
CONCEPT Heat engines are mechanical systems that convert 
thermal energy into mechanical work, operating based on the 
principles of the Laws of Thermodynamics. The first law, also known 
as the conservation of energy, states that energy cannot be created 
or destroyed, only converted from one form to another. Heat engines 
use this principle by transferring heat from a high-temperature 
source to a low-temperature sink, converting a portion of that 
energy into mechanical work in the process. The second law of 
thermodynamics imposes a limit on the efficiency of heat engines, 
stating that it is impossible to achieve 100% efficiency in converting 
heat to work, as some energy will always be lost as waste heat.
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BACKGROUND 

The history of heat engines and their connection to the Laws 
of Thermodynamics began with early steam engines in the late 
17th century, such as Thomas Savery’s steam pump and Thomas 
Newcomen’s atmospheric engine. As these engines evolved, 
the need to understand their underlying principles led to the 
development of thermodynamics. In the early 19th century, Sadi 
Carnot’s groundbreaking work on the efficiency of heat engines 
led to the concept of the Carnot cycle, which provided
a theoretical basis for the Second Law of Thermodynamics.
James Watt’s improvements to the steam engine in the
mid-18th century greatly impacted the Industrial Revolution, 
while the invention of the internal combustion engine in
the 19th century further advanced heat engine technology. 
Throughout the 19th and 20th centuries, scientists like Rudolf 
Clausius and William Thomson (Lord Kelvin) contributed 
significantly to the development of the Laws of Thermodynamics, 
which have since become foundational principles in physics
and engineering, governing the operation of all heat engines.
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EXAMPLES 

INTERNAL COMBUSTION ENGINE: Commonly found in automobiles, internal combustion engines 
convert the thermal energy generated by burning fuel (typically gasoline or diesel) into mechanical 
work to drive the vehicle. The pistons, which move up and down within cylinders, convert the heat and 
pressure from the combustion process into linear motion, which is then transformed into rotary motion 
by the crankshaft. As stated, this process is not 100% efficient as heat is lost via the exhaust and 
coolant systems.

STEAM ENGINE: Used historically in locomotives and steam-powered machinery, steam engines rely
on the conversion of water into steam to generate mechanical work. Heat is transferred to water in
a boiler, creating high-pressure steam, which expands and drives a piston or turbine. The steam then 
condenses back into water, transferring heat to a cooler environment, and is returned to the boiler to 
repeat the cycle.

REAL WORLD CONNECTIONS
An example of heat engines in the context of the Laws of Thermodynamics can be found in most power plants that 
generate electricity which use some form of fossil fuel or nuclear power. In these power plants, various forms of 
fossil fuels are burned or nuclear fuel used to create a chain reaction used to heat water in a boiler, producing high-
pressure steam. The steam then expands and drives a steam turbine, which is connected to an electrical generator. 
As the turbine spins, it converts the thermal energy from the steam into mechanical work, which is then transformed 
into electrical energy by the generator. The steam is then condensed back into water and returned to the boiler, and 
the cycle repeats.
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