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BBEJAEHUE

[Ipemyraraemoe y4eOHO-METOIUYECKOE TMOCOOME MpeAHA3HAYEHO IS CTY-
JIGHTOB JTHEBHOT'O OTJeNieHus], oOydaromuxcs 1o HampapieHuto 13.03.01 — «Ten-
JIODHEPTEeTUKA U TEIJIOTEXHUKA», U UMEET IIeJIbI0 Pa3BUTHE HABBIKOB UTCHUS U TIe-
peBOa HAYYHO-TEXHUUYECKHX TEKCTOB, OOYYCHHE TEPMHUHOJIOTHYECCKOU JICKCUKE,
CoJIeprKallleicsl B TEKCTaX MO0 M3y4yaeMoOM CTYJIGHTaMH CIeIIUAIbHOCTH.

[TocoOue coaep XUT METONMYECKHE PEKOMEHIAIUN ISl YTCHUS U TTepeBOaa
CIIEIIUAJIBHONW JINTEPATYyPhbl, TEKCTHI MO CHCIUAIBLHOCTH, IMpeIHa3HAYCHHBIC IS
YTeHUs] U MepeBojia Ha 3aHaTHsaX BMecte ¢ mpenogaBarenem (Il u Il paznmens
y4e0HOro MocoOus), TEKCTHI ISl CAMOCTOSITEIBHOTO YTEHHUS U YCTHOTO MEPEBOJIa
(pasmen 1V), coBeThI IO MOATOTOBKE IEPEBOAA TEKCTOB JJIsl YCTHOTO OTBETA, TEK-
CTBI JUIsI TUCBMEHHOTO TmepeBoa (B paszaene «lIpuiaoxeHue»), TEKCThI MO pasro-
BOPHBIM T€MaM JIJIsi coOeceI0OBaHUs Ha dK3aMEHE, a Tak)Ke PEKOMEHIyeMbIid Ono-
TuoTpaUISCKUI CITMCOK U CIIOBAPb.

B yueOHO-MeTOAMYeCKOM MTOCOOMH TaKXKe M3JIaracTcsl MOCIeI0BATEILHOCTD
paboThl HAJl TEKCTOM HAYYHO-TEXHHUYCCKOH JIMTEPATYPhl M COJIEPIKUTCI HEOOXO-
JIUMBIN JICKCUYECKUN MaTepHal.

[IpenraraeTcst mepeveHb pa3rOBOPHBIX TEM JIJI COOCCETOBAaHMS HAa K3aMCHE
1 0a30BBIC TEKCTHI TI0 Pa3TOBOPHBIM TEMaM.

TepMUHOTOTHYECKHIA CIIOBAph COJIEPKUT OCHOBHBIC CJIOBA, BCTPECUAFOIIHECS
B MOCOOMH B WX KOHTEKCTYyaJIbHOM 3HAUEHUHU, U MMEET IeNib 00JIETYUTh padoTy

HaJ IICPCBOAOM.



|. METOANYECKHUE PEKOMEHJIALINA
JIJIS1 YTEHUSA U TEPEBOJIA CHIEIIMAJIBHOM JIUTEPATYPBI

1. Ilepesod 06yuieHHBIX U MHOZ0UTEHHBIX AMPUOYMUBHBIX C1080COUeE-
Manuil, GbIPANCEHHBIX CYULECEUMEIbHBIMU ((UEenOUKW) CYW{ecmeumenabHbix,

Jlegvle onpedeieHus)

JIByHwJICHHBIC UIM MHOTOWICHHBIC aTpUOYTHBHBIC CIIOBOCOUYCTAHUS WU
«IETOYKU» CYIIECTBUTEIBHBIX — 3TO CJIOBOCOUYETAHMS, COCTOSIIINE U3 CYIIECTBU-
TEJILHOTO U ONPEEICHUMN, PACIIONIOKEHHBIX CJIEBA OT HETO.

B xauecTBe JIeBOTO OMpeIeNICHUS MOTYT OBITh CYIIECTBUTEIbHBIC (OT IBYX
110 TSITH Wiy 1ecTr ). CyIieCTBUTENBHBIM MOTYT IIPEAIIIECTBOBATH: IPUIAraTelib-
HOE, IPUYACTUEC, MECTOMMEHHE WJIM YHUCIUTEIBHOE, & TAKKE COUETAHUS U3 ITHUX
CJIOB, COETMHEHHBIE AehUCOM.

Heo6xonumo o6paTuTh BHUMAHUE HA TO, YTO BHYTPH TAKOTO COYETAHUS
C108a He omoeneHbl Opye 0m Opy2a HU ApMUKIIMU, HU NPedao2amMu, HU 3ansambl-
mu: renewable energy sources, preliminary concentrated light, the simple open
gas-turbine power cycle.

Jl1d mepeBojia «ENMOYKM» CYIIECTBUTEIIBHBIX BAXXHO HAWTHU B HEW TIIABHOE,
OCHOBHOE cJI0BO. [IOMHUTE, UTO OCHOBHBIM C1080M JTHOOOU «IIETTOYKU» CYIIECTBHU-
TEJIbHBIX SIBJIACTCS HOCAEeOHee CYuecmeumeibHoe, ¢ KOmopozo U cliedyem Hadu-
Hamb aHaiu3 TaKou «LEemoukny. Bee cylecTBUTENbHBIC U IPYTUE YaCTH PEYH,
CTOSIIIIUE CJIEBA OT OCHOBHOTO CJIOBA, SIBJISIFOTCS onpeodenieHusmu K HeMy (OTBe4aroT
Ha BOIPOCHKI: «KAKOU?», «kakue?», «uero?»). CrnpaBa OT OCHOBHOTO CJIOBA, YKa3bl-
Bas Ha TO, YTO «IIETIOYKA» 3aKOHUMJIACh, MOXKET CTOSATh HOBBIM apTUKIIb, IIPEIJIOT,
MECTOUMEHUE, TPUIaraTesibHOe, MPUYACTUE WU IJ1aroj-cKa3yeMoe ¢ MpeIiecT-

BYIOIIIUM HapeureM Win 0e3 Hero.



Ilpu nepesooe 0gyunennvix cinogocouemanuii («IENOUYKU» COCTOSIT U3 JBYX
CYIIIECTBUTEIILHBIX ) BEIOMPAaeM MOIXOSIIHA BApHAHT.

1. TlepeBox Hauunaem ¢ nocieoHe2o CywecmsumeibHo20, a CyIleCTBUTEb-
HOE, CTOSIIIEE CIICBA, TIEPEBOAUTCS CYUECMBUMENbHBIM 8 POOUMENbHOM NAJexce:

water level — yposens 600w1, pressure drop — cnao (nepenad) oasnenus.

2. «Ilemoukay, COCTOSAIIAsA M3 IBYX CYHICCTBUTEIBHBIX, IEPBOC U3 KOTOPHIX
TICPEBOUTCS NPULACAMETbHBIM.

water vapor — eoosnoii nap, circulation pump — yupxynsyuonnwlii nacoc.

3. [lepeBoa «11€MMOYKI» HAYMHAEM C ITOCIEIHEr0 CYIIIECTBUTEILHOTO, a Iep-
BOE TIEPEBOIMM CYIIIECTBUTEIBHBIM C MIPEIOTOM (8, U3, Ha, 015 1 Op.)’

digester pressure — memnepamypa 6 kome.

Ilepe6oo muozounennvix cnosocouemanuii (KICTOYKH» CYIIECTBUTEIBHBIX
COCTOSIT U3 TPEX U OOJIee CYIIECTBUTEILHBIX U IPYTUX YaCTCH peun).

1. Ilpu nepeBojie MHOTOWICHHBIX CIOBOCOUYETAHUN PEKOMEHAYETCS:
1) mepeBecTH MOCIEIHEE CYHMICCTBUTEIBHOE KIICTIOUKHY;
2) pa30UTh OCTAIBHYIO YaCTh CIIOBOCOUCTAHUS HA CMbLCIIO8bIE 2PYNNbL U TIEPEBEC-
TH UX (BHYTPH CMBICJIOBOM TPYIIIBI aHAJIN3 IIPOBOAUTCS CJI€Ba HAIIPABO);
3) nepeBecTH BCE CIIOBOCOUCTAHHE (BCIO KIICTIOUKY»), CIEAYS CNpAsa HALEBO.

water quality results — pesyabmamuor no kawecmey soowi, quality control
method — memoo kommpons kauwecmesa, headbox control system —cucmema pezy-
JIUPOBAHUSL HANOPHOO0 SUUKA

2. Eciiu mpuiarateibHOE MPEAIIECTBYET «IIEMOYKE» CYIIECTBUTEIbHBIX, HE-
00X0MMO 00paTUTh BHUMAHUE HA TO, K KAKOMY CII08Y OHO OMHOCUMCAL.

high evaporation rate — esicokas ckopocmw ucnapenust, automatic tempera-
ture control — asmomamuueckoe pecyruposanue memnepamypel.

3. B coCTaB «IIENOYKH» CYIIECTBUTEIHHBIX B KAUECTBE ONPEACIICHHUS MOT'YT
BXOWThH YHCIUTEIbHBIE, MECTOUMEHHS, IIPUIACTHS, CYIIECCTBUTEIBHEIE B IPHUTSI-

ZKaTCJIbHOM IIaACKE U T.A. CnenyeT 06paTI/ITB BHUMAHHC, K KAKOMY Cl108Y 2mu on-
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peodenenusi omuocamesi. OCHOBHOE CO80 CIOBOCOUEMAHUS — NOCAEOHee CYujec-
sUMebHOE, KONMOpoe nepesoOUmcsi CyleCTBUTSIILHBIM:

this high pressure steam — smom nap evicoxoco oasnenus, rate determining
factor — ghakmop, onpeodensrowuii ckopocme.

4. IHOT1a OJTHO U3 CJIOB «IIETOYKHY» CYIIECTBUTEIBHBIX HEOOXOAMMO Tepe-
BECTHU NOSACHAIOWUMU CTLOBAMU (2PYNNOU CILO8):

steam pressure measuring device — npubop ons usmepenus dasieHus napa.

Yunpa:xkuenue. [lepeBeaute npeioxkenus, ooOpaiias BHUMaHUE Ha 0COOEH-
HOCTH TI€PEBOJIa OMPEICIICHUM, BEIPAXKEHHBIX CYIIECTBUTEIBHBIMU, U CTOSIIINX
nepe/1 OnpeieNsieMbIMU CYIIECTBUTEILHBIMU (JIEBOE OIPE/IeNICHUE).

Hcnonv3yiime odpaszey 8binojHeHUs ynparcHeHus

1. This scientist works at some problem of low temperature physics.

ITepeBoa: DToT yu€HbIii paboTaeT Haa O HOM TPoOIeMo (PU3UKU HU3KUX
temneparyp. [loscaenne: low temperature physics. “Physics” — nmocieanee — or-
penensgeMoe ciaoBo, “temperature”— ompeaenenue K Hemy. “LOW — onpeneneHue K
cioBy “temperature”.

2. My father works at a pulp and paper mill.

[TepeBoa: Moii oTer] paboTaeT Ha LEIUTIOI03HO-0yMakHOM 3aBoje. [losicHe-
aue: pulp and paper mill. “Mill” — mocnennee, onpenensemoe cioso, ’pulp and

paper” — onpeneneHue K HeMy.

1. Natural gas is used for steam generation in gas producing areas.

2. These areas are served by natural gas transmission lines.

3. The furnace height is the function of the regrouped furnace volume.

4. Superheaters requirements may govern exit temperature.

5. Pulverized coal furnaces are usually convertible to firing with oil or gas.

6. The flame shape determines the furnace width and depth dimensions. The

design of the amount of heat transfer surface is based on the laws of heat transfer
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and economics.

7. Heat is an energy that is transferred across the boundaries of a system be-
cause of a temperature difference.

8. When the gases leave the completely water cooled furnace they pass
across the superheater furnace. A heat exchanger consists of a metal wall through

which heat flows from one fluid to another.

2. Ilocnheooeamenvnocms pabomovl HA0 MEKCHOM HAYYHO-MEXHUUECKOU

Jumepamypol

1. [IpoutuTe Bech TEKCT WM ad3all U MOCTApaANTECh MOHATH €ro 00IIee Cco-
JepIKaHHE.

2. Pas0eiiTe Kaka0€ CI0KHOE MPEAI0KEHNE HA OTACIbHBIE IPEIOKCHHMS:
CIIO’KHOCOYMHEHHBIC — Ha MPOCTHIE; CIOKHOMOMYMHEHHBIE — HA TJIABHOE M IpHIa-
tTouHoe. HamomMuHaeM, 4TO CII0KHOCOYHMHEHHBIC MPEIIOKEHUS MOTYT COCIHHSATh-
cs corozamu: and — u, but — Ho, Or — miu. CJIOXKHOIMOAYMHEHHBIC TTPEII0KECHUS
COEIUHSIOTCS COIO3HBIMU CJIOBaMHU M coro3amu: WhO — kto; KoTopsiit, what — uTo,
which — koropsrii, that — koropsrii; To, uto, When — korma, where — rue, kyna,
whose — 4eii, why — mouemy, as for = since — tak kak, because — noromy uro, if —
mm, ecau, provided, providing — npu ycinosuwu, uto; whether — iu, unless — eciu
He, until — 1o Tex nop, moka He u ap.

3. Eciiu BBI HCIIBITBIBAETE TPYAHOCTH MPH IEPEBOJIE MIPEIOKEHUS, HANINTE
B K&XIOM MPEIOKCHUU epynny ckazyemozeo. CkazyeMoe HaWTH Jierde apyrux
YJICHOB MPEUIOKEHHUS, TaK KaK IMOJaBJsioIIee OOJBIIUHCTBO TIaroibHBIX (GopMm
uMeeT (hopMabHBIC TPU3HAKH.

4. Cnesa om ckazyemo2o B TIOBECTBOBATEIILHOM MPEAIOKCHUN BCETIa CTOUT
2Pynna noonexcauie2o, KpoMe:

a) mpeIokeHuit ¢ oboporom «there bey;
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0) 6eCcCOI03HBIX YCIOBHBIX MPEMIOKEHUN C UHBepcuUell, KOTOPhIE HAUMHAIOT-
cst rmaronamu: had, were, should, could.

5. CnpaBa OT CKazyeMOro HaXOJUTCS OONOJIHeHue WIN 00CMOosmenbCmeo
(ecu HeT gomonHeHHs ). OOCTOATEIHCTBO MOXKET CTOSITh M TIEPE]T TIOITICKATIIAM.

6. [lepeBoa mpeIIOKEHUI HAUMHANTE ¢ TPYIIIBI TOISKAIIETO, 3aTeM Iepe-
BOJIMTE TPYIITY CKA3yeMOT0 U T.JI.

7. Ilepen HaXOXICHUEM CJIOBA B CIIOBApE YTOUHUTE, KAKOU HACMbIO pedu
OHO A6lslemcs B JAaHHOM TPEJIOKEHHUH, TaK KaK 4acTO Pa3Hble YaCTU PEYH COBIIa-
narot o ¢popme (Work — n,v, increase — n,v, transport —n,v u T.1.).

8. He cmemute OpaTh M3 ClIOBaps MEPBOE 3HAUYCHHE CIIOBA, TaK KaK aHIUlL-
cKue c108a MHo2o3HauHwl. IIpouTuTe BCE 3HAUCHUS CIIOBA U 8blOepume Hauboee
nooxoodsuwee 01l OAHHO20 NPeONONCEHUS.

OOparute BHUMaHUE, HE SBISCTCS JIM JAHHOE CJIIOBO YACMbIO ClOBOCOUEema-
nus (pay — miaTuth, pay attention to — oOpamaTh BHUMaHue Ha, Make — nenath,
make use of — ucmone3oBare, account — otuyér, cuér, on account of — us-3a, Bcien-
crBue, take account of — yuutsiBath 1 T.1.). [loMHHTE, YTO nocre 2nacon08 MOTyT
CTOSITh NOCIeN02U, KOTOPBIe MeHsiom 3HaueHue enaeona (make up —coctaBusTh,
work out — pa3pabatbeiBaTh, Pprovide for — npeaycmaTpuBaTh U T.1I.).

9. Haitmu cxazyemoe nomozarom ciedyroujue popmanvHvie NPUIHAKU.

1)  BcmoMorarejbHbIC W MOJAJIbHBIC TJIArOJIbl, SBJSIONIUCCS KOMIIOHCH-
TOM CKazyemoro: am, is, are, was, were, do, does, did, have, has, had, shall, will,
should, would, can, could, may, might, must, ought to, need;

2)  TpH HESBHBIX IPHU3HAKA CKA3yeMOTO:

a) OKOHYaHHUE -S (-€S) — OHO COBIAJacT C OKOHYAHHUEM CYIICCTBUTEIBHOTO
BO MHO)KECTBEHHOM YHCJIC M MIPUTSDKATEITHHOM ITaJICHKe.

