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PART |
(1) Fans and Bigwers

Throughout industry, the need to move large quantities of air or convey products is ever
present. To meet the air-and product-handling requirements, a vartety of fans and blowers are most
often employed It 15 rare not to findD) one or more fans or blowers in each department of an
industrial or manufacturing complex. In many ways fans and blowers noise is one of the easicst
and most straightforward acoustical problems to solve. We shall now develop a systematic
approach to controlling fan and blower notse. Fans will be considered first, followed by blowers.
In this text, blowers will refer to the high-pressure rotary positive displacement type@ which
would better be described as compressors [:3)

The fans we shall focus attention on are those used to move large volumes of air for
ventilation, dust or o1l mist collection, drymg operations, etc . which are relatively low-speed
low-static-pressure units. The majority of fans can be classified as either axial or centrifugal, and
we shall deal with each on an individual basis

New Words

acoustical problem n. /07 ] axial a. Gl
blower n. A4 centrifugal a. &0
classified pp #4958 collection n. 4y f
convey v fitiz department . &[]

ever present [ 4/ fan n. XU

focus n Ak, Ll v e handle n. F44 v WbEE,
in many ways {:iT % J7 (il majority n. K £ &
manufacturing complex il 4 (41 ol mist n. 1 %

product .74 dust n. K4
requirement . %K quantity n. &
solve vr.fi# static pressure n. i H
straightforward B35/, 6 1.1 throughout prep. ¥/, 21k
variety n. %k, L# ventilation n.iffi X,

Notes

(U It 1s rare not to find: {7/ $& A~ 21, sl 8 7 WL

(2) Rotary positive displacement type: [7]4% [F) 2R XML, — i3 & 2 s AL

@ In this text, blowers will refer to the high-pressure rotary positive displacement type
which would better be described as compressors.
XA ENEG W P B RHLI P B & A BLGUE, W T ARG
#l,which & 47 blower .

(1) on an individual basis: 43 %] 4b R

>

(DAir Compressors

The most common tyne of machme vsed for the compression of air 15 11 1 "nown as a
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piston-compressor and consists of a cylinder provided with valves and a piston.

The work performed n the air-cylinder of a compressor can best be studied from an
indicator diagram (1) If the compression 1s effected very slowly in a conducting cylinder,
so that the air within may lose heat by conduction to the atmosphere as fast as heat 1s
generated by compression, the process will be isothermal, at the temperature of the
atmosphere. Also if the compressed air is distributed for use in compresséd air motors®@)
or engines without a change of temperature, and the process of expansion in the
compressed air motors or engines is indefinitely slow and consequently isothermal, then
( if the loss caused by friction in pipes is neglected ) there would be no waste of power in
the whole process of transmission ) The indicator diagram would then be the same per
pound of air in the compressor as in the air motor, although the course of the cycle would
be the reverse-that 1s, 1t would retrace itself.

Adiabatic compression and expansion take place approximately if the expansion and
compression are performed very quickly, or when the air is not cooled during
compression-in such a case the temperature of the air rises.

New Words
adiabatic a. ZiHH) atmosphere 1. K"
consequently ad. [K[1fii fit UL cyele n. IR
conducting cylinder n. SR “UHL distribute v 93
generate v( 'F mdefinitely ad. A5 1 G ER b
1sothermal a, I 1) perform vt SEAT, 7E R
piston . 15 JE piston-compressor 3 % 4 L
provide vi. HE# {45 iRk retrace vr. [AFE IR [H]
take place &4 valve n. 4% ¥
Notes

DL AU K R LRI B P ch i ARy AR )
@indicator diagram : s B ET LA )5 RN AN ARBRIR) F 105 JE K ] IR A LN
VS0 BRI O A R P B rh En AR D O - AN ERT 2

@air motors : “{ah Uik, ih H 4 45 TR A 112 ST HLAK -

@then ( if the loss caused by friction in pipes is neglected ) there would be no waste of power
in the whole process of transmission.
IXFEREAUARAT I T, B e 7R A AR AL HL R ARG T A e S B St
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PART II
(1)Saturated and Superheated Vapors

As was explained in the chapter on the properties of perfect gases, a vapor 1s a fluid, which
can be readily transformed mto a hiquid by a moderate reduction in temperature or increase in
pressure. (DIt 1s essentially a gas near its point of condensation.

