
PHYS 371 
Introduction to 
Energy
L E C T U R E  1 2 :  T H E R M A L  E N E R G Y  - H E A T I N G ,  V E N T I L A T I O N ,  A N D  A I R  C O N D I T I O N I N G  ( H V A C )

M O N D A Y ,  O C T O B E R  4 ,  2 0 2 1

Write your questions in the TopHat discussion​



Radiation

The hot body emits electromagnetic waves that are absorbed by other body. 
No medium is required for electromagnetic waves to propagate. 
Different names are used for electromagnetic waves of different wavelengths: radio waves, 
microwaves , infrared radiation , visible light , ultraviolet radiation , X-rays, and gamma rays. 

Image Source: 
https://sites.google.com/a/coe.edu/principles-of-
structural-chemistry/relationship-between-light-and-
matter/electromagnetic-spectrum

A shorter wavelength (or higher frequency) corresponds to a 
higher energy. Because more heat
is radiated at higher temperatures, higher temperatures 
produce more intensity at every wavelength but especially at 
shorter wavelengths.



https://energyeducation.ca/encyclopedia/Radiation

https://energyeducation.ca/encyclopedia/Radiation


Blackbody radiation
https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html

4

https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html
https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html


Solar radiation 
delivers a lot of 
ambient power

Radiation to Earth 176 000 TW

World Power use 16 TW

Canadian Power use 0.330 TW



Greenhouse effect

The greenhouse effect is the name given to the 
increase of Earth’s temperature due to absorption 
of radiation in the atmosphere. 
The atmosphere is transparent to incoming visible radiation and most of the 
Sun’s infrared. The Earth absorbs that energy and re-emits it. Since Earth’s 
temperature is much lower than the Sun’s, it re-emits the energy at much 
longer wavelengths, in the infrared. The atmosphere absorbs much of that 
infrared radiation and radiates about half of the energy back down, keeping 
Earth warmer than it would otherwise be. The amount of trapping depends 
on concentrations of trace gases such as carbon dioxide, and an increase in 
the concentration of these gases increases Earth’s surface temperature .

The often-mentioned greenhouse effect
is directly related to the variation of Earth’s emissivity
with wavelength. The greenhouse effect
is a natural phenomenon responsible for providing 
temperatures suitable for life on Earth

Mechanisms of Heat Transfer. (2020, November 5). Retrieved September 30, 
2021, from https://phys.libretexts.org/@go/page/4349

https://phys.libretexts.org/@go/page/4349


Greenhouse effect

https://phet.colorado.edu/sims/cheerpj/greenhouse/latest/greenhouse.html?simulation=greenhouse

https://phet.colorado.edu/sims/cheerpj/greenhouse/latest/greenhouse.html?simulation=greenhouse


Blackbody radiation, no special wavelength 
given off

8

https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html
../Resources-solar/cdfs/BlackbodySpectrum-author.nb


Hot enough to see

Sun is hot enough to 
give off light: 



Mercury works! 
𝑇𝑎𝑣𝑔 = 440 𝐾 (167°𝐶)
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Mars works! 
𝑇𝑎𝑣𝑔 = 210 𝐾 (−63°𝐶)
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Other planets less so, will improve 
that model later

Planet Alb. Calc. T Meas. T

Mercury 0.12
440 K 

(167°C)
440 K 

(167°C)

Venus 0.75
232 K 

(−40°C)
735 K 

(462°C)

Earth 0.30
255 K 

(−18°C)
288 K 
(15°C)

Mars 0.15
210 K 

(−63°C)
210 K 

(−63°C)



Heat Transfer
In a fireplace, heat transfer occurs by all three methods: 
conduction, convection, and radiation. Radiation is 
responsible for most of the heat transferred into the 
room. Heat transfer also occurs through conduction into 
the room, but much slower. Heat transfer by convection
also occurs through cold air entering the room around 
windows and hot air leaving the room by rising, up the 
chimney.

Example from daily life:
Conduction: Heat transfers into your hands as you hold a 
hot cup of coffee.
Convection: Heat transfers as the barista “steams” cold 
milk to make hot cocoa.
Radiation: Heat transfers from the Sun to a jar of water 
with tea leaves in it to make “Sun tea.”

Mechanisms of Heat Transfer. (2020, November 5). Retrieved September 30, 2021, from 
https://phys.libretexts.org/@go/page/4349

Radiation, Conduction, Convection

https://phys.libretexts.org/@go/page/4349


Heat Transfer

Mechanisms of Heat Transfer. (2020, November 5). Retrieved 
September 30, 2021, from https://phys.libretexts.org/@go/page/4349

1.Conduction is heat transfer through stationary matter by physical contact. (The matter is stationary on a macroscopic 
scale—we know that thermal motion of the atoms and molecules occurs at any temperature above absolute zero.) 
Heat transferred from the burner of a stove through the bottom of a pan to food in the pan is transferred by 
conduction.

2.Convection is the heat transfer by the macroscopic movement of a fluid. This type of transfer takes place in a forced-
air furnace and in weather systems, for example.

3.Heat transfer by radiation occurs when microwaves, infrared radiation, visible light, or another form of 
electromagnetic radiation is emitted or absorbed. An obvious example is the warming of Earth by the Sun. A less 
obvious example is thermal radiation from the human body.

Radiation, Conduction, Convection

https://phys.libretexts.org/@go/page/4349


Heat Transfer

Mechanisms of Heat Transfer. (2020, November 5). Retrieved 
September 30, 2021, from https://phys.libretexts.org/@go/page/4349

Heat Conduction 

Molecules in two bodies at different temperatures have 
different average kinetic energies. Collisions occurring at 
the contact surface tend to transfer energy from high-
temperature regions to low-temperature regions. In this 
illustration, a molecule in the lower-temperature region 
(right side) has low energy before collision, but its energy 
increases after colliding with a high-energy molecule at 
the contact surface. In contrast, a molecule in the higher-
temperature region (left side) has high energy before 
collision, but its energy decreases after colliding with a 
low-energy molecule at the contact surface.

https://phys.libretexts.org/@go/page/4349


Heat Transfer

Mechanisms of Heat Transfer. (2020, November 5). Retrieved 
September 30, 2021, from https://phys.libretexts.org/@go/page/4349

Heat Conduction 

Heat conduction occurs through any material, 
represented here by a rectangular bar, whether window 
glass or walrus blubber.

where P is the power or rate of heat 
transfer in watts or in kilocalories per 
second, A and d are its surface area and 
thickness, as shown in the figure, Th−Tc is 
the temperature difference across the slab, 
and k is the thermal conductivity of the 
material.

https://phys.libretexts.org/@go/page/4349


https://energyeducation.ca/encyclopedia/Thermal_conduction#cite_note-1

https://energyeducation.ca/encyclopedia/Thermal_conduction


Heat Transfer

Mechanisms of Heat Transfer. (2020, November 5). 
Retrieved September 30, 2021, from 
https://phys.libretexts.org/@go/page/4349

Heat Convection 

Air heated by a so-called gravity furnace expands and rises, 
forming a convective loop that transfers energy to other parts of 
the room. As the air is cooled at the ceiling and outside walls, it 
contracts, eventually becoming denser than room air and sinking 
to the floor. A properly designed heating system using natural 
convection , like this one, can heat a home quite efficiently. 