0) okoHuyaHue -€d — OHO COBMAJAET C OKOHYAHHEM MPHYACTHS TPOIIEAIIETO
Bpemenu — Participle |l mpaBuIbHBIX T71aroJI0B.

B) OTCYTCTBHE OKOHYaHUH (T.e. I1aroj-ckasyemoe coBmajaer mo Qopme ¢

uHpuHUTHBOM) B Present Simple uimu ucnosnp3oBana ¢popmMa HEMpPaBHILHOTO TJia-
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roja B Past Simple (pekomeHyeTcs MOBTOPUTH TpH (POPMBI HEITPABUIIBHBIX TJia-
TOJIOB).

10. Haiimu noonescauiee nomozaiom cieoyrougue (hopmanbHvle NPUHAKU.

1) momnexariee MOKET OBITh BBIPAKEHO CYIIECTBUTEIBHBIM WU HECKOJIb-
KUMH CYIIECTBUTEIBHBIMHU, SIBISTFOIIMMUCS OJTHOPOJIHBIMU YJICHAMH MPEITI0KEHUS,
CTOSIIIUMHU Cle8a OM CKA3YeMo20 B TIOBECTBOBATEIHHOM MpeasiokeHnu. Cyriect-
BUTEIBHBIC IOJDKHBI OBITH O€3 TIpeiora.

2) mojsexaiiiee, BhIPAXXKEHHOE CYIIECTBUTEILHBIM, MOKET UMETh MpuU cebde
OTpeIeNICHHs], BXOSIIME B TPYIITY MOJICKAILETO: a) JIEBOE orpeseseHue, 0) npa-
BOE OIpEACIICHNE, B) OJHOBPEMEHHO JIEBOC M IIpPaBOE OmNpeneicHus. B kadecTse
IIPABOTO ONPEIEIICHUS MOTYT HCIIOJIB30BaThCS onpedeumeivlvle NpUuoamouHvie
NpeosIoHCeHUsl, UHDUHUMUB UIU UHDUHUMUBHBIL 000POM.

3) mojutexaiiee MOXKET ObITh BeIpakeHO MecToumenusmu: |, he, she, it, we,
they, which, who, nobody, nothing, this, these, one, someone, somebody, anyone,
anybody, everyone, everybody, everything, cioBamu-3aMEHHUTEISIMH CYIIECTBH-
tenbHBIX: that, these u ap.

4) moyexaIniee MoOKeT OBITh BBIPAKEHO UHOUHUMUBOM C OMHOCIUWUMUCS K
Hemy no cmwvicay crosamu (MHPUHUTUBHON TPyMHmoi). ITOT MHPUHUTUB 00s13a-
TEJILHO JIOJDKEH CTOSATH Mepell ckazyeMbIM. He ciemyer myTaTh MHOQUHUTHB B POJIU
MOJIJISXKAIIETO ¢ MHPHUHUTHBOM B POJIM 00OCTOSATETHLCTBA IIEJIH, CTOSIINM B Hadaje
nperioxeHus. Eciu neped ckazyemvim ecmuv Opyzoe noodnedxcawjee, mo uH@UHU-
mue — 06cmosamenbLCmao.

To provide three pulverizers is necessary for the efficient operation of the
furnace. — Obecnewums mpu pacnoiiumens nHeodxooumo 0 3p@exmusHol pa-
OOmbl MONKU.

5) momnmexaiiee MOKET OBITh BBIPAKEHO CYOBEKMHbIM UHGUHUMUSHBIM
06opomom (CIOXKHOE MOJIeKAIIESE).

Heat is known to be a form of energy — Uzeecmno, umo menno ecmo popma

IJHEpcUU.



6) monJexalee MOXET ObITh BBIPAKEHO TepyHAHEM (C OTHOCAIIUMUCS K
HEMY 10 CMBICITY CIIOBAMH).

Making the first measuring instrument was not an easy thing — Coerameo
nepavlil U3MepUmMenbHvill npudbop OLLIO HerecKo.

7) nogJjIeKamee MOXKET OBITH BBIPAKCHO IIPUAATOYHBIM IIPCHIIOKCHUCM C
nomiexamm. Coros that — «mo, umon.

That bodies expand under heating was known long ago. — To, umo mena

npu HazcpesaHuu pacutupAromcA, OBLIO UZBECMHO OABHO.

II. TEKCTHBI JJIsAI YTEHUSA

Teker 1. The use of solar energy

One of the uses of solar energy is its transformation into electric energy.
Photoelectric converters operate not only aboard space vehicles (kocmudeckue
kopabmm). They are used to supply hard-to-reach (TpyaHo moctymHbiif) sites, for
instance, light-houses (masiku), communication facilities (cpeacTBa cBs3H), etc.
with electric power. Such installations can operate continuously for 20 years, and
their capacity is up to 500 watts. They are reliable and do not need constantly han-
dling by personal.

At present, mainly semiconductor silicon is used for the manufacture of pho-
tocells. Now the researchers have designed photocells on the basis of linking two
materials in a single crystal-gallium arsenide and aluminum arsenide. They are
most promising for the transformation of preliminary concentrated light since they
continue to operate efficiently at temperature of over 200° C. Using heat that is re-
leased in photocells one can raise the efficiency up to 30%. Their use in solar
power station will greatly cut the cost of the photoelectric method of energy trans-

formation.
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The problem of wider uses of renewable energy sources — solar, tidal and
geothermal ones is of great local importance. So far (moka uto) the practical use of
solar energy is not very significant but the use of this energy can be profitable in
many areas even now. Specialists designed water-heating installations for both
seasonable and year-round operation. They have already built solar-powered
homes and public buildings with hot water supply, heating and air-conditioning.
Within the next few years experimental constructions will go on. After tests the
best solutions will be used in standard designs.

The application of solar installations in agriculture has considerable effect.
The experience in experimental solar-heating greenhouses (temnmmma) has shown
that, as compared with ordinary greenhouses that receive heat from boiler rooms,
the expenses on vegetable-growing are reduced by 60% due to fuel savings alone.

Solar-powered installations for drying farm products were also tested successfully.

Tekct 2. Renewable energy sources

In the future the energy of the sun, wind, sea and the heat of underground
waters will be used on a large scale. These are the so-called “free” energy sources.
They will be utilized only when they are more profitable than the traditional ones,
because their exploitation is usually much more expensive than energy supply
from large electric power stations which run on coal or nuclear fuel.

The utilization of the biomass — agricultural wastes and city runoff — can be
found very effective: they can be employed in obtaining gas.

In addition it may happen that new energy sources will be discovered. What
if, for example, the vacuum is a boundless ocean of matter in some specific state?
Perhaps in the future man will discover some ways of getting energy from this
matter? Or, for example, the undiscovered cosmic forces or the annihilation energy
which arises from the fusion of matter and anti-matter.

Now this is fantasy which may become a reality. Unknown and undiscov-

ered phenomena can be found more effective, than familiar ones.
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Texcr 3. Atomic energy

A man that tries to see a single atom is like a man trying to see a single drop
of water in the sea. He will see the sea made of great many drops of water but he
will not be able to see a single drop. Man has, however, learned the secret of the
atom. He has learned to split atoms in order to get great quantity of energy. At pre-
sent, coal is one of the most important fuels and our basic source of energy. It is
quite possible that some day coal and other fuel may be replaced by atomic energy.

The nuclear reactor is one of the most reliable “furnaces” that produce
atomic energy. When reactor produces energy it produces energy in the form of
heat. In other words, when atoms split in the reactor heat is developed. Gas, water,
melted metals and some other liquids circulate through the reactor to carry that
heat away. The heat may be carried to pipes of the steam generator that contains
water. The steam drives a turbine; the turbine in its turn drives an electric genera-
tor. So we see that a nuclear power-station is like any other power-station but the

familiar coal-burning furnace is replaced by a nuclear one.

Texcr 4. Nuclear power stations

The first industrial nuclear power station in the world was constructed in
Obninsk not far from Moscow in 1954. The station was put into operation two
years earlier than the British one and three and a half years earlier that the Ameri-
can nuclear power-stations.

A number of nuclear power-stations have been put into operation since
1954. The Beloyarskaya nuclear power station named after academician Kurchatov
may serve an example of the peaceful use of atomic energy. The scientists and en-
gineers achieved a nuclear superheating of steam directly in the reactor itself be-
fore steam is carried into the turbine. It is certainly an important contribution to
nuclear engineering achieved for the first time in the world.

We might mention here another important achievement that is the first nu-

clear installation where thermal energy generated in the reactor is transformed di-
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rectly into electrical energy. Speaking of the peaceful use of atomic energy it is
also necessary to mention our nuclear ice-breakers. “Lenin” is the world’s first ice-
breaker with nuclear installation. Its machine installation is of a steam turbine type

and steam is produced by three reactors and six steam generators.

Tekcr 5. A steam engine

A steam engine is a device that converts the potential energy that exists as
pressure in steam, and converts that to mechanical force. Early examples were the
steam locomotive trains, and steamships that relied on these steam engines for
movement. The Industrial Revolution came about primarily because of the steam
engine. The thirty seconds or so required to develop pressure made steam less fa-
vored for automobiles, which are generally powered by internal combustion en-
gines.

The first steam device was invented by Hero of Alexandria, a Greek, before
300 BC, but never utilized as anything other than a toy. While designs had been
created by varous people in the meanwhile, the first practical steam engine was pa-
tented by James Watt, a Scottish inventor, in 1769. Steam engines are of various
types but most are reciprocal piston or turbine devices.

The strength of the steam engine for modern purposes is in its ability to con-
vert raw heat into mechanical work. Unlike the internal combustion engine, the
steam engine is not particular about the source of heat. Since the oxygen for com-
bustion is unmetered, steam engines burn fuel cleanly and efficiently, with relative-
ly little pollution.

One source of inefficiency is that the condenser causes losses by being
somewhat hotter than the outside world. Thus any closed-cycle engine will always
be somewhat less efficient than any open-cycle engine, because of condenser loss-
es.

Most notably, without the use of a steam engine nuclear energy could not be

harnessed for useful work, as a nuclear reactor does not directly generate either
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mechanical work or electrical energy — the reactor itself does nothing but sit there

and get hot. It is the steam engine which converts that heat into useful work.

Tekcr 6. First inventors

Thomas Newcomen (1663 — 1729) was an ironmonger by profession, but
made a significant contribution to the Industrial Revolution with his invention of
the atmospheric steam engine.

Thomas Newcomen was born in Dartmouth, Devon in 1663 and established
himself as an ironmonger in his home town. Some of his biggest customers were
Cornish tin mine owners, who faced considerable difficulties with flooding as
mines became progressively deeper. The standard methods to remove the water —
manual pumping or teams of horses hauling buckets on a rope — were slow and ex-
pensive, and they sought an alternative.

Contemporary engines worked by using condensed steam to make a vacuum,
but whereas Thomas Savery's pump of 1698 had just used the vacuum to pull the
water up, Newcomen created his vacuum inside a cylinder and used it to pull down
a piston. He then used a lever to transfer the force to the pump shaft that went
down the mine: it was the first practical engine to use a piston in a cylinder. Cast-
ing the cylinders and getting the pistons to fit was pushing the limit of existing
technology, so Newcomen deliberately made the piston marginally smaller than the
cylinder and sealed the gap with a ring of wet leather or rope. However, to avoid
infringing Savery's patent Newcomen was forced to go into partnership with him.

Thomas Newcomen invented his steam engine in 1705 to pump water from
English coal mines. This machine was developed by 1720 and remained in use for
50 years.

His first working engine was installed at a coalmine at Dudley Castle in
Staffordshire in 1712. It had a cylinder 21 inches in diameter and nearly eight feet

long, and it worked at twelve strokes a minute, raising ten gallons of water from a
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depth of 156 feet; approximately 5.5 horse power. The engines were rugged and
reliable and worked day and night, but were extremely inefficient.

Newcomen engines were extremely expensive but were nevertheless very
successful. By the time Newcomen died on 5 August 1729 there were at least one
hundred of his engines in Britain and across Europe.

In Russia there was another inventor: Ivan Polzunov (1728-1766)

In 1763 a self-taught man (camoyuka), the son of a Russian soldier Ivan Pol-
zunov (1728-1766) worked out the project of the first universal steam engine. The
construction of the engine involved great difficulties due to lack (u3-3a
HepoctaTka) of necessary instruments, qualified assistants and in general lack of
help and support. Polzunov had to do everything with his own hands. Polzunov’s
engine had been working from August to November 10, 1766, when it was stopped
and put out of operation because of a leak in the boilers. But Polzunov did not live
to see the results of his work. He died in poverty on May 27, 1766.

Later, in the course of the industrial revolution in England, a number of in-
ventors designed steam engines because the demand for these machines was ur-
gent. A prominent place among these early inventors belongs to James Watt, an in-

strument maker at the University of Glasgow who perfected Newcomen’s engine.

Tekcr 7. James Watt (1736-1819)

James Watt was born in Greenock on 18 January 1736. His father was a
prosperous shipwright. Watt initially worked as a maker of mathematical instru-
ments but soon began to become interested in steam engines. The first working
steam engine had been patented in 1698 and by the time of Watt's birth,
Newcomen engines were pumping water from mines all over the country.

James Watt worked as an instrument maker at the University of Glasgow. In
around 1764 he was given a model Newcomen engine to repair. While repairing
the model, Watt noticed the large waste of energy due to alternately heating the

steam cylinder with steam and cooling it with injection water. He realized that this
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loss could be reduced by keeping the cylinder as hot as possible with insulation.
He understood that it was possible to use a separate condenser or water-cooled
chamber which could be connected to the steam cylinder at the necessary time by a
valve.

Later he closed the top of the steam cylinder with a cover or cylinder head,
introduced steam alternately on both sides of the piston and thus made the engine
double acting. He invented a governer to regulate the speed of the engine, a slide
valve to control the admission, expansion and exhaust of the steam, a pump to re-
move the air and condensate from the condenser, and, in fact, brought the steam
engine to a fairly high state of development. His first patent in 1769 covered this
device and other improvements on Newcomen's engine.

Watt's partner and backer was the inventor John Roebuck. In 1775, Roe-
buck’s interest was taken over by Matthew Boulton who owned an engineering
works in Birmingham. Together he and Watt began to manufacture steam engines.
Boulton & Watt became the most important engineering firm in the country, meet-
ing considerable demand. Initially this came from Cornish mine owners, but ex-
tended to paper, flour, cotton and iron mills, as well as distilleries, canals and wa-
terworks. In 1785, Watt and Boulton were elected fellows of the Royal Society.

By 1790 Watt was a wealthy man and in 1800 he retired and devoted him-
self entirely to research work. He patented several other important inventions in-
cluding the rotary engine, the double-action engine and the steam indicator, which
records the steam pressure inside the engine.

Watt died on 19 August 1819. A unit of measurement of electrical and me-

chanical power — the watt — is named in his honour.
Texcer 8. George and Robert Stephensons

George Stephenson and his son Robert Stephenson were pioneering railway

engineers and inventors of the 'Rocket’, the most famous early railway locomotive.
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George Stephenson was born on 9 June 1781 near Newcastle-upon-Tyne.
His father was an engineman at a coalmine. Stephenson himself worked at the
mine and learned to read and write in his spare time. He gained a reputation for
managing the primitive steam engines employed in mines, and worked in a number
of different coalmines in the northeast of England and in Scotland.

In 1814, Stephenson constructed his first locomotive, '‘Blucher’, for hauling
coal at Killingworth Colliery near Newcastle. In 1815, he invented a safety lamp
for use in coalmines, nicknamed the 'Geordie’.

In 1821, Stephenson was appointed engineer for the construction of the
Stockton and Darlington railway. It opened in 1825 and was the first public rail-
way.

“Robert Stephenson and Company” was a locomotive manufacturing com-
pany founded in 1823 in Forth Street, Newcastle-upon-Tyne in England by George
Stephenson and his son Robert. It was the first company set up specifically to
build railway engines.

In 1826 George Stephenson was made engineer for the Liverpool to Man-
chester Railway. In October 1829, the railway's owners staged a competition at
Rainhill to find the best kind of locomotive to pull heavy loads over long distances.
Thousands came to watch. Stephenson's locomotive 'Rocket’ was the winner,
achieving a record speed of 36 miles per hour. It was built at the Forth Street
Works of “Robert Stephenson and Company” in Newcastle-upon-Tyne. It is the
most famous example of an evolving design of locomotives by Robert Stephenson
that became the template for most steam engines in the following 150 years. The
locomotive was preserved and is now on display in the Science Museum in Lon-
don. Though the ‘Rocket’ was not the first steam locomotive, it was the first to
bring together several innovations to produce the most advanced locomotive of its
day. This locomotive engine had two notable improvements — a multi-tube boil-

er and a separate firebox.
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The opening of the Stockton to Darlington railway and the success of
'Rocket' stimulated the laying of railway lines and the construction of locomotives
all over the country. George Stephenson became engineer on a number of these
projects and was also consulted on the development of railways in Belgium and
Spain.

