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WHY THIS BOOK WAS WRITTEN

There is great need for translating scientific facts and data
into simple language in order to bring about fuller appreciation
of the benefits and advantages of modern equipment that is in
daily use.

This is especially true about air conditioning; no other sub-
jeet has been so thoroughly publicized and yet so completely
misunderstood.

Most of the texts on air conditioning that have been published
within the past few years deserve favorable comment from a
technical standpoint. A few are editorially sound, while none
has seemingly attempted to place the simple fundamentals and
essentials within the hands of thosc interested.

The annual business of air conditioning averages hundreds of
millions of dollars; that fact alone scems sufficient reason for a
text of this kind.

Because of a sincere belief that a subjeet of such importance
needs a common ground for salesman, dealer, manufacturer,
planner, banker, and others, this primer has been written. The
book is divided into two parts. Part I cavers the basic charac-
teristics of heat, air, people, and houses, which comprise the
fundamentals and essentials of comfort air conditioning.

Part II covers the application and apparatus which comprise
the more practical adaptation of the fundamentals of Part I.
Necessary tables and charts are given in the Appendix.

To each and every one who has given something to the air-
conditioning industry I extend my sincere thanks for making this
book possible.

WiLriam HuLL STANGLE.

Forest HiLus, N.Y.,
February, 1940.
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CHAPTER 1

DEFINITIONS
THE SIMPLE TRUTH ABOUT AIR CONDITIONING

1. Fact. There is no mystery about air conditioning. No
mask hides any of its supposed seerets.  The truth can be told
about it with the utmost sincerity and simplicity

2. Purpose. Fundamentally, air conditioning is intended to
provide the right kind of air for a definite use.

3. Uses. Conditioned air may be used to good advantage
for the specific purposes of industrial, commercial, or residential
air conditioning.

Air conditioning
Comfort Industrial
People Materials

Commercial Residential  Preparation  Preservation
Fia. 1.

4. Industrial. When used for the preparation of a material,
such as artificial silk, or for the preservation of a material, such
as a foodstuff, it is industrial air conditioning.

6. Commercial. As applied to places of multioccupancy,
such as theaters, restaurants, shops, offices, and other mercantile
spaces, or in factories or offices to increase the efficiency of
employees, for the purpose of maintaining or increasing business
profit, it is commercial air conditioning.

6. Residential. If employed to preserve or improve the
health, comfort, and convenience of people in their homes, it is
residential or home air conditioning. .

7. Comfort. Commercial and residential conditioping are .
classified as comfort air conditioning because they have to do
with people, in contrast to industrial air conditioning, which

has to do with materials (see Fig. 1).
' 3
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~ 8. Simple. Comfort air conditioning is simply the refining
of air in order that it may be used to the best advantage within
an enclosure for the better health, comfort, and convenience of
people (see Fig. 2).

Oufside air o——d—> [nside air
Uncond'fioned Enclosure Condifioned
Uncontrolled Controlled
Varable Constant

Jemperature : Temperafyre

Humidity : Humidity

Velocity Air Velocity

Direction conditioner Direction
Unsatisfactory Satisfactory

Fi6. 2. '

9. Scientific. Comfort air conditioning is scientifically defined
as the simultaneous control of the temperature, humidity (mois-
ture), circulation, and cleaning of air, without objectionable
sound (see Fig. 3).

CONTROL

Circulartion Ternperature
Clearing Heating
Quret Cooling
Hurmidity
Humidlification
Dehumidification
Fia. 3.
10. Winter. Winter-comfort air conditioning is the simul-
taneous control of the heating, humidification (adding of mois-
ture), circulation, and cleaning of air, without objectionable

sound (see Fig. 4).
‘"CONTROL

Circulation Heating
Cleaning Hurmidification
Quiret

Fia. 4.

11. Summer. Summer-comfort air conditioning is the simul-
taneous control of the cooling, dehumidifieation (subtracting of
moisture), circulation, and cleaning of air, without objectionable
sound (see Fig. 5).
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12. Common. The circulation and cleaning of air, -and the
control of noise below an objectionable level are all common to

CONTROL
Cireulation Cooling™ .
Cleaning - Dehumidification®

Quiet

* Cooling may be accomplished in very dry
areas by humidification-described later
Fia. 5.

both winter and summer conditioning (see Fig. 6). In addition,
winter air conditioning heats and humidifies (adds moisture to),
while summer air conditioning cools and {requently dehumidifies
(subtracts moisture from) the air.

CONTROL

Cirevlortion
Cleaning
Quret

Fia. 6.

13. All-year. All-year or ycar-round comfort air conditioning
is a combination of both winter- and summer-comfort air con-
ditioning (see Fig. 7).

CONTROL
Circulation Heating
Cleaning Humidrfication
Quiet Cooling *
Dehumidification™

* Cooling may be accomplished in very dry
areas by humidification-described later
Fia. 7.



CHAPTER II

PREAMBLE
WHY COMFORT AIR CONDITIONING?

1. Research. Some of the greatest accomplishments of
research have been achieved, not with test tubes and retorts,
but with people—human beings—and not with their hearts,
lungs, livers, and other components of their bodies, but with their
needs and desires for better health, greater comfort, and more
conveniences.

2. Evolution. It seems that from the beginning man has
sought and contrived to protect health, improve comfort, and
augment conveniences for himself and those dear to him—his
family. What he has evolved and accomplished is amazing and
constitutes a record of the ‘“march of civilization.” .

3. Yesterday. It is but a few years ago that drinking water
was. “‘toted’’ from such unreliable supply sources as the spring
or the well. Human wastes were somewhat uncomfortably
disposed of in the open privy. Artificial lighting was furnished
by flickering candles and smoky coal-oil lamps. Cooking was
done on the spit. Laundry was pounded clean on a flat rock at
the river. Heating was meagerly accomplished by an inefficient
and drafty fireplace.

4. Today. Today, clean and soft water, either hot or cold, is
instantly available for every use at the mere turning of a spigot.
Wastes are led through sealed and trapped sanitary drainage
systems. The flick of a switch gives correctly adjusted illumina-
tion from highly efficient electric lamps and fixtures. Food fit
for the gods is prepared by the housewife in today’s modern -
superefficient kitchen. Clothes are washed, dried, and ironed in
an equally comfortable, convenient, and efficient laundry.

No wonder g0 many housewives have become expert bridge
players. o i
And that is not all! . '

. e [}
“‘
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5. Warmth. Just for a moment, let us consider what man
has done to provide warmth. From the open fireplace, through
the various stages of room stoves, to furnaces and boilers, man
sought to provide greater warmth and with tremendous success
developed heating systems of excellent efficiency and economy.
But, what happened?

6. Outside Air. He discovered that outdoor air is most
fickle, that it constantly varies in temperature, humidity (mois-
ture), direction, and velocity (speed), carrying with it undesirable
dust, dirt, pollen, and obnoxious odors. This is what the fresh-
air fiend gets when he opens a window.

7. More Research. He found that to gain true comfort he
had to know more about the air in which he lived and moved and
breathed, more about himself and his relation to the air, and
more about the actual construction of his house, so that he eould
properly treat or condition the air and control it.

