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Steadv-State Molecular Diffusion

This part is an applicadon to the general differemtial egoaton of mass transfer. The
ohjective is to solve the differential squation of mas: mansfer wnder steady state
conditiens at different conditons (chemsical reacton. one dimensiomal or moTs et ).

Two approaches will be us=d to simplify the differential equations of mass ransfer:

1. Fick's equaton and the peneral differential equation for mass mansfer can be
simplified by eliminating the terms that do wot apply o the physical stfoation.

1. A material balance can be performed on a differential vobmme element of the commal
vohmue for mass Tansfer

Dine dimensional mass iransfer imdependent of chemical reacton

The diffosion coefficient or mass diffosivity for a gas may be expenimentally measursd in
an Amald diffosien cell. This cell &5 illestrated schematically in Figore 1. The narmow
tobe, which is partially filled with pure liquid A, is mainfaired af a cons@nt fempeTauTe
and pressurs. Gas B, which fows acwoss the open end of the mbe, has a oegligibles
solobility m Louid A and is alse chemically ment to 4 Component 4 waporizes and
diffuses meo the gas phase; the rate of vaporization may be physically measored and may
also be mathematically expressed in terms of the malar passs flus
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Fig. I, Amol diffosion call
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Required: to get the flux and concentration profile for this system
1. Steady stafe conditions
2. Unidirsctional mass wansfer in z direction
3. Mo chemiral reaction aocur

The zeneral diffsrential equaton for mass mansfer i given by

de
v.h,+ ﬁ“- =10

In rectangolar codrdinates this equation is

8 5 8 _ B
Broas T gy Nt g tas gy

Apply the above assumpiions to this equation:
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It means that the molar flux of A is constant over the enfire diffusion path from =, w =,.

The molar flux is defined by the squation:

dy
N, = _EDAET;+ YailNy + Ny

According o the conditions of the system (B is msoluble and chemically et i A)
=~ Ny =0
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||'|r_._ =

To get the fux N, the above equation bas to be infeprated between =, and =, by using the
houndary conditions:

Page 2 of 4



SNS COLLEGE OF TECHNOLOGY, coIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING, 19MEB302/ Heat and Mass Transfer —

UNIT V - MASS TRANSFER
Topic - Steady state Molecular Diffusion

MI=: Yi=Ju
M=, Yi=la
r Yig i.‘-‘-‘l
N,| di=el f -—
AJ:-, ° ¥l 1- Y
N, - Dy . (L=Ye) 0

L-5 (=Y
The above equaton (equation 1) &5 commoaly refemed to 25 equations for steady-state
duffusion of one 2as through 2 second non diffusing 2as ar stagmant 2

Absarption and humudification are typical operadons defimed by this two equation.

G002 Lmpariant nofss;

Concentration for 22s phase:

Total concenmtion: ¢ =— Conreatmation of A ¢, =
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Parmals 1.
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