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Project “Pure Energy — green solution for Europe”
Methodical material on the topic ""Heat Pumps™

I. Description of the activity.

1. Didactic material on topic "Heat pumps".

The material is developed for two Physics lessons in secondary schools — as an additional material
in compulsory school classes and in high schools for specialties - refrigeration and air conditioning.
The lessons are conducted as lessons for new knowledge or combined lessons. In studying the
specific learning content the student acquires the following knowledge and skills: knows the
principles of operation of the heat engines and calculates the coefficient of efficiency for simple
thermodynamic cycles with ideal gas; describes the Carnot cycle and evaluates the maximum
efficiency of different types of heat engines, refrigerators and air conditioners.

2. The idea of this project is: by the end of these lessons you will be able to describe the difference
between a heat engine and a heat pump/refrigerator and be able to differentiate between the
efficiency and the coefficient of performance. We will also look at why heat pumps are more
effective at heating our houses than an electric heater.

3. Aim of the project. The main objectives of the project are the student to acquire the following
skills :

3.1. To know the principles of operation of heat engines.
3.2. To calculates the efficiency for simple thermodynamic ideal gas cycles.

3.3. To describe the Carnot cycle and estimate the maximum efficiency of different types of heat
engines.

3.4. To know the principles of operation of air conditioners and refrigerators.
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I1. Professional Content.

1. Heat engines. Heat Engines

Most engines used in modern
society are heat engines. This
includes  steam  electric  power  a heat engine takes in heat .
generators,  automobiles, trucks, at a high temperature and fLI |

many locomotives, refrigerators, air exhausts heat at a low
conditioners, heat pumps. An engine temperature.

works in a closed cycle, returning to O,
its initial state periodically at the end " (€ process of heat flow |
of each cycle. Inthermodynamics, Some ©f the input heat is

>

e converted to work
aheat engineis a system that j L ]
converts heat orthermal energy— T
and chemical energy—to mechanical First Law (for a cycle)
energy, which can then be used to — + —
do mechanical work. Q=0Q,+Q, =W

Second Law ( puts limits on Q,, and Q)

Efficiency of a heat engine

The efficiency is the
fraction of the heat input A
at high temperature converted 0
to work. l [—23
i il>
e-W_GQ-Q 0 '
[]h Qh [
Q  BE—
e=1-—+
Q,

In calculating efficiencies @, and Q, are taken as positive quantities.
(L.e. the magnitude of the heat)

The second law says that a heat engine cannot be 100% efficient.
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Carnot Cycle

Sadi Camot, a French engineer (1796-1832) proposed a
cycle set the limits to the efficiency of a heat engine operating
between two temperatures.

The cycle consists of 4 reversible steps.

1. Isothermal expansion at T,

2. Adiabatic expansion from Tpto T,

3. Isothermal compression at T,

4. Adiabatic compression from T to T,

Real Heat Engines

Tempenamue T,

e Twbme .

et

Sieam)
- Botler /;/
I“i‘ . ‘—*—l) Condetner
l Temperange T, [_ — 1 ~ae QC
bicat J w
SOune In Ow
Power Plant

work done in expansion

heat must be removed
to condense the gas
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Example

In a wood burning power plant the

steam in the turbine operates

between the high temperature of 810

K and a low temperature of
366 K. The Carnot efficiency for this

B plant is:
e =1—T—C =1—@ =0.55
T, 810

Compare this to the efficiency
calculated from the electrical power
output of 59 MW and heat power
input of 165 MW.

e=

Q H 165MW

P 59MW

=0.35

The actual efficiency is less than the Carnot efficiency.
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2. Heat pumps.

A heat pump is an electrical
device that extracts heat from one

place and transfers it to another. Refrigerator and heat pump

Heat pumps transfer heat by : T,
circulating a substance called a T ;
refrigerant through a cycle of : T, ‘Al
evaporation and condensation. A g = P L o
compressor pumps the refrigerant / i B
between two heat exchanger ) “[;h 2
coils. In one coil, the refrigerant {‘J Q' €
Is evaporated at low pressure and ' :
absorbs heat from its " v
surroundings. The refrigerant is A heat engine run in reverse is a refrigerator and heat pump.
then compressed enroute to the
other coil, where it condenses at Work is done to move heat from a cold temperature source fo a
high pressure. At this point, it hot sink.

releases the heat it absorbed
earlier in the cycle. Refrigerators
and air conditioners are both
common examples of this technology.

This device and be used for cocling or heating.

2.1. Refrigerators.

Coefficient of performance
COP- the heat removed from the e
cold source divided by the work
done. ! |
e:%:L (‘)" > ‘—”
W Q-Q r
The maximum Carnot COP. !
e= T 14
Th _Tc Refrigerator contents
since Q = Q
T, T,

Main working principle

1. Compressor — gas is compresses and heated.
2. Heat exchange coils - the heat is released from the gas and exhausted outside of the refrigerator.
3. Expansion valve — The pressure is decreased after going through the valve. The gas is cooled.

4. Cooling coils- Heat is absorbed from within the refrigerator. The gas is heated.

The refrigerator uses a liquid with a low boiling point. The evaporation takes up heat from the
refrigerator and the condensation of the gas releases the heat outside the refrigerator.
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2.2 Airconditioners.