George Stephenson died on 12 August 1848 in Chesterfield in Derbyshire.

His son Robert worked with his father on many of his projects.

Tekct 9. The steam generating unit

The steam generating unit consists of a furnace, a boiler, superheater,
economizer and an air heater. The fuel is burned in a furnace. The boiler is com-
posed of a drum. The water level in the drum is mentioned at about mid-point,
which permits separation of the steam from the water. There is a bank of inclined
tubes which are connected to the drum and permit water to circulate from the drum
through the tubes and back to the drum. The hot products of combustion from the
furnace flow across the boiler tubes and evaporate part of the water in the tubes.
The furnace walls are composed of tubes which are also connected to the boiler
drum and form very effective steam generating surface.

The steam which is separated from the water in the boiler drum then flows
through a superheater. The superheater is a coil of tubes surrounded by the hot
products of combustion. The temperature of the steam is increased in the superhea-

ter and the superheated steam flows through a piping to the turbine.

Teker 10. The steam power plant
The function of a steam power plant is to convert the energy in nuclear reac-
tions or in coal, oil or gas into mechanical or electric energy through the expansion
of steam from a high pressure to a low pressure in a suitable prime mover such as a
turbine or engine. A noncondensing plant discharges the steam from the prime

mover at an exhaust pressure equal or greater than atmospheric pressure. A con-
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densing plant exhausts the steam from the prime mover into a condenser at a pres-
sure less than atmospheric pressure. The general central station plants are condens-
ing plants because their sole output is electric energy. Industrial plants are fre-
quently noncondensing plants because large quantities of low-pressure steam are
required for manufacturing operations.

The steam-generating unit consists of a furnace in which the fuel is burned, a
boiler, superheater and economizer, in which high pressure steam is generated, and
an air heater in which the loss of energy due to combustion of the fuel is reduced to
a minimum.

The boiler is composed of a drum, in which a water level is maintained at
about the mid-point so as to permit separation of the steam from the water, and
bank of inclined tubes, connected to the drum in such a manner as to permit water
to circulate from the drum through the tubes and back to the drum The hot prod-
ucts of combustion from the furnace flow across the boiler tubes and evaporate part
of the water in the tubes. The furnace walls are composed of tubes which are also
connected to the boiler drum to form very effective steam-generating surfaces. The
steam which is separated from the water in the boiler drum then flows through a
superheater which is in effect a coil of tubing surrounded by the hot products of
combustion. The temperature of the steam is increased in the superheater to per-
haps 800° to 1100° F, at which temperature the high-pressure superheated steam
flows through suitable piping to the turbine.

Since the gaseous products of combustion leaving the boiler tube bank are at
a relatively high temperature and their discharge to the chimney would result in a
large loss in energy, an economizer may be used to recover part of the energy in
these gases. The economizer is a bank of tubes through which the boiler feedwater
is pumped on its way to the boiler drum.

A reduction in gas temperature may be made by passing the products of
combustion through an air heater which is a heat exchanger cooled by the air re-

quired for combustion. This air is supplied to the air heater at normal room tem-
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perature and may leave the air heater at 400° to 600° F, thus returning to the fur-
nace energy that would otherwise be wasted up the chimney. The products of com-
bustion are usually cooled in an air heater to an exit temperature of 275° to 400° F,
after which they may be passed through a dust collector which will remove objec-
tionable dust and thence through an induced-draft fan to the chimney. The function
of the induced-draft fan is to pull the gases through the heat transfer surfaces of the
boiler, superheater, economizer and air heater and to maintain a pressure in the
furnace that is slightly less than atmospheric pressure. A forced-draft fan forces the
combustion air to flow through the air heater, duct work, and burner into the fur-
nace.

Coal is delivered to the plant in railroad cars or barges which are unloaded
by machinery. The coal may be placed in storage or may be crushed and elevated
to the overhead raw-coal bunker in the boiler room.

The coal flows by gravity from the overhead bunker to the pulverizer or mill
through a feeder which automatically maintains the correct amount of coal in the
mill. In the mill the coal is ground to a fine dust. Some of the hot air from the air
heater is forced through the mill to dry the coal and to pick up the finely pulverized
particles and carry them in suspension to the burner where they are mixed with the
air required for their combustion and discharged into the furnace at high velocity to
promote good combustion.

The high-pressure, high-temperature steam is expanded in a steam turbine
which is generally connected to an electric generator. From 3 to 5 per cent of the
output of the generator is needed to light the plant and to operate the many motors
required for fans, pumps, etc., in the plant. The rest of the generator output is
available for distribution outside the plant.

The condensed steam, which is normally at a temperature of 70° to 100° F,
is pumped out of the condenser by means of a hot-well pump and is discharged
through several feed-water heaters to a boiler feed pump that delivers the water to

the economizer.
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Most steam power plants of large size are now being built for operation at
steam pressures of 1500 to 2400 psi, and in some plants pressures up to 5000 psi
are being used. Steam temperatures of 1000° to 1100° F are in general use. Tur-
bine-generator capacities of 250,000 kw (1 kilowatt = 1.34 horsepower) are com-
mon, and units of 500,000 kw are in operation. Steam-generating units capable of
delivering 3,000,000 Ib of steam per hr are now in operation. Overall efficiency of
the plant from raw coal supplied to electric energy delivered to the transmission
line depends upon size, steam pressure, temperature, and other factors, and 40 per

cent is now being realized on the basis of a full year of operation.

I1l. TEKCTBI 1JIA YTEHUSA U IIEPEBOJIA

Texcrt 1. Basics of boilers and boiler processes

In a traditional context, a boiler is an enclosed container that provides a
means for heat from combustion to be transferred into the working media (usually
water) until it becomes heated or a gas (steam). One could simply say that a boiler
IS as a heat exchanger between fire and water. The boiler is the part of a steam
power plant process that produces the steam and thus provides the heat. The steam
or hot water under pressure can then be used for transferring the heat to a process
that consumes the heat in the steam and turns it into work. A steam boiler fulfils
the following statements:

1. It is part of a type of heat engine or process

2. Heat is generated through combustion (burning)

3. It has a working fluid, a.k.a. heat carrier that transfers the generated
heat away from the boiler

4, The heating media and working fluid are separated by walls

-21 -



In an industrial/technical context, the concept “steam boiler” (also referred
to as “steam generator”) includes the whole complex system for producing steam
for use e.g. in a turbine or in industrial process. It includes all the different phases
of heat transfer from flames to water/steam mixture (economizer, boiler, super-
heater, reheater and air preheater). It also includes different auxiliary systems (e.g.
fuel feeding, water treatment, flue gas channels including stack).

The heat is generated in the furnace part of the boiler, where fuel is com-
busted. The fuel used in a boiler contains either chemically bonded energy (like
coal, waste and biofuels) or nuclear energy. Nuclear energy will not be covered in
this material. A boiler must be designed to absorb the maximum amount of heat
released in the process of combustion. This heat is transferred to the boiler water
through radiation, conduction and convection. The relative percentage of each is
dependent upon the type of boiler, the designed heat transfer surface and the fuels

that power the combustion.

Teker 2. A simple boiler

In order to describe the principles of a steam boiler, consider a very simple
case, where the boiler simply is a container, partially filled with water. Combustion
of fuel produce heat, which is transferred to the container and makes the water
evaporate. The vapor or steam can escape through a pipe that is connected to the
container and be transported elsewhere. Another pipe brings water (called “feed-
water”) to the container to replace the water that has evaporated and escaped.

Since the pressure level in the boiler should be kept constant (in order to
have stable process values), the mass of the steam that escapes has to be equal to
the mass of the water that is added. If steam leaves the boiler faster than water is
added, the pressure in the boiler falls. If water is added faster than it is evaporated,
the pressure rises. If more fuel is combusted, more heat generated and transferred
to the water. Thus, more steam is generated and pressure rises inside the boiler. If

less fuel is combusted, less steam is generated and the pressure sinks.
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Texct 3. A simple power plant cycle

The steam boiler provides steam to a heat consumer, usually to power an en-
gine. In a steam power plant a steam turbine is used for extracting the heat from the
steam and turning it into work. The turbine usually drives a generator that turns the
work from the turbine into electricity. The steam, used by the turbine, can be recy-
cled by cooling it until it condensates into water and then return it as feedwater to
the boiler. The condenser, where the steam is condensed, is a heat exchanger that
typically uses water from a nearby sea or a river to cool the steam. In a typical
power plant the pressure, at which the steam is produced, is high. But when the
steam has been used to drive the turbine, the pressure has dropped drastically. A
pump is therefore needed to get the pressure back up. Since the work needed to
compress a fluid is about a hundred times less than the work needed to compress a
gas, the pump is located after the condenser. The cycle that the described process
forms, is called a Rankine cycle and is the basis of most modern steam power pro-

Cesses.

Texct 4. Carnot efficiency

When considering any heat process or power cycle it is necessary to review
the Carnot efficiency that comes from the second law of thermodynamics. The
Carnot efficiency equation gives the maximum thermal efficiency of a system un-
dergoing a reversible power cycle while operating between two thermal reservoirs
at different temperatures.

The maximum efficiency as a function of the steam exhaust temperature can
be plotted by keeping the cooling water temperature constant. Assuming the tem-
perature of the cooling water is around 20 °C (a warm summer day), larger temper-
ature difference leads to a higher thermal efficiency.

Although no practical heat process is fully reversible, many processes can be

calculated precisely enough by approximating them as reversible processes.
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To give a practical example of the use of this theory on steam boilers, con-
sider the Rankine cycle. The temperature of the hot reservoir would then be the
temperature of the steam produced in the boiler and the temperature of the cold
reservoir would be the temperature of the cooling water drawn from a nearby river

or lake.

Tekcr 5. Properties of water and steam

Water is a useful and cheap medium to use as a working fluid. When water
Is boiled into steam its volume increases about 1,600 times, producing a force that
is almost as explosive as gunpowder. The force produced by this expansion is the
source of power in all steam engines. It also makes the boiler a dangerous device
that must be carefully treated.

The theoretical amount of heat that can be transferred from the combustion
process to the working fluid in a boiler is equivalent to the change in its total heat
content from its state at entering to that at exiting the boiler. In order to be able to
select and design steam-and-power-generation equipment, it is necessary to thor-
oughly understand the properties of the working fluid, steam, the use of steam ta-
bles and the use of superheat. These fundamentals of steam generator will be brief-
ly reviewed in this chapter. When phase changes of the water is discussed, only
liquid-vapor and vapor-liquid phase changes are mentioned, since these are the

phase changes the entire boiler technology is used.

Texcr 6. Boiling of water
Water and steam are typically used as heat carriers in heating systems.
Steam, the gas phase, water, results from adding sufficient heat to water to cause it
to evaporate. This boiler process consists of three main steps: the first step is the
adding of heat to the water that raises temperature up to the boiling point of water,
also called preheating. The second step is continuing addition of heat to change the

phase from water to steam, the actual evaporation, the third step is the heating of
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steam beyond the boiling temperature of water, known as superheating. The first
step and the third steps are the part where heat addition causes a temperature rise
but no phase change. When all the water has been evaporated, the steam is called
dry saturated steam. If steam is heated beyond its saturation point, the temperature
begins to rise again and the steam becomes superheated steam. Superheated steam
is defined by its zero moisture content: it contains no water at all, only 100 %
steam.
Evaporation

During the evaporation the enthalpy rises drastically. If water is evaporated
at atmospheric pressure from saturated liquid to saturated vapor, the enthalpy rise
needed is 2260 kJ/kg, from 430 kJ/kg (saturated water) to 2690 kJ/kg (saturated
steam). When the water has reached the dry saturated steam condition, the steam
contains a large amount of latent heat, corresponding to the heat that was led to the
process under constant pressure and temperature. So despite pressure and tempera-
ture is the same for the liquid and the vapour, the amount of heat is much higher in
vapour compared to the liquid.

Superheating

If the steam is heated beyond the dry saturated steam condition, the tempera-
ture begins to rise again and the properties of the steam start to resemble those of a
perfect gas. Steam with higher temperature than that of saturated steam is called
superheated steam. It contains no moisture and cannot condense until its tempera-
ture has been lowered to that of saturated steam at the same pressure. Superheating
the steam is particularly useful for eliminating condensation in steam lines, de-
creasing the moisture in the turbine exhaust and increasing the efficiency (i.e. Car-
not efficiency) of the power plant.

Effect of pressure on evaporation temperature

It is well known that water boils and evaporates at 100°C under atmospheric

pressure. By higher pressure, water evaporates at higher temperature — e.g. a pres-

sure of 10 bar equals an evaporation temperature of 184°C. The pressure and the
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corresponding temperature when a phase change occurs are called the saturation
temperature and saturation pressure. During the evaporation process pressure and
temperature are constant, but if the vaporization occurs in a closed vessel, the ex-
pansion that occurs due to the phase change of water into steam causes the pressure
to rise and thus the boiling temperature rises.

When 22.12 Mpa is exceeded (the corresponding temperature is 374°C), the
line stops. The reason is that the border between gas phase and liquid phase is
blurred out at that pressure. The point, where the different phases cease to exist, is

called the critical point of water.

Texer 7. Basics of combustion

Combustion can be defined as the complete, rapid exothermic oxidation of a
fuel with sufficient amount of oxygen or air with the objective of producing heat,
steam and/or electricity. The process of combustion occurs with a high speed and
at a high temperature. Essentially, it is a controlled explosion. Combustion occurs
when the elements in a fuel combine with oxygen and produce heat. All fuels,
whether they are solid, liquid or in gaseous form, consist primarily of compounds
of carbon and hydrogen called hydrocarbons (natural gas, coal fuel oil, wood, etc.),
which are converted in the combustion process to carbon dioxide (CO,) and steam.

Sulphur, nitrogen, and various other components are also present in these fuels.

Products of combustion
When the hydrogen and oxygen combine, intense heat and water vapor is
formed. When carbon and oxygen combine, intense heat and the compounds of
carbon monoxide or carbon dioxide are mixed. These chemical reactions take place
in a furnace during the burning of fuel, provided there is sufficient air (oxygen) to
completely burn the fuel. Very little of the released carbon is actually “consumed”
in the combustion reaction because flame temperature seldom reaches the vapori-

zation point of carbon. Most of it combines with oxygen to form CO, and passes
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out the vent. The final gaseous product of combustion is called a flue gas. As men-
tioned in the introduction to this segment. Combustion can never be 100% effi-
cient. All fuels contain moisture. Other fuel components may form by-products,

such as ash, and gaseous pollutants that need emission control equipment.

Types of combustion

There are three types of combustion:

Perfect combustion is achieved when all the fuel is burned using only the
theoretical amount of air, but as stated earlier, perfect combustion cannot be
achieved in a boiler.

Complete combustion is achieved when all the fuel is burned using the min-
imal amount of air above the theoretical amount of air needed to burn the fuel. Sol-
id fuels, such as coal, peat or biomass are typically fired at air factors 1.1 — 1.5, i.e.
110 — 150% of the oxygen needed for perfect combustion.

Incomplete Combustion occurs when part of the fuel is not burned, which re-

sults in the formation of soot and smoke.

Combustion of solid fuels

Solid fuels can be divided into high grade: coal and low grade: peat and
bark. The most typical firing methods are grate firing, cyclone firing, pulverized
firing and fluidized bed firing. Pulverized firing has been used in industrial and
utility boilers from 60 MWt to 6000 MWt. Grate firing has been used to fire bio-
fuels from 5 MWt to 600 MWt and cyclone firing has been used in small scale 3-6
MW1.

Combustion of coal

Oil and gas are always combusted with a burner, but there are three different

ways to combust coal:
1.  Fixed bed combustion (grate boilers)

2. Fluidized bed combustion
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3. Entrained bed combustion (pulverized coal combustion)

In fixed bed combustion, larger-sized coal is combusted in the bottom
part of the combustor with low-velocity air. Stoker boilers also employ this type
of combustion. Large-capacity pulverized coal fired boilers for power plants
usually employ entrained bed combustion. In fluidized bed combustion, fuel is

introduced into the fluidized bed and combusted.

Texcr 8. Main types of a modern boiler

In a modern boiler, there are two main types of boilers when considering the
heat transfer means from flue gases to feed water: fire tube boilers and water tube
boilers.

In a fire tube boiler the flue gases from the furnace are conducted to flue
passages, which consist of several parallel-connected tubes. The tubes run through
the boiler vessel, which contains the feedwater. The tubes are thus surrounded by
water. The heat from the flue gases is transferred from the tubes to the water in the
container, thus the water is heated into steam. An easy way to remember the prin-
ciple is to say that a fire tube boiler has “fire in the tubes”.

In a water tube boiler, the conditions are the opposite of a fire tube boiler.
The water circulates in many parallel-connected tubes. The tubes are situated in the
flue gas channel, and are heated by the flue gases, which are led from the furnace
through the flue gas passage. In a modern boiler, the tubes, where water circulates,
are welded together and form the furnace walls. Therefore the water tubes are di-
rectly exposed to radiation and gases from the combustion. Similarly to the fire
tube boiler, the water tube boiler received its name from having “water in the
tubes”.

