TEREARAELELEBRY

POWER NAGHINERY

A AR

Wl KENHBEHME
LB ERSA




. e

ITERAEEER Y
POWER MACHINERY

B A W

for 3
& k=

B Y =

WOOE W ey e B oA

WO Om A O

1983 48 - dk sl



7&’ ) /:;\;
TEBARXZERZY
B h B M

AR

/ INEEIRE )
TiF 1‘5’.’1&?3 e

‘i‘:b [:;'i' ﬁﬁ)raiﬁ'
B KL mI IR TR

Y—H5. 9017 - 1235

1983 4£ 6 A5 1K 7k 787% 1092 1/32

1983 4F 6 JALRUA 1 REIR] ¥ 111 F
E1% 17,500 I} Hik 4%/,
Ehe 0.51 T

o A



IR

ta

4 F B IE

TREUARLEEBEDIEIM. B D B, i1 5.
B % AR LMK, XRAEERRE, MHPA
P FE I TEH Ed, TLANRRELE, WHBREMAMNIE
FEL B2 R SCMEILER B T A%, DN EIRRE T,

XA <FHh B HLBE s B 3 K #3% 1§ Oxford Junior Encyclopae-
dia Vol. 8, Engireering,

BT EACERHRGA, URBRZREL2E, BhEERFE

A R AR R I FIHGR) ki R R HIEE W, UME
—F Bk,
&
1982 42 6 A

-



CONTENTS

SR T a T 1
SOlAr FENETEY «evteneeniiiriiie et 5
COMBUSTION ottt ittt et et 7
Expansion and Contraction  ...ovvvevriiimirireeiniaeess 10
COMPIESSOT v weruererrarrrsiinaansnssesiesns st 16
PUTTIDS +rveeerniiineeemamrarereerreentaai et s s 21
Heat ENZINES  .ouevuniermrmiiiari it 29
Stearml TUIDING wuvreriteiiee i 34
Internal Combustion FRQIHC  oieiiiiene e 42
Gas TUMDINE wonneniniieit et 53
. DYNAMOMELET  wevuvirinnaraanressssnresses s 63

=Rl B e

—t
_—

SEEXL :
B < e 70
ﬁt’r‘f!}f\b'&?{ﬁ”

79

S TS R S

th

NoRENCCEEES B e



10, BRAEEEHL o erreereereee e e st e e 000097
) Q5T R PR 1) % |

BARSEER v ee e 107



1. ENERGY
Z '

1. Energy. This word means the capacity for doing work.
Whetr}_ we Lsdy that a ton of coal, a lake of W‘i,ter;f}l.-igh above a
genefating station, an electri& battery, or a red-hot iron ‘con-

“fains’ aﬂcé'rtain‘{mount of energy, we are not referring to® any-

thing that we can take out of the water, or coal, or whatever
it is@; we are saying something about the state that it is in®,
The coal possesses potential energy because the chemicals in
it are in 3 condition to combine with oxygen®, releasing heat
energy®. The water possegg_s_._‘PQtential energy because it

is in a condition to fall. ‘The amount of potential energy it
possesses® depends on how far it can fall®, - It could® fall
to the centre of the earth, in theory; but in practice we always
measure potential energy ggl_a__tixe_.to a .gi\vcx}w all. When it
does fall®, its energy is changed into ki_rlea'gg‘pji\r_gx,/or energy
dueteits movement. Itcan then be made to do work®. In other

h._
¢ ) “ I

@ are referring to: AR, @ take out of ... or whatever it is:
WRRE. RARHLRE, take WEELNEHLARE that, O that
it is in: "BELH; THLEN. EENMNGD, Y state, @ arein a condition
to combine with oxygen: MTFREMEAAMRA, REIFL. BHE/LA, be
in a condition to (+ZiAKR). ALFRUL...)MRE, O© releasing heat
energy: MBI, SAEEERE, X7, ERTh “AR™ £,
® it possesses: = which it possesses. EiEMA, $i#] the amount of
potential energy. which ZEMWMHIESIEHTLIE X, @ how far it can
fall: 2 depends on ERMRIFMMA, could (+ZHiAKE): & (#); »LL
(. XENERF—HEIER, FiEdk, @ relative tog W X
@ does fall: do (+ZHAFKHE): BB, RHEGE). AEMRIER. ©
It can ... work: FRBRFEE BT, it 4 water.