8. Warmth Plus. He was surprised to find that, in addition
to proper temperature or warmth, the humidity or water vapor
in the air had much to do with health and comfort and that
properly regulated air circulation within the house provided
zephyrlike air movement instead of unfriendly drafts.

9. Cleaning. Man’s ingenuity also developed filters to remove
the dust, dirt, and pollen from the air, to reduce the drudgery
of house cleaning, and to alleviateghe suffering of members of the
family afflicted with hay fever or other olfactory or pulmonary
ailments.

10. Electric Cleaning. Just recently there has been developed
an electric precipitator that removes dust, dirt, and pollen from
the air, and it is claimed, also reduces obnoxious odors to an
imperceptible concentration and purifies the air by delicate
ozonation and ionization. The device is too new and too lacking
in sufficient proof of experience to warrant present acceptance
of the claims made for it.

Let us now see what man found out about himdelf, and the air
and the house in which he lives.

11. Relation. He found that there is a relation between the
movement, temperature, and humidity (moisture) of air which,
if properly balanced and controlled, results in the greatest
comfort. Air moving at a high velocity will cause a cooling
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effect. Comfort air conditioning is today designed on a low-
velocity basis and air with a velocity of about thirty feet per
minute (through the room) is considered ‘‘still” air.

12. Real Comfort. Actual tests were run, to determine the
best conditions for the greatest comfort of people. These tests
were run in “still” saturated air and the temperature recorded
was given the name ‘“effective temperature.” Then different
percentages of humidity (moisture) were used in subsequent
tests. With ‘‘still” air the temperatures and humidities for the
greatest relative or effective comfort were established.

13. Winter Comfort. For the winter, the best apparent con-
dition was found to be about 70 degrees Fahrenheit, temperature,
and 50 per cent relative humidity (per cent of moisture in the
air). The relative humidity in the house may have to be reduced
below 50 per cent during the extreme cold days, if the walls are
not properly insulated and the windows not furnished with
double glazing or storm sash. Condensation on the walls and
glass may result with the higher humidities inside and the colder
temperatures outside. When these lower interior humidities
are required the interior temperatures must be slightly increased
to obtain equivalent comfort.

14. Refrigeration. With equal ingenuity man had developed
methods of cooling, called refrigeration, which have since been
used in the generally practicpd methods for the production of
summer conditioned air.

16. Summer Comfort. For the summer, the best apparent
condition was found to be about 76 degrees Fahrenheit and 50 per
cent relative humidity. But in the summer another condition
arises which is even more important because it concerns the
health, as well as the comfort and convenience, of people.
Details of this condition are covered in the chapter of this book
on People and under the specific section on Temperature Shock.

16. All-year Comfort. By adding refrigeration to his winter
air-conditioning system, man has been able to provide the addi-
tional summer requirements of cooling and dehumidification to
obtain all-year comfort.

17. Conscious Need. Finding out all these things about the
air, himself, and his house, has made man conscious of his real
need and desire for comfort, air conditioning.
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18. Trend. The inevitable trend is toward all-year air con-
ditioning. Complete air-conditioning systems, found until
recently only in the more pretentious houses, are now available
to houses in the lower price brackets and will soon be found in
every house or home that lays claim to being modern.

19. Tomorrow. There is no escaping this trend. It is
important that we recognize it and its effect on house values
of the future. The day is near when a house without complete
all-year comfort air conditioning will be considered practirally, if
not actually, obsolete. Another thing to remember is that an
all-year conditioned house will have an infinitely greater resale
value.

20. Plan. Anyone planning a new house or remodeling an
old one, whether it be for residential or commercial purposes,
should at least plan the house for all-year comfort air condition-
ing. If all-year air conditioning cannot be afforded immediately,
the all-year distribution system should be planned and installed
with the winter air-conditioning equipment so, that the summer
equipment may be added as soon as it is economically possible.
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Essentials
2]

AIR CONDITIONING
IN A NUTSHELL

&

To understand comfort air condi-
tioning, it is necessary to know

only certain things about

Heat
Air
People

Enclosures




CHAPTER II1

HEAT
NATURE TAKES A HAND

1. Science. The natural laws that have to do with air con-
ditioning are found in those sciences called physies and chemistry.
They arc well established and simple to

understand.  Of these the principal law is 2% S7eam ot
that of heat. 120°F_||Water-warm

2. Temperature. The intensity of heat 52 F Ylee -cold
is determined by the temperature indicated - Thermometer
on a thermometer (see Fig. 8). We say O
that ice is cold at 32 degrees Fahrenheit,
water is warm at 120 degrees Fahrenheit, and steam is hot at
212 dcgrees Fahrenheit.

3. Absolute Zero. Some years ago a KEuropean scientist
discovered that a gas, like air, when cooled, contracts 149y per

Fiag. 8.

/cub/c 7‘bo:‘- 492

A’
ol 1F
lce meltsat32°€]| . DL of 1cubsi Foot
ked | ST 492
0%F : Gas contracts
r) 492 —L_of cu.ff per I°F
i

|
= - Thearetical thermometer
1]
I
;Gas confrac/s-—-z— of/ cu. f#
-460°F |\ Absolute zero J 49
)_l

Fia. 9.

degree Fahrenheit. If a gas were cooled 492 degrees Fahrenheit,
below the melting point of ice, or 460 degrees Fahrenheit below
0 degrees Fahrenheit, it would theoretically occupy no volume.

Since heat is regarded as molecular vibration, and there is no
11
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room for the molecules to vibrate at this lowest temperature,
this point of —460 degrees Fahrenheil was established as abso-
lute zero (see Fig. 9).

4. Absolute Temperature. The absolute temperature is the
sum of the temperature indicated on the Fahrenheit thermometer,

212°F  672°F,absolute  Weater boils

3J2°F || 992°F, absolute  lce melts
O°F._||460°F, absolute

, 'Irg .~ Theoretical thermometer

~460°F :: O°Fabsolute  No molecular vibration

Fia. 10.

plus 460. For cxample, the melting point of ice is 32 degrees’
Fahrenheit, and the sum of 32 plus 460 is 492 degrees Fahrenheit,
absolute. Also, the boiling point of water at atmospheric pres-
sure is 212 degrees Fahrenheit, and the sum of 212 plus 460 is
672 degrees Fahrenheit, absolute (sce Fig. 10).

10°E]|530°F, absolute Final @""5? cublc feet
A
L Thermometer .
0°£||460°F, absolute Initial @"’-0 cubic foot
ngo_xl = [ 152 cubre feet

_1.0cubic foot
95°F. [\555°F, absolute Initial | |j ‘4@

80°F. |[540°F,absolute Y Final 0973
Thermomefer 53%"’ =0.973 cubs: feet
Fia. 11.

