A=

LTEEFHE T AUBM ‘

SPECIALIZED ENGLISH FOR
THERMAL ENERGY & POWER ENGINEERING

REESEN I TAE
ZlsiE

BT £ %
BFRR  BlE%

4’@@75;’4:4@@1

http://jc.cepp.com.cn



£33.4(
20442663

HERERE R

SPECIALIZED ENGLISH FOR
THERMAL ENERGY & POWER ENGINEERING

MeeSEhhIiE

Dj’f@@ﬁi’.%d

http://jc.cepp.com.cn




mERE

AEEETHRESH N TR LW HERIARAL W AR EZAE,
BT IEHF KL BAF LA . $HEXMREMERRTE, $X
HEWEHRILRE, LT ARNY, WEEE,

2HIF+ 8, BRE—ERRESIN TR b ER MRS, B
T—ERBNATHRP. KR AhRE), BT Ak, R EEE
1. PL. MERYSBREIER. ANTE, WR 52, BESHER.
FEIBRSAE, SREHREHEEEREEE. SABE. AR,
BAME . BARRF . BRI SREN Y, HREE5EHE. Sy
. EAKERFVEAERE, L AREH. B, PARELMNY AR

T,
AHAHERHEERRE S TREAR T AR ENE W IGEHH,

EAMETARAE X~ L S A B TREAR ARTEBARBIES%,

BHEESB (CIP) ¥iE

HEE S TRLWIGE/ A 4  —bat: FEHE

i Rat, 2004
YHEEEHE ‘T HWEH
ISBN 7-5083-2051-4

.8 1./ 0. .OHRE-"F-"BEER-H
MO H IR - HiE - FFF¥K -#H N.H31
o E RRA B 548 CIP BT (2004) 58 051893 5

hEES MR IR BT
(LF=EFA 65 100044 htip://jc. cepp. com.cn)
&% A R A R
HHHHEBIEEE

W4 AS M 2004 4E 8 A JLEUEE—IREVR
787 Bk x 1092 8K 16 A 15.75 85K 360 TF
EP% 0001—3000 #F T 26.00 7T

BwmEeEdsE BHLR
(FHNENHFERAE, RHRTHATES)



Z%

MY EE I RTRL AN BRRERT “+E” AREH, 2HEFTWESL 54,
AEBEEREAT. RERMHBERAXBLERBHFAERRENEIA, LRELERK
BEFWASBRNE R, XEHH MK, SHAEFFPERRE 2 HEHRETAL
AE+HEEHHER

B 1978 4 blk, BAMGAH., REED, RE AT LHHEANT - ENRELK
B, EITHRT AXHMH 100028, EEEMEREFRULHRL I XLFERY, X
AUBEHERE, LTRERRHT, ARA-ABRFHE VAL, RETEERE,
EAEBESREN, i, KEX LV AEHIERLEUANAMBEIHET, X
TREEBENH AR

BHIBEXRBWE, “NE” HALKNRETLEREM, BRSERRETERL
B, RECLRNS BEANERHM, SREHGHK, FTHERTEMRRRET
REHHSFRAEA. A, RNEEZFE, ARKATHRD AEKE, KK
IMHBRBENRF AR, TRRREFHE L ERBITHREN NP EELENEE,
A RRENEMTREBNRHAD, dib, BB I Ho R Efdh T by
BB, RTHRAENAANEREREFERERGRETRALN, FHEHTELES
BEBE, FAXE BERRNNBLATEAARLA SRS, FHRUAF, EXRAMN
RUHMR— W AF. hEAF., TEF. FRF, £REFEL. WRABLARBNHE
KFH M

REXES (AT “+5" MRS BAFLATHAMBRERENEL) W, “F
E ONALERLKEHME RN IHESRAB LS EANEM AR, ESRIRSH
. SRE. FEK. SRMEFIRENEMER, Wik, PEAIHTHLEXRLRE
AHLBRENRSNED L, ARHTTRREAFLELN “TE” HHARN, “+
T AXEMAEETEMAFH SN, A TRERE. LI HLLRLEREFR
B WM. KRR UKFHSIRLSTHMNE -ZURLAEAGHM., AE” B
FEAHMFHME BN A X HH, RERFBFEHTHT. ¥ FHEEHN, EXGA
BARAMEFLEEAAL ERNES, R4 LA &K B o B3 KB fo B F P A,
BRAZNKERE, EAHNERESHANRB FRARERAEMN () WHE,
TERRATNERREMAFR IS LREA NRHF, hELR, 1. RRABARE
A, ERAABALBEMEREATR, A—NRETUAS RGN HFEBEM,
IREMETER K ERLE A IREAREERS. REA N TRENAFZAL.
WA BHEEENEEERLNARETEAF, BEENHEERUM,