In convection , thermal energy is carried by the large-scale 
flow of matter. It can be divided into two types. In forced 
convection , the flow is driven by fans, pumps, and the like. 
In free or natural convection , the flow is driven by buoyant 
forces: hot fluid rises and cold fluid sinks because density 
decreases as temperature increases. The house in the figure 
to the left is kept warm by natural convection, as is the pot 
of water on the stove 

https://phys.libretexts.org/@go/page/4349


https://energyeducation.ca/encyclopedia/Convection

https://energyeducation.ca/encyclopedia/Convection


Heat Transfer



Heat: transferred thermal energy

• Our model of heat and temperature

• Types of heat transfer

• Heating our homes, fenestration and building envelopes​, HVAC
• Heat pumps​
• Solar and geothermal heating

https://www.weather.gov/jetstream/heat

https://www.weather.gov/jetstream/heat


https://energyeducation.ca/encyclopedia/Fenestration

https://energyeducation.ca/encyclopedia/Fenestration


https://energyeducation.ca/encyclopedia/Fenestration

https://energyeducation.ca/encyclopedia/Fenestration


Picture created by Dr. Donev's student, Augustine Musa



Picture created by Dr. Donev's student, Augustine Musa

Definition found in Oxford Langugges
https://languages.oup.com/google-dictionary-en/

Fenestration



Model: Houses are boxes with holes in them.
Picture created by Dr. Doven's student, Augustine Musa

Building envelope 
(Fenestration, the holes)

Building envelope and fenestration​



Stop Air-leakage



Windows

• South and West:

– Hard coat low-e coating 
add more heat to the home 
through solar gain than 
they lose. 

• North and East:

– soft-coat low-e coating and 
a low thermal conductivity



On the other side

• Solar gain on heating can 
overpower a room.

• NRCan recommends at least 
10 m2 of floor space for 
every 1 m2 of fenestration



Doors

• Out of prevailing winds (leeward 
side)

• Windbreaks: a porches, vestibules

• Weather-stripping in good condition

• Small blanket or towel on bottom 
blocks draft



Skylights

• On South facing roof (or west if need be)

• Weatherstripping and e-coating

• Not in high humidity, (bathroom near a shower or 
over a kitchen sink.



Glazing



Insulating Glass Units

• Windows: where we lose 
most of our heat.

• Double Paned windows 
much better 



Triple paned windows

• Insulate more.

• BUT often a better places to focus on

• Low emissivity to reduce radiation losses.



Convection

• Convection currents in windows carry most of the heat.

• Thin space to stop convection.

Cold air outside

Warm air inside



Other heat in the house; Sun
Leaks from doors, windows, etc.

• Heat in our homes



Reading assignment for next class:
https://energyeducation.ca/encyclopedia/Buil
ding_envelope
Topic of Wednesday's Lecture: Heating our 
homes

https://energyeducation.ca/encyclopedia/Building_envelope


PHYS 371 Introduction 
to Energy
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Glazing



Insulating Glass Units

• Windows: where we lose 
most of our heat.

• Double Paned windows 
much better 

https://energyeducation.ca/encyclopedia/
Home_temperature_control

https://energyeducation.ca/encyclopedia/Home_temperature_control


Triple paned windows

• Insulate more.

• BUT often a better places to focus on

• Low emissivity to reduce radiation losses.

https://energyeducation.ca/encyclopedia/R-value

https://energyeducation.ca/encyclopedia/R-value


https://energyeducation.ca/encyclopedia/R-value

https://energyeducation.ca/encyclopedia/R-value


https://energyeducation.ca/encyclopedia/R-value

https://energyeducation.ca/encyclopedia/R-value


Convection

• Convection currents in windows carry most of the heat.

• Thin space to stop convection.

Cold air outside

Warm air inside



Other heat in the house; Sun
Leaks from doors, windows, etc.

• Heat in our homes



Heating 
degree days 

today

Model: Take base temperature as 18°C (for Canada)
1 heating degree day=day when average temperature in that day was 17°
(deviating of 1°C from the base temperature 18°C)

How to calculate/count Heating Degree Days quantity for a given day
HDD= # days in a year when temp is below 18°C
*(18-average temp on that day)



Heating 
degree days 

today

Model: Take base temperature as 18°C (for Canada)
1 heating degree day=day when average temperature in that day was 17°
(deviating of 1°C from the base temperature 18°C)

How to calculate/count Heating Degree Days quantity for a given day
HDD= # days in a year when temp is below 18°C
*(18-average temp on that day)

Example: Today, Wed Oct 6, 2021, the average temperature in Calgary is 7°C
HDD for today = 1*(18-7)=11
The number of HDD for today is 11



Heating 
degree days 

today

Calculate the quantity HDD for today for Calgary,
Place your answer in TopHapt discussion

Adding all the temperatures for October 6, 2021 gives
a total of 173; divided by 24 hours, gives an 
average temp of 7.2. To calculate HDD= 18-
7=11

Today's HDD is 11



Heating 
degree days 

today

https://climateatlas.ca/map/canada/

Model: Take base temperature as 18°C
1 heating degree day=day when temperature was 17° (deviating from 18°C)

Remember!
How to calculate/count Heating Degree Days
HDD= # days in a year when temp is below 18°C
*(18-average temp on that day)

https://climateatlas.ca/map/canada/


Locally, today

https://climateatlas.ca/map/canada/

Calgary
2005= 5,110 HDD
2050=3,870 HDD

https://climateatlas.ca/map/canada/


Heating degree days will reduce
Calgary
2005= 5,110 HDD
2050=3,870 HDD



And Nationally



Canada has 
very few 
cooling 

degree days 
right now

Model: Take base temperature as 18°C
1 cooling degree day=day when temperature was 19° (deviating from 18°C)

https://climateatlas.ca/map/canada/

How to calculate/count Cooling Degree Days​ :
CDD= # days in a year when temp is below 18°C​*(average temp on that day-18)​

https://climateatlas.ca/map/canada/


Climate change drives that up



Residential Energy use in Canada

Canada Avg Space heating is ~3 x electricity

http://extraconversion.com
/energy/petajoules

https://energyeducation.ca
/encyclopedia/Heater

http://extraconversion.com/energy/petajoules
https://energyeducation.ca/encyclopedia/Heater


Commercial Energy Use

https://energyeducation.ca
/encyclopedia/Heater

http://extraconversion.com
/energy/petajoules

https://energyeducation.ca/encyclopedia/Heater
http://extraconversion.com/energy/petajoules




• LIST OF LINKS MENTIONED IN THIS LECTURE

(ENERGYEDUCATION PAGES AND OTHER SOURCES)

TO READ, EXPLORE AND TO ADD TO YOUR REFLECTIVE WRITING:

https://energyeducation.ca/encyclopedia/Home_temperature_control

https://energyeducation.ca/encyclopedia/R-value

https://climateatlas.ca/map/canada/

https://energyeducation.ca/encyclopedia/Heater

http://extraconversion.com/energy/petajoules

https://energyeducation.ca/encyclopedia/Home_temperature_control
https://energyeducation.ca/encyclopedia/R-value
https://climateatlas.ca/map/canada/
https://energyeducation.ca/encyclopedia/Heater
http://extraconversion.com/energy/petajoules


