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- ABSTRACT : In order to increase the rate of gas absorption, chemical
reaction in the liquid phase is considered. The purpose of this paper was to
simulate gas absorption process by a liquid film over a spherical packing
incorporating eddy viscosity and diffusivity. Second order chemical reac-
tion for. two different cases (fast and slow) were considered. The system of
partial differential equations obtained was solved by the use of finite diffe-
rence method. In this study absorption of CO, by mono- ethanol dmine
(MEA) and methyl di- ethanol amine (MDEA) were considered, and velo-
city and concentration profiles in the liquid film were obtained. The
simulation results revealed that, increasing of turbulence in the liquid filmi,
increases the rate of gas absorption while decreases the thickness of the
reactioh zone.

KEY WORDS : Mass Transfer, Turbulent flow, Gas Absorption, Chemi-
cal Reaction, CO,, Monoethanol Amine, Methyl-Di-Ethanol Amine.

INTRODUCTION :

Liquid flow on spherical packing has been data, only for small flow rates and in the absence
analyzed by several investigators [1,2]. Their of shear stress on the surface of liquid film
results are in good agreement with experimental (Fig. 1).

* Corresponding author
1021-9986/93/2/85 6/%/2.60

85



Iran. J. Chem. & Chem. Eng.

Jahanmiri, A H., Eghbalpoor,A.

2.8 a Exp. dota
2.6 —  Lswisar model

P2

08
e BN EEEE X E AR
' - Liquid flow rate (mL/) ‘

Figl:ﬁuﬁddaﬂmw-apﬁrm;whm
2] '

By using the two- film theory of Lewis and
Witman (1924) concentration profiles for the

two components- diffusing (A) and reacting (B)- .

have been obtained in laminar flow and in a
wide range of reaction rates [3].

In turbulent flow, since the momentum and
mass transfer are mostly affected by eddies, eddy
viscosity and diffusivity are encountered.
Lamourelle and Sandall [4) treated mass transfer
near a free surface in term of eddy diffusivity for

gas absorption of different gases in a wetted wall '

column. They found that the eddy diffusivity in
the vicinity of the free surface may be expressed
as: ‘

D, = 7.9 x:107% Re! ™ (y, — y)? KR

Jahanmiri [5] analyzed liquid film flow over
sphere and by measuring the liquid hold- up he
found that the eddy viscosity is given by: ..

v,=78 x 107 Re*Z(y, -y)? (2

Where :

=49
Re = 2 RoSmo @)
Hydmdynamm :

If we consider similarand parallel processes

for momentum transfer between molecules and

eddies, the total shear stress may be written in
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terms of Newton’s law viscosity:
du

= —{u + —_— 4

=k “')ay “4)

The turbulent viscosity is the main difficulty
» M, ,insuch studies Solving the momentum

. equation by using Eq. (2) the velocity

distribution is obtained as:

. L. T.
- YO -—l yo = y
- gsind pgsind + 1
u : [ _Z tan~! ( _—l’_ ) 5
a a
ot
Ln ( " 2)] &)
; + (Yo - Y)
where :
T % ,a=178x10°Re??  (6)

7; is the shear stress on liquid surface due to gas

-motion. (Fig. 2) .

Fig. 2: qumdfbwonasphm

Physical Absomtwu
Considering an element of the liquid film
between two streamlines, the species, mass

balance gives (R>> y ): (Fig. 3)

1 3 5 o
Rsmﬂﬂyao( my)+_(DT_)_'O(7)
And the continuity for the clement gives : -
d . ‘ .
7 (sn®y) =0 ... (8
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Fig. 3 : Representation of a lguid element

Then :
v oC 3 aC
—EE-+-5;(DT?)—0 )
Where C is the concentration of the desired
component and Dy is the total diffusivity. The
basic assumptions are:
1- Steady state condition.
2- Neglecting molecuiar diffusion compared to
convection in the flow direction.
3- Liquid film thickness is small compared to

radius of sphere. (y << R)

Fig. 4 : Liquid flow on a packing of spherical particles
Chemical Absorption :
Two cases are considered:

1- Fast Chemical Reaction. CO, absorption
with MEA is considered. The reaction is [6):

COL(g) + m‘(l) —~——~ Products

Considering a second order reaction,
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Rate = ~K, . Cep, - Cppa

The rate constant for the reaction has
obtained as [6]:

Log,,(K,) = 10.99 - 2152T,
[K; in (m*Kmolsec)], T’K

2- Slow Chemical Reaction. CO, absorption
-with MDEA solution is considered along
with Its reaction rate and rate constant as:

CO,(g) + MDEA(1) ———- Products

Rate = —K... Cep, - Cupea
K'r = 1.02x10° exp (—4808/T) , T’K

By using species mass, balance for the
diffusing and reacting components on a liquid
element (Fig. 3) together with the continuity
equation, the following partial differential
equations are obtained:

@, 2 )~ K C,C50

"Rty
V% 3 00 0
"R@ TyPny )"KrCACu"?“)

1f the concentration of components(A) and
(B) are assumed to be small, then the average
values of C, and Cy (Time - Smoothing Values)
may be used [7]. '