H

I - .~
Pﬂﬂ}“wb

A ;




E TR #MANNARIRIEY, RATHTY, BXEHE. BXEHQH,
PEEASVEES. AABERKEN) ARFOASL LE, £R-FRTEOHEH,

BHBRE-FKHTRENES, TTHR BT, FELHZE. ik, £HM
WEALEY, FARMHRBEIRWELAEN, UESEETRHEA (KATX:
100761 L EFERR A B £ 1556898 FEHRAHE R HHRRSLEZ 010—
63416222)

RERIKEDS



4 %

AR, REERAFHEKAHE, MERSENNTREKER, ZITLEEE LN
AR RAHHBAMSRRWELHBRENREL, Bit, MIARRSERRENT#H
BE, BUREMELWHALH 24N TRE AR AR IR & 35 B35 = 6 8
HIl,

ABNBRIEWE THESHHITESULMXL LR, UNMETBRMSE., FR
FHRENFOEFTRRER, TEAFCE: R, KRV, KHRET . RTAF
. REJEEET. ARNL. BBV SREER. KA TR, W STR. RRS5H
R, M IEE, TARTSEELIRA KL AR

LA FIBERNARLRE L SAREERR, MAARRAZRETALRBENE
o AEREESFANFEELRABE I N IR L REHF¥THENEM L, 2ETX
BHESXEBFRE T UENBZELBHETRT XA (RESHHTRELRE). &HH
R FARFE AR FRME RS SURA R, BEIR LAY, AR, MRERE, &
SHER, BESES, RERSEMNHERAERAERES

APHELR I RFRETHEER, WHKRFETIREEGRRAB EH, $HHE—
EHRRAGE, 5. BLEHRERRTS, F=%. FOUEHERAHE, FLE.
EAEHARBAST, FAE, FE+_BHEKRARE, FLE. FTEHIBRXES,
F+—EHEARTRS . BEFRUHAXLBHITER.

WLASBAGHBEAT2H, BREFLSERER, EUHFTEH.