6. Expansion or Contraction. From the facts obtained about
absolute zero and absolute temperature there resulted the
so-called Charles’ law, that “a volume of a gas, like air, under
constant pressure, will vary in direct proportion to the variation
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in the absolute temperature of the gas.” For example, a cubic
foot of air at 0 degrees Fahrenheit will éxpand when heated to
70 degrees Fahrenheit as the ratio of 460 or (460 plus 0) to 530 or
(460 plus 70), 7.e., it will expand to the volume of 1.152 cubic
feet. Also, a cubic foot of air at 95 degrees Fahrenheit will
contract when cooled to 80 degrees Fahrenheit, as the ratio of
555 or (460 plus 95) to 540 or (460 plus 80), z.e., it will contract
to the volume of 0.973 cubic foot (scc Fig. 11).

6. Heat. All materials or substances, like air, arc considered
as made up of molecules. Heat is considered a vibration of these

Thermometer

As heat is added
molecular vibrarfion increases
and fernperafure increases

-460°F § No molecular vibration-ro heat

Fiu. 12,

tiny particles and is recognized as a form of energy. The rela-
tive vibration of these molecules may be indicated on the ther-
mometer scale as the intensity of heat or the temperature of the
material (see Fig. 12).

7. Heat Unit. In addition to the intensity, heat may also
be measured as a quantity, like a pound of butter or a quart of

3 I] ‘ ) -/ pound of water (about / pint)
- ~T°F \\ “~Temperoture mcreased I°F.
- Heat added = | hecrt unit
-Thermometer /Bt
Fra. 13.

milk. The standard heat unit is defined as the quantity or
amount of heat required to raise onc pound of water onc degree
Fahrenheit. One pound of water is about one pint (sce Fig. 13).
The technical name for this heat unit is the British Thermal
Unit. It is abbreviated B.t.u., and is commonly called a
‘‘Bee-tee-you.”

8. Specific Heat. Thc amount of heat required to raise one
pound of any substance one degree Fahrenheit, represented as a
ratio, is the specific heat of that substance and is often referred
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to as the quantity factor. Because one B.t.u. is required to
raise one pound of water one degree Fahrenheit, the specific
heat of water is one and is used as unity, or the standard from
which the relative specific heats of other substances are estab-
lished. For example, the specific heat of ice is 0.5, of water is
1.0, of steam is 0.45, and of air is 0.24. It is interesting to note.

-7
63°F | m pound of substance
62§ 3IF N Heat addled = Specific heat
l. Thermometer Ratros =z/;rfer: 0/?
Steam =045
' Air =024
Fia. 14,

that practically all specific heats of substances arc less than
1.0 (sec Fig. 14).

9. Temperature Differential. When, the temperature of a
substance, such as air, is changed, the difference between the
initial temperature and the final temperature is called the
temperature differential, and it is often referred to as the intensity
factor. For example, if air is heated from an initial temperature

. o 17€rmomerer
Final _70°F

A

70-0=70°F Temperature differential

Initial 0F

Initial 95F )
Final BOE|_} 95-80=/5°F Temperature differential

- Thermometer

J

Fiq. 15.

of 0 degrees Fahrenheit to a final temperature of 70 degrees
Fahrenheit, the intensity factor or temperature differential is
70 — 0 or 70 degrees Fahrenheit; conversely, if air is cooled
from an initial temperature of 95 degrees Fahrenheit to a final
temperature of 80 degrees Fahrenheit, the intensity factor or
temperature differential is 95 — 80 or 15 degrees Fahrenheit (see
Fig. 15). ’
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10. States of Materials. Substance may exist in one of three
states: (a) solid, (b) liquid, or (c) gas. Liquids and gases are
commonly called fluids (see Fig. 16). When a substance changes
from a solid (see Fig. 16) to a liquid it is said to melt or fuse; if it
changes from a liquid te a‘solid it is said to freeze or solidify.
When a substance changes from a liquid to a gas it is said to

C ontairer .Q
[ Liquid -Gas

Nonr-Fluid Fl uirds

Sol/sd Liquid =~ Goas
Definite shape  No definife shape Nodefinite shape
Definite volume  Definite volurne Mo definife volume — *
Takes shape of Takes shape and
container volume of container
Fia. 16.

evaporate or boil; if it changes from a gas to a liquid it is said to
condense or liquefy.

11. Sensible Heat. The quantity of heat required to change
the temperature, without changing the state, of a substance is
sensible heat (see Fig. 17). For a pound of a substance, the
sensible heat is the specific heat multiplied by the temperature
differential, 7.c., the quantity factor times the intensity factor.

_ Specific heat
Thermometer-— oﬁ-fge =08

o
(32 lce melts

Final __30F
Initial _20°F 1 30-20=10°F Temperature
o differential
0F
1/b.x(30-20)x 0.5=1x10x 0.5=88.¢u.
= required sensible heort
Nofe ne change in state.
Fra. 17.

12. Latent Heat. The quantity of heat required to change
the state, without changing the temperature, of a substance is
latent heat (see Fig. 18). 4 ,

13. Latent Heat of Fusion. The quantity of heat required
to be added to change a pound of a solid into a liquid at the fusion
or melting point (without a change in temperature) is the latent
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heat of fusion of the substance (see Fig. 19). For example, a
pound of ice at 32 degrees Fahrenheit (melting or fusion point)
will change to a pound of water at 32 degrees Fahrenheit (no
temperature change) if 144 B.t.u. (latent heat of fusion of ice)
are added.

No change in femperature
on the thermometer

Add laterrt heat

Subtract laterrt heat,
Solid Liquid

No change in temperature
on the thermometer

A1 O

Add latent heat

Subtract lafent heat
Liquid Gas
’ s Fic. 18.

lee melts at 32°F with no change
Jof femperafure on the fhermamet&r

" A Nofe change of state, without
change in femperafure
3 /44 8.t u. added
® -/a/enfbeafof .t
K| fusion forice |
Ice-—>one pound->wafer
Fia. 19.

14, Latent Heat of Solidification. The quantity of heat
required to be extracted to change a pound of a liquid into a
solid at the solidification or freezing point (without a change in
temperature) is the latent heat of solidification of the substance
(see Fig. 20). For example, a pound of water at 32 degrees
Fahrenheit (freezing or solidification point of water) will change
to a pound of ice at 32 degrees Fahrenheit (no temperature
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change) if 144 B.t.u. (latent heat of sohdxﬁcatlon of water) are
extracted.

Woarter freezes at 32°F with no change
of femperafure on the thermomefter

Nofe change of stafe _nmo_gt
-\ change in femperature
1448 tu.subtracted
=laotent heat of
solidifrication
for water

Jce < one pound-— water.
Fia. 20.

Final
Initial

16. Latent Heat of Evaporation. The quantity of heat
required to be added to change a pound of liquid into a gas at the
evaporation or boiling point (without a change in temperature)
is the latent heat of evaporation of the substance (see Fig. 21).
For example, a pound of water at 212 degrees Fahrenheit (evapo-
ration or boiling point at atmospheric pressure) will change to a
pound of steam at 212 degrees Fahrenheit (no change in tempera-
ture) if 970 B.t.u. (latent heat of evaporation of water at atmos-
pheric pressure) are added.