At every pressure, there 1s a fixed temperature, called the temperature if vaporization, at
which a liquid can be changed into a vapor by the addition of heat. A vapor at the temperature of
vaporization 1s called a saturated vapor. When a vapor 1s heated so that its temperature 1s greater
than the vaporization temperature corresponding to its pressure, 1t 1s said to be superheated vapor.
(2)Superheated vapors when far removed from their vaporization temperature behave nearly
according to the laws of perfect gases.

(2)Theory of Vaporization

When heat energy 1s transmitted to a liquid, its temperature will rise with only a slight volume
change until the temperature of vaporization is reached.3) This 15 always a definite temperature
for any given pressure, and it depends upon the character of the liquid. Thus the temperature of
vaporization of water at the atmospheric pressure of 14 7 Ib. per sq. in. abs.(4) 1s 212 deg. fahr,
while that at a pressure of 150 Ib. per sq. in. abs 1s 358.4 deg fahr On the other hand, the
vaporization temperature of ammonia liquid at a pressure of 150 [b. per sq. . abs. 1s 79 deg. fahr.

When the temperature of vaporization of a hiquid 1s reached, any further heat transmitted to
the liquid causes the hiquid to change to a vapor. Duning this process, if the pressure remains
constant and no temperature increase will occur until all the liquid has been changed to a vapor.

In the vaporization of the liquid, since the temperature remains constant, no energy Is
absorbed 1n increasing the mean velocity of the molecules. A change of state of aggregation as
well as considerable change in volume take place during vaporization, with the result that most of
the energy absorbed n the process 1s used in tearing the molecules apart, so that it resides within
the vapor as latent of potential energy.

When vaporization 1s incomplete the vapor 1s termed wet saturated vapor. In this condition
some of the liquid 1s present in the vapor.

A dry saturated vapor carries with it no liquid that has not been evaporated. The percentage
dryness of a vapor is called its quality. Thus the quality of steam 1s 0.98 when 1 Ib. of it consists of
97 per cent dry saturated steam and 3 per cent water Whereas the volume of a vapor increases
with the quality, the temperature 1s constant throughout the whole process of vaporization for any
given pressure. Thus the temperature of water vapor corresponding to 150 Ib. per sq in. abs. 1s
358.4 deg. fahr , no matter whether the quality 150 10,0 75 or 1.00

After complete vaporization, the pressure still remaining constant, the absorption of further
energy by the vapor will cause an increase in temperature as well as an increase in volume. In this
condition the substance 1s superheated. A superheated vapor may then be defined as one whose

temperature 1s hicher than that of saturated vapor at the same pressure

New Words
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absorption n aggregation n. B £ Ak

ammonia 1. %\ atmospheric pressure n. Ak /)
behave vi. & vi. 1174, shfE character n. 51k
condensation n. #E4; fahr = fahrenheit 1[G f5%
evaporate vi. 7&K i /K moderate a. £ 21,14 1)
hquid n #1& perfect gas HAH {4
molecule n. 43f quality n. &b
latent a. ¥7EN saturated vapor 1 flIZ&
reduction n. /P, PFAE superheated vapor I #7&8
reside vi. J& M AFA(E transmit vr.{% 1%
tear vr. 4371 i % whereas conj. BT LA, iy, )
vaporization n.y{t dryness n. 1

Notes

As was explained in the chapter on the properties of perfect gases, a vapor is a fluid which can
be readily transformed into a liquid by a moderate reduction n temperature or mcrease mn
pressure.

