
The Tanks-In-Series Model 

 

Chapter 14 



• This model can be used whenever the 
dispersion model is used and for not too large 
a deviation from plug flow both models give 
identical results for all practical purposes.  

• The dispersion model has the advantage in 
that all correlations for flow in real reactors 
invariably use that model.  

• On the other hand the tanks-in-series model is 
simple, can be used with any kinetics, and it 
can be extended without too much difficulty 
to any arrangement of compartments, with or 
without recycle. 



PULSE RESPONSE EXPERIMENTS AND 
THE RTD 



For the first tank  

• Consider a steady flow γ m3/s of fluid into and out of the 

• First of these ideal mixed flow units of volume V1.  

• At time t = 0 inject a pulse of tracer into the vessel which 

when evenly distributed in the vessel (and it is) has a 

concentration C0 . 

• At any time t after the tracer is introduced make a material 

balance, thus 



• It allows you to find the E curve; so one may write 

For the second tank : where C1 enters, C2 leaves, a material balance 

gives 

  

Separating gives a first-order differential equation, which when 

integrated gives 

The RTD's, means 

and variances, both in 

time and 

dimensionless time 



• Graphically these equations are shown 



Properties of the RTD curve for the 

tanks-in-series model 



Comments and Extensions 

Independence. If M tanks are connected to N more tanks (all of the 

same size) then the individual means and variances (in ordinary time 

units) are additive 

Because of this property we can join incoming streams with recycle streams. 

Thus this model becomes useful for treating recirculating systems 

 

One-shot Tracer Input. If we introduce any one-shot tracer input into N 

tanks, 



Closed Recirculation System 

• If we introduce a   signal into an N stage system,as shown in Fig. 

the recorder will measure tracer as it flows by the first time,  

• the second time, and so on. In other words it measures tracer which 

has passed through N tanks, 2N tanks, and so on. In fact it 

measures the superposition of all these signals 

  



Recirculation with Throughflow 

• For relatively rapid recirculation compared to throughflow, the 

system as a whole acts as one large stirred tank;  

• hence, the observed tracer signal is simply the superposition of the 

recirculation pattern and the exponential decay of an ideal stirred 

tank.  

where Co is the concentration of tracer if it is evenly distributed in the 
system 



• This form of curve is encountered in closed recirculation systems in 

which tracer is broken down and removed by a first-order process, 

or in systems using radioactive tracer.  

• Drug injection on living organisms give this sort of superposition 

because the drug is constantly being eliminated by the organism. 

 

 
Step Response Experiments and the F Curve The output F curve from 

a series of N ideal stirred tanks is 



The F curve for the tanks-in-series model 



CHEMICAL CONVERSION 

• Thus for first-order reactions in one tank 

for N tanks in series 

(large N) comparison with plug flow 

gives 



All Other Reaction Kinetics of Microfluids 

• Either solve the mixed flow equation for tank after tank 

 

Graphical method of evaluating the performance of N tanks in series for 

any kinetics. 



Chemical Conversion of Macrofluids 
• There is rare use for macrofluid equations for homogeneous 

reactions 

• There is rare use for macrofluid equations for homogeneous 

reactions 

MODIFICATIONS TO A WINERY 



sketches the problem. Let the number of bottles, the spread, be related 

to σ. 

But for small deviations from plug flow, from Eq 



FLOW MODELS FROM RTD CURVES 
• Let us develop a tanks-in-series model to fit the RTD shown in Fig 

• As a first approximation, assume that 

all the tracer curves are ideal pulses.  

• We will later relax this assumption. 

• Next notice that the first pulse appears 

early. 

• This suggests a model as shown in Fig 



• where v = 1 and V1 + V2 +V3 = 1. 

• In Chapter 12 we see the characteristics of this model, so let us fit it. 

• Also it should be mentioned that we have a number of approaches. 

Here is one: 

• Look at the ratio of areas of the first two peaks 

 

 

• From the location of the first peak 

 

 

• From the time between peaks 

 

 

 

• Since V1 + V2 add up to 1, there is no dead volume, so at this point 

our model reduces to Fig. Now relax the plug flow assumption and 

adopt the tanks-in-series model. From Fig.  



So our model finally is shown in Fig.  



FINDING THE VESSEL E CURVE USING A SLOPPY TRACER INPUT 

Given Cin and Cout as well as the location and spread of these tracer 

curves, as shown in Fig estimate the vessel E curve.  

We suspect that the tanks-in series model reasonably represents the flow 

in the vessel. 



For N tanks-in-series we have 

and for N = 4 

the shape of this E curve. 

Formula  



























 