Warter boils at 212°F with no change
7 of femperature on the thermometer

éi Aﬂ_'l (af atmospheric pressure)
¢ Note change in state without
change mgz‘gmpemfure

3 970 B1v. added )

K| =latentheatof | §

K| evaporation N

of water

. Fia. 21.

16. Latent Heat of Liquefaction. The quantity of heat
required to be extracted to change a pound of gas into a liquid
at the condensation or liquefaction point (without a change in
temperature) is the latent heat of liquefaction (see Fig. 22).
For example, a pound of steam®at 212 degrees Fahrenheit
(condensation or liquefaction point at atmospheric pressure)
will change to a pound of water at 212 degrees Fahrenheit (no
change in temperature) if 970 B.t.u. (latent heat of hquefactxon
of steam at atmosphenc pressure) are extracted.
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. Water condenses art 212°F with no change
/ of femperature on the thermometer

/ (o} afmospheric pressure)
Note change in state without
- 3 change in femperature .
S Tatent heator 13
liguitaction =
of steamn
' Fia. 22.

17. Total Heat. The quantity of heat required to change
the condition of a substance, either temperature or state, or
both, is the total heat. If therc is no change in state, but a
change in temperature, the total heat is the sensible heat. If
there is no change in temperature, but a change in state, the
total heat is the latent heat. If there is a change in temperature
and a change in state, the total heat is the sum of the sensible
and latent heats.

18. Example of Total Heat.

a. When sensible heat equals total heat, and there is no change
in state (see Fig. 23).

Two pounds of water are heated from 60 degrees Fahren-
heit to 180 degrees Fahrenheit. The sensible or total heat is
2 X1 X (180 — 60) or 2 X 1 X 120 or 240 B.t.u. Note that

Final 160°F .- Thermometer _
(180-60)=/20°F. Temperature differential

Initral 60°F é ------- 2 pounds water
Specrfic heat =10

O
21bs. x(180-60)x I=2x 120 x /=240 B.F v.
=Sensrble heat
=Jotal heat
F1a. 23.

the quantity is two pounds, the specific heat of water is 1, and
the temperature differential 4s 120.

b. When latent heat equals total heat, and there is no change
in temperature (see Fig. 24).

Three pounds of water at the boiling point at (212 degrees
Fahrenheit at atmospheri¢c pressure) are boiled to steam at
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212 degrees Fahrenheit. The latent heat is 3 X 970 or 2910
B.t.u. Note that the quantity is 3 pounds and the latent heat
per pound is 970 (from standard steam tables).

Thermometer
212°F [V f %’Wafer < Steam (at atmospheric

97081 u. oddled pressure)
per pourd

No change
° n g Water ~ 3 [bs.—> Stearn

femperature
3 /bs. x(970) = 2910 B+ u.

= Latent heat

=TJotal heat
Fis. 24.

Thermometer

Final _ 262°F ¥ » Superheated steamn
SN Increase in
B E

Change 212°F R“femperature
in state |o. -Increase in . 9708tu.
Wx -
B|S* fermperature

Change S8 - | pound->Steam
instate  J2F

it 0% S8« | 148t

- ' Jee~ I pound - Water
Sensible heats: *._Increase ih

1x05x32 =160 temperature
/x 1.0 x180 = 180.0
Ix 045 x 50 = 22.5

Summation of sensible heats:  2/8.5

Lafent heafs
! x 144 = |44
I x 970 = 970
Summartion of lafent heats 1114.0

Total heat 1332.5 Bt u.
. ) Fra. 25.

¢. When the sum of sensible and latent heats equals the total
heat, and there is a change in temperature and state (see Fig. 25).
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One pound of ice at 0 degrees Fahrenheit is changed to steam
at atmospheric pressurc and 262 degrees Fahrenheit temperature.

'The total heat is given in Table A and shown in Fig. 26.

TasLE A
Specific Latent
heat, B.t.u. | heat, B.t.u.

Ice S.H. —1X05X@B2—-0)........... 16
Ice L.H. — 1 X144 .. ... .. ... 144
Water SH. —1 X1 X (212 —32).......... 180
Water LH. — 1 X 970..................... 970
Steam S.H. — 1 X 0.45 X (262 — 212)....... 22.5
Total SH.............. . ... 218.5
Total LH.......... ... . ... ... 1114
Totalheat................................ 1332.6

Note that the quantity is one pound; the specific heat of ice
is 0.5, of water is 1, and of steam is 0.45; the latent heat of fusion
of ice is 144 and the latent heat of vaporization of water is 970.

.900

800 NI
S
700 é@(/ y212°F S
600123081
ﬁ f{'af/hy[__. Y \Q
3 soo[2 LS
S iy K377
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19. Heat Propagation. For practical purposes heat is con-
sidered as flowing from a warm to-a cool substance or body.

0 200 400 600 800 1000 1200 M00 1600 1800 2000
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Actually, and technically, heat flows from a warm to a cool
substance faster than it does from a cool to a warm body. This
continues until both bodies arc at the same temperature, z.e.,
until there is no temperature differential; then the flow of heat
is the same in each direction and a balance, or state of equilibrium,
exists (see Fig. 27).

Fasr -
Initial stage
(unbolanced)

Hot Co/a’
=77 Lqual =1 Stage of equilibrr
ge of equilibrium
P = g e b
warm Wearm
Fia. 27

20. Kinds of Propagation. The ways in which heat is propa-
gated or transmitted are (a) by radiation, (b) by conduction, (c)
by conveetion, and (d) by change of state.

21. Radiation. At a point several hundred miles above the
carth’s surface, and beyond, there is no substance in the vast
spaces. It is this empty space in which heat or light rays travel.
Since there are no molecules of any substance in this space, the
temperature must be absolute zero, or 460 degrees bhelow zero
‘degrees Fahrenheit, and the pressure is a perfect vacuum, 7.e.,
there is no pressure at alll  As the earth is approached from this
outer space, stray molecules of air are encountered. The nearer

~Surfe 4
Source Mo/ecu/e ~Surface of substance

ofhem‘§ 5 Heat wave
Ma’?écu/e

the approach to the earth’s surface, the greater is the concentra-
tion of these air molecules. Radiant heat never manifests itself
until it has passed through this space, between the air molecules,
and impinges upon some of the air molecules or upon some other
substance—the earth’s surface, buildings, people, or the like—
when the radiant heat is converted into molecular vibration and
the substance itself is heated. Within an enclosure, heat passes

- Heat wave impinges upon
molecules at surface of
substance -molecular vibration
Js increased-heat 1s increased

Fra. 28.



22 AN AIR-CONDITIONING PRIMER

in a similar manner, as radiant heat from a radiator or heat-
giving body, through the space between the molecules of air
within the enclosure, and impinges upon some of the air molecules
or upon objects in the room (see Fig. 28). Radiant heat is
generally absorbed least by white or light-colored surfaces, and
most by black or dark surfaces; that is why white clothes are so
popular in the tropics.

22. Conduction. When the vibration of a molecule is increased
and it contacts another molecule it will cause the second mole-
cule to increase its vibration. This is conduction (see Fig. 29).