{F as Ja HB& 7 —MNER T8 it FEERAL AR X — 55 o i st B 139,32 R il 44 1)
) B0, 56 WELAE B, BT LLRT G 22 4k mh & . 11 2 vapor, which S fluid 4K 1), 1 2 PG L
[ sl AR g X R IR AR R A0 5 e A NI (R 287U KX - i i 28 VAN [ T AR
RkZ At

(2When a vapor 1s heated so that its temperature 1s greater than the vaporization temperature
corresponding to 1ts pressure, it is said to be superheated vapor.
X =ANA]F 0 so that PLAT 32842 vapor, J&fi—~a)-f % il & vapor ff] temperature, i
fa—/NMF I E i it /& vapor 4R .

its temperature will rise with only a slight volume change until the temperature of

vaporization 1s reached.
until VAR & H0A JRE F E  ARVAR IR /S until JE iR 17 AR T B
g f)f xf R SE B I 0E V1% S after the temperature of vaporization is reached, its
temperature will rise with a sudden volume change, JXFF i B HJ5l WA [ X 2 e il rhix A
TG IR

(®DIb. per sq n. abs =pounds per square inch absolute ¥ /7 5&~ % /D K45 X1 Hs 1)
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PART III
(DIrreversible Processes

Irreversible adiabatic processes are those in which not only no heat is added
or abstracted but also a portion or all of the energy involved in the process may
reappear in the working medium as energy at the end of the process.(@ In such a
process the entropy does not remain constant but increases, and the degree of
irreversibility may be measured by the increase of entropy at the end of the process.

The flow of steam in a nozzle and the throttling calorimeter are two practical
examples of irreversible processes

In the steam nozzle, energy in the tluid is transtormed into kinetic energy.
The expansion in the nozzle is adiabatic in the sense that no heat is added or
abstracted. Owing to {riction and turbulence of flow, not all the energy available
from the process is transformed into kinetic energy. And the portion necessary to
overcome friction and to produce turbulence appears as unavailable energy at the
end of the process. As a result, the energy transformed into kinetic energy is less
than it would have been had the process been reversible without friction or
turbulence, @ and, likewise, the energy remaining in the working substance is
greater than with non - turbulence flow and its entropy at the end of the process
has been increased.

In the case of the throttling calorimeter discussed in the previous chapter,
the thermodynamic process involved is adiabatic but the apparatus is so constructed
that no work energy is transmitted from the working substance. As aresult, the energy
contained in the working substance as it enters the process equals that contained
as it is leaving the process. The throttling process is one of maximum
irreversibility in that the work energy taken from the working substance is zero
and the change of entropy is a maximum.

(@Properties of Perfect Gases

In thermodynamics the working substance, or heat medium, through which the heat
engine converts heat into work, is in the condition of either a gas or a vapor. The
laws governing the action of the classes of substance differ. For this reason the
subject of thermodynamics is divided into the thermodynamics of gases and the
thermodynamics of vapors.

A gas may be defined as a fluid which remains in the gaseous state when subjected
to moderate changes in pressure or in temperaturec. @ Oxygen, hydrogen, nitrogen,
air and carbon dioxide are examples of gases.

Vapors are f{luids which are readily transformed into liquids by a moderate
reduction in temperature or increase in pressure. Examples of vapors are steam and
ammonia.

Relation between Pressure, Volume and Temperature of a Perfect Gas. In
practically all heat engines, work is done by changes of volume of a fluid, and the
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amount of work performed depends only on the relation of pressure to volume during
such change and not at all on the form of the vessel containing this fluid. @

Extensive experimentation has led to the recognition of certain laws regarding
pressure, volume, and temperature changes. These laws are followed so very closely
by gases under such moderate conditions ol temperature and pressure that the
stability of the gases is not greatly modified by moderate changes in volume. ® Gases
lose their stability when subjected to pressures in which the molecules are crowed
close together. ® From experiment a set of laws has been formulated which would be
followed exactly by a perfectly stable gas. Such a gas is designated as a perfect
gas. In thermodynamic calculations all gases are ordinarily considered as perfect

gases. Vapor, however, do not follow the laws of perfect gases.

abstract ve. U a. 1%
apparatus n. {X 4%

in the sense that &% [H i
irreversibility n. A~ nJ i
thermodynamic a. 4 J1{f)
turbulence n. ZFifi
unavailable a. %MK
ammonia n. %

convert vt. ki
designate ve. YL F5i0
experimentation n. 546
gaseous state n AMHIRA
hydrogen n. &,

modify ve. BRI, M, 12
not at all fRAA L
perform vt 5EH%
regarding presp. K-
steam n. 28"

transform vr. & vi. A%

New Words

vessel n. A
adiabatic a. £5 )
entropy n.4fj
ireversible a. 1] i)
reappear vt. IR
throttling calorimeter 15l 8%
work substance=working medium [ J&, | {EOAR
carbon dioxide 5Lk
crowed close together "E"&HuF 4 &
formulation n. A XER
heat medium n BB
moderate change i& {328 (FEARA)
nitrogen 2. &
perfect gas n FRAHA 4K
recognition n AR, T, S
stability n BREM
thermodynamics n. #}j%
vapor n. &, [, "W