A modern utility boiler is usually a water tube boiler, because a fire tube
boiler is limited in capacity and only feasible in small systems. The various designs

of water tube boilers are discussed further in “Steam/water circulation design™.
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Texcr 9. Steam boilers: Grate furnace boilers

Steam boilers can be classified by their combustion method, by their appli-

cation or by their type of steam/water circulation. In this chapter the following

boiler types will be presented and briefly described, to give the reader a perspec-

tive of the various types and uses of various steam boilers:

1.

© N o a0 B~ W N

Grate furnace boilers

Cyclone boilers

Pulverized coal fired (PCF) boilers

Oil and gas fired boilers

Heat recovery steam generators (HRSG)
Refuse boilers

Recovery boilers

Packaged boilers

Grate furnace boilers

Grate firing has been the most commonly used firing method for combusting

solid fuels in small and medium sized furnaces (15 kW-30 MW) since the begin-

ning of the industrialization. New furnace technology (especially fluidized bed

technology) has practically superseded the use of grate furnaces in unit sizes over 5

MW. Waste is usually burned in grate furnaces. There is also still a lot of grate

furnace boilers burning boifuels in operation. Since solid fuels are very different

there are also many types of grate furnaces. The principle of great firing is still

very similar for all grate furnaces (except for household furnaces). Combustion of

solid fuels in a grate furnace follows the same phases as any combustion method:

1. Removal of moisture

2. Pyrolysis (thermal decomposition) and combustion of volatile matter

3. Combustion of char
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When considering a single fuel particle, these phases occur in sequence.
When considering a furnace we have naturally particles in different phases at the
same time in different parts of the furnace.

The grate furnace is made up a grate that can be horizontal, sloping or coni-
cal. The grate can consist of a conveyor chain that transports the fuel forward. Al-
ternatively some parts of the grate can be mechanically movable or the whole grate
can be fixed. In the later case the fuel is transported by its own weight (sloping
grate). The fuel is supplied in the furnace from the hopper and moved forward
(horizontal grate) or downward (sloping grate) sequentially within the furnace.

The primary combustion air is supplied from underneath the fire bed, by
which the air makes efficient contact with the fuel, when blowing through the bed,
to dry, ignite and burn it. The secondary (and sometimes tertiary) combustion air is
supplied above the bed, in order to burn combustible gases that have been released
from the bed. The fuel is subjected to self-sustained burning in the furnace and is

discharged as ash. The ash has a relatively high content of combustible matter.

Texcr 10. Cyclone firing

The cyclone furnace chambers are mounted outside the main boiler shell,
which will have a narrow base, together with an arrangement for slag removal.
Primary combustion air carries the particles into the furnace in which the relatively
large coal/char particles are retained in the cyclone while the air passes through
them, promoting reaction. Secondary air is injected tangentially into the cyclone.
This creates a strong swirl, throwing the larger particles towards the furnace walls.
Tertiary air enters the centre of the burner, along the cyclone axis, and directly into
the central vortex. It is used to control the vortex vacuum, and hence the position
of the main combustion zone which is the primary source of radiant heat. An in-
crease in tertiary air moves that zone towards the furnace exit and the main boiler.

Cyclone-fired boilers are used for coals with a low ash fusion temperature,
which are difficult to use with a PCF boiler. 80-90% of the ash leaves the bottom
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of the boiler as a molten slag, thus reducing the load of fly ash passing through the
heat transfer sections to the precipitator or fabric filter to just 10-20% of that pre-
sent. As with PCF boilers, the combustion chamber is close to atmospheric pres-
sure, simplifying the passage of coal and air through the plant.

Cyclone firing can be divided into horizontal and vertical arrangements
based on the axis of the cylinder. Cyclone firing can also be dry or molten based
on ash behavior in the cyclone. Based on cooling media the cyclones are either wa-
ter-cooled or air-cooled (a.k.a. air cooled). Cyclone firing has successfully been
used to fire brown coal in Germany. Peat has been fired in cyclones at Russia and
Finland.

Compared with the flame of a conventional burner, the high intensity, high-
velocity cyclonic flames transfer heat more effectively to the boiler’s water-filled
tubes, resulting in the unusual combination of a compact boiler size and high effi-
ciency. The worst drawbacks of cyclone firing are a narrow operating range and
problems with the removal of ash. The combustion temperature in a cyclone is rel-
atively high compared to other firing methods, which results in a high rate of ther-

mal NOx formation.

Teker 11. Pulverized coal fired (PCF) boilers

Coal-fired water tube boiler systems generate approximately 38% of the
electric power generation worldwide and will continue to be major contributors in
the future. Pulverized coal fired boilers, which are the most popular utility boilers
today, have a high efficiency but a costly SO, and NOx control. Almost any kind of
coal can be reduced to powder and burned like a gas in a PCF-boiler, using burn-
ers. The PCF technology has enabled the increase of boiler unit size from 100 MW
in the 1950’s to far over 1000 MW. New pulverized coal-fired systems routinely
installed today generate power at net thermal cycle efficiencies ranging from 40 to
47% lower heating value, LHV, (corresponding to 34 to 37% higher heating value,
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HHV) while removing up to 97% of the combined, uncontrolled air pollution

emissions (SOx and NOx).

Fuel characteristics of coal

Coal is a heterogeneous substance in terms of its organic and inorganic con-
tent. Since only organic particles can be combusted, the inorganic particles remain
as ash and slag and increase the need for particle filters of the flue gas and the tear
and wear of furnace tubes. Pulverizing coal before feeding it to the furnace has the
benefit that the inorganic particles can be separated from the organic before the
furnace. In order to be able to remove ash the furnace easier, the bottom of the fur-
nace is shaped like a “V”’.

Burners and layout

Another benefit from pulverizing coal before combustion is that the coal air
mixture can be fed to the boiler through jet burners, as in oil and gas boilers. A fin-
er particle is faster combusted and thus the combustion is more complete the finer
the coal is pulverized and formation of soot and carbon monoxides in the flue gas
is also reduced. The size of a coal grain after the coal grinder is less than 150 mm.

Two broadly different boiler layouts are used. One is the traditional two-pass
layout where there is a furnace chamber, topped by some heat transfer tubing to re-
duce the FEGT. The flue gases then turn through 180° and pass downwards
through the main heat transfer and economizer sections. The other design is to use
a tower boiler, where virtually all the heat transfer sections are mounted vertically

above each other, over the combustion chamber.

Tekcr 12. Oil and gas fired boilers
Oil and natural gas have some common properties: both contain practically
no moisture or ash and both produce the same amount of flue gas when combusted.
They also burn in a gaseous condition with almost a homogeneous flame and can

therefore be burnt in similar burners with very little air surplus. Thus, oil and gas
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can be combusted in the same types of boilers. The radiation differences in the flue
gases of oil and gas are too high in order to use both fuels in the same boiler.
Combusting oil and gas with the same burner can cause flue gas temperature dif-
ferences up to 100° C.

The construction of an oil and gas boiler is similar to a PCF-boiler, with the
exception of the bottom of the furnace, which can be horizontal thanks to the low
ash content of oil and gas. Horizontal wall firing (all burners attached to the front

wall) is the most affordable alternative for oil and gas burners.

Texcr 13. Fluidized bed boilers

Fluidized bed combustion (cxuranue B kumsiiem cioe) was not used for en-
ergy production until the 1970’s, although it had been used before in many other
industrial applications. Fluidized bed combustion has become very common during
the last decades. One of the reasons is that a boiler using this type of combustion
allows many different types of fuels, also lower quality fuels, to be used in the
same boiler with high combustion efficiency. Furthermore, the combustion tem-
perature in a fluidized bed boiler is low, which directly induce lower NOx emis-
sions. Fluidized bed combustion also allows a cheap SOx reduction method by al-
lowing injection of lime directly into the furnace.

Principles. The principle of a fluidized bed boiler is based on a layer of sand
or a sand-like media, where the fuel is introduced into and combusted. The com-
bustion air blows through the sand layer from an opening in the bottom of the boil-
er. Depending on the velocity of the combustion air, the layer gets different types
fluid-like behaviour. This type of combustion has the following merits:

a) fuel flexibility; even low-grade coal such as sludge or refuse can be
burned; b) high combustion efficiency; c) low NOx emission; d) control of SOx
emission by desulfurization during combustion; this is achieved by employing
limestone as a bed material or injecting limestone into the bed; e) wide range of

acceptable fuel particle sizes; pulverizing the fuel is unnecessary; f) relatively
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small installation, because flue gas desulfurization and pulverizing facilities are not
required.

Main types: there are two main types of fluidized bed combustion boilers:
Bubbling fluidized bed (BFB) and Circulating fluidized bed (CFB) boilers.

In the bubbling type, because the velocity of the air is low, the medium par-
ticles are not carried above the bed. The combustion of this type of boiler is gener-
ated in the bed.

The CFB mode of fluidization is characterized by a high slip velocity be-
tween the gas and solids and by intensive solid mixing. High slip velocity between
the gas and solids, encourages high mass transfer rates that enhance the rates of the
oxidation (combustion) and desulfurization reactions, critical to the application of
CFBs to power generation. The intensive mixing of solids insures adequate mixing
of fuel and combustion products with combustion air and flue gas emissions reduc-
tion reagents.

In the circulating type, the velocity of air is high, so the medium sized parti-
cles are carried out of the combustor. The carried particles are captured by a cy-
clone installed in the outlet of combustor.

Combustion is generated in the whole combustor with intensive movement
of particles. Particles are continuously captured by the cyclone and sent back to the
bottom part of the combustor to combust unburned particles. This contributes to
full combustion.

The CFB boiler has the following advantages over the BFB Boiler:

- High combustion efficiency;

- Lower consumption of limestone as a bed material;

- Lower NOx emission;

- Quicker response to load changes

The main advantage of BFB boilers is a much larger flexibility in fuel quali-
ty than CFB boilers. BFB boilers have typically a power output lower than 100
MW and CFB boilers range from 100 MW to 500 MW. In recent years, many CFB
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boilers have been installed because of the need for highly efficient, environmental-

friendly facilities.

Texct 14. Heat recovery steam generators (HRSG)

As the name implies, heat recovery steam generators (HRSGSs) are boilers
where heat, generated in different processes, is recovered and used to generate
steam or boil water. The main purpose of these boilers are to cool down flue gases
produced by metallurgical or chemical processes, so that the flue gases can be ei-
ther further processed or released without causing harm. The steam generated is
only a useful by-product. Therefore extra burners are seldom used in ordinary
HRSGs. HRSGs are usually a link in a long process chain, which puts extremely
high demands on the reliability and adaptability of these boilers. Already a small
leakage can cause the loss of the production for a week. Problems occurring in the-
se boilers are more diverse and more difficult to control than problems in an ordi-
nary direct heated boiler.

HRSGs in power plants

Gas turbines and diesel engines are nowadays commonly used in generating
electricity in power plants. The temperature of the flue gases from gas turbines is
usually over 400°C, which means that a lot of heat is released into the environment
and the gas turbine plant works on a low efficiency. The efficiency of the power
plant can be improved significantly by connecting a heat recovery boiler (HRSG)
to it, which uses the heat in the flue gases to generate steam. This type of combina-
tion power generation processes is called a combined cycle.

Since the flue gases of a gas turbine are very clean, tubes can be tightly seat-
ed or rib tubes can be used to improve the heat transfer coefficient. These boilers
are usually natural circulation boilers. If the life span of the power plant is long
enough, the boiler is usually fitted with an economizer. If more electrical power
output is wanted, but the temperature of the flue gas is insufficient, the boiler can

be equipped with an extra burner (that burns the same fuel as the gas turbine) in
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order to increase the flue gas temperature and thus generate steam with a higher
temperature.
Texcer 15. Refuse boilers

The standard refuse (or waste) recovery boiler incinerates solid or liquid
waste products. This boiler type is not to be mixed with the recovery boilers used
in pulp and paper industry. Therefore, we will always refer to refuse boilers when
talking about waste and recovery boilers when we mean the specific chemical re-
covery process used in the pulp and paper industry.

The combustion of waste differs radically compared to other fuels mostly
due to the varying properties of waste. Also, the goal when combusting waste is
not to produce energy, but to reduce the volume and weight of the waste and to
make it more inert before dumping it on a refuse tip.

Waste is burned in many ways, but the main method is to combust it in a
grate boiler with a mechanical grate. Other ways to burn waste is to use a fixed
grate furnace, a fluidized bed for sludge or rotary kilns for chemical and problem-
atic waste. Waste is usually “mass burned”, i.e. it is burned in the shape it was de-
livered with minimal preparation and separation. The main preparation processes
are grinding and crushing of the waste and removal of large objects (like refrigera-
tors). Waste has to be thoroughly combusted, so that harmful and toxic compo-
nents are degraded and dissolved.

Waste can be refined into fuel, by separating as much of the inert and inor-
ganic material as possible. This is called refuse derived fuel (RDF) and can be used
as the primary fuel in fluidized bed boilers or burned as a secondary fuel with other

fuels. RDF is becoming more common nowadays.

Texcr 16. Recovery boilers
All paper is produced from one raw material: pulp. One of the most common
methods used to produce pulp is the Kraft process, which consists of two related

processes. The first is a pulping process, in which wood is chemically converted to
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pulp. The second is a chemical recovery process, in which chemicals used in pulp-
ing are returned to the pulping process to be used again. The waste liquid, from
where chemicals are to be recovered, is called back liquor.

The largest piece of equipment in power and recovery operations is the re-
covery boiler. It serves two main purposes. The first is to “recover” chemicals in
the black liquor through the combustion process (reduction) to be recycled to the
pulping process. Secondly, the boiler burns the organic materials in the black lig-
uor and produces process steam and supplies high pressure steam for other process
components.

Black liquor is injected into the recovery boiler from a height of six meters.
The combustion air is injected at three different zones in the boiler. The burning
black liquor forms a pile of smelt at the bottom of the boiler, where complicated
reactions take place. The smelt is drained from the boiler and is dissolved to form
green liquor. The green liquor is then causticized with lime to form white liquor
for cooking the wood chips. The residual lime mud is burnt in a rotary kiln to re-
cover the lime. Energy released by the volatilization of the liquor particles in the
recovery boiler yields a heat output that is absorbed by water in the boiler tubes
and steam drum. Steam produced by the boiler is utilized primarily to satisfy heat-
ing requirements, and to co-generate the electricity needed to operate the various

pieces of machinery in the plant.

Texcr 17. Bio-energy boilers

Renewable energy production is becoming a worldwide priority as countries
strive for sustainable growth and better living conditions. Many countries (e.g. EU)
have already set demanding targets to increase electricity production using bio-
energy resources and have introduced attractive incentives to accelerate this pro-
cess. Bio-energy solutions are based on a local fuel supply and thus provide price
stability, a secure supply of heat and power, and also local employment. Biofuels
are increasingly becoming locally traded commodities, which will further secure
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fuel price stability and availability. At the same time, green certificates and emis-
sion trading offer new opportunities for financing bio-energy projects.

Boilers combusting biofuels can be used to produce only electricity, but they
are mostly used in combined heat and power (CHP) plants and district heating
plants. These boilers are designed to operate on a wide variety of biofuels, includ-
ing extremely wet fuels such as wood residues, wood chips, bark and sawdust.
Smaller boilers use grate firing technology for biofuel combustion, while larger
plants use fluidized bed combustion technology. Smaller grate fired plants for
thermal heat production, (<10 MWth), have fire tube boilers, while larger ones are
fitted with integrated water/fire tube boilers.

One of the world’s largest solid biofuel-fired circulating fluidized bed (CFB)
boiler (550 MWsth) has been built at Alholmens Kraft power plant at Pietarsaari,
Finland. The CFB boiler with auxiliary equipment and the building was delivered
by Kvaerner Pulping Oy and commissioned in autumn 2001.

Teker 18. Packaged boilers

Packaged boilers are small self-contained boiler units. Packaged boilers are
used as hot water boilers, aiding utility boilers and process steam producers. Pack-
aged boilers can be both water tube and fire tube boilers. Packaged boilers can only
be used with oil and gas as fuel without separate preparation devices. A packaged
boiler can also be rented if there is a need for a temporary boiler solution.

The benefits of packaged boilers over common utility boilers are:

- Short installation time and low installation costs

- Small space usage

- Lower acquisition cost

- Better quality surveillance in work

- Standardized units

The drawbacks of packaged boilers are:

- Higher power consumption

- Cleaning periods more frequent
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IV. TEKCTBI JUIA YTEHUA U YCTHOI'O ITIEPEBOJIA

Iloozomoeka mekcmog 0,151 yCmHo20 omeema

JIJIsl yCTHOTO OTBETa Ha 3aHATHUSAX IEPEBOATCSA TEKCThI M3 JAHHOTO ITOCO-
owus. TlepeBosist TEKCTHI, CTYICHT JOJDKEH BBIITUCHIBATH B OTACIIBHYIO TETpaib He-
3HAKOMBIC CJIOBAa C TPAHCKPHUIIIIMEH W TIEPEBOJIOM, TOJB3YACHh OOIIMM aHTJIO-
PYCCKHM CJIOBapeM M TEPMHHOJIOTHYECKUM CJIOBapeM, IpHIaraéMbiM B KOHIIC
JTAHHOT'O TOCOOUS.