T T Eoch succeeding molecule is shightly cooler

Heat }, with resulting slightly lower vibration
applied j --Coolest molecule with least relative vibration
Hottest molecute 4 1
withgreafest Substance
vibration

Fia. 29.

23. Convection. When the vibration of a molecule of a fluid
is increased, moves to another location, and contacts another
molecule of a similar or different substance at a lower tempera-
ture, it gives up some of its heat energy to the other molecule.
This is convection (see Fig. 30).

Inifial stage, unbalanced Final stage,
Molecule A, ¢Molecule B balanced equifibrium

Hot..oCS —Amoves [y i @@f Marm

Higher femperature, Lower femperature, Equal femperature,
" higher vibration  lower vibration equal vibration
Fia. 30.

24. Change of State. When a substance changes from a solid
to a liquid or from a liquid to a gas (or vice versa), heat is trans-
mitted into (or from) the substance. The substance can be
carried, in its new state, to a distant point, where, if conditions
permit, the substance can be changed back into its original state
with a release (or absorption) of the same amount of heat that
was transmitted into or from it at the beginning.

For example: a. Put a small piece of ice in your mouth and
" close the lips. The ice slowly melts (changes from solid to a
liquid) and removes or transmits the required amount of heat
for this change from the mouth (as evidenced by the cooling
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of the mouth). Now spit out the water. The heat from your
mouth has been transmitted to the cuspidor because you changed
the ice to water—a change in state.

b. Dip your fingers into water. Now wave the same fingers
in the air.  Your fingers get cooler and the water slowly vanishes.
The water has been changed into gaseous water vapor (a change
in state). Heat has been transmitted from your fingers and the
air to the evaporated water vapor in the air.

26. Heating. The process of increasing the temperature of a
substance, such as air, is heating (see Fig. 31). Heating is

Heat content jncreased
Heat
odded -Substance
Fia. 31.
simply the moving of heat from where it is not needed to a place
where it is desired.

REFRIGERATION

26. Cooling. The process of decreasing the temperature of a
substance, such as air, is cooling (sec Fig. 32).

Heat content decreased

,,,O-———-» Heat subtracted
Substancée
Fia. 32.

27. Relation. Heat has been defined as a form of energy.
When heat is added to a substance, it is called heating. When
heat is subtracted from a substance, it is called cooling.

28. Heat Again. The temperature of a substance indicates
the ¢ntensity (and kinetic quantity) of heat. The heat required
to increase (heating) or decrease (cooling) the temperature of a
substance is sensible heat. The state of a substance indicates
the latent (or potential quantity) of heat. The temperature
and state of a substance indicates the total heat as a sum of the
sensible (kinetic) and latent (potential) heats.

29. Refrigeration. Refrigeration is simply the moving of heat
from where it is not wanted to a place where it is disposed.

30. Unit. The unit of refrigeration is the ton. It is derived
from the latent heat required to freeze one ton of water at 32
degrees Fahrenheit to one ton of ice, also at 32 degrees Fahrenheit.
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31. Ton of Refrigeration. It requires 144 B.t.u. of latent
heat to change a pound of water at 32 degrces Fahrenheit to
ice at 32 degrees Fahrenheit. 288,000 B.t.u. will convert
2000 pounds of water to ice and thus equal one ton of refriger-
ation. The original ice-making rate covered a period of twenty-
four hours. The real ton of refrigeration is, therefore, a rate
and is

288,000 B.t.u. per 24 hours
12,000 B.t.u. per hour
200 B.t.u. per minute

32. Methods. Refrigeration is accomplished by the use of

a. Water
b. Tee
¢. Volatile liquid

Liquid air, carbon dioxide, or dry ice is capable of producing
refrigerating effect in air conditioning, but these are used only in
rare cascs. :

33. Water. Water may be used for refrigeration with any
of the following:

. Cooling coils
b. Washer

c. lvaporator
d. Compressor

IS

34. Ice. Ice may be used for refrigeration with systems that
are either

a. Dircet or
b. Indireet

36. Volatile Liquids. Volatile liquids, generally called refrig-
erants, may be used for refrigeration with systems that are either

a. Direct or
b. Indirect

36. Apparatus. For sections 32, 33, 34, and 35 see Chap. VIII,
on Apparatus.



CHAPTER 1V -

AIR
AN OCEAN—WE LIVE IN IT

1. Air. Air is a mixture of several components. These
components may be classified as

a. Substances that are constant in proportion.

b. Substances that are not constant in proportion.

c. Substances that are not common to, but frequently enter,
air as foreign particles.

2. Constant Components. Thosc substances (see Fig. 33)
found in practically constant pro-
portions in air are, by volume,

a. Oxygen gas, 21 per cent
b. Nitrogen gas, 78 per cent
c. Rare gases, 1 per cent

Fig. 33.

3. Inconstant Components. The
substances usually found in air that are not constant in propor-
tion, are

a. Water vapor

b. Carbon dioxide gas
c¢. Dust
d. Dirt

¢. Pollen

4. Foreign Components. Substances such as undesirable
by-products from industrial processes, vapors, and gaseous
odors from cooking, laundry, bath, and toilet centers inadvert-
ently or accidentally may contaminate or vitiate air.

b. General Properties. Air is considered to be a typical gas,
composed of minute particles called molecules, which are sep-
arated by relatively large spaces. These particles are in con-

25 :
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stant motion in proportion to their temperature. The molecules
have mass and therefore have weight. They occupy space by
moving about in it, and do not settle out. They are in a true
gaseous state of perfect elasticity; such a gas has neither definite
volume nor definite shape. Any gas at thc same pressure and
temperature will occupy the same volume, and in that volume
will be the same number of molecules, the difference in weight
between two different gases being the difference in weight of their
respective molecules. Some idea of the minuteness of a molecule
may be gained by the fact that there are, according to Milliken,
about 1,056,801,000,000,000,000, molecules in onc cubic foot of
standard air!
6. Specific Properties. Air may be

Heated

Cooled
Humidified
Dehumidified
Compressed
Expanded
Changed in shape
Changed in volume
Cleaned
Circulated
Distributed
Diffused

7. Psychrometer. A simple instrument comprising two ther-
mometers, one with a dry bulb and one with a wet bulb, is known

~FG SRS An o8

Drybubb ...._
thermometer

Chain and handle
for "shnging "

. - Wet bulb
thermometer

F1a. 34.

as a psychrometer (see Fig. 34). From the readings obtained
on these two thermometers, calculations concerning all properties
of air can be made. '
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8. Dry-bulb Thermometer. The common type of Fahrenheit
thermometer, most popularly used in thé¢ home, is a dry-bulb
thermometer (sce Fig. 35). On it is indicated the actual tem-
perature of the air being tested. This type of thermometer is not
affected by the water vapor in the air.

~Hollow glass fube

- Indicated fermperature (dry bulb)
~Mercury (or similar liquid) coluran
~Hollow glass bulb - liquid reservoir

This 15 the ordinary or common thermometer
usually found in the average household
Fia. 36.