HVAC

• Makes the inside of the building envelope pleasant

• Heating Ventilation Air-Conditioning

• Furnaces

• Ducts

• Vents

• Fans

• AC 

• Humidifiers 

NEXT CLASS:



PHYS 371 Introduction to Energy

LECTURE 14: THERMAL ENERGY – MOVING HEAT

WEDNESDAY, OCTOBER 13, 2021

This Photo by Unknown author is licensed under CC BY-NC.

http://www.groundreport.com/6-top-tips-choosing-right-hvac-contractor/
https://creativecommons.org/licenses/by-nc/3.0/


Sunday, October 10
World Mental Health 
Day 2021
H T T P S : / / W E L L N E S S TO G E T H E R . C A

H T T P S : / / W W W. U C A L G A R Y. C A / W E L LN E SS - S E R V IC E S / S E RV I C E S/ M E N TA L - H E A LT H - S E R V IC E S

H T T P S : / / U C A L G A R Y.C A / P O D C A ST S / W E - C A N- A N S W E R/ E P IS O D E - 4 - M E N TA L - H E A LT H - 2 0 20

H T T P S : / / T H E G A U N T L E T. C A / 2 02 1/ 0 9/ 0 6/ FR O S H - 2 02 1 - M E N TA L - H E A LT H - O N - C A M P U S /

https://wellnesstogether.ca
https://www.ucalgary.ca/wellness-services/services/mental-health-services
https://ucalgary.ca/podcasts/we-can-answer/episode-4-mental-health-2020
https://thegauntlet.ca/2021/09/06/frosh-2021-mental-health-on-campus/












HVAC

• Makes the inside of the building envelope pleasant

• Heating Ventilation Air-Conditioning

• Furnaces

• Ducts

• Vents

• Fans

• AC 

• Humidifiers 



Hot fluids move through house

Furnaces 
heat air
Boilers heat 
water/steam



100,000 BTU/hr
(nat gas input)

25 kW electric



https://energyeducation.ca/encyclopedia/British_thermal_unit

https://energyeducation.ca/encyclopedia/British_thermal_unit


Natural gas furnaces
Forced air, needs a fan



Natural gas furnaces 80-97% 



https://energyeducation.ca/encyclopedia/Efficiency

https://energyeducation.ca/encyclopedia/Efficiency


Electric
furnace

• No heat exchanger

• No waste gas



Electric furnaces 100% 



But only ~33% efficient at making electricity!





In a house

http://www.energystar.gov/index.cfm?c=behind_the_walls.btw_ducts

http://www.energystar.gov/index.cfm?c=behind_the_walls.btw_ducts


Ducts can leak



Look in from your vent
http://www.energystar.gov/index.cfm?c=behind_the_walls.btw_ducts



Heater vents

• Vents: usually by windows 
and doors.

• Heat inputs are present to 
try to keep the room 
temperature consistent.

https://energyeducation.ca/encyclopedia
/Heating_registers_and_vents

https://energyeducation.ca/encyclopedia/Heating_registers_and_vents


http://tales.indulgedfurries.com/?p=3258

Vents should 
warm in 
front of 

curtains, not 
behind





Midterm 1

Very high average (92.18% average, 85% of the students received an A- or higher mark).



PHYS 371 Introduction to Energy
LECTURE 15: THERMAL ENERGY – HEATING OUR HOMES

FRIDAY OCTOBER 15, 2021



Tophat question roman aqueduct

• The water atop Niagara Falls has potential energy despite if there is 
a dam built around it or not. Potential energy relates to height 
(position in general with respect of a field, but in this class, we 
simplify height from ground). Hydroelectric power harvests kinetic 
energy of the water, this is why the turbines are located at the 
bottom of the dam and not atop!



Model: Temperature is a measure of 
microscopic motion

Temperature = measurement of internal energy
Heat = Flow of thermal energy from hotter to colder

Relative and absolute temperature

Microscopic 

https://phet.colorado.edu/sims/html/states-of-matter-basics/latest/states-of-matter-basics_en.htmlhttp:/phet.colorado.edu/en/simulation/legacy/gas-properties


© 2017 Pearson Education, Inc. Slide 18-4

Temperature



© 2017 Pearson Education, Inc. Slide 18-5

Temp is a MACROSCOPIC property of an object. 

Temp is proportional to the internal (a.k.a. thermal) energy of an object. 

Temperature is derived from the average of the MICROSCOPIC kinetic and rotational kinetic energy of the molecular or atomic 
particles in a system. Monoatomic and diatomic ideal gases have different degrees of freedom (sum of rotation and translation
degrees of freedom). 

When you measure temperature, you measure the temperature of a MACROSCOPIC object, you do not measure the 
‘temperature of an atom’. You also do not measure the microscopic kinetic energy of a particle for each particle in your system 
to average them out. You make assumptions and you solve for the average.

See: 
https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University_Physics_(OpenStax)/Book%3A_University_P
hysics_II_-
_Thermodynamics_Electricity_and_Magnetism_(OpenStax)/02%3A_The_Kinetic_Theory_of_Gases/2.03%3A_Pressure_Tempe
rature_and_RMS_Speed

https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University_Physics_(OpenStax)/Book%3A_University_Physics_II_-_Thermodynamics_Electricity_and_Magnetism_(OpenStax)/02%3A_The_Kinetic_Theory_of_Gases/2.03%3A_Pressure_Temperature_and_RMS_Speed


© 2017 Pearson Education, Inc. Slide 18-6

Microscopic properties



© 2017 Pearson Education, Inc. Slide 18-7

Temperature

▪ What is temperature?

▪ Temperature is related to 
how much thermal energy 
is in a system.

▪ For now, in a very practical 
sense, temperature is what we 
measure with a thermometer! 

▪ In a glass-tube thermometer, such as the ones shown, 
a small volume of liquid expands or contracts when 
placed in contact with a “hot” or “cold” object.

▪ The object’s temperature is determined by the length of 
the column of liquid.



© 2017 Pearson Education, Inc. Slide 18-8

The SI unit for absolute temperature is

A. Celsius.

B. Fahrenheit.

C. Kelvin.

D. Newton.

E. Rankine.

Units of absolute Temperature



© 2017 Pearson Education, Inc. Slide 18-9

The SI unit for absolute temperature is

A. Celsius.

B. Fahrenheit.

C. Kelvin.

D. Newton.

E. Rankine.

Units of absolute temperature



© 2017 Pearson Education, Inc. Slide 18-10

Temperature Scales

▪ The Celsius temperature scale is defined by setting 
TC = 0 for the freezing point of pure water, and TC = 100

for the boiling point.

▪ The Kelvin temperature scale has the same unit size 
as Celsius, with the zero point at absolute zero. The 
conversion from the Celsius scale to the Kelvin scale is

▪ The Fahrenheit scale, still widely used in the United 
States, is defined by its relation to the Celsius scale, 
as follows:



© 2017 Pearson Education, Inc. Slide 19-11

▪ Thermal energy Eth is an 
energy of the system due to 
the motion of its atoms and 
molecules.