[Ipu oTBETE CTYAEHT YHWTACT W YCTHO TEPEBOIUT OTHACIHHBIC OTPBHIBKU U3
BCEX IMOJTOTOBJICHHBIX TEKCTOB IO YKa3aHUIO mpernojaBatens. [Ipu ureHuun u me-
pEBOIC TEKCTOB CTYACHTHI MOTYT M3pEJIKa TIOJIb30BaThCS CBOEH TETPANbIO, T/IC BBI-
MACaHbBI CJIOBA C TPAHCKPHUIILIUECH U TepeBoIoM. Vcronp30BaHNEe MUCHMEHHBIX T1€-

PEBOAOB TCKCTOB HE JOITYyCKACTCA.

Texcr 1. Pump types

The conditions under which liquids are to be transported vary widely and re-
quire a careful analysis before the proper selection of a pump can be made.

The conditions that will influence the selection of the type of pump are: 1)
the type of liquid to be handled, that is, its viscosity, cleanliness, temperature and
so on, 2) the amount of liquid to be handled, 3) the total pressure against which the
liquid is to be moved, 4) the type of power to be used to drive pumps.

Pumps may be divided into four major classifications:

1) Piston pumps or reciprocating pumps driven by engine or electric motors.

2) Centrifugal pumps driven by steam turbines or electric motors.

3) Rotary pumps driven by steam turbines or electric motors.

4) Fluid-impellent (kuakocTHbI) pumps which are not mechanically operated but

are fluid-pressure operated.
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Centrifugal pumps

The centrifugal pump consists of an impeller or rotating section to produce
the flow and a casing to enclose the liquid and to direct it properly as it leaves the
impeller at its center and parallel to the shaft. The velocity of the liquid with re-
spect to the impeller is in a direction opposite to the impeller motion. The impeller
blades are curved backward to permit the liquid to flow to the rim (kpaii) of the
impeller with minimum friction. As the liquid leaves the impeller, it is thrown in a
spiral motion forward with a certain velocity.

The water is graded away from the impeller by two basic types of casing: the
volute and the turbine or diffuser. Liquid enters the impeller in the center, is
thrown to the outside, and leaves the pump through the expanding spiral or volute
casing. The casing has the volute shape to permit flow with a minimum of friction
and to convert a part of the velocity head into static head. The static head is the
head that overcomes resistance to flow.

The turbine or diffuser pump has the same type of impeller as the volute
pump. The casing has a circular shape, and within the casing is a diffuser ring on
which are placed vanes (nomacts). The vanes direct the flow of liquid and a de-
crease in the velocity of the liquid occurs because of an increase in the area
through which the liquid flows. Thus, part of the velocity head is converted into
static head as in the volute pump. For multistage pump the diffuser pump has a
more compact casing than the volute pump. Generally, the volute pump will be
used for low-head high capacity flow requirement and diffuser pump for high-head
requirement.

Both volute and diffuser pumps are classified by the type of impeller, the
number of stages and the type of suction used.

When two or more impellers are mounted on the same shaft and act in series,
the pump is called a multistage pump, the number of stages corresponding to the
number of impellers. Usually each stage produces the same head, and the total

head developed is the number of heads produced per stage.
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The types of impellers installed in centrifugal pumps are as numerous as the
uses to which the pumps are put. Each of the impeller types has a specific purpose.

The axial-flow type is used to pump large quantities of fluid against a rela-
tively small static head. It is not a true centrifugal pump but is designed on the
principles of airfoil shapes. The radial pump is used for handling smaller quantities
of fluid against a high head, because the centrifugal force is high but the flow path
is small and restrictive. The open impeller is designed to handle dirty liquids such
as sewage, where the flow path must be less restrictive. The partially radial impel-

ler covers (oTBeuaeT) intermediate pumping conditions.

Texcm 2. Fans

Fans are used extensively in the heating and ventilating industry and in most
power plants. Their basic design principles fall into two cases: axial-flow fans and
centrifugal or radial fans. Axial flow fans are basically rotating air-foil fan similar
to the propeller of an airplane.

The simplest axial flow fan is the small electric fan used for circulating air in
rooms against very little resistance. Axial-flow fans for industrial purposes are the
two blades or multiblade propeller type, and the multiblade airfoil type. Air enters
the fan section from the left and flows over the rotor with a minimum of turbulence
owing to the streamline form of the rotor and drive mechanism. The air stream is
straightened by guide vane located on the discharge side, thus decreasing the rota-
tional energy of the air by converting it to energy of translation.

The axial-flow fan operates best under conditions where the resistance of the
system is low, as in the ventilating field. The axial-flow fan occupies a small
space, is light in weight, is easy to install, and handles large volumes of air.

Centrifugal fan may be divided into two major classes: 1) the long-blade or
plate type fan and 2) the short-blade multiblade fan. The blades of either type may
be pitched towards the direction of motion of the fan, radially, or away from the

direction of motion of the fan.
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A plate-type radial blade rotor with double inlet is best suited for handling
dirty gases since there are no pockets in the blades to catch and collect the dirt. The

fan is designed for induced-draft service.

Texcm 3. Blowers

Blowers may be divided into 2 types: 1) rotary and 2) centrifugal.

A common type of rotary blower is the Roots (pyrceBckuii) two-lobe blower
(BeHTHIISITOP € ABYMs 3yOuaThiMu Kosecamu). Two double lobe impellers mounted
on parallel shaft connected by gears rotate in opposite directions and at the same
speed. The impellers are machined to afford only a small clearance between them
and between the casing and impellers. As the lobes revolve, air is drawn into the
space between the impellers and the casing, where it is trapped (3agep>xuBaercsi)
and discharged in volumes equal to the space between the impellers and casing,
and the operation is repeated four times for each rotation of the shaft.

In order to change the volume rate (oOmenHbIit pacxon) of flow, the blower
speed is changed. The pressure developed by the blower can force the air through
the piping system. The volume of air delivered by the blower will not change. Thus
the blower is called a positive-displacement blower (BeHTHIATOP ¢
MOJIOKUTEIILHOM TToaueii).

Care should be taken in operating any positive-displacement blower. A
safety valve should be placed on the discharge line to prevent the discharge pres-
sure becoming excessive. This valve will prevent overloading the discharge line
and the driving motor. The advantages of the rotary blower are: 1) simple construc-
tion, 2) positive air movement, 3) economy of operation and low maintenance.

Centrifugal blowers and compressors operate on the same principle as cen-
trifugal pumps and resemble the closed-impeller centrifugal pumps. The casing or
housing is constructed of heavy steel plate, and the impeller is an aluminum-alloy
casting. If care is taken in providing the proper drive motor, the overload character-

istics of the centrifugal blowers will cause no trouble.
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Texcem 4. Centrifugal compressors

Multistage centrifugal blowers are generally named compressors. They re-
semble multistage centrifugal pumps and many of the problems of their designs are
similar to those in pumps designs.

The impellers of a complete centrifugal compressor unit are of the single-
suction type and passages lead the air or gas from the discharge of one impeller to
the suction side of the next impeller.

Because of an increase in temperature of the gas or air as the pressure is in-
creased, cooling is generally necessary. If the pressures are not high, cooling water
circulated in labyrinths between impellers may be sufficient. When high pressures
are encountered, the gas may be cooled in interstage coolers.

Axial-flow compressors are designed on the principles of the airfoil section
(BeHTHIISITOPHI JIonacTHOro THMa), and the blade shapes will be similar to the axial-
flow fan. These compressors are an essential part of the gas-turbine cycle. The ad-
vantages of centrifugal and axial-flow blowers and compressors are:1) non pulsat-
ing discharge of the gas, 2) no possibility of building up excessive discharge pres-
sures, 3) a minimum of parts subject to mechanical wear, 4) no valve necessary, 5)
minimum of vibration and noise, 6) high speed, low cost and small size or high ca-

pacity.

Texcm Ne 5. Power plant cycles

A cycle is a series of operations, which regularly repeat themselves for the
purpose of converting a portion of the stored energy of a fuel into a work. There
are two general types of power cycles: the closed cycle and the open cycle.

In the closed cycle the working fluid begins at some initial condition, under-

goes certain changes and returns to the initial condition.
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The Rankin cycle

The simplest ideal of theoretical power plant steam cycle is called the Ran-
kin cycle. The system contains: 1) a steam generating unit by which energy is
added to the fluid in the form of heat transfer from a burning fuel; 2) a prime
mover or steam turbine; 3) a condenser by which energy is rejected to the sur-
roundings by the heat transfer, and 4) a boiler feed water pump.

The following assumptions are made for the Rankin cycle:

1)  The wording fluid, usually water, is pumped into the bailer evaporated
info steam in the boiler, expanded in the prime mover, condensed in the condenser
and returned to the boiler feed pump to be recirculated through the equipment
again and again in a closed circuit under steady flow conditions, that is at any
given point in the system, the conditions of pressure, temperature, flow rate etc are
constant.

2)  All the heat is added in the steam-generated unit, all the heat that is re-
jected is transferred in the condenser. And there is no heat transfer between the
working fluid and the surroundings at any place except in the steam-generating
unit and the condenser.

3)  There is no pressure drop in the piping system, there is a constant high
pressure, pl, from the discharge side of the boiler feed pump to the prime mover,
and a constant low pressure, p2, from the exhaust flange of the prime mover to the
inlet of the boiler feed pump.

4)  Expansion in the prime mover and compression in the pump occur
without friction or heat transfer.

5)  The working fluid leaves the condenser as liquid at the highest possi-
ble temperature which is the saturation temperature corresponding to the exhaust
pressure, p2.

If the steam-generating unit is a boiler only, the steam that it delivers will be
wet, and its quality and enthalpy can be determined by throttling calorimeter. If a

super heater is included in the steam-generating unit, the steam that is delivered
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will be superheated and its enthalpy can be determined from its pressure and tem-
perature by use of the superheated steam table.

The condensate leaving the condenser and entering the boiler feed pump is
always saturated water at the condenser pressure, and its enthalpy can be found
from the steam tables at the given condenser pressure.

The Rankin-cycle efficiency is the best that is theoretically possible with the
equipment. Better theoretical efficiencies are possible by using more equipment in
the more complex cycles.

If should be noted that only a small part of the energy supplied in the boiler
as heat is converted into work and the rest is lost in the condenser.

The loss resulting from the heat-transferred to the condenser cooling water
IS, to a large extent, inescapable. The temperature of the cooling water varies only
with the atmospheric conditions, thus, it remains almost constant. To lower it by

artificial means would require additional energy.
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1. TekcTbl AJI IHCBMEHHOT'0 II€peEBOaa
Texctr 1. COMBUSTION

Burning or combustion is a special form of oxidation: oxygen combines rap-
idly with certain types of fuel, such as coal, oil, gas or wood, and substantial
amounts of heat are liberated.

Under some conditions, combustion may be self-starting. For example, coal
piled outdoors combines slowly with oxygen in the air giving off heat. If the heat
does not dissipate fast enough, temperature rises, and the reaction speeds up until it
eventually becomes rapid enough to be called burning.

Such spontaneous combustion is relatively uncommon, except in outdoor
coal piles. (It also occurs occasionally in storage bins and bunkers.) Combustion
usually begins when heat from an outside source is applied to a fuel. The burning
process is initiated by striking the match to generate enough friction heat to set it
aflame. The flame's heat is used to light kindling, and the kindling's heat to start
the logs. This method of using an easily lighted object to provide heat for ignition
of a harder-to-light fuel is common in engineering.

You are well aware that some things burn more readily than others. In gen-
eral, the degree of flammability depends on how easy it is to burn the particular
substance into a gas, because nothing truly burns until it is a gas. This, in turn, de-
pends on the nature and quantity of the substance, compared with the amount of
heat available to start combustion. It is easier to start wood-burning than coal, and
easier to ignite a twig than a log.

Note that, while combustion is essentially a chemical reaction, most of the

practical problems of fuel-burning are mechanical.

Texcr 2. BURNING EQUIPMENT
There are two general methods of firing fuel commonly employed: 1) on sta-

tionary grates, or 2) on stokers. Also coal may be pulverized to the consistancy of
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70 per cent through a 200-mesh screen and burned in suspension. The types of sol-
id fuel encountered in various parts of the world and the general conditions under
which they must be burned are so variable that it is impossible to-design one type
of grate or stoker that is exactly suited to all fuels. The problem becomes one ra-
ther of suiting the equipment to the type of fuel to be handled.

To a certain extent, the design of the furnace must be considered coinci-
dentally with the selection of fuel-burning equipment, so that satisfactory ignition
and heat release may be ensured. The choice of equipment for a given set of condi-
tions is limited, and, although any stoker will burn any fuel only one design as a
rule will give satisfactory results. Coals may be broadly classified as follows:

Group 1. This group includes the anthracites and semi-anthracites which
should be burned without agitation of the fuel bed.

A fuel of this class is satisfactorily burned on travelling grate or chain-grate
stokers, on which the coal is fed in a comparatively thin, uniform layer. As com-
bustion progresses, the ash covers the surface of the stoker and acts as a protective
blanket, the fuel being supplied with combustion air as it travels toward the ashpit.

Croup 2. This group includes the bituminous coals of the caking type which
require agitation of the fuel bed to break up the mass of coke as it forms as well as
to resist the tendency of this fuel to fuse into a mat, or cake, that resists the passage
of air and retards the process of combustion. Underfeed stokers of the multiple-
retort type are designed to burn coals of this class, for the plungers have a charac-
teristic forward and upward motion. By breaking up the surface of the fuel bed,
more air passages are created, with a tendency to increase combustion rate. A few
coals of this class have a low ash-fusion temperature with a resulting tendency to
fuse and jam the operating parts of the stoker. These coals, particularly if high in
sulphur, should be avoided as stoker fuels.

Group 3. This group includes midwestern coals and most of the western bi-

tuminous coals. These do not tend to soften but form masses of coke, they require
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no agitation of the fuel bed and are burned to best advantage on chain-grate stok-
ers.

Group 4. This group consists of most of subbituminous coals and lignites
which do not fuse when heated and do not require agitation. They have a tendency
to disintegrate or slack on the grate as well as drift and sift through if disturbed.
They have a tendency to avalanche on inclined grates and are most satisfactorily

burned on chain- or traveling-grate stokers.

Tekcr 3. STOKERS

A stoker should not only be designed from the combustion point of view, but
it must be mechanically strong to withstand all working stresses due to high tem-
perature, etc. A simple design will ensure low first cost minimum maintenance and
operation for long periods without failure. Some of the factors to be aimed at in
stoker design are: maximum rates of burning, highest continuous efficiency and the
unlimited choice of fuels.

Any study of the use of stokers must begin with an analysis of the four prin-
cipal constituents of coal, namely, moisture, volatiles, mixed carbon and ash, or,
more generally, water, tar, coke and dirt. These determine the features which
should be embodied in the stoker and furnace equipments so that the proper treat-
ment of the coal at the correct time is effected on its passage through the furnace.
Whichever of the two types be used the coal has to be taken from the bunkers to
the feeding hoppers on the boilers. The coal falls by gravity from the bunkers
through a valve into feeding chutes. In some installations automatic weighers are
included in the downspouts between the cut-off valves and the boiler feed hoppers.
The cut-off valves may be operated from the firing floor by means of chains. The
chutes are one ore two types namely, traversing and fixed.

There are usually two or three chutes for large boilers. The travelling chutes
travel the full width of the feeding hopper, the motion being affected by means of a

continuously rotating screwed shaft which engages with a special nut attached to
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the chute. The operating shaft has right- and left-hand helical grooves and the nut
Is designed so that at the end of its travel it reverses automatically.

The chutes are operated from the stoker drive, there being two or four chutes
for large boiler units. Coal chutes are of welded mild steel plates, wearing plates

also being included.

Texer 4. ECONOMIZERS AND AIR HEATERS

The largest loss that occurs when fuel is burned for steam generation is the
so-called "sensible heat" carried away in the hot flue gas. The efficiency of a steam-
generating unit provided with good fuel-burning equipment is a function of the
flue-gas temperature.

Theoretically, the minimum temperature to which the products of combus-
tion may be cooled is the temperature of the heat-transfer surface with which they
are last in contact. In the conventional boiler the theoretical minimum flue-gas
temperature would be the saturation temperature of the water in the boiler tubes.
The relative amount of boiler heat-transfer surface required to cool the products of
combustion from 1500° F to lower temperatures is based on saturated water in the
boiler tubes at 1000 psia. It will be noted that, as the temperature difference de-
creases, each increment of added surface becomes less effective and that the
amount of surface required to cool the gases from 700° to 600° F is about 60 per
cent of that required to cool the gases from 1500° to 700° F.

