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Thermodynamics Key Equations 
Universal Gas Law  The First Law  

𝑃𝑉 = 𝑛�̅�𝑇 = 𝑚𝑅𝑇 𝑃𝑣 = 𝑅𝑇 Always True 𝑄 − 𝑊 = (𝑈2 − 𝑈1) 
𝑄 − 𝑊 = 𝑚(𝑢2 − 𝑢1) 

Work Done  For Cycles Σ𝑄 = ΣW 

Always true 
𝑊12 = ∫ 𝑃

𝑉2

𝑉1

𝑑𝑉 
Constant 𝑉 (no work) 𝑄 = 𝑚(𝑢2 − 𝑢1) 

Constant 𝑃 𝑊12 = 𝑃(𝑉2 − 𝑉1) Perfect, Adiabatic & Reversible (Isentropic) 

Constant 𝑇 (𝑃𝑉 is 

constant) 
𝑊12 = 𝑐 ln

𝑉2

𝑉1
 𝑃𝑣𝛾 is constant 𝑃1

𝑃2
= (

𝑣2

𝑣1
)

𝛾

 

Adiabatic, reversible 
(Isentropic) 

𝑊12 =
(𝑃2𝑉2 − 𝑃1𝑉1)

1 − 𝛾
 

𝑇𝑣𝛾−1 is constant 𝑇1

𝑇2
= (

𝑉2

𝑉1
)

𝛾−1

 

Shaft Work, �̇�𝑠ℎ �̇�𝑠ℎ = 𝑇𝑜𝑟𝑞𝑢𝑒 × 𝜔 

𝜔 = 2𝜋𝑓 =
2𝜋

𝑇
 

𝑇

𝑃
𝛾−1

𝛾

 is constant 𝑇1

𝑇2
= (

𝑃1

𝑃2
)

𝛾−1
𝛾

 

Constant Pressure/Volume Perfect Gasses & Temperature 
Constant Pressure 𝑇1

𝑇2
=

𝑉1

𝑉2
 Change in Energy, 𝑢 𝑢2 − 𝑢1 = 𝐶𝑉(𝑇2 − 𝑇1) 

 Change in Enthalpy, ℎ ℎ2 − ℎ1 = 𝐶𝑃(𝑇2 − 𝑇1) 

Constant Volume 𝑇1

𝑇2
=

𝑃1

𝑃2
 Perfect Gas 

Constants 

𝑅 = 𝐶𝑃 − 𝐶𝑉 

𝛾 =
𝐶𝑃

𝐶𝑉
 

𝐶𝑃 =
𝑅𝛾

𝛾 − 1
 Enthalpy 

 

ℎ = 𝑢 + 𝑃𝑣 ℎ = 𝑢 + 𝑅𝑇 

Wet Vapour  Steady Flow Energy Equation 
Dryness Fraction, 𝑥 

𝑥 =
𝑋 − 𝑋𝑓

𝑋𝑔 − 𝑋𝑓
 �̇�   �̇�𝑠ℎ   ∑ �̇� [ℎ +

𝑐2

2
+ 𝑔𝑍]

𝑜𝑢𝑡

  ∑ �̇� [ℎ +
𝑐2

2
+ 𝑔𝑍]

𝑖𝑛

 

Specific Enthalpy, ℎ ℎ = ℎ𝑓 + 𝑥 ℎ𝑓𝑔 Mass Flow Rate, �̇� �̇� = 𝜌𝑐𝐴 

�̇� =
𝑐𝐴

𝑣
 

�̇� =
�̇�

𝜌
= 𝑐𝐴 

Specific Energy, 𝑢 𝑢 = 𝑢𝑓 + 𝑥(𝑢𝑔 − 𝑢𝑓)  

Specific Entropy, 𝑠 𝑠 = 𝑠𝑓 + 𝑥(𝑠𝑔 − 𝑠𝑓) 

Volume Flow Rate, �̇� Specific Volume, 𝑣 𝑣 = 𝑣𝑓 + 𝑥(𝑣𝑔 − 𝑣𝑓) 

 

• 𝜌 is the density 

• 𝑐 is the speed 

• 𝐴 is the cross-sectional area of the duct 

• 𝑣 is the specific volume 
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Clausius’s Inequality Actual Efficiency 
For a Reversible Cycle & Process: General Efficiency, 𝜂 

𝜂 =
𝑜𝑢𝑡𝑝𝑢𝑡

𝑖𝑛𝑝𝑢𝑡
 

∮
𝑑𝑄

𝑇
= 0 𝑆2 − 𝑆1 = ∫

𝑑𝑄

𝑇

2

1

 

For an Irreversible Cycle & Process: Thermal Efficiency 𝜂𝑡ℎ 
𝜂𝑡ℎ =

𝑊𝑛𝑒𝑡

𝑄𝐻
 

𝜂𝑡ℎ = 1 −
𝑄𝐶

𝑄𝐻
 

∮
𝑑𝑄

𝑇
< 0 𝑆2 − 𝑆1 > ∫

𝑑𝑄

𝑇

2

1

 

Combining First & Second Laws Reversible Efficiency 
𝑇 𝑑𝑠 = 𝑑𝑢 + 𝑃 𝑑𝑣 

𝑠2 − 𝑠1 = ∫
1

𝑇

2

1

𝑑𝑢 + ∫
𝑃

𝑇

2

1

𝑑𝑣 

𝑇 𝑑𝑠 = 𝑑ℎ − 𝑣 𝑑𝑃 

𝑠2 − 𝑠1 = ∫
1

𝑇

2

1

𝑑ℎ − ∫
𝑣

𝑇

2

1

𝑑𝑃 

• These equations are valid for reversible 

and irreversible processes, as all quantities 

are properties 

Carnot Efficiency 
𝜂𝑡ℎ,𝑟𝑒𝑣 = 1 −

𝑇𝐶

𝑇𝐻
 

Isentropic Efficiency – Turbine/Engine 

Perfect Gas Processes 
𝜂𝑆 =

𝑇1 − 𝑇2

𝑇1 − 𝑇2𝑆
 𝜂𝑆 =

ℎ1 − ℎ2

ℎ1 − ℎ2𝑆
 

𝑠2 − 𝑠1 = 𝐶𝑉 ln (
𝑇2

𝑇1
) + 𝑅 ln (

𝑣2

𝑣1
) 

𝑠2 − 𝑠1 = 𝐶𝑃 ln (
𝑇2

𝑇1
) − 𝑅 ln (

𝑃2

𝑃1
) 

𝑠2 − 𝑠1 = 𝐶𝑃 ln (
𝑣2

𝑣1
) + 𝐶𝑉 ln (

𝑃2

𝑃1
) 

• Again, these apply to both reversible and 

irreversible processes 

Isentropic Efficiency – Compressor/Pump 

  
𝜂𝑆 =

𝑇2𝑆 − 𝑇1

𝑇2 − 𝑇1
 𝜂𝑆 =

ℎ2𝑆 − ℎ1

ℎ2 − ℎ1
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