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Heat Engines and 

Heat Pumps

Statements 9.2.7-9.2.13

Adiabatic Process --graph

ÁRemember, in an 
adiabatic process the 
pressure and volume are 
changed quickly enough 
that the temperature will 
also change in the 
system

ÁThe line for an adiabatic 
process is not a directly 
inverse relationship 
between pressure and 
volume, as it is for an 
isothermal process

Isotherm

Adiabatic

Quick review ñJot down what you think 

the answers are to each of these silently 

before we continueé

ÁFor the compression stroke of an experimental 

diesel engine, the air is rapidly decreased in 

volume by a factor of 15, the compression 

ratio.  The work done on the air-fuel mixture for 

this compression is measured to be 550 J.

ÁWhat type of thermodynamic process is likely to 

have occurred?

ÁWhat is the change in internal energy of the air-fuel 

mixture?

ÁIs the temperature likely to increase or decrease?
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ÁWhat type of thermodynamic process is likely to 

have occurred?

ÁAdiabaticĄbecause the compression occurs so rapidly 

that there is no time for the heat to be transferred from the 

system

ÁWhat is the change in internal energy of the air-fuel 

mixture?

ÁDU = Q ïWéfor an adiabatic process, Q = 0

ÁDU = - W = - 550 J

ÁIs the temperature likely to increase or decrease? 

ÁT is likely to increase because it is a rapid compression, 

causing a decrease in volume and increase in pressure

ÁThis rapid compression will cause a high increase in the 

temperature of the gas

Thermodynamic Engines

ÁThermodynamic Engine: a device that 
transforms thermal energy into 
mechanical energy (work), or vice versa.

ÁExamples: Cars, jet engines (although 
neither is exceptionally efficienté); 
Refrigerators, Air conditioners, etc.

Á2 Features of engines:

ÁTo be useful, it must work in cycles (a 
continuous conversion of energy)

ÁThe cyclic engine must have more than one 
heat reservoir

Additional details of some examples

ÁCommercial engines (cars, jets, rockets, etc.) 
all transform their fuel (in the form of chemical 
energy) into mechanical energy (kinetic 
energy) of motion, with a conversion to thermal 
energy occurring as a mid-step.

ÁThis energy conversion occurs with an 
emission of exhaust gases, causing a ñwasteò 
of some of the thermal energy

ÁAs a result, the engine is not efficient, meaning 
that only a portion of the thermal energy is 
being converted to mechanical energy
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Thermodynamic Cycle

ÁA process in which the system is returned to 

the same state from which it started

ÁWhen shown in a p-V diagram, the net work is 

equal to the area that has been enclosed by 

the cycle

ÁHeat Reservoir: exampleðhot plate on a 

stove; hot water bath

ÁA source of heat that will constantly supply heat 

energy to a system

Simple engine exampleé

ÁA piston is placed in a heat reservoir.

ÁThermal energy is added to the piston, causing 
the volume to expand by doing work on the 
piston.
ÁEventually, the expanding gas will no longer be able 
to move the pistoné

ÁTo be an engine, the piston must somehow be 
made to compress the gas back to its original 
state so that work can be done to it again.

ÁBut thatôs not quite allé

Simple engine exampleé

ÁNet work will be done only if the piston is not 
continually connected to the heat reservoir.

ÁIf it remains in contact with the heat reservoir, then 
all the heat added in order to do the work will then 
be placed back in the heat reservoir when the piston 
compresses.  The ñcycleò would simply be moving 
back and forth along an isotherm.

ÁBy breaking contact with the reservoir, the 
piston is allowed to return to its original volume 
at a lower temperature, allowing there to be 
net work done to the piston

ÁThere will be more work done TO the piston during 
expansion than there will be done BY the piston 
during compression.
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Heat Engine

ÁA heat engine is any device that converts 

thermal energy into work

ÁRequirements:  

Ásome source of heat:

ÁCoal, oil, gasoline, diesel fuel, aviation fuel, liquid 

petroleum

ÁWorking fluid

Áa substance that undergoes a thermodynamic change 

of state, and in the process will do work on its 

surroundings

ÁExample:  petrol-air mixtures (used in car engines); 

water that is heated and turned to steam (i.e. power 

plants)

