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Lesson 1 Air 1

Unit One

Lesson 1 Air

Air is a mixture, not a compound. It is essentially composed of nitrogen, oxygen, and argon
with small amounts of water vapor, carbon dioxide, and dust. Air can be liquefied and separated
into its constituents by letting the more volatile nitrogen to boil off first.

There is a definite temperature below which a gas must be cooled before it can be liquefied. '
This is known as the critical temperature, and it is different for different gases. The critical tem-
peratures of both oxygen and nitrogen are so low that it is impossible to liquefy these gases at ordi-
nary temperatures however much we compress them.” To liquefy air we must cool it to a very low
temperature as well as subject it to a high pressure.’ Thus air is liquefied by the combined effect
of pressure and low temperature. Liquid air is really only a mixture of liquid nitrogen and liquid
oxygen. It is possible to separate the more volatile nitrogen from the oxygen. In this way, oxygen
is manufactured for industrial use and is compressed into steel tanks. Nitrogen is also prepared by
the same process.

Nitrogen is an inert substance. It is a colourless, odourless, tasteless gas; does not burn;
does not support combustion or respiration; is not poisonous. It does not easily unite directly with
other elements. * At high temperatures it combines with a few metals, such as magnesium, and al-
so with oxygen and hydrogen. Oxygen is also a colourless, odourless gas. It is somewhat heavier
than air. It is the most active element in the atmosphere. It is essential to life. Argon is present in
air to the extent of nearly one percent by volume.

Carbon dioxide is introduced into the air by combustion and respiration. It is removed by green
plants, which get all their carbon from the carbon dioxide in the air and produce oxygen. The balance
of plant and animal life keeps the amounts of oxygen and carbon dioxide in the air constant.’

The chief factors in the air which affect human comforts are 1) moisture, 2) temperature,
3) dust, 4) small amounts of impurities given off by the human body. The human body is normal-
ly at a constant temperature 37°C , and this temperature is regulated by the evaporation of water
from the surface of the body. The temperature and moisture of the surrounding atmosphere affect
this process of evaporation. If the air is very hot and moist, this process of evaporation is very
slow, and we feel uncomfortable. If the air is too dry, the evaporation from the body is too rapid,
and we also feel uncomfortable. Thus it is very important to have a proper regulation of tempera-
ture and moisture.

The presence of dust in the air causes a great deal of discomfort to human body. Air in the

country is far much cleaner than that in the cities. ° After a rain, the air is also much cleaner than
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at ordinary times.

New Words and Expressions
mixture [ 'mikstfo] n. BE, BREY, REH
compound [ 'kompaund] n. BEY, [fk] k&Y
essentially [i'senfali] adv. A F, A3k
essential [i'senfal] adj. SEFAH), FEAR, WHER: no AR, Lk, B, EA
nitrogen [ 'naitradzon] n. [fk] &
oxygen [ 'oksidzan] n. [{k] &
argon ['aigon] n. [fb] &
carbon dioxide 4 LAk
volatile [ 'volotail] adj. #EMER, AIAER, AEEN, BIRK, BIEEWN
critical temperature [ 4] G F iR E
compress [ kom'pres] wt. B4, MEHAR; n. (HFE) B
manufacture [ menju'fektfo] o X, MT; n. Hldk, Hl&l, =56
prepare [pri'pea] o #ER, Bif, A HEN W HEXK
process [pra'ses] n. i FfE, fEA, Fik, B, £%; . I, b
inert [i'nait] adj. E{EBNE, EHER, BEH
combustion [ kom'bastfon] n. fREE
respiration [ jrespi'reifon] n. FENE, PEIE{EH
poisonous [ 'poiznas] adj. HEM
unite  [ju(:)'nait] o BEH, H%
magnesium [ meg'nizziom] n. (fb) £
hydrogen [ 'haidroudzan] n. &
atmosphere [ '®tmasfia] n. KR, R, AR
introduce [ jintra'djuis] v M43, £ A, 5l#E, #£HE
balance [ 'bzlons] n.fE, KV, F#r; v FMr, HSNH
constant [ 'konstont] n. [#(. ¥ HEH, [EHE; adj. ANTH, FLEH
comfort [ 'kamfot] n. %R, &Fif; v. LR, f (FEEE) ZH
uncomfortable [ An'kamfotobl] adj. REFIRE, NEMW, REEH
discomfort [dis'kamfat] n. AMEZA, A&
impurity [ im'pjuoriti] n. 2%, IB&Y, NG, A4l
regulate [ 'regjuleit] oz HH|, EH, HI, KU
evaporation [iveaepa'reifon] n.ZE A&k ({EH)
moist [ moist] adj. WIEHK; n. HE

