MHNHOBPHAYKHN POCCHUU

denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE
00pa3oBaTeIbHOE YUPEKICHUE BHICIIIETO 00pa30BaHUS
«OMCKH TOCYIapCTBEHHBIN TEXHUUECKU YHUBEPCUTET

I'. /1. llIlnxos, M. B. J/lacuna

AHT'JIMUCKUH A3BIK
B COEPE TEIIVIOSHEPTETUKH
U TEIIVIOTEXHUKH

Y4yeOHOE ITOCOOUE

OmMmck
HNzparensctBo OMI'TY
2023



VJIK 621.1:620.9(075)
BBK 81.432.1+31573

1165
PenenseHTsl:
JI. M. Kapnosa, xau. ¢puioc. HayK,
nomeHT kadeaps! pumocodun OmITIY;
C. M. boeamosa, xauj. punoi. HayK, JOLUEHT Kadeapbl
«Teopus u MmeToirKa 00yUEHHS] THOCTPAHHBIM SI3bIKAM))
OMI'Y um. ®@. M. JIocTOEBCKOTO
Iuxos, I'. JI.
11165 AHITIUHACKUN S3BIK B cepe TEIIOPHEPreTUKH W TEIJIOTEXHUKH : y4eo.

noco6wue / I'. JI. [lluxos, M. B. Jlacuna ; Muno6pnayku Poccun, OM. roc. TexH.
yH-T. — Omck : M3a-Bo OMI'TY, 2023. - 88 c. : uin.

ISBN 978-5-8149-3591-5

B ydeGHOM mocoOuu coaepkuTcsi HHPOopMaIUs Ha aHTJIMICKOM SI3bIKE 00
OCHOBHBIX TOHATHUSAX TEIJIOOHEPIreTUKHU, a TAK)KE TEIIODHEPIeTUYECKUX MPEJI-
OPUATHAX.

[Ipeana3znaueHo /It CTyICHTOB OakanaBpuara (2—4-if Kypchl) U MarucTpa-
Typsl Bcex (popm oOydeHus Mo HampaBleHHIO « TeriosHepreTuka u TerioTex-

HUKa».

VJIK 621.1:620.9(075)
BBK 81.432.1+31.3573

Ileuamaemcs no peueruro pedam;uonﬂo—u30ameﬂb01<020 coeema
Omckoeo eocydapcmeeﬂﬂoeo MexXHU4YeCcKoco ynueepcumena

ISBN 978-5-8149-3591-5 © OMI'TY, 2023



CONTENTS

[TIPEJIVACIIOBIE .......ccci oottt e e e e 4
INTRODUCTION ...ttt ettt ettt srre e sta e saeeereesnne s 5
UNIT 1. WHAT IS ENERGY? THE FORMS OF ENERGY ......c.cccecveiiieenen, 7
UNIT 2. FUELS ...ttt et st 16
0 T T L SRR 18
2.2. NALUFAL G8S.....cciiiiiieeciic ettt ae e nre e e 19
2.3, SOIS ... 23
2.4, LIQUITS....cieieie ettt ettt et e e e neennne s 24
UNIT 3. HEAT ettt et et aae e ba e s ree e re e 28
3.1. Converting Heat Into EIECtriCItY .........cccevvveiieiiiie e 28
3.2. S0lar PANCIS......ccoiie e 31
3.3. Steam Heating SYSIEMS........ccciieiieie e 35
UNIT 4. POWER PLANTS ...ttt 39
4.1, Thermal ENQINEEIING.....ccoiveiie e eciee e e et 39
4.2. Thermal Power Plant...........coove i 44
4.3. Natural Gas POWEr Plant ..........ccooueiiieiie e 49
4.4. Nuclear POWET PIaNnt............cooviiiiie e 53
4.5. Coal-Fired POWer Plant..........ccccoooe e 57
4.6. Geothermal Power Plant ..o 62
UNIT 5. STUDYING BASIC LAWS ..ot 67
5.1. Brownian MOTION .......oooiiieiiie et 67
ST = 111 (0] o)V PR UUPRP 71
5.3. Laws of ThermodynNamiCS.........cccvueiuviiieiiieiiiesinsieesee e sies e siee e 74
TEXTS FOR INDEPENDENT READING ......c.ccoi i 81
BAKIIFOUEHHUE ..., 85
BUBJINOTPAOUUYECKUM CITHCOK ...t 86



NNPEAUCJ/IOBHUE

TeruiosHepreTuka — OTpaciib SHEPreTUKU U TEIUIOTEXHUKH, 3aHUMAIOIIAsICS
MpeoOpa3oBaHUEM TEIUIOTHI B APYTHUE BUJIbI SHEPTUU, TTIABHBIM 00pa3oM B Mexa-
HUYECKYIO U Yepe3 He€ B JIEKTPUUECKYI0. TerosHepreTuka B MUPOBOM MacIlITa-
0e mpeo0IIaiaeT cpeiv TPATUITMOHHBIX BUJIOB SHEPI€TUKH, HA 0a3e yriis Belpada-
ThIBaeTca 46% Bcell anmexkTposHepruu, Ha Oase raza — 18%, eme oxono 3% —
3a cuer cxkuraHusi ouomacc, HeTh ucnonb3yercs Aia 0,2%. CymMmapHO Terio-
BbI€ CTAHIIMH OOECIICUMBAIOT DJICKTPOIHEPrueH okoiio 2/3 ot oOiiel BhIpaObOTKH
SHEPTUU BCEX AJIEKTPOCTAHIIUNA MUpA.

YuuteiBas MEXIyHapOJHOE 3HAYEHHWE STOM OTpaciu, MPodecCHOHATBLHOE
BJIQJICHUE AHTIUNCKUAM SI3bIKOM CTAHOBUTCSI OJTHOM M3 KJIFOUEBBIX KOMIIETECHIIUN
Oyyllero crenuaicTa B cpepe TErIOIHEPTreTUKY U TEIIOTEXHUKH.

VYyebHoe mocoOue COCTOUT U3 MATH PA3AECIOB U TEKCTOB JJIsi CAMOCTOSI-
TeNbHOTO u3ydeHus. Kaxaplii paszgen conmpoBOXIaeTcs (HOHETUUECKUMU,
rpaMMaTUYeCKUMHU, JIGKCHYECKUMHU M CJIOBOOOPA30BATEIbHBIMU YIIPAKHEHUS-
mu. Kpome Toro, mocobue ConepKUT 3aJaHusl, HAIPaBJIECHHbIC HA BBIXOJ| B pe-
YEBYIO JEATEIbHOCTD.

ABTOpBI BBIpaXkaroT OjarogapHocTh Jlapuce MuxaiinoBHe Kaprooit
n Codpe MuxaiinoBHe boraroBoii 3a IeHHBIC 3aMe4YaHUsI W MPEIOKEHUS, Cle-

JIAaHHBIE TPU PELEH3NPOBAHNHN PYKOMHUCH YYEOHOTO TTOCOOUS.



INTRODUCTION

Task 1. Read the following international words, mind the stressed

syllables and translate the words from English into Russian.

engineering

[ end31' nrarim]
engine ['endzin]
Kinetic [k netik]
potential [pa'ten/l]

thermodynamics

[ 03:mouvdar neemiks]
liter/litre ['li:ta(r)]
meter ['mi:ta(r)]
Joule [dzu:l]

magnet ['magnit]

synchronize

['sikranaiz]

energy [ enadsi]

electricity [1 lek trisati]

nuclear ['nju:klia]
atomic [a'tomik]
physics [ 'fiziks]
machine [ma'fi:n]
mechanic [mr'kaenik]
statistic [sta'tistik]

deposit [dr'pozit]
sequence ['si:kwans]

nature ['nerys]

hydropower
['hardra(u)'paus]

geothermal
['dziza(u)'03:m(a)l]
industry ['indastri]
chemical ['kemik(a)l]
technology [tek'nalodsi]
technician [tek'nif(a)n]
economy [r'konami]
design [di'zain]

manufacture

['meenju'faekys]
universal ['ju:nr'vs:s(o)l]

radioactivity

[ reidiovaek'tivati]

Task 2. Form the nouns from the following verbs using the suffixes -tion,

-ment, -ence:

to require; to equip; to apply; to restore; to differ; to act; to pay; to realize;

to break; to enhance; to develop; to maintain; to regulate.




Task 3. Match English and Russian equivalents.

1. artificial a. OKOHOMUYHBLU

2. natural b. ynpasnsame

3. operate C. mexHuuecKui

4. economical d. mexanuueckui
5. technical €. NPOMbILUICHHBLI
6. industrial f.ucxyccmeennuiii
7. statistically g. ecmecmeeHmbll
8. application h. @usuueckuii

9. sequential L. xumust

10. chemistry J.npumenenue

11. physical K. cmamucmuuecku
12. mechanical |.nocreoosamenvhuwiii



UNIT 1
WHAT IS ENERGY? THE FORMS OF ENERGY

Task 1. Discuss these questions with your teacher.

1. What is energy? How can you explain this?

2. Give some examples of energy seen in everyday life.

3. When we say about a person that he (she) is full of energy, what do we
mean?

Task 2. Read and translate the following international words.
. electricity [1 lek'tristi]

. chemical ['kemik ()l

. transformation [ treensfa'meif(a)n]

. kinetic [k(a)r'netik]

. biomass ['barouvmaes]

. gravitational [ greaevi'ter/nal]

. geothermal [ dzi:ou'03:ml]

. compression [kam'pref(a)n]

© 00 N O Oor A W N P

. radioactive [ reidiov'aektiv]
10. technolology [tek'noladsi]



Task 3. Match the terms with their definitions:

a) resources d) molecule g) renewable
b) consumption e) environment h) pollution
C) energy f) industry

1. a source of economic wealth, esp. of a country (mineral, land,
labour, etc.) or business enterprise (capital, equipment, personnel, etc.).

2. that can be replaced naturally or controlled carefully and can therefore
be used without the risk of finishing it.

3. the production of goods from raw materials, especially in factories.

4. the smallest unit, consisting of a group of atoms, into which a substance
can be divided.

5. the process of making air, water, soil etc.
6. a source of power.

7. the natural world in which people, animals and plants live.
8. the process of using energy, food or materials.

Task 4. Read and translate the following text.

What Is Energy?

Scientists define energy as an ability

to do work. We use energy to do work and
ﬁ*‘fﬁ make all movements. When we eat, our
S . bodies transform the food into energy to do
work. When we run or walk or do some work, we “burn” energy in our bodies.
Cars, planes, trolleys, boats and machinery also transform energy into work.
Modern civilization is possible because people have learned how to change

energy from one form to another and then use it to do work. People use energy
8



to walk and bicycle, to move cars along roads and boats through water, to cook
food on stoves, to make ice in freezers, to light our homes and offices, to manu-
facture products, and to send astronauts into space. Work means moving
or lifting something, warming or lighting something. There are many sources
of energy that help to run various machines.

Task 5. Look through the passages. Put the parts of the text in the correct
order. Fill in the table.

Some Facts from the History of Energy

a) In some respects, the global energy system has evolved in a cleaner
direction in the last 25 years. The share of world primary energy derived from
natural gas — the cleanest fossil fuel — has increased by more than 25%. So has
the use and generation of renewable sources of energy. Conserving energy has
become the need of the day in the transport, household, or industrial sectors.

b) As early as 4000-3500 BC, the first sailing ships and windmills were
developed by harnessing wind energy. With the use of hydropower through
watermills or irrigation systems, things began to move faster.

c) The discovery of fire by man led to the possibility of burning wood for
cooking and heating thereby using energy. For several thousand years human
energy demands were met only by renewable energy sources — sun, biomass
(wood, leaves, twigs), hydel.

d) There has been an enormous increase in the demand for energy since the
middle of the last century as a result of industrial development and population
growth. World population grew 3.2 times between 1850 and 1970, per capita

9



use of industrial energy increased about twentyfold, and total world use of
industrial and traditional energy forms combined increased more than twelvefold.

e) Total commercial energy consumption has been growing tremendously
since the last decade. Per capita commercial energy consumption in low-income
countries have more than doubled.

f) About 15% of the world’s population living in the wealthy industrialized
counties consume over half the energy used in the world.

g) With the advent of the Industrial Revolution, the use of energy in the
form of fossil fuels began growing as more and more industries were set up.
This occurred in stages, from the exploitation of coal deposits to the exploita-

tion of oil and natural gas fields.

Task 6. Answer the following questions.

1. Why did people need energy in prehistoric times?

2. What kind of energy sources did humans harness only for several
thousand years?

3. When did people begin to use wind and water energy? Why?

4. What happened with an advent of Industrial Revolution?

5. Why did energy consumption increase greatly in the middle of the 20th
century?

6. What problem of energy consumption has become the need of the day?

Task 7. Write out all the forms of energy mentioned in the text.

Task 8. Match the synonyms.

1. to grow a) to derive
2. using b) enormous
3. to extract c) commercial

10



4. very big d) tremendously

5. trade e) consumption
6. spending f) to increase
7. greatly e) harnessing

Task 9. Translate from Russian into English:

rio0anbpHasl YHEProcUCTeMa, BO30OHOBJISIEMBIH HWCTOYHUK SHEPTHH, MPO-
MBIIIJICHHBIN CCKTOP, BECTPAHBIC MCIILHUIIBI, TI/I,I[pOBJ'IeKTpI/I‘{eCKI/Iﬁ (B COKpanie-
HI/II/I), OpoCHUTCIIbHAA CUCTCMA, POCT HACCIICHUA, ﬂBeHaﬂHaTHKpaTHBIﬁ, Ha Ayury
HaCCJICHUA, HOTpe6J'I$ITB, CTpaHbl C HU3KUM YPOBHCM A0XO/ad, UCKOITAEMOC TOII-

JINBO, 34JICKHU YTIJLA.

Task 10. Find out the Participle forms in italics in Task 5 and translate
these sentences from English into Russian.

Task 11. What forms of energy do you know? Watch the video «Energy
and different forms of energy with examples» on YouTUBE:

https://www.youtube.com/watch?v=1JdvH 8cz-I

When watching the video answer the questions and make some notes in your
copybook.

Task 12. Read the text and after name all the forms of energy you have
remembered.

