for the system CO^-NaOH which followed 
second order reaction kinetics and also for the system CC^ - 
diethanolamine which followed third order kinetics, has been 
illustrated in Appendix - (1) Sample Calculations - (A 1.2) and
(A 1.3) respectively for the two systems mentioned above.

The physical properties of the absorption media and the gas 
phase necessary for the calculation of parameters - ac and kQ under 
otherwise identical conditions mentioned for the K^a data bank - (I) 
[reported in Table (5.7)] are recorded in Table (8.4.1 A) for all the 
162 data points under consideration. Tne calculated values of kg, 
a , H' and kra using tne relevant data reported in Table (8.4.1 A)C U C
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Table - ( 8-4.1 A )

Physical properties of liquids and gases required for obtaining 
liquid side mass transfer coefficient with chemical reaction (k 'a)

L

based on KQa data bank ( I ).

No- P
L

kg/m3 2
mNs/m

a

ttiK/th

a/a
c

D
L P

X io2TO /S , 3 kg/m

2x iO 2mNe/m

D
a3

x IO2m /a

1 1061.0 1.189 72.7 1.192 1.5111 1.161 1.856 1.6005
2 1061.0 1.189 72.7 1.192 1.5111 1.161 1.856 1.5985
3 1060.5 1.189 72.7 1.192 1.5150 1.158 1.856 1.5938
4 1060.8 1.189 72.7 1.192 1.5135 1.159 1.856 1.5891
5 1060.B 1.189 72.7 1.192 1.5135 1.159 1.856 1.5811
6 1061.0 1.189 72.7 1.192 1.5111 1.161 1.856 1.5688
7 1060.3 1.189 72.7 1.192 1-5160 1.157 X *85& 1.5837
8 1060.8 1.189 72.7 1.192 1.5135 1-159 1.856 1.5772
9 1061.0 1.189 72.7 1.192 1.5111 1.161 1.856 1.5668

10 1059.0 1.260 72.9 1.303 1.3990 1.184 1.832 1.6087
11 1043.5 1.249 72.3 1.291 1.3956 1.190 1.825 1.5955
12 1083.0 1.174 72.7 1.299 1.5365 1.173 1.845 1.6350
13 1065.0 1.220 73.4 1.311 1.4561 1.183 1.833 1.6112
14 1056.O 1.020 72.7 1.299 1.7765 1.161 1.861 1.6668
15 1062.0 1.218 72.7 1.299 1.4477 1.180 1.837 1.6191
•JL 1063.0 1.218 72.7 1.299 1.4477 1.183 1.833 1.6112
17 1071.0 1.227 73.4 1.311 1.4367 1.183 1.833 1.6112
18 1071.0 1.227 73.4 1.311 1.4367 1.182 1.834 1.6134
19 1045.0 1.220 72.7 1.299 1.4460 1.177 1.841 1.6271
20 1101.0 1.510 74.5 1.330 1.1815 1.176 1.843 1.6295
21 1090.6 1.148 74.1 1.323 1.5470 1.178 1.840 1.6238
22 1074.0 1.105 73.8 1.318 1.5976 1.173 1.845 1.6350
23 1032.0 1.160 72.3 1.291 1.5196 1.194 1.820 1.5851
24 1032.0 1.160 72.3 1.291 1.5208 1.181 1.836 1.6160
25 1032.0 1.160 72.3 1.291 1.5196 1.180 1.837 1.6191
26 1032.0 1.160 72.3 1.291 1.5196 1.179 1.839 1.6218
27 1008.0 1.104 72.1 1.182 1.6006 1.180 1.837 ■JL* a

28 1071.0 1.425 74.0 1.213 1.2451 1.176 1.843 1.6297
29 1072.0 1.480 74.0 X a 12X3 1.1788 1.196 1.819 1.5823
30 1064.0 1.420 74.0 1.213 1.2286 1.196 1.819 1.5823
31 1064.0 1.420 74.0 1.213 1.2286 1.196 1.819 1.5823
32 1060.0 1.380 73.0 1.197 1.2642 1.196 1.819 1.5823
33 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
34 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
35 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
36 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
37 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
38 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
39 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
40 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
41 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
42 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
43 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
44 1036.0 1.157 72-6 1.190 1.5243 1.182 1.832 1.6139
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Table - 8.4.1 A { contd.)

No.

. akgsm 2mNs/m

a

mN/m

o/ o
c

D
L

9
X JO
z

m

Pa

. 3 kg/ro

z
X JO

z
mNs/m

D
a

sX lO

2
TTI SB

45 1036.0 1.157 72.6 1.190 1.5243 1.182 JL m 832 1.6139
46 1036.0 1.157 72.6 1-190 1.5243 1.182 1.832 1.6139
47 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
48 1036.0 1.157 '72.6 1.190 1.5243 1.182 1.832 1.6139
49 1036.0 1.157 72.6 1-190 1.5243 1.182 1.832 1.6139
50 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
51 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
52 1036.0 1.157 72.6 1.190 1.5243 1.182 1.832 1.6139
53 1036.0 1.157 72.6 0.968 1.5243 1.182 1.832 1.6139
54 1036.0 1.157 72.6 0.968 1.5243 1.182 1.832 1.6139
55 1036.0 1.157 72.6 0.968 1.5243 1.182 1.832 1.6139
56 1036.0 1.157 72.6 0.968 1.5243 1.182 1.832 1.6139
57 1036.0 1.157 72.6 0.968 1.5243 1.182 1.832 1.6139
58 1036.0 1.157 72.6 0.968 1.5243 1.182 1.832 1.6139
59 995.7 1.045 56.0 0.747 1.5982 1.104 1.935 1.8183
60 995.7 1.045 56.0 0.747 1.5982 1.104 1.935 1.8183
61 995.7 1.075 56.0 0.747 1.5657 1.108 1.930 1.8073
62 995.7 1.025 56.0 0.747 1.6179 1.102 1.938 1.8242
63 995.7 1.075 56.0 0.747 1.5657 1.108 1.930 1.8073
64 995.7 1.045 56.0 0.747 1.5982 1.104 1.935 1.8183
65 995.7 1.075 56-0 0.747 1.5657 1.108 1.930 I.8073
66 997.0 1.134 56.0 0.747 1.4967 1.116 1.920 1.7855
67 994.5 1.000 56.0 0.747 1.6695 1.097 1.945 1.8402
68 995.7 1.045 56.0 0.747 1.5982 1.104 1.935 1.8183
69 995.7 1.075 56.0 0.747 1.5657 1.108 1.930 1.8073
70 995.7 1.045 56.0 0.747 1.5982 1.104 1.935 1.8183
71 995.7 1.065 56.0 0.747 1.5957 1.106 1.933 1.8133
72 997.0 1.134 56.0 0.747 1.4967 1.116 1.920 1.7855
73 991.9 0.765 70-1 1.150 2.3592 1.155 1.868 1.6802
74 989.4 0.768 69.5 1.139 2.3498 1.155 1.868 1•6802
75 986.6 0.775 68.8 1.127 2.3291 1.155 1.868 1.6802
76 982.7 0.791 67.4 1.105 2.2821 1.155 1.868 1.6802
77 980.9 0.796 67.2 1.101 2.2669 1.155 1.868 1.6802
78 974.0 0.812 65.9 1.080 2.2223 1.155 1.868 1.6802
79 991.9 0.765 70.1 1.150 2.3592 1.155 1.868 1.6802
80 991.7 0.768 69.6 1.140 2.3498 1.155 1.868 1.6802
81 987.4 0.775 68.5 1.123 2.3291 1.155 1.868 1.6802
82 980.9 0.796 67.1 1.100 2.2669 1.155 1.868 1.6802
83 973.7 0.812 65.9 1.080 2.2223 1.155 JL * O&0 1.6802
84 991.9 0.765 70.1 1.150 2.3592 1.155 1.868 1.6802
85 991.7 0.768 69.6 1.140 2.3498 1.155 1.868 1.6802
86 987.3 0.775 68.5 1.123 2.3291 1.155 1.868 1.6802
87 980.9 0.796 67.1 1.100 2.2669 1.155 1.868 1.6802
88 973.7 0.812 65.9 1.080 2.2223 1.155 1.868 1.6802
89 991.9 0.765 70.1 1.150 2.3592 1.155 JL *0&0 1.6802
90 987.7 0.775 68.5 1.123 2.3291 1.155 1.868 1.6802
91 987.9 0.775 68.6 1-124 2.3291 1.155 1.868 1.6802
92 980.4 0.796 67.2 1.101 2.2669 1.155 1.868 1.6802
93 974.0 0.812 65.9 1-080 2.2223 1.155 1.868 1.6802
94 991.9 0.765 70.1 1.150 2.3592 JL • JL 1.868 1.6802
95 991.7 0.768 69.6 1.140 2.3498 1.155 1.868 1.6802
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Table — 8.4.1 A ( contd.)
No.

