
THE FIRST LAW ANALYSIS OF ENGINE CYCLE: 

 

Engine performance parameter: 

1. Indicated power 

2. Brake power 
3. Frictional power 
4. Fuel consumption 
5. Air consumption 
6. Brake thermal efficiency 
7. Indicated thermal efficiency 
8. Mechanical Efficiency 
9. Volumetric efficiency 
10. Air–fuel ratio 

  

1. Indicated power (IP) 

It is defined as the rate of work done on the piston by burning of charge inside the cylinder. It is evaluated 
from an indicated diagram obtained from the engine. It is the gross power produced by the engine.  
It is calculated as 
IP = Indicated mean effective pressure x Swept volume rate 

    
Where k = Number of cylinders 

pmi = Indicated mean effective pressure, (kPa or kN/m
2
) 

L = Stroke length, (m) 

A = (π /4) d
2
, cross-sectional area of cylinder of bore, d, (m) 

n = Number of working strokes per minute, when engine has a speed of N rotations per minute 
= N for 2-stroke engines 
=N/2 for 4-stroke 



 

2. Brake power (BP) 
It is the net power available at the engine shaft for external use. It is measured by the brake 
dynamometer which can be loaded to measure the brake power of the engine. 
 It is calculated as 

    
 

     



      

3. Frictional power (FP) 
It is the part of the indicated power which is used to overcome the frictional effects within the engine. 
The friction power also includes power required to operate the fuel pump, lubrication pump, valves, 
etc. Therefore, it is given as the difference between the indicated power and brake power. 

FP = IP – BP 

 
4. Fuel consumption: 

           
 
 
5. Specific Fuel Consumption (sfc) 
 
It is defined as the ratio of the mass of fuel consumed per hour per unit power output (BP). 

   
 

 
 
 

A calibrated burette can be used for fuel 
consumption measurement 



Air-consumption rate: 
Air-consumption rate of an engine can be effectively calculated by means of an orifice meter. 
 

    

    

Air-Fuel Ratio(A/F): 

    

   
 



Mean Piston Speed (sp) =2LN 
           Where L is the stroke and N is the rotational speed of the crankshaft in rpm 
 

Specific Power Output (Ps): 
Specific power output of an engine is defined as the power output per unit piston area 

   
 

Indicated thermal efficiency: 
 
The indicated thermal efficiency is defined as the ratio of the indicated power to the heat supply rate, 
i.e. 

      
Brake thermal efficiency:  
The power output of an engine is obtained from the combustion of charge. Thus the overall efficiency 
of an engine is given by brake thermal efficiency, i.e., 

    

    



Relative efficiency or Efficiency ratio:  

  
 
 

   

     
 
 



    
Calorific value of a fuel is the thermal energy released per unit quantity of the fuel when 
the fuel is burned completely and the products of combustion are cooled back to the initial 
temperature of the combustible mixture. Other terms used for the calorific value are heating 
value and heat of combustion. 
When the products of combustion are cooled to 25 ◦C practically all the water vapour resulting 
from the combustion process is condensed. The heating value so obtained is called the higher 
calorific value or gross calorific value of the fuel.  
The lower or net calorific value is the heat released when water vapour in the products of 
combustion is not condensed and remains in the vapour form. 
 