BT BREFFIMSE IS, FEARSHESRATEER-LREABBRERSE
o SEEEH, I

HFREAKFHTR, BhgprrEdkamse, SofEEMirHiE,

% &
2004418




F
B S
Chapter 1 Thermal and Fluids Engineermg ............................................................ 1
1.1 Fundamentals of Engineering Thermodynamic =+« «w+evstresssesesssnsaissmmneniuiioie 1
1.2 Fundamentals of Heat Transfer «c-cccceceeereterrtertrrtieriimccrrmcerisissossnraisiestcesaces 5
1.3 Introduction to Fluid MecChamiCg  =+«+essesrrerronstonsstiieimuiiniatiseriosaasneecsissntesassees 8
FXEICISES +++vv*tteotesostassritossosssastoesstssnnsresstssnassrsonssonsorsansssaentssnastrassssssastnonsess 13
Rcading Materials ; Tendering Procedure seceserrseesrrrertetrsiitiititietuistttcisaasiiatiantasinantans 14
Words and Explessions .................................................................................... 23
Chapter 2 Boiler «-+--creeeteemsens ittt s e 25
2.1 INtroQUCHION <cvveevsersrorersornostoosrereatotesrarsisrecssssisretsessstosesotsessotssssinssacsecsare 25
2.2 FRUE] revrrerrerr ettt ettt e s s s sttt sa s aes 27
2.3 System Arrangement and Key Components ...................................................... 32
2.4 Mechanical Design ««o+eeereeesssrsessesreoine sttt 39
2.5 TFuel Ash COITOSION +#+t+ereserrsrrenstamennntteuetuiatitttaieutttateioenanesrosnsassssasons 41
2.6 On-load Cleaning of Boflers ««++++++essseeeersemsessrennissniiiisiesititn e 43
2.7 Energy Balance coececreeeeeesesseses st e 44
EXEICISES  +*+ " t+ ot s totetesetsttenmutneutriotaitnnentsteitsetanetisarststesorasseiatsastontantontonsocse 46
Reading Materials; «e-srseevessrerestornsestretttmitmmiitti s 47
1. Codes and Standards  =t+vre-sseeerrerrenronteniiettimettiierieiorerattitiitatitt et 47
2. Development of Maintenance Procedures «--«««+«ssrseessssrssssrsnumntneiisenteeetieniense 48
3. Properties Of China Coal «+++++ssssesrernsrmennmmmsuminurineniiiiceaiieties st sieesaseen 49
WOIdS and EXPIESSIONS 1« «=+»+reeseneensunerntmmtntiinnaiiiisiinestisssrtestiteaniticins sy 50
Chapter 3 Steam Turbine ---«----«-«rerrerrrmritmrriiitiiei ittt 53
3.1  INMTOAUCHON r+# e scesetrereensertortontntotismatiateterestirierstierttoonetontsastasnaruansaisaesses 53
3.2 Casing CONSHUCHOR «+++++ s+ vsrrrssstmrssunrnntinstmiitnistas i nir sttt st 56
3.3 Turbine Rotors and COuplings ««+««-s:e+ssrseeserssnsseenmummmnmninneioiestisnninintnnernae 61
3.4 Turbine Blading :++:r++sevesrerereeermmmnineuntmmmaitris et s e 65
3.5 CONAEISEr +=+vreesrtrssrorerensteenssmeetsteestomententestirerutssiiastotnrsrertntommoersenssies 69
EXEICISES <777 +*+n"serserseonssatuutntorsstsmustrsionetantesoensscistatintostsosiottotsaionniecsessnasees 72
Reading Materials;  «++seeeeesssmenrrermnsumssimsens e s e 73
1. Introduction to Shajiac POwer Plant «««««+++-+ssersssrersesesserernnrssasiaeanramsnisetsiiannn 73
2. Project MAnagement «-++++«+ssssrmersrmsssssssntistntinainaitettinsetmitnaniis s 74



Words and ExpreSSlODS .................................................................................... 76

Chapter 4 Thermal Power Plant -----+++-+++ctereruerarurmramiii s 79
4.1 TOMTOQUCHON *++++r++#erersrrrennrssssnrssnsenseresusiesserssnrrsuessisassansssesasonanssanraemnesns 79
4.2 Modern Steam POWer PIANE +-+++++++erseeeerseessertesnsrarsnsionsuiareemnsrereteraaseentsnase 83
4.3 Heaters and Its ATTADREINIENLS  ++ 7 ++enrsresermeresrtsseermotariorerstatannorensasiastoiscaieses 87
EXEICISES *oct s et eteeereonaraansionsneetoosiusrtassnseriensottensrosnioitosissecsororsacsstverocasassoasecns 90
Reading Materialg;  ++-++»«r+srereerasneretenssmmnrnrtes sttt s 91

1.The BOT COMCEPL +++++#++++r+ssetsssasnesnsssssisnsutsnntie s iitiatnts st nan e et 91
2 . Units and COMVEISIONS ++-++++#=++s=sresesarorseunsmmmmueiisisttnieisiraresnserasnisesssonsanions 9]
WOrds and EXPIESSIONS +-«v+c+erersrersassntsssintttinmmiitnses ittt sttt s 7]

Chapter 5 Instrumentation and Control in Thermal Power Station -------cccooereemeeereereeees 95
5.1 TLrOQUCHON *¢««rvererrererereorerensimesotiimneunasoiatitioensieniteecoensnieses Veeersrereneses 95
5.2 Basic Control THEOY +++r+++ssssesssssrssssrurrmuitriinttitiitititiriiiat ittt ss e sens 95
5.3 Application of Automatic Control in Thermal Power Station =~ ««+terresrerrrsmecersneinraeene 9
5.4 Logic Control and Protection Systems in Thermal Power Station = -+crevesrreerereeemecesees 106
EXEICISES v v v vrvrrerroeeersuneestunenteannueoitataeiocenoracenrotontasaertesnsitarenterreinnorenncsrronaats 1 13
Reading Materials:  +v+++-eeessseesrsnessonssssinnss sttt e 114

