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Engines     
 
 

Exercise III: Energy and exergy balance of a Diesel engine 
 
 
Solutions: 
Preliminary computations: 

 

 Expression of the Air / Fuel ratio of the mixture RA/F : 

   

  

 

1) Energy balance of the system (F):  

Heat rate losses of the exhaust gases:   

 with  

  

Conservation of mass (mass balance)  

  

Only the carbon monoxide is unburned, so:  

  

Heat rate losses of the cooling water network:   

  

Heat rate losses of the lubricating oil network:   

  

Fuel transformation power:   

where  is the relative fuel transformation power given by: 

  

As atmospheric state is equal to standard state, the second term of the right member is equal to: 

  

Then, considering the hypothesis, we have finally:  

kgFkmolA
m
c

m
c

m
c

m
c

M
N

M
N

O

F
O

S

F
S

H

F
H

C

F
C

F

stO

F

A /5977.0~~~5.0~21.021.0 2

2

2

2,2 =÷÷
ø

ö
çç
è

æ
-+×+×=×=

ll

kgFkgAm
M
N

M
MR A

F

A

F

A
FA /24.17~
/ =×==

----+- ----= acahaeGcombe QQQQYE !!!!!!

å D×+×=- 0ˆ
iIiIGGG hMhMQ !!!

( ) kgkJTTch GGpG /630ˆˆˆ 0
2, =-×=

( ) kgKJCTc GGp /1200550ˆ;2.1 2, =°==l

skgMMM FAG /10707.0=+= !!!

skgMRM FAFA /1012.0=×= !!

00
COCOiIiI hMhM D×=D×å !!

kWQG 1.7010100000258.063010707.0 =×+×=-!

( )12,
ˆˆ
eeepeae TTcMQ -××=- !!

kWQae 8.50=-!

( )12,
ˆˆ
hhhphah TTcMQ -××=- !!

kWQah 9.6=-!

++ +D×= iiFcomb YhMY ˆ0 !!!

+
iŶ!
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So finally, transformation power is equal to:  

  

Heat rate deperdition by convection / radiation:   

  

Finally, the energy balance computation is equal to: 

Terms: Output Input 

Mechanical power   
Heat rate losses of the 
exhaust gases   

Heat rate losses of the 
cooling water   

Heat rate losses of the 
lubricating oil   

Heat rate deperdition 
due to conv. / rad.   

Total   
 

 

2) Energy balance of the system (Boundary F):  

Effectiveness of the system (Boundary F):   

 

Finally, the global effectiveness of the system F is equal to: 
 

     

  
 
 Optional: 

 Exergy balance of the system (Boundary F):  

  with  

 Exergy efficiency of the system (Boundary F):   

  

Which gives a exergy efficiency of:   
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3) Energy balance of the engine (Boundary FM) :  

 

Transformation power of the cooling water network:   

  

 

Transformation power of the lubricating water network:  

  

 

Fuel transformation power:   

where  is the relative fuel transformation power of the subsystem F given by (see question 2): 

  

As atmospheric state is equal to standard state and condensation water flow rate is neglected. 

Therefore:    

and finally:  

  

 

Heat rate deperdition by convection / radiation:   

  

 

But, keep in mind that a term of the Fuel transformation power is a potential of energy service provided by 

the system. Therefore, we also have: 

Transformation power of the exhaust gases:  

 
Effectiveness of the engine (Boundary FM) : 

 

   

 

Finally, the global effectiveness of the system FM is equal to:   
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 Optional: 

  

 Exergy balance of the engine (Boundary FM) :  

 Considering the following relations:   

    

    

  

 Exergy transformation of the exhaust gases:   

  

 Calculation of exergy value of the exhaust gases: 

     

   Finally,   

 

 Fuel exergy transformation: 

     

 

 Exergy transformation of the water cooling network:  

 

 Calculation of exergy value of the water cooling network: 

    

     

   Finally,   

 

 Exergy transformation of the lubricating oil network:  

  

 Calculation of exergy value of the lubricating oil network: 

    

     

   Finally,   
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 5 

 

 Exergy loss (according exergy balance):   

 

     

  

 Exergy efficiency of the engine (Boundary FM):   

 

 Numerical application:     

 

Which gives an exergy efficiency:   

 

 

4) If the unburned hydrocarbons are considered as part of the energy losses, the engine effectiveness is: 

  

 Optional: 

  

 And the exergy efficiency is equal to: 
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