Notes

@ Irreversible adiabatic processes are those in which not only no heat is added

or abstracted but also a portion or all of the energy involved in the process

may reappear in the working medium as energy at the end of the process.
XA EMNESH), Efd [rreversible adiabatic processes J& Eiff, in which
LG AZFMEM ], which /& process {tinl, MAJhH —AHiBE, —& is added or
abstracted; 5 —4& may reappear; IXFEMRIEFERR A ASa] 1 4a dhost F

@ -+ the energy transformed into kinetic energy is less than it would have been

had the process been reversible without friction or turbulence, ---.
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g sicbas b BB R RIS A A R AT fiErr), B ARt SER] BEAULE U # sl & would
have had.

@) A gas may be defined as a Fluid which remains in the gaseous state when subjected
to moderate changes in pressure or in temperature.

Which &2 fluid 1G], (F4F50A; when [GIIERS it is, N4 when it is subjected
o=, KA gas (522 Mo 7RAZ & ) liih e O AR AN OREE 4 U, FF R AR N
L ‘

@ In practically all heat engines, work is donc by changes of valume of a fluid,

and the amount of work performed depends only on the relation ol pressure to
volume during such change and not at all on the form of the vessel containing
this Muid.
KA AR e s h), B G work A0, is done JEAD], In practically all
heat engines it FABCE . AHLY O A RS B FRATFEBAE AT KT, and
IR AL WG LY rn), b amount A0, depends fEILahin). FURAS LS R
TG RRUY K&, ARA AL T RUA I w28 AR

® These laws are followed so very closcely hy gases under such moderate conditions

of temperature and pressure that the stability of the gases is not greatly
modi{icd hy moderate changes in volume.
JZAE I soe vhant FEFEGREACTR) 1ML D), " U A 10 9 ISE )l I 2 11 1 ™ ik b e
IR e P EL T UL T AN 2340 4 2 ARG A FR S i 14 KT k- IR
W Laws, Wt o) 500 Tl AE stabiTivys ‘A great ly modificd. 9§ 0] fELE IR A
B Al A

®) Gascs lose their stahility when subjected to pressures in which ihc; molecules
arc crowed close together.
okt A AU EME G R, iR E gases, when FRIRTFTER 1 ic is, £ L A2
guses AL, " TUARKSZ IR S which J& gases I CH], AN U2 i 30 43 1%
BARTE R gases K EHFEEME: when DUG R &ARIE, #6407 1) Gases lose
their stahility (46844t



PART IV
Lubricants

It has long been recognized that if a pair of sliding bodies are separated by a fluid or fluidhike film,
the friction between them 1s greatly dimimished The principle of supporting a shding load on a
friction-reducing film 1s known as lubnication. The substance of which the film 15 composed is a
lubricant, and to apply 1t 1s to lubricate. These are not new concepts nor, in their essence,
particularly involved ones ()’ But modem machinery has become many times more complicated
since the days of the oxcart lubricated by amimal fats, and the demands placed on the lubricant
have become proportionally more exacting. Even though the basic aim still prevails-the prevention
of metal-to-metal contact by means of an intervening layer of fluid or fluidlike material(2)-modern
lubrication has become a complex study
All liquids will provide lubrication of a sort.i3) but some do 1t a great deal, better than others.
Mercury, for example, lacks the ability to wet a metal surface. Alcohol, on the other hand, readily
wets a metal surface but lacks the viscosity necessary to form a load-carrying film
Gases, particularly air, offer potential lubrication where loads are low. Dental drills, gyroscopes,
dynamometers, and blowers have been successfully lubncated with gases.
Solid lubricants, either alone or mixed with a hquid lubricant, can be used under conditions of
very high pressure, high temperature, and chemically reactive environments.
Oils and gases are the most widely available and most commonly used type of lubrication. Their
use offers the following advantages:

* Ease of imitial application and renewal (1

* Wide range of properties available to meet specific needs. @

Ability to remove frictional heat from moving parts.

