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IepenmoBa

MeTtoauuHi BKa3iBKH Aisi poOOTH 31 3m00yBadamu | Kypcy YKIQJA€HO BIAMOBITHO 0
[Iporpamu BHBYEHHS iHO3eMHUX MOB y Hedimonoriunomy BH3 1 crnpsiMmoBaHO Ha PO3BHUTOK Y
3100yBayiB HEMOBHHUX CHElIabHOCTEH HAaBUUOK YUTAHHS Ta MEPEKIaay 3arajbHO-TEXHIYHUX Ta
HAyKOBO-TEXHIYHUX TEKCTIB, 30arauyeHHs CIIOBHUKOBOTO 3aracy i OBOJIOIIHHSI HABUYKAMH TUCbMa
Ta TOBOPIHHS.

[IpakTruHe BOJIONIHHSA 1HO3EMHOIO MOBOIO B paMKax JaHOTO Kypcy IMpPHITYyCKa€e HasBHICTh
TaKuX yMiHb, SIKi JaIOTh MOXJIUBICTH:

. BUJIbHO YUTATU OPUTiHAJIBHY JITEpaTypy iHO3€MHOIO MOBOIO y BIJIMIOBI/IHIHM raty3i 3HaHb;
. oopMISITH BHUTATHYTY 3 1HO3EMHHX JDKEpen iH(opMmaliio y BUDIAAI Mepekiamxy abo
pesiome;

. pOOHTH TOBITOMJICHHS 1 JOMOBiAI 1HO3€MHOIO MOBOIO Ha TEMH, IOB'SI3aHI 3 HAYKOBOIO

po6oToro MaitdyTHBOTO (haxiBlIf;
. BecTH Oeciny 3a daxoM.

KoxHHiT ypoK CKIIQJa€ThCsl 3 TEKCTY W KOMIUIEKCY MOBHHUX BIIPaB, sIKI PO3paxoBaHl Ha
YIOCKOHAJICHHSI HAaBMYOK AaKTHBi3allii CJIOBApHOTO 1 TpaMaTHYHOTO MIiHIMyMy MpodeciiHOro
CIPSIMYBaHHSI.

“MeTtoanyHi BKa3iBKM~ 3a0€3MeuyroTh IMiJrOTOBKY 10 MI>KHapOJHOTO YCHOTO CIIJIKYBaHHS
AHTITIMCHKOI0 MOBOIO JIJIsl CTICIialibHUX IIJICH, a caMe - OBOJIOIHHS JIGKCHYHUMH, TPaMaTHYHUMU
1 CTUJIICTUYHMMHU HaBHUYKAaMH, a TaKOX YMIHHSIM YWTaTH, NepeKyalaTy, 3rOpPTaTH 1 po3ropTatu
YCHY aHIJIOMOBHY iH()OpMaIlifo HayKOBOTO ()YHKIIIOHAJIBHOTO CTUIIIO.



Lesson 1

Mema 3anammas: 3namu i po3ymimu mamemamuxy, Qisuxy, Ximito Ha pieHi, HeoOXiOHOMY 0.4
00CsCHEHHs pe3yIbmamis O0C8IMHbOI Npocpamu YKPAaiHCbKOH MOB80H0 ma xoua 6 O0OHiclo i3
NOWUPEHUX €BPONEUCLKUX MO8

What is thermal engineering

Thermal engineering is a broad field of engineering that encompasses technologies dealing with
heating and cooling systems, transfer of heat, and fluid mechanics. Instruments that control temperature
are essential in many areas, including the electric power industry; the automobile industry; and the
heating, ventilation, and air conditioning industry. The principles of thermal engineering are also crucial
to the operation of vehicles and other machines.

Heat transfer is a major concern within the field. The transfer of energy, in the form of heat, across
different physical regions is heat transfer. When an area of high temperature is next to an area of lower
temperature, heat naturally flows from the higher-temperature region to the lower-temperature region.
This principle, known as conduction, is used in many thermal engineering settings to increase or decrease
the temperature of a system. Insulation, for example, minimizes the conduction of heat and keeps
temperature regions relatively distinct.

The heating and cooling of liquids is important in many industrial settings, and constitutes another
branch of thermal engineering. An engineer in this field must also understand fluid dynamics. Coolant, a
cooling substance, is used to reduce the temperature of processes and prevent overheating. Boiling is
another method used to create a pour which may be condensed in refining a chemical product. The study
of these processes helps thermal engineers determine the optimal regulation of temperature in each case.

Thermal engineering has applications outside industrial plants as well. An example is the HVAC
industry, which deals with refrigeration, ventilation, and temperature regulation within buildings. An
office building in a hot, humid climate may need more ventilation and air conditioning to promote cooling
than the same building in a cold climate. Commercial establishments such as restaurants may require
extensive refrigeration systems for the storage of food. All of these technical considerations would be
within the realm of this type of engineering.

On a smaller scale, vehicles such as cars use thermal engineering in their everyday function. The
heating and cooling of the car are controlled by thermal management systems integrated into the design.
Heat transfer, fluid dynamics, and other principles of engineering are at work in cooling the engine and
maintaining oil flow.

Thermal engineering is important to the design of almost any machine. Mechanical elements and
electric circuits generate heat during operation, and the build-up of heat can often threaten the device.
Cooling mechanisms, usually fans or liquid circulators, are added to compensate and help regulate the
machine’s internal temperature. Devices that use this principle include computers and car batteries.

Thermal engineers must know about the economics of the components and processes they design to
make sure they not only provide an improvement over the existing solutions but also don’t lose the
company money. Thermal Engineers are not limited in areas of specialisation and can work in numerous
fields. Below is only a brief example of areas a Thermal Engineer can work in:

i Heating, Ventilation and Air Conditioning (HVAC) systems in small and large-scale residential,
commercial or industrial buildings.

i Renewable energy systems.

i Military and defence equipment.

i Electronics and electrical component and systems.

il Aerospace components.

i Boiler, heat exchanger, and pump design, amongst others.



Common industries that regularly employ Thermal Engineers include power companies, the
automotive industry and commercial construction. While Thermal Engineers will generally spend most of
their time working in an office they are often required to travel to the site of their current project.
Exercise 1. Answer the questions after the text.

1. Who is a thermal engineer?

2. What branches can thermal engineering be applied in?

3. What is heat transfer?

4. What are the main principales of thermal engineering?

5. What thermal engineering principles are used in modern cars?

6. What are the expertise areas of a thermal engineer?

Exercise 2. Match the words with their definitions.

1) heating system

2) cooling system

3) overheating c) the study of fluids and how forces affect them;

4) storage d) a system or means of providing fresh air;

5) ventilation

6) vehicle

restaurant, private office, fitness club, oil rig,retail store;

7) heat transfer

8) fluid dynamics

9) commercial establishment

10) prevent j) a means of carrying or transporting something.

a) space or a place for storing;

b) is a phenomenon of rising temperatures thatcan cause damage and fire;
¢) the study of fluids and how forces affect them;

d) a system or means of providing fresh air;

e) is a mechanism for maintaining temperatures atan acceptable level;
f) means an establishment used for commercial purposes, such as a bar,
g) a system that keeps air cool and dry;

h) to keep from happening or existing;

1) the flow of heat (thermal energy) due to temperature differences

Exercise 3. Complete the text with the given phrases.
electricity customers transmission and
distribution
fossil fuels rapid increase
power generation located in reduced demand radical change

The European power sector is undergoing 1 . The decades-old
architecture of large generators 2 relatively few locations and mainly run on
3 , nuclear and hydro is being transformed as renewable power generation,
distributed generation and demand response come to play an increasing role.
4 are becoming presumers, and emerging value pools further down the
electricity value chain — that is, closer to customers — are becoming increasingly
central to the business. In the meantime, the system has witnessed a 5 in
renewables with low variable cost, while the economic crisis has 6
Taken together, these two developments have seriously affected the business
case for 7 . Wholesale prices have fallen and running hours of thermal
generation have decreased. Efficient 8 of electricity is a fundamental
requirement for providing societies and economies with essential energy resources.



Exercise 4. Translate the following sentences into English.

1. 3 KOXKHUM POKOM 3pOCTa€ BapTiCTh EHEPropecypcis.

2. Haiikpammm crmocoboM eKOHOMIT € eHepro30epirarodi CUCTEMH.

3. Termnoi30Ms11isl IPUMILIIEHHS JT03BOJIMTH 3301 IMTH Ha ONAJICHHI.

4. OpHi€ro 3 BaXIUBUX TOPaJ € BCTAHOBIIOBATH OXOJOMKYBaJbHI MpHUJIaIM TOMANI Bif
OTIaJTFOBAJIbHUX.

5. TennoeHepreTuka NepeBakae cepesl TPaAULIIMHNUX BU/IB €JIEKTPOCHEPTeTUKN

6. PO3BUTOK TEIJIOBOT €eHEPIeTUKH CIIPUSIE MIJIBULICHHIO €Hepro3ade3neueHHs IPOMUCIOBOCTI Ta
IHIIMX Tally3ei rocrnoaapcTBa

7. Lina enexTpoeHeprii A IpOMHUCIOBOCTI B YKpaiHi € Ha 33% HUXKUOI0, HIK Yy CEpETHbOMY 10
kpainax €C,

8. Bentwmimis rpomaachkux OymiBelb Ma€ BEIWKE 3HAUCHHS 1 IIOBUHHA BIIOBIIATH
BCTAHOBIIEHUM HOpPMaM.

9. IlpuHnun Aii BEHTWIAIIAHOT CUCTEMH 3aCHOBAaHMM HA 3aMiHI BiANpPAIlbOBAHOTO IOBITPS B
MPUMIIIIEHHS TTOBITPSM 3 BYJIUIII.