The Forms of Energy

Energy is found in different forms including light, heat, chemical,
and motion. There are many forms of energy, but they can be put into two cate-
gories: potential and kinetic.

11


https://www.youtube.com/watch?v=1JdvH_8cz-I

Kinetic energy is energy of motion, e. g. molecules, waves, substances,
objects. There are different forms of kinetic energy :

 Radiant Energy is electromagnetic energy, travelling in transverse waves.
The examples of radiant energy include visible light, x-rays, gamma rays and radio
waves. Light is one type of radiant energy. Sunshine is also radiant energy,
it provides the fuel and warmth, without it the life on the Earth is impossible.

» Thermal Energy, or heat, is the vibration and movement of the atoms and
molecules within substances. When an object is heated, its atoms and molecules
move faster. The thermal energy in the Earth is geothermal.

» Motion Energy is the energy stored in the movement of objects. The fast-
er they move, the more energy is stored. It takes energy to get an object moving
and energy is released when an object slows down. Wind is also an example of
motion energy. In a car crash, when the car comes to a total stop it releases all
its motion energy at once.

* Sound is the movement of energy through substances in longitudinal com-
pression waves. Sound is produced when a force makes an object or substance
vibrate — the energy is transferred through the substance in a wave. Usually
the energy of sound is far less than other forms of energy.

Potential energy is a stored energy and the energy of position. There are
several forms of potential energy:

e Chemical Energy is an energy stored in the bonds of atoms and
molecules. The examples of stored chemical energy are: biomass, petroleum,
natural gas, and coal. Chemical energy can be converted to thermal energy
when we burn wood in a fireplace or gasoline in a car’s engine.

» Mechanical Energy is an energy stored in objects by tension. Compressed
springs and stretched rubber bands are examples of stored mechanical energy.

* Nuclear Energy is an energy stored in the nucleus of an atom the energy
that holds the nucleus together. Very large amounts of energy can be released
when the nuclei are combined or split apart.

12



« Gravitational Energy is energy stored in an object’s height. The higher and
heavier the object, the more gravitational energy is stored. When you ride a bicycle
down a steep hill and pick up 12—speed, the gravitational energy is being converted
to motion energy. Hydropower is another example of gravitational energy.

* Electrical Energy is what is stored in a battery, and can be used to power
a cell phone or start a car. Electrical energy is delivered by tiny charged particles
called electrons, typically moving through a wire. Lightning is an example
of electrical energy in nature so powerful that it is not confined to a wire.

Task 13. Fill in the following table according to the types of energy:

form kinetic/potential sources examples

gravitational

electrical

sound

motion

chemical

mechanical

nuclear

radiant

thermal

Energy can be converted from one form to another. For example, the food
a person eats contains chemical energy, and a person’s body stores this energy
until he or she uses it as kinetic energy during work or play. The stored chemi-
cal energy in coal or natural gas and the kinetic energy of water flowing
In rivers can be converted to electrical energy, which in turn can be converted
to light and heat.

13



https://www.eia.gov/energyexplained/what-is-energy/laws-of-energy.php

Task 14. Study the picture «Forms of energy» and tell how different
forms of energy can be converted into each other.

FORMS OF ENERGY

Muclear energy Magnetic
(nuclear fusion in stars)

Potential

LN e
.I( o~
r B
.
" L
% Kinetic Chemical__—
anargy energy
o Sy
-
< Thermal _ _._-—-—_—&‘
v

encrgy —m
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L"\-;J umamsllmoccm i B pasigrun | tesmmatoms com

Task 15. Check yourself 1. Choose the right variant(s).

1. What is energy?
a) everything that can be found in the environment
b) an ability to make things of different materials
c) to convert something from the original state
d) an ability to work and make movements

2. The discovery of fire led to the possibility of ... :
a) riding a bicycle
b) burning wood for cooking
c) heating the dwelling
d) driving a car

3. With the use of ... through watermills or irrigation systems, things be-
gan to move faster:
a) water
b) kinetic energy

14



c) hydropower
d) natural gas

4. What forms of energy began growing as more and more industries were
set up?
a) water
b) fossil fuels
C) sun
d) radiant

5. What kind of energy is stored in atoms or molecules?
a) mechanical
b) gravitational
c) chemical
d) nuclear

6. What kind of energy depends on heat?
a) electrical
b) thermal
c) radiant
d) potential

7. In what kind of energy does vibration appear?
a) chemical
b) motion
c) sound
d) radiant

8. Choose the variants of converting energy:
a) chemical — thermal
b) nuclear-magnetic
C) potential-kinetic
d) electric-light
15



UNIT 2
FUELS

ignition [1g'nif(a)n] — Bosropanume, | calorific value ['keela'rifik ‘veelju:] —

BOCIIJIAaMCHCHHCEC

TEIUIOTBOPHAs CIOCOOHOCTh

kerosene ['kerasi:n] — kepocun

Joule [dzu:l] (J) — Dxoyns (Jx)

diesel ['di:z(o)l] — nu3ens

to possesses [pa'zes] — obaanath

to distinguish [dis'tmgwif] —

paznnyarh

liberate ['libarert] — BeIcBOOOXK1ATH

cow dung cake [kau dan keik] -

undesirable ['andi'zai(a)rab(a)l] -

JIETIENIKA KOPOBBETO HABO3a HEXKEJIaTeIbHBIN
gaseous ['geesios] — ra3oo0pa3HbIi efficiency [1'fif(e)ns1] —
3 PEeKTUBHOCTD

ethanol ['eBanvl] — sTanon

charcoal ['fa:koul] —

IPEBECHBIN YTOJIb

Task 1. Read the text.

Substances which undergo combustion in air producing large amount
of energy is called fuel. Petrol, diesel, LPG, wood, coal, charcoal are some
fuels. Let’s consider the classification of fuels. Basically there are 3 types
of fuels: solid fuel, liquid fuel, gaseous fuel. Solid fuels include such substances
as coal, charcoal, firewood etc. Petrol, diesel, ethanol, kerosene are some
of liquid fuels. LPG, CNG, hydrogen, biogas are some of gaseous fuels.

Let’s consider fuel efficiency. Not all fuels produce the same amount
of energy. Some fuels like cow dung cake liberate very low energy. And LPG,
for instance, liberates very high amount of energy. To distinguish between them
we use the term “calorific value”. The amount of heat energy produced during

16



complete combustion of 1 kg of a fuel is called calorific value. The higher the
calorific value, the more heat will be produced by the fuel. As you see in the ta-
ble, the calorific value of gaseous fuels is higher than the calorific value
of liquid ones. And the calorific value of liquid fuels is higher than the calorific
value of solid ones.

Indeed, there are a large number of fuels, however, we have to choose
a “good fuel”. A good fuel possesses some properties. It is cheap, readily avail-
able and it is easy to store and transport. It also catches fire easily, burns with
a moderate rate and produces high amount of energy. Its ignition temperature
must be moderate and its calorific value must be higher. During combustion, it
must not produce undesirable and harmful products.

There is no ideal fuel that meets all these properties. However, we can
choose a fuel which meets most of these properties. For instance, gaseous fuels
are considered as good fuels because they meet most of these properties.

Task 2. Study the calorific value of different fuels given in the table.

Fuel Calorific Value (kJ/kg)
Cow dung cake 6000-8000
Wood 17000-22000
Coal 45000

Petrol 45000
Kerosene 45000

Diesel 50000

CNG 50000

LPG 55000
Biomass 35000-40000
Hydrogen 150000

[https://world-nuclear.org/information-library/facts-and-figures/heat-values-of-various-
fuels.aspx]
17



Task 3. Answer the questions.

What substances can be called fuels?

What types of fuels can you name?

What is fuel efficiency?

What does the term “calorific value” mean?
What determines calorific value?

LA S oA e

Is the calorific value of solid fuels higher than the calorific value
of liquid ones?
7. What are advantages and disadvantages of fuels?

Task 4. Read and translate the numbers and abbreviations:

14.5 km/h 0.571 0.62 mi 220 V

-86.7 °C 248 K 0.5922 kcal/mol 16 Q

300 MJ 12 Ibs 2.476 kJ/mol 29 °F

150 ¢cm® 18 ft 23.4 mA 10.702 psi
2.1. GAS

to expand [i1k'spend] — pacmmupsts, |to  redistribute  ['ri:dr'stribjuit] -

pacCIIMPSITHCS epepacnpenensiTh

to collide [ko'lard] — cranmkuBaThCs gravity ['greeviti] — nputsokeHnue

ability [o'bilitr] — cnoco6HOCTB to squeeze [skwi:z] — cxxumaTh

to flow [flou] — Teun to compress ['kompres] — cxxumathb

to breathe [bri:d] — npimats healthcare [ helbkea(r)] —
3IPaBOOXPAHECHUE

18



Task 1. Read the text.

A gas is a sample of matter that has no definite volume and no specific shape.
In other words, gases can easily flow into and take the shape of a container and
will expand redistributing themselves to evenly fill that container. Although there
are many types of gases there are a few characteristics that they have in common.

First, particles in a gas have no real arrangement — they can move over and
pass one another and the space between the molecules can increase or decrease.
Molecules in a gas collide with one another and move more quickly or more
slowly based on factors like temperature and pressure. But they will always spread
out fairly equally to fill the space that they’re in. All of this molecular movement
means that gases hold a lot of kinetic energy caused by motion. Second, gases can
be compressed because there is space between the molecules in a gas. It can be
placed under pressure and squeezed so that the particles are forced to be close
to one another. Third, gases can flow from one area to another. Although the
direction of flow is not directly affected by gravity, this ability to flow means they
are sometimes referred to as fluids. Last, gases have melting points and boiling
points that are below room temperature. For the most part we are unable to see
gases because of the space between their particles.

Scientists have to use characteristics like pressure volume, number
of particles per unit area and temperature to discuss and identify them. Gases
are commonly used in cooking, healthcare and scientific research and they even
make up the air we breathe.

2.2. NATURAL GAS

methane ['mi:0ein] — meran to undergo [ anda'gau] — mpeTeprieBaTh

ethane ['1:0ein] — 3Tan to bury ['ber1] — 3axopoHuTH

butane ['bju:tein] — 6yran reservoir ['rezovwa:] - Tra30HOCHBIN
TUIACT

19



hydrocarbon [‘hardra(u)'ka:ban] — | refrigerant [ri'fridz(o)ront] —

YTJI€BOJIOPON OXJIAXKIAOIINN PEAreHT
compound ['kompaund] — sulfur ['salfa] — cepa
COCOINHCHHUC

carbon dioxide Impermeable [1m'p3:mrab(a)l] -

[ ka:bondar'vksaid] — nByokuch HETIPOHHUIAEMBII

yrieponaa

deposit [dr'pozit] - to extract [1k'streekt] — u3BieKkaTh
MCCTOPOIKACHUC

hydraulic [har'drolik] - pure [pjus] — uucThIi
TUJPABINYECKUI

Task 2. Read the text,

Natural gas is primarily methane or CH,; with smaller quantities of other
hydrocarbons. It was formed millions of years ago when dead organisms sank
to the bottom of the ocean and were buried under deposits of sedimentary
rock. Subject to intense heat and pressure these organisms underwent
a transformation in which they were converted to gas over millions of years.
Natural gas is found in underground rocks called reservoirs. The rocks have
tiny spaces called pores that allow them to hold water and natural gas and
sometimes oil. The natural gas is trapped underground by impermeable rock
called a cap rock and stays there until it is extracted.

Natural gas can be categorized as dry or wet. Dry gas is essentially gas that
contains mostly methane. Wet gas on the other hand contains compounds such
as ethane and butane in addition to methane. These natural gas liquids, or NGLs
for short, can be separated and sold individually for various uses such as in re-
frigerants and to produce products like plastics. Conventional natural gas can be
extracted through drilling wells.

Natural gas leaks are also dangerous to nearby communities because it is
a colorless odorless highly toxic and highly explosive gas.

20



Unconventional forms of natural gas like shale gas, tight gas, sour gas and coal
bed methane have specific extraction techniques. Natural gas can also be found
in reservoirs with oil and is sometimes extracted alongside oil. This type of natural
gas is called associated gas. In the past associated gas was commonly flared
or burned as a waste product but in most places today it is captured and used.

Once extracted natural gas is sent through small pipe lines called gathering
lines to processing plants which separate various hydrocarbons and fluids from
the pure natural gas to produce what is known as pipeline quality dry natural
gas before it can be transported. Processing involves four main steps to remove
various impurities: oil and condensate removal, water removal, separation of
natural gas liquids, sulfur and carbon dioxide removal. Gas is then transported
through pipelines called feeders to distribution centers or stored in underground
reservoirs for later use. In some cases gas is liquefied for shipping in large
tankers across oceans. This type of gas is called liquefied natural gas, or LNG.

Natural gas is mostly used for domestic or industrial heating and to generate
electricity. It could also be compressed and used to fuel vehicles and as a feedstock
for fertilizers, hydrogen fuel cells and other chemical processes. Natural
gas development has increased as a result of technological advances in horizontal
drilling and hydraulic fracturing. When natural gas is burned there are fewer green-
house gas emissions and air pollutants when compared to other fossil fuels.

In fact, when used to produce electricity natural gas emits approximately
half the carbon emissions. Despite fewer emissions natural gas is still a source
of CO,. In addition, methane is a potent greenhouse gas itself having nearly 24
times the impact of CO,. During the extraction and transportation process natu-
ral gas can escape into the atmosphere and contribute to climate change.

Task 3. Answer the questions.
1. Is there methane in natural gas?
2. Where can natural gas be found?
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How is natural gas formed?

What is the difference between dry and wet natural gas?
How is natural gas normally transported?

What unconventional forms of natural gas do you know?

N o O~ w

Does natural gas come from crude oil?

Task 4. Translate the word combinations and abbreviations from English

into Russian:
cap rock — LNG -
impermeable rock — LPG -
drilling well - CO,-
processing plant greenhouse gas —
sedimentary rock — carbon emission —
waste product — extraction technique —
explosive gas — fuel cell -
associated gas — hydraulic fracturing —

Task 5. Put down:
THREE THINGS | HAVE LEARNED:

TWO THINGS | FOUND INTERESTING:

ONE QUESTION | HAVE (i.e. one thing | would like to know):
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2.3.SOLIDS

Task 1. Read the text.