words® energy is a state of affairs, and not a ‘thing’ at all®,

Energy in the form in which it is directly available for doing
work is known as® mechanical energy. Only two sources
of me;ﬁanical energy are naturally available — wind power
and water power — and, since the energy requirements today
are far greater than can be conveniently and economically sup-
plied by winds, waterfalls, and tides, we arc very much concerned
with the conversion of other forms of energy into the mechani-
cal form®,

At present®, by far the greatest and most important source
of natural energy available is in the form of chemical energy
from natural fuels. Another natural source of energy is radia-
tion from the sun. There is also electrical energy from light-
ning, though this is in far too unmanageable a form to be put
to practical use®. In recent years, a new source of energy has
been successfully exploited — a source which in future times
promlses to bg of fa % greatest importance® and that is mat-
ter 1tse %nergy Q ed from the actual destruction of mat-
ter (as opp to chemical energy®, wh1 ]%%%mgs merely from
the rearrangement _i .matter) is popular rmed ‘atomic’,
though the correct tern’r is nuclear energy. Flnally, there is a
rather special form of encrgy — heat. Heat is not a source but®

@® In other wordst #4A)i5Hs; 2, @ not... at all: %, ST, ]

x4, @ is known as: GER)ME; BRE) BRSNS, © are ... con-
cerned with the conversion of ... into ...: %.0.. HA®K. .., ® At present:
Huts B, by far (+BAFSKBRHHBEREER) . X, B8 BHE,
.. 8%, far too unmanageable ... to be put to pfactical use: f#
ARBUTLEMIZER, too + EEWRMIA) to (+HIAFEB): X...LL
FHhBR (B, put... to use: fEM...; FIA..., (@ promises to be of far the
greatest importance: (FX) AAREZEHKEEN, as ... energy: Hik
24K, Y F which is opposed to chemical energy. © not ... but:
TR L, ’
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a form of energy — and the distinction is an important one®,
Just as several thousand tons of water in a lake are a source of
energy only if the lake is high up ® a mountain, so® §ev\era-l " ?’f
thousand therms of heat are a source of energy only if the heat
is available at a high temperature. Moreover, heat is the low=
est form of energy. The other forms — chemical, electrical,
mechanical, nuclear — are, in the natural course of events®,
constantly being converted to® heat, but the heat can be con-
verted into one of the other forms of energy only with consid-
erable waste. Heat at a high temperature is _ixw@
constantly being converted to heat at a low temperature, but
the reverse. is not possible without the expenditure of mechani-
cal energy. é'f i

2.\Cong¢}s§;; of Energy into Work, The conversion of me-

vty

chanical energy into work is dealt with in mechanics. The con-
version of chemical energy into work is almost invariably achiev-
ed in practice by first converting the chemical energy into heat.
The fuel, in fact®, is burned, either under a boiler or in the en-
gine cylinders, and the heat is then converted to work in a heat
engine. Nuclear energy is converted into heat in a more direct
way. Electrical energy can be converted into work direct, by
means of an electric motor, but in practice electricity is not a
primary source of energy. It canbe obtained direct from chemi-
cal energy by means of the electric battery, but it is usually deriv=
ed from a source of mechanical energy(such as® a steam engine

@ one: X HRARIN, B H K Rk LI RIGR B BT K &iE, TR
ones, DA EE, X HAMKNKHM distinction. @ highup ...: HEE...2E &
Just as ..., so...: F(...—)...48..., @ in the natural course of events:
(AP BREYE, BEAEd, G are (constantly) being converted (to):

(%) BHED (R . XEEHHANMEHETR, © in its nature: JH4
Tift; KAKRM., @ infact: HKE, Kk, such as: filfn,

BB AL e bR e e e R 5 € B 5,



or water turbine) by means of an electric generator. As® a form
of energy, electricity is important simply because it is so® con-
venient and can so easily be transported to where it is needed®,

3. Conservation of Energy. When one form of energy is
converted into another®, no energy is destroyed in the process.
This fact, known as the law of conservation of energy, may
not at first sight appear to be true®. We know, for example®,
that it is not possible for a dynamo, driven by an electric motor,
to generate enough electricity to keep the motor going.® But
this is because some of the energy of the motor is wasted as
heat in the windings and bearings of the dynamo, and the motor
itself wastes some of the current provided by the dynamo in
the same way®. This wasted energy, however, has not been
destroyed; it has been converted into heat. Again, if a tightly
_coiled and secured spring is put into a bath of acid and dissolved,
the mechanical en?r—g'}}—fn the spring would appear to have been
lost®. The acid, however, gets hotter® when a coiled spring
is dissolved than when an uncoiled spring is dissolved ; the me-
chanical energy in the coiled spring has been converted into
heat.