9. Wet-bulb Thermometer. To measure the humidity or
water vapor and the total heat content of air, the wet-bulb
thermometer (see Fig. 36) is used in conjunction with the dry-

- Hollow glass Fube
- Indlicated femperature (wet bulb)

- Mercury (or similar hiquid) column

~Hollow glass bulb - iquid reservoir
-Wetted wick or cloth around bulb

(a)
et bulb depression
Orybuib_|| =.
femperature 1Y wetbulb
femperature
0

Nofte: At saturation, 100 % relative hurmidity
ordew point, the dry and wet bulb
femperatures are the same, that /s,
there is no wet bulb depression

(6)
Fia. 36.

bulb thermometer. As its name implies, this is a standard
thermometer (as is the dry-bulb thermometer) with the bulb
encased in a cloth saturated with water. The two thermometers
are rapidly revolved, as a psychrometer, in the air, or air is rapidly
passed over the wet bulb, and it is found that, unless the air



28 AN AIR-CONDITIONING PRIMER

within the enclosure is saturated, the wet-bulb thermometer
reading is lower than the dry-bulb thermometer reading in the
same atmosphere. The difference in the two readings is called
the wet-bulb depression. The reason is simple. In the air
being tested there is some water vapor. The wet bulb is satu-
rated. Air passing over the wet bulb picks up water vapor from
the wetted cloth. When the pressure of water vapor in the air
and in the cloth are the same, an equilibrium exists. In the
period prior to equilibrium, heat was required to evaporate the
water from the cloth; this heat was taken from the saturated
cloth, cooling the bulb and lowering the temperature of the wet
bulb and resulting in the wet-bulb depression.

10. Diffusion. The air in air conditioning may be considered
to be a mixture of dry-air molecules and water-vapor molecules.

o=Dry arr molecules
x = Moisture (water vapor)molecules

o o o o 0 o o o % ]
o o Q o Qo o© o o o
X X X X
e ©° o o o o o o o
Dry air Partly Saturated
saturated air
air
Fic. 37.

When dry air or partly saturated air is exposed to water, the
water-vapor molecules diffuse into the spaces between the dry-air
molecules and the two kinds of molecules form an intimate
mixture (see Fig. 37).

Heat exchanger
Evaporator, Warm A"
K

Vapor—f____ Y
Liquid- condensate Vapor gives up latent heat
arnd condenses fo /lrquid.
”eaf"[% Latent heat converted fo
sensible heat increases
femperature of air (or other
substance or bodly)

Fig. 38.

11, Evaporation. When a liquid evaporates, it is necessary
to add the latent heat of evaporation, as potential emergy. This
latent heat can be released upon contacting a surface or body
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requiring heat. It then becomes kinetic energy and heats the
body. The vapor or gas is condensed back into a liquid with a
release of the latent heat of condensation, which becomes the
scnsible heat of the warmed body (sec Fig. 38).

12. Water Vapor. If some water is placed in a scaled con-
tainer in which there is nothing but bone-dry air, water molecules
will leave the surface of the water and enter into the spaces

o =Dry air molecules
x = Moisture (wafer vapor)molecules

Ory Partly Saturated
air saturated air air
Vapo,.. o o-o o o o oxoxo
f/'ghf o o o oxoxo °x°x°
barrier;, |o o o o o o Barr/er )
SE S 474 g lremoved | »4 v
Water / |water |-, ===
/ % \ Water ‘
More wafer  Lesswafer ~Wafer vapor
vapor vapor molecules  molecules leave
molecules return fo and return at
leave wafer  water same rafe
(equilibrium)
Fic. 39.

between the dry-air molecules, forming a mixture of dry-air and
water-vapor moleccules. Since all gas molecules are in constant
motion (except at absolute zero), the vapor molecules will go
back into the liquid, to be rcplaced by others coming from the
liquid. It is a sort of perpetual motion. In dry air the vapor
molecules leave the water at a rate faster than they return to it,
until the same number leave and return to the water in the same
period of time; then equilibrium is established, the space between
the dry-air molecules holds all the water-vapor molecules it can
accommodate, and the dry air is saturated with water vapor (sec
Fig. 39). This will happen only when there is a sufficient or
excess amount of water.

o o Jalater vapor
o oV inairis
o) the humidity
F1a. 40.
13. Humidity. Water vapor in the air is the humidity (see

Fig. 40).
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14. Saturation. Air is saturated when it has in it all the
water vapor it can accommodate at that temperature (see Fig. 41).

Dry and wet bulb
| femperatures alike

Dry bulb 4 Wet bulb

odolo
0% oo |~ When all spaces between dry aiir
x_x«| molecules are filled with water
2 2 °1 vapor molecules, the air
/s saturated
Fig. 41.

16. Dew Point. When an unsaturated mixture of dry-air
molecules and water-vapor molecules is cooled at constant pres-
sure, the temperature at which condensation of the water-vapor
molecules begins, or at which there is no room for any more
water-vapor molecules, is the dew-point or saturation temperature
(see Fig. 42). In other words, the temperature at which air
is saturated is the dew point.

,Dry and wet bulb
{ femperafures alike
Ory bulb 434 Wet bulb
° ,{ ° ,‘:2' -Soturated air

©o o o
x

o o o| Mofe: When air is saturated with water vapor,
the dew point fernperafture is fhe same
as the dry bulb and the wet bulb
femperatures. See Saturation-section /4

Fia. 42.

16. Humidification. The process of adding water vapor to air
is humidification.

17. Dehumidification. The process of extracting watcr from
air is dehumidification.

18a. Absolute Humidity. The actual weight of the water
vapor in a cubic foot of dry air is the absolute humidity (see

o o o) Absolute humidily is #he weight of fhe warfer
x| vapor molecules actually occupying the

o o o

x x| spaces between the dry auir mokecules, in
22 °) onecubrk foot of dry air

' Fro. 43.
Fig. 43). Because the amount is so small, it is expressed in
grains. There are 7000 grains per pound. Absolute humidity is
expressed in grains per cubie foot of dry air.
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18b. Specific Humidity. The actual weight of the water vapor
in a pound of dry air is the specific humidity (see Fig. 44),
expressed in grains per pound of dry air. Note that specific
humidity is the weight of the'moisture in a pound of dry air in '

Specific humidity is the weight of the water

: : x : vapor molecules actually occupying the
x x spaces between the dry air molecules, in
° ° °) onepoundofdryair
Fic. 44.

contrast to absolute humidity, which is the weight of the moisture
in a cubic foot of dry air.

19. Relative Humidity. The relative humidity is the ratio,
expressed in percentage, of the specific humidity of the air sample,
compared to the specific humidity at saturation, for the same
temperature (see Fig. 45).

Dry Soturated

o o0 o 6o o © o o o [ oxo o o o

© o o o‘o o oxOxO OXO‘O o“oxo

© o ©o © o o © o o © ©o o o o ¢

O%RA. 25% RH. S0%RH. 75% RAH. 100%RH.
Fic. 45.

20. Dew Point vs Relative Humidity. The pressure of the .
water vapor almost doubles for every 20 degrees Fahrenheit
from 65 degrees to 90 degrees Fahrenheit, dry bulb. This results
in an unusual relationship between the dew point and the relative
humidity, which is used in air conditioning to simplify calcula-
tions. These relations for 50 per cent relative humidity are
given in Table B.