Heat pumps for which the heated object is the RY.Y/| Ny 34
air in a given premise and the heat tank is the
outdoor atmospheric air are typically called air
conditioners. They can work in two modes:
when it is cold they work as the heat pumps
mentioned earlier and when it is hot they cool
the air by taking a part of its heat away and
transferring it to the outside hotter air. The
efficiency of the heat pump is characterized by
the magnitude heat coefficient, which is

defined as follows: M?
ol

Q

v W
This coefficient is positive and is not limited to
above. For the present heat pumps the
coefficient is about 10. This means that is the  oursioe (5]
compresor of aheat pump consumes 1 kWh AR
electric energy to the heated premise will
transfered amount of heat equal to 10 kWh. For
the same consumed electric energy heater
would transfer only 1 kWh — a fact in favour of the heat pumps.
Appart from the air conditioners powerful heat pumps, which heat large amounts of water for
industrial or domestic needs find wider and wider usage. In their case the heat tank is a large
swimming pool — a river, a lake or a sea.

Clausius Statement of the Second Law
of Thermodynamics.

It is impossible to construct a refrigerator
operating in a cycle whose sole effect is to T
transfer heat from a cooler object to a hotter

L4
one. X
Heat always flows from high temperature / T \

to low temperature. o,
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I11. Methodology.

The class is divided into small groups of students and every group is given a task which should be
developed and then presented the following class. For example, the first group would have to
prepare a presentation on mechanism and working principles of heat engines, the second -
coefficient of performance (COP), the third — cycle of Carnot and COP of ideal heat engine, the
forth — heat pumps — air conditioners, the fifth — heat pumps — refrigerators. The class would end
with a short test on the material that has been discussed throughout the lesson.

IV. Didactic principles and approaches.

1. Scientific principle

2. Consistency principle

3. Visualization principle

4. Activity principle — sensory motor, intellectual, speaking skills

5. Principle of conviction - aiming to achieve qualities such as analyzing and synthesizing
information, differentiation.

The other methods used are: observation, information and communication technologies, discussion,
demonstation, practical method.

Recommended websites:

http://physics.weber.edu/thermal/
https://www.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/pdf/publications/infosource/pub/home/heating-
heat-pump/booklet.pdf

V. Innovativeness and Improvements.

The lesson integrates the following subjects: Physics, IT, Mathematics. The project challenges the
students to participate actively, to show their strong sides, to consider Earth a living organism, to
think about environment and renewable energy sources. This goes beyond the frames of the
concrete academic content and stimulates the process of obtaining knowledge based on their
emotional and intellectual potential. This is the only efficient way not only to meet the needs of the
modern society, but also the demands of the students related to their future realization and
development in any area. This approach improves teamwork, provides opportunities for every
student to participate. This is learning by doing which is part of the active learning.

V1. Sharing good practices:

Students step into the role of analysts of data related to climate change, investigate the reasons and
the consequences, give ideas and solutions to the problem. By applying the researching approach
their thinking is developed and they have the chance to be creative.
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VII1. Technical and didactic equipment:

e Access to Internet to access websites related to environment, climate, energy sources (see
the list below)

e Microsoft Word

e Microsoft PowerPoint

VIII. Teacher’s Experience:

In this project the teacher is a mentor, the students are placed in an active role — they search for
information, analyse, compare factors, evaluate. This is a training experience out of the traditional
class model. This is learning by doing, a strategy for active learning through interaction and
cooperation.

IX. Teacher’s Observation:

At the end of this project the students shall fill out a questionnaire. The answers shall indicate to
what extent the objectives of the project have been achieved.

Questions:

1. What is the generic name for a cyclical device that transforms heat energy into work?
A. Refrigerator

B. Thermal motor

C. Heat engine

D. Carnot cycle

E. Otto processor

2. The maximum possible efficiency of a heat engine is determined by
A. its design.

B. the amount of heat that flows.

C. the maximum and minimum pressure.

D. the compression ratio.

E. the maximum and minimum temperature.

3. Rank in order, from largest to smallest, the work Wout performed by these four heat
engines. T T T T

A. Wb >Wa > Wc > Wd
B. Wd >Wa = Wb >Wc
C. Wb >Wa > Wb =Wc
D. Wd >Wa > Wb > Wc
E. Wb >Wa > Wb >Wc
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4. It’s a really hot day and your air conditioner is broken. Your roommate says, “Let’s open
the refrigerator door and cool this place off.” Will this work?

A. Yes.
B. No.
C. It might, but it will depend on how hot the room is.
p (Pa)
Q, = 4000
40,000
i \ZVhat is the thermal efficiency of this heat engine~ _» o
B.0.50 20,000 4
C.0.10
D. 0.25 Q :
E. Can’t tell without knowing Qc. % 0.1 g,
Hot reservoir L.
6. What, if anything, is wrong with this refrigerator?
A. It violates the second law of thermodynamics. 1 30J
B. It violates the third law of thermodynamics. [
C.It vio_late§ the first law of thermodynamics. 0] —eenni Refrigerator
D. Nothing is wrong. ‘(J
t 401
7. Could this heat engine be built?
A. No. Cold reservoir T

B. Yes.
C. It’s impossible to tell without knowing what kind of cycle it uses.

Hot reservoir L= 600 K

100 J

o)

)

engine
o

Cold reservoir TC =300 K
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Please give your reccomendations for this project

Thank you for your participation!

Keys for the test: 1C ; 2E ; 3B ;4B ;5D ; 6C ; 7A
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