▪ Heat Q is energy transferred 
between the system and the 
environment as they interact.

▪ Temperature T is a state 
variable that quantifies the 
“hotness” or “coldness” of a 
system. 

▪ A temperature difference is required in order for heat to 
be transferred between the system and the environment.

Heat, Temperature, and Thermal Energy



Heat transfer is the 
movement of energy from 
one place or material to 
another as a result of a 
difference in temperature

• Internal (thermal) energy: average of the total 
mechanical energy of all the molecules or 
entities in the system, at the MICROSCOPIC level

• Heat: energy transferred due to a temperature 
difference

Internal energy 
(thermal energy) 
and heat

Heat Transfer, Specific Heat, and Calorimetry. (2020, November 5). Retrieved 
September 28, 2021, from https://phys.libretexts.org/@go/page/4347

https://phys.libretexts.org/@go/page/4347


Heat Transfer



Joule’s experiment established the 
equivalence of heat and work. As the masses 
descended, they caused the paddles to do 
work, W = mgh, on the water. The result was 
a temperature increase, ΔT, measured by the 
thermometer. Joule found that ΔT was 
proportional to W and thus determined the 
mechanical equivalent of heat
.

Joule’s most famous experiment

Heat Transfer, Specific Heat, and Calorimetry. (2020, November 5). Retrieved 
September 28, 2021, from https://phys.libretexts.org/@go/page/4347

1.000kcal=4,186J.

Q=mcΔT

where Q is the symbol for heat transfer 
(“quantity of heat”), m is the mass of the 
substance, and ΔT is the change in 
temperature. The symbol c stands for the 
specific heat (also called “specific heat 
capacity”) and depends on the material and 
phase.

https://phys.libretexts.org/Bookshelves/Thermodynamics_and_Statistical_Mechanics/Book%3A_Heat_and_Thermodynamics_(Tatum)/10%3A_The_Joule_and_Joule-Thomson_Experiments
https://phys.libretexts.org/@go/page/4347


Temperature and internal energy

A thermal system has internal energy (also called thermal energy), which is the sum of the mechanical energies of its 
molecules. A system’s internal energy is proportional to its temperature.

(a) Here, the soft drink has a higher temperature than the ice, so they are not in thermal equilibrium. (b) When the soft drink 
and ice are allowed to interact, heat is transferred from the drink to the ice due to the difference in temperatures until they 
reach the same temperature, T′, achieving equilibrium. In fact, since the soft drink and ice are both in contact with the 
surrounding air and the bench, the ultimate equilibrium temperature will be the same as that of the surroundings.



THERMAL ENERGY

https://energyeducation.ca/encyclopedia/Thermal_energy

https://energyeducation.ca/encyclopedia/Thermal_energy


CONDUCTION
Example: Molecules transferring energy by bumping



Heat Transfer

Mechanisms of Heat Transfer. (2020, November 5). Retrieved 
September 30, 2021, from https://phys.libretexts.org/@go/page/4349

Heat Conduction 

Heat conduction occurs through any material, 
represented here by a rectangular bar, whether window 
glass or walrus blubber.

where P is the power or rate of heat 
transfer in watts or in kilocalories per 
second, A and d are its surface area and 
thickness, as shown in the figure, Th−Tc is 
the temperature difference across the slab, 
and k is the thermal conductivity of the 
material.

https://phys.libretexts.org/@go/page/4349


Conduction equation

𝑄

Δ𝑡
Heating power in Watts

𝑘 is the thermal conductivity 
W

m⋅K

𝐴 Surface area in m2.

𝑑 is the length the heat travels

𝑇ℎ & 𝑇𝑐 Temperature of Hot and cold sides



https://energyeducation.ca/encyclopedia/Thermal_conduction#cite_note-1

https://energyeducation.ca/encyclopedia/Thermal_conduction


Molecule wiggle create 
electromagnetic 
radiation

Radiation 



Blackbody radiation, no special wavelength 
given off

22

https://phet.colorado.edu/sims/html/blackbody-spectrum/latest/blackbody-spectrum_en.html
../Resources-solar/cdfs/BlackbodySpectrum-author.nb


Radiation

The hot body emits electromagnetic waves that are absorbed by other body. 
No medium is required for electromagnetic waves to propagate. 
Different names are used for electromagnetic waves of different wavelengths: radio waves, 
microwaves , infrared radiation , visible light , ultraviolet radiation , X-rays, and gamma rays. 

Image Source: 
https://sites.google.com/a/coe.edu/principles-of-
structural-chemistry/relationship-between-light-and-
matter/electromagnetic-spectrum

A shorter wavelength (or higher frequency) corresponds to a 
higher energy. Because more heat
is radiated at higher temperatures, higher temperatures 
produce more intensity at every wavelength but especially at 
shorter wavelengths.



https://energyeducation.ca/encyclopedia/Radiation

https://energyeducation.ca/encyclopedia/Radiation


Radiation and Power

The rate of heat transfer by emitted radiation 

(Radiation Power) is directly proportional to the 
Temperature to the fourth!

P
The proportionality to the fourth power of the absolute 
temperature is a remarkably strong temperature
dependence. It allows the detection of even small temperature 
variations. 



Radiation and Power
The rate of heat transfer by emitted radiation is described by the 

Stefan-Boltzmann law of radiation

where 

is the Stefan-Boltzmann constant, a combination of fundamental constants of nature; A is the 

surface area of the object; e is emissivity; and T is its temperature in Kelvins. 

https://www.ceramicx.com/information/support/why-infrared-laws-of-infrared-heating/

https://www.ceramicx.com/information/support/why-infrared-laws-of-infrared-heating/


Chapter 4 Lectures

• Our model of heat and temperature

• Types of heat transfer

• Heating our homes, HVAC, fenestration and building envelopes

Next week:

• Solar and geothermal heating

• Heat pumps





PHYS 371 Introduction to Energy

LECTURE 17:  THERMAL ENERGY – MOVING HEAT

WEDNESDAY, OCTOBER 20,  2021

This Photo by Unknown author is licensed under CC BY-NC-ND.

https://www.aliem.com/2015/10/heat-stroke/
https://creativecommons.org/licenses/by-nc-nd/3.0/


Chapter 4

• Our model of heat and temperature

• Types of heat transfer

• Heating our homes, HVAC, fenestration and building envelopes

Next week:

• Solar and geothermal heating

• Heat pumps

https://energyeducation.ca/encyclopedia/Energy_Education:Chapter_4

https://energyeducation.ca/encyclopedia/Energy_Education:Chapter_4


Add solar!



Hydronic 
baseboard 

heaters



Baseboard 
heaterRadiant heat

Convective heat

Metal 
case



Electric 
Baseboard 

heaters



Door hits this                        

Good placement
Under windows)

Need enough 
space at corner      

Sofa blocks air flow

Labour
Intensive       



Heater far away, doesn’t help

http://latentvalue.blogspot.ca/2010/11/how-heater-manufacturers-can-improve.html



Right kind of 
circulation

http://latentvalue.blogspot.ca/2010/11/how-heater-
manufacturers-can-improve.html



Hydronic 
radiant 
heating



Electric radiant heating

Electric coil

Aluminum panels

Radiant 
heat

Convective   



A note on 
thermostats

• Far from fenestration, heater 
vents & radiators

• Measure average
temperature of house.