, 3kg/m
Z

mNs/m

a

inN/m

a/ac DL S>X iO2m /b kg/m

zx IO 2mNe/m

Das
x to2

m S s

96 985.5 0.775 68.5 1.123 2.3291 1.155 1.868 1.6802
97 980.4 0.796 67.0 1.098 2.2669 1.155 1.868 1.6802
98 973.7 0.812 65.9 1.080 2.2223 1.155 1.868 1.6802
99 1016.0 1.370 74.0 1.213 1.2251 1.247 1.759 1.4697

lOO 1007.0 1.320 74.0 1.213 1.2783 1.243 1.763 1.4779
101 1006.0 1.370 74.0 1.213 1.2226 1.242 1.765 1.4806
102 1003.0 1.340 74.0 1.213 1.2548 1.241 1.766 1.4824
103 1003.0 1.300 74.0 1-213 1.2961 1.239 1.768 1.4861
104 1002.0 1.250 74.0 1.213 1.3532 1.237 1.770 1.4897
105 1014.0 1.330 74.0 1.213 1.2691 1.235 1.773 1.4961
106 1007.0 1.200 74.0 1.213 1.4159 1.230 1.779 1.5062
107 1003.0 1.270 74.0 1.213 1.3253 1.240 1.767 1.4852
108 1002.O 1.270 74.0 1.213 1.3281 1.238 1.769 1.4888
109 1004.O 1.300 74.0 1.213 1.2957 1.240 1.767 1.4842
110 1001.0 1.270 74.0 1.213 1.3230 1 .243 1.763 1.4779
111 1005.0 1.270 74.0 1.213 1.3291 1.236 1.772 1.4934
112 1010.0 1.288 60.2 0.987 1 .2762 1.188 1.827 1.5993
113 1010.0 1.288 60.2 0.987 1.2762 i. • 188 1.827 1.5993
114 1011.0 1.408 60.2 0.987 1.1760 1.201 1.813 1.5711
115 1011.0 1.408 60.2 0.987 1.1760 1.201 1-813 1.5711
116 1011.0 1.367 60.2 0.987 1.2095 1.196 1.818 1.5805
117 1011.0 1.506 60.2 0-987 1.1115 1.209 1.803 1.5524
118 1010.0 1.288 60.2 0.987 1.2762 1.188 1.827 1.5993
119 1009.0 1.510 60.2 0.987 1.2762 1.188 1.827 1.5993
120 1023.0 2.000 57.5 0.943 1.1150 1.184 1.832 1.6087
121 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
122 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
123 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
124 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
125 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
126 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
127 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
128 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
129 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
130 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856
131 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
132 1037.0 0.969 72.5 1.189 1.8380 1.165 1.856 1.6562
133 1019.0 0.897 71.9 1.179 1.9800 1.165 1.856 1.6562
134 1019.0 0.897 71.9 1.179 1.9800 1.165 1.856 1.6562
135 1019.0 0.897 71.9 1.179 1.9800 1.165 1.856 1.6562
136 1019.0 0.897 71.9 1.179 1.9800 1.165 1.856 JL» 6562
137 1019.0 0.897 71.9 1.179 1.9800 1.165 1.856 1.6562
138 1019.0 0.897 71.9 1.179 1.9800 1.165 1.856 1.6562
139 1019.0 0.897 71.9 1.179 1.9800 1.165 1.856 1.6562
140 1019.0 0.897 71.9 1.179 1.9800 1.165 1.856 1.6562
141 1007.0 0.853 71.6 1.174 2.0800 1.165 1.856 1.6562
142 1007.0 0.853 71.6 1.174 2.0800 1.165 1.856 1.6562
143 1007.0 0.853 71.6 1.174 2.0800 1.165 1.856 1.6562
144 1007.0 0.853 71.6 1.174 2.0800 1.165 1.856 1.6562
145 1004.0 0.828 71.4 1.170 2.1305 1.165 1.856 1•6562
146 1004.0 0.828 71.4 1.170 2.1305 1.165 1.856 1.6562
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Table — 8.4.1 A ( contd.)

No.

kg/m3 2mNs/m

o

mN/m

a/a
c

D
L px lO2m /e

, 3 kg/m

2x lO
2mNe/m

D
o

x iO
zm /s

147 1006.7 0.860 71.0 1.164 2.0816 1.166 1.855 1.6534
148 1006.7 0.860 71.0 1.164 2.0816 1.166 1.855 1.6534
149 1004.0 0.860 71.0 1.164 2.0822 1.166 1.855 1.6543
150 1002.5 0.860 71.0 1.164 2.0822 1.166 1.855 1.6543
151 1002.5 0.860 71.0 1.164 2.0822 1.166 1.855 1.6543
152 1002.5 0.860 71.0 1.164 2.0816 1.166 1.855 1.6543
153 1002.5 0.860 71.0 1.164 2.0829 1.165 1.855 1.6553
154 1002.5 0.860 71.0 1.164 2.0829 1.165 1.855 1.6553
155 1002.5 0.860 71.0 1.164 2m0822 1.166 1.855 JL m
156 1002.5 0.860 71.0 1.164 2.0822 1.166 1.855 1.6543
157 1002.5 0.860 71.0 1.164 2.0829 1.165 1.855 1.6553
158 1001.4 0.860 71.0 1.164 2.0829 1.164 1.857 1.6572
159 1001.4 0.860 71.0 1.164 2.0829 1.165 1.856 1.6562
160 998.2 0.860 71.0 1.164 2.0822 1.165 1.856 1.6562
161 998.2 0.860 71.0 1.164 2.0822 1.165 1.855 1.6553
162 998.2 0.860 71.0 1.164 2.0822 1.166 1.855 1.6543
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along with the observed values of k^a are reported in Table 
(8.4.1 B) .

I
The observed values of k^a using data bank - (II) [Table - 5.8]

As has been discussed in Chapter - (6) under the conditions 
where the concentration of reactive species is very low, the 
effective interfaciai area available for mass transfer during 
chemical absorption is equal to the effective interfaciai area 

available for mass transfer during physical absorption.

f
Hence, while calculating tne observed value of k^a from K^a

data bank - (II) [Table (5.8)], tne generalised correlation for

predicting the values of a (Equation (7.7)] was utilised. ExceptP
this modification, the rest of the methodology for calculating the

I
values of k^a was practically identical with that already cited for 
the data bank - (I) of K„a values. Hence, the physical properties of

U

absorption media of the gas phase reported in Table (8.5.1 A) under 
otherwise identical conditions mentioned for the K^a data bank - 
(II), were utilised to calculate the values of k^, Sp and H'.

I
Accordingly the values of k^a were estimated by using the same

f

equation (4.5) and are reported as the observed values of kLa in 

Table (8.5.1 B).

8.4.2 Results for the predicted values of volumetric liquid side 
mass transfer coefficient with chemical reaction

It^La^predicted ‘

"The mass transfer coefficient model" proposed in this 
investigation in Chapter - (6) : Mathematical modelling of effective
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Table - ( 8.4.1 B )

Obwrvtd vilun of k 'a obtained from K_a data bank ( I )
l 6

for chemical absorption inclusive of processing parameters.

No ac aet

2
m /m3

ka k k k.a H' k'a
l l a a c l

3 4 9 3x lO x lO X lO kmol/rn s a
-1 2 3-1

e rn/s kmol/m a a a /kmot/m s

1 153.0 109.0 7.097 1.107 1.939 0.297 62.17 1.0237
2 176.6 117.0 9.619 1.196 1.937 0.342 62.17 1.1535
3 122.6 97.6 4.449 0.984 1.927 0.236 63.51 0.7257
4 155.2 109.7 7.319 1.116 1.927 0.299 63.00 1.0440
5 178-9 117.8 9.891 1.206 1.921 0.344 63.00 1.1757
6 195.6 123.1 11.936 1.264 1.916 0.375 62.17 1.2030
7 63.1 18.5 2.754 1.156 1-263 0.080 63.84 0.3846
8 79.7 20.8 4.515 1.311 1.263 0.101 63.00 0.5438
9 102.6 23.6 7.703 1.501 1.261 0.129 62.17 0.7697

10 82.1 56.4 2.731 0.902 1.273 0.105 47.71 0.3571
11 82.7 56.9 2.720 0.898 1.281 0.106 38.43 0.2582
12 84.5 56.8 3.027 0.978 1.280 0.108 71.12 0.9052
13 82.3 56.6 2.832 0.933 1.283 0.106 52.76 0.5070
14 87.6 59.0 3.487 1.102 1.302 0.114 58.96 0.8113
15 83.9 57.0 2.890 0.934 1.307 0.110 47.05 0.5335
16 105.6 63.9 4.700 1.057 1.302 0.137 47.88 0.6328
17 83.0 56.6 2.864 0.930 1.306 0.108 53.09 0.5798
18 105.0 63.7 4.712 1,056 1.307 0.137 53.08 0.6453
19 127.8 70.8 7.024 1.167 1.303 0.167 46.57 0.7473
20 100.0 60.9 3.982 0.902 1.294 0.129 69.85 0.7143
21 84.0 56.9 3.098 0.996 1.298 0.109 67.72 0.8575
22 106.0 64.4 5.106 1.152 2.095 0.222 60.78 0.8051
23 108.5 65.7 5.033 1. lOl 0.805 0.087 42.90 0.7159
24 107.5 65.4 4.939 1.096 0.942 0.101 43.54 0.5367
25 151.9 77.7 10.245 1.320 1.298 0.197 42.48 0.6916
26 182.0 85.0 15.019 1.455 1.288 0.234 42.38 0.7590
27 153.6 112.0 7.209 1.144 2.099 0.322 46.64 0.5329
28 141.0 103.7 5.624 0.934 2.269 0.320 64.63 1.0198
29 140.7 103.3 5.452 0.900 1.904 0.268 54.58 0.5381
30 121.5 68.0 5.208 0-982 1.606 0.195 47.17 0.4077
31 100.2 61.7 3.465 0.885 1.606 0.161 47.34 0.3273
32 88.4 57.9 2.624 0-837 1.606 0.142 44.29 0.3428
33 99.2 72.7 3.256 0.952 2.241 0-222 35.16 0.3566
34 130.6 83.4 5.828 1.104 2.241 0.293 35.07 0.4682
35 159.7 92.2 8.920 1.231 2.241 0.358 35.02 0.5838
36 98.1 40.2 4.785 1.190 2.024 0.198 35.14 0.2260
37 74.5 35.0 2.673 1.026 2.024 0.151 35.14 0.1761
38 119.9 44.4 7.323 1.326 2.024 0.243 35.14 0.3297
39 58.6 31.1 1.607 0.901 2.024 0.119 35.14 0.1625
40 58.6 31.1 1.607 0.901 1.207 0.071 35.14 0.1651
41 58.6 31.1 1.607 0.901 1.207 0.071 35.14 0.2705
42 98.1 40.2 4.785 1.190 2.024 0.198 35.14 0.2645
43 74.5 35.0 2.673 1.026 2.024 0.151 35.14 0.2131
44 58.6 31.1 1.607 0.901 2.024 0.119 35.14 0.1879
45 119.9 44.4 7.323 1.326 2.024 0.243 35.14 0.3584
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Table — 8.4.1 8 < contd.)

