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Residence Time Distribution (RTD)
Significance of Mixing

o RTD provides information on how long material has been in the reactor
o RTD does not provide information about the exchange of matter within 

the reactor (i.e., mixing)!

o For a 1st order reaction:

Concentration does not affect the rate of conversion, 
so RTD is sufficient to predict conversion

o But concentration does affect conversion in other (non-linear) scenarios, 
so we need to know the degree of mixing in the reactor 

 Macromixing: produces a distribution of residence times without 
specifying how molecules of different age encounter each other and are 
distributed inside of the reactor

 Micromixing: describes how molecules of different residence time 
encounter each other in the reactor
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Residence Time Distribution (RTD)
Quality of Mixing

 RTDs alone 
are not sufficient to determine reactor performance

 Quality of mixing is also required

Goal: Use RTD and micromixing models to predict conversion 
in real reactors

2 Extremes of Fluid Mixing

Maximum mixedness: 
molecules are free to move 
anywhere, like a microfluid.  
This is the extreme case of 
early mixing
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Residence Time Distribution (RTD)
Quality of Mixing

 RTDs alone 
are not sufficient to determine reactor performance

 Quality of mixing is also required
Goal: Use RTD and micromixing models to predict conversion 
in real reactors

2 Extremes of Fluid Mixing

Complete segregation: 
molecules of a given age do 
not mix with other globules.  
This is the extreme case of 
late mixing
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Advantages [and Responsibilities] of ...
Hands-on/Active Learning

I hear and I forget, 
I see and I remember, 

I do and I understand!

Confucius 
(551-479 BCE)
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Reactor Performance 
Da =   8.0

xA(CSTR)  =   0.703
xA(PFR)    =   0.889
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Residence Time Distribution (RTD)
Predicting Reactor Performance
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Real Reactor
Ideal CSTR
Ideal PFR

Kinetic Data: 
n = 2.0 
k =  1.20 
CAo =  1.00

Tau = <t> =  5.13 
i.e.  Da =  6.15 

Reactor Performance 
xA(CSTR)  =   0.670 
xA(PFR)    =   0.860

Residence Time Distribution (RTD)
Predicting Reactor Performance
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Reactor Performance 
Da =   8.0

xA(CSTR)  =   0.703
xA(PFR)    =   0.889

xA(MACRO) =  ?
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Residence Time Distribution (RTD)
Segregation Model
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9 Kinetic Data: 
n = 2.0 
k =  1.20 
CAo =  1.00

RTD Analysis
Tau = <t> =  5.13 
i.e.  Da =  6.15 

Reactor Performance 
xA(CSTR)  =   0.670 
xA(PFR)    =   0.860
xA(MACRO) =  ?

Residence Time Distribution (RTD)
Segregation Model
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CHE 504 Advanced [ChE] Reactor Design
Open for Questions … ?