• Programmable can save 
money



USING SOLAR POWER



What energy service should we prioritize 
making solar powered?



Space heating
Drake Landing, Okotoks, AB

(www.dlsc.ca/DLSC_Brochure_e.pdf)



Solar glass 
(lets lots of light through)

Back Insulation

Sheet absorbs sunlight
Copper tubing carries 
propylene glycol 
antifreeze to transfer 
heat

Metal 
frame      

Turn sunlight to heat



PHYS 371 
Introduction to Energy

LECTURE 17: USING SOLAR POWER
FRIDAY, OCTOBER 22, 2021



Territorial 
acknowledgement



Diversity 
Inclusive environment
Safety: Physical and Mental Health

Important 
considerations



Grading scale



A note about Grace and 
Courtesy in this course

"When doing the task on finding the rate of heat transfer through the steel slab, I get an answer 
that fits none of the answer alternatives. This happens when I change the temperature into Kelvin, 
which should produce the correct solution, however, if I solve for the temperature in celsius I get an 

answer that fits with one of the alternatives. Are you guys sure you didn't mess up when making 
this task? When looking at the units alone, it's clear that we should be working with Kelvin and not 

Celsius." Student in Trouble

"When doing the task on finding the rate of heat transfer through the steel slab, I get an answer 
that fits none of the answer alternatives. This happens when I change the temperature into Kelvin, 
which should produce the correct solution, however, if I solve for the temperature in celsius I get an 

answer that fits with one of the alternatives. Are you guys sure you didn't mess up when making 
this task? When looking at the units alone, it's clear that we should be working with Kelvin and not 

Celsius." Student in Trouble

We are NOT 'guys'
You shall call me Dr. Mazzino
You shall call TAs by their 
names, Finley, Andre, Travis
Call US 'Educational team"

We do not 'mess up' when making a task. 
This statement is highly disrespectful 



Another issue
Chat in Zoom

Chat in zoom is ONLY to

• Ask questions during lecture

• Participate to give an oral answer

• Ask to clarify a concept

• Ask to clarify an assignment, due date, format, content

• Ask about logistics about the course

Jokes that are offensive to the diversity of the class (racial comments, comments about LGTBQ, comments 
about color of skin, comments against diversity, comments against cultural diversity) WILL NOT BE TOLERATED.

THE UNIVERSITY OF CALGARY is an INCLUSIVE COMMUNITY WHERE EVERYONE SHALL FEEL SAFE AND 
WELCOMED.

I AM VERY PASSIONATE ABOUT EQUITY, INCLUSION AND DIVERSITY. I AM PASSIONATE ABOUT 
STUDENT'S HEALTH (BOTH MENTAL AND PHYSICAL)



What energy service should we prioritize 
making solar powered?



Space heating
Drake Landing, Okotoks, AB

(www.dlsc.ca/DLSC_Brochure_e.pdf)



Solar glass 
(lets lots of light through)

Back Insulation

Sheet absorbs sunlight
Copper tubing carries 
propylene glycol 
antifreeze to transfer 
heat

Metal 
frame      

Turn sunlight to heat



Exchange heat 
to Storage



52 houses 
Reducing Nat gas
−94% heating
−60% hot water





Axial tilt is the reason for the seasons!



Shape of roof passive solar

Overhangs on buildings 
controls sun:
• Blocks summer sun
• Passes winter sun
Can be fixed, solid or 
moveable



Deciduous trees:
Block sun in summer
Let light through in winter



Want windows on south side of house

Solar access zone: full solar 
exposure during winter
Trees block wind



Trombe Wall:
Glass lets most light through, 
provides some insulation (not as much 
as a wall though



Trombe walls

• A south facing (in Calgary) wall covered with glass.

• Small holes make for air circulation by convection.

From http://www.dwls.org

http://www.dwls.org/


Trombe walls

• In warmer climates 
than Calgary you 
want warm in the 
winter, cool in 
summer.

• An overhang shades 
the Trombe Wall 
from the sun in 
summer.



Solar water 
heating

Supplemental, rather than 
providing all hot water



Heat water



Light to see by
Light tubes or light pipes



A note to Micro vs. Macro (for midterm 2)
Observable or variable Type

Volume Macro

Pressure Macro

Temperature Macro

Velocity It depends!
Is the object the size of a molecule/atom? Yes? Micro
(quantity is measured by indirect methods)
Is the object the size of a grain of salt/sand? Macro
(quantity is measured by direct methods)

Kinetic Energy It depends!
Is the object the size of a molecule/atom? Yes? Micro
Is the object the size of a grain of salt/sand? Macro

Mass It depends!
Is the object the size of a molecule/atom? Yes? Micro
Is the object the size of a grain of salt/sand? Macro

Macroscopic- large enough to be seen or observed by the unaided eye.
Microscopic- too small to be seen or observed by the unaided eye



About temperature (for midterm 2 and final)

"Temperature is not directly proportional to internal energy since temperature measures only the 
kinetic energy part of the internal energy, so two objects with the same temperature do not in 
general have the same internal energy"

http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/temper.html

Further reading for your own benefit (concepts and calculations in these pages that were not 
covered during class WILL NOT be part of the questions in exams):

• https://physics.info/temperature/

• https://www.wired.com/story/temperature-is-not-what-you-think-it-is/

• https://www.physicsclassroom.com/class/thermalP/Lesson-1/Temperature-and-Thermometers

http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/inteng.html
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/temper.html
https://physics.info/temperature/
https://www.wired.com/story/temperature-is-not-what-you-think-it-is/
https://www.physicsclassroom.com/class/thermalP/Lesson-1/Temperature-and-Thermometers


About thermal radiation
"Thermal radiation is emitted by all matter with temperatures above the 
absolute zero and is transferred in the form of electromagnetic 
waves." Rossi, R. (2018). 15 - High-performance sportswear. In High-
Performance Apparel (pp. 341-356). Elsevier.

Also see
https://physics.info/radiation/

http://Alhttps:/physics.info/radiation/


Source: The University of California, San Diego –
Satellite Geodesy 
https://topex.ucsd.edu/rs/thermal.pdf

Electromagnetic 
radiation emitted by 
the Sun:

9% Ultraviolet
41% Visible light
50% Infrared

Earth profile is in the 
Infrared range

http://shttps/topex.ucsd.edu/rs/thermal.pdf


"Convection is heat transfer by mass motion of a fluid 
such as air or water when the heated fluid is caused to 
move away from the source of heat, carrying energy 
with it." http://hyperphysics.phy-
astr.gsu.edu/hbase/thermo/heatra.html#c1
"Conduction is heat transfer by means of molecular 
agitation within a material without any motion of the 
material as a whole." (same webpage)

https://keydifferences.com/difference-
between-conduction-convection-and-
radiation.html

"Heat transfer by radiation occurs when microwaves, infrared radiation, visible light, 
or another form of electromagnetic radiation is emitted or absorbed. "
https://pressbooks.bccampus.ca/introductorygeneralphysics2phys1207/chapter/14-
4-heat-transfer-methods/

http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/heatra.html
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/heatra.html
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/heatra.html
https://keydifferences.com/difference-between-conduction-convection-and-radiation.html
https://pressbooks.bccampus.ca/introductorygeneralphysics2phys1207/chapter/14-4-heat-transfer-methods/


Generating electricity https://energyeducation.ca/encyclopedia/Power_plant

Potential
Energy

Kinetic
Energy https://energyeducation.ca/encyclopedia/Heat_engine

Heat and steam moves the turbine. 
Examples: Natural gas power plant (natural gas), Nuclear 
Power Plants (uranium), coal-fired power plants (Coal) and 
solar thermal power plants (using heat to produce steam).

