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Residence time distribution
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State of aggregation of the flowing stream
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Early and late mixing
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E Curve
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Different type of tracer input
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Pulse experiment
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Step experiment
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F Curve
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E vs F curve
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A large tank (860 liters) is used as a gas-liquid contactor. Gas bubbles up through the vessel and out the 

top, liquid flows in at one part and out the other at 5 liters/s. To get an idea of the flow pattern of liquid 

in this tank a pulse of tracer (M = 150 gm) is injected at the liquid inlet and measured at the outlet, as 

shown in Fig. E11.2a.

(a) Is this a properly done experiment?

(b) If so, find the liquid fraction in the vessel.

(c) Determine the E curve for the liquid.

(d) Qualitatively what do you think is happening in the vessel?
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The Convolution Integral
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The Convolution Integral
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Conversion in nonideal flow reactors
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Dispersion model (small deviation from PFR)

Diffusion-like process superimposed on plug flow. This is known as  

dispersion or longitudinal dispersion to distinguish it from molecular 

diffusion. The dispersion coefficient D (m2/s) represents this 

spreading process. Thus, large D means rapid spreading of the tracer 

curve, small D means slow spreading and D = 0 means no spreading, 

hence plug flow
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For molecular diffusion in the x-direction the governing differential 

equation is given by Fick's law:
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Dispersion model for small extents of Dispersion,(D/uL<0.01)
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Dispersion model for small extents of Dispersion,(D/uL<0.01)
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Dispersion model for small extents of Dispersion,(D/uL<0.01)

• The additivity of times is expected, but the additivity of variance is not 

generally expected. This is a useful property since it allows us to subtract 

for the distortion of the measured curve caused by input lines, long 

measuring leads, etc.

• This additivity property of variances also allows us to treat any one-shot 

tracer input, no matter what its shape, and to extract from it the variance of 

the E curve of the vessel.
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Dispersion model for small extents of Dispersion,(D/uL<0.01)

Thus, no matter what the shape of the input curve, the D/uL value for 

the vessel can be found.
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Dispersion model for large deviation from PFR flow,(D/uL>0.01)
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Dispersion model for large deviation from PFR flow,(D/uL>0.01)
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Dispersion model for large deviation from PFR flow,(D/uL>0.01)



Debasree Ghosh,  Lecture notes CRE I on, Module V: Non-ideal Flow

Dispersion model for small deviation from PFR flow,(D/uL<0.01)
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Dispersion model for small deviation from PFR flow,(D/uL<0.01)
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Dispersion model for large deviation from PFR flow,(D/uL>0.01)
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CHEMICAL REACTION AND DISPERSION
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CHEMICAL REACTION AND DISPERSION
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CHEMICAL REACTION AND DISPERSION
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CHEMICAL REACTION AND DISPERSION
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CHEMICAL REACTION AND DISPERSION
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THE TANKS-IN-SERIES MODEL



Debasree Ghosh,  Lecture notes CRE I on, Module V: Non-ideal Flow

THE TANKS-IN-SERIES MODEL
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THE TANKS-IN-SERIES MODEL
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THE TANKS-IN-SERIES MODEL
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