Notes to the Text

1. There is a definite temperature below which a gas must be cooled before it can be liquefied.
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X E A7), F 4] There is a definite temperature; fEiX B, FiE & temperature, be-
low which a gas must be cooled J& €& M H], B/ temperature ; & Z& {418 which 7£ & X FU#
temperature , #2# & # P B AR, SO €1 A T E i below 215, before it can be
liquefied J2 5 i 4] 1 B[R IE M4, B i must be cooled . A</mj u] @i SRR A1 21 5
—E PR EE AT A REWRAL” o

2. The critical temperatures of both oxygen and nitrogen are so low that it is impossible to
liquefy these gases at ordinary temperatures however much we compress them.

EiXE G A, F /A& The critical temperatures of both oxygen and nitrogen are so low;
H.d F 18 2 temperatures, critical 2 of both oxygen and nitrogen {&1fi temperature, that it is
impossible to liquefy these gases at ordinary temperatures J& 45 5 4R1E N A] 5 it BISEITEIE, H
IE#) F 1584 to liquefy, at ordinary temperatures & & 1ffi to liquefy # 4K 1%, however much we
compress them 21k 4 4R1E M 4], &M impossible to liquefy, 7 /a) &% R . EFME M KA R
FEARMK , It DA TG o8 76 B 4 B0 AN 7T RB A 1T 7 IR T WAk

3. To liquefy air we must cool it to a very low temperature as well as subject it to a high
pressure.

X B AR F A] R we must cool it to a very low temperature, To liquefy air J& FE B #4R
EWAREREIE ., as well as 2%, ZEH#EIR1E M A] subject it to a high pressure, M4
B EE “We”,

4. Tt does not easily unite directly with other elements.

AJ R unite: “EER—A BA; & (] &7 “HRA; ERE, EEE. £0F,
R “AE”. fin.

Unite bricks and stones with cement. 7K B4 7 Fl 4 Bk G 78—

Unite two families by marriage. Fj ZZ B,

Working men of all countries, unite! 4:F K=&, KGNk !

0il and water will not unite. Ji F17K A~ #H fi .

5. The balance of plant and animal life keeps the amounts of oxygen and carbon dioxide in
the air constant.

FEY B A T B (s SR B AR B FEE . fEA A, The bal-
ance J& Fif; keeps /£1H1E; amounts £ EiH; of oxygen and carbon dioxide fil in the air #J&
B AR E 1 ; constant R REIEANETE

6. Air in the country is far much cleaner than that in the cities.

cleaner J&JE 2517 (1) lb 82 4, HLAT I A9 far much A2 E RN, H TEHi cleaner,

Reading Material
Residential and Commercial Air Conditioning Requirements

Under warm, humid conditions, heat and moisture enter buildings from the environment. In

most areas of the country, air conditioning is needed to remove the energy and water vapor and
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maintain comfort in the interior space. Air conditioning currently accounts for about 8 percent of
the energy used in the residential and commercial sectors, and this usage will increase since air
conditioning is becoming widely accepted in both commercial buildings and residences. Virtually
all air conditioners are electrically driven, which affects the electrical generation requirements of
utilities. The electrical consumption due to air conditioning is large, and, for most utilities, the
peak electrical loads occur in summer. The electrical generating system must be able to meet the
maximum load imposed on it. Air conditioning usage is thus a major factor in determining both the
installed capacity of the power plant and its total electrical output.

The energy used for air conditioning depends on the climate, the interior conditions, and the
building structure. Historically, the interest has been in sizing of equipment, and the ASHRAE
guides present detailed methods for evaluating peak loads. These calculations have been extended
to estimate annual consumption. The maximum cooling loads are based on design wet and dry
bulb temperatures for each location. These are the 1 percent values, which means that the envi-
ronmental conditions are exceeded only 1 percent of the time. Of 30 hours during the summer the
room conditions are between 73 to 78°F and 30 to 70 percent relative humidity. Recent govern-
ment legislation has attempted to set 80°F as a design room temperature for air conditioning, but it
appears that 78°F is a more realistic, and acceptable, upper temperature.

The seasonal energy requirements depend on the heat and moisture flows into the building.
These are basically the same as for heating, and are shown in Fig. 1-1. The solar gain and the

internal heat and moisture generation become major contributions in the cooling load. The total

g sol /
Outside Air \
~_]

\\ //q‘”l

Tp /
] Room
TR / 9wd
Einf S~ ar
[ Sinf ‘

777 T 77

s AV 7

951

Ground , T

Fig. 1-1 Schematic of Heat Gains in a Building
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energy gain is determined from an energy balance on the building as

Egnin =qw] +qrf +qﬂ +qwd +qdr +Einf+ginl +gso]

Exercises

Decide whether the following statements are true (T) or false (F) accord-
ing to the text.