"The exception is solar power plants, which use photovoltaic cells (instead of a turbine) to generate this electricity."

Hydro, tidal, wind

Thermal
Energy

https://energyeducation.ca/encyclopedia/Power_plant
https://energyeducation.ca/encyclopedia/Heat_engine
https://energyeducation.ca/encyclopedia/Natural_gas
https://energyeducation.ca/encyclopedia/Uranium
https://energyeducation.ca/encyclopedia/Coal
https://energyeducation.ca/encyclopedia/Photovoltaic_cell
https://energyeducation.ca/encyclopedia/Turbine


PHYS 371 
Introduction to 

Energy
LECTURE 18: HEAT ENGINES

MONDAY, OCTOBER 25, 2021



Overview – This week

❑Fluids. Machine for motion. Turbines

❑Heat engines

❑Efficiency

❑Cogeneration

❑(maybe) Refrigerators

• Next Week:

• Electricity. Electricity production. Power plants



Heat engines
Run:
Power plants (most types)
Cars, planes, boats, submarines











Let’s try!

https://phet.colorado.edu/sims/html/states-of-matter/latest/states-of-matter_en.html


PHYS 371 
Introduction to Energy

• LECTURE 19: HEAT ENGINES - TURBINES

• WEDNESDAY, OCTOBER 27, 2021



Heat engines

Run:
Power plants (most types)
Cars, planes, boats, submarines



Overview –
This week

❑ Fluids. Machine for motion. 
Turbines

❑ Heat engines

❑ Efficiency

❑ Cogeneration

❑ (maybe) Refrigerators

• Next Week:

• Electricity. Electricity 
production. Power plants



Heat Engine A heat engine turns heat into 
work.

We will discuss all this at the end of this lecture and on Friday, once we have learned all the required 
background information and knowledge needed

Engines that rely on a heat source 
to do work are called heat engines ​.

A heat source provides heat to the 
engine, which does work. The 
waste heat left over goes to a heat 
sink.



Let’s try!

https://phet.colorado.edu/sims/html/states-of-matter/latest/states-of-matter_en.html


𝑄𝑖𝑛
Container 
changes size
(constant )

https://phet.colorado.edu/sims/html/gas-properties/latest/gas-properties_en.html


in →More molecular motion

• Little effect on liquid pressure
• Increases gas pressure

𝑄

𝑄



Flows often are fluids
and use fluids



Fuels use fluids as well



Model: 
3 types of motion; 
3 types of machine to 
create motion from fluid

Rotation – Turbine Reciprocating – Piston 

Translation – Jet



Jet



Piston – reciprocating motion



Model: Machine converting fluid energy into shaft 
work - Turbine



𝑄𝑖𝑛
Increase 
and/or 

https://phet.colorado.edu/sims/html/gas-properties/latest/gas-properties_en.html


HEAT ENGINE

U= Internal (thermal) energy
ΔU= CHANGE in the internal energy
W= Work out (work done by 
engine)
Qin= Heat in (heat source)
Qout= Heat out (heat sink)

https://energyeducation.ca/encyclopedia/Energy_Education:Chapter_5

https://energyeducation.ca/encyclopedia/Engine

https://energyeducation.ca/encyclopedia/External_heat_engine

http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/heaeng.html

https://galileo.phys.virginia.edu/classes/152.mf1i.spring02/CarnotEngine.htm

https://energyeducation.ca/encyclopedia/Energy_Education:Chapter_5
http://Hhttps:/energyeducation.ca/encyclopedia/Engine
https://energyeducation.ca/encyclopedia/External_heat_engine
http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/heaeng.html
https://galileo.phys.virginia.edu/classes/152.mf1i.spring02/CarnotEngine.htm


Pistons

• Place a mass on the top of a container 
held at a pressure and volume

• Make the gas expand

• Gas pushes the mass up.
P1, V1

P2,V2

m

m



Source of heat

• Find a source of heat, to expand 
the gas.

• Piston pushes some distance.

• Getting work out of a gas.

P1, V1

P2,V2

m

m

Heat into the system

Take  mass 
after lifted



Only works once?

• Gas expanded: got the work out.

• Took off the mass.

• We want to repeat the process

P2,V2

m



Take heat out!

• Removing heat contracts the gas 
reduce 𝑉 (and usually 𝑝 too)

P2,V2

m

Heat out of 
the system



A cycle

• Back to where we started.

• Repeat as desired.

P1, V1

P2,V2

m

m

Heat out of 
the system



The concept of a heat engine

• Some heat is converted to useful work (but not all).

• Basically, any heat source will work

P1, V1

m
P2,V2

Heat out 

P2,V2

m

P1, V1

m

Heat in

System does work Cycle re-starts
New mass!



Heat outside engine:
External heat engine



Heat from inside:
Internal combustion engine



Heat engines are everywhere



Energy 
input

Model: Efficiency quantifies useful 
fraction of energy

Conversion 
device

Useful 
Energy

Waste 
energy



Hot 
Heat

Work efficiency : fraction of heat 
turned into work in a heat engine.

Any heat engine

Work

Heat



HEAT ENGINE

This Photo by Unknown author is licensed 
under CC BY.

This Photo by Unknown author is licensed under CC BY-SA.

https://energyeducation.ca/encyclopedia/Carnot_efficiency

https://energyeducation.ca/encyclopedia/Piston

https://energyeducation.ca/encyclopedia/Waste_heat

https://philschatz.com/physics-book/contents/m42234.html
https://creativecommons.org/licenses/by/3.0/
http://physics.stackexchange.com/questions/120051/energy-density-and-carnot-cycle
https://creativecommons.org/licenses/by-sa/3.0/
https://energyeducation.ca/encyclopedia/Carnot_efficiency
https://energyeducation.ca/encyclopedia/Piston
https://energyeducation.ca/encyclopedia/Waste_heat


Heat engine efficiency

𝜂𝑤 =
Work out

Heat in

𝜼 is always less than 1.

Primary energy × 𝜂 = Work

Work

𝜂
= Primary energy



Heat engine efficiency
• Some heat is converted to useful work, but not all.

P1, V1

m
P2,V2

Heat out 

P2,V2

m

P1, V1

m

Heat in

System does work Cycle re-starts
New mass!



Motion of car



Dump water into the air

• Water vapor rises from 
the cooling towers. 

• Power plants generate 
electricity by turning heat 
into work. 

Not smoke!