TasLe B

Dry-bulb Dew-point Difference,
temperature, [ temperature, deg. Fahr
deg. Fahr. | deg. Fahr. g :

65 45.8 19.2
70 50.5 19.5
75 55.25 19.75
80 59.75 20.25
85 64.25 20.75

90 68.75 21.25
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21. Pressure. The force exerted upon a unit area is called
pressure. It is usually measured in pounds per square inch.

22. Partial Pressures. According to Dalton’s law, the dry-air
molecules within a container or an enclosure exert a pressure
upon it on the inside. When water-vapor molecules are intro-
duced into the enclosure, they exert an additional pressure on
it. Each type of molecule exerts its own partial pressure as if
it were alone, and the sum of these partial pressures is the total
pressurc on the enclosure. The pressure exerted by the dry air
is the dry-air pressurc and that exerted by the water vapor is the
vapor pressure.

23. Inches of Mercury. A cubic inch of mercury weighs 0.491
pound (nearly one-half pound). Vapor pressures arc indicated
as inches (or fractions of inches) of mercury. For example, one
inch of mercury is equal to 0.492 pound of vapor pressure.

24. Atmospheric Pressure. The air envelope which surrounds
the earth exerts a pressure at sea level of about 14.7 pounds per
square inch. This is referred to as atmospheric pressure (see

| |, - Baromefer
N
FEF Y -The standlard atmosphere (or atmospheric
1of mercury \i pressure)is /4.7 pounds per square ihch
=0492 Ibs. { ‘which is equal to a colurnn of mercury -
\ of 29.92 inches or 760 millimefers.
! «—Y__See also section 25

“Mercury well
Fia. 46,

Fig. 46), or a pressure of onc atmosphere, and is indicated as
29.92 inches, or 760 millimeters, of mercury.

26. Barometer. Atmospheric pressures are measured by the
barometer (see Fig. 46), which is a long, thin glass tube, sealed
at one end, and filled with mercury. The open end is inverted
into a bath or well of mercury. The column of mercury in the
tube rises or falls with an increase or decrease in the atmospheric
pressure. Since a cubic inch of mercury weighs 0.492 pound and
one atmosphere is 14.7 pounds per square inch, a column of
mercury 29.92 inches in height equals one atmosphere. It is on
this basis that the barometer is calibrated, at sea-level standard.

26. Vacuum. Any system operating at a pressure of less than
one atmosphere is said to work under a vacuum (see Fig. 47).
Vacuum gauges are usually calibrated to read in inches of mer-
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cury with zero inches at one atmosphere pressure and 29.92
inches at total vacuum. For example, 14.96 inches vacuum is
equal to 7.35 pounds per square inch absolute.

,--Barometer

----<

{ Any system operaf}hg ata pressure

below this line is under a vacuum

Example : 14.96 Hg

/4.96 .
, \ S22 x 14.7=1735 lbs. persq.in.
o] ’,'4 2992 absolute pressure
Perfect vacuum
Fia. 47.

27. Gauge Pressure. The pressure exerted by a fluid such as

air, steam, or water, above atmospheric pressure, is the gauge

pressure (sce Fig. 48).

”

2992
atmosphere

| ,Any pressure above tis hine
j s the gauge pressure

ere

(-

29.97"
(=== === >

atmosph

]

Fia. 48.

28. Absolute Pressure. Starting at absolute vacuum, abso-
lute pressure is the pressure upon the system, above that point.
One atmosphere is 29.92 inches of mercury, or 14.7 pounds per
square inch absolute. The sum of atmospheric pressure plus
gauge pressure is the absolute or total pressure (see Fig. 49).

Barometer
) 7 . lofal pressure = absolute pressure =
Gaizge J sum of atmosphersc and gauge pressures
pressure 4 Example : 20 /bs. gau
i' r One atmosphere  pressure = gage
b 20.0 -gauge
Atmospheric 14.7 -atmospherve
pressure 34.7 -absolute
Y . o Perfect vacuum or fotal

Fia. 49.

29. Inches of Water. When air is circulated or distributed in
air conditioning, the pressures used are very small (see Fig. 50).
To measure these pressures, a column of water is used instead of
a column of mercury. A cubic inch of water weighs 0.037384
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pound, therefore, an inch of water equals a pressure of about
0.0374 pound per square inch.

Open fo
afmospherg, .

s=zzzzz==n¥ “Rubber beé fo apparatus

-

= Normal
i, of warter = 00374 bs. per sa. in.

~-Water in glass "U"tube
Fia. 50.

30. Pressure Changes. When the pressure on air is increased,
the volume decreases and the temperature increases; and when it
is decreased, the volume increases and the temperature decreases.
According to Boyle’s law, “The volume of a gas, like air, at
constant temperature, will vary in indirect proportion to the
variation between the initial and final pressures exerted upon the
gas.”

31. Combined Changes. Air may be subjected to combined
changes of pressure (according to Boyle’s law) and to temperature
(according to Charles’ law). In all cases it follows these laws,
principally because of the fundamental (Graham’s) law of
diffusion.

32. Density. The weight in pounds per cubic foot is the
density of air. It is sometimes called the specific density.
Under constant. pressure, the density of air decreases with an
increase in temperature, due to the expansion of the air, the
relative increase in spaces between the molecules, and the result-
ant lesser number of molecules per unit volume. At standard
atmospheric pressure of one atmosphere (29.92 inches of mer-
cury), dry air at 70 degrees Fahrenheit weighs about 0.075 pound
per cubic foot. Saturated air at the same pressure and tempera-
ture is only 0.07425 pound per cubic foot, of which the dry-air
molecules weigh 0.0731 and the water-vapor molecules 0.00115
pound in the cubic foot of the saturated air. Dry air weighs
. more than moist or saturated air because, of the principal com-
ponents of air, oxygen weighs 32 and nitrogen 28, while water
vapor weighs 18, per relative volume. The standard pressure
at which densities are measured is one atmosphere, or 29.92
inches of mercury (mercury is sometimes referred to as Hg—its
chemical symbol). No basic temperature is commonly used,
although 70 degrees Fahrenheit is understood to be standard,
. unless otherwise specified. .
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33. Volume. The volume in cubic feet per pound of air is the
specific volume. Under constant pressure, the specific volume
varies inversely as the density or weight, because a volume
increase is accompanied by a decrease in the number of molecules
per unit volume, with a resultant decrease in density or weight.
The specific volume varies directly as the absolute temperature
because the space between the molecules increases with an
increase in temperature, and vice versa.

34. Atmospheric Air. The earth is enveloped by a gaseous
atmosphere of air that is estimated to be from fifty to several
hundred miles in depth. This air is constantly changing in
temperature, humidity, velocity, and direction. It is necessary
to refine this air under proper control in order that it can be
used, as conditioned air, within an enclosure.