10. BeHTHISMIIHI YCTaHOBKU 3 PEKYIEeparopoM € HalO1IbIl e(PeKTUBHIIIMMH Ha CHOTOIHIIIHI,
aJlpke BOHU MaroTh JocuTh Bucokuii KKII.

Exercise 5. Compose an essay on the following topics:
“The characteristics of heating and cooling liquids”
“Heat generation of mechanical element and electric circuit”

Lesson 2

Mema 3anamms: Bmimu 3uaxooumu HeoOXiOHy inghopmayito 8 mexuiuHitl 1imepamypi, HayKo8ux
bazax oanux ma iHWUX Oxcepenax iHghopmayii, KpumuyHo oyiHeamu i ananizyeamu ii.
Renewable recourses

Geothermal energy has been used for thousands of years in some countries forcooking and
heating. It is simply power derived from the Earth’s internal heat. This thermal energy is
contained in the rock and fluids beneath Earth’s crust. It can be found from the shallow ground to
several miles below the surface, and even farther down to the extremely hot molten rock called
magma.

These underground reservoirs of steam and hot water can be tapped to generate electricity or
to heat and cool buildings directly.

A geothermal heat pump system can take advantage of the constant temperature of the upper
ten feet (three meters) of the Earth’s surface to heat a home in the winter while extracting heat
from the building and transferring it back to the relatively cooler ground in the summer.

Geothermal water from deeper in the Earth can be used directly for heating homes and
offices, or for growing plants in greenhouses. Some U.S. cities pipe geothermal hot water under
roads and side-walks to melt snow.

To produce geothermal-generated electricity, wells, sometimes a mile (1.6 kilometres) deep or
more, are drilled into underground reservoirs to tap steam and very hot water that drive turbines
linked to electricity generators. The first geothermally generated electricity was produced in
Larderello, Italy, in 1904.



There are three types of geothermal power plants: dry steam, flash, and binary. Dry steam, the
oldest geothermal technology, takes the steam out of fractures in the ground and uses it to
directly drive a turbine. Flash plants pull deep, high-pressure hot water into cooler, low-pressure
water. The steam that results from this process isused to drive the turbine. In binary plants, the
hot water is passed by a secondary
fluid with a much lower boiling point than water. This causes the secondary fluid to turn to
vapour, which then drives a turbine. Most geothermal power plants in the future will be binary
plants.

Geothermal energy is generated in over 20 countries. The United States is the world’s largest
producer, and the largest geothermal development in the world is The Geysers north of San
Francisco in California. In Iceland, many of the buildings and even swimming pools are heated
with geothermal hot water. Iceland has at least 25 active volcanoes and many hot springs and
geysers.

There are many advantages of geothermal energy. It can be extracted without burning a fossil
fuel such as coal, gas, or oil. Geothermal fields produce only about one-sixth of the carbon
dioxide that a relatively clean natural-gas-fueled power plant produces. Binary plants release
essentially no emissions. Unlike solar and wind energy, geothermal energy is always available,
365 days a year. It’s also relatively inexpensive; savings from direct use can be as much as 80 per
cent over fossil fuels.

But it has some environmental problems. The main concern is the release of hydrogen sulfide,
a gas that smells like a rotten egg at low concentrations. Another concern is the disposal of some
geothermal fluids, which may contain low levels of toxic materials. Although geothermal sites
are capable of providing heat for many decades, eventually specific locations may cool down.

Exercise 2. Answer the questions to the text.

1. What is geothermal energy?

2. How does the heat pump system work?

3. How is geothermal-generated electricity produced?
4. What are the advantages of geothermal energy?
5. What is a geothermal impact on the climate?
Exercise 3. Match terms and their definitions

1) Earth crust

2) Magma

3) Heat pump system

4) Extract

5) Greenhouse

6) Cooler

7) Turbine

8) Boiling point

9) Geothermal field

10) Hydrogen sulfide

a) a device that transfers heat energy from a source of heat to what is called a thermal reservoir;
b) a container or apparatus, as an insulated chest, in which something may be cooled or kept
cool;

c¢) a rotary mechanical device that extractsenergy from a fluid flow and converts it into useful
work;



d) temperature at which the pressure exerted by the surroundings upon a liquid is equaled by the
pressure exerted by the vapour of the liquid;

e) a thin shell on the outside of Earth, accounting for less than 1% of Earth’s volume;

f) the space occupied by the installation of geothermal system, wells are dug in the ground at a
regular interval;

g) remove or take out, especially by effort or force;

h) a colourless chalcogen hydride gas with the characteristic foul odour of rotten eggs;

1) hot fluid or semi-fluid material below or within the earth’s crust from which lava and other
igneous rock is formed on cooling;

j) a glass building in which plants that need protection from cold weather are grown

Exercise 3. Translate the following sentences into English.

1. Haiibinpmra rigpoenekrpoctaniis B Ykpaini, JJainpoceka 'EC, BBeleHa B eKCIUTyaTaIio y
1968 pori.

2. BymiBHUIITBO TiPOENEKTPOCTAHIIIN BUPIIIWIO MpodiaemMy Oe3mepediitHoro 3abe3rnedeHHs
€JICKTPOCHEPTIEI0 1 BOAOIO HACEJICHHS, IPOMHUCIIOBOCTI Ta CUTBCHKOTO TOCIIOIaPCTRA.

3. Vkpainceki ['EC TexHI4uHO 3acTapiii, a 3HOLIEHI MEXaHI3MU MOXYTbh CIPUYUHSATH aBaplii.

4. T'eoTrepMalibHa €HEPrisi — 1€ €HEpris, M0 OTPUMYETHCS BiJ MPHUPOIHOTO Teruia 3emun 3 i1
ITMOMHHUX IapiB.

5. Ha mouarky XX CTONITTS, 3pOCTaHHS MOMUTY HA €JIEKTPOSHEPTII0 MPHU3BEJIO JO PO3IIISAY
reoTepMasibHOI €Heprii K JKepesia JUisl TeHePYBaHHS €JICKTPUYHO1 €HEPTii.

6. TeorepmalnibHi €NEKTPOCTaHLIi 0 HEAABHHOIO yacy OyAyBajHCh BHUKIIOYHO y MICISAX €
BHCOKOTEMIIEPATypHI reoTepMabHi pecypcu Oyin JOCTYITHI 0111 TOBEPXHI

7. IigBumennsa edextuBHOCTI podoTu reoTEC BuMarae BUIOI TeMIEpaTypu TIe0TepMallbHUX
pecypciB Ta po3poOKHU CHeliani30BaHUX TEPMOAMHAMIUHUX IIUKIIIB

8. I'eorepMasnbHi CTaHLii MatOTh BITHOCHO MPOCTHUI piBEHb aBTOMATU3aIli1.

9. TexHIKO-eKOHOMIYHI1 TOKa3HUKU TAaKUX ENIEKTPOCTaHILIN 3a3BUYail MEPEBUILYIOTh MOKA3HUKU
€JIEKTPOCTAHIIIHM TaKOi K MOTYXHOCTI, 1110 MPALIOIOTh HA P1IKOMY MBI Y BYT1ILII.

10. OcHOBHI 00CSTH yKpaiHCHKOI €NeKTPOCHEpTii BHUPOOISAIOTh Ha atoMHUX (Omu3bko 50%) i1
TeIUIoeNIeKTpocTaH X (Onu3bpko 40%).

Exercise 4. Compose an essay on the following topics:
“The positive impact of renewable sources on environment”
“Advantages of geothermal energy”

Lesson 3

Mema 3anamms: 3namu i pozymimu mamemamuxy, Qizuxy, Ximito HA pi6Hi, HEOOXIOHOMY O
O0CSICHEHHs Pe3VIbmamié OC8IMHbOI NPOSPaMu YKPAiHCbKOI MO6010 ma Xxoua 6 OOHIi€w i3
NOUWUPEHUX €BPONELUICLKUX MOB.

Why energy efficiency matters. Part 1

Global energy demand is increasing at a steady pace. To meet that demand and sustain
economic development, trillions of dollars will be invested over the coming decades. As demand



grows, energy subsidies, government transfers, guarantees to state-owned utilities, and energy
imports will also increase, placing enormous fiscal burdens on governments. But phasing out
energy subsidies and introducing new energy and environmental taxes to curb demand will
provoke social tensions and adversely affect the poor and most vulnerable. Concerns over energy
security have led to a growth in domestic resource exploitation, including fossil fuels.

Energy efficiency should be the “first fuel” of energy policymakers and governments around
the globe. It can help meet growing energy demands cleanly and cheaply, increase
competitiveness, generate employment, secure energy, reduce poverty, and benefit development.
Harnessing energy efficiency can facilitate a more efficient allocation of resources across the
global economy, potentially boosting economic output by US$18 trillion through 2035.
Improved energy efficiency in industry modernizes factories, increasing productivity and
competitiveness. This fosters economic growth and creates and protects long-term employment
opportunities. In the urban and public infrastructure sectors, energy efficiency can
help local governments provide more reliable public services, such as heating, power, public
lighting, and water, while reducing costs. Freed up fiscal resources can then be used for
socioeconomic development and for programs benefitting people living in poverty. Energy
efficiency mitigates the impact of ongoing tariff reforms, which adversely affect poorer
households, and it is a relatively inexpensive method for reducing global and local pollution.

