
Mass-lifting heat engine 
 

This heat engine cycle below is the Brayton cycle (this is the same as the jet engine cycle). The theoretical 

efficiency is 
 

𝑒𝑡ℎ𝑒𝑜 = 1 − (
𝑃𝐶

𝑃𝐻
)

1−1/𝛾

 

 

Here, gamma is a constant, 𝛾 = 1 +
2

𝑑
, and 𝑑 = 5 for air at room temperature.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that in this cycle the volume has been replaced by the height of the piston ℎ 
 

𝑉 = 𝐴ℎ + 𝑉0 
 
Here, 𝐴 is the area of the piston and 𝑉0 is the volume of air in the pipes and heat exchange cylinder.  
 
In a calculation of work, we use ∆𝑊 = ∫ 𝑃𝑑𝑉 = 𝐴 × ∫ 𝑃𝑑ℎ; thus, work is the area of the piston, 𝐴, times 
the area under the 𝑃 vs. ℎ graph.  
 
Similarly, in a change in volume such as (𝑉3 − 𝑉2) = 𝐴 × (ℎ3 − ℎ2) the constant 𝑉0 goes away. 
 

To get the efficiency from the experimental data in this lab we use 𝑒 =
|∆𝑊𝑁𝑒𝑡|

|∆𝑄𝐻|
. 

 
The work, |∆𝑊𝑁𝑒𝑡| = 𝐴 × 𝑎𝑟𝑒𝑎 𝑤𝑖𝑡ℎ𝑖𝑛 𝑐𝑦𝑐𝑙𝑒.  
 
The heat input, |∆𝑄𝐻|, happens during the isobaric process at higher pressure |∆𝑄𝐻| = 𝑁𝐶𝑃(𝑇3 − 𝑇2) =
7

2
𝑃𝐻(𝑉3 − 𝑉2) =

7

2
𝑃𝐻(ℎ3 − ℎ2) × 𝐴. Thus, the experimental efficiency is 

 

𝑒𝑒𝑥𝑝 =
𝑎𝑟𝑒𝑎 𝑤𝑖𝑡ℎ𝑖𝑛 𝑐𝑦𝑐𝑙𝑒

7
2 𝑃𝐻(ℎ3 − ℎ2)

 

 

Compare the two efficiencies! 
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