No. a a
C el

2 3
-----m /m

ka k k k.a H ka
l. l a a c l3 , 4 3 , , 3

x lO x lo x J.O kmol/m b a
-i , , 2 3 -i

s m/s kmol/m * a a /kmol/m s

46 78.9 23.1 4.118 1.260 1.870 0.148 35.03 0.2967
47 98.7 25.8 6.609 1.421 1.870 0.184 35.00 0.3984
48 59.9 20.1 2.301 1.086 1.870 0.112 35.09 0.2209
49 78.9 23.1 4.118. 1.260 1.870 0.148 35.24 0.2757
50 47.1 17.9 1.383 0.954 1.870 0.088 35.38 0.1415
51 98.7 25.8 6.609 1.421 1.870 0.184 35.19 0.3672
52 78.9 23.1 4.118 1.260 1.870 0.148 35.37 0.2231
53 92.4 22.4 4.298 1.283 1.983 0.183 35.24 0.2004
54 70.1 19.5 2.401 1.106 1.952 0.137 35.24 0.1587
55 115.5 25.0 6.898 1.447 1.952 0.226 35.24 0.2757
56 92.4 22.4 4.298 1.283 1.952 0.180 35.28 0.1941
57 92.4 22.4 4.298 1.283 1.183 0.109 35.27 0.2102
58 92.4 22.4 4.298 1.283 2.648 0.245 35.30 0.2108
59 115.3 24.0 4.322 1.267 2.608 0.301 53.02 0.4362
60 124.6 24.9 5.091 1.321 2.608 0.325 52.74 0.5322
61 142.5 26.6 6.699 1.396 2.606 0.371 48.69 0.6508
62 147.3 27.1 7.296 1.461 2.609 0.384 49.92 0.6664
63 150.3 27.3 7.502 1.437 2.606 0.392 46.66 0.7566
64 158.4 28.1 8.468 1.503 2.608 0.413 52.17 0.7693
65 180.2 29.9 11.006 1.584 2.606 0.469 44.98 0.9625
66 181.0 29.8 10.890 1.534 2.602 0.471 43.00 0.8991
67 198.1 31.5 13.869 1.751 2.612 0.517 46.84 1.1115
68 128.8 25.3 5.460 1.344 3.411 0.439 57.83 0.5789
69 142.5 26.6 6.699 1.396 3.408 0.486 54.51 0.7481
70 158.4 28.1 8.468 1.503 3.411 0.540 56.15 0.9533
71 170.5 29.1 9.881 1.556 3.410 0.581 53.81 1.0389
72 180.4 29.8 10.804 1.531 3.403 0-614 47.07 1.0640
73 113.5 69.1 5.550 1.443 0.908 0.103 37.58 0.0546
74 114.6 69.3 5.563 1.437 0.908 0.104 38.43 0.0866
75 115.9 69.4 5.557 1.426 0.908 0.105 39.37 0.1340
76 118.0 69.7 5.523 1.400 0.908 0.107 41.79 0.2163
77 118.4 69.7 5.502 1.392 0.908 0.107 42.27 0.2354
78 120.6 70.0 5.470 1.367 0.908 0.109 45.19 0.3303
79 144.4 77.9 9.230 1.643 0.908 0-131 37.62 0.0684
80 145.6 78.0 9.246 1.637 0.908 0.132 38.28 0.1059
81 147.9 78.3 9.262 1.624 0.908 0.134 39.61 0.1654
82 150.6 78.6 9.154 1.585 0.908 0.137 42.30 0.2534
83 153.3 78.9 9.099 1.556 0.908 0.139 45.38 0.3427
84 166.2 83.5 12.430 1.772 0.908 0.151 37.62 0.0831
85 167.6 83.6 12.452 1.766 0.908 0.152 38.26 0.1133
86 170.3 84.0 12.476 1.751 0.908 0.155 39.79 0.1768
87 173.4 84.3 12.327 1 .710 0.908 0.157 42.23 0.2738
88 176.5 84.6 12.253 1.679 0.908 0.160 45.32 0.3686
89 183.6 87.8 15.353 1.870 0.908 0.167 37.64 0.0874
90 188.1 88.2 15.404 1.848 0.908 0.171 39.67 0.1943
91 188.0 88.2 15.396 1.848 0.908 0.171 39.54 0.1862
92 191.1 88.5 15.164 1.802 0.908 0.174 42.42 0.2680
93 194.4 88.8 15.027 1.768 0.908 0.176 45.28 0.3666
94 198.4 91.2 18.085 1.950 0.908 0.180 37.65 0.0927
95 200.2 91.4 18.116 1.943 0.908 0.182 38.28 0.1342
96 203.4 91.8 18.153 1.926 0.908 0.185 39.81 0.1983
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Table - 8.4.1 B { contd.)

No . a ac si

Z 3-----m /m -------

k a
L 3X lO 
-i

s

k
L*X lO

m/s

k k . a
a a c3 3x iO kmol/m s a

2kmol/m b a a

H’

3/kmol/m

k ' a 
L

-IB

97 207.2 92.0 17.907 1.879 0.908 0.188 42.43 0.2733
98 210.2 92.3 17.726 1.844 0.908 0.191 45.48 0.4112
99 99.6 23.7 6.721 1.290 1.613 0.161 21.75 0.1122

lOO 101.3 24.0 7.102 1.338 1.614 -0.164 22.25 0.0971
101 102.2 24.1 7.090 1.304 1.555 0.159 20.01 0.0652
102 102.9 24.2 7.275 1.332 1.555 0.160 20.53 0.0551
103 103.5 24.3 7.480 1.367 1.555 0.161 20.80 0.0567
104 106.0 24.7 8.031 1.428 1.519 0.161 21.17 0.0575
105 85.2 21.9 4.913 1.215 1.509 0.129 22.43 0.0656
106 87.8 22.5 5.504 1.333 1.500 0.132 23.09 0.0722
107 85.8 22.2 5.084 1.256 1.501 0.129 20.48 0.0457
108 86.3 22.3 5.155 1.262 1.488 0.128 20.66 0.0378
109 71.3 20.2 3.398 JL • JL18 1.501 0.107 20.49 0.0301
110 48.6 16.7 1.524 0.923 1.480 0.072 19.81 0.0161
111 39.8 15.1 1.004 0.832 1.502 0.060 21.42 0.0220
112 90.2 30.1 2.989 0.967 1.099 0.099 32.19 0.0436
113 90.2 30.1 2.989 0.967 1.016 0.092 32.29 0.0467
114 88.3 29.6 2.756 0.899 0.980 0.087 29.50 0.0386
115 88.3 29.6 2.756 0.899 0.932 0.082 29.59 0.0347
116 88.9 29.7 2.832 0.922 0.833 0.074 30.53 0.0642
117 104.0 32.0 3.792 0.940 1.610 0.167 28.40 0.0485
118 97.3 31.2 3.511 1.007 1.581 0.154 32.15 0.0491
119 119.7 34.3 5.466 1.085 1.193 0.143 33.04 0.0580
120 118.3 32.8 4.634 0.921 1.418 0.168 39.21 0.1317
121 104.5 54.8 4.956 1.269 1.060 0.111 44.25 0.3605
122 90.8 51.1 3.680 1.176 1.060 0.096 44.25 0.3258
123 97.4 52.9 4.271 1.222 1.060 0.103 44.25 0.3481
124 63.3 42.7 1.716 0.968 1.060 0.067 44.25 0.2306
125 53.1 39.1 1.183 0.881 1.060 0 m G5& 44.25 0.1948
126 64.1 42.9 1.760 0.975 1.060 0.068 44.25 O-2335
127 70.0 44.9 2.125 1.023 1.060 0.074 44.25 0.2657
128 79.4 47.8 2.775 1.094 1.060 0.084 44.25 0.2301
129 89.5 50.7 3.569 1.167 1.060 0.095 44.25 0.3054
130 95.0 52.2 4.047 1.205 1.060 0.101 44.25 0.3561
131 109.2 56.0 5.435 1.299 1.060 0.116 44.25 0.3525
132 134.1 62.0 8.400 1.451 1.060 0.142 44.25 0.4321
133 107.5 56.1 5.362 1.349 1.060 0.114 39.37 0.2138
134 93.4 52.3 3.982 1.251 1.060 0.099 39.37 0.1795
135 100.2 54.2 4.621 1.299 1.060 0.106 39.37 0.1956
136 66.1 44.0 1.914 1.038 1.060 0.070 39.37 0.1499
137 104.1 55.2 5.009 1.326 1.060 0.110 39.37 0-2154
138 112.3 57.3 5.880 1.382 1.060 0.119 39.37 0.2294
139 117.9 58.7 6.521 1.418 1-060 0.125 39.37 0.2593
140 138.3 63.6 9.134 1.546 1.060 0.147 39.37 0.2958
141 109.4 57.0 5.643 1.405 1-060 0.116 36.90 0.1500
142 104.1 55.6 5.085 1.369 1.060 0.110 36.90 0.1471
143 126.5 61.3 7.679 1.520 1.060 0.134 36.90 0.1799
144 138.7 64.1 9.324 1.597 1.060 0.147 36.90 0.1983
145 117.4 59.1 6.590 1.484 1.060 0.124 35.21 0.1247
146 142.1 65.1 9.881 1.645 1.060 0.151 35.21 0.1414
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Table - 8.4.1 B ( contd.)