Back in 2017, energy efficiency campaigners had reasons to be cheerful. The government’s
new Clean Growth Strategy adopted their aspirations to significantly upgrade the efficiency of
existing homes, establish green mortgages to incentivise enhancements, and raise energy
standards for all new developments.

The strategy outlined an overall approach to linking emissions reductions in buildings,
industry, power and transport while growing jobs and the economy. Energy efficiency was a key
part of the plan.

Energy use in the home accounts for 20% of the UK’s carbon emissions, according to the
government, meaning that improving energy efficiency has huge potential in helping reach its
target of net-zero emissions by 2050. It would also help the estimated 2.55 million people in the
UK who live in fuel poverty.

Exercise 1. Answer the following quextions:

1.What modern tendencies are the fiscal burden for the government?
2. Why is energy efficiency considered the first fuel?

3. Is heating power more reliable public services?

Exercise 2. Match the words with their definitions.

1) Strategy

2) Incentive

3) Financial rebate

4) Efficiency

5) Employment

a) negotiated return of a portion of the interest earned by the lender of stock to a short
b) a device that transfers heat from a colder area to a hotter area by using mechanical energy, as
in a refrigerator;seller;

c¢) a rule or directive made and maintained by an authority;

d) a thing that motivates or encourages someone to do something;

e) a plan of action designed to achieve a longterm or overall aim



Exercise 3. Compose an essay on the following topics:
“Global energy demand”
“The preferences to the fuel”

Lesson 4

Mema 3auamms: Bmimu 3uaxooumu HeoOXiOHY iHgopmayito 8 mexHiuHill 1imepamypi, HayKosux
bazax oanux ma iHWUX Oxcepenax inghopmayii, KpumuuHo oyiH6amu i analisysamu ii.

Why energy efficiency matters. Part 2

But the challenge is huge. The UK has 28 million homes that need retrofitting, many of which
are at a very low standard, earning the country the reputation of having some of the least efficient
homes in Europe. In addition, the government has a target to build 300,000 homes a year by the
mid-2020s to house a growing population. Without stronger standards, the risk is that these new
homes will add to the volume of houses that will eventually need retrofitting. In order to start
ramping up to this, the government wants to bring in some measures covering energy efficiency
and ventilation later this year. It has proposed two options: a 20% reduction in carbon emissions,
largely achieved through very high fabric standards such as glazing, walls, floors, and roof
materials to limit heat loss; and a 31% reduction through the use of additional technologies such
as solar PV panels and heat pumps.

The government has stated a preference for the second option. However, this is problematic
for the industry as the UK lacks manufacturing and installation skills for heat pumps. In a
market-based economy, the most pain-free and effective way to achieve objectives is to create
incentives for actions that support our objectives. To encourage a reduction in fossil fuel use, we
need to set specific carbon reduction targets and outline an array of actions needed to reach the
objectives. Offering a range of potential actions allows businesses and the public to choose a set
of actions they can implement, consistent with their economic and personal situations.

Finally, we need to be sure the actions have a positive return on investment. For example, if
we want farmers to rebuild their soils to, they need to be economically rewarded to make this
transition. If we want homeowners to install solar panels, their return on investment needs to be
not only positive, but rapid. Incentives can be extrinsic (coming from outside), based on
regulations, taxes, subsidies, favourable financing, and tax breaks, or intrinsic (coming from
within), based on a positive return on investment, or other less tangible benefits such as
improved health and comfort. In most cases, all that is needed to get people and businesses to
take action based on intrinsic incentives is to provide education and motivational appeal — a
commonly recognized strength of the marketplace.

Combining small extrinsic incentives to support intrinsic incentives may create the quickest
and most effective road to significant change. State and local governments and utilities have a
long history of creating successful financial rebates and educational programs that utilize this
strategy
to reduce energy use.

Exercise 1. Answer the following questions:

1. What are the modern incentives for the energy sector development?
2. What energy-efficient technologies are proposed by the government?
3. What incentive for goal reaching are suggested?

4. Why is this problematic for the UK industry?

Exercise 2. Match the words with their definitions.



1) Tax

2) Heat pump

3) Regulation

4) Market economy
5) Implement

a) an economic system in which production and prices are determined by unrestricted
competition between privately owned businesses;

b) the state of having paid work

¢) a compulsory contribution to state revenue, levied by the government on workers’ income and
business profits, or added to the cost of some goods, services, an transactions;

d) the ratio of the useful work performed by a machine or in a process to the total energy
expended or heat taken in;

e) put (a decision, plan, agreement, etc.) into effect.

Exercise 3. Compose an essay on the topics:
“Reduction in fossil fuel use”
“Storing the carbon”

Lesson 5

Mema 3anamms: 3namu i pozymimu mamemamuxy, Qizuxy, Ximito HA pi6Hi, HEOOXIOHOMY O
00CsACHeHHs pe3yIbmamis 0C8IMHbOI Npocpamu YKPAaiHCbKO MO0 ma xoua 6 O0OHiclo i3
NOWUPEHUX €8PONEUCHKUX MOB.

Heat pumps

For climates with moderate heating and cooling needs, heat pumps offer an energy-efficient
alternative to furnaces and air conditioners. Like your refrigerator, heat pumps use electricity to
move heat from a cool space to a warm space, making the cool space cooler and the warm space
warmer. During the heating season, heat pumps move heat from the cool outdoors into your
warm house and during the cooling season, heat pumps move heat from your cool house into the
warm outdoors. Because they move heat rather than generate heat, heat pumps can provide
equivalent space conditioning at as little as one quarter of the cost of operating conventional
heating or cooling appliances.

There are three types of heat pumps: air-to-air, water source, and geothermal. They collect
heat from the air, water, or ground outside your home and concentrate it for use inside. The most
common type of heat pump is the air-source heat pump, which transfers heat between your house
and the outside air. Today’s heat pump can reduce your electricity use for heating by
approximately 50% compared to electric resistance heating such as furnaces and baseboard
heaters. High-efficiency heat pumps also dehumidify better than standard central air
conditioners, resulting in less energy usage and more cooling comfort in summer months.
Air-source heat pumps have been used for many years in nearly all parts of the United States, but
until recently they have not been used in areas that experienced extended periods of subfreezing
temperatures. However, in recent years, air-source heat pump technology has advanced so that it
now offers a legitimate space heating alternative in colder regions.

For homes without ducts, air-source heat pumps are also available in a ductless version called
a mini-split heat pump. In addition, a special type of air-source heat pump called a "reverse cycle
chiller" generates hot and cold water rather than air,allowing it to be used with radiant floor



heating systems in heating mode. Geothermal (ground-source or water-source) heat pumps
achieve higher efficiencies by transferring heat between your house and the ground or a nearby
water source. Although they cost more to install, geothermal heat pumps have low operating
costs because they take advantage of relatively constant ground or water temperatures.

Geothermal (or ground source) heat pumps have some major advantages. They can reduce
energy use by 30%-60%, control humidity, are sturdy and reliable, and fit in a wide variety of
homes. Whether a geothermal heat pump is appropriate for you will depend on the size of your
lot, the subsoil, and the landscape.

Ground-source or water-source heat pumps can be used in more extreme climates than
air-source heat pumps, and customer satisfaction with the systems is very high.

A new type of heat pump for residential systems is the absorption heat pump, also called a
gas-fired heat pump. Absorption heat pumps use heat as their energy source, and can be driven
with a wide variety of heat sources.

Exercise 1. Answer the following questions.

1. Why are heat pumps so essential in modern industry?

2. How many types of heat pumps exist?

3. What are the main functions of heat pumps?

4. Why are heat pumps so efficient in comparison to standard compressors?

5.What advanced features are typical for modernized samples of heat pumps?
Exercise 2. Find English equivalent in the text.

. TEIUIOBUH HACOC 3 KEPEIOM

. @aBTOMAaTHYHI 3aCJIIHKH

. TIpaIlfoBaT Ha TIOBHY IIBHUJIKICTb

. TEMIIEpaTypa 3aMep3aHHs

. XOIIOJIOAreHT

. IpaIfOBaT Ha TIOBHY MOTYXHICTh

. OCYIIyBaTH

. OyTH OCHAIICHUM TaJTbHUKAMU

9. TUINOBUIA MOPIIHEBUN KOMIIPECOP

10. BupoOISATH TEILIO

Exercise 3. Match the words with their definitions.
1. reliable

2. to reduce

3. customer

4. capacity

5. to operate

O 1 ON Li A W IN =

a) to break the back of the problem
b) ventilator

¢) supply

d) work/run

e) absorb

Exercise 4. Choose the word or word combination from the text above to fill in the gaps.
Air-source heat pumps are also available in a ductless version called a 1 pump. The
most common type of heat pump is the 2 , which transfers heat between your house



and the outside air. There are three types of heat pumps: 3 , water source, and
geothermal. Heat pumps use 4 to move heat from a cool space to a warm space, making
the cool space cooler and the warm space warmer. Air-source heat pump technology 5
so that it now offers a legitimate space heating alternative in colder regions.
Geothermal (or ground source) heat pumps can 6 energy use by 30%-60%, control 7
, are sturdy and reliable, and fit in a wide variety of homes.