1. RESUITIE rccsscrreresesessensiressatmatrorerniaciareatarctosscsonnrassttcrnsstestsrrsosotsnnestonase 114
2. Graduate Admissions and RECOIUS *rrrsereerrcercerrtosatonntaaiasrataesoioccscrecaastsoancesees 117
‘Words and Expressions ................................................................................. 119

Chapter 6 Unit Omraﬁon .............................................................................. 121
6.1 Unit Operatior—Start-up and Loading everereeessssesereeen s - 121
6.2 Umt O[Eranon_[h'loadi.ng and Shutdown ................................................... 127
EXEICISES ++t+s ot retestarsssointsstttottissiaasstscacntnnaotssssrtsotisinssrtretoisnesustouisrnsessees 129
Read‘ng Materials: .................................................................................... 129

1. Patent Awﬁcaﬁon ................................................................................. 129
2. Letter of Authority Of KROW-HOW +#ecrerrrerssrrrnrientiontaetienitionteronsiemioiiees 132
3. Certificate for the Transfer of Know-How crec-cccerseesmsrrrammnierasiessessteannn 133
Words and Expwssions ................................................................................. 133

a]amer 7 Internal Conlllsﬁon Eng'_ne ............................................................... 134
7.1 IDLTOQUCHOM  cveeercveerrrerarensserernsrsamonesusiestsmiiiuttnaiieratamustastseritoesrereeinsees 134
7. 2 P11n01ple Of Inrcmal Combustion Englne ...................................................... 135
7.3 Applications of Internal Combustion Engine ««+«resseeeerrressrsssssssirsennmennesinnanaceens 142
JEXEICISES +++++++++enremsseerensmamesmneruanuenesnstnaisuensestaat sttt et it ttrn s et a sttt 143
Reading Materials; ~ w+-reesoresssresmsrsssnmmnssinssnisssstessn it e 144

1. Wasa Pilot Power Hant, Flnla.nd ............................................................... 144
.............................................................................. 145