Solids have a fixed shape. That is a shape that under normal circumstances
does not change. Solids only change shape when an external force is applied to
them. For example, solids change shape by heating, hammering, cutting,
squashing, squeezing etc. Solids share other qualities: they do not move once
placed. Solids cannot change volume. They take up the amount of space. For
instance, a parachute changes shape when it is not in the air but the material
will always fill the same amount of space.

Unlike a gas or a liquid, a solid has tightly packed molecules, so it cannot
be compressed into a smaller space or volume. If you roll pizza dough it will
get thinner but it will also get wider. You cannot change its volume. The only
way to reduce the pizza’s volume is to eat it. ©

Task 2. Unjumble the words:
euvlom; ecreud; cenhag; yutalig; pehas; cepas; matuno.

Task 3. Which of these objects and materials can be described as a solid?

a) rock I) ascrewdriver
b) agold bar m)a screw nail

c) achinateacup n) alever

d) apizza 0) a pellet

e) tar p) atrigger

f) fuel oil g) nitrogen

g) hydrocarbon r) copper

h) charcoal S) brass

J) acrankshaft t) carbon dioxide
k) wood u) gasoline
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Task 4. Answer the questions.

1. What differs solids from gasses and liquids?
2. How can the shape of solids be changed?

3. Why cannot solids change their volume?

4. What amount of space do solids always fill?
5. How are molecules packed in a solid?

Task 5. Listen to the song about solids and liquids by Peter Weatherall
https://www.youtube.com/watch?v=100mdbYdIBs and put down: a) the

characteristics of solids and liquids mentioned in it; b) the words similar to
those in the text under study.

2.4. LIQUIDS

Task 1. Read the text,

Liquids are materials that have a definite volume but no specific shape.
In other words, liquids can easily flow into and take the shape of the container
that they’re in but do not expand to fill that container. Although types of liquids
vary widely there are a few characteristics that they have in common.

First, particles in a liquid are arranged so that they remain close together.
Although the molecules in a liquid can move over and pass one another the space
between the molecules remains small. This attraction is called intermolecular
bonding. Second, liquids can’t be compressed because there is not a lot of space
between the atoms. They can’t be squeezed together any closer than they already
are. Sometimes scientists say that liquids are a condensed phase of matter. Third,
they flow from one area to another generally from a higher to a lower point due
to gravity. This ability to flow means they are sometimes called fluids.

Last, in general, liquids have melting boiling points that are higher than

room temperature. Because of the way molecules and atoms are arranged
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https://www.youtube.com/watch?v=1O0mdbYdIBs

in a liquid they produce a phenomenon called surface tension. Surface tension
Is the force that causes liquids to form droplets and beads on surfaces. It even
enables very light objects to be born on the surface of the water such as in the
case of water striders.

Although we’re familiar with and dependent on the most common liquid
on earth — water. Liquids are actually the rarest form of matter in the universe.
This is because liquids can only exist with the narrow ranges of temperature

and pressure which are uncommon outside of the Earth’s atmosphere.

Task 2. Answer the questions.

What differs liquids from other forms of matter?

Are types of liquids numerous or few?

What is called intermolecular bonding?

Why do scientists consider liquids to be a condensed phase of matter?
How do liquids flow?

Why are liquids sometimes called fluids?

How are atoms arranged in a liquid?

© N o g b~ D Ee

What is surface tension?

Task 3. Complete the sentences using the words given in brackets:

1. Unlike gases, liquids ... (container).

2. The space between molecules in a liquid is ... (smaller).

3.Small space between the atoms in liquids prevents them from ...
(compress).

4. 1t is gravity that makes liquids ... (to flow).

5. Droplets on the surface ... (surface tension).

6. Liquids as a form of matter ... (the earth, the universe).
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Task 4. Put down:

THREE THINGS | HAVE LEARNED:

TWO THINGS | FOUND INTERESTING:

ONE QUESTION I HAVE (i.e. one thing | would like to know

Task 5. Check yourself 2. Give the right answer(s) to the questions.

1. What substances have a fixed shape?
a) gas

b) liquids

c) solids

2. Which substances can be fuels?
a) milk

b) kerosene

c) coal

d) metal

3. Why are natural gas leaks so dangerous?
a) because it is trapped underground by impermeable rock called a cap
rock and stays there until it is extracted
b) because it has a strong smell which is dangerous for people’s health
c) because it is a colorless odorless highly toxic and explosive gasoline
26




4. In what substances can’t we change their volume?

a) solids
b) liquids
C) gas

5. What gas contains mostly methane?

a) wet
b) natural
c) dry

Solid

& %
o rigid

o fixed shape
ofixed volume

o nof rigid
o no fixed shape
e fixed volume

e ftof rigid
» RO fixed shape
o fixed volume

scannof be squasited » cannof be squashed ocannof be squasited
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UNIT 3
HEAT

3.1. CONVERTING HEAT INTO ELECTRICITY

by-product ['bar'prodakt] — modouHbIi

IIPOAYKT

cost-effectively [ kostrfektivli] -

HSKOHOMHUYECKH 3P(HEKTUBHO

photon ['fauton] — poton

efficiency [1'fif(e)ns1] -

3 PEKTUBHOCTD

to glow [glau] — cBeTUTHCS, CHUATH

to emit [1'mit] — ucnyckaTh, H3My4aTh

furnace exhaust [f3:nis 19'zo:st] —

BBIITyCKHas TpyOa rneun

interruption ['1nta'rapf(o)n] -

MIPUOCTaHOBKA, Mepedoii (B paboTe)

process ['prauses] — mporecc

technology [tek'nolodsi] -

TCXHOJIOI'UA

co-generate [ kou'dzenarert] —

COBMCCTHOC IIPOU3BOACTBO

photovoltaic cell [ foutouvol'tenk sel]

— (poTornexkTpuueckas 6arapes

to absorb [ab'zo:b] -

MOTJIONIATh, BIUTHIBATH (BJIary)

usable ['ju:zab(s)l] — ucnons3yemsiii,

MIPUMEHUMBIN

Task 1. Read the text.

Heat is a by-product of many industrial processes. Glass and metal produc-

tion, cement factories, biomass facilities and much of it is released into the air.

Converting that heat into electricity usually involves making steam which

drives turbines which in turn drive electric power generators. But modern

technology can convert heat directly into electricity. When you see something

glowing red that’s photons that are being emitted and if you take a photovoltaic

cell you can actually take those photons and make electricity.
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Industrial Heat Turbine Electricity
Process Exchanger

The efficiency of this invention comes from its two important features.
First, the gap between the material that absorbs the heat and the photovoltaic
cells which convert its glow into electricity is less than 1 micron or 50 times
smaller than the width of a human hair, so the photons do not have to travel
a great distance. Second, photovoltaic cells are actively cooled down to 30 °C
while the photon generating elements on the other side may be at 900 °C.
The temperature difference also contributes to the efficiency.

Photovoltaic cells can actually co-generate an enormous amount of power.
They are very cost-effective: somewhere between 2 and 8 cents per kWh.
Rods with photovoltaic elements can be inserted in holes that usually already
exist in furnace exhausts. As most industrial furnaces work for years without
interruption the energy production can be continuous. Some companies are
working on the next generation of this technology capable of working at heat as
low as 100 °C which will make it usable in cars, homes and even some consum-
er electronic devices.

Task 2. Answer the questions.

1. How is the term “by-product” defined?

2. How can electricity be generated by using photons?

3. What important features does the efficiency of photovoltaic cells come
from?

4. Are photovoltaic cells small? Can you describe their size?
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5. Does the temperature difference contribute to the efficiency?
6. Are photovoltaic cells cost-effective?
7. What new photovoltaic cell technology are some companies working on?

Task 3. Put down the full forms of the abbreviations:
30 °C, 900 °C, kwh.

Task 4. Match the verbs with their antonyms:

to exhaust to freeze

to invent to produce
to warm up to detach
to insert to copy

to heat to replenish
to consume to cool

Task 5. Make up sentences using the words given below.

1. take/ you/ and/ electricity/ the/ actually/ make/ can/ photons.

2. electricity/ technology/ can/ modern/ heat/ convert/ into/ directly.

3. move/ at/ photons/ the/ light/ always/ of /speed.

4. long/ of water / these/ distances / workers/ carry / heavy/ containers/ over.

Task 6. Match the words with their definitions.

device a substance that is produced during the process of making
or destroying something else

furnace an object or a piece of equipment that has been designed
to do a particular job

temperature | the quality of being hot
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efficiency |a space surrounded on all sides by walls and a roof for heating
metal or glass to very high temperatures

width a photon is an elementary particle that is a quantum of the elec-
tromagnetic field

heat the measurement in degrees of how hot or cold a thing or place
IS
photon the measurement from one side of something to the other; how

wide something is

by-product |the quality of doing something well with no waste of time or

money etc.

Task 7. Translate the sentences from English into Russian.

1. One of the by-products of unemployment is an increase in crime.

2. Scientists are looking to develop more efficient ways of converting
the energy from sunlight into electricity.

3. The embers glowed in the hearth.

4. The metal container began to emit a clicking sound.

5. Plants absorb carbon dioxide from the air.

6. There’s been an interruption in the power supply.

7. Unfortunately, the device cannot be fixed. | can’t detach this battery.

3.2. SOLAR PANELS

Earth [3:0] — 3emus layer ['lers] — cioi

reliant [rr'laront] — 3aBrCHMBII light bulb ['laitbalb] — nammouka

abundant [o'bandont] — umeromuiics | dislodge [dis'lods] — BeIOMBaTH

B U30BITKE (qacTuiry)

aluminum [2'lu:mmom] — amomuumic | unevenly ['an'i:vonl] — HepoBHO
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obvious ['p(b)vias] — oueBUaHBIH neighbour ['neiba] — cocen

current ['karant] — Tok kerosene ['kerasi:n] — kepocun

to examine [19'zeemin] — uccnenoBats | to require [rr'kwais] — TpeboBaTh

available [o'verlob(o)l] — mocTymuerit | reliable [rr'larob(o)l] — HanéxHbIIA

Task 1. Read the text.

The Earth intercepts a lot of solar
power — 173,000 terawatts. That’s
10,000 times more power than the

planet’s population uses. So is it
! possible that one day the world
E » could be completely reliant on so-
lar energy? To answer that question we first need to examine how solar panels
convert solar energy to electrical energy. [https://medium.com/the-pingo-
blog/how-solar-panels-work-c6f93feeabab]

Let’s find out how solar panels work. Solar panels are made up of smaller
units called solar cells. The most common solar cells are made from silicon,
a semiconductor that is the second most abundant element on Earth. In a solar
cell, crystalline silicon is sandwiched between conductive layers. Each silicon
atom is connected to its neighbours by 4 strong bonds which keep the electrons
in place so no current can flow.

Here’s the key: A silicon solar cell uses two different layers of silicon.
An n-type silicon has extra electrons, and ap-type silicon has extra spaces for
electrons called holes. Where the two types of silicon meet, electrons can wan-
der across the p/n junction, leaving a positive charge on one side and creating
negative charge on the other. You can think of light as the flow of tiny particles
called photons shooting out from the Sun.

When one of these photons strikes the silicon cell with enough energy,
it can knock an electron from its bond, leaving a hole. The negatively charged
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electron and location of the positively charged hole are now free to move
around. But because of the electric field at the p/n junction, they’ll only go one
way. The electron is drawn to the n-side while the hole is drawn to the p-side.

The mobile electrons are collected by thin metal fingers at the top of the
cell. From there, they flow through an external circuit, doing electrical work
like powering a light bulb, before returning through the conductive aluminum
sheet on the back. Each silicon cell only puts out half a volt, but you can string
them together in modules to get more power. 12 photovoltaic cells are enough
to charge a cellphone, while it takes many modules to power an entire house.
Electrons are the only moving parts in a solar cell, and they all go back where
they came from. There is nothing to get worn out or used up, so solar cells can
last for decades.

So what’s stopping us from being completely reliant on solar power? There
are political factors at play not to mention businesses that lobby to maintain the
status quo. But for now, let’s focus on the physical and logistical challenges.
And the most obvious of those is that solar energy is unevenly distributed
across the planet. Some areas are sunnier than others. It’s also inconsistent.
Less solar energy is available on cloudy days or at night. So, a total reliance
would require efficient ways to get electricity from sunny spots to cloudy ones,
and effective storage of energy.

The efficiency of the cell itself is a challenge, too. If sunlight is reflected
instead of absorbed or if dislodged electrons fall back into a hole before going
through the circuit, that photons energy is lost. The most efficient solar cell yet
still only converts about 40% of the available sunlight to electricity, and most
commercial systems are currently 15-20% efficient.

In spite of these limitations, it actually would be possible to power
the entire world with today’s solar technology. We’d need the funding to build

the infrastructure and a good deal of space. Estimates range from tens
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to hundreds of thousands of square miles, which seems a lot, but the Sahara De-
sert alone is over 3 min square miles in area.

Meanwhile, solar cells are getting better, cheaper, and are competing with
electricity from the grid. And innovations, like floating solar farms, may change
the landscape entirely. Thought experiments aside, there’s the fact that over
a billion people don’t have access to a reliable electric grid, especially in develop-
Ing countries, many of which are sunny. So in places like that solar energy
is already much cheaper and safer than available alternatives like kerosene. For
say, Finland or Seattle, though, effective solar energy may still be a little way off.

Task 2. Answer the questions.