No. a aC E>1

2 a
----- m /m ------

k a
L ax iO 
-1

8

k k k . a
l a a c4 3 3x IO x IO kmot/m s a

2m/s kmol/m s a a

H'

/kmol/m

k ' a
L
~i

s

147 127.3 27.2 13.477 2.078 1.716 0.218 36.58 0.8548
148 127.3 27.2 13.477 2.078 1.716 0.218 36.50 0.6502
149 127.3 27.2 13.481 2.078 1.716 0.218 36.49 0.7594
150 127.6 27.3 13.551 2.080 1.716 0.219 36.36 0.5785
151 127.6 27.3 13.551 2.080 1.716 0.219 36.26 0.5447
152 127.6 27.3 13.550 2.080 1.729 0.221 36.04 0.6357
153 127.6 27.3 13.554 2.080 1.730 0.221 36.14 0.4373
154 128.1 27.3 13.658 2.084 1.730 0.222 36.02 0.4918
155 128.1 27.3 13.656 2.084 1.729 0.221 -*c OO 

• O-C
0.3599

156 128.1 27.3 13.656 2.084 1.769 0.226 35.75 0.4641
157 128.1 27.3 13.658 2.084 1.769 0-227 35.79 0.3614
158 128.5 27.4 13.763 2.088 1.769 0.227 35.67 0.3774
159 128.5 27.4 13.763 2.088 1.769 0.227 35.57 0.3591
160 128.6 27.4 13.763 2 * 086 1.769 0.227 35.41 0.2547
161 128.6 27.4 13.763 2.086 1.749 0.225 35.29 0.3065
162 128.7 27.5 13.798 2.088 1.749 0.225 35.18 0.2169
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Tabls - ( 8.5.1 A )

Physical propartiaa of liquids and gasss rsquirsd for obtaining 
liquid sids «ass transfer coofficisnt with chamical rsaction. 

bassd on KQa data bank ( II )

No.

. 3kg/m 2iBNe/m

o

mN/m

a
D

LP
x lo zm Xs , 3kg/Tn

z
x lO 2mNsxm

D
o5x lOZ

m X b

1 1001.0 1.000 72.1 1.182 1.7511 1.191 1.824 1.5927
2 1000.0 0-960 72.1 1.182 1.8444 1.178 1.840 1.6238
3 1000.0 0.960 72.1 1.182 1.8444 1.178 1.840 1.6238
4 1000.0 0.980 72.1 1.182 1.7971 1.184 1-832 1.6087
5 1001.0 1.000 72.1 1.182 1.7541 1.189 1.826 1.5974
h 1001.0 1.000 72.1 1.182 1.7546 1.189 1.827 1.5981
7 1000.0 0.960 72.1 1.182 1.8448 1.178 1.840 1.6244
8 1000.0 0.960 72.1 1.182 1.8489 1.175 1.843 1.6308
9 1000.0 0.960 72.1 1.182 1-8516 1.173 1.845 1.6350

10 1003.0 1.270 74.0 1.213 1.3267 1-239 1.768 1.4870
11 1003.0 1.270 74.0 1.213 1.3207 1.244 1.762 1.4760
12 1001.0 1.270 74.0 1.213 1.3193 1.246 1.760 1.4724
13 1001.0 1.270 74.0 1.213 1.3183 1.247 1.759 1.4697
14 1001.0 0.813 71.3 1.169 2.1690 1.165 1.856 1.6562
15 1001.0 0.813 71.3 1.169 2.1690 1.165 1 .856 1.6562
16 1001.0 0.813 71.3 1.169 2.1690 1.165 1.856 1.6562
17 1001.0 0.813 71.3 1.169 2.1690 1.165 1.856 1.6562
18 1001.0 0.813 71.3 1.169 2.1690 1.165 1.856 1.6562
19 1001.0 0.813 71.3 1.169 2.1690 1.165 1.856 1.6562
20 1001.0 0.813 71.3 1.169 2m1690 1.165 1.856 1.6562
21 1001.0 0.813 71.3 1.169 2.1690 1.165 1.856 1.6562
22 998.2 0.860 71.0 1.164 2.0822 1.166 1.855 1.6543
23 998.2 0.860 71.0 1.164 2.0829 1.165 1.855 1.6553
24 997.2 0.860 71.0 1.164 2.0816 1.166 1.855 1.6534
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Table - < 8.S.1 B )

Oburvid values of k 'a obtained from K_a data bank { II )
L v

for chemical absorption inclusive of processing parameters.

No. a ap at

2 a----m /in —-

k a
L a

X to -l 
s

k
L. 4X lO

m/e

k
o 3X lO

2kmot/Tn e

k a
O p

kmot/m ©a

a a

H'

3/kmoi/m

k ' a
L

“1
8

1 46.1 94.4 3.498 1.006 1.876 0.086 31-76 0.0416
2 75.9 111.3 7.135 1.241 1.697 0.129 32.26 0.0376
3 76.8 111.7 7.255 1.247 1.697 0.130 32.26 0.0391
4 38.5 89.4 2.794 0.963 1.617 0.062 30.79 0.0180
5 56.5 100.7 4.615 1.080 3, • 862 0-105 32.22 0.0524
6 98.6 120.2 9.788 1.308 1.862 0.184 31.98 0.1101
7 66.9 106.9 6.020 1.189 1.697 0.114 32.21 0.0523
8 76.7 76.0 8.038 1.380 1.715 0.132 33.15 0.0568
9 75.0 75.4 7.796 1.370 1.340 0.100 33.57 0.0531

10 119.3 83.9 11.386 1.253 1.755 0.209 20.36 0.0425
11 85.0 75.3 7.179 1.112 1.812 0.154 19.50 0.0287
12 63.1 68.6 4.799 1.003 1.845 0.116 19.11 0.0162
13 63.1 68.6 4.798 1.003 1.845 0.116 18.95 0.0140
14 53.5 57.7 5.907 1.458 1.060 0.057 34.36 0.0557
15 42.9 53.8 4.386 1.352 1.060 0.046 34.36 0.0419
16 47.9 55.7 5.090 1.404 1.060 0.051 34.36 0.0480
17 24.4 44.9 2.045 1.113 1.060 0.026 34.36 0.0195
18 24.6 45.0 2.062 1.115 1.060 0.026 34.36 0.0183
19 34.5 50.2 3.262 1.253 1.060 0.037 34.36 0.0302
20 61.1 60.2 7.066 1.526 1.060 0.065 34.36 0.0662
21 80.8 65.8 10.322 1 .681 1.060 0.086 34.36 0.0858
22 136.0 92.7 19.081 1.841 2.111 0.287 35.23 0.2858
23 136.0 92.7 19.085 1.841 2.111 0.287 35.23 0.2497
24 136.0 92.7 19.080 1.840 2.110 0.287 34.90 0.2068



303

interfacial areas and mass transfer coefficients can be utilised 
conveniently to predict the values of k^a. This model is based on 
the assumption that the interface consists of two parts, that is the 
moving part and the semistagnant part. Then the volumetric mass 
transfer coefficient for chemical absorption can also be splitted in 
two parts. The interrelationship between the two volumetric mass
transfer coefficients - tkLa^Chem and ^kLa^phy ~ exPressed by
equation (6.30) could be thus utilised for predicting the values of 

!k^a. The proposed model correlation [Equation
ffor predicting the values of kLa requires 

following model parameters

(i) The value of volumetric mass transfer coefficient for physical
absorption (k.a) . .^ L phy

(6.30)) to be utilised 
the knowledge of the

(ii) The

(iii) The

(iv) The 
D^, k2 and

(v) The

value of static area during mass transfer (a .).s t

true liquid side mass transfer coefficient (k^).

parameter - J[B] to be calculated using the values of 
[B] .

reaction factor (3) to be calculated using the factor y

Estimation of different model parameters :

(I) Estimation of (K,a).u . :---------------- l—=-pny
The generalised correlation developed in this investigation 

[Equation - (8.6)] was utilised for estimating the values of
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(kLa)phy. Based on the values of L, at, PL, ji L, a , (cr/ a,) and 
Dl reported in Tables (5.7) and (8.4.1 A), the values of (k^a) h 
were calculated under otnerwise identical conditions for all the 162 
data points under consideration [Data bank - (I)] and are reported in 
Table - (8.4.1 B).

(II) Estimation of a *-------------- s t
The generalised correlation developed in this investigation 

[Equation (7.16)3 based on the static area model was utilised for 
estimating the, values of a , . Based on the values of L, a., p.’St t Li

P. , or , ( a / a ) reported in Tables (5.7) ,and (8.4.1 A), the values
Li C

of a . were calculated under otherwise identical conditions for all st
the 162 data points under consideration and are also reported in 
Table (8.4.1 B).

(III) Estimation of true liquid side mass transfer coefficient 
CkL)
The generalised correlation developed in this investigation 

[Equation (8.18)] was utilised for estimating the values of k^. 
Based on the values of L, a^, P^, PL and reported in Tables
(5.7) and (8.4.1 A), the values of k^ were calculated under otnerwise 
identical conditions for all the 162 data points under consideration 
and are also reported in Table (8.4.1 B) .

(IV) Estimation of parameter / DLk2[B] :
Using the values of [B] and k2 reported in Table (5.7) and 

the value of reported in Table (8.4.1 A), the values of/ D^k2[B]
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were estimated for all the 162 data points under consideration

excluding data points 112-120. For these data points 112-120 wherein

the system was CC^ - diethanolamine and which followed third order
/ 2

reaction kinetics, the values of /D^k^tB] were estimated. All the

relevant values of /D^k^fB] or t/D^k^B]^ so obtained are reported 

in Table (8.4.2).

(V) Estimation of reaction factor ( 8 ) :-

Using the values of / D^^IB] and k^ already estimated the 

value of y were calculated by using equation (6.28). Further the 

values of & which were tnen calculated using equation (6.27) are 

reported in Table (8.4.2) for all the 162 data points under 

consideration.