2. Writing of Abstract



3. Introduction to ISO Q000  <rrceseereerserreneaaaneeearncetasecnsoccataossctcosttcecsssarasnnssons 146

Words and EXPIESSIONS  ++¢v++ee=sreerssoasssresneneesuntunntitttettttit ettt siesensstntrteens 147
Chap(er 8 Gas Turbine and Combined Cycle Power Plant -c-ccvoovreerertreciniiicniiieieiinn 149
8.1 Gas TUIDIME trevrrererrrrserrrosrtnsesnenansnsmsnesensaisenssseaterssaseennaessnsrtosessrasnsinnses 149
8.2 Combined Cycle Power Plant ««+«++««seesrerteseerertrantntmnnniiintiiiiiniiiinitan 154
EREICASES ++ v+ vererrornesnsennsrseontessonnensutsesissestsesstscnsonsensiretseesetssiostnonssiisrsinans 160
Reading Materials: Technical Specification
for Gas Turbine Combined Cycle Power Generating Project — -----«««-=sseereereesmnessmanmaanane 161
WOrds and EXPIESSIONS  +++++=+v=vseesssssnsnsnntsesseioniitiitiintts ittt 165
Chapter 9 HYAIOPOWET --«-:ce++cssasarserreessemsnititttiis ettt ittt e 166
.1  TRLTOQUCHON  ++++=+rererreseresseroreornsenensnsearnnuessssstsrsessnsstiestssionnsresnsansasnasnans 166
9.2 Hydropower Plant «++r+--ssssrerreressesnmmuestenniiesiiiiniin s 166
9.3  Hydraulic TUbINES  «r++-ev+esserereressonnnesssmmustissssistts ittt s 171
9.4 Pumped Storage Plants ---c«reeressssresrersetstinssiuiiitii e 173
JEKEICASES ++vo e nreoesereassestosessnntnersnmsimmnteettietsssseteetnssttanottnsrorsssssssssissstnssns 176
Reading Materials: The Three Gorges Project - esreeeeseesesienessnessinnsriseesinneinnnenens 177
Words and EXPressions  «+++++sseseessetssessrmanstesttiinsintutiuisnss ittt 180
Chapter 10  Air Conditioning and Refrigeration «------w--crteesrrmseimisiimsninneneeens 182
10.1  Air Conditioning e« ++ssesserrrrermrrrmsrreresrnieririetini e eerserans 182
10.2  Reffigeration «++++r++sreeernesernsssmsnns it ittt e 186
EXEICISES < verrerrervereremnsacas e seeaieseetarattennraseesttass sttt sscon trensanionastirettienes 192
Reading Materials: Samples of Job Opportunities «++++++++ssssssssesssresssssennseressanssnenens 193
Words and EXPressions  +++++++serteetsenssmssssuisssmmtiuuniinntitnaniesisisn et 197
Chapter 11 Nuclear and Renewable Energy «-:---+«-ssrrssessrrrrerseisesnssssrsniinsnsene 198
11.1  Nuclear BRergy  -cve+seeesrertsssssomssssimntomiunmianiiinsn e s 198
11.2 Renewable Brergy r+-c+e+-sretseesserssstmnmmmauniiniusiiiie sttt 205
JEXEICISES *+#++#+reerreenneteeemeessunssssmnnunernnaentesonssteassesrassetitiiestibtetititetittaininiaraee 212
Reading Materials: ~ «vrevesseessrssssssnnnennses T OO 213
1. What iS VISION 217  +veeeesrerrenssesnmeassuenntenceitttumieiiiiitiastinnatietesoseessaste 213
2. Application for A Temporary Resident Visa ««+e+stsreerrereisesmssnsmsnnminsnsnsnnnene 215
3. Selected Websites in Power ENgineering ---+++««+++++stsssssssannssssassnneneecesosunrannnieee 217
Words and BXDIESSIONS  +-+++v+eseesrernsssrssnsanmssnsssiintittrniiis st e 219
Chapter 12 Environmental Control at Thermal Power Plamt  --++++ceveeesrerernesneanacaencienns 2721
12.1  IOLrOQUCHOM o +resessseeenerrsnnsssnsneiornmoenniusttcreetontineisttiaettirststsaseeteseietes 221
12,2 Ash COLECHOM -+ +rreee ssermsannnnrrasnsnrnassesetuiiustintttitistessrtneesttssturansieees 9
12.3 Reducing Sulphurate Oxides EIission «««+-«+seessreesssesarsisnrsssesimssmneennssnnnsnnee 225
............................................................... 278

12.4 Reducing Nitric Oxides Emission




...................................................................................................

Reading Materials: Technical Writing for Industry --- = +=++++creessesearesrisssenseerneenieinianenns
WOrds and EXDIESSIONS v+« +osesnreranrassetennnninsetuttaneinstiiiistintsteitosstnnneriasentaesansens

References

...................................................................................................




Chapter 1 Thermal and Fluids Engineering 1

Chapter 1 Thermal and Fluids Engineering

1.1 Fundamentals of Engineering Thermodynamic

You are about to begin the study of one of the most general and fascinating subjects in
science-thermodynamics, the science that deals with energy and its relation to matter. Thermo-
dynamics is most general because every technological system involves the utilization of energy
and matter. In fact, since engineering thermodynamics plays such a vital role in the design of
s0 many processes, devices, and systems for use in the home as well as in industry, it is no
exaggeration to say that it touches our daily life. Engineering thermodynamics is also very im-
portant in our search for solutions to problems in connection with energy crises, shortages of
fresh water, air pollution,and garbage disposal in the cities. In short, engineering thermody-
namics is most relevant in our search for a better quality of life.

1.1.1 Definition of engineering thermodynamics

Engineering thermodynamics is the subject that deals with the study of the science of
thermodynamics and the usefulness of this science in the engineering design of processes, de-
vices, and systems involving the effective utilization of energy and matter for the benefit of
mankind.

1.1.2 Thermodynamics systems

In thermodynamics, a system is defined as any collection of matter or any region in space
bounded by a closed surface or wall. The wall may be a real one, like that of a tank enclosing
a certain amount of fluid. The wall may also be imaginary, like the boundary of a certain
amount of fluid flowing along a pipe. All other systems outside the wall that interact with the
system in question are known as the surroundings.