1. Are there any disadvantages of solar energy?

2. Is the initial cost of purchasing a solar system fairly high?

3. Is solar energy storage expensive?

4. Does a solar system use a lot of space?

5. Is dealing with solar energy associated with pollution?

6. What prevents us from being completely reliant on solar power?

Task 3. Put down:
THREE THINGS | HAVE LEARNED:

TWO THINGS | FOUND INTERESTING:

ONE QUESTION | HAVE (i.e. one thing | would like to know):
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3.3. STEAM HEATING SYSTEMS

Celsius ['selsios] — Llenscuit require [rr'kwars] — TpeboBath
Fahrenheit ['feeronhait] — ®apenreiir | pressure ['prefs] — naBnenue

although [o:1'dau] — xoTs increase (n) ['mkri:s] — yBenuuenwue
steam [sti:m] — map increase (v) [m'kri:s] — yBennuuBathcs
molecule [ mplikju:l] — monekyna tightly ['tartli] — TecHo, BmmotTHyt0
vibrate [var'breit] — kone0aTbes approximately [o'proksimitli] —
transfer [treens'fs:] — mepenocuTs HPUOIM3UTETHHO

excite [1k'sait] — Bo3Oyxmarhb boiler ['bo1lo] — xoTen

to create[krr'ert] — cozmaBath to avoid [o'void] — nzberathb

steam frap
wafter

Task 1. Read the text.
Steam heating systems can be found in residential, commercial and even

industrial sites. They are very common in large campuses especially larger
older buildings. These systems do not require pumps — instead they use the
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steam itself to distribute the heat around the building. Although we might find
a condensate pump on the return line. If we add thermal energy or heat to some
water at standard atmospheric pressure its temperature rises until it reaches
100 °C or 212 °F. At this point it begins to boil and evaporate into steam.
The thermal energy is carried away by the steam.

If we capture and contain the steam by placing a loosely fitting lid over the
vessel we would see the lid rise up. If we fix the lid firmly to the vessel we
would see the internal pressure increase. That’s because the water molecules are
expanding and taking up more space. In cool water the molecules are tightly
packed together.

But as more thermal energy is added the water molecules become excited
and they vibrate rapidly which increases their volume. It increases so much that
one unit of water can expand into steam approximately 1,600 times its original
volume. If the volume of the vessel is fixed and more thermal energy is added
the water molecules are going to become excited and move faster. They will
collide with the walls of the vessel more frequently and with more force. This
increases the pressure inside the vessel. The pressure pushes the steam.

It naturally tries to reach a location of lower pressure. We can use that
pushing force to distribute the thermal energy through pipes to radiators and
then back to the boiler. In a typical two-pipe steam heating system the boiler is
adding thermal energy and heating the water which turns it into steam. The
pressure is pushing the steam along the pipe into the radiator. The radiator heats
the ambient air of the room so thermal energy is transferred from the steam
through the radiator wall and into the air of the room.

As the air is heated it rises up and the cooler air rushes up to take its place.
This will repeat continuously. The steam is giving away its thermal energy.
As it does so it condenses back into a liquid. The high pressure of the system is
going to push this water back to the boiler where it will be reheated and repeat
the cycle.
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We only want to condensate liquid returning to the boiler. We don’t want any
steam getting into the return line. This would be a waste of energy as it will warm
the condensate liquid and also lose heat on the way back. We’ve paid to create the
steam so we don’t want to waste it. Mixing the steam and the condensate will
cause many problems which can be catastrophic for the system — so we must try to
avoid them. One way to do that is through a thermostatic radiator trap.

Task 2. Answer the questions.

1. How can you describe thermal energy?

2. Why does hot air rise?

3. At what temperature does water begin to boil?

4. How do molecules behave in cold water?

5. How many times can one unit of water expand into steam?
6. What does the radiator do?

7. Does mixing the steam and the condensate cause any problems?

Task 3. Match the antonyms:

protection advantage to return to refuse
inception insecurity to demand to free
absence enemy to attack to depart
friend presence to conceal to defense
problem end to accept to offer
justice ignorance to borrow to fail
separation exit to hasten to contract
entrance success to imprison to reveal
failure injustice to expand to slow down
knowledge connection to succeed to lend
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sour

blunt

kind

strong

rigid

lazy

crucial

huge

cruel

sweet

sharp

soft

tiny

weak

industrious

insignificant

Task 4. Put down:

THREE THINGS | HAVE LEARNED:

TWO THINGS | FOUND INTERESTING:

ONE QUESTION | HAVE (i.e. one thing | would like to know):

Task 5. Form sentences using the words given below. Model: sources/
new/ are/ scientists/ energy/ of/ finding/ = Scientists are finding new

sources of energy.
1. central/ a/ system/ homes/ warmth/ heating/ to/ provides.

2. be/ energy/ primary/ sources/ fuels/may.
3. the/ heating/ ancient/ Greeks/ developed/ originally/ central.

4. goes/ warm/ everywhere/ air/ rises/ heat/ but.

38



UNIT 4
POWER PLANTS

4.1. THERMAL ENGINEERING

mechanical engineering [mr'kaenik(s)l

‘endzr'ni(a)rim] — MammHOCTpOCHHUE

to design [di’'zain] — mpoekTHUpOBAaTH,

KOHCTPYHUPOBATH, PACCUUTHIBATDH

thermal engineer — umxeHep mo Ten-

JOTCXHHKE

thermodynamics [ 63:mouvdar neemiks]

— TCPMOAMHAMHKA

air conditioning ['ea kon'dif(a)nm] —

KOHAWIHOHUPOBAHUE BO3yXa

refrigeration system [ri'fridza'rerf(a)n

'SiStom] — xoJoAMIIbHAS CUCTEMA

to depend on (something/somebody) —

3aBUCETH OT (uero-arbo/ Koro-auoo)

expert ['eksps:t] — kpymHbIi cnerua-

JIUCT, OKCIICPT

to convert (into) [kon'vs:t] — npeBpa-
TUTh, MPeoOpa3oBbIBaTh, TpaHCPOP-

MUPOBATb

manufacturing plant [ manju'faektfarm
‘pla:nt] — npombIIeHHOE TIPEATIPUS-

THUC, ITPOU3BOACTBO

sustainably [sa'stemnabli] — ycroiiun-

BO, CTaOMJIBHO

to ensure [mn'fus] — oOecre4ynBaTh,

rapaHTUupoOBaThb, 3aBCPATH

oil refinery ['otlri'fain(o)ri] — Hedre-

nepepadaThIBAIOIINN 3aBO/

to disrupt [dis'rapt] — Hapymate, npe-

PbIBATH

wisely — pazyMHO; YMHO; TPaMOTHO

process [ prouses] — npormecc

Task 1. Read the text.

Thermal engineering is a specialized sub-discipline of mechanical
engineering that deals exclusively with heat energy and its transfer between not
only different mediums but also into other usable forms of energy. A thermal
engineer is a specialist who has deep knowledge of thermodynamics.
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A thermal engineer designs systems
for converting generated energy from
i various thermal sources into chemical,
mechanical, or electrical energy,
depending on the task given.

Obviously, all thermal engineers are
== experts in all aspects of heat transfer.

. At process plants some raw materials

4 | i j E ‘ ‘ or resources are converted into some-
thing useful. For example, power plants, oil refineries, plastic manufacturing
plants etc. contain countless components and systems which have to be
designed in terms of heat transfer. It is particularly important to ensure that not
too much heat is lost during the process of converting energy and the process
itself is not disrupted. Conversely, some processes or systems are designed to
use heat to their advantage and a thermal engineer must make sure enough that
heat is generated and used wisely and sustainably.

Thermal engineers must also know about the economics of the components
and systems designed. They make sure that they don’t only provide the
improvement of the existing solutions but don’t lose the company money either.
Thermal engineers are not limited in areas of specialization and can work
in numerous fields. There are brief examples of some areas thermal engineers
can work in: combustion engines, heating, ventilation and air conditioning
(HVAC), cooling systems, refrigeration systems etc.

Thermal engineers are involved in the construction of commercial or in-
dustrial buildings. They create military and defense equipment, electronics and
electrical components and systems. Common industries that regularly employ
thermal engineers include power companies and the automotive industry and
commercial construction. Thermal engineers generally spend most of their time
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working in an office but they often travel to the site of the current project. Job

opportunities for a thermal engineer are very broad and promising.

from: https://en.wikipedia.org/wiki/Thermal_engineering

Task 2. Answer the questions.

1. What is thermal engineering?

2. 1s it necessary for a thermal engineer to possess profound knowledge
of thermodynamics?

3. What systems does a thermal engineer design?

4. \What are some things thermal engineers should know about?

5. Why are thermal engineers in high demand?

6. What are the perspectives of thermal engineering?

7. What things would you like to improve in our live being a thermal engi-

neer?

Task 3. Prepare a summary of the text (10-12 sentences).

Task 4. Match English and Russian equivalents:

heat transfer['hi:t 'treensfs:] o0opyaoBaHHE
area ['e(o)rio] TOpCHHE
advantage [od 'va:ntids] 3aBO/I

source [so:5] pEIICHHUE
combustion [kam'basy{(a)n] IPEUMYIIIECTBO
equipment [1'kwipmont] 00J1aCTh
solution [sa'lu;f(a)n] HUCTOYHHUK
plant [pla:nt] Terionepeaaya
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Task 5. Match the words/word combinations with their definitions:

mechanical a person whose job involves designing and building
engineering engines, machines, roads, bridges, etc.
power plant a chemical reaction between substances, usually ac-

companied by the generation of heat and light in the
form of flame

thermodynamics

an industrial facility that generates electricity from
primary energy

combustion

the study of how machines are designed, built and
repaired

thermal engineering

the study of the relations between heat, work, tem-
perature, and energy.

engineer the branch of science and technology that studies
electric currents in electronic equipment
electronics a specialized sub-discipline that deals with the

movement of heat energy and transfer

Task 6. Translate the characteristics of a successful engineer from Eng-

lish into Russian.

1. honesty 8. good soft skills including communi-
2. curiosity cation and leadership

3. lust for improving 9. mathematical and analytical abilities
4. creativity and Innovation plus logical thinking

5. prioritising 10. attention to details

6. problem solving 11. ability to embrace new technolo-
7. effective risk management gies
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Task 7. Fill in the table with the derivatives.

Noun Verb Adjective
deep
useful

production

classify
combustion

remove

shorten

reaction
simple

access

Task 8. Use the correct form of the verb given in brackets.

1. Thermal engineers to wuse their expertise in the principles
of thermodynamics to design heating and cooling systems.

2. Experts in thermodynamics to be needed in many industries.

3. Where energy to be converted, there is often waste heat.

4.Heat to be transferred from the object at higher temperature to the
object at lower temperature.

5. The generator to convert the turbine's mechanical energy into electricity.

Task 9. Unjumble the words (Model: iosl 2 soil):
opewr; metas; thea; eryegn; aernstrf; ntalp; tmehlar.
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4.2. THERMAL POWER PLANT

thermal power plant
['03:m(a)l 'paus] pla:nt] -

terioBas anekrpoctanius (TOC)

power demand ['paus di'ma:nd] —

NOTPEOHOCTH B AJIEKTPOIHEPTUU

environmental [in'var(o)ron'mentl] —

OTHOCAIIMICS K OKPYKAIOIIEH cpelie

environmental standards —

9KOJOI'MYCCKHUEC HOPMATHBEI

outlet ['autlet] — BeixomHOE

(BBIITYCKHOE) OTBEPCTHUE

Rankine cycle ['repkin 'saik(o)l] -

ki Prakuna

to supply [so'plar] — moaBoauTH

(9MIEKTPUYECKYIO SHEPIHIO / JIaBJICHNUE)

high-capacity ['har ka'paesiti] —

0O0JIBIIION MOIITHOCTH, BLICOKOMOIITHBIN

coal [kaul] — yromnb

turbine ['t3:bain] — typOuna

pressure ['prefs] — naBiacHuE

voltage ['voultidz] — HanpsxeHue

temperature ['temp(a)rata] —

TeMIiepaTypa

intermediate [ into'mi:diat] —

CpEIIHUH, IPOMEKYTOUHBIN

precipitator [prr'sipiterta] —

IIBIJICYJIOBUTCIIb

to pulverize ['palvaraiz] -

MPEBpAIlaTh B TOPOIIIOK

Task 1. Read the text.

Thermal power plants help meet almost half of the world’s power demand.

They use water as the working fluid. Today’s thermal power plants are capable

to run under green efficiency by conforming to stringent environmental standards.

Let’s find out how a coal-based thermal power plant achieves this in a de-

tailed step-by-step manner.

By turning the shaft of this generator we will be able to generate electricity.

In order to turn steam turbine, you have to supply high pressure and high

temperature steam at the inlet of the turbine. As the turbine absorbs energy from

the high-energy fluid its pressure and temperature drop toward the outlet.
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Let’s take a closer look at the
uniquely shaped steam turbine rotor
blades. High capacity power plants
often use different stages of steam
turbines such as high pressure

= Sia. W= turbines, intermediate  pressure
i turbines and low pressure turbines.
So now, after producing electricity from the generator, we have met our objec-
tive. If we can bring the low pressure and low temperature steam back to their
original states which were of a much higher pressure and temperature we can
repeat the process.

The first step is to raise the pressure. You can use a compressor for this
purpose. But compressing steam is a highly energy intensive process and such
a power plant will not be efficient at all. An easy way is to convert the steam into
liquid and boost the pressure. For this purpose we’ll introduce condenser heat
exchangers which sit beneath the low pressure turbine. In the condenser a stream
of cold water flows through the tubes. The steam rejects heat to this liquid stream
and becomes condensed. Now we can use the pump to increase the pressure of this
feed water. Typically multistage pumping is used for this purpose. That way the
pressure will revert to its original state. The next task is to bring the temperature
back to its original value.

For this purpose heat is added to the exit of the pump with the help of
a boiler. High capacity power plants generally use the type of boiler called a
“water tube boiler”. Pulverized coal is then burnt inside the boiler. The incom-
ing water initially passes through any economizer session. Here the water will
capture energy from the flue gas. The water flows straight the down-comer and
then through the water walls, where it transforms into steam. The pure steam is
separated at a steam drum. Now the working fluid is back to its original state:
high pressure and high temperature. This steam can be fed back into the steam
turbine and the cycle can be repeated over and over again for continuous power
production.
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But a power plant working on this basic Rankine cycle will have a very
low efficiency and a low capacity. We can increase the performance of the
power plant considerably with the help of a few simple techniques.

In case of super heating even after the liquid has been converted into steam
even more heat is added. And with that the steam becomes super-heated. The
higher the temperature of the steam, the more efficient the cycle. Just remember
the Carnot’s theorem of maximum thermal efficiency possible. But the steam
turbine material will not withstand temperatures of more than 600 °C. So super
heating is limited to the threshold. The temperature of the steam decreases
as it flows along the rows of the blade. Consequently a good way to increase
the efficiency of the power plant is to add more heat after the first turbine stage.
This is known as reheating and it will increase the temperature of the steam
again leading to a high power output and greater efficiency.