Heat Engines

ÁMust have a piston or a turbine that will 

work with the thermodynamic cycles and 

energy transformations 

ÁPistonsðcommonly seen in car engines

ÁRotating Turbinesðcommonly seen in 

power plants

ÁPurpose of Heat Engines:

ÁTo convert as much of the heat that is put 

into the engine from a high temperature heat 

reservoir into mechanical work as possible

Energy Flow Diagrams

ÁDesigned to illustrate the flow of heat 

energy from the reservoir, into the 

engine, and throughout the cycleé
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Energy flow diagram 

example:

ÁEnergy flow 
diagrams illustrate 
where thermal 
energy enters a 
system and where 
it is released

ÁThe energy flow 
diagrams also 
indicate where the 
energy has been 
converted to 
mechanical work

Explanation:

ÁEnergy is carried from the hot reservoir 

into the engine.

ÁThe engine

converts much

of the energy

into work

ÁThe energy 

that has not

been converted

exits the engine

and enters

the cold reservoir as ñexhaustò

A òPerfectó engineé

ÁIn a perfect engine, the change in internal 
energy would be zero (DU=0)

ÁAll the heat would have been converted into 
mechanical work

ÁFrom the 1st law of thermodynamics:
Assume that QH= energy ñinò from

the hot reservoir

And QL= energy ñoutò to the lower

temperature reservoir
WQQ

WQ

WQU

LH =-

=D

=-D=D 0
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Another example:

ÁIn this example,  

describe the 

processes that 

are taking place 

in each

of the paths.

Heat Pump

ÁAny device which is used to pump heat 
from a low-temperature reservoir to a 
high-temperature reservoir.

ÁExamples:

ÁRefrigerator

ÁReverse cycle air-conditioning units
Á(used for heating and/or cooling roomsédiagram 

follows in next slide)

ÁInstead of working being done BY an 
engine, work is being done TO the pump.

Air conditioning/heating unit

Á In the winter, hot air 
is exhausted into 
room after being 
extracted from the 
outside air

Á In the summer, 
heat is extracted 
from the air inside 
the house and is 
exhausted outside

ÁHave you ever 
noticed how an air 
conditioning unit 
outside feels really 
warm when itôs on 
during the 
summer?

ÁSee:  http://static.howstuffworks.com/gif/how-to-troubleshoot-a-heat-pump-2.jpg

http://static.howstuffworks.com/gif/how-to-troubleshoot-a-heat-pump-2.jpg
http://static.howstuffworks.com/gif/how-to-troubleshoot-a-heat-pump-2.jpg
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http://static.howstuffworks.com/gif/how-to-troubleshoot-a-heat-pump-2.jpg
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http://static.howstuffworks.com/gif/how-to-troubleshoot-a-heat-pump-2.jpg
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Refrigerators

ÁDesigned to pull heat from the interior and 

exhaust it to the exterior

ÁThere is a compressor motor that periodically 

turns on in order to maintain the appropriate 

flow of energy 

ÁFreon circulates through a system of pipes 

because it is pumped by the compressor.  It 

vaporizes in the pipes, and as a result, cools 

down its surroundings (evaporative cooling)

ÁThe heat needed to evaporate the freon is 

pulled from inside the refrigeratoré

Refrigerators, part 2é

ÁWhen the freon gas in the pipes reaches the 
condenser pipes (typically at the back of the 
refrigerator), the gas condenses and releases heat 
proportional to its latent heat of vaporizationé
Á(For both the evaporative and the condensing 

processes, remember:  Q=mLv)

ÁThe freon, now condensed again, returns to the 
compressor and the evaporating pipes in order to 
repeat the cycle.

ÁA Heat sink is found at the back by the condenser 
pipesðthis allows the thermal energy released 
during the condensation to be moved away from 
the pipes rapidly, allowing for a more rapid 
condensing process.
ÁTypically a highly conductive metal, sometimes painted 

black and have a large surface area.

Alternative Energyé

ÁSome pretty creative ways to use thermal energy 

to do work are being developed, including the use 

of geothermal energy

ÁThermal energy from deep in the ground is used as the 

hot reservoirðthe energy is transferred to engines via a 

fluid, and is converted to the mechanical work of turning 

turbineséwhich can create electricity.

ÁWeb Link to alternative energy sources (like a 

Geothermal heat pump):
http://www.daviddarling.info/encyclopedia/G/AE_geothermal_heat_

pump.html