Depending on the nature of the wall involved, we can classify a thermodynamic system
as a closed system, an open system, or an isolated system.In a closed system, the wall in-
volved is impermeable to matter. That is, a closed system can have no material exchange with
jts surroundings, and consequently its mass must remain constant.On the other hand, a closed
system can exchange energy with its surroundings in terms of heat and work.In an open sys-
tem, there will be material flow across the boundary . In addition, there could also be heat flow
and work flow across the boundary . In an isolated system, there can be absolutely no interac-
tion with its surroundings . The wall involved is not only impermeable to matter; it is also im-
permeable to any forms of energy . An isolated system may therefore be defined as an assembly
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of subsystems with any possible interaction between matter and energy restricted to the sub-
systems within the assembly . Any system plus its surroundings taken together would constitute
an isolated system.

1.1.3 Thermodynamic properties

The distinguishing characteristics of a system are called the properties of the system. They
are quantities that we must specify to give a macroscopic description of system.Many such
quantities are familiar to us in other branches of science, such as mass, energy, pressure,
volume, density, electric field, magnetic field, and magnetization of matter. Two other prop-
erties-temperature and entropy are unique to thermodynamics. Together with energy, they play
a most important role in the structure of thermodynamics.

A property is either a directly observable or an indirectly observable characteristic of a
system. Any combination of such characteristics, for example, the product of pressure and vol-
ume, is also a property. That is, we can obtain new properties by defining them in terms of
other properties. We shall find that among the many possible derived properties, three of
them—enthalpy, Gibbs function, and Helmholz function—are particularly useful.

All properties of a system may be divided into two types: intensive and extensive . Those
properties which are independent of the amount of material in the system are called intensive
properties. They are not additive. Pressure, temperature, and density are examples of intensive
properties . Those properties which are proportional to the mass of a system are called extensive
properties. They are additive. Volume, energy, and entropy are examples of extensive proper-
ties.

1.1.4 Thermodynamic equilibrium and equilibrium states

The concept of equilibrium in classical thermodynamics is an important and primitive
one. It is really an abstraction, as real systems are never strictly in equilibrium. However, we
postulate that any thermodynamic system can be in equilibrium and that any isolated system
will reach a state of thermodynamic equilibrium after it has been left to itself long enough. An
important implication of this postulate is that eventually there can be no more tendencies for
any macroscopic change in an isolated system. When a collection of matter experiences no
more changes in all its properties, we say that it is at a state of thermodynamic equilibrium.

When a system has no unbalanced force within it and when the force it exerts on its
boundary is balanced by external force, the system is said to be in mechanical equilibrium.
When the temperature of a system is uniform throughout and is equal to the temperature of the
surroundings, the system is said to be in thermal equilibrium. When the chemical composition
of a system will remain unchanged, the system is said to be in chemical equilibrium. In order
to have thermodynamic equilibrium, we must satisfy the conditions of mechanical equilibrium,
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thermal equilibrium, and chemical equilibrium.
1.1.5 Thermodynamic processes

When a collection of matter experiences a change from one equilibrium state to another
equilibrium state, it is said to have undergone a process. The special features of certain pro-
cesses may be recognized from the names given to them.For examples, an isothermal process
is a constant-temperature process, an isobaric process is a constant-pressure process, and an
isometric process is a constant-volume process. On the other hand, the significance of some
processes may be recognized only if we fully understand the definitions involved . Examples of
this kind are adiabatic process, cyclic process, quasi-static process, and reversible process.

Adiabatic process

A process in which no heat crosses the system boundary in either direction is called an
adiabatic process.

Cyclic process or cycle

A cycle is simply a sequence of processes that a system undergoes in such a manner that
its initial state and its final state are identical.In other words, the net change in any property
of the system is zero for a cycle. Mathematically, this is

3§dx =0 (1-1)

Where x is any property and the symbol ¢ indicates integration around a cycle.

Quasi-static process

If a process is carried out in such a manner that at every instant the system departs only
infinitesimally from an equilibrium state, the process is called quasi-static (sometimes called
quasi-equilibrium) . For such a process, the path followed by the system may be represented by
a succession of equilibrium states . If there are finite departures from equilibrium, the process is
non-quasi-static . Besides, a quasi-static process is reversible, or more correctly, internally re-
versible .

A quasi-static process is an ideal process. It is approximately realized by making the
change very slowly. All real processes are not quasi-static because they take place with finite
differences of pressure, temperature, and so on, between system and surroundings.

