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Heat effects in 
chemical reactors 

• Most reactions are not carried out isothermally 

• Temperature varies along PFR or heat is removed from CSTR 

 

 

Exothermic reaction carried out adiabatically 
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RECALL!! Mole balance (design equation): 



ALGORITHM – eg: PFR 
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How we find the solution??? 

 We need to relate the conversion (X) to temperature (T) to solve the 

equation. 

 This is accomplished by energy balance 
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  We can now form a table like we did in Chapter 2. 
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THE ENERGY BALANCE 

   Application of 1st Law of Thermodynamic 

 

– CLOSED system:  

 

 

 

 

   where E = energy of the system, Q = heat flow to the 

system, and W = work done by the system 

 

– OPEN system: Continuous-flow reactors 
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Energy balance on an open system 
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Work term, W 

Flow work: mass 
into and out of 

the system 

Shaft work: 
stirrer (CSTR) or 

turbine (PFR) 
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NONISOTHERMAL 
REACTOR 

often negligible 

Ei, Energy: 

Hi, Enthalpy (J/mol) or (Btu/Ibmol) or (cal/mol): 
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Energy Balance: Non Steady state  
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Energy Balance: Steady state  
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STEADY STATE ENERGY BALANCE 
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Inlet & Outlet: 

Molar flow rate in terms of conversion: 



Inlet - Outlet: 
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ENTHALPIES, H 
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T reference, 25°C 

Can be found from handbook 
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Therefore: 
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Enthalpy of each species: 
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Simplified: 



• Reactions in industry are frequently carried out adiabatically with 

heating and cooling provided either upstream or downstream. 

• No heat is gained or lost by the system 

 

 

 

 

 

• Relationship between X and T for adiabatic exothermic reactions: 

• XEB = conversion from the energy balance  

 

 

ADIABATIC OPERATION 
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•  Energy balance for adiabatic operation of PFR: 

 

 

 

 

 

 

 

• If pure A enters and ∆CP = 0, then: 
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ALGORITHM- Adiabatic PFR (reversible GAS 
phase), no Pressure drop 
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Stoichiometry (gas phase):  3 
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Pure A, ∆CP=0:  
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SOLVE:  6 i Set X = 0 

ii Calculate T using: 
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iii Calculate k using: 

iv Calculate KC using: 

v Calculate T0/T (gas phase) 

vi Calculate –rA using: 

vii Calculate FA0/-rA 

viii If X is less than the X3 specified, increment X () and go 

to Step 2 

ix Prepare table of X vs (FA0/-rA ) 
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x Use numerical integration formulas (Simpson’s 

rule) or graphical method (Levenspiel plot) 



ALGORITHM- Adiabatic CSTR (LIQUID phase) 
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       Given T 
       Find X and V 
 
 

       Given X 
       Find T and V 
 

Solution:  
Calc T    cal k    calc KC    calc -rA    calc V  

Solution:  
Calc k    cal KC    calc X    calc -rA    calc V  

       Given V 
       Find X at T 
 

Solution:  
Plot XEB vs. T and XMB vs. T on the same graph 
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Energy Balance, Pure A, 

Q=0, W=0, ∆CP=0:  
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Energy Balance, More than 1 

reactant including inert, 

Q=0, W=0, ∆CP=0:  
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Exothermic ΔH is negative 

Endothermic ΔH is positive  



ALGORITHM- for HEAT EFFECTS-PFR/PBR/CSTR 
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X as the reaction variable  F as the reaction variable   
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REVERSIBLE REACTION 
 

•  Determination of the maximum conversion, XEB  

                                    Exothermic                          Endothermic           

Adiabatic temperature 
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Evaluating the Heat Exchanger Term 

Since the coolant flow rate is high, Ta is constant:  )( TTUAQ a
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Multiple Reactions with Heat Effects 

PFR: 
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j = Species 
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