Prediction of k^a using "the mass transfer coefficient model" for 

Data bank - (I)

Knowing the model parameter - 6 , (k^a) ^ , / D^^tB] and agt
I

the values of ^kLa)Chem were Prec!iicted using the correlation for 

[Equation (6.30)] proposed in this investigation. The relevant

values of [kLa;iphy’ ^ DLk2tB1 (ast}’ and kLapred. are rePorted in

Table (8.4.2) for all the 162 data points under consideration (Data

bank - (I) from Table (5.7)].

I

Prediction of k^a by using "the mass transfer coefficient model" for 

Data bank - (II)

When the concentration of reactive species is very low the

values of a are likely to be practically ineffective during mass 
s t
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Tabl« - ( S.4.2 )

Raaulta inclusive of procaaaing parameters for k^' a 
based on KQa data bank ( I )

No. VD k_ [B] 
L 2

9
X lO

r P a ft.k aka
ei JL JL

-1s
pred*

k a
L.
-lE

obs.

y. err

1 6.5342 59.02 59.02 0.7119 0.41BB 1.1308 1.0237 -10.46
2 6.5342 54.62 54.62 0.7647 0.5254 1.2901 1.1535 -11.84
3 6.7336 68.44 68.44 0.6573 0.3045 0.9618 0.7257 -32.53
4 6.6581 59.63 59.63 0.7306 0.4364 1.1670 1.0440 -11.79
5 6.6581 55.23 55.23 0.7842 0.5463 1.3305 1.1757 -13.16
6 6.5342 51.70 51.70 0-8045 0.6170 1.4215 1.2030 -18.17
7 6.7843 58.68 58.68 0.1256 0.1616 0.2872 0.3846 25.32
8 6.6581 50.80 50.80 0.1384 0.2294 0.3678 0.5438 32.37
9 6.5342 43.54 43.54 0.1541 0.3354 0.4894 0.7697 36.41

10 3.8862 43.10 43.10 0.2192 0.1177 0.3370 0.3571 5.64
11 2.6442 29.45 29.45 0.1503 0.0801 0.2305 0.2582 10.73
12 7.1451 73.05 73.05 0.4060 0.2211 0.6271 0.9052 30.73
13 4.5978 49.29 49.29 0.2601 0.1396 0.3997 0.5070 21.17
14 6.7005 60.81 60.81 O.3954 0.2120 0.6074 0.8113 25.14
15 4.4546 47.69 47.69 0-2539 0.1379 0.3918 0.5335 26.56
16 4.5771 43.29 43.29 0.2924 0.2034 0.4958 0.6328 21.64
17 4.5159 48.54 48.54 0.2558 0.1390 0.3948 0.5798 31.91
18 4.6033 43.58 43.58 0.2931 0.2053 0.4984 0.6453 22.76
19 4.5436 38.95 38.95 0.3217 0.2736 0.5952 0.7473 20.35
20 4.7502 52.66 52.66 0.2892 0.2097 0.4989 0.7143 30.16
21 7.2556 72.84 72.84 0.4129 0.2256 0.6385 0.8575 25.55
22 6.5166 56.59 56.59 0.4197 0.2889 0.7087 0.8051 11.98
23 4.1467 37.65 37.65 0.2725 0.1895 0.4620 0.7159 35.46
24 4.0508 36.95 36.95 0.2650 0.1825 0.4475 0.5367 16.62
25 3.9820 30.17 30.17 0.3093 0.3091 0.6184 0.6916 10.59
26 3.8933 26.76 26.76 O.3309 0.4019 0.7327 0.7590 3.46
27 3.7001 32.36 32.36 0.4143 0.2333 0.6476 0.5329 -21.52
28 5.3317 57.08 57.08 0.5528 0.321© 0.8738 1.0198 14.32
29 4.4276 49.19 49.19 0.4573 0.2682 0.7255 0.5381 -34.81
30 3.8186 38.89 38.89 0.2595 0.2025 0.4620 0.4077 -13.34
31 3.7662 42.55 42.55 0.2325 0.1474 0.3800 0.3273 -16.09
32 3.0647 36.63 36.63 0.1775 0.0961 0.2736 0.3428 20.19
33 3.6619 38.46 38.46 0.2662 0.1252 0.3915 0.3566 -9.78
34 3,7897 34.31 34.31 0.3160 0.2000 0.5160 0.4682 -10.20
35 3.8439 31.23 v5JLi a 0.3542 0.2786 0.6328 0.5838 -8.39
36 3.6864 30.98 30.98 0.1481 0.1482 0.2964 0.2260 -31.14
37 3.6864 35.93 35.93 0.1292 0.0960 0.2252 0.1761 -27.91
38 3.6864 27.79 27.79 0.1637 0.2035 0.3673 0.3297 -11.41
39 3.6864 40.90 40.90 0.1146 0.0657 0.1804 0.1625 -11.02
40 3.6864 40.90 40.90 0.1146 0.0657 0.1804 0.1651 -9.25
41 3.6864 40.90 40.90 0.1146 0.0657 0.1804 0.2705 33.32
42 3.6864 30.98 30.98 0.1481 0.1482 0.2964 0.2645 -12.04
43 3.6864 35.93 35.93 0.1292 0.0960 0.2252 0.2131 -5.71
44 3.6864 40.90 40.90 0.1146 0.0657 0.1804 0.1879 4.03
45 3.6864 27.79 27.79 0.1637 0.2035 0.3673 0.3584 -2.47
46 3.8318 30.42 30.42 0.0884 0.1253 0.2137 0.2967 27.96



307

Table - 8,4.2 ( contd.)

No. VbLK2CB3
3X lO

r ft Vfc k [B].
X»i

a ft.k a 
sl L

k a
L -l

m
pred.

k a
L-is

obs.

7. err

47 3.8797 27.31 27.31 0.1001 0.1805 0.2805 0.3984 29.59
48 3.7594 34.62 34.62 0.0757 0.0796 0.1553 0.2209 29.71
49 3.5630 28.29 28.29 0.0822 0.1165 0.1987 0.2757 27.92
50 3.3739 35.37 35.37 0.0602 0.0489 0.1092 0.1415 22.85
51 3.6250 25.51 25.51 0.0935 0.1686 0.2621 0.3672 28.63
52 3.3866 26.89 26.89 0.0781 0.1107 0.1889 0.2231 15.35
53 3.5630 27.77 27.77 0.0798 0.1194 0.1992 0.2004 0.62
54 3.5630 32.21 32.21 0.0696 0.0774 0.1469 0.1587 7.39
55 3.5630 ZA *<£>2 24.62 0.0892 0.1698 0.2590 0.2757 6.07
56 3.5006 27.29 27.29 0.0784 0.1173 0.1957 0.1941 -0.81
57 3.5131 27.38 27.38 0.0787 0.1177 0.1964 0.2102 6.56
58 3.4754 27.09 27.09 0.0778 0.1164 0.1943 0.2108 7.82
59 8.1786 64.57 64-57 0.1959 0.2790 0.4750 0.4362 -8.89
60 8.2127 62.19 62.19 0.2045 0-3166 0.5211 0.5322 2.09
61 8.1400 58.30 58.30 0.2163 0.3906 0.6069 0.6508 6.74
62 8.8072 60.29 60.29 0.2386 0.4399 0.6785 O.6664 -1.81
63 8.3933 58.41 58.41 0.2291 0.4382 0.6672 0.7566 11.82
64 8.2806 55.08 55.08 0.2324 0.4664 0.6987 0.7693 9.17
65 8.6098 54.34 54.34 0.2571 0.5981 0.8552 0.9625 11.15
66 8.0443 52.43 52.43 0.2399 0.5710 0.8109 0.8991 9.82
67 10.0929 57.65 57.65 0.3176 0.7995 1.1171 1.1115 -0.50
68 7.6206 56.68 56.68 0.1929 0.3095 0.5024 0.5789 13.23
69 7.4563 53.41 53.41 0.1981 0.3578 0.5559 0.7481 25.69
70 7.8110 51.95 51.95 0.2192 0-4399 0.6591 0.9533 30.86
71 7.8883 50.70 50.70 0.2293 0.5010 0.7303 1.0389 29.71
72 7.5397 49.24 49.24 0.2244 0.5320 0.7564 1.0640 28.91
73 0.5926 4.11 4.11 0.0410 0.0228 0.0638 0.0546 -16.78
74 0.9311 6.48 6.48 0.0645 0.0360 0.1005 0.0866 -16.06
75 1.1912 8.35 8.35 0.0827 0.0464 0.1291 0.1340 3.63
76 1.6524 11.80 11.80 0.1151 0.0652 0.1803 0.2163 16.68
77 1.7233 12.38 12.38 0.1201 0.0681 0.1882 0.2354 20.04
78 2.0916 15.30 15.30 0.1464 0.0837 0.2301 0.3303 30.33
79 0.6147 3.74 3.75 0.0479 0.0346 0.0825 0.0684 -20.56
80 0.8832 5.39 5.40 0.0689 0.0499 0.1188 0.1059 -12.15
81 1.2481 7.69 7.69 0.0977 0.0712 0.16B9 0.1654 -2.15
82 1.7273 10.90 10.90 0.1357 0.0998 0.2355 0.2534 7.08
83 2.1131 13.58 13.58 0.1667 0.1236 0.2903 0.3427 15.28
84 0.6147 3.47 3.48 0.0513 0.0432 0.0945 0.0831 -13.84
85 0.8766 4.96 4.96 0.0733 0.0618 0.1351 0 • XA33 -19.24
86 1.2883 7.36 7.36 0.1082 0.0918 0.2000 0.1768 -13.08
87 1.7159 10.04 10.04 0.1446 0.1237 0.2683 0.2738 2.03
88 2.1060 12.55 12.55 0.1782 0.1537 0.3320 0.3686 9.94
89 0.6227 3.33 3.34 0.0547 0.0513 0.1059 0.0874 -21.14
90 1.2609 6.82 6.82 0.1113 0.1051 0.2163 0.1943 -11.37
91 1.2312 6.66 6.66 0.1086 0.1026 0.2112 0.1862 -13.41
92 1.7452 9.68 9.68 0.1544 0.1468 0.3013 0.2680 -12.43
93 2.1016 11.88 11.88 0.1866 0.1786 0.3652 0.3666 0.39
94 0.6294 3.23 3.24 0.0574 0.0586 0.1160 0.0927 -25.10
95 0.8827 4.54 4.54 0.0806 0.0823 0.1630 0.1342 -21.43
96 1.2933 6.71 6.71 0.1187 0.1219 0.2406 0.1983 *2 X e 36
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Table - 8.4.2 ( contd.)