Exercise 5. Compose an essay on the following topics:
“The operation of heat pump”

“Types of heat pump”

“Geothermal heat pump”

Lesson 6

Mema 3anamms: 3namu i pozymimu mamemamuxy, Qizuxy, Ximito Ha pieHi, HeOOXIOHOMY OJisl
00CsI2HEHHsl pe3YIbmami6 0C8IMHbOI Npocpamu YKpaiHCbKol0 MOB0K ma Xoua O OOHi€ i3
NOWUPEHUX €BPONEUCLKUX MOB.

Advanced Features to Look for in a Heat Pump

A number of innovations are improving the performance of heat pumps. Unlike standard
compressors that can only operate at full capacity, two-speed compressors allow heat pumps to
operate close to the heating or cooling capacity needed at any particular moment. This saves
large amounts of electrical energy and reduces compressor wear. Two-speed heat pumps also
work well with zone control systems.

Zone control systems, often found in larger homes, use automatic dampers to allow the heat
pump to keep different rooms at different temperatures. Some models of heat pumps are
equipped with variable-speed or dual-speed motors on their indoor fans (blowers), outdoor fans,
or both. The variable-speed controls for these fans attempt to keep the air moving at a
comfortable velocity, minimizing cool drafts and maximizing electrical savings. It also
minimizes the noise from the blower running at full speed.

Many high-efficiency heat pumps are equipped with a desuperheater, which recovers waste
heat from the heat pump’s cooling mode and uses it to heat water. A desuperheater-equipped heat
pump can heat water 2 to 3 times more efficiently than an ordinary electric water heater.

Another advance in heat pump technology is the scroll compressor, which consists of two
spiral-shaped scrolls. One remains stationary, while the other orbits around it, compressing the
refrigerant by forcing it into increasingly smaller areas. Compared to the typical piston
compressors, scroll compressors have a longer operating life and are quieter. According to some
reports, heat pumps with scroll compressors provide 10° to 15°F (5.6° to 8.3°C) warmer air
when in the heating mode, compared to existing heat pumps with piston compressors.

Although most heat pumps use electric resistance heaters as a backup for cold weather, heat
pumps can also be equipped with burners to supplement the heat pump. Back-up burners help
solve the problem of the heat pump delivering relatively cool air during cold weather and
reduces its use of electricity. There are few heat pump manufacturers that incorporate both types
of heat supply in one box, so these configurations are often two smaller, side-by-side, standard
systems sharing the same ductwork.

The combustion fuel half of the system could be propane, natural gas, oil, or even coal and
wood. In comparison with a combustion fuel-fired furnace or standard heat pump alone, this type



of system is also economical. Actual energy savings depend on therelative costs of the
combustion fuel relative to electricity.

Exercise 1. Answer the following questions.

1.Why are two-speed compressors more preferable?

2. What kind of motors are some models of heat pumps equipped?
3. What is scroll-compressor?

4.Should heat pumps be equipped with burners?

Exercise 2. Explain the meaning of the following expressions.
1. scroll compressor

2. desuperheater-equipped heat pump
3. comfortable velocity

4. automatic dampers

5. reduces compressor wear
6. dual-speed motors

7. at any particular moment

8. to improve the performance of heat pumps
9. residential systems

10. absorption heat pump

Exercise 3. Match the words with their definitions.
1. fans

2. to provide

3. to solve

4. to incorporate

5. to depend on

a) client

b) be contingent on
c¢) dependable

d) volume

e) to lessen

Exercise 4. Translate the following sentences into English.

1. BucokoehekTuBHI TEIUIOBI HACOCH TAaKOX Kpalle OCYIIYIOTh MOPIBHAHO 3 CTaHIAPTHUMHU
KOHAMIIIOHEpaMH, 110 B CBOIO YEpry NMPHU3BOJMUTH JI0 MEHIIIOTO CIIOXKHBAHHS €HEPTii Ta O1LIbII0ro
KOM(OPTY NPH OXOJIOKEHI B JIITHIH Mepioz.

2. TemnoBi HacOCH BHKOPUCTOBYIOTH E€JIEKTPOCHEPTi0 JUIs TOro, 100 MEepeMICTUTH TEIIo 3
IPOXOJIONHOTO MICISl B TeIUIe, POOJSYM XOJOMHUHM MPOCTIp IIe XOJOTHIINM, a TeIUIHH
TETUTIIIINM.

3. IcHye Tpu NUTH TEMJIOBUX HACOCIB: MOBITPSHUMN, BOAHUN Ta Te€0TepMalIbHUM.

4. CyyacHUH TETUIOBUI HACOC MOXE CKOPOTHUTH CIIOKHBAHHS eJeKTpoeHepriinpuonusHo Ha 50%
5. TexHomoris MOBITPSHUX TEIUIOBUX HACOCIB BIOCKOHAJIWJIACA, TOMY B XOJOAHHMX PpErioHax
MIPONIOHYIOTh YK€ 3aKOHHY alIbTEPHATHBY ONAJIICHHIO IIPUMIIIIEHb.

6. YcTaHOBKa reoTepMallbHUX TEIUIOBUX HACOCIB KOIUTY€E JIOPOXKYE, BOHM XAPAKTEPU3YIOTHCS
HU3BKUMH EKCIUTyaTalliiHUMH 3aTpaTaMH OCKIJIbKM MalOTh MEpeBard Mpu BIAHOCHO TMOCTIHHIN
TEeMITepaTypi BOIU Ta MOBITPSI.



7. IlornmuHaro4vi TEIUIOBI HACOCH BHMKOPUCTOBYIOTH TEIUIO SIK JKEPENO EHEeprii Ta MOXYTh
MIPALIOBATH 3 IIMPOKUM CHEKTPOM TETIOBHX JIXKEPEIL.

8. Pa1 meBHUX HOBOBBEICHD CIIYKaTh ISl HOKpAIEHHS! pOOOTH TEIUIOBUX HACOCIB.

9. Cucremu ymOpaBIiHHA 30HAMH, SKI YacTO 3yCTPIHAIOTBCS Yy BEIUMKUX OyIWHKAX,
BUKOPHCTOBYIOTh ABTOMATHYHI 3aCIIiHKH, 1100 JO3BOJIMTH TEIUIOBOMY HACOCY MiATPUMYBATH B
pi3HUX KIMHATax pi3Hy TeMIeparypy MOBIiTps.

10. [lesixi Mozemi TEIUIOBUX HACOCIB OCHAIICHO JIBUTYHAMH 31 3MiHHOIO IIBUJIKICTIOH.

Exercise 5. Compose an essay on the following topics:
“Innovations that improve the performance of heat pump”
“The equipment used in heat pumps”

Lesson 7
Mema 3auamms. 3uamu i po3ymimu iHM#CEHEepPHi HAYKU, WO Texcamb 8 OCHO8I CheyianbHOCmi
«Tennoenepeemuxay 6i0no6ionoi cneyianizayii, Ha pieHi, HeOOXIOHOMY OJist QOCACHEHHS THULUX
pe3yibmamie 0C8IMmHb0i NPOSPAMU, 8 MOMY YUCTI NeBHA 0OIZHAHICIMb 8 OCMAHHIX 00CACHEHHIX
HAyKu | mexHiku y cghepi menyioenepeemuxi.

Heat exchangers. Part 1

Have you ever watched wisps of smoke drifting from smokestacks and wondered how much
energy they are uselessly pumping into the air? Maybe less than you might think! Saving energy
is a huge and costly problem for factory bosses and it’s one reason they often install devices
called heat exchangers to salvage as much heat as possible from waste gases. Heat exchangers
have lots of other familiar uses too. Engines in cars, ships, and planes use heat exchangers to
work more efficiently, gas boilers use them to heat up hot water, and if you have a refrigerator or
an air conditioner in your home, those are using heat exchangers too. So what exactly are heat
exchangers and how do they work? Let’s take a closer look!

Suppose you have a gas central heating furnace (boiler) that heats hot-water radiators in
various rooms in your home. It works by burning natural gas, making a line or grid of hot gas
jets that fire upward over water flowing through a network of pipes. As the water pumps through
the pipes, it absorbs the heat energy and heats up. This arrangement is what we mean by a heat
exchanger: the gas jets cool down and the water heats up.

A heat exchanger is a device that allows heat from a fluid (a liquid or a gas) to pass to a
second fluid (another liquid or gas) without the two fluids having to mix together or come into
direct contact. If that is not completely clear, consider this. In theory, we could get the heat from
the gas jets just by throwing cold water onto them, but then the flames would go out! The
essential principle of a heat exchanger is that it transfers the heat without transferring the fluid
that carries the heat.

You can see heat exchangers in all kinds of places, usually working to heat or cool buildings
or helping engines and machines to work more efficiently. Refrigerators and air-conditioners, for
example, use heat exchangers in the opposite way from central heating systems: they remove
heat from a compartment or room where it’s not wanted and pump it away in a fluid to some
other place where it can be dumped out of the way. The cooling fluid is completely sealed inside
a network of pipes, so it never actually comes into contact with the air: it takes heat energy from
the air inside and dumps it in the air outside, but it never mixes directly with that air.

In power plants or engines, exhaust gases often contain heat that’s heading uselessly away
into the open air. That’s a waste of energy and something a heat exchanger can certainly reduce
(though not eliminate entirely - one heat is always going to be lost).



Exercise 1. Answer the following questions.

