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WHAT ARE WE TRYING TO ACHIEVE IN THIS 
MODULE?

Power? Efficiency? Lower Emissions?
Assignments? Exams? Interesting experience?



How does an Engine work?



TYPES OF POWERTRAIN
This is a key factor to 
Motorcycle Selection:

• Noise
• Power Delivery
• Tractability
• ‘Feel’
• Weight
• Vibration
• ‘economy’



SINGLE CYLINDER



TWIN CYLINDER



TWIN CYLINDER



THE TRIPLE



THE TRIPLE



4 CYLINDER



4 CYLINDER



5 CYLINDER
HONDA RC211V 
MOTOGP RACE 

BIKE



6 CYLINDER

8 CYLINDER





THE MOTORCYCLE WORLD
IS ABOUT TO CHANGE…..

You can't afford to lose a single 
horsepower. No one wants to buy a bike 
that's less powerful than last year's
Franz Berndt, Head of Thermodynamic Development at Ricardo



THE AUTOMOTIVE WORLD
IS MANY YEARS AHEAD…..



THE AUTOMOTIVE WORLD
DRIVE CYCLES



THE AUTOMOTIVE WORLD
DRIVE CYCLES









INDUSTRY COMPARISONS
Toyota Aygo - 998 cc
50KW @ 6,000 rpm
93Nm @ 3,600 rpm

Triumph Tiger 800 - 800 cc
70KW @ 9,500 rpm
79Nm @ 8,050 rpm







ELECTRIC POWERTRAIN?
Lots of interesting things to discuss here!



TESLA MODEL 3



LET’S TAKE A LOOK… 

• 207 Wh/kg … = 745200 J/Kg … Very Nice!

• Petrol = 44x10^6 … = 44000000 J/Kg

• 1.69% of the energy per Kg

• The Tesla weighs 1700kg!! (Batteries 540Kg)

• How do we charge it?







SO WHAT DO WE NEED TO LOOK AT TO 
UNDERSTAND HOW TO DEVELOP AN ENGINE?

• Combustion

• Compression Ratios

• Thermodynamic Cycles

• Heat Transfer

• Efficiencies



COMBUSTION 
Can we understand what happens in cylinder?





Thermodynamic Basics
The First Law:

Every Thermodynamic system in thermal equilibrium

has an important thermodynamic quantity called its


‘Internal Energy’


dE = dQ + dW


Change in Internal Energy = Heat + Work Done



Zeroth Law
The Zeroth Law states that:


Every process that is in thermal equilibrium 

has an important physical quantity called 


‘Temperature, T’




Ideal Gas Law
PV =nRT


An ideal gas will exactly obey the above equation


Real gases at low pressure are a good approximation

to this law


We can also use the form:

PV = mRT



Specific Heat Capacity
The quantity of heat energy that will raise the

temperature of 1kg of a material by 1K without


changing its state   (Units J/kg.K)

We often use:


Q = m c dT


Heat = Mass x Specific Heat x Temp Change



Engine Cycles



Isothermal Process

Adiabatic Process

No Change in Temperature

(Similar to a ‘very slow’ process)

No Heat Loss

(Similar to a ‘very fast’ process)



Pressure / Volume  
Diagrams



Otto Cycle



Real Engine Cycle



Pressure Diagrams