The low pressure sides of the power plant are prone to suck the atmospheric
air even with sophisticated ceiling arrangements. The dissolved gases in the feed
water will spoil the boiler material over time. To remove these dissolved gases an
open feed water heater is introduced. Hot steam from the turbine is mixed into
the feed water. Steam bubbles so generated will absorb the dissolved gases. The
mixing also preheats the feed water which helps improve the efficiency of the
power plant to an even greater extent. All these techniques make the modern
power plant work under an efficiency range of 40-45%.

Now we’ll take a look at how heat addition and heat rejection are executed
in an actual power plant. The cold liquid is supplied at the condenser with the
help of a cooling tower. The heated up water from the condenser outlet is
sprayed in the cooling tower which induces a natural air draft and the sprayed
water loses heat. This is how a colder liquid is always provided at the condenser
inlet. At a heat addition side the burning coal produces many pollutants.

We cannot release these pollutants directly into the atmosphere. So before
transferring them to a stack the exhaust gases are cleaned in an electro static
precipitator. The ESP uses plates with high voltage static electricity to absorb
the pollutant particles.
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Task 2. Answer the questions.
1. What is a thermal power plant?

ok~

How is electricity generated at a power plant?
What is the function of a condenser?
How does steam become superheated?

What temperatures can the steam turbine material withstand?

Task 3. Prepare a summary of the text (10-12 sentences).

Task 4. Match English and Russian equivalents:

intermediate pressure turbine

LIEJIb, 3aMBICE]T

pulverized coal

KakK CJICACTBHUC

purpose

TypOUHA CPEHETO JIaBICHUS

to separate

YCIOXKHATD

to sophisticate

pacTupaThb, TOHKO U3MCIbYaTh

(to pulverize)

OTACIIATD

consequently

YTOJBHBIN MOPOIIOK

Task 5. Put down the transcribed words:

[ko'pasttr] — ['ekfuol] - [Oru:] - [flou] -

[hi:t] - ['bab(a)1] - ['ekgual] - [K'ri:s] —
['saula] — [dra:ft] — [r'dzekf(a)n] — [pa'lu:t(a)nt] —
[spre1] — ['neet(o)ral] - ['prefa] - ['selsios] —
[so'plar] — [ea] - ['si:lin] — [b1'ni:0] —
['p3:pas] - ['sep(a)rat] — [so'fistikert] — ['konsikwantli] —
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Task 6. Match:
a) the synonyms

b) the antonyms

purpose give remove decrease
produce build up produce extinguish
provide take off dissolve worsen
increase blaze fall consume
remove aim increase rise

burn dematerialize emerge insert
dissolve enhance improve disappear
improve make burn condense

Task 7. Make up sentences using the following words.

1. disrupted/ the/ town’s/ supply/ power/ the / storm.
2. many/ produces/ pollutants/ the/ coal/ burning.

3. property / of / charge/ a/ matter/ electric/ is.

4. electricity/ is/ what/ of/ example/ an/ static ?

Task 8. Unjumble the words (Model: tenaub = butane):

Itupolan; burtine; wproe; cficyfiene; emtsa; eolvatg.

Task 9. Put down:

THREE THINGS | HAVE LEARNED:

TWO THINGS | FOUND INTERESTING:

ONE QUESTION | HAVE (i.e. one thing | would like to know):
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4.3. NATURAL GAS POWER PLANT

environment [in'vai(o)ronmoant] -
OKpY>Karolas cpena

consumption [kan'samp/f(a)n] -
noTpeodsieHue

natural ['naetf(a)ral] — npupoHbIit

current ['karant] — Tok

exhaust heat [1g'zo:sthi:t] — Temno ot-
paOOTaHHBIX Ta30B

combined [kam'baind] — xomGuHHpoO-

BaHHBIN, CMEIIaHHBIN

greenhouse warming [‘wo:min] — mo-
TCILUICHUC, BBI3BAHHOC ITIAPHHUKOBLIM
adexTom

supply [so'plar] — mocraBisTh,
CHa0XaTb, YAOBJIETBOPATH (HYXKY)

efficient [1'fif{(o)nt] — s pexTuBHBIIHI
efficiency [r'fif(o)nsi] — sddexrns-
HOCTh

in comparison [kam'peeris(o)n] —
110 CPAaBHEHUIO

carbon dioxide ['ka:ban dar'oksaid] —
JIBYOKHUCH yTiiepoia/yriIeKuCIIbIN Ta3

cycle ['saik(o)l] — muka
turbine ['ts:bain] — rypouna

affordability [o fo:do'biliti] — moctymn-
HOCTb

renewables [r1'nju:ablz] -
BO300HOBJISIEMBIE HCTOUYHUKHU OHCPIun

combined cycle power plant — snek-
TpOoCTaHLUA C KOM6I/IHI/IpOBaHHBIM
[IUKJIOM

simple cycle gas turbine — rasoryp-
OWHHBIN IBUTATEND IIPOCTOTO LIUKJIA

Task 1. Read the text.

Many people use natural gas for
heating their homes and cooking their |- _ -
food. Gas also produces electricity and
the natural gas consumption is expected
to grow because natural gas has become
the number one choice for large new

power plants in many countries of the world. Let’s find out how these natural

gas power plants work.

They work much like the spinning turbine of a powerful jet engine. Burning

natural gas at the power plant heats up the air needed to spin the hundreds of pro-
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peller-like blades in the turbine. The turbine is connected by a shaft to a generator
that makes electric current. By spinning magnets through a wider coil it converts
the mechanical energy at the turbine into electricity. That’s why it’s called a gen-
erator. This type of power plant is called a simple cycle gas turbine because
it is really rather simple. There is only one turbine and one generator.

There is also a second type of natural gas power plant called a combined
cycle power plant. It combines a gas turbine and a steam turbine used in a coal
power plant. But instead of using coal or even more gas to create steam
a combined cycle power plant uses the exhaust heat from the gas turbine to turn
water into steam. The steam then drives a second turbine which spins
the second generator producing even more electricity. This two-step combined
cycle process is highly efficient converting as much as 50% of the energy
contained in natural gas into electricity. In comparison coal fired steam turbines
are only about 33% efficient. And this is one of main reasons why gas fired
power plants are better for the environment.

Natural gas starts out with a lower carbon content than coal and with more
efficient plants it can produce electricity with about 60% less carbon dioxide
than coal fired power plants. Also natural gas power plants do not release many
of toxic substances like mercury that comes from burning coal. Modern natural
gas power plants can start operating in just 15 minutes that makes them ideal
for backing up renewables since they can switch on and off faster than most
other conventional plants and partner with wind and solar energy as the wind
changes or clouds move across the sky.

Besides helping with the environment natural gas power plants also make
financial sense. According to the Energy Information Administration when you
consider the construction and fuel costs natural gas power plants are the cheap-
est kind of new power generation you can build right now. So, from efficiency
to affordability to helping the environment it’s easy to see why natural gas is
playing a bigger role in supplying our electricity needs.
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Task 2. Find the synonyms of the verbs in the text:

to harness - ... ; to rotate — ... ; to construct — ... ;

toletout—...; toturninto— ... ; to transform — ... .

Task 3. Answer the questions.

1. Why is natural gas used for heating?

2. What is a turbine connected to?

3. What types of natural gas power plant can you name?

4. Does natural gas produce less CO,/kWh comparing to coal?

5. How can we avoid natural gas leaks?

6. What are the pros and cons of natural gas power plants?

Task 4. Do you agree or disagree with the information given in the pas-

sage below? Give reasons for your answer.

Burning natural gas produces less CO,/kWh compared to coal. However,

studies show that 3,7% of the natural gas leaks into the atmosphere and natural

gas (mainly methane) is 80% more powerful in terms of greenhouse warming

potential compared to CO,. Besides this gas needs to be compressed for

transportation which takes extra energy and the gas exploration process (often

fracking) is environmentally damaging. Making a long story short: gas power

plants are not always the best idea.

Task 5. Match the word with its definition.

turbine a chemical element; a poisonous silver liquid metal, used
in thermometers

methane the conditions in which a person, animal or plant lives
or operates or in which an activity takes place

power plant |a gas without colour or smell, that burns easily and is used as
fuel. Natural gas consists mainly of it.

steam a machine or part of a machine that produces continuous
turning power from a fast-moving flow of a liquid or gas,
using a set of vanes attached to a wheel or rotor

o1




environment

a building or group of buildings where electricity is produced

mercury

the hot gas that water changes into when it boils

Task 6. Fill in the crossword.

Across
1. grey or white mass that floats
in the sky, made of very small drops
of water.
3. air that moves quickly as a result
of natural forces.
5. types of energy that can be replaced
naturally such as energy produced from
wind or water.
6. a factory or place where power is
produced or an industrial process takes

place. 3
8. to turn round and round quickly;

to make something do this. =
Down =
1. tending to follow what is done

or considered acceptable by society
in general; normal and ordinary,
and perhaps not very interesting.

2. a hard black mineral that is found be-
low the ground and burnt to produce
heat.

4. any substance like air that is neither
a solid nor a liquid, for example.

7. a machine or part of a machine that
produces continuous turning power
from a fast-moving flow of a liquid
or gas, using a set of vanes attached
to a wheel or rotor.
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4.4. NUCLEAR POWER PLANT

containment [kon'tetnmant] — 3armr-
Hasi 000JI04Ka (SIEPHOr0 peakTopa)

nuclear fission [ nju:klia
pacmajg aTOMHOI'0 sapa

fin] -

calandria [ko'lendria] — kamanap

watt (W) [wot] — Bart (BT)

approximately [o'proksimitli] —
l'IpI/I6J'II/IBI/IT€J'IBHO

proceed [pra'si:d] — npomomxuThC,
MIPOU30UTH

uranium [jua'reinjom] — ypau

allow [o'lau] — mo3BOATS,
pasperniarhb

heavy water [‘hevr 'wo:to] — Tspkenas
BOJa

ensure [in'[us] — obecrnieunBats,
rapaHTHPOBATh

deuterium [dju(:)'trortom] — nefitepuit

due to ['dju:te] — B cBsI3H C

average ['&v(o)rids] — cpenuuii

to house [haus] — pasmemiath

operable ['op(a)rab(a)l] —

JNEUCTBYIOIIUN

moderator ['modarerts] —
3aMEIJIUTEND

Task 1. Read the text.

CONTAINMENT

STRUCTURE Steam Line

Control Rods

Cooling
Towers

Generator

O

&

Cooling Water

Watar

A nuclear power plant is a thermal power station which generates electrical

energy from heat. Basically, it is a factory for making much electricity enough to

power a city of around 2 min people. Nuclear energy is the world’s second largest

low-carbon source of electricity. Approximately 10% of the global electricity is

generated by nuclear reactors. As of September 2022 there are 440 operable power

reactors in the world with a combined electrical capacity of 390 gigawatts (GWSs).
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By far the largest nuclear electricity producers were the United States
with 91.5 GWs in 2021. [https:/Mmww.power-technology.com/analysis/top-ten-
nuclear-energy-producing-countries/]

The nuclear power plant consists of numerous buildings and facilities.

Let’s consider the most important ones. The containment building is the
building where the nuclear reactor is housed. It is made of two-meter-thick
reinforced concrete. Inside the containment building there is a large tank called
calandria which is the heart of the nuclear reactors. This is the turbine generator
building housing the turbine and generator. This is the controlling building
for monitoring and controlling the nuclear reactors. The fuel is naturally occur-
ring uranium processed into small pellets and then the pellets are sealed into
metal tubes which are welded to form a fuel bundle.

The fuel bundles are then inserted in a calandria. Typically more than 200
of these rods are bundled together to form a fuel assembly. A reactor core
Is typically made up of a couple of hundred assemblies in order to allow nuclear
fission to proceed in a controlled manner of a rod.

The control rod can be moved up and down the fission rate of uranium.
The nuclear power plant produces electricity using the heat that comes from
splitting uranium atoms in a process called nuclear fission. Nuclear fission
IS a nuclear radioactive decay process in which the hitting neutrons on the
uranium atoms then the uranium atoms split into two releasing 3 neutrons. Each
process releases 2 uranium atoms and 3 neutrons. A chain reaction of atom
splitting ensures that there is a constant source of heat meaning that it generates
lots of heat.

This heat is used to convert electricity. The calandria vessel is a cylindrical
vessel housing numerous of lattice tubes which are filled with the heavy water
moderator that flows around the fuel bundles. Heavy water is found in all water,
rivers and oceans. On average one out of every thousand drops of water
Is heavy water. It is 10% heavier than ordinary water because it incorporates
a heavy form of hydrogen called deuterium.
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During the nuclear fission process the heavy water flows around the fuel
bundles. A chain reaction releases tremendous amount of heat into the heavy
water. Then the heated heavy water flows through a closed loop system that
IS pumped through the reactor to a set of the steam generator where it transfers
the heat to ordinary water. When that water boils it turns into steam.

The steam is transported at high pressure through pipes to a large turbine
where it pushes the blade and turns a shaft connected to a rotor in the generator
causing the rotor to spin. The spinning rotor is a large electromagnet producing
rotating magnetic fields. Due to this process electricity is generated. Then it is
transferred to the transmission line.

Task 2. Answer the questions.

1. How can electricity be produced from heat?

2. How can nuclear power be obtained?

3. What are the main dangers of nuclear power?

4. \What are the advantages of nuclear power?

5. Where is nuclear energy used the most?

6. Is nuclear power reliable and cost-effective?

7. What country is one of the largest nuclear electricity producers?

Task 3. Read the statements and decide whether they are true or false.

a) Nuclear power generation causes one of the lowest levels of fatalities
per unit of energy generated compared to other energy sources.

b) Nuclear power plants emit no greenhouse gases.

c) When a neutron hits the nucleus of a uranium-235 or plutonium atom,
it can split the nucleus into two smaller nuclei, which is a nuclear fission reaction.

d) Nuclear power plants are thermal power stations that generate
electricity by harnessing the thermal energy released from nuclear fission.

e) Protons, electrons and neutrons constitute the nuclei of atoms.

f) The free proton (a proton not bound to nucleons or electrons) is a stable

particle.

g) The task of scientists is to use atomic energy for peaceful purposes.
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Task 4. Make up sentences.

the/power plant / the/ nuclear/ 1950s/ was/ built/ first/ in.