1. Why are heat exchangers so essential in modern industry?
2. How many types of heat exchangers exist?

3. Describe the main principle of heat exchangers’ operation.
4. Define main functions of heat exchangers.

Exercise 2. Find English equivalent in the text.

. BOJIOHarpiBajbHI paaiaTropu

. CHCTeMa TPyOOIPOBOIY

. IONJIMHATH TETIOBY €HEPTilo

. IOITyM’ 51

. OCHOBHMM MPUHLUI pOOOTH TEIIOOOMIHHHKA

. CCTeéMa LIEHTPAJILHOTO ONaJIeHHS

. BIIBOAUTH TeIU1o 3 Biaciky un KimHatu

. OXOJIOIKYBaJIbHA pinHA

. BUXJIOTTHI Ta3u

10. migHiMaTHUCS B

O 00 1 N Dk~ Wi —

Exercise 3. Choose the word or phrases from the text above to fill in the gaps.

1. Saving energy is a huge and problem for the factory.

2. As the water pumps through the pipes, it the heat energy and heats up.
3. A heat exchanger is a device that allows heat from a to pass to a second
4. fluid without the two fluids having to mix together or come into direct contact.
5. You can see heat exchangers in all kinds of places, usually working to heat

or buildings or helping engines and machines to work more efficiently.

5. In power plants or engines, gases often contain heat that’s heading
uselessly away into the open air.

6. In buses, fluid used to cool down the diesel is often passed through a
heat exchanger.

Exercise 4. Translate into English.

1. Yci TeriooOMiHHMKYA BUKOHYIOTh OJIHY 1 Ty K poOOTYy — MepeaaroTh TEIUIO BIOIHIET p1IUHA

JI0 1HIIIOT — MPOTE BCi BOHU MPAIOIOTH 32 PI3HUM TTPUHITUTIOM.

2. Bu Moxere 1moOauyuTH TEIIIOOOMIHHUKHM B PI3HOMAHITHHX MICISX, SIKI 3a3BHYail MPaIOOTh

JUTs1 OOITPIBY UM OXOJIOKEHHS MPUMIIIEHb a00 JI0NIOMAararTh IBUTYHAM
Ta TEXHIIll PaIoBaTH ¢()hEeKTUBHIIIIE.

3. Lli 1Bi pe4OBHMHH MOXKYTh TEKTH B OIHOMY HampsIMKY (1[0 Ma€ Ha3By MapayieJbHUil MOTiK), a0o
B MPOTHJICKHOMY (1[0 Ma€ Ha3By 3YCTPIYHHUU MOTIK a00 MPOTHCTPYM) YH MiJ NPSIMHM KyTOM

(mepexpecHuit MoTiK).

4. Bona, ska 0XOJIOJKY€E JIBUTYH, IPOTIKA€ Yepe3 pajaiaTop, o Mae 0e3iiu napaieabHux pedep.
5. Ha enextpocranuisx abo X y ABUTYHaX, BIAIPAI[bOBaHi ra31 4aCTO MICTATH TEILIO, SIKE MapHO

BUXOJMTD y BIIKPHUTE MOBITPSL.

Exercose 5. Compose an essay on the following topics
“Heat exchangers operation”

“Types of heat exchangers”

“The main function of exchangers”
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Heat exchangers. Part 2

The way to solve this problem is with heat exchangers positioned inside the exhaust tail pipes or
smokestacks. As the hot exhaust gases drift upward, they brush past copper fins with water
flowing through them. The water carries the heat away, back into the plant.

There, it might be recycled directly, maybe warming the cold gases that feed into the engine
or furnace, saving the energy that would otherwise be needed to heat them up. Or it could be put
to some other good use, for example, heating an office near the smokestack.

In buses, fluid used to cool down the diesel engine is often passed through a heat exchanger
and the heat it reclaims is used to warm cold air from outside that is pumped up from the floor of
the passenger compartment. That saves the need for having additional, wasteful electric heaters
inside the bus.

A car radiator is another kind of heat exchanger. Water that cools the engine flows through the
radiator, which has lots of parallel, aluminum fins open to the air. As the car drives along, cold
air blowing past the radiator removes some of the heat, cooling the water and heating the air and
keeping the engine working efficiently. The radiator’s waste heat is used to heat the passenger
compartment, just like on a bus.

If you have an energy-efficient shower, it might have a heat exchanger installed in the
wastewater outlet. As the water drips past your body and down the plug, it runs through the
copper coils of a heat exchanger. Meanwhile, cold water that’s feeding into the shower to be
heated pumps up past the same coils, not mixing with the dirty water but picking up some of its
waste heat and warming slightly — so the shower doesn’t need to heat it so much.

All heat exchangers do the same job — passing heat from one fluid to another — but they work
in many different ways. The two most common kinds of heat exchanger are the shell-and-tube
and plate/fin. In shell and tube heat exchangers, one fluid flows through a set of metal tubes
while the second fluid passes through a sealed shell that surrounds them. That’s the design
shown in our diagram up above.

The two fluids can flow in the same direction (known as parallel flow), in opposite directions
(counter flow or counter-current), or at right angles (cross flow). Boilers in steam locomotives
work this way. Plate/fin heat exchangers have lots of thin metal plates or fins with a large surface
area (because that exchanges more heat more quickly); heat exchangers in gas furnaces (gas
boilers) work this way.

Exercise 1.

1.Where is the position of heat exchangers at a power station?
2.What is the operation of car radiator?

3.Where is a heat exchanger in a shower?

4.What is the job of all heat exchangers?

Exercise 2. Explain the meaning of the following expressions.
1. common kinds of heat exchanger

2. shell and tube heat exchanger

3. a sealed shell



. to flow in the same direction

. to flow in opposite directions

. an energy-efficient shower

. wastewater outlet

. the copper coils

. to cool down the diesel engine
10. wasteful electric heater
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Exercise 3. Choose the most suitable word to fill in the gaps.

ELECTRIC CIRCUIT

An electric 1 is a collection of electrical devices and components

connected together for the purpose of processing information or energy in electrical
form. An electric circuit may be described mathematically by ordinary differential
equations, which may be linear or nonlinear, and which may or may not be time
varying.

Electric Charge. In circuit theory, we postulate the existence of an indivisible

unit of 2 . There are two kinds of charge, called negative and 3

charge. The negatively charged particle is called an 4 . Positive charges may
be atoms that have lost electrons, called 5 ; in crystalline structures, electron
deficiencies, called holes, act as positively charged particles.

Voltage. The 6 of charged particles either requires the expenditure of
energy or is accompanied by the release of energy. The voltage, at a point in space, is
7 as the work per unit charge (joules/coulomb) required to 8 a
charge from a point of zero voltage to the point in question.

Sources of Voltage or Electric Potential Difference. A voltage is caused by the

9 of opposite electric charges and represents the work per unit charge
(joules/coulomb) required to move the charges from one point to the other. This
separation may be forced by physical motion, or it may be initiated or complemented
by thermal, 10 , magnetic, or radiation causes.

Exercise 4. Translate into English

1. Oxonmomxyroda piiiHa MOBHICTIO 3aKpUTa Ta 3HAXOUTHCS B CUCTEMI TPYO.

2. Hampuknaa, XONOMWIBHHKH Ta KOHJIWIIOHEPH BHUKOPUCTOBYIOTH TEIJIOOOMIHHHUKH
3BOPOTHHOMY HAIPSIMKY BiJl CHCTEMHU LIEHTPAJIHLHOTO OTaJICHHS.

3. OCHOBHHUM TIPUHITUIIOM POOOTH TEINTIOOOMIHHHKA € T€, IO BiH MEpeaac TEIIo He Mepeaatodn
piauHy, siKa Hece 1€ TEIUIO.

4. Koren mparlltoe, CHaglOO4Yd MPUPOAHUN Ta3 Ta CTBOPIOIOYM JIHIIO YHM CITKY CTPYMCHIB
rapsiaoro rasy, o IiIHIMAaeThCsl HaJl BOAOKO Ta T€YE 10 BCiH cucTeMi

TpYyO.

5. SIkmo y Bac BCTAaHOBIEHO €HepProeeKTUBHUN AyII, BIH MOXKE MaTH TEIUIOOOMIHHHK, SKHA
BCTAHOBJICHO HA BHXO/II CTIYHUX BO/I.

Exercise 5. Compose an essay on the following topics:

“Use of heat exchangers in traffic”
“Use of heat exchangers at home”

Lesson 9
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Centrifugal fan. Part 1

Fans are air-blowing machines that create a specific pressure and move air when pressure
losses in the ventilation network do not exceed 12 kPa.

Depending on the pressure they generate, fans are divided into the following groups:

- Low pressure — up to 1 kPa with a wheel peripheral speed of 23...55 m/s;
- Medium pressure — 1...3 kPa with a wheel peripheral speed of 40...100 m/s;
- High pressure — 3...12 kPa with a wheel peripheral speed of 100...150 m/s.

Low and medium pressure fans are used in general and local ventilation systems, for dryers
and furnaces.

High pressure fans are used primarily for process applications, such as blast blowing in
cupola furnaces, in sintering plants, for supplying air to nozzles, in filter cleaning systems, and in
pneumatic tube systems.

The most common are axial and centrifugal fans.

An axial fan is a bladed wheel located in a cylindrical casing. As the blades rotate, the air
entering the fan is moved axially by the blades.