In general, it is not economical to install sufficient boiler surface to cool the
gases to within less than 150° F of the saturation temperature of the water in the
tubes, because sufficient heat cannot be transmitted to the tubes at such low tem-
perature difference to pay for the cost of the boiler surface.

The gases must be cooled from the boiler exit-gas temperature to the flue-gas
temperature required for high efficiency by means of heat-exchangers supplied with
fluids at temperatures less than the saturation temperature at the boiler pressure.

This can be done in an air heater supplied with the air required for combustion at
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room temperature or in an economizer supplied with boiler feedwater at a tempera-
ture considerably below the saturation temperature, or both. In many installations, it
is economical to install a small boiler and a large economizer and air heater and to
deliver the gases to the economizer at temperatures as high as 900° F rather than to
cool the gases to lower temperatures by a larger boiler.

In a typical economizer feedwater is supplied to the inlet header from which
it flows through a number of parallel circuits of 2-in. 0.d. tubes of considerable
length to the discharge header. If the inlet header is at the bottom so that the water
rises as it flows from tube to tube, the hot gas normally enters at the top and flows
downward. Thus the coldest gas will be in contact with the coldest tubes, and it is
possible to cool the gas to within 125° to 150° F of the temperature of the inlet wa-
ter if sufficient surface is installed.

Since the economizer has water in the tube and a dry gas around the tube, the
major resistance to beat transfer is on the gas side. In order to increase the surface
exposed to the gas per linear foot of tube and thus increase the effectiveness of the
tubular surface, the economizer has fins welded to the top and bottom of each tube.
This increases the surface available for heat transfer from the gas without substan-
tially increasing the pressure drop of the gas as it flows across the surface. The gas
flows at right angles to the tubes, and the 2-in. finned tubes are staggered to pro-
mote effective scrubbing of the outside surface by the gas so as to improve the
overall heat-transfer coefficient.

Where scale-free feedwater is available or acid cleaning of heat transfer sur-
faces is used to remove scale, the flanged return bends may be eliminated. The flow

circuits then consist of continuous welded tubing between inlet and outlet headers.

Texer 5. FURNACES
A furnace is a fairly gas-tight and well-insulated space in which gas, oil,
pulverized coal, or the combustible gases from solid-fuel beds may be burned with

a minimum amount of excess air and with reasonably complete combustion. Near
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the exit from the furnace at which place most of the fuel has been burned, the fur-
nace gases will consist of inert gases such as CO,, N, and H,O vapor, together with
some O,, and some combustible gases such as CO, H,, hydrocarbons, and particles
of free carbon (soot). If combustion is to be complete, the combustible gases must
be brought into intimate contact with the residual oxygen in a furnace atmosphere
composed principally of inert gases. Also, the oxygen must be kept to a minimum
if the loss due to heating the excess air from room temperature to chimney-gas
temperature is to be low. Consequently, the major function of the furnace is to pro-
vide space in which the fuel may be burned with a minimum amount of excess air
and with a minimum loss due to the escape of unburned fuel.

The design of a satisfactory furnace is based upon the “three T’s of combus-
tion”: temperature, turbulence, and time.

For each particular fossil fuel, there is a minimum temperature, known as the
ignition temperature, below which the combustion of that fuel in the correct
amount of air will not take place.

The ignition temperature of a fuel in air as reported by various investigators
depends somewhat upon the methods used to determine it and, for some common

gases, is as follows:

Hydrogen (H,) 1075-1095°F
Carbon monoxide (CO) 1190-1215°F
Methane (CH,) 1200-1380°F
Ethane (C,He) 970-1165°F

If the combustible gases are cooled below the ignition temperature, they will
not burn, regardless of the amount of oxygen present. A furnace must therefore be
large enough and be maintained at a high enough temperature to permit the com-
bustible gases to burn before they are cooled below the ignition temperature. In
other words, the relatively cool heat-transfer surfaces must be so located that they
do not cool the furnace gases below the ignition temperature until after combustion

IS reasonably complete.
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Turbulence is essential if combustion is to be complete in a furnace of eco-
nomical size. Violent mixing of oxygen with the combustible gases in a furnace
increases the rate of combustion, shortens the flame, reduces the required furnace
volume, and decreases the chance that combustible gases will escape from the fur-
nace without coming into contact with the oxygen necessary for their combustion.
The amount of excess oxygen or air required for combustion is decreased by effec-
tive mixing. Turbulence is obtained, in the case of oil, gas, and powdered coal, by
using burners which introduce the fuel-air mixture into the furnace with a violent
whirling action. High-velocity steam or air jets and mixing arches may be used to
increase the turbulence in furnaces fired with coal on stokers.

Since combustion is not instantaneous, time must be provided for the oxygen
to find and react with the combustible gases in the furnace. In burning fuels such as
gas, oil, or pulverized coal, the incoming fuel-air mixture must be heated above the
ignition temperature by radiation from the flame or hot walls of the furnace. Since
gaseous fuels are composed of molecules, they burn very rapidly when thoroughly
mixed with oxygen at a temperature above the ignition temperature. However, the
individual particles of pulverized coal or atomized oil are very large in comparison
with the size of molecules, and many molecules of oxygen are necessary to burn
one particle of coal or droplet of oil. Time is required for the oxygen molecules to
diffuse through the blanket of inert products of combustion which surround a par-
tially burned particle of fuel and to react with the unburned fuel. Consequently, oil
and pulverized coal burn with a longer flame than gaseous fuels.

The required furnace volume is dependent, therefore upon the kind of fuel
burned, the method of burning the fuel, the quantity of excess air in the furnace,
and the effectiveness of furnace turbulence. The shape of the furnace depends upon
the kind of fuel burned, the equipment employed to burn the fuel, and the type of
boiler used to absorb the energy if the fuel is burned for steam generation.

Industrial furnaces in which the objective is to create and maintain a region

at a high temperature and the furnaces of small steam boilers are constructed of fire
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brick, a brick that has been developed to withstand high temperatures without sof-
tening, to resist the erosive effects of furnace atmospheres and particles of ash, and
to resist spalling when subjected to fluctuating temperatures. Low vertical walls
may be constructed of fire brick in the conventional manner. High walls which are
subject to considerable expansion may be tied to and sectionally supported by an
external steel frame.

When a boiler furnace is operated at high capacity, the temperature may be
high enough to melt or fuse the ash which is carried in suspension by the furnace
gases. Molten ash will chemically attack and erode the fire brick with which it
comes into contact. Also, if the ash particles are not cooled below the temperature
at which they are plastic or sticky before they are carried into the convection tube
banks of the boiler, they will adhere to these surfaces, obstruct the gas passages,
and force a shutdown of the unit. Moreover, the function of a boiler is to generate
steam, and the most effective heat-transfer surface is that which can "see" the high-
temperature flame and absorb radiant energy. The rate of heat absorption expressed
in Btu per hour per square foot of projected wall area may be from 1000 to 10,000
times as great as the heat-transfer rate in the boiler surface with which the products
of combustion are in contact last before being discharged up the chimney. Conse-
quently, the walls of furnaces for large steam boilers are constructed of boiler

tubes.

Texcr 6. THE INTERNAL-COMBUSTION-ENGINE
POWER PLANT
The internal-combustion-engine power plant may include essential auxilia-
ries. The fuel is burned directly in the cylinder of the engine or prime mover, and
the high pressure thus generated drives the piston downward and rotates a crank-
shaft.
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Air is supplied to the engine silencer and cleaner, the function of which is to
reduce noise and remove dust which would accelerate cylinder and piston wear if
allowed to enter the cylinder.

A supercharger is installed in the air-intake system. The function of the su-
percharger is to increase the amount of air supplied to the cylinder by acting as an
air pump. This in turn permits burning more fuel and obtaining more power from a
given size of cylinder. An intake manifold is used to distribute the air equally from
the supercharger to the various cylinders of multicylinder engine.

The exhaust system consists of an exhaust manifold for collecting the dis-
charge gases from each of the cylinders into a common exhaust line, an exhaust si-
lencer or muffler for reducing noise, and the exhaust stack for disposing of the ex-
haust gases to the atmosphere without creating a public nuisance.

The cooling system includes a pump for circulating water through the cylin-
der jackets and heads of each cylinder and a heat exchanger to remove the energy
absorbed in the engine by the cooling water. The heat exchanger may be air-cooled
as in the automobile radiator, or it may be water-cooled. Seldom is raw water fit to
circulate directly through the jackets of an internal-combustion engine.

The lubricating oil may be passed through a cooler, filter, and reservoir and
is supplied to the engine under pressure by means of an oil pump, usually to a hol-
low crankshaft. The oil serves as a lubricant, for the rubbing surfaces of the engine
and also as a coolant.

The fuel system consists of a storage tank from which the fuel may be sup-
plied to a small day tank or reservoir. The oil is filtered and pumped as needed to
the fuel-injection system which is an integral part of the engine.

Since the fuel is burned directly in the cylinder of the prime mover, the in-
ternal-combustion-engine power plant is simpler and more compact than the steam
power plant. It is seldom built in engine sizes of more than 4000 hp, whereas a
300,000-hp steam turbine is common. It is more efficient than a steam power plant

of comparable size but not so efficient as large steam central-station plants, which
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moreover can burn a cheaper grade of fuel. Consequently, the internal-combustion
engine is used primarily in the transportation field for driving automobiles, buses,
trucks, tractors, locomotives, ships, and airplanes where a compact, light-weight,

efficient power plant of relatively small size is necessary.

Texkcr 7. SUPERHEATERS

Superheated steam is produced by causing saturated steam from a boiler to
flow through a heated tube or superheater, thereby increasing the temperature, en-
thalpy, the specific volume of the steam.

It should be noted that in an actual superheater there will be a decrease in
steam pressure due to fluid friction in the superheater tubing.

Maximum work is obtained when a fluid expands at constant entropy, that is,
without friction and without heat transfer to the surroundings. By calculations it
will be found that the constant-entropy expansion of 1 Ib of dry saturated steam at
1000 psia to a final pressure of 1.0 psia will result in the conversion into work of
417 Btu, whereas the expansion of superheated steam at the same initial pressure,
1000 psia but at 1000° F, to the same final pressure of 1.0 psia will result in the
conversion into work of 581 Btu, an increase of 39.3 per cent.

In addition to the theoretical gain in output due to the increased temperature
of superheated steam as compared to saturated steam, there are additional ad-
vantages to the use of superheated steam in turbines. The first law of thermodynam-
ics states that all the work done by the turbine comes from the energy in the steam
flowing through the turbine.

Thus, if steam enters the turbine with an enthalpy of 1300 Btu per Ib and the
work done in the turbine is equivalent to 300 Btu per Ib of steam, the enthalpy of
the exhaust steam will be 1300 — 300 = 1000 Btu per Ib, neglecting heat transfer to
the surroundings. If sufficient energy is converted into work to reduce the quality of
the steam below about 88 per cent, serious blade erosion results because of the

sandblasting effect of the droplets of water on the turbine blades.
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Also, each 1 per cent of moisture in the steam reduces the efficiency of that
part of the turbine in which the wet steam is expanding by 1 to 4 percent. It is nec-
essary, therefore, that high-efficiency steam turbines be supplied with superheated
steam. The minimum recommended steam temperature at the turbine throttle of

condensing turbines for various initial steam pressures is as follows:

Throttle Steam Minimum Steam
Pressure, psig Temperature, °F
400 725°

600 825°

850 900°

1250 950°

1450 1000°

1800 1050°

Large power plants currently being built in regions of high fuel cost are de-
signed for operation at pressures of more than 1500 psig. At these high pressures a
reduction in the annual fuel cost of 4 to 5 per cent can be made by expanding the
steam in the turbine from the initial pressure and 1000 to 1100°F to an intermediate
pressure of about 30 per cent of the initial pressure, returning the steam to the
steam-generating unit, and passing it through a second superheater, known as a
reheater, where it is superheated to 1000 t01100° F, and then completing the expan-
sion of the steam in the turbine. For initial steam pressures above the critical pres-
sure (3206 psia), a second stage of reheating is employed.

The decreased strength of steel at high temperature makes it necessary to use
alloy steels for superheater tubing where steam temperatures exceed 800° F. Alloy
steels containing 0.5 per cent of molybdenum and 1 to 5 per cent of chromium are

used for the hot end of high-temperature superheaters at steam temperatures up to
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1050° F, and austenitic steels such as those containing 18 per cent chromium and 8
per cent nickel are used for higher temperatures.

Superheaters may be classified as convection or radiant superheaters. Con-
vection superheaters are those that receive heat by direct contact with the hot prod-
ucts of combustion which flow around the tubes. Radiant superheaters are located
in furnace walls where they "see" the flame and absorb heat by radiation with a
minimum of contact with the hot gases.

In a typical superheater of the convection type saturated steam from the boil-
er is supplied to the upper or inlet header of the superheater by a single pipe or by a
group of circulator tubes. Steam flows at high velocity from the inlet to the outlet
header through a large number of parallel tubes or elements of small diameter. Nip-
ples are welded to the headers at the factory, and the tube elements are welded to
the nipples in the field, thus protecting the headers from temperature stresses due to
uneven heating during final welding.

The amount of surface required in the superheater depends upon the final
temperature to which the steam is to be superheated, the amount of steam to be su-
perheated, the quantity of hot gas flowing around the superheater, and the tem-
perature of the gas. In order to keep the surface to a minimum and thus reduce the
cost of the superheater, it should be located where high-temperature gases will flow
around the tubes. On the other hand, the products of combustion must be cooled
sufficiently before they enter the superheater tubes so that any ash that may be pre-
sent has been cooled to a temperature at which it is no longer sticky or plastic and
will not adhere to the superheater tubes. In a modern two-drum steam generating
unit fired by a continuous-ash-discharge spreader stoker, the superheater is located
ahead of the boiler convection surface and at the gas exit from the furnace. In in-
stallations burning coal having a high content of low-fusing-temperature ash, it may
be necessary to place a few boiler tubes ahead of the superheater.
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2. TexkcTbI 10 PAa3rOoBOPHBIM TeMaM

1. I'm a first year student

My name's... I'm a first-year student of Saint Petersburg State Technological
University of Plant Polymers. | study at the department of industrial heat-power
engineering. Others departments are: the chemical technological department, the
department of mechanics of automated systems of production, the department of
economics and production management, the department of automated control sys-
tems of technological processes.

| got interested in Physics when | was at school and now it's my favourite
subject. | think I'm good at it. It's also the key subject at our department. Besides
Physics the first-year students study mathematics, chemistry, history of Russia,
technical drawing, informatics, a foreign language and some other subjects. My
weak point is English. | have to work hard at it in order not to lag behind the
group.

We have lectures, classes and work in the laboratories. As a rule we have
three or four lectures a day. Our lectures begin at 9.30. So | have to get up very
early in order not to be late for them. | go to the University by underground (by
bus). It takes me about an hour to get to the University. We try not to miss classes
and lectures. We usually take notes at the lectures as it will be easier to read up for
our exams. We'll have our exams in January and then we'll have vacation.

It's very interesting to study new subjects, but it's not always easy to work
regularly.

There are 26 students in our group. Many of them live in the dormitory (stu-
dent hostel). It's not far from the University and they walk there. Our dean is asso-
ciate professor... Our sub dean is... The dean's office is on (the third) floor.

We have to study hard so we don't have free time on week days. At week-

ends we go to the cinema, theatre, museums, exhibitions, or to a disco.
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16.

What university do you study at?

What department (faculty) do you study at?

What year student are you?

What subjects do you study?

Which is your favourite subject?

Are you good at English?

What subjects are you especially good at?

What subject is your weak point?

How many lectures (classes) do you have a day?
What time do they begin?
Do you always come in time to the University?
Do you attend the lectures regularly?
Why do you sometimes miss lectures (classes)?
Do you take notes at the lectures?
What do students have to do to make progress in a foreign language?

How many exams (final tests) will you have in winter (summer)? In what sub-

jects?

17.
18.
19.
20.
21,
22,
23.
24,
25.

What time do you have to get up in order not to be late for lectures?
How long does it take you to get to the University?

Do you go to the University by underground or by bus?

Do you walk to the University?

How many students are there in your group?

Do you live in one of the dormitories or with you parents?

Is St.Petersburg your native (home) town?

Do you like St.Petersburg? Why?

What do you usually do in your free time?
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2. The history of our University

The history of our University dates back to 1931, when the Leningrad
Promcooperation Institute was formed. In 1936 it was renamed the Leningrad
Technological Institute and in 1959 the Leningrad Technological Institute for the
Pulp and Paper Industry. For its merits in training specialists and its research work
the Institute was awarded the Order of the Red Banner of Labour in 1981 and since
1987 it has been one of the leading institutions of higher education in Russia.

In 1993 the Institute got the status of University and was renamed Saint Pe-
tersburg State Technological University of Plant Polymers.

Various kinds of research are carried out in the University. The main trends
of investigations are as follows: creation of new technologies of complex pro-
cessing of wood and other plants as natural polymers, development of new prod-
ucts, lowering material and energy consumption. The research is closely connected
with the teaching process.

