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Heat Engine Diagram 
 

 
 
 
Thermal Efficiency of a Heat Engine 
 
The ratio of the net work done in the cycle to the gross heat supplied in 
the cycle. 
 

ƞ =
𝑊𝑜𝑢𝑡

𝑄𝑖𝑛
=

𝑊𝑜𝑢𝑡

𝑄𝐻
=

𝑄1 − 𝑄2

𝑄1
 

 

= 1 −  
𝑄2

𝑄1
 = 1 −  

𝑄𝐿

𝑄𝐻
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1. A heat engine performs 200J of work and has an efficiency of 
25%. Calculate: 

i. The heat absorbed by the engine from the hot reservoir. 
ii. The heat expelled by the engine to the cold reservoir. 

 
2. A petrol engine produces 6000J of heat from combustion and 

outputs 1200J of mechanical work for each cycle. Calculate the 
efficiency of the engine in each cycle. 

 
3. A steam boiler receives 2400 kJ/min of heat and produces 24 kW 

of power. Determine the heat that is absorbed by the river and 
the thermal efficiency. 

 

REVERSE HEAT ENGINE 
 
A thermodynamics system operating in a thermodynamics cycle which 
removes heat from a low temperature medium to a high temperature 
medium. 
Divide by 2: 

 
i. Heat Pump, HP 

ii. Refrigerator, R 
 
Reverse Heat Engine Diagram 
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1. Refrigerator 

 

To remove heat from the refrigerated space and to maintain the 

refrigerated space at low temperature. 

Coefficient of Performance, COPRef 

𝐶𝑂𝑃𝑅𝑒𝑓 =
𝑄2

𝑊𝑖𝑛
=

𝑄𝐿

𝑊𝑖𝑛
=

𝑄2

𝑄1 − 𝑄2
=

𝑄𝐿

𝑄𝐻 − 𝑄𝐿
 

𝐶𝑂𝑃𝑅𝑒𝑓 =
𝑇2

𝑇1 − 𝑇2
=

𝑄2

𝑊𝑖𝑛
 

 

  

 

  

 

2. Heat Pump 

To maintain a heated space at a high temperature. 

Coefficient of Performance, COPhp 

𝐶𝑂𝑃𝐻𝑃 =
𝑄1

𝑊𝑖𝑛
=

𝑄𝐻

𝑊𝑖𝑛
=

𝑄1

𝑄1 − 𝑄2
=

𝑄𝐻

𝑄𝐻 − 𝑄𝐿
 

𝐶𝑂𝑃𝐻𝑃 =
𝑇1

𝑇1 − 𝑇2
=

𝑄1

𝑊𝑖𝑛
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Example  

A food compartment in refrigerator is maintain at 4˚C by removing heat 

from it at a rate of 360kJ/min. if the power input required is 2kW, 

determine: 

 
i. the coefficient of performance of the refrigerator, COPRef 

ii. the rate of heat rejection to surrounding. 
 
Solution: 

 
 
 

 

 

 

i) COPRef= ? 

𝐶𝑂𝑃𝑅𝑒𝑓 =
𝑄2

𝑊𝑖𝑛
=

6

2
= 3 

ii)  W = Q1 – Q2 

 Q1 = W + Q2 
      = 2 + 6 
      = 8 kJ/s 
      = 8 x 60 = 480 kJ/min 
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RANKINE CYCLE 
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Thermal Efficiency of Rankine Cycle 
 

ƞ𝑅 =
𝑁𝑒𝑡 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡𝑝𝑢𝑡

𝐻𝑒𝑎𝑡 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑏𝑜𝑖𝑙𝑒𝑟
=

𝑊12 − 𝑊34

𝑄451
 

 

ƞ𝑅 =
 ℎ1 − ℎ2 −  ℎ4 − ℎ3 

ℎ1 − ℎ4
 

 
 
Work Ratio for Rankine Cycle 
 

𝑊𝑜𝑟𝑘 𝑟𝑎𝑡𝑖𝑜, 𝛾 =
𝑁𝑒𝑡 𝑤𝑜𝑟𝑘

𝐺𝑟𝑜𝑠𝑠 𝑤𝑜𝑟𝑘
=

𝑊12 − 𝑊34

𝑊12
 

 

=
 ℎ1 − ℎ2 −  ℎ4 − ℎ3 

ℎ1 − ℎ2
 

 
 

Specific Steam Consumption, SSC 
 

𝑆𝑆𝐶 =
3600

𝑁𝑒𝑡 𝑤𝑜𝑟𝑘
=

3600

𝑊𝑛𝑒𝑡𝑡
=

3600

𝑊12 − 𝑊34
 

 

=
3600

 ℎ1 − ℎ2 −  ℎ4 − ℎ3 
𝑘𝑔/𝑘𝑊ℎ 
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 𝛾 =
𝑊12 − 𝑊34

𝑄41
 

 

    =
 ℎ1 − ℎ2 −  ℎ4 − ℎ3 

ℎ1 − ℎ2
 

 

    =
 2800 − 1818.6 −  116.2 − 112 

2800 − 1818.6
 

 
    = 0.996 

𝑆𝑆𝐶 =
3600

𝑊12 − 𝑊34
 

 

    =
3600

 ℎ1 − ℎ2 −  ℎ4 − ℎ3 
 

 

    =
3600

 2800 − 1818.6 −  116.2 − 112 
 

 
    = 3.68 𝑘𝑔/𝑘𝑊ℎ 

ƞ𝑅 =
𝑊12 − 𝑊34

𝑄451
=

 ℎ1 − ℎ2 −  ℎ4 − ℎ3 

ℎ1 − ℎ4
 

 

     =
 2800 − 1818.6 −  116.2 − 112 

2800 − 116.2
 

 
     = 0.364 = 36.4% 
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Difference of Carnot and Rankine Cycle 
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