Is/ nuclear power/ nuclear/ reactions/ to/ electricity/ the use of/ produce.
to/ used/ electricity/ is/ generate/ heat.

during/ occurred/ the/ a/ accident/ test/ safety.

steam / turns/ water/ boils/ it/ into/ when.

o g bk~ w D E

to close/ the/ decided/ has/ the plant/ committee /.

Task 5. Fill in the crossword.

Across

3. a tube through which liquids and
gases can flow.

5. a large structure used to produce
nuclear energy.

6. a chemical element. It is a heavy,
silver-white, radioactive metal, used
mainly in producing nuclear energy.
8. To divide, or to make something
divide, into two or more parts.

Down
1. a very small piece of matter that p ;
carries no electric charge and that
forms part of the nucleus of an atom.
2. a chemical element. A gas that is
the lightest of all the elements. It
combines with oxygen to form wa-
ter.

4. the process or result of being de-
stroyed by natural causes or by not
being cared for.

7. to let somebody/something do
something; to let something happen
or be done.
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Task 6. Translate the sentences from English into Russian.

1. The designers of that particular reactor had intentionally designed
it so that you would vent the hydrogen outside of the containment building.

2. A new steel structure was built under the containment shield to support
the decaying concrete sarcophagus in Chernobyl’s reactor number four.

3. The company has been investing in a new plant and equipment.

4. The reactor converts the nuclear energy to heat.

5. Apparently, only industrialized countries need nuclear power.

Task 7. Match the equivalents:

containment building IICITHAs PeaKI[us

containment TEXHUYECKHE TPeOOBaHMS

water moderator 000J104Ka peakKTOpPHOTro OaKa

chain reaction repMeTHYHAs 000JI0YKa; 3aUTHAsT 0007109Ka

technical requirements BOJSTHOM 3aMeIJINTEIIb

calandria vessel KOJIMIAK peakTopa; 3JaHHe 3alUTHON 000J0UYKH
SIEPHOTO peakTopa

4.5. COAL-FIRED POWER PLANT

stacker ['steeks] — orBamooOpa3o- | deaerator [di:a'rerta] — neasparop

BaTeNb YIS water-tube boiler — BomoTpyOHBIi KOTEN

silo ['sailou] — Tpanmes (maxra, | feed water pump ['fi:d'wo:topamp] -

HMa) IJI XpaHCHUA 3allaca yriid HaCcoC 1nmoga4dn BOJbI

coalpulverizer [koul 'palvaraize] — | draft fan [dra:ft] [feen] — apiMococ

yrjiacpasmMoOJibHas MCJIbHUIIA
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boiler ['bo1lo] — xoTen storage area ['stoirids ‘'e(o)ro] -
to require [ri'kwars] — TpeGoBaTh | TUTOIIAIKA JIJIS CKIIAAUPOBAHKS U XpaHe-

to deliver [di'livo] — nocTraBnsTe | Hus

coal yard [kaul ja:d] — yroxersrii | pneumatically [nju:'meetik(o)li] — mHes-

CKJIaJg MAaTHYCCKHU

Task 1. Read the explanation of an expert in thermal engineering and
answer the questions:

1. What are the systems that make up the coal-fired power station?

2. How do they work together? (give an example of how these systems
work together to produce electricity and explain the principles of their
working).

3.What major systems do we need for a coal-fired power station
to function correctly?

4. \What differs major systems from minor ones?

5. How is coal delivered to the power station?

Boiler
(furnace)

Generator
Transformer

Condenser Cooling Water Condenser

When we build a coal-fired power station, the first thing we need is coal.
The idea is that we burn fuel to release chemical energy that we can use to heat
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up water and create steam. Coal can be delivered by a ship. It can also
be delivered by highway truck, rail, barge or coal slurry pipeline. In the
beginning the coal must be unloaded from the ship.

And then we use a stacker to stack the coal up in a coal yard or perhaps
a coal dome or generally just a storage area. Now, we’re going to store thou-
sands of tons of coal in this area. The coal yard or the storage area needs to be
organized. We do not use up more space than we actually require. And that
essentially means that whereas we drop the coal off before into the coal yard,
we’re now going to pick the coal up again and start feeding it towards the power
station. The reason we have a coal yard in the first place is because sometimes
we may not be able to get deliveries through to the power station. So, we will
store a lot of coal, sometimes enough for three or four months and we’ll gradual-
ly feed coal to the power station without worrying to run out of coal.

After we’ve reclaimed some of the coal from the coal yard, we’ll send it to
a silo, often termed a day silo and we’ll feed the coal from the day silo to a coal
pulverizer. The idea of the pulverizer is that we can pulverize the coal in order
to get very fine coal dust. Inside the pulverizer, we’re also going to dry the coal
out using air, cooled primary air from a draft fan. We’re going to take this air from
a pre-heater so that the air is quite hot and then we'll force it into the pulverizer and
as the coal is ground up into small molecules, we’ll also dry it out using this air
because it’s going get blown into the boiler along with the coal.

So, we’ve got our coal dust leaving the pulverizer, it’s been blown
pneumatically from the pulverizer to the boiler. When we get to the boiler,
we’re going to ignite that coal and we’re going to get combustion. So, that is
our fuel system.

We may also use oil to fire the boiler, at least initially, or natural gas which is
predominantly methane gas. It all depends on the design of the boiler itself. The
type of the boiler we’re using is a water tube boiler. Whenever you need a lot of
steam at very high pressures, you’re going to be using a water tube boiler.
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Steam turbines require steam at very high pressures and that’s why we use
water tube boilers but water tube boilers also generate a lot of steam. They’re very
large. They can be greater than 40, 50, 60 meters in height. And these are the
boilers that power stations in the power generation industry always use.

So, let’s have a look at our water circuit now because it’s water that gets
fed to the boiler in order to generate steam. We’ve got a makeup water inlet.
Makeup water feeds to a deaerator. We are essentially talking about the water
that’s added to the system and then treated before it becomes boiler feedwater.
You can’t just take water from a city grid or from a lake or a river and put it in-
to a water tube boiler, that’s not going to work. You’re going to have a lot
of corrosion and a lot of problems. This makeup water has to be treated, chemi-
cally and mechanically and we do that quite often in a deaerator. The deaerator
IS going to reduce the oxygen content and the CO, content of the water and be-
fore the water gets to the deaerator, it’s going to be filtered to take out those
particles that might be floating around in the water.

Then we’ll go to a boiler feedwater pump. This is usually a multi-stage
centrifugal pump. And we will increase the pressure of our boiler feedwaterand
send it to our water tube boiler. The pressures involved here are actually quite
high. You’re looking at in excess of 200 bar which is in excess of around
3,000 psi. The water will be pumped to an economizer where we’ll preheat the
water a little bit before we send it to the main body of the water tube boiler. The
economizer is a nice way of preheating the water before we send it into
the main part of the boiler to really start heating it up a lot more. We don’t want
to feed cold water into the main part of the boiler or the furnace as we call
it because if we do that then we will thermal shock the boiler and that could
mean that we have cracked pipes etc.

We’ll preheat it by sending it to the economizer. We’ll then send the water
around to the furnace and we’ll put the water into the water tube boiler walls.
They’re called walls because the piping around the furnace makes up a square
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space similar to having four separate walls. This means we can get a lot of heat
transfer, mostly via radiation to the furnace walls and then this heat is going to
be absorbed via conduction into the water and our water is going to change to
steam. We have different types of steam. We have wet steam and we have dry
steam, superheated steam etc. But when we talk about wet and dry steam, we’re
referring to steam having water molecules in it or not. If the steam is totally dry
then it will have no water molecules in it.

Steam is a colorless and odorless gas. And by the time this steam vapor has
reached our steam drum which is at the top of the boiler, we’re going to have
wet steam. It’s not going to be completely dry yet, there are particles of mois-
ture in the steam. That is what we see normally when we think about steam.
In the steam drum we will begin to separate that moisture from the steam,
sometimes using steam separators or steam cyclones, sometimes using
arrangement of baffles or a combination of both.

We’ll then send our steam to a super heater where we will really heat that
steam up and although we get a slight pressure drop, we’re going to add more
and more heat and the temperature of the steam is going to increase. We will
then feed that steam from our super heaters into a high pressure turbine. As the
steam passes through the turbine, it causes the turbine runner to rotate. So,
we’ve taken the chemical energy of the fuel, turned it into heat, we’ve heated
up the water. We’ve created high-pressure steam, we’ve fed it to a turbine and
now we are converting that heat energy or heat into mechanical movement or
Kinetic energy.

Task 2. Change the sentences into those ones typical of instructions, dry
and precise. E.g. When we build a coal-fired power station, the first thing we
need is coal. = First of all coal is needed to build a coal-fired power station.

1. It’s not going to be completely dry yet, there are particles of moisture in
the steam.
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2. We have different types of steam.

3. We don’t want to feed cold water into the main part of the boiler or the
furnace.

4.\We’re going to have wet steam.

5. The deaerator is going to reduce the oxygen content and the CO.,.

6. You’re going to have a lot of corrosion and a lot of problems.

Task 3. Make up the sentences using the words and word-combinations
below.

1. a/ designed/ are/ to convert/ vapour/ liquid/ to/ boilers.

2. converted/ combustion/ is/ steam/ by the application of/ water/ under
pressure/ into.

3.such as/ and air compressors/ steam engineers/ boilers/ equipment/
operate and maintain.

4. burns/ electricity/ a coal-fired power station/ a/ which/ coal/ to generate/

thermal power station/ is.
5. electric power/ coal/ used/ as/ fuel/ is/ to generate.

4.6. GEOTHERMAL POWER PLANT

geothermal ['dzi:o(u)'03:m(ao)l] — crystallizer ['kristolaizo] — xpucrain-
PCOTGpMaHBHBIﬁ JIN3aTop
reservoir ['rezavwa:] — pe3epByap pressure ['prefs] — naBacHue
renewable [ri'nju:ab(a)l] - wellhead separator
BO300HOBJISIEMBII ['welhed 'seporerta] —

YCTBEBOM CEMapaTop
to reduce [ri'dju:s] — ymensbIaTh to lessen — ymeHbIIaTh
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to vaporize ['verporaiz] — shaft [fa:ft] — Ban

HUCIIAPATHCA

surface['s3:fis] — moBepxHOCTH to consider [kan'sida] —
pacCcMaTpuBaThb

impact ['1mpakt] — Bo3aeiicTBue to flash into steam — oGparuThCs
B 1ap

Task 1. Translate the text from English into Russian in writing.
Geothermal energy gives us a steady supply of electrical power with min-
imal environmental impact. Let’s consider a basic process. Water
In underground reservoirs is heated to

high temperatures by magma.

2. The steam turns the turbine

Production wells drilled up to

1. Hot water is pumped 3. The turbine turns the generator
from underground and which produces electricity

in o o s mreeicinis — e 10,000 feet below the earth’s surface,

Steam

exported to the grid

tap into this hot fluid. Under its own

Turbine tower

pressure the fluid flows through these
wells toward the surface. As it travels

the pressure lessens causing a small
amount to become steam. Together the hot fluid and steam move through a surface
pipeline to a wellhead separator where the pressure is reduced. Here most of the
fluid vaporizes and flashes into high-pressure steam.

Any fluid not flashed into steam moves to a standard pressure crystallizer
to produce standard pressure steam. Remaining fluid is then flashed at a lower
pressure to create low-pressure steam. All steam created in the plant is sent to a
turbine on site. The force of the steam spins the turbines’ blades which turns the
shaft connected to an electrical generator. An electrical charge is created and
directed to a transformer where the voltage is increased and sent down power
lines. Any fluids not flashed into steam return to the underground reservoir
where in time they will be reheated and reused. Geothermal energy is a simple,
clean and renewable energy source.
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Task 2. Answer the following questions.

What is geothermal energy?

How deep are production wells drilled?

Why does the fluid flow through these wells?
What do the hot fluid and steam move through?
What spins the turbines’ blades?

LA S oA e

What are the advantages and disadvantages of geothermal energy?

Task 3. Match the synonyms:

to tap into to reduce

to use to furnish

to connect to harness
to turn off to use

to lessen to link

to provide to switch off

Task 4. Make up sentences using the words given below.

1. heat/ within / geothermal energy/generated/ the Earth/ is/ that/ is.

2. the surface/ flows/ the Earth’s/ internal/ thermal/ energy/ to.

3. this/ thermal/ energy/ is/ stored/ in / rocks?

4. power/geothermal/ gives us/ of electrical/ supply/ energy/ a steady/.
5. or due to/ steam/ boiling/ occur/ may/ due to/ evaporation/.

Task 5. Unjumble the words (Model: iosl 2 soil):
woper; metas; thea; eryegn; aernstrf; ntalp; tmehlar.

Task 6. Read the sentences and make up questions.
1. Geothermal energy gives us a steady supply of electrical power. (Gen-
eral Question).
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2. All steam created in the plant is sent to a turbine on site. (Special
Question).

3. The force of the steam spins the turbines’ blades which turns the shaft
connected to an electrical generator. (Disjunctive Question).

4. Geothermal energy is clean. (Alternative Question).

Task 7. Specify the features of:
a) fuel system;

b) water system;

C) steam system;

d) electrical system;

e) exhaust gas system.

Task 8. Check yourself 3. Choose the right variant.

1. This power plant uses the world’s second largest low-carbon source
of electricity:

a) Natural Gas Power Plant;

b) Nuclear Power Plant;

c) Coal-Fired Power Plant;

d) Geothermal Power Plant.

2. This power plant has got a minimal environmental impact:
a) Natural Gas Power Plant;

b) Nuclear Power Plant;

c) Coal-Fired Power Plant;

d) Geothermal Power Plant.
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3. This power plant can produce electricity with about 60 % less carbon
dioxide than Coal-Fired Power Plant:
a) Natural Gas Power Plant;
b) Nuclear Power Plant;
c) Coal-Fired Power Plant;
d) Geothermal Power Plant.

4. Fuel for this plant can be delivered by trucks, rails, ships:
a) Natural Gas Power Plant;
b) Nuclear Power Plant;
¢) Coal-Fired Power Plant;
d) Geothermal Power Plant.