Modified model: Heat engines need heat, give 
work and waste heat

• 𝑇𝐻 any source
• Geothermal
• Fossil fuels
• Nuclear fuels

• 𝑇𝑐 needs to stay cold
• Should be big.
• Waste heat always goes 

into that cold sink



Model: Heat engines give off waste heat

• How much waste heat needs 
to be given off?



Carnot engine

• Theoretical upper limit to heat engine efficiency

𝜂𝑐 = 1 −
𝑇𝑐
𝑇ℎ

• Real engines always less than Carnot

𝜂𝑤 < 𝜂𝑐

𝑊𝑜𝑢𝑡

𝑄𝑖𝑛
< 1 −

𝑇𝑐
𝑇ℎ



Real heat engines

h < hcarnot

Type Th (K) Tl (K) Carnot (hc) Actual (h) h/hc

Coal 800 300 62.5% 35% 0.56

Nuclear 1200 300 75% 35% 0.47

Geo. 525 350 33% 16% 0.48



Wrapping it all together
Read:

http://matterandinteractions.org/wp-content/uploads/2016/07/Supplement1-
Gasesandheatengines.pdf

http://animatedengines.com/

http://matterandinteractions.org/wp-content/uploads/2016/07/Supplement1-Gasesandheatengines.pdf
http://animatedengines.com/


PHYS 371 
Introduction to Energy

• LECTURE 20: HEAT ENGINES

• FRIDAY, OCTOBER 29, 2021

• (CUT OFF FOR MIDTERM 2)



Heat engines

Run:
Power plants (most types)
Cars, planes, boats, submarines



Overview –
This week
q Fluids. Machine for motion. 

Turbines

q Heat engines
q Efficiency

q Cogeneration
q (maybe) Refrigerators

• Next Week:
• Electricity. Electricity 

production. Power plants



Heat Engine A heat engine turns heat into 
work.

We will discuss all this at the end of this lecture and on Friday, once we have learned all the required 
background information and knowledge needed

Engines that rely on a heat source 
to do work are called heat engines.

A heat source provides heat to the 
engine, which does work. The 
waste heat left over goes to a heat 
sink.



Ancient technology!

~2000 years old!

Segner WheelHero’s Aeolipile



Model: Heat adds energy to fluids.



Energy Environment and Climate, 2nd Edition
Copyright © 2012 W. W. Norton & Company

Figure 4.12

Heat engines

Almost all of our 
energy is harvested 
by using heat 
engines.



How much work?

• If we send in 200 kJ of heat, and get out 130 kJ of 
waste heat, how much work did we get out, in kJ?

The energy must go somewhere!

200 kJ − 130 kJ = 70 kJ



Our efficiency

𝜂 is	always	less	than	1.

Primary energy×𝜂 = End use

End use
𝜂

= Primary energy

inHeat 
outWork 

=h



Different question

• If we send in 200 kJ of heat, and get out 130 kJ of 
waste heat, how much work did we get out, in kJ?
•What’s our efficiency?



Find the efficiency

• h = ?
• If we send in 400 kJ of heat and get out 350 kJ of heat, 

what’s the efficiency?



The Limits of Efficiency

Everyone knows that heat can produce motion. That it 
possesses vast motive power no one can doubt, in 
these days when the steam engine is everywhere so well 
known. . . . Notwithstanding the satisfactory condition to 
which they have been brought today, their theory is very 
little understood. The question has often been raised 
whether the motive power of heat is unbounded, or 
whether the possible improvements in steam engines 
have an assignable limit.

Sadi Carnot



The result!
Theoretical efficiency
Only for Carnot engine

H

c

T
T

-=1h



Could this heat 
engine be 
built?

A. No.
B. Yes.
C. It’s impossible to tell 

without knowing what kind of 
cycle it uses.



Could this heat 
engine be 
built?

A. No.
B. Yes.
C. It’s impossible to tell 

without knowing what kind of 
cycle it uses.



Cogeneration

• Cogeneration means using the heat for other processes.
• Heating homes
• Industrial processes
• Processing bitumen

• BUT! The heat can’t travel far.



Cogen plants get work and use heat



Different types of engines

• External combustion engine
• Internal combustion engine
• Continuous combustion
• Intermittent combustion

How is an internal combustion engine different from an external 
combustion engine?



External combustion engine

• Fuel heats water outside of piston.
• Were used for transportation, but too inefficient.
• Still used for power plants.
• Coal
• Nuclear
• Natural gas



Parts of steam locomotive

• Fuel (coal)
• Firebox (where the coal is burned)
• Boiler (the water boils)
• Cylinders (steam expands and pushes the wheels forward)



~1930 Steam locomotive



External combustion for power plants

• Fuel (coal, natural gas, uranium, etc.)
• Boiler (where the water is boiled)
• Stack (CO2 leaves, or other pollutants, not for nuclear plant)
• Turbine (steam pushes this around)
• Generator (makes electricity)
• Condenser (cools steam to repeat cycle)
• Cooling tower (Waste heat to atmosphere)



Steam Turbine

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008



Fuel runs boiler

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008

Fuel in



Boiler heats water
(Heat In)

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008

Heat in



Hot steam pushes turbine 
(like a fan blade)

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008

Push



Spinning turbine makes useful work

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008

Work out





Fuel in



Heat in



Push



Work Out



Heat out



Energy Environment and Climate, 2nd Edition
Copyright © 2012 W. W. Norton & Company

Figure 5.9

Diagram of a fossil 
fuel plant



From Wiki:
Pressurized 

water 
reactor

PHYS 371 L20



From wiki:
Boiling Water reactor



Work is done!

• Gas explosions can move a piston.
• Several pistons could be attached to a crank.
• Crank can be attached to a wheel and run a car!



39



40

Breeders make more fuel

•Known technology but 
isn`t being used could 
make for a LOT more 
nuclear fuel.

If we used breeder 
reactors



Model: World has heat, move 
heat to where it is wanted, 
remove unwanted heat



Refrigerators







Refrigerators



Usually:

• Human use determines electricity consumption.
• Exception, refrigerators and freezers, improved 

because technology improves
• Old fridge store drinks in the garage?!?



Refrigerators and Freezers
• Increase in efficiency :

• Better design
• Improved condensers
• Improved compressors
• Improved evaporators
• Improved fan motors
• Improved door seals 
• Foam insulation.



Chest freezers 
• more efficient 
• air doesn’t spill out
• Often no defrosters, which reduce efficiency

• less convenient



Coefficient of 
performance

•Like efficiency, but inverted.

payyou What 
outget you What 

==
in

c

W
QK



Ground source Heat pumps

• Air is not dense
• Ground more dense
• Same T ground more 

thermal energy.



Energy Environment and Climate, 2nd Edition
Copyright © 2012 W. W. Norton & Company

Figure 8.10

Ground Source heat pumps
Not actually geothermal, but close



Heat from ground
• Ground is denser, so 

more thermal energy 
is available at the 
same temperature.



