
FORMULA SHEET: THERMODYNAMICS (MECH.) 4  
AND THERMODYNAMICS FOR ENERGY SYSTEMS (MSc) 

Using standard notation as in the lectures. 

General 

Conservation of mass: 

 

Conservation of energy: 

 

Entropy balance: 

 

𝑠𝑠2 − 𝑠𝑠1 = 𝑠𝑠20 − 𝑠𝑠10 − 𝑅𝑅 ln �
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Carnot efficiency: 𝜂𝜂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 1 − 𝑇𝑇𝐿𝐿
𝑇𝑇𝐻𝐻

 

Universal gas constant: Ru = 8.314 kJ kmol-1 K-1 

 

Exergy 

Irreversibility: 𝐼𝐼 = 𝑇𝑇0𝑆𝑆𝑔𝑔𝑔𝑔𝑔𝑔 

Stored specific exergy:  

 

Exergy flow rate due to heat transfers:  

 

Specific exergy transfer by flow:  

 

Exergy balance: 

 



Gas mixtures & psychrometry 

Mass fraction: 𝑓𝑓𝑖𝑖 = 𝑚𝑚𝑖𝑖
𝑚𝑚𝑡𝑡𝑡𝑡𝑡𝑡

 

Mole fraction: 𝑦𝑦𝑖𝑖 = 𝑛𝑛𝑖𝑖
𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡

 

Conversions: 

𝑓𝑓𝑖𝑖 =
𝑦𝑦𝑖𝑖𝑀𝑀𝑖𝑖

∑ 𝑦𝑦𝑗𝑗𝑀𝑀𝑗𝑗𝑗𝑗
 

𝑦𝑦𝑖𝑖 =
𝑓𝑓𝑖𝑖 𝑀𝑀𝑖𝑖⁄

∑ 𝑓𝑓𝑗𝑗 𝑀𝑀𝑗𝑗⁄𝑗𝑗
 

Adiabatic saturator result: 

𝜔𝜔1�ℎ𝑣𝑣,1 − ℎ𝑙𝑙� = 𝐶𝐶𝑝𝑝(𝑇𝑇2 − 𝑇𝑇1) + 𝜔𝜔2(ℎ𝑣𝑣,2 − ℎ𝑙𝑙) 

Humidity ratio: 

𝜔𝜔 =
�𝑀𝑀𝑣𝑣

𝑀𝑀𝑎𝑎𝑎𝑎𝑎𝑎
� �𝑃𝑃𝑣𝑣

𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑃𝑃𝑣𝑣
 

Vapour pressure: 

𝑃𝑃𝑣𝑣 = 𝜑𝜑𝑃𝑃𝑔𝑔 

 

Power cycles 

Isentropic efficiency for turbines and compressors: 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =  
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =  
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

 

Approximate pump work: 

 

Regenerator effectiveness: 

 

 

See also Thermodynamics 2 formula sheet (next page) 
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