No. Vt> k [B]
L 2

3
X lO

r ft a ft.k
si L

aka
L -i

s
pred.

k a
JL

obs-

X err

97 1.7468 9.29 9.29 0.1607 0.1664 0.3272 0.2733 -19.71
98 2.1249 11.52 11.52 0.1962 0.2042 0.4004 0.4112 2.62
99 1.1206 8.69 8.69 0.0265 0.0584 0.0849 0 m JL 122 24.35

lOO 1.0709 8.00 8.00 0.0257 0.0568 0.0825 0.0971 15.00
lOi 0-7301 5.60 5.60 0.0176 0.0397 0.0573 0.0652 12.19
102 0.6990 5.25 5.25 0.0169 0.0382 0.0551 0.0551 0.00
103 0.6725 4.92 4.92 0.0164 0.0368 0.0532 0.0567 6.25
104 0.5269 3.69 3.69 0.0130 0.0297 0.0427 0.0575 25.82
105 1.1020 9.07 9.07 0.0242 0.0446 0.0688 0.0656 -4.76
106 1.0230 7.68 7.68 0-0230 0.0422 0.0652 0.0722 9.67
107 0.6185 4.92 4.92 0.0137 0.0250 0.0388 0.0457 15.14
108 0.5184 4.11 A m JL JL 0.0115 0.0212 0.0327 0.0378 13.33
109 0.5575 4.98 4.99 0.0113 0.0169 0.0282 0.0301 6.21
HO 0.4155 4.50 4.50 0.0070 0.0069 0.0138 0.0161 14.41
111 0.8083 9.71 9.71 0.0122 0-0098 0.0220 0.0220 0.00
112* 0.7667 7.93 7.93 0.0230 0.0237 0.0468 0.0436 -7.35
113 0.7547 7.81 7.81 0.0227 0.0233 0.0460 0.0467 1.45
114* 0.6543 7.28 7.28 0.0194 0.0200 0.0394 0.0386 -1.99
115* 0.6439 7.16 7.16 0.0191 0.0197 0.0388 0.0347 -11.73
116 0.6721 7.29 7.29 0.0200 0.0207 0.0406 0.0642 36.75
117* 0.5202 5.53 5.53 0.0166 0.0210 0.0376 0.0485 22.46
118 0.7728 7.67 7.67 0.0241 0.0269 0.0511 0.0491 -3.97
119* 0.7569 6.97 6.97 0.0260 0.0381 0.0641 0.0580 -10.43
120 1.3776 14.97 14.97 0.0452 0.0693 0.1145 0.1317 13.02
121 3.8660 30.47 30.47 0.2117 0.1510 0.3628 0.3605 -0.64
122 3.8660 32.87 32.87 0.1974 0-1210 0.3184 0.3258 2.26
123 3.8660 31.65 31.65 0.2045 0.1352 0.3396 0.3481 2.45
124 3.8660 39.92 39.92 0.1650 0.0685 0.2335 0.2306 -1.25
125 3.8660 43.90 43.90 0.1512 0.0519 0.2031 0.1948 -4.27
126 3.8660 39.67 39.67 0.1660 0.0698 0.2358 0.2335 -0.97
127 3.8660 37.81 37.81 0.1735 0.0803 0.2538 0.2657 4.47
128 3.8660 35.32 35.32 0.1847 0.0980 0.2827 0.2301 -22.90
129 3.8660 33.13 33.13 0-1960 0.1182 0.3143 0.3054 -2.91
130 3.8660 32.08 32.08 0.2019 0.1298 0.3317 0.3561 6.85
131 3.8660 29.76 29.76 0.2164 0.1618 0.3781 0.3525 -7.29
132 3.8660 26.64 26.64 0.2397 0.2238 0.4635 0.4321 -7.25
133 2.8230 20.92 20.92 0.1584 0.1122 0.2705 0.2138 -26.55
134 2.8230 22.57 22.57 0.1477 0.0899 0.2375 0.1795 -32.34
135 2.8230 21.73 21.73 0.1529 0.1004 0.2533 0.1956 -29.49
136 2.8230 27.20 27.20 0.1243 0.0521 0.1764 0.1499 -17.65
137 2.8230 21.29 21.29 0.1558 0.1066 0.2625 0.2154 -21.83
138 2.8230 20.43 20.43 0.1618 0.1202 0.2820 0.2294 -22.91
139 2.8230 19.90 19.90 0.1658 0.1298 0.2956 0.2593 -14.03
140 2.8230 18.27 18.27 0.1795 O.1668 0.3463 0.2958 -17.09
141 2.0157 14.34 14.34 0.1149 0.0809 0.1958 0.1500 -30.50
142 2.0157 14.73 14.73 0.1121 0.0749 0.1870 0.1471 -27.11
143 2.0157 13.26 13.26 0.1235 0.1018 0.2253 0.1799 -25.20
144 2.0157 12.62 12.62 0.1292 0.1177 0.2469 0.1983 -24.55
145 1.4501 9.77 9.77 0.0858 0.0644 0.1502 0.1247 -20.38
146 1.4501 8.81 8.81 0.0943 0.0871 0.1814 0.1414 -28.31
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Table - 8.4.2 ( contd.)

No. vtoLk2CB]

a
X to

r ft YD k [B3.
L. JL.

a ft. k a 
si t.

k a
L

-i
&

pred.

k a
L
-i

m
obs.

y. err

JL47 9.6226 46.30 46.30 0.2616 0.6240 0.8856 0.8548 -3.60
148 7.0974 34.15 34.15 0.1930 0.4602 0.6532 0.6502 -0.46
149 8.4354 40.60 40.60 0.2296 0.5473 0.7770 0.7594 -2.32
150 6.2397 30.00 30.00 0.1702 0.4065 0.5767 0.5785 0.31
151 5.9277 28.50 28.50 0.1617 0.3862 0.5479 0.5447 -0.60
152 7.0290 33.80 33.80 0.1917 0.4580 0.6497 0.6357 -2.20
153 4.7013 22.60 22.60 0.1282 0.3063 0.4346 0.4373 0.63
154 5.2941 25.40 25.40 0.1447 0.3469 0.4916 0.4918 0.04
155 3.8136 18.30 18.30 0.1042 0.2499 0.3541 0.3599 1.60
156 4.9181 23.60 23.60 0.1344 0.3223 0.4567 0.4641 1.60
157 3.9081 18.75 18.75 0.1068 0.2561 0.3629 0.3614 -0.40
158 3.9462 18.90 18.90 0.1081 0.2601 0.3682 0.3774 2.44
159 3.7583 18.00 18.00 0.1029 0.2477 0.3507 0.3591 2.35
160 2.6310 12.61 12.61 0.0722 0.1736 0.2457 0.2547 3 •
161 3.2132 15.40 15.40 O.0882 0.2120 0.3001 0.3065 2.09
162 2.2235 10.65 10.65 0.0610 0.1469 0.2080 0.2169 4.09

s— Data points with * indicates that reaction follows third 

order kinetics hence the parameter in second column for 

these points is v£T k_[B3Z.
L si

Note



310

transfer. Therefore, under these conditions instead of equation 
(6.30) one should use equation (6.31) for predicting the values of
kfa. However to test the validity of this statement, the values of

f---------/ D.k„[B). a were also estimated for the case under consideration JL /i ST
i.e. concentration of reactive species being very low.

Estimation of different model parameters
The generalised correlations developed in this investigation

for predicting the values of (kfa) . , kr and a [Equations (8.6),
jl pny l st

(8.18) and (7.16) respectively) were utilised. Based on the values 
of L, a , Pr , P. « a , (a / } and D. reported in Tables (5.8) andT L* Li C L
(8.5.1 A), the values of (k. a) . , k. and a . were calculated underl pny l st
otherwise identical conditions for all the 24 data points under 
consideration and are reported in Table (8.5.1 B).

From the values of [B] and k£ reported in Table (5.8) and the 
values of reported in Table (8.5.1 A), the values of / D^^fB)
were estimated. The values of Y and B were estimated using equations 
(6.28) and (6.27) respectively. All the relevant values of Y» B

were thus calculated under otherwise identical conditions for 
all the 24 data points under consideration and are- reported in Table 
(8.5.2). Finally, the relevant values of t^La^phy ant* ^ •
a_. and k. a predicted using equation (6.31) are also reported inSt Li
Table (8.5.2).
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Table - ( 8.5.2 )

Results Inclusive of processing parameters for k 'a 
based on KQa data bank ( II ) 

for very low concentration of reactive species.