(my.dteenergy.com/home/savings/geothermal.html)

Schematic Ground source Heat Pump
A. Ground loop
B. Pump
C. Refrigerant loop
D. Evaporator
E. Compressor
F. Refrigerant loop outlet
G. Radiator
H. Distribution fan



Drake Landing, Okotoks, AB

(www.dlsc.ca/DLSC_Brochure_e.pdf)



Model: Refrigerators, heat pumps 
and air conditioners move heat 
using work (often electricity)



PHYS 371 
Introduction to Energy

• LECTURE 21:

HEAT ENGINES AND POWER 
PLANTS

• MONDAY NOV 1, 2021

• (NOT INCLUDED ON MIDTERM 2)



Heat engines

Run:
Power plants (most types)
Cars, planes, boats, submarines



Overview –
This week

❑ Fluids. Machine for motion. 
Turbines

❑ Heat engines

❑ Efficiency

❑ Cogeneration

❑ (maybe) Refrigerators

• Next Week:

• Electricity. Electricity 
production. Power plants



Heat Engine A heat engine turns heat into 
work.

We will discuss all this at the end of this lecture and on Friday, once we have learned all the required 
background information and knowledge needed

Engines that rely on a heat source 
to do work are called heat engines ​.

A heat source provides heat to the 
engine, which does work. The 
waste heat left over goes to a heat 
sink.



Ancient technology!

~2000 years old!

Segner WheelHero’s Aeolipile



Model: Heat adds energy to fluids.



Energy Environment and Climate, 2nd Edition

Copyright © 2012 W. W. Norton & Company

Figure 4.12

Heat engines

Almost all of our 

energy is harvested 

by using heat 

engines.



How much work?

• If we send in 200 kJ of heat, and get out 130 kJ of 
waste heat, how much work did we get out, in kJ?

The energy must go somewhere!

W = Qin - Qout



Our efficiency

𝜂 is always less than 1.

Primary energy × 𝜂 = End use

inHeat 

outWork 
=



Different question

• If we send in 200 kJ of heat, and get out 130 kJ of 
waste heat, how much work did we get out, in kJ? 

70 kJ

What’s our efficiency?

η=Work out / Heat in
η=70kJ/200kJ
η= 0.35



Find the efficiency

If we send in 400 kJ of heat and get out 350 kJ of heat, what’s 
the efficiency?

η = ?W = ?
W= Qin - Qout​

W=400kJ – 350kJ
W=50kJ

η=Workout / Heatin

η=50kJ/400kJ
η= 0.125
η= 0.13



The Limits of Efficiency

Everyone knows that heat can produce motion. That it possesses vast 

motive power no one can doubt, in these days when the steam engine 

is everywhere so well-known. . . . Notwithstanding the satisfactory 

condition to which they have been brought today, their theory is very 

little understood. The question has often been raised whether the 

motive power of heat is unbounded, or whether the possible 

improvements in steam engines 

have an assignable limit.

Sadi Carnot



The result!
Theoretical efficiency
Only for Carnot engine

H

c

T

T
−=1



Carnot engine

• Theoretical upper limit to heat engine efficiency

𝜂𝑐 = 1 −
𝑇𝑐
𝑇ℎ

• Real engines always less than Carnot

𝜂𝑤 < 𝜂𝑐

𝑊𝑜𝑢𝑡

𝑄𝑖𝑛
< 1 −

𝑇𝑐
𝑇ℎ



Could this heat 

engine be 

built?

A. No.

B. Yes.

C. It’s impossible to tell 

without knowing what kind of 

cycle it uses.



Could this heat 

engine be 

built?

A. No.

B. Yes.

C. It’s impossible to tell 

without knowing what kind of 

cycle it uses.

inHeat 

outWork 
=

H

c

T

T
−=1

=0.60

=1-0.5 = 0.5

w

c

This heat engine could not be built 
because this heat engine's ηw is greater 
than ηc . Real heat engines always have 
a ηw less than ηc



Cogeneration

• Cogeneration means using the heat for other processes.
• Heating homes

• Industrial processes

• Processing bitumen

• BUT! The heat can’t travel far.



Cogen plants get work and use heat



Different types of engines

• External combustion engine

• Internal combustion engine
• Continuous combustion

• Intermittent combustion

How is an internal combustion engine different from an external 
combustion engine?



External combustion engine

• Fuel heats water outside of piston.

• Were used for transportation, but too inefficient.

• Still used for power plants.
• Coal

• Nuclear

• Natural gas



Parts of steam locomotive

• Fuel (coal)

• Firebox (where the coal is burned)

• Boiler (the water boils)

• Cylinders (steam expands and pushes the wheels forward)



~1930 Steam locomotive



External combustion for power plants

• Fuel (coal, natural gas, uranium, etc.)

• Boiler (where the water is boiled)

• Stack (CO2 leaves, or other pollutants, not for nuclear plant)

• Turbine (steam pushes this around)

• Generator (makes electricity)

• Condenser (cools steam to repeat cycle)

• Cooling tower (Waste heat to atmosphere)



Steam Turbine

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008



Fuel runs boiler

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008

Fuel in



Boiler heats water
(Heat In)

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008

Heat in



Hot steam pushes turbine 
(like a fan blade)

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008

Push



Spinning turbine makes useful work

Pump

Condenser

Turbine

Boiler

Source: http://e-learning.kku.ac.th/course/view.php?id=470&cal_m=3&cal_y=2008

Work out





Fuel in



Heat in



Push



Work Out



Heat out
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Figure 5.9

Diagram of a fossil 
fuel plant



From Wiki:
Pressurized 

water 
reactor



From wiki:
Boiling Water reactor

http://en.wikipedia.org/wiki/Image:BoilingWaterReactor.gif


Work is done!

• Gas explosions can move a piston.

• Several pistons could be attached to a crank.

• Crank can be attached to a wheel and run a car!



40
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Breeders make more fuel

•Known technology but is 
not being used could 
make for a LOT more 
nuclear fuel.

If we used breeder 
reactors



Model: World has heat, move 
heat to where it is wanted, 
remove unwanted heat



Refrigerators







Refrigerators



Usually:

• Human use determines electricity consumption.

• Exception, refrigerators and freezers, improved 
because technology improves

• Old fridge store drinks in the garage?!?



Refrigerators and Freezers
• Increase in efficiency :

• Better design

• Improved condensers

• Improved compressors

• Improved evaporators

• Improved fan motors

• Improved door seals 

• Foam insulation.



Chest freezers 

• more efficient 
• air doesn’t spill out

• Often no defrosters, which reduce efficiency

• less convenient



Coefficient of 
performance

•Like efficiency, but inverted.

payyou What 

outget you What 
==

in

c

W

Q
K



Ground source Heat pumps

• Air is not dense

• Ground more dense

• Same T ground more 
thermal energy.
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Figure 8.10

Ground Source heat pumps
Not actually geothermal, but close



Heat from ground

• Ground is denser, so 
more thermal energy 
is available at the 
same temperature.



(my.dteenergy.com/home/savings/geothermal.html)

Schematic Ground source Heat Pump

A. Ground loop
B. Pump
C. Refrigerant loop
D. Evaporator
E. Compressor
F. Refrigerant loop outlet
G. Radiator
H. Distribution fan



Drake Landing, Okotoks, AB

(www.dlsc.ca/DLSC_Brochure_e.pdf)



Model: Refrigerators, heat pumps 
and air conditioners move heat 
using work (often electricity)