1. Air conditioning is needed to remove the energy and water vapor and maintain comfort in
the interior space in most areas of the country. ) ( )
2. Air conditioning will account for about 8 percent of the energy used in the residential and
commercial sectors since it is becoming widely accepted in both commercial buildings and resi-
dences. ( )
3. Air conditioning usage is thus a first factor in determining both the installed capacity of
the power plant and its total electrical output. ( )
4. Historically, the interest has been in sizing of equipment, and the ASHRAE guides pres-
ent detailed methods for evaluating bottom loads. ( )
5. The seasonal energy requirements have no relationship with the heat and moisture flows

into the building. ( )
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Lesson 2 The Need of Air Conditioning

Human beings are born into a hostile environment, but the degree of hostility varies with the
season of the year and with the geographical locality. This suggests that the arguments for air con-
ditioning might be based solely on climatic considerations, but although these may be valid in
tropical and subtropical areas, they are not for temperate climates with industrialized social struc-
tures and rising standards of living.

Briefly, air conditioning is necessary for the following reasons. Heat gains from sunlight and
electric lighting, in particular, may cause unpleasantly high temperatures in rooms, unless win-
dows are opened. If windows are opened, then even moderate wind speeds cause excessive
draughts, becoming worse on the upper floors of tall buildings. Further, if windows are opened,
noise and dirt enter, and are objectionable, becoming worse on the lower floors of buildings, par-
ticularly in urban districts and industrial areas. In any case, the relief provided by natural airflow
through open windows is only effective for a depth of about 6 metres inward from the glazing. It
follows that the inner areas of deep buildings will not really benefit at all from opened windows.
Coupled with the need for high intensity continuous electric lighting in these core areas, the lack
of adequate ventilation means a good deal of discomfort for the occupants. ' Mechanical ventilation
without refrigeration is only a partial solution. It is true that it provides a controlled and uniform
means of air distribution, in place of the unsatisfactory results obtained with opened windows ( the
vagaries of wind, again particularly with tall buildings, produce discontinuous natural ventila-
tion) , it will prevail only during winter months. For much of the spring and autumn, as well as
the summer, the internal room temperature will be several degrees higher than that outside, and it
will be necessary to open windows in order to augment the mechanical ventilation. *

The design specification for a comfort conditioning system is intended to be the framework for
providing a comfortable environment for human beings throughout the year, in the presence of sen-
sible heat gains in summer and sensible heat losses in winter. Dehumidification would be achieved
in summer but the relative humidity in the conditioned space would be allowed to diminish as win-
ter approached. There are two reasons why this is acceptable first,” human beings are comfortable
within a fairly large range of humidity, from about 60 per cent to about 20 percent and, secondly
the use of single glazing will cause the inner surfaces of windows to stream with condensed mois-
ture if it is attempted to maintain too high a humidity in winter.

The essential feature of comfort conditioning is that it aims to produce an environment which
is comfoitable to the majority of the occupants. The ultimate in comfort can never be achieved,

but the use of individual automatic control for individual rooms.



Lesson 2 The Need of Air Conditioning 7

New Words and Expressions

hostile [ 'hostail ] adj. FBH), BOFH

hostility  [hos'tiliti]  n. B, BE, AAEH, 8O, tHp, Xt

solely  ['soulli]  adv. 7h 8 #1, HL54Hb

valid  ['vaelid] adj. [#] AR, AWRHER, E40, EFRK

tropical [ "tropikal ] adj. PHT ), PR

subtropical [ 'sab'tropikol]  adj. WK

moderate [ 'modarit | adj. PEW, EEH, EHW

draught [ dra:ft] n. #i, v, —M (), K#i

gaze  [gleir] v BEW, LM, HREEH

intensity [ in'tensiti ] n. SRAL, RIS, 5RE

ventilation [ (venti'leifon] n. X, REZS

uniform [ 'jurniform ] adj. Gi—w), HER, B

distribution [ ,distri'bjuzfon] n. B, Kk

vagary  ['veigeri] n. HEZRHE (REXH) Mf7H, A, L5
dehumidification [ 'dithjurmidifi'keifon] n. EEEX

condense [kon'dens] v (f#i) ¥45, ¥

moisture [ 'moist[a] n. BB, BX

ultimate [ 'Altimit]  n. (Hif 5 the BH) BMEAMFEY, BE

individual [ indi'vidjual]  n. A, ™ME; adi. PHIE, B, TAK
automatic [ o:ta'meetik | n. HIWWIW; od. BahH, TEIHAG, PR

Notes to the Text

1. Coupled with the need for high intensity continuous electric lighting in these core areas,
the lack of adequate ventilation means a good deal of discomfort for the occupants.