Protection of metal surfaces against rusting and other types of corrosion.
* Sealing against dust particles, sand and other foreign matter.

* Lower cost than other types of lubrication.

For use under spacecralt conditions, oils and greases may be |imited by the
following ftactors:

* [nability to operate at extreme temperature(either high or low)and over
extended temperature ranges. (6)

* Fvaporation, which is accelerated by vacuum operation.

* Creepage or migration over surlaces and away from the parts they are intended
to lubricate.

e Radiation stability.

New Words
recognize v/ 1A 14 creepage n.%#5)), ME1T
slide vi #15)) ntend vr. ZHK, 415
fluid n AL stability n £
film . )i pair n. Af . BRAT
diminish vz §i# /> flurdhike a. ¥ AT
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friction-reducing film f € i i
lubrication n. i 7t

lubricant n. i}

particularly ad i, TFA0
oxcart n.’{* -

fat n. 5 i

complicate vr. §2 4%

exacting a. oK, Z [

even though [, R

hquid n. # (A

a great deal N K, 4%

lack v it 71>

viscosity . fh 1%

dental drill 4" thi &}
dynamometer n. ¥l Jj it
condition n. 5 '}
environment n. g
available a. u] FJH] 1],

renewal n. 41

HEEEULY

property # it
sealing n. % I
factor n. |4 #:
extreme a. HI i (1Y)
accelerated pp 4
inability . Lt
evaporation n. 7 A

vacuum #m. 195

friction n FEHE
principle n. [ #E
load n. 7&K
concept n #4 &
essence n. A< i
demand n. i %
proportionally ad. 1% Lt. 4] }th
prevail vi. $klE, (LA, A%
mtervening presp. {f=-+ o} fi]
sort . Fif, A5
mercury 7. 4¢, KAl
alcohol n. 1 ¥
load-carry film 752 171 4% 1) 6 5
ayroscope n. BE R X
blower n. il A B
eithers--or=«-uy--+-- Ellfeeesve N LT P 1]
pressure 1.1 /)
chemically reactive {477 Jx 1
arease n. {18 AT
advantage i {13
mitial a JFEGIY . S YT
corrosion n )&t
foreign matter %1
spacecraft n “J*1i €A
migration n. L6, 2514k '
radiation n. 44 3

protection /. {4/

Notes

() These are not new concepts nor, in their essence, particularly involved ones.
XA B S, AT |-t AN A FR A

Nor:

L A4S: involved ones: HMEFEf#IY), involved £ 2 2 1A, &0 433 44 i,

(@) Even though the basic aim still prevails-the prevention of metal-to-metal contact by means of

an intervening layer of fluid or fluidlike material@-modemn lubrication has become a complex

study.
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e X 4 S A

(3) ---lubrication of a sort--+ FIHAT 71 ; of a sort {4 WA S (F) Sl “ 82— Fp 7.
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PART V
Evaporation and Condensation of Water

When you boil a kettle of water, you can see steam coming out of of the spout. This 1s because
the boiling water gives off water vapour(1), which we can see only as steam. The water in the
kettle gets less and less(2). because it is changing into vapour. Or we can say that it is
vaporizing or evaporating. [t cannot evaporate without heat.

If you hold a cold surface® in the steam, you can see tiny drops of water being made on 1t@).
This 1s because the water-vapour gets cool when 1t touches the cold surface Then 1t changes
back into liquid water. This process 1s known as condensation.

Water vapour makes clouds With the help®) of the sun’s heat, water is changed to vapour
from the earth’s surface(G). and when it meets a body of cold air(7) this water vapour changes
to water in the form of milhons and millions®) of tiny drops of water. These may joint

together until they are so heavy(©) that they fall down.

