
Centrifugal and axial compressors – Useful equations 

Work done on the fluid per unit mass 
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to stagnation states when the process is isentropic. 
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Slip factor (∅𝑠) 
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Work factor or power input factor, 𝜓 =  𝑎𝑐𝑡𝑢𝑎𝑙 𝑤𝑜𝑟𝑘
𝐸𝑢𝑙𝑒𝑟 𝑤𝑜𝑟𝑘

 

𝑪𝒑(𝑻𝟎𝟐 − 𝑻𝟎𝟏) =  𝝍∅𝒔 𝑼𝟐
𝟐, 𝑖𝑓 𝜓 𝑖𝑠 𝑛𝑜𝑡 𝑔𝑖𝑣𝑒𝑛 𝑡ℎ𝑒𝑛 𝑅𝐻𝑆 𝑏𝑒𝑐𝑜𝑚𝑒𝑠 ∅𝑠 𝑈2
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𝐼𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦, 𝜂𝑖𝑠𝑒 =  
𝑖𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑤𝑜𝑟𝑘
𝐴𝑐𝑡𝑢𝑎𝑙 𝑤𝑜𝑟𝑘

=
𝑖𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑡𝑒𝑚𝑝 𝑟𝑖𝑠𝑒
𝐴𝑐𝑡𝑢𝑎𝑙 𝑡𝑒𝑚𝑝 𝑟𝑖𝑠𝑒
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Blade width at the Inlet of diffuser and outlet of impeller are same. 

𝐼𝑓 𝑛 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑙𝑎𝑑𝑒𝑠 𝑎𝑛𝑑 𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑏𝑙𝑎𝑑𝑒,  

𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 = 𝜌1(𝜋𝐷1−𝑛𝑡)𝐵1𝑉𝑓1 

 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡,𝜙𝑝=  
𝑖𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐 𝑤𝑜𝑟𝑘
𝐸𝑢𝑙𝑒𝑟 𝑤𝑜𝑟𝑘

 

𝜙𝑝=  𝜓𝜙𝑠𝜂𝑖𝑠𝑒 



Axial Flow Compressor
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𝐹𝑜𝑟 𝑓𝑖𝑛𝑑𝑖𝑛𝑔 𝑜𝑢𝑡 𝑝𝑜𝑤𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = (𝑉𝑤2 − 𝑉𝑤1)𝑈 ∗
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𝑇0𝑓 = 𝐹𝑖𝑛𝑎𝑙 𝑠𝑡𝑎𝑔𝑛𝑎𝑡𝑖𝑜𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒,𝑇0𝑖 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑡𝑎𝑔𝑛𝑎𝑡𝑖𝑜𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 

𝑉𝑤2 =  𝑉𝑓2 tan𝛽,   𝑉𝑤1 =  𝑉𝑓1 𝑡𝑎𝑛  𝛼 

𝑊
𝑚

= (𝑉𝑤2 − 𝑉𝑤1)𝑈 = 𝑈𝑉𝑓(tan𝛽 − tan𝛼) 
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𝜂𝑖𝑠𝑒 =  
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𝑫𝒆𝒈𝒓𝒆𝒆 𝒐𝒇 𝑹𝒆𝒂𝒄𝒕𝒊𝒐𝒏,Ω =  
𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑟𝑖𝑠𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑜𝑡𝑜𝑟

𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑟𝑖𝑠𝑒 𝑝𝑒𝑟 𝑠𝑡𝑎𝑔𝑒
 

Ω =
𝑉𝑓
2𝑈

 (tan𝜃 + tan𝜙)  

When Ω = 50% or 0.5,   𝐔 = 𝑽𝒇 (𝐭𝐚𝐧𝜽 + 𝐭𝐚𝐧𝝓) 

And when Ω = 50% or 0.5, 𝛂 = 𝛟 𝐚𝐧𝐝 𝛃 = 𝛉, known as symmetric blading 
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