] 5 coupled with F2R “fn k., 4hm” .

541 : Her name was coupled with his. #ih )2 F S5 i) &% FiEE—E,

---a good deal of discomfort for the occupants. H H for J& FKFE — N 1E sh B 32 & 5L %
5%, X1n: prepared lunch for us. HHEITHESTFE,

2. For much of the spring and autumn, as well as the summer, the internal room tempera-
ture will be several degrees higher than that outside, and it will be necessary to open windows in
order to augment the mechanical ventilation.

A as well as 5 in addition to FAHIL . HER “BR----- ZAh, ®, M, B (SREM
RETHE M4 )" . ;. I’ m learning French as wall as English. 2231 2 Sh A 22 08

it will be necessary to open windows--- A% JEF “It+ & + BHAAER” XFpARI, It
e KX E1E, to open windows R A AE XEHIEM EiF, HahAAEX . 3h& 8 IERK
MW Em iR EiBER, mX—#a AR Een, T EREXEE, BEmENER
HIGrtmEsE B, RIEMEE, MIERKIER EERAERTE, 0. Itis difficult to climb
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a mountain. J& 1y &R xR HE ) .
3. There are two reasons why this is acceptable first.

why this is acceptable first &2 why 5| S #) F1& M A), why 7558 15 M A P4 ERIE

. We don’ t know the reason why they didn’t complete their production plan according to

schedule. FRATA HITE T4 A4 Bedk i 5 B A 7 3R

Reading Material

Separation of Air

This passage describes how it is possible to separate the gases in the air. Some of the proper-
ties of these gases are also mentioned.

The important uses of gases, obtained from the air, have been found.

Oxygen and nitrogen can be made from other materials, but they are usually obtained from
the air because air is so plentiful. Some of the other gases, such as argon, can only be obtained
from the air. There is so little carbon dioxide in the air that it is better to obtain it in other ways.
The problem, of course, is to find a quick and useful way of separating the gases in the air.

At very low temperature air can be made into a liquid. If the liquid is heated, it “boils” and
turns back into a gas. Now oxygen does not boil away from liquid air so easily as nitrogen. By
careful arrangement of the boiling, it is possible to make the nitrogen turn back into a gas and
leave the liquid oxygen behind. The oxygen can be turned into a gas later. In this way the oxygen
and nitrogen are separated. The other gases, such as argon, can also be obtained separately by
very careful arrangement of the boiling.

Oxygen is necessary for the breathing of animals and plants, and for burning. Only one-fifth
of air consists of oxygen, but this is quite enough for all ordinary purposes. Pure oxygen is used
for special kinds of breathing and burning.

Sometimes an explosion takes place in a mine where men are digging for coal. The men may be
hurt by the explosion, and fallen rocks may stop them from getting out. Further, much of the oxygen
in the air may have been used up by the explosion. Men who go down the mine to rescue them there-
fore take containers of compressed oxygen. The containers are usually carried on their shoulders.

Air contains enough oxygen for the burning of a fire in a house or in a railway engine. Pure
oxygen would cause the wood or coal to burn so fast that it would be wasted. When a very hot

flame is needed for a special purpose, oxygen is provided instead of air.

Exercises
Decide whether the following statements are true (T) or false (F) accord-
ing to the text.

1. Because air is so plentiful, oxygen and nitrogen are usually made from the air. ( )
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2. Some of the other gases, such as argon, can only be obtained from the air. ( )
3. Now oxygen does not boil away from liquid air so easily as nitrogen. ( )

4. Oxygen is provided instead of air for the buring of a fire in a house or in a railway en-

gine. ( )
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Lesson 3 The Cleaning of Air

Atmospheric dust is a complex mixture of smoke, mists, fumes, dry granular particles, and
fibers suspended in air. In addition air may contain living organisms such as mold spores, bacteri-
a, and plant pollens that may cause diseases or allergic responses. Particles in the atmosphere
range in size from less than 10 ~° up to the order of magnitude of the dimension of leaves and in-
sects. ' The particles exist in all sizes and shapes and generally it is impossible to design one air
cleaner that is best for all applications.