@ As: X, © so: d:%; Intk, ® where it is needed: £ to A9RIEM
4), @ another = another form of energy. & may not at first sight
appear to be true: EFERE, LITLEALLEHN. © for example: fifn, @
it is not possible ... going: (H— AP KRBEHH EEHNERY. . EA
Bef, it fESNAN, Ao T AEBRIERRARE, SIMEELEREE.
HEARGE ADRRBEEDIERRE, ZRESIHAERNERE to generate
o EEE, for JEEHMAIAX A generate BT A, to keep (+ARD (+
B AT #. GEETRIL (D, in the same way: CLRIHRH R,
would appear to have been lost: FRLIFIBHAIET, @ gets hotter:
BAEH (),
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2. SOLAR ENERGY

Light and heat from the sun reach the earth by radiation
of waves. The total amount of solar radiation that falls
on the earth in one month@ is greater than the amount of heat
that could be produced by burning the whole of the estimated
coal reserves in the world; but it is not easy to®@ put this heat
energy to useful work.

To produce hot water at a temperature of about 70°C., the
sun’s radiant energy is trapped by allowing it to fall on to® a
‘flat-plate’ absorber — a metal plate with a matte black surface
and covered with two sheets of plate glass®. Copper tubing
for circulating water is soldered to its underside. The absorber
depends for its effectiveness on® the facts that at low tem-
peratures all wavelengths are absorbed but only very long
wavelengths are re-radiated by it, and that® the glass transmits
short wavelengths, such as light radiation, but is opaque to
long wavelengths, such as heat radiation. The sun’s rays are
thus absorbed, and the energy is converted to heat which is
passed into the circulating water. Some radiation can be

@ that falls ... one month: X =iEM4, 1M the total amount of
solar radiation. @ it is not easy to (+ZHREM): FHTHL..)s (...
RAERM, it Z5H, SIBEANREREFE. 2584 0HO,. @ ak-
lowing it to fall on to: allow ... to (+ZAE). f ... f2 U, it
&% solar radiation. on to = onto: #...}., @ covered with ... glass:
[&] with ... surface H:7],#8{% 8] metal plate. @& depends ... on: Wk T,
Al for its effectiveness [{H, ® that: BlHIXA A, T that
at low temperatures ... by it 35, #E the facts HREALIEMLT, that 3]
S2E KB RE RSN, EER, EMNobREERE.
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captured even in cloudy weather. About half of the solar en-~
ergy falling on to the plate® is captured in the hot water, which
can be stored in heat-insulated tanks for use later. Solar
water-heaters are widely used in many countries, and special
houses heated entirely by solar energy in winter have been
built.

The efficiency with which heat is converted into power de-
pends on there being a big temperature difference to work with®;
therefore the supply of
heat needs to be at as
high a temperature as
practicable®. In very
sunny regions, plants
have been built with
concave mirrors to focus
the sun’s rays on to small
boilers; these generate
E - steam to drive steam

engines. Other power
plants for pumping water
from wells have flat-plate

1

Fig. 2—1. Diagram of a solar water-
heating system on the roof of a house

A. Flat-plate heat collector. B. Hot-
water storage tank., C. Hot-water outlet absorbers containing lig-

The arrows show the direction of the wuids which boil at a low-

flow of water er temperature than wat-
er and which produce a gas, instead of steam,to drive the engine.

@ falling onto the plate: 4y FUEE TR 215 , 1B solar energy. (@ there
being ... difference to work with: X/ Z A FEIER depends on MIKIE,
to work with = to work with a big temperature difference: F|R-—-—4-1R
KR ERTH, O needs to be ... practicable: ERimiEl fr iy FMRIR
FIFIGRE, as high ... as (.): RCOWLED....
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‘Solar cells’, made of very pure silicon specially treated, con-
vert solar energy directly into electricity. Although they are
costly to install®, many have been used to produce small
amounts of power in space vehicles.