The advantages of axial fans include simple design, the ability to effectively regulate
performance over a wide range by rotating the blades, high air flow, and reversible operation.
Disadvantages include relatively low pressure and increased noise. These fans are most often
used with low ventilation system resistances (up to approximately 200 Pa), although they can
also be used with higher resistances (up to 1 kPa).

A centrifugal fan consists of an impeller with blades, an electric motor mounted on a shaft, an
inlet or suction pipe, a discharge pipe, and a fan casing.

The operating principle of a centrifugal fan is as follows. As the impeller rotates, air particles
are entrained by the blades into a rotating motion. These air particles are subject to centrifugal
forces directed from the center to the walls of the casing. Thus, each air particle undergoes a
complex motion: on the one hand, it moves along the blade, and on the other, it rotates with the
impeller around its axis. Since the air particles move from the center to the casing wall, a
vacuum is created at the center of rotation and in the suction pipe, meaning the air pressure is
lower.

Atmospheric pressure. Due to the pressure difference, new air particles from the surrounding
atmosphere enter the suction port. This removes contaminated air from any source in mechanical
engineering, metallurgy, and other workshops. Air particles, thrown from the center of rotation
toward the fan casing, move along the casing and enter the discharge port 5. This compresses the
air, increasing its pressure and becoming greater than atmospheric pressure. At a constant
rotation speed, the operation of a centrifugal fan is characterized by the following parameters:

1) volume flow rate of the transported gas - capacity V, m3/s;

2) pressure drop ("head") created by the fan - the difference

in the total pressures at the inlet (in the suction port) and outlet (in the discharge port) of the fan.
3) efficiency n & the ratio of the power required to move air to the power actually expended by
the fan.

4) Fan power consumption Nv, W.

For centrifugal fans, the parameters V, APv, and Nv are interrelated, and a change in one of
these quantities changes the others.



The graphical dependencies APv = f1(V), Nv = f2(V), n = f3(V) are called fan characteristics.
They clearly reflect the operating characteristics of the fan and allow the selection of the most
efficient fan for a given air duct. These characteristics cannot be obtained with sufficient
accuracy based on theoretical calculations. Therefore, in practice, fan characteristics obtained
empirically are used. The maximum efficiency value determines the decisive quality of the fan:
its efficiency. The fan performance corresponding to maximum efficiency is called optimal, and
the corresponding fan operating mode is called optimal.

The most important curve is the pressure-performance curve (P-V)—the so-called pressure
characteristic of the fan (the pressure characteristic). To determine this, it is necessary to measure
the total pressure at the fan inlet and outlet at various performance values. The total pressure is
the algebraic sum of the static and dynamic pressures.

Dynamic, or velocity, pressure depends only on the velocity of the gas and is always positive.

In practice, pipeline pressure can be measured using a U-tube manometer and a
pneumometric tube. When measuring pressure with a liquid U-tube manometer, the measured
medium with pressure Pa is connected via a metal or rubber tube to one leg of the manometer,
and the other leg is connected to the atmosphere, which has a barometric pressure Pb. The height
of the liquid column h measures the excess pressure.

Water or alcohol are most often used as the working fluid. The accuracy of a U-tube
manometer, provided the liquid levels in the tubes are accurately read, is quite high.

Exercise 1. Memorize the following terms:

ventilation network, wheel peripheral speed, medium pressure, axial fan, bladed wheel, rotating
the blades, reversible operation, impeller with blades, suction pipe, a discharge pipe, casing,
pressure difference, volume flow rate, the ratio, power consumption, operating mode,
performance values.

Exercise 2. Answer the following questions:

1.What characteristic divides fans?

2.What is the design of axial fan?

3.What elements does a centrifugal fan include?

4.What are the operating principles of a centrifugal fan?
5.How can you measure atmospheric pressure?

6.Can you obtain sufficient accuracy with the help of theory?
7. What does dynamic, or velocity, pressure depend on?
8.What substances are used as the working fluid?

Exercise 3. Compose an essay on the following topics:
“The basic characteristics of centrifugal fan”
“The structure of centrifugal fan”

Lesson 10
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Centrifugal fan. Part 2



A throttle device (orifice plate) is used to determine air flow. The principle of using throttle
devices to measure gas flow can be understood from the graph of pressure distribution when an
orifice plate is installed in a pipe.

We place an orifice plate, which is a washer with an opening d, in a pipeline with a diameter
D and measure the pipeline pressure upstream and downstream of the orifice plate. As the
pipeline narrows, the air velocity increases from 1 to @2, resulting in a pressure drop from P1
to P2, according to Bernoulli's law. Downstream of the orifice plate, the air velocity decreases
and the pressure rises to P3, but P3 <P1, meaning that there is a pressure drop across the orifice
plate APm = P1 - P3, which is proportional to the square of the air velocity. Knowing the
diameter d of the orifice plate opening, we can determine the gas flow rate in cubic meters per
second.

Fan performance can be regulated in various ways. One of the most cost-effective
methods—yvariable impeller speed—has not yet gained widespread acceptance due to the
difficulties associated with changing the electric motor speed. The most widely used method is
damper throttling, which is low in efficiency. In this study, performance regulation will be
performed using a damper installed on the inlet manifold.

Description of the laboratory device
The device consists of a centrifugal fan, an asynchronous motor, an intake manifold, a
damper, a discharge manifold, a pipeline, and a flow orifice. To measure the total pressure drop
at the fan inlet and outlet, right-angled pneumometric tubes and are used, secured in the inlet and
discharge manifolds and connected to a U-shaped pressure gauge. The static pressure drop across
the flow orifice is measured using straight pneumometric tubes and, secured perpendicular to the
pipeline before and after orifice and connected to pressure gauge.

How to operate a centrifugal fan
The order of performance.
1. Plug the unit into the power supply.
2. Once the electric motor has reached its full speed, return the damper to its original position
(closed).
3. Measure the power consumed by the electric motor, NaB, and the pressure drops: total
pressure — on the fan (the difference in pressure in the inlet Pt
B and discharge P
H pipes) and static pressure — on the flow orifice plate (the difference in pressure before orifice
P1 and behind orifice P2).
4. Repeat the experiment at different damper positions.

Exercise 1. Memorize the following terms:

air flow, throttle device, pressure distribution, orifice plate, opening, pipeline pressure upstream
and downstream, air velocity, proportional to the square, gas flow rate, cost-effective methods,
widespread acceptance, damper throttling, inlet manifold, total pressure drop, U-shaped pressure

gauge.

Exercise 2. Answer the questions:

1.What do you use to determine air flow?

2. What happens if the the pipeline is narrows?
3.How can you regulate the fan performance?
4.What does the laboratory device consist of?



5.How to operate a centrifugal fan?

Exercise 3. Compose an essay on the following topics:
“The principle of using throttle devices”
“The centrifugal fans used in laboratories”
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Gas Ejector. Part 1

Ejecting is the process of setting a gas in motion under the action of a vacuum created by
another gas moving at high velocity.

The high-pressure gas that creates the vacuum is called the ejecting (active) gas, while the gas
being set in motion is called the ejected (passive) gas. During the ejection process, turbulent
mixing results in the transfer of energy from the high-pressure gas to the low-pressure gas,
equalizing their velocities and parameters.

Ejection is the principle behind the operation of ejectors (jet fans) and injectors (jet
compressors and pumps).

Ejectors are used to remove gas or liquid from the space adjacent to section. The amount of
ejecting gas is typically less than the amount of ejected gas, and the static pressure of their
mixture at the outlet is equal to the ambient pressure.

Injectors are used to pump gas or liquid into the space adjacent to section, with the volume of
ejecting body typically greater than that of ejected. In terms of design and operating principle,
ejectors and injectors are identical. An ejector has the following design features: nozzle for
high-pressure ejecting gas, and nozzle for low-pressure ejected gas, mixing chamber, and,
usually, a diffuser.

The mixing chamber can be cylindrical or flat rectangular. Sometimes, mixing chambers with
variable cross-sections are used. The length of the mixing chamber is selected such that the
mixing process is practically complete within it, but it should be as short as possible to reduce
hydraulic losses and the overall dimensions of the ejector. A sufficiently homogeneous mixture is
ensured with a chamber length of 13 = (8...12) d3. In practice, a shorter length of 13 is adopted; in
ejector engine cooling systems, for example, 13 = (1.5...2.5) d3.

Diffusers are channels in which the kinetic energy of the flow is converted into potential
energy, i.e., the pressure increases due to a decrease in velocity. The process of gas outflow from
nozzle is characterized by two main equations: the continuity equation and the outflow equation.
The first equation is derived from the condition that the mass flow rate of gas in any
cross-section of the channel is a constant.

The flow velocity is inversely proportional to the cross-sectional area of the channel, i.e., as
the channel narrows, the gas velocity increases. The gas flow equation is derived from the first
law of thermodynamics for gas flow.

That is, the amount of heat qu supplied to 1 kg of gas between two arbitrarily selected
cross-sections is spent on changing the internal energy g§U, on the gas performing work (push
work) against external forces It, and on increasing the kinetic energy of the gas. Push work is a
function of the gas's state only and depends only on the initial and final states of the gas.

Gas is supplied through nozzle at a pressure P1 greater than the ambient air pressure. As the
channel narrows, the gas velocity increases, and the pressure drops in accordance with equations



(2.2) and (2.10). In section, the active gas pressure is lower than the ambient air pressure, so the
air surrounding the nozzle, with a pressure P2 = PO, rushes from the space adjacent to section
into the mixing chamber, where its velocity increases and its kinetic energy increases.

