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1. Reactors 

- Reactors : Batch reactors vs. Continuous-flow reactors 

- Completely stirred tank reactor (CSTR or CMF, Completely mixed flow 

reactor, CFSTR, Continuous flow stirred tank reactor) and Plug-flow reactor 
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1.1 Introduction on Reactor Models 

 

Batch reactor 

- no flow in or out (no transport across the boundary of the reactor) 

- Contents are mixed. 

- may contain a single or multiple fluids (e.g., air and water) 

-  

 

 

Completely stirred tank reactor 

- Generally constant flow in and out 

- Contents are thoroughly mixed (Perfect mixing assumption). 

- Concentration of a species in the effluent is equal to its concentration throughout 

the reactor. 

-  

 

 

 

Plug-flow reactor 

- A tube through which fluid flows 

- Assumptions: (1) The tube has constant cross-section at all axial positions, (2) 

the fluid velocity is uniform over the cross-section of the tube, and (3) no mixing 

in the axial direction of the tube (mass transport occurs only by advection). 

-  

 

 

(1)                     and (2)                                   are the 

most important key concepts for the reactor modeling. 
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1.2 Reactor Material Balances  

 

Material balance equation follows this general form 

 

Accumulation rate = Inflow rate – Outflow rate ± Net transformation rate  

Net transformation rate : gain “+” and loss “-“ 

  

 Inflow rate =    

 Outflow rate =   

 Accumulation rate =  

 

where Qin = flow rates of fluid in [L
3
/T]; 

 Qout = flow rate of fluid out [L
3
/T]; 

 Cin = concentration of species in the inflow [M/L
3
] or [moles/L

3
]; 

 Cout = concentration of the species in the outflow [M/L
3
] or [moles/L

3
]; 

 C = concentration of the species [M/L
3
] or [moles/L

3
]; 

  V = fluid volume [L
3
]; and 

  t = elapsed time [T]. 

 

For general chemical reactions, 

 Net transformation rate =  

where r = net rate of degradation of species concentration due to the reaction 

[M/T,L
3
] or [moles/T,L

3
]. 

 For examples,   

 

 

For flux across fluid interface, 

  Net transformation rate =  

where Jgl = the species flux across the interface area [M/L
2
] or [moles/L

2
]; and 

 A = interface area [L
2
]. 
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Residence time, θθθθ    

Mean residence time of fluid molecule (hydraulic retention time in the water-based 

system) 

  

 

 

Sometimes, more than one material balance equation is needed to describe a 

system. 

 

1.3 Reactor Models 

 

Batch Reactor 

 
( )d C V

 = net transformation rate = r V
dt

⋅
⋅  

 
dC

 = r
dt

 or 
( )d C V

 = J A
dt

⋅
⋅  

  

  

 

 

 

 

 

 



Seoul National University 447.634 Contaminant Transport Analysis 

Department of Civil & Environmental Engineering   
___________________________________________________________________________________________________ 

 

5 

________________________________________________________________________________________ 

Waste Management & Resource 

Recirculation Lab.  http://waste.snu.ac.kr/ 

 

CSTR 

 
( )

in

d C V
 = Q C  - Q C + r V

dt

⋅
⋅ ⋅ ⋅  

Since V = constant 

 ( )in

dC 1
 = C  - C  + r

dt θ
⋅   

where θ = V/Q 

  

If there is no reaction occurred in the reactor (just  

  

  

  

 

 

 

 

Under steady state conditions (dC/ct = 0), a time dependent solution, C(t) is not 

required. For example, a zero order reaction 
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PFR 

 

 

Figure 5.A.12 Schematic of an idealized plug-flow reactor and the control volume 

used for writing a material balance 
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Comparison between CSTR and PFR 
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