No. y D k2CB3 y
3

X lO

ft Yd k [B].a ft.kua
L jC ti

kt/a
-l

e
p red

kc'a % err
-l

6

obs •

1 1.3064 12.99 12.99 0.1233 0.0454 0.0454 0.0416 -9.23
2 0.8349 6.73 6.73 0.0929 0.0480 0.0480 0.0376 -27.45
3 0.8349 6.70 6.70 0.0933 0.0486 0.0486 0.0391 -24.23
4 0.7763 8.06 8.06 0.0694 0.0225 0.0225 0.0180 -25.24
5 1.4340 13.28 13.28 0.1445 0.0613 0.0613 0.0524 -16.95
6 1.5802 12.08 12.08 0.1900 0.1182 0.1182 0.1101 -7.34
7 0.9364 7.88 7.88 O.lOOl 0.0474 0.0474 0.0523 9.39
8 0.8588 6.22 6.22 0.0653 0.0500 0.0500 0.0568 11.92
9 0.8735 6.37 6.37 0.0659 0.0497 0.0497 0.0531 6.43

10 0.4473 3.57 3.58 0.0375 0.0407 0.0407 0.0425 4.33
11 0.4103 3.69 3.69 0.0309 0.0265 0.0265 0.0287 7.63
12 0.2442 2.43 2.47 0.0168 0.0119 0.0119 0.0162 26.78
13 0.1964 1.96 2.04 0.0135 0.0098 0.0098 0.0140 30.08
14 0.9915 6.80 6.80 0.0572 0.0402 0.0402 0.0557 27.88
15 0.9915 7.34 7.34, 0.0533 0.0322 0.0322 0.0419 23.28
16 0.9915 7.06 7.06 0.0552 0.0360 0.0360 0.0480 25.17
17 0.9915 8.91 8.91 0.0446 0.0182 0.0182 0.0195 6.62
18 0.9915 8.89 8.89 0.0447 0.0183 0.0183 0.0183 0.00
19 0.9915 7.91 7.91 0.0497 0.0258 0.0258 0.0302 14.56
20 0.9915 6.50 6.50 0.0596 0.0459 0.0459 0.0662 30.68
21 0.9915 5.90 5.90 0.0652 0.0609 0.0609 0.0858 29.05
22 2.1721 11.80 11.80 0.2013 0.2252 0.2252 0.2858 21.21
23 1.8779 10.20 10.20 0.1740 0.1947 0.1947 0.2497 22.04
24 1.5532 8.44 8.44 O.1440 0.1610 0.1610 0.2068 22.12
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8.4.3 Comparison between the observed values
tof k^a :

and predicted values

.versus [ ] prcd. for Data bank ~ (D r
IThe observed values of (k^a) obtained by using data' bank -

I(I) of K^a (chemical absorption) and the predicted values of k^a 
obtained by using the mass transfer coefficient model [Equation 
(6.30)] are tabulated in Table (8.4.2) and are plotted in Figure 
(8.4).

For all the cases under consideration wherein the
concentration of reactive species is not very low and the reaction 
essentially follows pseudo first order - fast/very fast reaction 
kinetics, also fast/very fast second order reaction kinetics, if one 
uses the model correlation [Equation (6.31)] instead of model

Icorrelation [Equation (6.30)] the predicted values of kLa are
expected to be 50 to 100 % less than the observed values of k^a.

Thus for example consider the following cases :

CASE I : System CC^-NaOH.
For observation (1) wherein the concentration of reactive

3 1 -1species [B] = 1.620 k mol/m , the observed value of k^a (s ) is
1.0237. Under identical conditions the predicted values of k^a (s )
by equations (6.30) and (6.31) are 1.1308 and 0.4188 respectively.
The corresponding values of % error are -10.46 and 59 respectively.

3For observation (53) wherein [B] = 0.825 k mol/m , the
1 -1observed value of k^a (s ) is 0.2004. Under identical conditions the



313

' -1predicted values of kLa (s ) by equations (6.30) and (6.31) are 
0.1992 are 0.0798 respectively. The corresponding value of % error 
are 0.62 and 60.2 % respectively.

3For observation (140) wherein [B] = 0.460 k mol/m , the
1 -1observed values of kLa (s ) is 0.2958. Under identical conditions

• -1the predicted values of kLa (s ) by equations (6.30) and (6.31) are 
0.3463 and 0.1668 respectively. The corresponding values of % error 
are -17.1 and 43.61 respectively.

CASE II : CC^-Monoethanol amine system
For observation (66) wherein [B]

' -1observed values of kLa (s ) is 0.5322.
' -3conditions the predicted values of k^a (s 

(6.31) are 0.5211 and 0.3166 respectively, 
of % error are 2.09 and 50.51 respectively.

= 1.573 k mol/m^, the

Under identical the 
) by equations (6.30) and 
The corresponding values

CASE III : CC>2 - diethanolamine system :
3For observation (113) wherein [B] = 0.619 k mol/m , the

1 -1observed values of k^a (s ) is 0.0467. Under identical conditions
i _ithe predicted values of k^a (s ) by equations (6.30) and (6.31) are 

0.0460 and 0.0233 respectively. The corresponding values of % error 
are 1.45 and 100.5 respectively.

From these observations, it is crystal clear that the
Ipredicted values of k^a based on the model correlation [Equation

I(6.30)] compare very well with the ooserved values of k. a. Thei L
predicted values of kLa based on the' model correlation [Equation
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(6.31)] do not compare at all with the observed values of k^a.
I

Therefore while predicting the values of k^a, the contribution due to 

the semistagnant parts of the interface must be taken into account 

for all the cases under consideration mentioned in Data bank - (I).

Therefore for all the 162 data points [Data bank (I)] under 

consideration one should use model correlation [equation (6.30)] for 

predicting the values of k. a.L/

The detailed statistical analysis of the model correlation 

[Equation (6.30)] can be described as follows

(i) The total number of data points used in correlation is 162 

with 15 different systems/variations included.

(ii) The values of % E , % E and % S, were -4.2, 15.5 andavg abs ^ dev
9.06 respectively.

I

(iii) From the 162 data points 80% of the predicted values of k^a 

were within ± 25 % of the observed values, 68 % were within ± 20 %, 

60 % were within ± 15 % and 40 % were within ± 10 %.

I

(iv) Only 8 % of the predicted values of kLa showed deviations 

greater than ± 30 %, with the maximum deviation being 36.75 %.

I

Figure (8.4) shows a parity plot of k^a, wherein the
I

predicted values of k^a using equation (8.30) have been plotted
I

versus observed values of k^a. The satisfactory data fit in Figure 

(8.4) clearly reflects that the mass transfer coefficient model 

proposed in this investigation correlates satisfactorily all the data 

reported in data bank - (I) obtained from various sources.

*
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Fig. 8.4 VOLUMETRIC LIQUID SIDE MASS TRANSFER COEFFI­

CIENTS DURING GAS ABSORPTION WITH CHEMICAL 
REACTION.
COMPARISON OF PREDICTED vs. EXPERIMENTAL (LIT.) 
DATA.
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LEGENDS FOR FIG. 8.4

Data No. Relevant Information Symbo1

1-9 Vidwans (53), C02-NaOH, C.R.R., 9.5mm, 25mm. a o

10-2 6 Tepe (57), CQ2-NaQH, Carbon R.R., 13mm. •

2 7-32 Blum ( 58,59), C02-NaOH, C.R.R., 9.5mm, 25mm. m b

33-52 Leva (60-61), C02-NaOH, C.R.R., 13mm, 19mm, 25mm. A A A

5 3-58 Leva (60-61), C02-NaOH, Steel R.R., 2 5mm. k '

5 9r7 2 Teller (62), CO^MEA, Steel R.R., 25mm. □

7 3-9 8 Vassilatos (63), C02~ aq. Ammonia, C.R.R., 13mm. *

99-111 Yoshida (64), C02~NaOH, C.R.R., 25mm. <D

112-120 Cryder (65), C02~DEA, C.R.R., 19mm. m

121-146 Onda (66), C02~NaOHt C.R.R., 15mm. 0

147-162 Yoshida (67), C02~K0H, C.R.R., 25mm. ©



317

(k^a)Qb„ versus (kLa^prcd for Data Bank (II)
t

For observed values of k^a obtained by using data bank (II)

1of KQa (chemical absorption) and the predicted values of k^a obtained 

by using the mass transfer coefficient model [Equation (6.31)] are 

tabulated in Table (8.5.2) and are plotted in Figure (8.5).

For the present case under consideration wherein the

concentration of reactive species in the absorption media is very

low, if one uses model correlation : Equation (6.30) instead of model
I

correlation : Equation (6.31) for predicting the values of k^a, the
t

predicted values of k^a are expected to be 200 % to 300 % more than
I

the observed values of k^a.

For example for observation (1) when the observed value of
• _i ' -1

k^a (s ) is 0.0416, the predicted values of k^a (s ) by equations

(6.31) and (6.30) are 0.0454 and 0.1688 respectively. The

corresponding values of % error are -9.23 and 305.8 respectively.

t

Also for observation (17) when the observed value of kLa
-1 ' -1 (s ) is 0.0195, the predicted values of k^a (s ) by equations

(6.31) and (6.30) are 0.0182 and 0.0628 respectively. The

corresponding values of % error are 6.62 and -222.05 respectively.

Similar observations can be made for all the other 22 predicted
I

values of k^a. Therefore in the region of very low concentration of 

reactive species, one must use model correlation - equation (6.31) 

and not model correlation - equation (6.30) for predicting the values
I

of kr a •
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The detailed statistical analysis of the model correlation 
[equation (6.31)] can be described as follows

(i) The total number of data points used in this correlation is 24 
wherein the concentration of reactive species is in the range of 
0.017 to 0.13 k mol/m^.

(ii) The values of % E , % E and % S, were 8.66, 17.87 and1 v avg ^ abs dev
1.932.

I
(iii) From the 24 data points, 66 % of the predicted values of k^a

f

were within ± 25 % of the observed values of k^a and 46 % were within 
± 15 %.

f
Figure (8.5) shows a parity plot for k^a wherein the

Ipredicted values of kLa using model correlation [Equation (6.31)]
I

have been plotted versus the observed value of kLa obtained for data 
bank - (II). The satisfactory data fit in Figure (8.5) clearly
reflects that "the mass transfer coefficient model" proposed in this 
investigation correlates satisfactorily all the data reported in data 

bank - (II).