In the mixing chamber, the active gas velocity decreases due to the transfer of some of its
energy to the ejected air. In section, the mixing process of the ejecting and ejected air flows is
complete, and the velocity of the gases in the mixture across the section becomes virtually equal.
This occurs due to the presence of diffuser, in which the mixture velocity decreases and the
pressure increases, i.e., Part of the kinetic energy is converted into potential energy.

To determine the volumetric air flow rate, it is necessary to know the cross-section of the duct
f and the gas velocity, which is determined from the dynamic pressure equation.

Exercise 1. Memorize the following terms:

high-pressure gas, turbulent mixing, homogeneous mixture, ambient pressure, nozzle, mixing
chamber, cross-sections, overall dimensions, reduce hydraulic losses, equations, mass flow rate,
initial and final states, transfer.

Exercise 2. Answer the questions:

1.What is ejecting?

2. What are ejectors used for?

3. Which design features of an ejector do you know?
4.What are diffusers?

5.How is gas supplied?

6.What is the gas velocity in the mixing chamber?

Exercise 3. Compose an essay on the following topics:
“The functions of a gas ejector”

“The design features of a gas ejector”

“The principal performance of a gas ejector”

Lesson 12
Mema 3anammas: 3namu i po3ymimu iHJCEHEPHI HAYKU, WO J1edcamsb 8 OCHOGI CheyialbHOCmI
«Tennoenepeemuxay 6ionogionoi cneyianizayii, Ha pieHi, HEOOXIOHOMY Ol OOCASHEHHS THUUX
pe3yibmamie 0c8imHboi Npo2pamu, 8 Momy 4YUcii neeHa OOISHAHICMb 8 OCMAHHIX 00CACHEHHSX
HayKu i mexHixu y cghepi menioenepeemuxu.
Gas Ejector. Part 2

As gas moves through a channel, its total pressure is composed of two pressures: static and
dynamic. Static pressure P is the difference between the gas pressure in the channel and the
ambient air pressure. The static pressure is determined using a U-tube manometer. One end of
the pressure gauge is vented to the atmosphere, and the outlet of the other end is positioned
perpendicular to the direction of gas flow in the channel.

Dynamic pressure can also be determined using a U-shaped pressure gauge. For this, one end
of the pressure gauge is connected perpendicular to the flow, and the other is connected
counter-current to the flowio Dynamic pressure is observed only when the gas is moving and
depends on its velocity and density.

Throttle flow meters operate based on the change in pressure of a gas or vapor flow as it
passes through a restriction (throttle) device. As the flow passes through the restriction device,



according to equation its velocity increases, resulting in a pressure drop according to Bernoulli's
law.

By measuring the pressure difference upstream and downstream of the restriction device, one
can estimate the gas flow rate, since the pressure difference depends on the velocity and,
therefore, on the gas flow rate. The difference, or pressure differential, is measured using a liquid
manometer.

Orifice plates (flow orifices) are used as throttling devices. Knowing the orifice diameter, one
can determine the gas flow rate.

Ejectors are widely used for ventilation of rooms, in exhaust fans for removing exhaust gases
from various installations, in ejector engine cooling systems for drawing atmospheric air through
the radiator, for pumping hot gases, for atomizing fuel oil in nozzles installed on kilns, in
sprayers, in steam turbine units, and in air conditioners.

They are also used for ventilation of moving objects (train cars, ship cabins, bus interiors,
etc.). The air flow moves toward the ejector at the speed of the vehicle. A certain amount of air
enters the ejector's confuser (a confuser is a device with design and technical characteristics that
are the inverse of those of a diffuser; that is, a confuser is designed to reduce the air or liquid
flow pressure and increase its velocity), where, according to equation, the air velocity increases,
and, according to equation, the static pressure decreases. Thus, a lower pressure is created in the
cylindrical section of ejector than in the room; consequently, air from room rushes through the
discharge tube, where it is captured by the ejector flow and removed. The system operates more
efficiently with increasing vehicle speed. In steady-state mode, it can operate under wind loads.

Using an ejector to pump liquids using the kinetic energy of a moving air flow. The air flow,
forced by some device into a cylindrical tube, creates a vacuum in the suction tube (the pressure
is lower than the ambient pressure), causing the liquid to rise through the tube and, upon exiting,
is atomized by the air flow. Many whitewashing machines and sprayers operate using this
principle.

Injectors are used to increase the pressure of gases and vapors, to pump liquid into tanks and
various devices. A special case of an injector is the injection burner used in the burners of
household gas stoves.

Gas with an excess pressure of several kilopascals, flowing from the nozzle into a mixer
shaped like an ejector, draws in the required amount of air from the surrounding environment
and mixes with it. The amount of injected air is roughly proportional to the ejector gas flow rate,
so when changing the burner's thermal output (by increasing or decreasing the gas flow rate
using a valve or tap), the gas-to-air ratio, or excess air coefficient, remains approximately
constant. To change this ratio during burner adjustment, a damper or adjustable resistance washer
is installed in the air supply line.

Exercise 1. Memorize the terms:

U-tube manometer, connected counter-current, density, vapor flow, restriction device, Orifice
plates, engine cooling systems, steady-state mode, household gas stoves, surrounding
environment.

Exercise 2. Answer the questions:

1.What is static pressure P?

2. How can you determine dynamic pressure?
3. How does throttle flow meters operate?
4.Where are ejectors widely used?



Exercise 3. Compose an essay on the topics:
“The objects the ejectors are used in”
“Home and production usage of ejectors”

Lesson 13
Mema 3anamms: 3namu i po3ymimu IHM#CEHePHI HAYKU, WO Jledcamb 8 OCHO8I CneyiaibHOCmi
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HAYKU | mexHiKu y cghepi menyioenepeemuxiu.
Gas Ejector. Part 3

Description of the laboratory installation

The laboratory installation consists of an active nozzle, which can move along a horizontal
axis, a mixing chamber, and a diffuser.

A flow orifice is installed in pipe, which supplies air under positive pressure created by a fan.
The pressure difference between the orifice and the orifice is measured by a differential water
pressure gauge. The air velocity can be calculated from this pressure difference, and then, using
the known flow area of the orifice, the volumetric air flow rate V1. There are openings along the
length of the mixing chamber and diffuser for measuring dynamic and static pressures using a
U-shaped micromanometer.

In liquid U-tube manometers, the pressure or pressure difference of the measured medium is
determined by the height h of the equilibrating liquid column.

The measurement limits of such manometers are determined by their geometric dimensions
and the density of the equilibrating liquid and, as a rule, do not exceed 105 Pa (750 mmHg). The
measurement error is £2 mm. A micromanometer senses pressure changes through a U-shaped
measuring tube. The pressures at both ends of the measuring tube are sensed in countercurrent
motion, so when both ends are connected, the pressure difference is measured. If one of the ends
is disconnected, the pressure at the measuring point is recorded.

The pressure gauge used in the laboratory is designed to measure pressure differences
between 0 and 240mm H2O. It consists of a measuring tube with a millimeter scale, a connecting
hose, and a stand on which the U-shaped measuring tube is fixed. The instrument is filled with
colored alcohol so that the liquid level in the measuring tube is fixed at the center of the scale.
During measurements, the pressure gauge is positioned vertically.

The pressure sensor is a pneumometric tube, which is made of two welded tubes, one of
which has an open end bent, and the other is sealed but has holes drilled on the side. Rubber
hoses are used to connect the pneumometric tube to the pressure gauge.

The total flow pressure Pp is measured by a bent tube with an open end, the static pressure Pst
is measured by a tube whose end is sealed and communicates with the air flow through side
holes drilled at some distance from the end, and the dynamic pressure is measured by connecting
both tubes to a U-shaped pressure gauge.

When determining dynamic and static pressures, it should be taken into account that the air
flow velocity, and therefore the pressure at different points in the cross-section, are not uniform.
Therefore, when measuring the pressures Pst and Pdin, it is necessary to find the average
pressure for each cross-section by taking several measurements at different points (near the duct
wall, at some distance from it, in the center of the duct, etc.). In the laboratory work, it is



recommended to take five velocity pressure measurements in the measurement cross-section and
three static pressure measurements in each cross-section.

For a large number of measurements, the average pressure value should be found using the
square method. For up to five measurements and a small spread of readings, the arithmetic mean
pressure can be found.

Exercise 1. Memorize the terms:

differential water pressure gauge, medium, equilibrating liquid, measurement error, U-shaped
measuring tube, colored alcohol, Rubber hoses, two welded tubes, uniform, average pressure
value.

Exercise 2. Answer the questions:

1.Where is a flow orifice installed?

2.What are the pressure limits of the monometer?

3.What does the pressure gauge consist of?

4.What is a pressure sensor?

5.How is total flow pressure Pp measured ?

6.What should you take into account while determining dynamic and static pressures?

Exercise 3. Compose an essay on the topics:
“Different kinds of measurements in laboratories with Gas Ejector”
“The devices used to measure different phenomena in heat energy”

Lesson 14

Mema 3anamms: 3namu i poymimu mamemamuxy, Qizuxy, Ximito HA pi6Hi, HEOOXIOHOMY O
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NOWUPEHUX €8PONEUCHLKUX MOB.