Task 9. Translate from Russian into English:
MOTJIONIATh, TEIUIO, MPeoOpa3oBbIBATh, Map, GOTOANEKTpUUecKas Oarapes,
TypOWHA, BBIXJION, ME€Yb, OKPY KAIOIIas Cpeja, BpalllaThCs, YTOJb, SIACPHBINA

PCAKTOP, PACHICILIATL, XPpAaHUTDL, PACIIbLIATDH, BaJl, BOBO6HOBHHCMBII>1, pacman.
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UNIT 5
STUDYING BASIC LAWS

5.1. BROWNIAN MOTION

Brownian motion ['‘bravnion 'moufn] | available [o'verlobl] — wumerommutics

- 6pOYHOBCKOG ABUXKCHUC B HAJIMYHNU, I[OCTYHHBIﬁ
to exist [1g'zist] — cymecTBoBaTh to spread [spred] —
pacnopoCTPaHAThCS

to surround [sa'raund] — okpy>kathb to appear [o'pro(r)] — mosBAATHCS

particle ['pa:tikl] — vactuna mould [mauld] — bopma, madmon

definite ['definot] — onpenenennsii | continually [kon'tinjuali] -

ITIOCTOAHHO

to vibrate [var'breit] — BuGpupoBats | t0 cause [Ko:Z] — BbI3bIBaTH,

OBITh MPUYUHOM, 00YCIIOBINBATH

to view [vju:] — BusyampHO HaOumrO- | t0 Occur [o'k3:(r)] — ciyuarbes,

HdaTb (B JaHHOM KOHTCKCTC) BO3HUKATDb, IPOUCXOAUTH

instead [in'sted] — BmMecTo to behave [br'herv] — Bectu cebs

Task 1. Read the text.

Water can exist in three different
RS s states: in the iceberg it’s a solid, in the
sea it’s a liquid, in the surrounding air it’s
a gas. Solid, liquid and gas are the three
states of matter. Solids, unlike liquid and
gas, have a definite shape. A block of ice
takes the shape of its mould; when
it melts it changes. Water spreads out and

Starting point . .
fills up the container.
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All liquids behave this way: they flow and find their own level. Gases
spread out even more, filling any space available. The way solids, liquids and
gases behave gives us clues about how their particles are arranged. In solids the
particles are in a fixed framework. They are held close together and vibrate.
In liquids the particles are still in contact but this time they are free to move
around. The particles in a gas are far apart. They move quickly and randomly
in any direction. But how do we know the particles in a gas behave this way?

Some of the evidence comes from looking at how smoke appears under
a microscope. Let’s do an experiment. First, let’s burn a straw. Smoke from the
straw is injected into a small container. A lid keeps it in place and a bright light
enables it to be viewed under a microscope. It looks like tiny jittering points
of light. When a straw burns the smoke produced is mostly bits of carbon which
haven’t combusted. Under a microscope they catch the light and appear
to glimmer. But why do they randomly dance around?

The movement of the smoke is caused by collisions with invisible air
particles. As the air particles move about they knock the smoke. Particles in
a gas move randomly and quickly. Flowers produce pollen which is a very fine
dust easily brushed off by a finger. Nearly 200 years ago it was this dust which
first gave us clues about how particles behave in a liquid. In the 1820s the bota-
nist Robert Brown was carrying out a study of pollen grains. He decided
to crush the pollen and suspend the grains in water. But to his annoyance
the pollen continually jittered around.

Today we can best see this effect by looking at tiny carbon particles in-
stead. A drop of carbon powder suspended in oil is placed on the slide and
viewed under a microscope. Just like the smoke the carbon is dancing around.
Brown didn’t know why this movement occurred. But we now believe it’s
caused by the motion of particles in the liquid. The carbon is being pushed
around by collisions in the oil.
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Task 2. Answer the questions.

1. What states can water exist in?

2. Why do solids, liquids and gases behave differently?

3. What is Robert Brown known for?

4. How is Brown’s experiment carried out?

5.Why do we need to burn a straw when performing the experiment
described in the text?

6. What is the name of the instrument used in scientific study for making
very small things look larger so that you can examine them carefully?

7. How can you describe the motion of gas particles?

8. What is the cause of Brownian motion?

Task 3. Fill in the crossword.

1.to put a liquid or other substance into

something using a syringe or similar in-

strument.

2.an instrument used in scientific study

for making very small things look larger

so that you can examine them carefully. .
3.a chemical process in which substanc-
es combine with the oxygen in the air to ]
produce heat and light. ]
4.the grey, white or black gas that is —
produced by something burning. — —
5.to move or make something move - -
from side to side very quickly and with - -
small movements.

6.a container that you pour a liquid or
soft substance into, which then becomes §
solid in the same shape as the container,

for example when it is cooled or cooked.

7.a substance that flows freely and is not

a solid or a gas, for example water or oil.
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Task 4. Form the nouns from the following verbs using suffixes:

to move — ; to collide - ; to exist — ; to arrange- ;
to contain — ; to examine —  ; to inject — ;
to combine - ; to produce —  ; to suspend -

Task 5. Match the English and Russian equivalents:

solid JIBIM

powder KUIKUN

framework TEYb

produce CTy4YaTh, YAApATHCS, HATHIKATHCS
motion TIOPOIIIOK

clue CTPYKTypa

liquid TBEPAbI

knock IIPOU3BOIUTH

flow KITFOY K pasrajike, 3alenka, HaMmek
smoke IBUKEHUE

Task 6. Decide whether the following statements are true or false according
to the text. Correct them if necessary.

1. Water can exist in two different states.

2. Liquid and gas have a definite shape.

3. Particles in a gas move randomly.

4. In solids the particles are not in a fixed framework.

Task 7. Unjumble the words (Model: utc = cut):

aocnbr; nbru; ilugdi; tuds; ilo; asuce; sepadr; udlom; werdpo.
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Task 8. Form sentences using the words given below. Model:  sources/

new/ are/ scientists/ energy/ of/ finding = Scientists are finding new

sources of energy.

1. flow/ all/ and/ own/ find/ level /liquids /their.

2. out/ fills/ container/ and/ water / up/ the/ spreads.

3. properties/ what/ of / are/ liquids/ physical (a question).

5.2. ENTROPY

entropy ['entropi] — sHTpomHS

atomic [o'tomik] — aTromHbIIH

BAYKHBIN

crucial ['kru:f(9)l] — npunnunuansso | indivisible ['indr'vizab(s)l] -

HEBUIUMBIN

to puncture ['pagkya] — mpokosoTH

quanta ['kwonta] —xBaHTBI

to acquire [o'kwaro] — mpuoOperaTh

to assume [a'sju:m] — npeanoI0KUTH

probability ['proba'biliti] -

measurement ['mezamont] —

BCPOATHOCTD HU3MCPCHUC
disorder [diS's:do] — Gecniopsimok spontaneous [spon'‘ternias] —
CIOHTAHHBIN

Task 1. Read the text.

There is a concept that is cru-
cial to chemistry and physics. It
helps explain why physical pro-
cesses go one way and not the oth-

000 "~ 00 O
000 Entropy O OO

er: why ice melts, why cream spreads in coffee, why air leaks out of a punc-

tured tire. It is entropy, and it is notoriously difficult to wrap our heads around.
Entropy is often described as a measurement of disorder. That’s a convenient

image, but it’s, unfortunately, misleading. For example, which is more
disordered — a cup of crushed ice or a glass of room temperature water? Most
people would say the ice, but that actually has lower entropy. So here’s another
way of thinking about it through probability. This may be trickier to understand,
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but take the time to internalize it and you'll have a much better understanding
of entropy.

Consider two small solids which are comprised of six atomic bonds each.
In this model, the energy in each solid is stored in the bonds. Those can be
thought of as simple containers which can hold indivisible units of energy
known as quanta. The more energy a solid has, the hotter it is.

It turns out that there are numerous ways that the energy can be distributed
in the two solids and still have the same total energy in each. Each of these options
Is called a microstate. For six quanta of energy in Solid A and two in Solid B,
there are 9,702 microstates. Of course, there are other ways our eight quanta of
energy can be arranged. For example, all of the energy could be in Solid A and
none in B, or half in A and half in B. If we assume that each microstate is equally
likely, we can see that some of the energy configurations have a higher probability
of occurring than others. That’s due to their greater number of microstates.

Entropy is a direct measure of each energy configuration’s probability.
What we see is that the energy configuration in which the energy is most spread
out between the solids has the highest entropy. So, in a general sense, entropy
can be thought of as a measurement of this energy spread. Low entropy means
the energy is concentrated. High entropy means it’s spread out.

To see why entropy is useful for explaining spontaneous processes, like hot
objects cooling down, we need to look at a dynamic system where the energy
moves. In reality, energy doesn’t stay put. It continuously moves between
neighboring bonds. As the energy moves, its configuration can change. Because
of the distribution of microstates, there’s a 21% chance that the system will
later be in the configuration in which the energy is maximally spread out,
there’s a 13% chance that it will return to its starting point, and an 8 % chance
that A will actually gain energy.

Again, we see that because there are more ways to have dispersed energy
and high entropy than concentrated energy — the energy tends to spread out.
That’s why if you put a hot object next to a cold one, the latter will warm up
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and the former will cool down. But even in that example, there is an 8% chance
that the hot object would get hotter. Why doesn’t this ever happen in real life?
It’s all about the size of the system. Our hypothetical solids only have six bonds
each. Let’s scale the solids up to 6,000 bonds and 8,000 units of energy, and
again start the system with three-quarters of the energy in A and one-quarter in
B. Now we find that chance of A, spontaneously acquiring more energy, is this
tiny number.

Familiar, everyday objects have much more particles than this. The chance
of a hot object in the real world to get hotter is absurdly small to ever happen.
Ice melts, cream mixes in, and tires deflate because these states have more
dispersed energy than the originals. There’s no mysterious force nudging the
system towards higher entropy. It’s just that higher entropy is always statistical-
ly more likely. That’s why entropy has been called time’s arrow. If energy has
the opportunity to spread out, it will.

Task 2. Answer the following questions.

1. What is a simple definition of entropy?

2. Can you give any examples of entropy in real life?
3. Why does a hot object become cooler?

4. How are entropy and temperature related?

5. How does entropy allow for life?

6. What factors affect entropy?

7. Why is entropy called time’s arrow?

8. Does entropy increase as temperature increases?

Task 3. Match:

a) the synonyms of the verbs b) the antonyms of the verbs
to assist to obtain to stay put to increase
to fix to act to reduce to destroy
to assemble to manufacture to shorten to lend
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to diminish to keep away to restore to remove
to avoid to get together to gain to extend

to acquire to help to remember to lose

to produce to decrease to minimize to forget

to behave to repair to borrow to maximize

Task 4. Match:
a) the synonyms of the adjectives

b) the antonyms of the adjectives

large acute wide distant
sharp huge heavy concentrated
small distant sharp light

new compact neighbouring narrow
remote modern dispersed blunt

5.3. LAWS OF THERMODYNAMICS

Task 1. Read the texts.

The First Law of Thermodynamics

law [lo:] — 3akoH

explosion [1k'splouz(a)n] — B3pEIB

thermodynamics
[ 63:movdar'neemiks] —

TCPMOAMHAMHKA

liquify [likwifar] -

npeBpaliaTh B ) XKUAKOCTb, PA3KUKATD

entropy ['entrapi] — sHTpomnHs

residual [rr'zidjusl] — octaTounsrit

hydrogen ['haidradz(a)n] — Bomopos

amount [o'maunt] — konruecTBO

oxygen ['pksidzan] — kucopos

process ['prauses] — nporecc

chemical ['kemik(a)l] — xumuueckuit

solidify [so'lidifar] — mpeBparmiars
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degree [dr'gri:] — crenenb B TBEPJI0C TEIIO, OTBEP/ICBATh

principle ['prinsip(a)l] — npunIUn spontaneously [spon'teiniasli] —

balloon [ba'lu:n] — Bo3aymIHEBIA Tap | cCTIOHTaHHO

irreversible [1r1'vs:sab(o)l] — fundamental ['fando'mentl] -

HEOOpaTUMBIN byHIaMEeHTAIBHBIHI

Let’s carry out a simple experiment. We have a balloon filled with
hydrogen. It has a lot of chemical energy as hydrogen gas, when mixed with
oxygen, it is a very potent fuel. By igniting the balloon, | add energy and set off
a reaction between hydrogen and oxygen that releases a lot of energy in the
form of heat. The conservation of energy is one of the fundamental principles
of our universe. Simply put, in a closed system, no energy can ever be created
or destroyed, it only transforms from one form to another.

The first law of thermodynamics takes this idea and modifies
it for thermodynamic systems. It relates the internal energy of a system to the
amount of heat added to the system and the amount of work done by the
system. If we look at the explosion again with a thermal camera, we can see
quite clearly how hot the explosion was. But the total amount of energy in the
room is still the same as before the balloon has been blown up. It has just
changed from chemical energy in the bonds to heat energy.

The Second Law of Thermodynamics

pour [po:] — HanuBaTh measure ['mezo] — mepa
generate ['dzenorert] — co3naBaTth disorder [diS's:do] — Gecniopsimok
significant [sig'nifikont] — spontaneously [spon'temniasli] —
3HAYUTENbHBIN CIIOHTAHHO

concept ['konsept] — statistically [sto tistikli] —
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nacda, KOHIICIIUA CTaTUCTUYCCKHU

arrow ['erau] — crpena chaos ['keros] — xaoc

expense [1k'spens] — Tpata, pacxon puzzle ['paz(a)l] — 3aragka

spread [spred] — pacnpocTpaHsaThcs

The second law of thermodynamics states that the entropy, or disorder
of a closed system, is always increasing. One way of thinking about entropy
iIs a measure of disorder or chaos in the universe. The more entropy we
generate, the less energy is left over to do useful work.

If you think about entropy statistically, you could think about it in terms
of a puzzle where you have to figure out how many combinations there are of
putting three balls into three boxes. Well, there are 10 combinations. In three
cases you’ll have three balls in one of the boxes. There’s one where there’s a
ball in every box. And the other six will have them all spread out to a different
degree. If you imagine that there were trillions upon trillions of atoms and
trillions upon trillions of boxes, then statistically you could see that it’s much
more likely that the atoms would be disordered rather than ordered.