8.4.4 Results for volumetric liquid side mass transfer
coefficients (k^a) for two cases

CASE I : Regime of very low concentration of reactive species.

CASE II : Regime of instantaneous reaction.
I

The observed values of k^a obtained for Case (I) with the 
help of data bank - (II) could be used conveniently to calculate the
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1 x103 1x10 1x10'
k|_a or k^a experimental ( LIT)

4X101

FIG.8.5. COMPARISON BETWEEN THE PREDICTED AND EXPERIMENTAL 
VALUES OF *kLa' OR kL*a FOR THE CASE OF VERY LOW 

CONCENTRATION OF REACTING SPECIES.
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values of k^a. The observed values of k^a can be divided by B and
one thus gets the observed values of (k.a) . The values of6 L phy.
^La^phy can a*so ke predicted under otherwise identical conditions 
using the generalised correlation for k^a [Equation (8.6)] developed 
in this investigation. The observed values of k^a and the 
corresponding predicted values of k^a are reported in Table (8.6).

Table (8.6) also reports the experimental values of k^a 
obtained by chemical technique carrying out gas absorption with 
chemical reaction in the instantaneous reaction regime (42). These 
experimental values of k^a along with the predicted values of k^a 
under otherwise identical conditions obtained by using generalised 
correlation for kLa [Equation (8.6)] are also reported in Table (8.6) 
: observation numbers (25) to (38).

8.4.5 Comparison between the observed values/experimental values 
of k^a and predicted values of k^a

The observed/experimental values of k^a and the predicted 
values of k^a obtained by using the generalised correlation [Equation 
(8.6)] which have been tabulated in Table (8.6) are also plotted in 
Figure (8.5) .

The detailed statistical analysis can be described as
follows

(i) The total number of points are 38 with 24 points being of Case 
I : Regime of very low concentration of reactive species and 14 
points of Case II : Regime of instantaneous reaction.
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Table - ( 8.6 )

Comparison between observed values based on data bank (II)
and predicted values of k a for two cases.

1*

No. T a.t

oc
2

m Sma kg/m rnNt/rn mN/w

D
L S>

x 10 2
m /*

L k a
i. ax io, 2 -1 kg/m s ■
obs

k a X err.
L

ax IO
-*m

pred.

Case I : Very low concentration of reactive species t—

1 23.3 470 1001.0 1.00 72.1 1.75 0.85 3.203 3.498 -9.23
2 26.6 470 1000.0 0.96 72.1 1.84 2.12 5.598 7.135 -27.45
3 26.6 470 1000.0 0.96 72.1 1.84 2.17 5.840 7.255 -24.23
4 25.0 470 1000.0 0.98 72.1 1.80 0.61 2.231 2.794 -25.24
5 23.8 470 1001.0 1.00 72.1 1.75 1.25 3.947 4.615 -16.95
6 23.9 470 1001.0 1.00 72.1 1.75 3.47 9.119 9.788 -7.34
7 26.7 470 1000.0 0.96 72.1 1.84 1.68 6.643 6.020 9.39
8 27.3 370 1000.0 0.96 72.1 1.85 2.93 9.126 8.038 11.92
9 27.8 370 1000.0 0.96 72.1 ,1.85 2.81 8.332 7.796 6.43

10 11.9 370 1003.0 1.27 74.0 1.33 7.18 11.900 11.386 4.33
11 10.7 370 1003.0 1.27 74.0 1.32 3.84 7.772 7.179 7.63
12 10.3 370 1001.0 1.27 74.0 1.32 2.22 6.554 4.799 26.78
13 10.0 370 1001.0 1.27 74.0 1.32 2.22 6.862 4-798 30.08
14 30.0 330 1001.0 0.81 71.3 2.17 1.67 8.191 5.907 27.88
15 30.0 330 1001.0 0.81 71.3 2.17 1.11 5.717 4.386 23.28
16 30.0 330 1001.0 0.81 71.3 2.17 1.36 6.802 5.090 25.17
17 30.0 330 1001.0 0.81 71.3 2.17 0.39 2-190 2.045 6.62
18 30.0 330 1001.0 0.81 71.3 2.17 0.40 2.060 2.062 -0.12
19 30.0 330 1001.0 0.81 71.3 2.17 0.74 3.818 3.262 14.56
20 30.0 330 1001.0 0.81 71.3 2.17 2.13 10.193 7.066 30.68
21 30.0 330 1001.0 0.81 71.3 2.17 3.57 14.547 10.322 29.05
22 30.0 370 998.2 0.86 71.0 2.08 8.08 24.217 19.081 21.21
23 30-1 370 998.2 0.86 71.0 2.08 8.08 24.480 19.085 22.04
24 29.9 370 997.2 0.86 71.0 2.08 8.08 24.500 19.080 22.12

Case XI i X nstan taneoua reaction s—

25 25.0 370 1156.5 1.40 75.6 1.48 1.86 4.360 4.237 2.83
26 25.0 370 1156.5 1.40 75.6 1.48 2.49 5.324 5.244 1.51
27 25.0 370 1156.5 1.40 75.6 1.48 2.93 6.222 5.912 4.98
28 25.0 370 1156.5 1.40 75.6 1.48 3.66 7.650 6.955 9.09
29 25.0 370 1156.5 1.40 75.6 1.48 4.59 8.166 8.202 -0.44
30 25.0 370 1156.5 1.40 75.6 1.48 5.71 ' 9.861 9.621 2.43
31 25.0 370 1156.5 1.40 75.6 1.48 6.66 10.970 10.763 1.89
32 25.0 370 1156.5 1.40 75.6 1.48 7.52 12.480 11.753 5.83
33 25.0 370 1240.0 2.05 76.8 1.16 1.96 3.495 3.239 7.32
34 25.0 370 1240.0 2.05 76.8 1.16 2.67 4.205 4.063 3.38
35 25.0 370 1240.0 2.05 76.8 1.16 3.79 5.078 5.255 -3.49
36 25.0 370 1240.0 2.05 76.8 1.16 4.92 6.739 6.355 5.69
37 25.0 370 1240.0 2.05 76.8 1.16 6.08 6.862 7.417 -8.09
38 25.0 370 1240.0 2.05 76.8 1.16 7.46 8.749 8.611 1.57
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(ii) The values of % E , % E and % S, „ were 6.40, 12.84 and
3.V§ cl DS Q8V

0.17 respectively.

(iii) From 38 data points 80 % of the predicted values of k^a were 

within ± 25 % of the observed/experimental values, 63 % were within ± 

15 % and 60 % were within ± 15 %.

Figure (8.5) shows a parity plot for k^a wherein the 

predicted values of k^a using generalised correlation [Equation 

(8.6)] are plotted versus experimental/observed values of k^a. The 

satisfactory data fit in Figure (8.5) clearly reflects that the mass 

transfer coefficient model proposed in this investigation correlates 

satisfactorily all the data for Case I and II obtained from various 

sources.

8.5.0 PREDICTION OF MASS TRANSFER COEFFICIENTS :-

By performing mathematical modelling of data on kLa, kQ and 

k^, generalised correlations have been developed for predicting the 

values of k. a, k„ and k. .L u L

The following generalised correlation [Equation (8.6)] can 

be used satisfactorily to predict the values of volumetric liquid 

side mass transfer coefficient (kLa) :-

ka = 0.0833 [(Re) («Ve) (Fr) ( a / cr „) )
Li C

r , _ ,-0.5 . ... ,-1/3 ,.... x [(Sc) ( P L/ PLg) at).
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The generalised correlation [Equation (8.11)] for predicting 
the values of true gas side mass transfer coefficient is as follows:-

kG = 1.75 (ReG)0,7 {ScG)0’4125 (atdp)“0,9 (RT/a^)"1

The values of true liquid side mass transfer coefficient can 
be predicted satisfactorily by tfte following generalised correlation 
[Equation (8.18)] :-

kL = 0.0999 (Re)0*187 (Sc)-0-5 ( P / PLg)"1/3

Based on the mass transfer coefficient model developed in 
this investigation, the volumetric liquid side mass transfer 
coefficient with chemical reaction can be splitted in two parts:

I I(k, a), and (k.a) , . Then,in combination with the static area model L dy L s t f
fdeveloped in this investigation, the values of k^a can be predicted 

satisfactorily by the following generalised correlation :-

kLa = 8 k^a + / DLk2[B] agt (8.19)

. . n nooa r,D ,0.286 ,0.22 ._ ,0.002 , . ,-0.442,where k. a = 0.0833 [(Re) (We) (Fr) ( cj / o„) ]
JLr G

r f r, , —0.5 , . , -1/3 ,---x [(Sc) ( p L/ p Lg) at].

_ . n 1finc .D ,0.1726 fE>„,u,„,0.5 . . ,-0.725a ./a, = 0.1605 (Re) (Fr/We) (a / a )S t l c

It is interesting to observe that knowing mass transfer 
coefficient during physical absorption under otherwise
identical conditions and the static area from the static area model 
also under otherwise identical conditions,the volumetric liquid side

Imass transfer coefficient with chemical reaction (k^a) can be 
predicted.
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Further, for the case of chemical absorption where the 
concentration of reactive species is very low or the reaction is an 
instantaneous reaction, the mass transfer coefficient model indicates 
that the following generalised correlation [Equation (6.31)] can be

I
used for predicting the value'of kLa

kLa = 0.0833 ( 8 ) [(Re) (We) (Fr) ( a / ac) 1
---x [(Sc)-0'5 ( PL/ ^Lg)'1/3 at]. ...(8.20)

Thus the mass transfer coefficient model developed in this 
investigation (189, 190) could be utilised conveniently for

predicting the values of volumetric liquid side mass transfer 
coefficient during chemical absorption. The model correlations : 
Equations (8.19) and (8.20) proposed based on this model are not 
merely the empirical correlations but these correlations elucidate 
the mechanism of mass transfer during chemical absorption.


