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CH 24: THE SECOND LAW OF THERMODYNAMICS

CONCEPT: INTRODUCTION TO HEAT ENGINES

e The first law of thermodynamics can be interpreted several ways
- One important interpretation we have used since the beginning: heat transfer can change internal energy
- Another interpretation of the first law is that work can change internal energy

e There is another interpretation that we touched upon briefly:
- Consider a gas contained in a cylinder with a moveable piston T
- If that gas is heated up, we know that the pressure increases
- As the pressure increases, a net force is placed on the piston O
- This net force causes the piston to rise > WORK is being done! L,

e Above is our first encounter with a HEAT ENGINE: a machine that converts heat into
- You could imagine that moving piston then transferring its mechanical energy to another system
- This is the basis for how a car’s combustion engine works
— the piston delivers energy to the crank shaft, which eventually delivers energy to the wheels

e A heat engine has three important components:
- The
- The
- The

e The energy powering heat engines is the HEAT FLOW from the hot reservoir to the cold reservoir
- As heat flows from the hot reservoir to the cold, the engine converts SOME into work

- An engine CANNOT convert all heat into work — some heat MUST go to the cold reservoir

- This would violate the SECOND LAW OF THERMODYNAMICS, which will be covered later

EXAMPLE: An engine can compress a gas at a constant pressure. If at atmospheric pressure, the engine requires an input
of 500 J of heat to compress the gas from 0.001 m3 to 0.0005 m3, how much heat is transferred to the cold reservoir?
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PRACTICE: A PROPOSED THREE-STEP ENGINE

A proposed engine has three steps: one step that does 30 J of work ON the gas, one step that does no work, and one step
that does 50 J of work BY the gas. Is this an example of an engine? If so, what is the minimum heat input required?
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CONCEPT: HEAT ENGINE EFFICIENCY

e Remember! The energy used engines is heat flow from a toa

- The heat emitted from a hot reservoir can NEVER be converted completely into usable work

- This is a consequence of the SECOND LAW of thermodynamics, which is discussed later

e Different engine designs have different amounts of outputted work for a particular heat flow

- How “good” an engine is at converting heat into work is known as the

e The EFFICIENCY of a HEAT ENGINE is

e From the definition of efficiency, it is easy to see two things:
- If an engine produced no work, it would have a efficiency = “bad” engine

- If an engine COULD convert all heat input into work, it would have a efficiency = “perfect” engine

e Theoretically, the most efficient engine is known as the CARNOT ENGINE

- When between a hot reservoir at Ty and a cold reservoir at T, the efficiency is

€max =

EXAMPLE: You read about a proposed engine that only wastes 30% of the energy input when connected to a hot reservoir
of 1000 K and a cold reservoir of 200 K. Do you think such an engine COULD exist?
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EXAMPLE: FOUR-STROKE INTERNAL COMBUSTION ENGINE

A four-stroke internal combustion engine is the type of engine found commonly in cars. A hypothetical car engine can output
300 hp of power when it is operating at 6000 cycles per minute. If the efficiency of the engine is 40%, how much heat needs
to be input in each cycle of the engine? How much heat is released in each cycle? Note that 1 hp = 746 W.
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