Solar radiation is used to distil salt water in the semi-des-
erts where® fresh water is short. Concave-reflector furnaces
have also been built for melting metals at temperatures up to@
3,000°C.

3. COMBUSTION

To start a substance burning®, two things are needed: a
supply of oxygen (usually in the air) and sufficient heat to®
set the chemical reaction off. All ordinary fuels begin to va-
porize, or give off® gases, some time before® they become
hot enough to burn, and so in practice it is usually the gases
given off by substances that® burn. If a lighted match is held
an inch or so@below a spill of paper, the gases can be seen com-
ing off® before the paper lights. And jets of burning gas can
be often seen spurting from 4 lump of coal. Flame is simply
a region of hot gas in which some of the particles, usually white-
hot carbon particles, emit light.

@ to install: R ERUBIEAIR costly. @ where: BEEMRG, 1Y
semi-deserts. (D up to: @k kE, @ start (+ & +FHER)E. I
), © sufficient (+4&iD to (+FHWHEE): BLOE..M..., © give
off: B (EOH; B, @ some time before: 7E... 2714 —Bi i, it
is ... that: XE—AEIEOR HREEBoNRE itls 2F, A48 8E
that 25, fEZiER., A0BIEANETIE the gases given off by substances.
@ or so:...E#; .. L TF;k#;, @® the gases can be seen coming off: @
PAT Bk B K, coming off: M...JHis, 5 ik, Mk gases.
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Most fuels — such as coal, petrol, paraffin®, or coal gas—
are- composed principally of carbon (C) and hydrogen (H).
In combustion, the carbon combines with the oxygen (Q) of

the air to give carbon dioxide (CO;), and the hydrogen to give’

water (H;0)@. If we hold a cold kettle over a gas flame we
may see droplets of water condensing on it, this is the ‘ash’ of
the gas flame which normally goes into the air as steam.

When all the constituents of a fuel have completely com-
bined with ‘oxygen, so that everything that can burn® has burnt,
combustion is said to be® ‘complete’. If there is a shortage
of air (that is, of oxygen®), and the chemical reactions are not
completed, the combustion is incomplete, and the unburnt gas-
es are lost up the chimney® or in the exhaust. There is always
some carbon monoxide (CO) (which could be burnt to carbon
dioxide (COQ;) in the exhaust gases from a petrol engine.

An efficient boiler must be designed to burn the fuel com-
pletely. In some designs, air is blown in above the fire as well
as® under it to ensure sufficient oxygen. The chimney gases
from boiler furnaces are often analysed with an instrument
called a CO; recorder to check on the efficiency of the combus-
tion.

Unlike solids, gases and vapours can be mixed with air,
and if the mixture is more or less® correct it will burn without

@ petrol, paraffin: ¥FyHERELR petrol, ZEEEFK gasoline; il AR
E# paraffin, £FE# kerosine. @ the hydrogen to give water (H.O):
= the carbon combines with the hydrogen of the air to give water (H,0).
® that can burn: ZiENAY,BER everything. that SISEIFEMN, AE
HR4IE, ERAAPEZIERERIE, © is said to be: (—ER)INDE; WEAA
BE, ® ofoxygen: = there is a shortage of oxygen. ® are lost up
the chimney: WM LMo OR %N, © aswel as: AK; EF, @
more or less: &L ATRBEL K%,
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any outside oxygen to keep it going®. The explosive burning
of the mixture of petrol vapour and air in a petrol-engine cylin-
der is an example. The acetylene torch used by a welder burns
a mixture of oxygen and acetylene, and the flame is so hot that®
it can be used for cutting steel plates even under water.

The ordinary burner of a gas stove uses a mixture of gas
and air, the air being drawn in by the jet of gas®, and the mixture
is released at the end of a tube or through small holes too fast
for the flame to spread back to the inside of the burner®. If
the flame of many gas burners is gently turned down®, there
comes a point when the flame will travel back to the inside of
the burner — in fact the burner ‘lights back’:

A gas-air mixture will burn in a closed space only if the
proportions of the mixture are right — neither too much air
for the gas nor® too much gas for the air. That is why® a mo-
tor-car engine will not ‘fire’® if the mixture is either too rich or
too weak. An ordinary flame burns only in that region where
the mixture of fuel vapour and air is within the limits of com-
bustion®. This means that a jet of oxygen will burn in a
hydrogen atmosphere in just the same way that® a jet of hy-
drogen will burn in an oxygen atmosphere. The importance

