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Diffusion through a varying cross-
sectional area

• In some cases, the area A may vary. Then, it is 
convenient to define NA as:

• Examples

Constant  at 
steady state 

condition 

Stagnant medium B
“air”

 Combustion of spherical solid particle of 
carbon



Diffusion from a sphere

• But as given before

Or

• Rearranging and integration

• Since r2  r1,  1/r20 , hence previous eq. 
becomes

• Or 



Note

Time for complete evaporation or 
dissolution of the sphere is:



Example 1

• Evaporation of a Naphthalene Sphere

Solution



Solution 
Data

From tables
 = 1140 kg/m3

MA = 128 g/mol



T DAB

From the given table we can 
conclude, 



Diffusivity measurement

Material balance: ( cav at equilibrium can be calculated using initial composition at t = 0.)

….(a)

…(b)

…(c)



Material balance: (at any time t as the previous material balance)

From eq. (d) find c1 then substitute it in eq. (b) on rearrangement, integration 
between t = 0 and t = t, we get 

…(d)

…(e)

Note
From this eq. (e) we can obtain the diffusivity coefficient DAB, where  
C2 is found by sampling.

Based on Boltzmann's kinetic theory of gases, the theorem of 
corresponding states, and a suitable intermolecular energy 
potential function.



atm

The schmidt number of a gas mixture of dilute A in B is 
dimensionless and defined as

3.



Example 2: Estimation of diffusivity of a 
gas mixture