Reversible process

A reversible process is such that, after it has occurred, the initial states of the system and
the surroundings taking part in the process can be restored without any changes in the rest of
the universe. Thus a reversible process must be internally reversible (quasi-static) as well as
externally reversible . Owing to our inability to eliminate all d1ss1pat1ve effects, all real process-
es are irreversible processes.
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1.1.6 Energy and the First Law of Thermodynamics

The nature of energy may be summarized as follows

(1) Energy is a primitive concept.

(2) Every system has energy .

(3) Energy is an extensive property.That is, it is additive.

(4) The quality of energy in a system is measured by its potential capacity to do work .

(5) Energy is something that can be neither destroyed nor created. That is, the energy
content of a system is conserved if we isolate the system from its surroundings.

Expressed in words, we have, for any system.

Energy input — energy output = change in stored energy (1-2)

Equation (1-2) is the general statement of the first law of the thermodynanics.

1.1.7 Entropy and the Second Law of Thermodynamics.

The nature of entropy may be summarized as follows:

(1) Entropy is a primitive concept.

(2) Every system has entropy. That is, with the exception of a work reservoir, entropy
change is always possible for any system.

(3) Entropy is an extensive property.

(4) One interpretation of entropy is that it is an index of that portion of the energy cont-
ent in a system that is not available to do work.

(5) Entropy content of an isolated system is not conserved. In fact, the entropy of an
isolated system is a monotonically increasing function of time. In this respect, entropy differs
fundamentally from energy: energy is a conservative property, entropy is not.

Expressed in words, we have for any system,

Entropy creation in universe = entropy change in system
+ entropy change in surroundings =0  (1-3)

Equation (1-3) is the general statement of the second law of thermodynamics . The equal-
ity sign is for the case when the prodess is carried out reversibly.
1.1.8 Heat and work

Heat is interacted between a system and its surroundings. It is one of three mechanisms
(the other two being work interaction and mass interaction) through which energy may be
transferred across the boundary of a system. The driving force for heat transfer is temperature .
When two bodies at different temperatures are brought into thermal contact, heat interaction
will occur. Heat interaction is possible only when there is a change of state in a system. Thus
we cannot speak of a system having a certain amount of heat energy at a given state. That is,
heat is not a thermodynamic property .
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For a closed system undergoing a change of state quasi-statically, the heattransfer quanti-

ty is related to its entropy change according to
0Qry = T - ds (1-4)

There are many similarities between heat and work . As in the case of heat, work is an in-
teraction through which energy may be transferred across the boundary of a system. Work in-
teraction is also possible only when there is a change of state in a system.Consequently, work
is not a thermodynamic property.

To determine whether there is work interaction, we observe or measure the effect of such
interaction on the surroundings. Work is said to be done by a system on its surroundings if the
sole effect external to the system could be the raising of a weight. Work may or may not be in-
volved, depending on the way the boundary of system is drawn.

For a closed system undergoing a change of state quasi-statically, the worktransfer quan-
tity, using the convention that wok done by a system is positive, is given by

ow = pdv — 7dl - edz — ydp + - (1-5)

The number of terms that we can have on the right-hand side of Eq. (1-5) depends on the
number of relevant work modes.

1.2 Fundamentals of Heat Transfer

From the study of thermodynamics, you have leamned that energy can be transferred by
interactions of a system with its surroundings. These interactions are called work and heat.
However, thermodynamics deals with the end states of the process during which an interaction
occurs and provides no information concerning the nature of the interaction or the time rate at
which it occurs. The objective of this section is to extend thermodynamic analysis through
study of the modes of heat transfer and through development of relations to calculate heat
transfer rates.

We do so by raising several questions. What is heat transfer? How is heat transferred?
Why is it important to study it? In answering these questions, we will begin to appreciate the
physical mechanisms that underlie heat transfer processes and the relevance of these processes
to our industrial and environmental problems.

1.2.1 Introduction

A simple, yet general, definition provides sufficient response to the question: What is
heat transfer?

Heat transfer (or heat) is energy in transit due to a temperature difference.

Whenever there exists a temperature difference in a medium or between media, heat
transfer must occur.