@ keep it going: {HiRA SELBEMES, keep (+ AW +HBEATD: #(.)
BREGARE) EC)BEW)., © so (+EFED that: Jnpk 2 (.. IPAR T,
@ the air being drawn in by the jet of gas: X Fhghar ayinl kg, air
BEE LMEiE, being drawn 288 LM IHE, TER—- 49T, @ too
fast for the flame to spread back to ... burner: KT, FUKERAR
BESEIMEANEO RS, 2FF NG, AERMEIE to spread wE
5 for the flame RAEREX LEIE, @ is... turned down: ¥ 36/ Biie
M, ® neither ... mor ...: B EA A AR, @ that is why: 3X
BNt a. hER, why SIHEREND, fire: JHJG R, XEEH
iil, @ where ... combustion: XEAZEMNY, W region. @© in just
the same way that: Pl 2 5. HRMB IR B,



of the limits of combustion was first appreciated when the
safety lamp was invented to avoid explosions of ‘“fire-damp’ in
coal-mines.

Oxygen is not essential to all forms of combustion although
in practice it is always used. Hydrogen, for instance, will
burn in chlorine or chlorine in hydrogen®. Some substances
can even burn in themselves, the heat set free in their decom-
position maintaining the burning®. A flame of acetylene,
for example, burning in itself (and liberating much soot})
can be so maintained.

The oxygen can be within the combustible itself, either
mixed in it or as part of its actual structure. Gunpowder and
matches are examples of the mixed type: with® gunpowder the
combustibles, sulphur and charcoal, are mixed with nitre which
provides the oxygen. When a match is struck, the friction gen-
erates enough heat to ignite the mixture which, when once ig~
nited®, continues to burn. With guncotton the oxygen comes
from.within the nitro-celiulose molecules of which the guncot-
ton is made.

4. EXPANSION AND CONTRACTION

Most substances, whether sclid, liquid, or® gaseous, ex=

@ chlorine in hydrogen: = chlorine will burn in hydrogen. & the heat
...maintaining the burning: iX# B ¥h-r2id4#, heat BH B LM EIE, 5
maintaining £ &8 L M55, 8B P ATEO set free in their decomposition
EEE AR B H ki) 2 it F20y WEIE VLB beat, )41 buming 2
maintaining REE, G with: *F.. 3%k, when once ignited: =
when it (= mixture) is once ignited. once: —#, @ whether ... or: .7
WR.. L, ST when heated = when they (fi# substances) are heated.
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pand when heated. We generally have to make some allowance
for® this expansion when we are building a structure or piece
of machinery. For example, railway lines are normally laid
in lengths with a small gap between each length@, so that the
line can safely stretch a fraction of an inch longer® in very hot
weather; without that safety gap®, the rails might buckle
dangerously on an ordinary ‘sleeper-and-ballast’ railway track.
Modern railways have a tendency to® weld their lengths of
rail together, but guard against buckling by special methods.
of anchoring the track.

Another example is the ‘seizing’ of a motor-car engine when
the piston jams against the cylinder walls. The reason for this
may be the lack of lubricating oil, which causes friction to de-
velop and, consequently, the piston to get hotter®. The heating
then causes an extra expansion of the piston which has not been
allowed for in the design, and the piston wedges itself in® the
cylinder.

1. Solids. If the length of a rod is measured at different tem-
peratures it will be found that® it® expands or contracts accord-
ing to®@ the rise or fall in temperature — in fact, that its changes
of length are directly proportional to the changes of temperature.
The change of length which occurs for each unit length of a

® have to make ... allowance for: %1% i (B BB T (D BAH
B4, © with a small gap between each length: P ARA
BAHER. EANAEERRIE, #7RER, WY are laid. @ stretch a
fraction of an inch longer: #i{BAJHKF, a fraction of: —/#an JL
frz—i %L, @ without that safety gap: MBRARARERM. A
Hig, ®7%HF, © have a tendency to (+EHFAER). H..0EHE..
#6. © the piston to get hotter: {GEEHFEH, © wedges... in: B2A,
e A it will be found that: &AM, it BN, EHREE,
REJET that BIHRIMA, © it: RE the length of a rod. @ according
to: HilA; &M, '
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