Applied thermal engineering. Part 1

Applied thermal engineering focuses on the study and implementation of heat transfer
principles in industrial and energy applications. With increasing global energy demand and the
need for sustainable thermal management, researchers and engineers continuously develop new
technologies to enhance heat transfer efficiency, improve energy conversion, and optimize
thermal storage. Traditional thermal systems relied on empirical models and experimental
validation to improve performance. However, recent advancements integrate computational fluid
dynamics (CFD), artificial intelligence (Al), phase change materials (PCMs), and
nanotechnology to enhance heat dissipation and energy utilization. Innovations in heat
exchangers, waste heat recovery, and advanced thermal insulation have also contributed to
optimizing industrial processes.

This paper provides a comprehensive overview of recent developments in applied thermal
engineering, focusing on heat transfer mechanisms, energy-efficient systems, and intelligent
thermal management solutions.

Innovations in Heat Transfer and Heat Exchangers
Heat exchangers are essential components in many industrial processes, enabling efficient
thermal energy transfer. Conventional shell-and-tube heat exchangers have been enhanced using
compact microchannel heat exchangers, improving heat transfer efficiency by 30-50% (Wang et
al., 2020).



Additionally, nanofluids—suspensions of nanoparticles in base fluids—have demonstrated
superior thermal conductivity, as observed in the studies by Chen et al. (2019).

Phase Change Materials (PCMs) for Thermal Energy Storage
Phase change materials (PCMs) provide efficient thermal energy storage by utilizing latent
heat absorption and release. Studies have shown that incorporating microencapsulated PCMs in
building materials reduces peak energy loads by up to 40%, improving energy efficiency in
HVAC applications. Furthermore, PCMs integrated into electronic cooling systems enhance
temperature regulation in high-performance computing (Patel et al., 2021).
Computational Fluid Dynamics (CFD) and Al in Thermal Engineering
The use of CFD simulations and Al-driven optimization has revolutionized thermal
engineering, reducing the need for extensive experimental testing. CFD-based models accurately
predict fluid flow and heat transfer performance in complex geometries, as demonstrated by Li et
al. (2018). Albased models, including deep learning, further enhance thermal predictions,
optimizing heat exchanger designs with high accuracy.

Exercise 1. Memorize the terms:

heat transfer, sustainable thermal management, experimental validation, computational fluid
dynamics (CFD), heat dissipation, waste heat recovery, thermal insulation, intelligent thermal
management solutions, shell-and-tube heat exchangers, thermal energy storage, cooling systems,
CFD simulations.

Exercise 2. Answer the questions:

1.Which new technologies are developed by researchers and engineers nowadays?
2.How do new technologies assist thermal engineering processes?

3.What are the new principals used in heat exchangers?

4.What are the principals of storing the thermal energy?

5.How is thermal engineering revolutionized?

Exercise 3. Compose an essay on the topics:
“Artificial intelligence in thermal engineering”
“Computation in the production of thermal power”
‘New accents in using thermal power”

Lesson 15
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Applied thermal engineering. Part 2

Advanced Heat Transfer Mechanisms
Innovations in heat transfer mechanisms focus on improving energy efficiency and thermal
performance.
* Nanofluids in Heat Exchangers: Nanoparticle-enhanced fluids (such as A1203 and CuO
nanofluids) increase thermal conductivity by 15-30%.



» Microchannel Cooling Systems: Used in electronics and aerospace applications for enhanced
heat dissipation.

Despite these advancements, challenges such as nanoparticle stability and high fabrication
costs remain.
Technology: Nanofluids, Microchannel Cooling
Application: Industrial cooling systems; Microchannel Cooling Electronics & Aerospace
Efficiency Improvement: 15-30%, 25-40%

Al and Computational Fluid Dynamics in Thermal System Design

CFD-assisted modeling provides accurate heat transfer simulations, reducing experimental
costs.

Al-based predictive models optimize thermal designs, minimizing energy losses in power
plants and industrial processes.

* AIl-Optimized Thermal Systems: Machine learning algorithms enhance heat exchanger
performance.

* CFD for HVAC and Renewable Energy: Used in wind turbine cooling and solar panel
temperature regulation.

These advancements enable real-time optimization of thermal processes, reducing energy
consumption and increasing sustainability.

Thermal Energy Storage Solutions
Thermal energy storage (TES) plays a crucial role in renewable energy integration and

industrial heat recovery.
* Latent Heat Storage: PCMs store and release thermal energy during phase transitions.
* Sensible Heat Storage: Uses solid materials (such as molten salts) to retain heat for extended
periods.

TES systems improve the efficiency of solar power plants and waste heat recovery systems in
industrial applications.

Case Study: Optimization of a Heat Exchanger Using AI and CFD

A case study is conducted to evaluate the impact of Al and CFD-assisted optimization on heat
exchanger efficiency
Optimization Method: Traditional Design; CFD-Based Optimization; Al-Assisted Design
Efficiency Improvement (%): 10%, 15%, 20
Computational Cost (CPU) hours: 600, 30, 250

Results indicate that Al-optimized heat exchangers achieve the highest efficiency gains with
reduced computational costs.

Advancements in applied thermal engineering have led to significant improvements in heat
transfer, energy systems, and thermal management technologies. Innovations in nanofluids,
Al-driven CFD simulations, and phase change materials have optimized energy efficiency across
industries.

Future research should explore quantum computing for thermal simulations and digital twin
technology to enhance real-time monitoring of thermal systems.

Exercise 1. Memorize the terms:

heat transfer mechanisms, Microchannel Cooling Systems, high fabrication costs, CFD-assisted
modeling, AI-Optimized Thermal Systems, Renewable Energy, renewable energy integration,
heat recovery systems, highest efficiency gains.

Exercise 2. Answer the questions:
1.Which innovations in heat transfer mechanisms focus on?



2.Where are nanotechnologies used?

3.How is Al used in thermal industry?

4.1s thermal energy storage of high importance?
5.How is it possible to optimize heat exchanger?

Exercise 3. Compose an essay on the following topics:
“Computation and Al use in thermal engineering”
“Th methods used in heat exchanger efficiency”
“Nanofluids, Microchannel Cooling Technologies”

Lesson 16

Chips working power density

With the development of processing and packing technology, chips working power density is
growing rapidly. Chips’ thermal management becomes more and more important. For decades,
the cooling devices such as heat pipes, forced air cooling and thermo-electron coolers were
developed. However, some of these cooling devices are so complicated for no easy machining
and stably work. After Tuckerman and Pease firstly introduced microchannel heat sink to solve
the related problems in 1981, it became one of the most promising technologies to solve the
chips® thermal management problems.

Over the years, related researches can be mainly divided into two directions: coolant
optimization and heat sink’s structure optimization. In order to reduce the thermal resistance,
researchers raised a high efficient heat removal ideas of pin-fin structure, and this structure was
proved to have a high heat conductivity, low pressure drop and economy use of cooling water.
Vanapalli and Brake studied 6 different pin fins with the same cross section which affected the
pressure drop in a microchannel. Abas Abdoli and Gianni Jimenez studied the changing of
pin-fin shape corresponding changing of cross section that affected the heat removal capacity in
a microchannel heat sink. However, there was no systematic research with detailed experimental
verification about the influence of pin-fin shape on cooling characteristics including heat
removal capacity and pressure drop.

Micro-channel heat sinks with five different pin fins were designed, fabricated and tested in
this study. Triangle, square, pentagon, hexagon and circle geometries were chosen as the cross
sections of the pin fins. The thermo-fluid characteristics of the five different micro-channel heat
sinks were presented by using computational fluid dynamics (CFD) software. These typical
samples were fabricated through UV-LIGA micromachining technology. An infrared imaging
testing system was set up to test these samples. The temperature distributions on the top surface
of the microchannel heat sinks were obtained for comparison with simulations. The effects of the
pin-fin shapes on cooling performance of the single-phase array microchannel heat sinks were
given numerically and experimentally.

Overall design

The researches taken in the field of pin fins arrangement can be divided into two categories:
inline way and staggered way. Most of them point out that the inline arrangement has a lower
pressure drop, while the staggered arrangement has a lower thermal resistance [18]. Because heat
removal capacity is a key consideration, the staggered arrangement was adopted in this study. In



order to obtain the main effect of pin-fin shapes, the pin fins keep the same cross-section area
and the same height,
Theory
Inlet and outlet diameter are 1 mm, which are the narrowest parts of the flow path. When the
maximum flow rate of 100 ml/min is conducted into the heat sink, the coolant flow velocity is
2.122 m/s, and the corresponding Reynolds number (Re) calculated by the Eq. (2) is 2122. The
flow rate is determined to be the laminar flow.
The heat removal performance of the heat sink is presented by the thermal resistance Rt in
Eq. (3).
The total thermal resistance of the microchannel heat sinks Rt
Governing equations
The temperature distribution of the microchannel heat sink is described by solving Egs. (7),
(8), (9), which are respectively continuity, conservation of momentum and energy equations.
The energy equation for the solid parts:
The heat flux between the interface of the water and the solid walls of the heat sink is coupled
and its continuity equation is given as:
Boundary condition and mesh optimization
In order to achieve an accurate solution for the governing equations,
Fabrication
The micro-channel heat sink consists of three parts: chip, top baseplate and bottom baseplate.
Micromachining process flow is shown in Fig. 8. The top baseplate is made of aluminum nitride.
As is shown in Fig. 8(a)—(d), a nickel coil heating source was electroplated on the top surface
heating as a simulative chip, a thin layer of tin was electroplated on another surface for bonding.
The bottom baseplate was made of copper, which micro-machined by Cu electroplating in the
SU-8 mold made on the