We refer to different types of heat transfer processes as modes. When a temperature gradi-
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ent exists in a stationary medium, which may be a solid or a fluid, we use the term conduction
to refer to the heat transfer that will occur across the medium. In contrast, the term convection
refers to heat transfer that will occur between a surface and a moving fluid when they are at
different temperatures . The third mode of heat transfer is termed thermal radiation. All surface
of finite temperature emit energy in the form of electromagnetic waves. Hence, in the absence
of an intervening medium, there is net heat transfer by radiation between two surfaces at dif-
ferent temperatures.-

1.2.2 Conduction

Examples of conduction heat transfer are legion. The exposed end of a metal spoon sud-
denly immersed in a cup of hot coffee will eventually be warmed due to the conduction of en-
ergy through the spoon.On a winter day there is significant energy loss from a heated room to
the outside air. This loss is principally due to conduction heat transfer through the wall that
separates the room air from the outside air.

It is possible to quantify heat transfer processes in terms of appropriate rate equations.
These equations may be used to compute the amount of energy being transferred per unit time.
For heat conduction, the rate equation is known as Fourier’ s law. For the one-dimensional
plane wall shown in Fig.1-1, having a temperature distribution T(x), the rate equation is ex-
pressed as

dT
g, = - ka (1-6)

The heat flux g, (W/m?) is the heat transfer rate in the x direction per unit area perpen-
dicular to the direction of transfer, and it is proportional to the temperature gradient,d7/dx,
in this direction. The proportionality constant k is a transport property known as the thermal
conductivity [W/(m-K) ] and is a characteristic of the wall material . The minus sign is a con-
sequence of the fact that heat is transferred in the direction of decreasing temperature . Under

the steady-state conditions shown in Fig.1-1 where the

T temperature distribution is linear, the temperature gradient may
. be expressed as
_— Ttx) 3—: = L ; T (1-7)
L and the heat flux is then
7 . (1-8)

Fig.1-1 One-dimensional 1,2.3 Convection
heat transfer by conduction The convection heat transfer mode is sustained both by
(diffusion of energy) random molecular motion and by the bulk motion of the fluid
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within the boundary layer.The contribution due to random molecular motion (diffusion) gen-
erally dominates near the surface where the fluid velocity is low.In fact, at the interface be-
tween the surface and the fluid (y = 0), heat is transferred by this mechanism only . The cont-
ribution due to bulk fluid motion originates from the fact that the boundary layers grow as the
flow progresses in the x direction.

Convection heat transfer may be categorized according to the nature of the flow. We
speak of forced convection when the flow is caused by some external means, such as by a
fan, a pump, or atmospheric winds.In contrast, for free (or natural) convection the flow is
induced by buoyancy forces in the fluid. These forces arise from density variations caused by
temperature variations in the fluid. An example is the free convection heat transfer that occurs
from a hot pavement to the atmosphere on a still day. Air that is in contact with the hot pave-
ment has a lower density than that of the cooler air above the pavement. Hence, a circulation
pattern exists in which the warm air moves up from the pavement and the cooler air moves
downward . However, in the presence of atmospheric winds, heat transfer from the pavement
to the air is likely to be dominated by forced convection, even though the free convection
mode still exists.

We have described the convection heat transfer mode as energy transfer occurring within
a fluid due to the combined effects of conduction and bulk fluid motion. In general, the energy
that is being transferred is the sensible, or internal thermal, energy of the fluid. However,
there are convection processes for which there is, in addition, latent heat exchange . This latent
heat exchange is generally associated with a phase change between the liquid and vapor states
of the fluid. Two special cases of interest in this text are boiling and condensation.

Regardless of the particular nature of the convection heat transfer mode, the appropriate
rate equation is of the form

g = h(T, - Ta) (1-9)
where g the convective heat flux(W/ m?), is proportional to the difference between the surface
and fluid temperatures, T and T , respectively. This expression is known as Newton ’s Law
of Cooling, and the proportionality constant i[ W/(m’ - K) Jis referred to as the convection
heat transfer coefficient, the film conductance, or the film coefficient. It encompasses all the
effects that influence the convection mode. It depends on conditions in the boundary layer,
which are influenced by surface geometry, the nature of the fluid motion, and a number of the
fluid thermodynamic and transport properties. Moreover, any study of convection ultimately
reduces to a study of the means by which # may be determined.

1.2.4 Radiation '
Thermal radiation is energy emitted by matter that is at a finite temperature . Although we