New Words
kettle n. 7 spout .17 i
boil vt £5 il steam n. K 2 “{
boiling water i /K vapour=vapor n. 7 "{
vaporizing presp " ({4, evaporate vt 75k
without presp. it /b ¥ {1 surface n i
tiny a fi /N T drop n i
touch vt 3% fitl change vt 41k -
hquid n i {4 process n i f#
condensation n #t4; cloud n.z:
earth n HBEK Hh i meet vt.ifh |
million n. F1 J7 join vi &5 &
together a. — iz [A] i until presp.— F £ -+
heavy a. i fall vi.ik

Notes

@ ---gives off water vapour: i 1 /KZE (. give off A& . {EIGET steam L5 vapour #f
K2 Sl vapour {046 & R AU ORI AT steam U FR/KZE S

@ ---gets less and less H AT #& 7> less and less AWk /D>

@ cold surface fif & 1175 (1) 4 74 .

@ tiny drops of water being made on 1t /K f1:H [HEH.  being made on it 4} i) i i
XA A AT SIS 0 ) JE A AR & MUE R Tt ¢ surface 194X ia].

(5) With the help of {1l |

'66) earth’s surface Hlifi {h ¢

(@ abody of cold air 1% " (. Body {EULIEA - KR AL 5.

@ millions and millions 127§ % 21 45 4%
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PART VI
That Liquid State of Matter

A simple operational definition of a hquid 1s that it 1s a medium which takes the shape ofll) a
container without necessarily filling 1t In contrast, a gas both takes the shape and fills the
container whilst a solid neither takes the shape nor fills 1t There are, however, materials which are
difficult to place on this defimtion. A few polymenic materials appear to be solid but with time
they will flow to the shape of a contamner. Glasses behave similarly although their flow rate may
be immeasurably slow at normal temperature

The operational distinction between a solid and a liquid must therefore be made more precise
by referrmg to the time response to an apphed force We say that a material shows elastic
behaviour 1f 1t returns to its ongmal shape following the application then removal of a force. It
shows melastic or plastic behavior if it 1s permanently distorted by the force

The response of solids to a force 1s mainly elastic(at last for low strain), and that of hquids 1s
mamly melastic. However, the skipping of stones on the surface of water shows that elasticity 1s
not completely absent in a iquid and the flowing of glass 15 an illustration of mnelastic behavior
The polymer known colloquially as “silly putty ™ which can be moulded mto an elastic ball but
which will flow slowly under an applied force 15 a material 1n which both elastic and 1nelastic
behavior are easily illustrated 2)

At first sight(3) the operational distinction between a hquid and a gas might appear to be more
ngorous. However, there 1s a simple experiment to show that this 1s not so

If one takes a sealed tube contaiming hquid in equilibrium with(4) its vapour then the top of
the hiquid 1s indicated by an interface(meniscus). If the temperature of the tube 1s raised the
density of the hquid will decrease and that of the gas increase until eventually a temperature 1s
reached at which both densities will be equal At this point all distinction between liquid and
vapour disappears and this 1s shown by the disappearance of the interface.

The temperature at which this occurs 1s called the critical temperature. As we shall see later
the pressure in the tube 15 also a characteristic property of the liquid which 1s called the critical
pressure For most liquids this pressure 1s very high(e g for water it is 218 atm(®)) so that great
care 1s needed in carrying out the experiment

On applying mcreasing pressure to a substance at a temperature above its critical temperature
it stmply becomes more dense. there 1s no point at which one can say it passes from beng a gas to
being a iquid This unification of the two states of matter 1s expressed by using the term fluid to
encompass both gas and liquid Below the critical poimnt gas and hiquid are distinct states which can
exist in equilibrium with each other. Above the critical point the two states become one.

Supercritical fluids are bemng increasingly used for extraction processes For example,
supercritical CO2 1s being used commercially to decaffemate green coffee beans The advantages
of such a process are that CO2 1s pharmacologically mert, the extractant can be recovered sumply
by lowering the pressure and coffee flavours are. apparently, not extracted.

A further briet comment on terminology the words vapour and gas are often used
interchangeably. Vapour s usually used when the phase is m contact with its liquid or sohid For
example vapour pressure 1s the equilibrium pressure m the gas (vapour) above a hiquid or sold

One could logieally alwavs use vapour for the phase below the eritical temperature because onh
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