
Unsteady-State diffusion in 
Various Geometries

• Analytical method

• Chart method 

• The techniques of solution are similar to transient 
or unsteady-state heat transfer by conduction.

• We are going to derive the solution for unsteady-
state diffusion in the x direction for a plate of 
thickness 2x1



Conditions of the problem
• The initial profile of the concentration in the plate 

at t = 0 is uniform at c = c0 for all x values, as shown 
in Fig. 1. 

• At time t = 0, the concentration of the fluid in the 
environment outside is suddenly changed to c1. 

• For a very high mass-transfer coefficient outside 
the surface, resistance will be negligible and the 
concentration at the surface 

will be equal to that in the 

fluid, which is c1.

Fig. 1

Diffusion in a flat plate with negligible 
surface resistance “Analytical method”
• One-dimensional Unsteady-state Diffusion

For  a very high mass-transfer 
coefficient  outside the surface,  
resistance will be negligible and the 
concentration at the surface  will be 
equal to that in the fluid which is c1.

Define

…………………..(A)



Note: The solution of Eq. (A) is an infinite Fourier series and is identical 

to the solution of the conduction 1-D heat transfer.



Unsteady-State Diffusion in Various 
Geometries- Chart Method

• Convection and boundary conditions at the 
surface. 

In many cases when a fluid is outside the solid, 
convective mass transfer is occurring at the surface. 
A convective mass-transfer coefficient kc , similar to a 
convective heat-transfer coefficient, is defined as 
follows:

Next lectures.

Different Conditions of mass transfer coefficients.

Case a where a mass-
transfer coefficient is 
present at the boundary 
is shown. The 
concentration drop 
across the fluid is cL1 – cLi. 
The concentration in the 
solid ci at the surface is in 
equilibrium with cLi.

Note: for case a, the concentration cLi in the liquid adjacent to the solid and ci in the 

solid at the surface are in equilibrium and are equal.

Unlike heat transfer, where the temperatures are equal, the concentrations here are in 

equilibrium and are related by                 where K is the equilibrium distribution 

coefficient (similar to henry’s Law             coefficient for gas and liquid). K for case a = 1. 



Summary for 
all cases

Charts for Diffusion

See Geankoplis text 
Book for these 

charts



Unsteady-state heal conducted in a semi-
infinite solid with Surface convection

Figure 5.3-3.

One-dimensional Unsteady-state Diffusion _ Chart Method

• For a flat plate:

Table A

Figure 5.3.5



For a flat plate 

Figure 5.3.6

Chart for determining concentration at the center of a large 
flat plate for unsteady state diffusion

One-dimensional 
Unsteady-state Diffusion

For a long cylinder

Figure 5.3.7



For a long cylinder {Center point}

Figure 5.3.7

One-dimensional 
Unsteady-state Diffusion

• For a sphere

Figure 5.3.9



For a sphere

Figure 5.3.10

{Center point}