Different degrees of air cleanliness are required for various applications. Another considera-
tion is the fact that dust particles in the air may damage the conditioned spaces or its furnishings.
For example, the walls may be discolored if even the smallest components of the atmospheric dust
are not removed. Unfortunately the smallest particles cause the most discoloring. Therefore, in
this case, electronic air cleaners or high performance dry filters are required. In clean room appli-
cations or when radioactive particles are present, extremely high performance filters should be em-
ployed. One of the most effective ways of controlling allergic disorders is to remove the allergens
from the air by using high performance filters. > Of all the characteristics affecting the performance
of an air filter, particle size is the most important; however, the cleaning efficiency of a filter is
affected to some extent by the velocity of the air stream. The major factor influencing filter design
and selection is the degree of air cleanliness required. In general the cost of the filter or filter sys-
tem will increase as the size of the particles to be removed decreases. Maintenance will also in-
crease in the same way.

There are three operating characteristics that distinguish the various types of air cleaners.
These are the efficiency, the air flow resistance, the dust-holding capacity.’ Efficiency measures
the ability of the air cleaner to remove particulate matter from an air stream and the average effi-
ciency over the life of the filter is the most meaningful for most applications. * The air flow resist-
ance is the loss in total pressure across the filter at a given air flow rate. This of course is a very
important consideration. The dust-holding capacity defines the amount of a particular type of dust
an air cleaner can hold while operating at a specific airflow rate and maximum airflow resistance.
Sometimes the dust-holding capacity refers to the value attained before the filter efficiency is seri-
ously reduced. Therefore, to have a complete rating of an air cleaner, data should be made avail-
able on efficiency, resistance, and dust-holding capacity. The effect of the dust loading on the ef-
ficiency and resistance is also important. In general, however, the gravimetric efficiency of a filter
gives the ratio of the mass of the dust arrested by the filter to the total mass of the dust fed to the
filter. The second type of efficiency is called the dust spot efficiency. This is designed to rate fil-

ters for their ability to prevent discoloration. In this case white filter paper targets are used and the
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efficiency is determined through light transmission measurements and expressed in terms of effi-

ciency. The dust-holding capacity is actually given as an absolute measure of the mass of

dust

held by the filter. This rating gives an indication of how often the filter may have to be renewed.

Of course this will vary considerably depending on the application. Air flow resistance or pressure

drop is probably the simplest of all the tests made and is usually given in terms of the clean filter.

Naturally, as the filter becomes loaded, pressure drop will increase.

New Words and Expressions
granular [ 'grenjulo]  adj. H/NVRLTAR ), BLR A
fiber [ 'faibo] n. =fibre YL4F
suspend [ sa'spend ] ot. B, B v LS
organism [ 'oigonizom ] n. AP, BHLAE
mold [ mould ] n. HEHE
spore [spor] n. #l¥1; vi. KHETF
bacteria [ baek'tiorio ] n. (pl.) YHE
bacteria-free adj. JCH R
pollen  ['polin]  n. 7EMr; v (ZRIEMZG
allergic  [o'lowdzik] adi. [BE] iH8Hy, Bt 8UEM
atmospheric [ tmos'ferik|  adj. KA
magnitude [ 'megnitjurd] n. K/, BE, BEK, Tk, BS
furnishings [ 'fomifinz] n. FEH, &&
discolor [ dis'kalo ] v. [ERLA, {Hi5 Y

filter  ['filto] n. JEPLAT, ITUEAR, WEOLAR, FLL; o TUE, BE, MWL E

radioactive [ reidiou'=ektiv ] adj. FUEPER, B RS EE

disorder  [dis'orda]  n. Z%AL, IRAL, TRRFPARE; v PUAL, BESRIE, MZRHEL

allergen [ '®lodzon] n. RN R, SR

characteristic [ keerikto'ristik ] adj. ¥ABN, TARFMER, BEIK; n 8548, B10E

velocity [ vi'lositi ] n. HEE, #E, U, FER

remove [ ri'muzv ] vt. B3, B, B3

distinguish [ dis'tipgwif] o X3, #E5l

transmission [ treenz'mifon | n. ¥k, KA, &3, Lk, L, %%

Notes to the Text

1. Particles in the atmosphere range in size from less than 10 ~° up to the order of magnitude

of the dimension of leaves and insects.

fE/]H, Particles J&F 1%, “range in size from less than 10 "° up to the order of magnitude
of the dimension of leaves and insects” 5 iH 15 #4), order of magnitude N ikl “BER” .,

range "] LUEZ A . KSR R, B CIR, &M, B, A, Wik



