
Short Cut Methods: 

In the design of distillation columns, it is important to know two very important limiting 
conditions: 

 

Minimum Reflux Ratio (Rmin) : Corresponding to infinite number of plates 

Minimum Number of Plates (Nmin) : Corresponding to total reflux 

Since the actual operation lies between those two conditions. 

 

Those two conditions may be estimated by short cut methods which can then be used to obtain 
reasonable approximations of the actual operating conditions based on them. 

 

Fenske′s Method →Nmin                          

Underwood Method → Rmin→Ropt }
Gilliland Correlation 
→                  NP 

 
Minimum Reflux Ratio (Rmin): Undrerwood’s Method 

 

This condition occurs for infinite number of stages. The following equation can be developed 
based on material and equilibrium relations: 
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Minimum Number of Plates: Fenske’s Method 

This situation occurs under conditions of total reflux where the operating lines coincide with the 
45o line. The following equation can be developed based on material and equilibrium relations: 
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Notes:  

1. Nmin does not depend on feed composition. It depends on the degree of separation of the 
two key components I and j and their relative volatilities. 

2. A single stage separation corresponds to Nmin +1 = 1 
3. If 𝛼𝑖𝑗 is not constant, take an average value. Geometric average in the case of Nmin. 
4. For binary separation   i is the mvc and j is the lvc  
5. For multicomponent separation   i is the lkc and j is the hkc 

 

 

Gilliland Correlation: Number of Theoretical Plates: 
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Feed Tray Location: 

Apply Fenske’s correlation with 𝑥𝐵𝑘′𝑠 replaced by feed compositions: 

(𝑁𝑚𝑖𝑛)𝑎𝑏𝑜𝑣𝑒 𝑓𝑒𝑒𝑑 =  
𝑙𝑜𝑔 [ 𝑥𝐷𝑖𝑥𝐷𝑗
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The ratio between stages above the feed to the total stages predicts the percentage of all trays that 
should be located above the feed point. 
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