Perhaps the most significant conclusion from the second law of thermody-
namics is the concept of the arrow of time which tells you which direction time
is travelling in. For example, if a process generates entropy, it will happen
spontaneously and will be irreversible unless you input more energy. When |
pour cream on my coffee, | wouldn’t be surprised to see the two liquids mixing
and becoming more disordered over time. | would, however, be surprised if the
cream and coffee separated again after | had stirred them.

An ice cube in coffee will melt and become a more disordered liquid. But
under those conditions it cannot spontaneously reform itself back into an ice
cube. You might be tempted to think that if this is true and if entropy can never

be decreased, then how can human beings or more complex living organisms

76



even exist? Well, the key here is that humans are not a closed system. We are
always exchanging heat with our surroundings and we’re decreasing local

entropy at the expense of the entropy of our environments.

The Third Law of Thermodynamics

absolute zero ['&ebsalu:t 'zi(o)rou] — | sodium ['soudiom] — HaTpwmii

HyJb KenbBrHA, aOCOTIOTHBIN HYJIb | potassium [pa'teestom] — kamii

to define [di'fain] — onpenensTh minimize ['minimaiz] — ymeHbImaTh

conversely [kan'vs:sli] — nanpoTus equally ['i:kwali] — B paBHOi#1 Mepe

dueto ['dju:ta] — B cBs13u ¢ despite [dis'pait] — HecmoTps Ha
postulate ['postfalert] — create [krr'ert] — co3maBath
MOCTYJINPOBATh

identical [ar'dentik(9)l] - positioned [pa'zifnd] -
OJIMHAKOBBIN PACIIOJIOKECHHBIN

The coldest place in the universe is the Boomerang Nebula in the Centaurus
constellation.

At -272 °C, or 1 K, it is only a single degree above absolute zero. Here on
Earth scientists have been able to get even lower temperatures that by using
lasers to cool individual molecules of sodium and potassium to 500 nK. But
they even couldn’t get to absolute zero. The third law of thermodynamics de-
fines what absolute zero is and ties together the concepts of entropy and tem-
perature. It states that the entropy of a perfect crystal approaches zero at a tem-
perature of absolute zero.

An important idea to note is that absolute zero may not be able to be
achieved experimentally. This is because we know from the second law of

thermodynamics that heat will spontaneously move from a warmer body to a
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cooler one. So the object that you are trying to cool to absolute zero will be tak-
ing in heat from its surroundings. Despite this, absolute zero is an important
theoretical concept. The lowest possible entropy can only occur in a perfect
crystal which is a structure where all of the atoms that form it are identical and
positioned in perfectly symmetrical ways.

Any imperfections in the crystal carry energy, so the entropy won’t be
minimized. Equally any residual thermal energy within the crystal will create
thermal motion within it and again, the entropy won’t be at a minimum.
Conversely, that means that if we can’t get to absolute zero, then nothing in the
universe is going to be completely still as we’ll always have some motion due
to thermal energy.

One of the earliest forays into low temperature research was made by
James Dewar who was the first person who was able to liquify and then solidify
hydrogen gas. This reached a then record low temperature of 13 degrees above
absolute zero at which point he postulated: “...there or thereabouts our progress
iIs barred”. Nearly a decade later Walther Nernst, a Prussian scientist,
announced his heat theorem which would later become known as the third law

of thermodynamics.

Task 2. Answer the questions.

1. What does thermodynamics mainly deal with?

2. Why is it necessary to know the laws of thermodynamics?
3. What do the 3 laws of thermodynamics consist in?

4. Can absolute zero be achieved?

Task 3. Make up half a dozen questions of your own.
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Task 4. Fill in the crossword:

AcCross: 1
3. the sudden violent bursting and
loud noise of something such as a
bomb exploding; the act of delib-
erately causing something to ex-
plode.

5. a way of measuring the lack
of order that exists in a system. = A

Down: 1. the act or process of
moving or the way something
moves. !
2. a person who studies or is an
expert in one or more of the natural
sciences (e.g. physics, chemistry or
biology).

4. a powerful beam of light that
can be used for cutting metal, in
medical operations, etc.

Task 5. Mark the statements T(rue) or F(alse). Correct them if neces-
sary:

1. The first law of thermodynamics states that the total energy of an open
system is constant. Energy can be transformed from one form to another,
but can neither be created nor destroyed.

2. The second law of thermodynamics states that as energy is transferred
or transformed, more and more of it is wasted.

3. The third law of thermodynamics states that the entropy of a system

approaches a constant value as the temperature approaches absolute zero.
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Task 6. Make up sentences using the words given below.

1.of a system/ defined/ as a measure/ or/ entropy/ of/ randomness/ is/
disorder.

2. transferred/ is/ heat/ of different/ two materials/ between/ temperature.

3. the solid/ smoke and gases/ wood/ burns/ and/ becomes/ ash.

4. process/ chemical/ a/ is/ combustion.

5. reacts rapidly/ heat/ this substance/ oxygen/ and gives off/ with.

Task 7. Match:

a) the synonyms b) the antonyms

to explode to attain low early

to store to annihilate thin superior
to complete to bear light calm

to achieve to convey straight planned
to reach to construct rapid external
to destroy to decrease extreme heavy
to minimize to carry out late thick

to carry to keep internal slow

to transfer to attain inferior high

to create to blow up spontaneous curved




TEXTS FOR INDEPENDENT READING

OCEAN ENERGY

ocean ['auf(a)n] — okean
coastline ['kaustlain] —
oeperoBast JIMHUS

Wells turbine ['welz t3:bamn] -
TypOuHa ¥Yambca

inexhaustible [ nig'zo:stob(a)l] -
HEUCCSIKAEMbIHN, HEMCUEPTIIAEMbIN
equal ['i:kwal] -

PaBHSTHCS, OBITH PABHBIM

hydro ['haidrau] — rumapo-
reverse [r1'v3:S] — HanpaBJICHHBIMH
B 00paTHYIO CTOPOHY

sufficient [so'fif(e)nt] — mocTaTouHBIH

satisfy ['setisfar] — ynosnerBopsaTh
worldwide ['ws:ld'waid] -
BCEMUPHBII; B MUPOBOM MaciiTade
nuclear ['nju:kla] — saepHsbIi,
ATOMHBIN

ingenious [n'dzi:nias] —
n300peTaTesbHbIM, OCTPOYMHBIN
greenhouse gases — rassi,
BBI3BIBAIOIINE MTAPHUKOBBIN 3P HeKT
direction [d(a)r'rekf(o)n] -
HaInpaBJICHUE

wave [weiv] — BosHa

emission [1'mif(a)n] —

BbIjIeJIeHHE (Ta30B), U3 TyUeHHUE (CBETA)

Task 1. Read the text.

The water of the oceans of the
world is almost always in motion.
Hardly ever interrupted waves

break at the coastlines: sometimes

stronger, sometimes weaker. There ==

IS enormous energy potential that is

available around the clock and free of charge. Its potential that is fully exploited
could satisfy 40% of the worldwide demand for power. This equals the output
of 700 to 800 nuclear power stations.
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A number of companies develop technologies to convert this inexhaustible
energy into electric power without the emission of harmful greenhouse gases.
The operating principle of wave power stations is as simple as it is ingenious.
An enclosed chamber has an opening beneath sea level which allows water
to flow the sea into the chamber and back. The water level in the chamber rises
and falls with the rhythm of the waves and air is forced forwards and backwards
through the turbine connected to an upper opening in the chamber.

As it is compressed and decompressed the airflow has sufficient power
to drive Wells turbine. It is a feature of the Wells turbine named after its inven-
tor that it is driven in the same direction by both forward and reverse air flow
through the turbine. Even relatively low wave motions can generate enough air-
flow to keep the turbine moving and to generate energy.

This is how easily energy can be generated with a wave power station day
by day and night by night all year round as long as there are waves. The world’s
first power station of this kind was put in service as early as November 2000 on
the Scottish island of Isla and has been feeding power to the grid ever since.
The companies are convinced of the commercial potential of wave energy.
It is certain that wave power stations can make a significant contribution to sup-

plying the world with climate friendly energy.

Task 2. Write down the word/word combination and give its Russian

equivalent:
[fri: ov fa:dz] - [Oru:] —
['i:z1l] — [tek'noladz1] —
['fermba] — [sa'fif(a)nt] -
[pa'tenf(a)l] — ['fo:wad] —
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Task 3. Match the words with their Russian equivalents:

wave-activated power generating OTHOCHTEIILHO

apparatus

significant IOTOK BO3/1yXa

convince IKCIUTyaTaIus

grid 3HAYUTETHHBIN

relatively yOexaaTh

service BOJIHOBAS SHEPTrOYCTaHOBKA
airflow BKJIa]I

contribution 9JIEKTPOIHEPreTHUECKasi CHCTeMa

Plant-e: living plants generate electricity

Task 1. Read the text aloud and translate it.

Our world is confronted with an energy crisis on a global scale. Our
traditional energy systems are polluting our planet with carbon dioxide and waste
and some resources will perish in the next few decades. That's why the demand
of new energy rises. Renewable and sustainable energy is available to everyone
because all over the world 1.4 billion people don’t have an access to an electrici-
ty; without electricity they have no light to read, no phone to communicate, no
computer to participate in the world. People are limited in their economical and
social development.

After the rise of solar energy, wind energy and hydropower plant-e intro-
duces a new type of sustainable energy: electricity from living plants. David
String, one of the founders of planting, explains how it works: “Welcome to our
lab advising new universities. This is rarely invented how living plants generate
electricity. The plant lives on solar energy. This process is called photosynthe-
sis. The plant produces organic matter, about half of this organic matter is
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transported from plant foods into the soil. They’re naturally occurring bacteria
breaking down the organic matter. In this process electrons and protons produce
as a kind of waste product. By providing a carbon electrode we can harvest this
energy rich in electrons. In our technology the electrons flow from a power
harvester to a cathode where oxygen photons and electrons meet to produce
water. So, by easily placing two carbon electrodes in soil we can produce little
green electricity. For some people this may be a demo of an apple battery which
uses the copper penny and a signal to produce electricity. However, the apple
battery consumes copper and zinc which poisons the apple, so this is not
sustainable. The plenty of technologies are different. We may use the inert carbon
electrodes, self repair plants and bacteria to make sustainable, clean electricity”.

So in short, planty uses natural energy flows, all is that needed is light,
carbon dioxide and water. In urban areas, for example the roofs of houses
and offices are extremely suitable; equipped with this technology these roofs
always generate the electricity, day or night, summer or winter. Sounds too
good to be true?

After the years of development the first in the world green electricity roof
of the Netherlands Institute of ecology has been realised. It combines the
advantages of a green roof, for example, water storage and insulation of a
building. After successfully introducing green electricity roofs in urban areas
the ultimate goal is to accommodate every region in the world with planty
electricity. A good start would be to equip existing rice fields with planty
technology but, in fact, every kind of wetland is qualified even in problem
areas where water has become brackish or is polluted, planty electricity
Is possible so that everyone in the world has plenty of it.

Task 2. Do you think that green electricity is a good enough change for a
common one? Discuss this in your group.
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3AK/IIOYEHHE

OOyueHue CTYJIEHTOB TEXHUYECKUX BY30B MHOCTPAHHOMY SI3bIKY MpEANOa-
raeT He TOJbKO (POPMHPOBAHWE W 3aKPEIUICHUE OOIIMX IMpeACTaBIeHUN 0 (oHe-
THUKE, TPaMMAaTUKE M JIEKCUKE JTAHHOTO $3bIKa, HO M HU3y4YeHHE CHerupuIecKoin
JIEKCUKH COOTBETCTBYIOIIEH CHEUUAIBHOCTU. BrageHue Takou JIEKCUKOW W 3Ha-
HUE TEPMHUHOJIOTUM — BECOMas COCTaBIISIONIAs (HOPMUPOBAHUS KOMMYHHU-
KAaTUBHOW KOMIIETEHIIUU CTYJICHTOB. UT€HHE TEKCTOB MO CHEIUAIIbHOCTH CIIOCO0-
CTBYET KaK YCBOCHHIO SI3bIKOBOTO MaTepuajia, TaK M PacHIMpeHUI0 mpodeccro-
HaJIBHBIX 3HaHUH. CIIOCOOHOCTH OYYIEro CHeUaIiCcTa pealu30BaTh KOMMYHH-
KAaTWBHBIC HABBIKM B YCTHOW WM MUCHbMEHHOW (hopMe SIBIIIETCS HEOThEMIIEMOU
YacThIO €0 MPOo(PEeCCHOHAITBHON SI3bIKOBOM KOMITETEHTHOCTH.

JIOCTUTHYTBIN TIPU OCBOEHUU MaTepUalIoB YYEOHOTO MOcoOWsl ypOBEHb Bila-
JICHUS] aHTJIMACKUM SI3bIKOM OYJIET CIIOCOOCTBOBATh, MPEXKIEC BCEro, MIOHUMAHUIO
U aHAIU3Y JIUTEPATYPhl CHEHUAIBHOIO HA3HAYEHMS, UCIIOJIB30BAHUIO MOJYy4CH-
HBIX 3HAHUN KaK OCHOBBI MPOQeCCHOHATLHOTO 00mIeHus. CrucTeMaTH4ecKue 3a-
HSITUSL TIO3BOJIAT MOJIIEP>KUBATh YPOBEHD SI3bIKOBBIX 3HAHUI UM YMEHUU BHE SI3bI-
KOBOM CpPE/IbI.

OcBoeHUE U COBEPIICHCTBOBAHUE KOMMYHHUKATUBHO-PEUEBBIX KOMIIETCHITUI
OKa3bIBAE€T OTPOMHOE BJIMSHUE Ha BO3MOXKHOCTH camopeanu3aluu, npodeccuo-

HAJIBHOT'O U KapbCPHOI'O POCTA.
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Vuebnoe uzoanue

IIInxoB I'y1e6 JleoHH0BUY

Jlacuna Mavisa BasieppeBHa

AHTJIMUCKHUU A3BIK
B COEPE TEIIJIOOHEPTETUKU
U TEIUVIOTEXHUKU

Y4yeOHOE ITOCOOUE
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