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• 13.1 Axial Dispersion

• Suppose an ideal pulse of tracer is 

introduced into the fluid entering a vessel. 

The pulse spreads as it passes through the 

vessel, and to characterize the spreading 

according to this model, we assume a 

diffusion-like process to distinguish it from 

molecular diffusion.

Chapter 13

The Dispersion Model 
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Define dispersion coefficient D [m2/s]

and a dimensionless group D/(uL) for 

describing the dispersion.
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To characterize dispersion, two 

variables  should be measured
2  varianceand  passage of Mean time t
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The variance
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• Consider plug flow of a fluid, on top of 

which is superimposed some degree of 

backmixing, the magnitude of which is 

independent of position within the vessel.
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• For molecular diffusion, the Fick’s law

• For dispersion model

• In dimensionless form:
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• For small extents of dispersion, D/uL<0.01
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Gaussian 

curve or 

Normal 

curve
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• D/uL is the only parameter of this curve.

• If we know D/uL, we can draw a curve, on 

the contrary, we can get D/uL by the 

experimental curve.
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• The additivity of variances
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Large deviation from plug flow, D/uL>0.01 

Boundary condition



12

Closed vessel

There is no 

analytic 

solution for F 

and E.
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Open vessel

( )
( )
( )

( )

determinedally Experiment

  8        

exp    exp

2









+==








+=+==













 −
−=












 −
−=

uL

D

uL

D
2

tuL

D
21

v

V
t

uL

D
21

t

t

Dt4

utL

Dt4

u
E

D/uL4

θ1

D/uLπ4

1
E

2

2

too2

ooEoo
Eoo

Eoo

2

too

2

θoo










14

( )

( )
( )
( ) ( )

( )
( )

( ) ( )

2

2

2

222

3

2

223

22

82    82  2   2

21    21 1      

4
exp

4/4
exp

4

4

1
exp

4

1

4

1
exp

4

1

conditionopen -opendivision largedeviation small









+=






















+===

+=







+===













 −
−=













 −
−=













 −
−=













 −
−=

uL

D

uL

D

uL

D

uL

D
t

uL

D

u

DL
σ

uL

D

uL

D

v

V
t

v

V
t

Dt

utL

Dt

u
E

uDL

utL

DL

u
E

D/uL

θ

D/uLπ
E

D/uL

θ

D/uLπ
E

ootoot

EooEooEE

toot

θooθ

 







Difference between small and large deviation from plug flow
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Close vessels
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Discussion

For small D/uL, all boundary condition 

fitted.

Suitable range of D/uL

Suitability of the model
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Step input of tracer

Small deviation from plug flow D/uL<0.01 
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Because it is a gaussian curve when the  

deviation is small from plug flow, we can 

use the properties of a gaussian (normal) 

curve to find D/uL
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Probability 

Paper for 

Gaussian 

(normal) 

Curve
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Large deviation from plug flow D/uL>0.01 
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Choose a right kind of injection way
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• Example--Rotating Packed Bed 

Probes

Liquid nozzles

Rotating direction

Tracer in

5.02 
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13.2 Correlations 

for axial dispersion

• The matter of D

• D/uL is a product of two terms
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13.3 Chemical reaction

and dispersion

• Consider a steady-flow chemical reactor of 

length which fluid is flowing at a constant 

velocity u, and in which material is mixed 

axially with a dispersion coefficient D. Let 

an nth-order reaction be occurring

n

AA kC-r =→     ProductsA
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solved. be couldequation  the

orderreaction  specified
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Recycle reactor

N equal-size 

mixed reactors
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See  Example 11.4
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