Boundary Conditions : 7
The initial and boundary conditions for the
reacting component (B) are:
0=0, , CGg=GCy, , O0sysy,
y=0, "_;:yn_ =0 noavolatile comp. §, < 0 < 8,
Y=Ys» -‘%- =0 impermeable wall §, <0 <4,

while for the diffusing component(A),.the condi- ~
tions are: - . . ‘ ' C

=6, C,=C, O0Osysy, -

87 °
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Y=Y, , 3‘%& = 0 impermeable wall 8, < 0 < 0, centration is at gas- liquid interface.
When reaction occurs in liquid film, rate of
y=0,C, = CA, » 8,508, gas absorption is much more than that of pure
absorption. Fig. 8 shows a comparison of results
where, C, = % » H Henry’s constant, P, Gas for these two cases for a second order chemical
pressure reaction.
025
Solution of Differential Equations :
In order to find concentration profiles of the 02
components A and B inliquid film and the %0_15_
rate of gas absorption, the system of partial dif- : m
ferential Egs. (10) and (11) must simultaneously % 0.
be solved. Finite difference method with an 2
iteration procedure have been used. Number of 0.05f
nodes in y and 8- direction were choosen in

relation to computer capacity and sensitivity of 0 01 02 03 04 05 06 07
the results. 'Ihickncé, mm
Fig. 6 : Velocity profile in liguid film for Q=3 mL/sec
RESULTS AND DISCUSSION :
Hydrodynamics : 0.07 0.07
Velocity distribution in the liquid film for 0.06} 10.06

7,=0 at two different angles are shown in Figs. 5 % 0.05| 40.05
and 6. Note that velocity is zero on surface of § 0.04} loos
sphere and is maximum in gas- liquid interface. < 003l m loos

Generally, when Reynold’s number risgs, turbu-

g
lency is increased. Therefore, velocity gradient § 0.02¢ 10.02
near gas- liquid interface is decreased. 0.01} do.01
0
0.25 00 o0s o068 02 016
Thjclmess, mm
0.2+
Fig. 7 : Concentration profile for diffusing component in
'20.15- pure gas absorption for Q=3 mL/sec
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Fig. 5 ; Velocity profile in liquid film for Q=3 mL/sec 220'
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In case of p 3.rsml. absorption, Eq. (9) ca{1 Deg. trom top
solved for the diffusing component (A). Fig. 7
shows the steady state concentration profile of Fig. 8 : Physical and chemical absorption in flow direc-
diffusing component. Note that maximum con- tion for Om3 mlL/sec
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Concentration profiles of components
(A)and (B) in the liquid film at different angles
from top of sphere for fast and slow reactions,
are shown in the Figs. 9, 10 and 11.

[—Tetn=862 Deg (A) +-Tetmmsaz De;,(B)l
% 66s 0 oz ois 02
‘Thickness, mm

Fig. 9 : Concentration profiles for (A) and (B) for fast
second order reaction for =3 mL/sec
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Fig. 10 : Concentration profiles for (A) and (B) for fast
second order reaction for (=12 ml./sec
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Fig. 11 : Concentration profiles for (A) and (B) for siow
second onder reaction for (=10 mL/sec
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When liquid with initial concentration of Cy,
is poured from top of series of spheres, and is
contacted with an absorbing gas (A), t/he gas is
absorbed gradually and it’s concentration is
increased in liquid film from top to bottom of
each sphere. The reaction causes a decrease in
the concentration of "B" simultaneously. Fig. 12
shows the amount of gas (A) absorbed and reac-
tant (B) consumed with respect to number of
spheres.

| —= (A} Absarbed ~+—(B) Rﬂﬂd—l

612345 6 78 91011121314 1516
Sphcreuumber .

Fig. 12 : Amount of (A) absorbed and amount of (B)
" consumed with respect to aumber of spheres for
Q=12mlL/sec and for fast second order reaction.

CONCLUSIONS :

In absorption by a packing of spherical par-
ticles, the area of the liquid film increases from
top.to equator and decreases to bottom of each
sphere, then the rate of gas absorption shows a
peak at =90 which is confirmed by the simula-
tion results (Fig. 8).

The simulation results also show that the
increasing of turbulency in the liquid film,
increases the rate of gas absorption, which
causes a thinner reaction zone near the liquid
surface (Figs. 9 and 10). Therefore, the higher
the radial mixing in the liquid film, the higher
the rate of gas absorpion.

Physical and Chemical Data :

Packing radius = 0.0185 m
Liquid viscosity = 9.825x 10~ Kg/m.sec
Liquid density = 1000 Kg/m®
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Gas pressure = 1.009 atm R Packing radius m
~ Henry’s constant for CO, = 17.263 atm.m*/Kmol u  Velocity m/sec
Rod radius = 0.0015 m ) Angle from top rad
Temperature = : 10 °C y Distance to free surface m
Diffusion coef. for (A) = 1.46%10™° m?pec Yo  Liquid film thickness- m
Diffusion coef. for MEA =  4.92x10™% m?%jsec é Liquid density Kg/m®
Diffusion coef for MDEA = 7.04x107'® m?ksec #  Liquid viscosity Kg/m.sec
Rate constant for CO, , MEA = 9, Initial gas absorption angle rad
2430.86 m*/Kmol.sec & Final gas absorption angle rad
Rate constant for CO, , MDEA = 2 Kinematic viscosity mzlsec
4.2677 m*Kmol.sec Re  Reynold’s number m?/sec

Initial condition for fast reaction

Initial cond. of (B) = 0.1 mols/Lit REFERENCES :

Initial condition for slow reaction
Initial conc. of (B) = 0.05 mols/Lit
Initial conc. of (A) = 0.0015 mols/Lit

. Number of nodes in r- direction : 201

Number of nodes in & direction ; 601

Nomenclatures :

C Concentration in liquid phase  mols/Lit
D Diffusion coefficient m?sec
['4 Gravity acceleration 9.81 m%sec
H  Henry's constant atm.m>/Kmol
X,.K'; Rate constant  m*/Kmol.sec
Pa Pressure of absorbing gas atm
Q  Liquid volumetric flow rate m*fsec
r Distance to sphere centre in liquid film m
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