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Definition of convective mass transfer:

The transport of material between a boundary surface and a moving fluid or between two
immiscible moving fluids separated by a mobile interface

Convection is divided into two

types: 2. Natural convection

1. Forced convection

Forced convection:
In this type the fluid moves under the influence of an external force (pressure difference) as in the
case of transfer of liquids by pumps and gases by compressors.

Natural convection:

Natural convection currents develop if there is any variation in density within the fluid phase.
The density variation may be due to temperature differences or to relatively large concentration
differences.

The rate equation:
The rate equation for convective mass transfer (either forced or natural) is:

NA is the molar-mass flux of species A, measured
relative to fixed spatial coordinates

kc is the convective mass-transfer coefficient

AcA is the concentration difference between the

boundary surface concentration and the
average concentration of the diffusing species
in the moving fluid stream

When a medium deficient in a component flows over a medium having an abundance of the component, then the
component will diffuse into the flowing medium. Diffusion in the opposite direction will occur if the mass
concentration levels of the component are interchanged. In this case a boundary layer develops and at the
interface mass transfer occurs by molecular diffusion (In heat flow at the interface, heat transfer is by
conduction). Velocity boundary layer is used to determine wall friction. Thermal boundary layer is

used to determine convective heat transfer. Similarly concentration boundary layer is used to

determine convective mass transfer.

flow of a mixture of components 4 and B with a specified constant concentration over a surface rich in
component 4. A concentration boundary layer develops. The concentration gradient varies from the surface to
the free stream. At the surface the mass transfer is by diffusion. Convective mass transfer coefficient /m is
defined by the equation, where Ax has a unit of m/s.
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In the above case, if mass flow 15 to be used then
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Smilar to the momentum and energy equanon, the mass concentration equation can be
obtained as below:
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By sumilanity the solutioms for boundary layver thicknesa for comnective mass transfer
can be obtained. This iz sumilar to the heat transfer by analory. In this case, in the place of
Prarndsl number Schmidt number defined by
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In the turhulent region Re = 5 x 105,
B, =,
Sk, =0.0296 Re 25 5c1*
Bh, =0.037 Re,** 519
For flow through tubes,
In the laminar region, Be <= 2000
For uniform wall mass concentration,
Sh=3.66
For umiform wall mass flux
Sh =436
For turbulent region.
5k = 0.023 Re®83 52
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Froblem 1:

In applivine dimenstonal analysis #o explain mass-transfer cosfficient, one must consider
the gesmetry invelved. a varable to explain the flow characteristics of the mowving
siream . and the properties of the mewving soream: Predict the variables that are pecessary
to explain the mass-mansfer coeffcient for a gas someam flowing ower a Har plate and
arrangze thess varizhlss into dimensronless groups.

Solution:

To get the dimensionless groups that will be used e predict the mas:s mansfer cosfficient,
wre will follow the speps of dimensional analysis

1. Tdenify the mmportant variables im the system

The ionpewtant vamables are-L, WV, u, o,

2. List all the problem variables and parameters, along with their dimensioms

Dy A,

Crnanty

Diimenzsonal expression
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The marher of dimensionisss Eroup:
fimensns
‘The munber of dimensioniess sToups

3 = mumber of varables — mumber of findamenial

=§-3=3

3. Cheose a set of reference variables

Choose a set of reference variables. The choice of varables s arbitrary, except that the

following criteria most be sansfed:

¥ The pumber of reference wamables omrst be egqual to the mimiman mmnber of
frpdamental dimensioas in the probism {in thiz casze. three}
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¥ o two raference varables shoald have exactly the same dimensions
¥ All the dimersiops that appear in the problem variables mmst also appear
somewhere o the dmrensions of the reference vanables.
Note: In selection of the reference vamable, my to select the vanable of the simplest
dimenssons
In this case the reference varables will be: L, Vand p

L=L
V=1Lt
p=M/L2

4. Solve the dimensional equations for the dimensions (L. m and ) in terms of the
reference vanables

E=E
t=da/¥
M = pd®

6. Write the dimenzional equations for each of the remaining variables m terms of
the reference variables

M pd - 1)
=rlo = L
e T LN o
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7. The resultng equatons are each 3 dimensonal identity, 5o dividing ome @de by
the other resulis in one dimensionless sronp from each equation
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From equations {1}, (4 and {3}

Ny=IT—=Re
u
q H
N; = =5
T ply
k.d
Ny= T, =5k
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