The faculty of the University numbers 300 teachers including 17 Academi-
cians and corresponding members of Academies of Sciences, 42 Doctors of Sci-
ences and full professors, more than 200 Candidates of Sciences and associate pro-
fessors, 4 honored members of the Academy of Technical Sciences, 5 National
prize-winners.

The University has the graduate course, doctorate and the councils which
grant doctor’s and candidate's degrees of technical Sciences. Some world-known
scientific schools were created and are directed by the leading scientists of the
University. There are 30 chairs in the University.

The University has about 3500 students including 2000 full-time students.
The course of study for full-time students lasts 5 years. Every theoretical course is
followed by practical training. The third-fourth year’s students have practical train-

ing at different integrated pulp and paper mills. One of two engineers working in
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the pulp and paper industry has graduated from the University. Many of its gradu-
ates work as chief engineers and general directors of pulp and paper mills.

The University has 5 dormitories for 2000 students. The University has nine
departments:

« the chemical-technological department,

+ the department of mechanics of automated systems of production,

* the department of industrial heat-power engineering,

« the department of automated control systems of technological processes,

« the department of economics and production management,

« the evening and correspondence departments and some others.

3. My Future Occupation:

Industrial Heat-Power Engineering

| study at the department of industrial heat-power engineering of Saint-
Petersburg Technological University of Plant Polymers. | am a second year stu-
dent. Our department trains heat-power engineers. Many of them work at research
and design institutes.

Our industry and economy are greatly connected with power engineering. It
is impossible to imagine modern life without heat and electricity. Thermal power
stations and municipal and industrial boiler houses play an important role in energy
system of our country. At present great attention is paid to combined generating of
heat and electricity at heat-and-power plants and to centralized heat supply. A
qualified specialist should assure that the technological processes and operation of
modern equipment along with the cost of heat energy and electricity to be pro-
duced suit market requirements. From this point of view the profession of a heat-
power engineer is extremely necessary and important and a specialist in this field

should be a real professional.
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Our department trains qualified engineers capable of operating the most
complicated up-to-date technological processes and highly competent in applying
modern kinds of equipment and using it in the most efficient manner. After gradu-
ating from the university I am going to work as a heat-power engineer. | think that

my future work is not easy, but absolutely necessary for our national economy.

Questions

1. What department do you study at?

2. What is your future specialization?

3. Where do the graduates of your department work?
4. Are you going to work as heat-power engineer?
5

. Do you like your future occupation?
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psig

nepeBo

MPOLICHT
rpanyc (Llembcus)

rpaayc (Dapenreiita)

HAIIEH 3PbI

TaKX€ U3BECTHBIN KaK

J10 HaIlleW 3pbI

OpuTaHCKas TEIJIOBask €MHULIA
OpuTaHCKas TEIJIOBask €MHULIA
Hanpumep

Y TaK Jajee

EBpocoro3

byt

JOIIaINHAs CUjia

qac

TO €CTh

IIOUM

KUJIOKOYJIb HA KHJIOTPaMM
KWJIOBAaTT

byHT

MUJTUMETP

Merarackalb

MeraBaTT

MeraBaTT

MeraBaTT

BHEIIIHUW TUAMETP

(GbyHTOB Ha KBaJpaTHBIN JIOUM
(GyHTOB Ha KBaJpaTHBIN JIOUM
(abcomroTHOE JTaBIIEHUE)

pounds per square inch gauge ¢yHTOB Ha KBaJIpaTHBIN TIOHM
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Temneparypa unraercs:
25° C — twenty-five degrees Centigrade ['sentigreid] (o mkaine L{enbcus);
34° F — thirty-four degrees Fahrenheit ['faeronhait] (o mkane ®apenretita).

Coxpamenusi: 0003HAYCHUSA YacTell pedyu

COKpAIICHUE O3HayaeT IepeBoI
a. adjective UM TIPHJIaraTeIbHOe
adv. adverb Hapeyne
cj. (conj.) conjunction COI03
n. noun UM CYIIIECTBUTEIBHOE
part. participle IPUYACTHC
pl. plural MHO>KECTBEHHOE YHCIIO
prep. preposition peyIor
pron. pronoun MECTOMMEHHUE
V. verb TJIaro
A

ability [o'biliti] N CIOCOOHOCTH
absorb [ab'zo:b] V TIOTJIONIATh
accessibility [ok,seso'brliti] N JIOCTYITHOCTh
achieve [a'tfi:v] V JIOCTUTaTh
act [eekt] V IEHCTBOBATh
addition [o’d1n] n

in addition to BI00OABOK
additional [ad’1fnal] a JTIOTIOJTHUTEIIbHBIH
admission [od’mifn] N gocTym
advantageous [,edvon’terdzoas] a BBITOJTHBIN
adversaly [‘aedv3:sli] adv o6patHO
affect [o’fekt] V BJIUATH (Ha)
airfoil [‘eaforl] N KPBUIO
alternately [o:1’t3:n1tli] adv monepeMeHHO
amber [‘@embo] N SIHTaPh
amount [o’maunt] N KOJIMYECTBO
application [,eplrkei/n] N MPUMEHEHHE
area [‘ear1o] N 001acTh, IIOIIAb
artificial [a:tr’ fifal] a MCKYCCTBEHHBIH
asphyxiating [,aes’ fiksiertin] a yAylIaroIIHi
assistant [o’s1stont] N MIOMOIITHUK
assumption [o’sampfon] N JTOMyIICHHE
attach [o’teetf] V NIPUCOEIUHSATH
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attract [o’traekt] V IPUTITUBATH
available [o’veilobl] a IOCTYITHBIN
bank [baenk] n OaTapes, My4oK
barge [ba:d3] n Oaprka
bed [bed] n cloi
blade [bleid] N JIONAcTh
blow [blov] V 1yTh
boil [boil] V KHIICTh
boiler [‘boils] n KOTeI

fire tube boiler KapOTPYOHBIN KOTEI
bottom [‘botom] n JIHO
boundary [‘baundori] N TpaHMIIA
break (broke, broken) [breik] v pa3OuBaTh
bunker [‘banko] n OyHKep
burn [b3:n] V COKUTaTh, TOPETH
burner [‘b3:no] n ropesika
capacity [ko’peesiti] N MPOM3BOJIUTEIHLHOCTD
carry [‘keert] V HeCTH

carry out IPOBOJIUTh, BHIMOJIHSATh
casing [‘kersig] n 000JI0YKa
cast iron [ ka:st’aron] N 4YyTyH
centrifugal [,sentrifju:gal] a MeHTPOOECKHBIH
chamber [‘t/fembo] n Kamepa
charge [tfa:d3] V 3apsDKaTh
chimney [‘t/imni] N IBIMOXOJTHAs TpyOa
circuit [“s3:kit]

short circuit N KOPOTKOE 3aMbIKaHUE
circular [‘s3:kjolo] a KpyroBou
cleanliness [‘klr:nlmos] N YUCTOTA
clearance [ ‘kliorans] n 3a30p, MPOCTPAHCTBO
coal [koul] n yrojb
coil [koil] N KaTylIKa, 3MEEBUK
collector [ka’lekta] n cOOPHHK;

dust collector BUICCOOPHUK, MBLICYJIOBUTEb
combustible [kom’bastabl] a 1) roprounii

n 2) roproyee

combustion [kom’bastfon] N CropaHue
compound [‘kompaond] N COCJMHCHHE
condensate [kon’densait] N KOHJICHCAT
conductor [kon’dakto] V MPOBOJTHUK
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consumption

[kon’samp/n]

n norpeOaeHne

contain [kon’tein] a coziepKaTh
contribution [ kontrr’bju:fn] n BKJIaJ
convective [kon’vektiv] a KOHBCKTHUBHBIH
conventional [kon’ven[onal] a OOBIYHBII
converter [kon’v3:to] n npeoOpa3oBartesb
convertible [kon’v3:tibl] a 00paTUMBIii
cool [ku:l] V OXJIAX/1aTh
cooler [‘ku:la] N OXJIAXK/1aTeIb;
interstage cooler MEXKCTYIICHYATHIHI
OXJIAXK/IATEb
correspond [ .korr’spond] V COOTBETCTBOBATH
cover [‘kavo] 1) V HOKpHIBaTh
2) N KpbIIIKa
cover conditions OTBEYATh YCIOBHIM
crush [kraf] V pa3MeIbINTh
current [‘karont] n TOK
alternating current TIEPEMEHHBIN TOK
curved [k3:vd] a MCKPHBJICHHBIN
D
dump [demp] a CBIPOH
decompose [,di:kam’pauz] V pasJaratb
decrease [‘dr:krr:s] 1) n yMeHbIIICHHE
[dr:’kr 1:5] 2) V yMEHBIIIATh
deliver [dr’liva] V MOJ[aBaTh, MOCTABJIATH
demand [dr’ma:nd] n Crpoc
density [‘denstti] N IUIOTHOCTh
depend [dr’pend] V 3aBHCETh
depth [dep0] n rIyonHa
determine [dr’t3:min] V OTIPENICTISTh
device [dr’vais] n mpudop
diffuser [dr’fju:za] n quddy3op
dimension [di’'men/n] n pazMep
direct [dar’rekt] V HaIpaBJIsITh
direction [dar’rekn] N HaIpaBJICHHUE
discharge [dis’tfa:d3] 1) n paspsin
2) V pa3psiKath, pasrpykaTh
distribution [,distri’bju:/n] N pacnpeacicHue
draft [dra:ft] N Tsra;
forced draft NPUHYAUTEIbHAS TSra
induced draft KOCBEHHas! (MCKYCCTBEHHAaN)

TsTra

draw (drew, drawn)

[dro:]

V TSHYTb
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drive (drove, driven) [draiv] V MPUBOJMTD B JBHKCHHE, 3a-
yCKAaTh
drop [drop] n rnepenaj, najacHue
drum [dram] n OapabaH
drying [‘dramp] n CyIIKa
dust [dast] N MBUTH
E
economizer [1’kona,maizs] N SKOHOMaM3ep;

non steaming econo-
mizer
steaming economizer

HEKUITALIMNA SKOHOMaN3ep;

KUIBIIAN SKOHOMAM3EP

effect [1’fekt] V OCYIIECTBIIATh
efficiency [’ fifonsi] N MPOU3BOAUTEIHLHOCTh
efficiently [r’fifontl1] a 9pPpexTuBHO
effort [‘efot] N yCUJIHe
eliminate [’ liminert] V YOQIATh
end [end] N KOHEII
exhaust end BBIXOJHOUN KOHEI]
engine [‘end3in] N JIBUTATEIh
steam engine apOBOY JIBUTATEIh
engineering [,end31’niory] N TEXHUKA
entrance [‘entrans] n BXOJ
equipment [1’kwipmoant] n 000pyTI0BaHHE
essential [1’sen(l] a BaKHBIN
evolve [r’volv] V BBIJICIISITH
evaporate [1’vozepareit] V UCITapUTH(Cs)
exchanger [1ks’tfemnd39] n 0OMEHHUK
heat exchanger TEII000MEHHUK
exhaust [19°za:st] 1) n BBINYCK, BBIXJIOMHAS TPyOa
2) V BBINTYCKaTh
exit [‘eksit] N BBIXOJ]
expansion [1ks’paen/n] V paciimpeHue
expensive [1ks’pensiv] a Ioporom
extract [1ks trnkt] V YIAISTh
F
fan [feen] N BEHTWIATOP
foil air fan BEHTHJISITOP JIOITACTHOTO THTIA
axial flow fan OCEBOM BEHTHIIATOP
long blade plate type BEHTHUJISATOP C JIOMACTIMU
fan TJIOCKOTO THIA
fault [fo:1t] N MOBPEKIACHHUE, COOM
feeder [‘fi:do] N MUTaTelb
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feedwater [“fi:d,wo:ta] n nUTaTenbHas BOJa
fine [fain] a MEJIKHH
fire [‘faio] V 3a)KHTaTh, COKUTaTh
fission [“fi/n] N pacHieryicHue
flame [fletm] N TUTaMsI
flange [fleend3] n Kpau
flood [flad] N MOTOK
flow [flov] 1) n noTOK;

axial flow 0CEBOI TIOTOK

2) V TeYb
fluid [“flu: 1d] N KUJIKOCTh, KUK Cpeaa
force [fo:s] 1) v HampaBJIATh,
2) n cuna

foundation [favn’derfn] N OCHOBBI

lay foundation 3aJI0’)KUTh OCHOBBI
frequency [‘fri:kwonsi] N YacToTa
friction [‘frik[n] n TpeHHe
fuel [fjual] N TOTUTHBO

fossil fuel OpPraHWYECKOE TOILUIHBO
furnace [‘f3:n15] N 1eyb

cyclone furnace IUKJIOHHAS [1€Yb
fusion [‘fju:zn] N CIUIABJICHHE, CIICKAaHUE

G

gas [gees] nras

flue gas TOTIOYHBIHN Ta3
gears [g10s] n pl 3yOUaThIii MEXaHU3M
generate [‘d3zenoarert] V MOPOX1aTh, 00Pa30BBIBATH
generation [,dzena’rerfn] n 00pa3oBaHKe
generator [,dzena’rerta] n reHeparop

steam generator

N MaporeHepaTop

give (gave, given) [giv] V J1aBaTh

give up V OT/IaBaTh
governor [‘gAvano] PETyJIATOp
grate [grert] n perreTka
gravity [‘graeviti] N CHJIA TSHKECTH
grill [gril] n peneTka
grind (ground, ground) | [graind] V pa3MaJibIBaTh

H

handling [‘heendlim] n 00CITy’)KHBaHHE
hardware [‘ha:dweos] n 000pyI0BaHKE
hazard [‘heezad] N OMAaCHOCTh
head [hed] N HaIop

velocity head

CKOpPOCTHOM HaIop
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heat [h1:t] N TEII0
heater [‘hi:to] n MoJ0rpeBareib
air heater BO3IyXOIO0rPEeBATEb
housing [‘hauzin] n KOXKyX
hydrogen [‘hardrodzon] N BOJIOPOJT
I
ignition [19°n1fn] N 32)KUTaHNE, BOCIIAMECHCHUE
impeller [1m’pelo] n paboyee KoJIeco
impinge [1m’pindsz] Vv JICHCTBOBATh HA, JIABUTH
improve [1m’pru:v] V yJIy4IIaTh
impurities [1m’pjuorttiz] n pl npumecu
inclination [,inklr’nerfn] N HaKJIOH
inclined [1n’Klaind] a HAKJIOHHBIN
include [1n’klu:d] V BKJIFOYATh
induce [in’dju:s] V cOOMpATHCs, BOHUKATh
inescapable [,inas’kerpabl] a HeM30CKHBIN
influence [‘influons] V BIIHSITh
injection [1n’dzek|n] N BIIYCK
inspection [1n’spekfn] n OCMOTP
install [1n’sto:1] V YCTaHOBHTH
installation [,insta’lerfn] N YCTaHOBKA
insulation [,mnsju’lerfn] N H30JISTUS
intake [‘interk] N BCAaChIBAaHUE
intermediate [,into’mi:diat] a MPOMEKYTOYHBIN
introduce [,intra’dju:s] V BBOJHUTh
investigate [1n’vestigert] V HCCIICIOBATh
involve [1n’volv] V BKJIFOYATh
L

lamp [leemp] n Jlammna
lead (led, led) [li:d] V BECTH
leak [li:K] n yTeuka
leave (left, left) [li:v] V MOKUIaTh, YXOJHUTh
length [len6] n JJTMHA
level [‘level] N YpOBEHb
light [lart] n CBET

