
Thermodynamics 1: Rates of Change & Mollier Diagrams 
Nozzles, Diffusers, Turbines, and Compressors/Pumps 

Rates of Change: 

• Mass Balance:
ⅆ𝑚𝑐𝑣

= ∑ 𝑚𝑖𝑛 − ∑ 𝑚𝑒𝑥𝑖𝑡 
ⅆ𝑡

𝑖𝑛 𝑒𝑥𝑖𝑡

• Energy Balance:

ⅆ𝐸𝑐𝑣 𝑣2 2
𝑖𝑛 𝑣𝑜𝑢𝑡

= 𝐸𝑖𝑛 − 𝐸𝑜𝑢𝑡 =  𝑄 −  𝑊 +  𝑚𝑖𝑛 (ℎ𝑖𝑛 + +  𝑔𝑧𝑖𝑛) − 𝑚𝑜𝑢𝑡 (ℎ𝑜𝑢𝑡 + + 𝑔𝑧𝑜𝑢𝑡)
ⅆ𝑡 2 2

Based on the assumptions, many terms will cancel out (such as 𝑣
2

 and 𝑔𝑧 when changes 
2

to kinetic and potential energy are assumed to be zero). 
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Mollier Diagrams: 

Where the energy balance equation reduces to: 

ℎ𝑖𝑛 − ℎ𝑒𝑥𝑖𝑡 =
1

2
(𝑣𝑜𝑢𝑡

2 − 𝑣𝑖𝑛
2 ) 



 

 
 

              

̇ ̇ ̇𝑊𝑜𝑢𝑡 =  𝑚(ℎ𝑒𝑥𝑖𝑡 − ℎ𝑖𝑛) − 𝑄𝑜𝑢𝑡       

Isentropic efficiency:   

ℎ
𝜂𝑇 = 1−ℎ2
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2𝑠

    𝑊𝑖𝑛 = 𝑚(ℎ𝑒𝑥𝑖𝑡 − ℎ𝑖𝑛) 

   Isentropic efficiency: 

    ℎ
𝜂𝐶 = 2𝑠−ℎ1 
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For more information on rates of change and Mollier diagrams, make an appointment 
with a content tutor. Appointments are available in person at the Student Success 
Center or online. 
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