V OCBEIIaTh
lightning [‘lartnin] N MOJIHUS
link [link] V COSINHSITH
liquid [‘Itkwid] N KAJTKOCTh

a KUIKUHU
load [loud] n Harpyska
lobe [laub] N BBICTYII, JIONIACTh
locate [lov’kert] v pacroJjararthb(cs)
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loose (lost, lost) [lu:Z] V TEPSTh
loss [loss] n noTeps
M
machine [ma’fi:n] n MaIrmHa
v 00pabaThIBaTh
machinery [ma’fi:nar] N MEXaHU3MBbI
maintain [mein’ten] V MOJIEPKATh
maintenance [‘mentonans] n 00CITy’)KHBaHHE
manufacture [,menju:’fakt/s] V IIPOU3BOJICTBO
mean [mi:n] V O3Ha4aTh
means [mi:nz] n CpecTBa
by means of prep mocpeacTBOM
measure [‘me3o] V U3MEPSIThH
melt [melt] V pacIuIaBJIATh(Cs)
mill [mil] N 3aBOJ
pulp and paper mill IEJUTIONI03HO-OYMaXKHBIN 3aBOJI
minute [‘minit] a MeJbYaiImmin
missile [‘misail] N pakera
guided missile yImpaBisieMasl pakeTa
mix [miks] V CMEIINBATh
motion [‘moun] N JIBIKCHUE
mount [maont] V MOHTHUPOBATh
move [mu:v] V JIBUTAThCS
N
nozzle [‘nozl] N COILIO
fixed nozzle HEMOABWKHOE COILIO
nuclear [‘nju:klis] a sIIepPHBIN
number [‘nAamba] N 9UCIIO0
a number of HECKOJIBKO
@)
obtain [ob’tein] V I0OBIBaTh, MOJIy4aTh
occupy [‘okjupai] V 3aHUMATh
occur [0°k3:] V CIIy4aThCsl, BOSHUKATh
oil [01l] n He(Th
operation [,opa’reifn] n pabora
output [‘avtput] N BBIXOJ]
outside [aut’sard] adv 3a mpezenbl, BHE
overcome (overcame, [,ouva’kam] V MpeoJ10JIeBaTh
overcome)
overhead [,ouva’hed] a BepXHHI
overloading [,ouva’loudin] n rneperpys
oxygen [‘oksid3on] N KUCJIOPOJ
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partial [‘pa:fl] a YaCTUYHBIHI
passage [‘paesidz] n IPOXOJT
perfect [paf’ekt] V COBEPIICHCTBOBATh
photocell [‘foutasel] n GOTOdIEMEHT
pick [p1k] v Opatb
pick up 10JTXBaTHIBATh
pipe [parp] n Tpy6a
piping [‘paipin] n TpyOONpoBO]I
piston [‘pistn] N MOPIIEHb
plate [pleit] N IIaCTHHA
plant [pla:nt] N 3aBOJI, JIEKTPOCTAHITHS
plunger [‘plandza] N TUTYHXEp
power [‘pav9] N MOILHOCTh
V CHa0)KaTh SHEPrUeH
preliminary [pr1’limmari] a MpeBapUTEITHHBIN
pressure [‘prefa] n J1aBJIcHUE
exhaust p. BBIITYCKHOE JIaBJICHUE
prevent [prr’vent] V IPeTyIpeIuTh
prime mover [‘praim’mu:vo] N JIBUTATEIh
process [pro’ses] v 00pabaThIBaTh
[‘prouses] n mporiece
produce [pro’dju:s] V MPOHU3BOJIUTH
profitable [‘profitobl] a BBITOJTHBIN
promote [pro’moaut] V BbI3BaTh, CIIOCOOCTBOBATH
property [‘propati] N CBOWCTBO
protect [pro’tekt] V 3alUIIATh
provide [pro’vaid] Vv 00€CTICUNTh
pulverized [‘pAlvoraizd] a pacIblICHHBIN
pump [pamp] N HAcoC
centrifugal pump IIEHTPOOCIKHBIN HACOC
fluid-impellent pump ’KUJIKOCTHBIA HACOC
hot-well pump KOHJICHCATHBIN HAacOC
multistage pump MHOT'OCTYIIEHYATBIA HACOC
piston pump MOPIIIHEBOHW HACOC
reciprocating pump MOPIITHEBOW HACOC
rotary pump POTAIMOHHBIN HACOC
put [pot] V CTaBHTb, KJIACTh

put into operation

ITYCTUTD B SKCILNIyaTallUuIO

quantity

| [‘kwontiti]

‘ n KOJIMN4YECTBO

R

radial

| [‘rerdiol]

‘ a paJraabHbIN
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rarefied

[,rearr’faid]

a pa3psKEHHbBIN

rate [rext] n CKOPOCThH
ratio [‘re1fiou] N OTHOIICHHUE
ration [‘raefon] N MOPIHUs
raw [ro:] a CBIPOM
reach [ri:tf] V JIOCTHTaTh
rear [r1o] n 3aIHss1 CTOPOHA
reciprocating [ri’siprokertin] a TMOPIIHEBOM
recover [rr’kava] V BOCCTAHOBHTD
reduce [rr’dju:s] V YMEHBIIIATh
reheater [ri:’hi:to] N MMOJIOTPEeBATEb
release [r’li:s] V 0CBOOOK1aTh, BEIACIIATh
relieve [rr’li:v] Vv 0CBOOOX/T1aTh(Cs1)
remain [ri’mein] V OCTaBaThCs
removal [r’mu:val] N yJaJeHue
remove [r’mu:v] V YOQIATh
renewable [rr’nju:abl] a BOCCTaHOBHMBIT
require [rr’kwaio] Vv TpeOOBaTh
resemble [r1’zembl] V TIOXOJIUTH (HA YTO-THO0)
residual [r1’z1djual] a OCTATOYHBIN
rest [rest] N OCTAJILHOE
result [r’zAlt] 1) n pe3ynbTar
result from 2) V 00pa3oBbIBATHCS B PE3yJib-
Tare
result in 3) V IpUBOJUTH K
return [rr’t3:n] V BO3BpalIaThCs
revolve [rr’volv] V BpaIaThCs
rim [rim] n Kpai
ring [ri] N KOJIBITO
rise [raiz] 1) v pactu
2) n pocT
room [ru:m] N oTaeNeHNe
boiler room KOTeJIbHasA, KOTEILHOE OTENe-
HUE
rotary [‘routari] a BpaIaIONIHIACs
rotate [rou’tert] v Bpamarthb(cs)
row [rau] n psig
rub [rab] V HaTHPaTh
runoff [‘ranof] N OTXOJBI
S
saturated [‘saetforertid] a HACHIICHHBIH
savings [‘servingz] n pl sxoHOMUS
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scale [skeil] n mMacmtad
semiconductor [,semikon’dakta] N MOJTYIIPOBOAHHUK
separation [,sepa’rerfn] N OTAC/ICHUE
set [set] N yCTaHOBKa
sewer [‘sju:9] N KOJUICKTOP
shaft [fa:ft] n BaJI
sheet [i:1] n JIUCT
tube sheet TPYOHBIH JINCT
shell [fel] n KOpIyc
shield [i:1d] N IUT
containment shield OrpaX A0 TIAT
side [sard] n CTOpOHa
similar [‘stmilo] a TI0TOOHBIN
sinuous [‘smjuos] a W3BUJIMCTHIN
slagging [‘slaegin] N OIIAKOBAHUE
solution [so’lu:/n] n penieHue
source [sa:s] N HCTOYHHUK
spaced [speist] a pacIoJIO’KCHHBIH Ha pac-
CTOSTHHM JPYT OT JApyra
split [split] V pacIierIsaTh(cs)
stack [stek] n BBIBOJIHAS TpyOa
stage [sterd3] N CTYIICHb
start [sta:t] V HAYUHATh
state [stert] N COCTOSIHUE
station [‘sterfn] N cTaHIus
electric power station AIIEKTPOCTAHIINS
nuclear power station aTOMHasl AJICKTPOCTAHIHSI
steam [sti:m] n map
stocker [‘stoka] N MEXaHWYECKUN TTOTPY3UUK
chain-grate stocker MEXaHWYECKas TOIKA C LIEITHON
pPEIIETKON
store [sto:] V XpaHHUTD
streamline [‘stri:mlain] N HaIllpaBJICHHUE TTOTOKA
subject [‘sabdzikt] N Tema, MpeaMeT
[‘sabdzikt] a MOAYMHEHHBIM
[sab’dzekt] V MOYHUHSATD
substance [‘sabstons] N BEIIECTBO
suction [‘sakfon] n 0TCOC
suit [sju:t] V MOJXOIUTh
superheater [,sju:pa’hi:ta] N reperpeBaTelib
superheating [,sju:pa’hi:tin] n reperpen
supplement [‘saplimant] V JIOIOJIHSATh
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supply [sa’plai] v 00eCIeunTh, CHa0KaTh
support [sa’po:t] V MOJICPKUBATh

surface [‘s3:f1S] N MOBEPXHOCTh

surround [so’raund] V OKpYXath

surrounding

[so’rauvndin]

n OKPYy’Karomec nmpoCTpaHCTBO

table [‘te1bl] n TabiuIa
throttel [‘Orotl] n Ipocceib, KilarnaH
thrust [Orast] N TOJYOK, AaBJICHUE
axial thrust 0CEBOE JABJICHUE
throw (threw, threw) [Orav] v cOpachIBaTh
tidal [‘tardl] a CBSI3aHHBIN C IPHJIUBAMU U
OTJIMBAMH
tight [tart] a HeTPOHMITAEMBIH
top [top] n Bepx
tower [‘tavo] n OarrHs
cooling tower OXJIaJUTeNIbHasA OanIHs
transfer [‘traensfs:] n nepeaava
[treens’3:] V 1epe1aBaTh
transmission [treenz’mifn] n nepegaya

treatment [‘trr:tment] n 00paboTKa
trend [trend] N TEHIEHIMS
trouble [‘trabl] N HapyIIeHue
turbine [‘t3:bin] N TypOuHa
automatic extration- TypOHHA C PETyJIUPYEMBIM OT-
turbine oopom

impulse turbine
reaction turbine

aKTUBHas TypOuHa
peakTUBHas TypOHHA

turbojet [‘t3:boud3zet] a TypOOPEaKTHBHBIIH

turbulence [‘t3:bjulons] n TypOyJICHTHOCTb,
3aBUXPCHUE

tube [‘tju:b] n Tpyoa

tubular [‘tju:bjola] a TpyOYaThIii

undergo [,Anda’gov] V MOJBEPraThCsl

underground [,Anda’graond] a MO3EMHBIH

unit [ju:nit] N YCTaHOBKA

unload [An’loud] V pasrpyxarh

urgent [‘3:d3ont] a CPOYHBIH

user [‘ju:za] N MOTPeOUTEIIb

valve [veelv] N KJanaH

safety valve NPeJOXPAaHUTEIbHBIN KIIallaH




slide valve 30JIOTHUK
vane [vein] n jonara
vary [‘veoari] V MEHSATBHCS, Pa3IMYaThCs
velocity [vr’lositi] n CKOPOCTh
vented [‘ventid] a BCHTHJINPOBAHHBIN
VisSCosity [viis’kositi] N BSA3KOCTh
volume [‘volju:m] n 00beM

specific volume yIeabHBIA 00BEM
volute [va’lu:t] N CIHUpPaIbHBIN KOPITYC
warfare [‘wo:fea] N BOHA, IPUEMBI BEICHUS

BOMHBI

waste [weist] N OTXOJIBI
water [‘wo:ta] n BoJia

feed water [UTaTeIbHas BoJa
wave [weiv] n BOJHA
wear [wea] N U3HOC
weight [wert] n Bec

specific weight yJIeIbHBINA BEC
welding [‘weldin] n CBapka
wheel [wi:l] n KOJIECO
width [wid6] N MUPUHA
wire [wais] N MPOBOJT

bubanorpadguyeckuii cnucox

1. B.B. Kupunnosa, T.M. BuxmaH. AHIJIMACKUH S3bIK: Y4EOHO-METOANYECKOE

noco0ue 1o MepeBoO Iy HayYHO-TEXHUYECKOM JINTepaTyphl JIJIsl CTYJIEHTOB U acIu-

panToB TexHnuYeckux cnernuaibHoctei. CI16.: CIIGI' TYPII, 2010. — 154 c.

2. B.B. Kupwmnosa, JIluopennesuu T.B., Cepreesa K.A., Cumnuposuu C.B.,

[Mapana T.C. AHTIuiAcKui S3bIK: Y4€OHO-METOAMYECKOE MTOCOOUe /ISl CTYIECHTOB-

3a0YHUKOB TerodHepreTrudeckoro akymnprera. CI16.: CII6OI TYPII, 2007.-110c.

3. Raymond Murphy. English Grammar in use. Cambridge university press.

2010. — 350 p.




COJAEPKAHHUE

531531 ()3 1 (S TSP 3
. METOANWYECKHUE PEKOMEHJIAIIUU JIJISI YTEHUSA

U NEPEBOJA CHIEIIUAJTBHOM JIUTEPATYPBI .........ccovvvve 4
II. TEKCTBI JJISAUTEHMS ....... ... i, 10
Texer 1.The use of solar €Nergy .........oooeiiiiiiiii i, 10
Texer 2. Renewable energy SOUICES ........ooviiiniiii e 11
TEeKCT 3. ALOMIC BNEIGY . .vontt ittt e 12
TekcT 4. Nuclear pOwWer Stations ........o.evviiniiiiiie e eiieeeieeeeiaaenns 12
TekeT 5. A StEAM BNQINE ..ot e e e, 13
TekCT 6. FIrStINVENTOIS .. .o e e e 14
Texer 7.James Watl ... 15
Tekct 8. George and Robert Stephensons .........oooovviiiiiiiiiii e 16
Texcer 9. The steam generating UNit ..., 18
Texer 10. The steam power plant ..., 18
I1l. TEKCTHBI JJIA YTEHUS UTIEPEBOJA ... 21
Texcr 1. Basics of boilers and boiler processes ...........coovviiiiiiiiiiiienn.n. 21
Texct 2. Asimple boiler ... ... 22
Texcr 3. Asimple power plantcycle ... 23
Texcer 4. Carnot effiCIENCY .. ... 23
Texct 5. Properties of water and steam ...............ooooiiiiiiiiiiiii i, 24
Texer 6. Boiling of Water ... 24
Tekcr 7. Basics of combustion ... 26
Texct 8. Main types of amodern boiler..................oooiiiiiiii i 28
Texct 9. Steam boilers: Grate furnace boilers..............ccooeviiiiiiiiiiinn.n 29
Texct 10. CyClone firing. ... ..o e, 30
Texct 11. Pulverized coal fired (PCF) boilers.............coooiiiiiiiiiii.. 31
Texcr 12. Oil and gas fired boilers............coooiiiiii i 32
Texer 13. Fluidized bed boilers..........ooooiii i, 33



Tekct 14. Heat recovery steam generators (HRSG).....................ooal. 35

Texcr 15. Refuse bOilers. ... ..o 36
TekeT 16. RECOVEry DOIIers. ..o, 36
Texer 17. Bio-energy boilers...... ..., 37
Texcr 18. Packaged boilers. ... ..., 38
IV. TEKCTHBI JJIsA YUTEHUSA U YCTHOI'O IIEPEBOJIA ............... 39
I1oAr0OTOBKA TEKCTOB IJIS1 YCTHOIO OTBETA ....uvvveeeniiieeeanineeeennnnnn. 39
TeKCT 1. PUMP Y PES. .ottt e e e ae s 39
TEKCT 2. FaANS. ..o 41
TeKCT 3. BIOWEIS. ... e, 42
Tekct 4. Centrifugal COMPreSSOrS. .. .ovviriei e 43
Texer 5. POwer plant CYCIeS. .......c.oori i, 43
HPUJIOKEHHMS . ... e e 46
1. TexkcThbl AJ1sl MUCBMEHHOTO MEPEBOJA. .........c.eeennnreriiniiinnensiinnnensn.... 40
TereT 1. COMBUSHION ... e, 46
TekcT 2. Burning equipment. .........ooeiiiiiiiie i eeiee e eaeaans 46
TEKCT 3. STOKETS ..\ttt e, 48
Tekcr 4. Economizers and air heaters............ovvviiiiiiiiiiiiiiieeeeen, 49
TeKCT 5. FUIMACES. ...t e 50
Texct 6. The internal-combustion-engine power plant............................ 53
TeKCT 7. SUPEINEALEIS. .. .ot e 55
2. TeKCTHI M0 PA3TOBOPHBIM TEMAM.........utnttennteneeanteanteaneennanennenns 58
1. Pma first-year student.............coooiiiiiii i 58
2. The history of our UNIVEISItY.......c.ooiviiii e 60
3. My future occupation: Industrial heat-power engineering................ 61
CIIOBAPD ... e 63
137 (001 (0 y o100} e (o103 70 M 114 (610 - SRR 75

-77 -



Yy4eOHOe n3nanue

BukTopus ButanseBna Kupuiosa
Auna MuxalinoBHa 3HaMEHCKast
['anuna UBanosua Haiinanosa
Tatpsana CranuciaBoBHa [llapana

AHIJIHACKUH A3BIK

VY4eOHO-MeToAYECKOE TOCcOOrE IO YTEHHUIO U NTEPEBOLY
HAyYHO-TEXHUUYECKOU JTUTEPATYPhI
JUTSL CTYZICHTOB (haKyJIbTeTa MPOMBIILICHHON YHEPTeTUKU

Penakrop u xoppekrop B. A. bacosa
TexHn. pegakrop JI.S.Turosa
Komnelotepnast Bépctka: A.M. 3HameHckas Temrnan 2014 r., mo3. 135

[Momn. k mewarn 15.12.2014. ®opmar 60x84/16. bymara tum. Nel.
[Teuats odcernas. Yu.-usn. i. 4,75; ycn. ned. i1. 4,75. Tupax 200 7xk3.

M3, Ne 135. Ilena “"C". 3aka3

Puzorpad Cankr-IlerepOyprckoro rocyaapcTBEHHOIO TEXHOJIOTHYECKOTO
YHHUBEPCHUTETA PacTUTENbHBIX osumepoB, 198095, Cankr-IletepOypr, yi. Bana YepHsix, 4.