36. Atmospheric Pressure Again. The air envelope surround-
ing the carth exerts a normal pressure of 14.7 pounds per square
inch at sea level. This pressure varies and reduces with altitude
above sea level (see Fig. 51). It also varies constantly with

50 _ 30000 ft.altitude 29000 f+, highest mountain

T 58 125000
g'S_70 120000 §

S¥ 83 [15000

X8 01 li0oo0 3

22 22 |s000

R 472 11000 1000 f+, tallest building
Ear e e

/7 ;‘fa 147 £°5000 f1 below, deep mine

Fia. 51.

atmospheric conditions, above and below the standard barometric
pressure. Atmospheric pressures do not materially affect the
mechanical operation of air-conditioning equipment.

36. Vitiated Air. Air that is not up to standard air, or condi-
tioned air that has been contaminated, is vitiated air. As uncon-
ditioned air, it is air that does not have the correct temperature,
humidity, or air motion, or that is unclean.

37. Conditioned Air. Conditioned air is either atmospheric
air or vitiated air or both, as unconditioned air, that has been
refined so that its temperature, humidity, circulation, and cleanli-
ness are satisfactory for use in an enclosure.



CHAPTER V

PEOPLE
YOU AND I-WHAT MAKES US TICK

1. People. It is essential that certain characteristies of people
be understood in order that their hcalth and comfort can be
conveniently protected by air conditioning.

2. Environment. People live and move about in the gascous
fluid atmosphere of air, just as fish move about in their natural
habitat, the liquid fluid, water. Because people have evoluted,
and have always lived, in this atmosphere of air, they are scarcely
conscious of its existence, except for the air currents, or winds,
and an occasional full realization that they are breathing; yet
air is the most necessary thing given to people by nature. A
person can live several weeks without food, several days without
water, but only several minutes without air. People literally
live at the bottom of a vast sea of air.

3. Body. The human body is a self-contained, self-sufficient
entity, but it is very delicate in certain respeets. From birth
until death there is a constant cycle of functions that require an
atmosphere to protect the health and comfort of the individual.
The permissible variations in the condition of this atmosphere
are narrower and more exacting than is generally realized or
appreciated.

4. Metabolism. Life is sustained by the assimilation of foods,
which, with the resulting chemical reactions within the human
body, is known as metabolism. The process of building up the
body is called anabolism and the breaking down of the body
structure is known as katabolism. Both of these actions are
continuously and simultaneously in process, anabolism being
more pronounced in youth and katabolism more active in old
age. This process of metabolism is due to the fact that living
organisms, like the human body, are composed of living cells,
called protoplasm.

b. Protoplasm. The outstanding chara:cteristic of these living
protoplasmic cells, making them distinctly different from any
36 »
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other known substance, is their ability to maintain themselves
by borrowing material or encrgy from their surroundings.

The specific protoplasm of any organism is able to take up
foodstuffs from its suitable environment and to break them down
into simpler compounds, and then to rebuild these substances
into more of its own particular kinds of protoplasmic ingredients.
Living protoplasm is also able to use up its own substance, chiefly
by the process of oxidation, and in so doing liberates energy in
the form of heat, together with chemical by-products, the most
important of which, from an air-conditioning standpoint, are
carbon dioxide and water vapor. The body also produces oils,
salts, and excretions that result in body odor.

6. Foodstuffs. People eat from six to scven pounds of food
daily in order that the body may assimilate the necessary chem-
ical compounds. In these compounds are two elements that
are of major importance to air conditioning. One is carbon and
the other hydrogen, and cach is a combustible that will, under
suitable environment, unite with the oxygen in the air.

7. Water. People drink from three to four pounds of water
daily to aid in digestion, organic functions, and the metabolic
processes. The foodstuffs arc assimilated in it and the oxygen
dissolved in it to permit the chemical reactions to take place.

8. Air. People breathe about thirty pounds of air daily so
that the oxygen in the air can be supplied to the body for the
oxidation of the foodstuff chemicals.

9. Oxidation. The chemical clements carbon and hydrogen
unite with oxygen within the body. This chemical reaction is
known as oxidation.

10. By-products. Air contains about 21 per cent oxygen by
volume. About 5 per cent of the air is used in the body as oxygen
for the oxidation. The excess oxygen and original other com-
ponents are exhaled with the breath. In exhaled air are carbon
dioxide and water vapor that are produced in the body as a
result of the oxidation of the carbon and hydrogen from food-
stuffs. As a result of this reaction, heat is produced and dis-
sipated by the body. Therefore, from an air-conditioning
standpoint the two by-products from the body are heat and
water vapor. Heat and water vapor are exhaled with every
breath and are also dissipated from the body in the form of
perspiration. Sensible heat is dissipated by radiation, conduc-
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tion, and convection, while latent heat is dissipated by cvapora-
tion of the perspiration (see Fig. 52).

Daily
Water vapor
Food, 617 /bs. {c bon dioxide
Water, 3 fod Ibs, arven arox!
Air,  30/bs. Heat
Water vapor, perspiration
Fiq. 52.

11. Plant-animal Cycle. Nature has provided a remarkable
balance to use up carbon dioxide and reproduce oxygen. The
undesirable carbon dioxide exhaled by the human being, together
with carbon dioxide from other sources, is the main diet of plant.
life. The carbon dioxide and water vapor arc breathed in by
the green foliage. Owing to the presence of a catalyst called
chlorophyll and the action of sunlight, the carbon dioxide forms
cellulose or wood fiber, with a resulting liberation of free oxygen

]

CO, inair fo’ ter 2 L SUN
. C R ] ,‘&///
o=t Lrboy 1y RS
al d/OX/'dE Sa 7/
< 0,) .
e -~ 22§ -~ Chlorophy/ in plants
Oxygen "~ Cellulose formed
] and refained
ANIMAL PLANT

Fia. 53.

back into the air (sce Fig. 53). This process is known as
photosynthesis.

12. Diet. Human beings require a mixed diet comprising
proteins, carbohydrates, and fats and oils. In addition, there
are required certain mineral salts, enzymes, and vitamins. The
requirement of foodstuffs, depending upon activity and expressed
in B.t.u. are

TasLeE C.—DaiLy Dier

Manatrest............... 8,800 to 11,200 B.t.u. per day
Woman at rest............ 7,200 to 10,000 B.t.u. per day
Youth, 14to 16........... 6,000 to 12,000 B.t.u. per day
Active woman............. 11,200 to 12,000 B.t.u. per day
Activeman............... 14,000 to 16,000 B.t.u. per day

Active soldier............. 16,000
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13. Limits of Environment. The temperature of the blood in
a normal person is constantly at 98.6 degrees Fahrenheit. The
external body temperature varies but may be considered as 80
degrees Fahrenhcit. Since heat is dissipated by radiation, con-

| Radliation -~ Blood femperature=966£
Sensible { Conduction cort -Surface femperature =80°F
Convection

Latent  Evaporation Extreme Iimit_of environment

)] Mo heat can be Al femperature =986 €
7he average person’s’ propogated  twhen $ Air hurmidity  =100%
bodly has about from body Air movemen!  =None

19.5 sq.f of surface
Fia. 64.

duction, convection, or evaporation, the environment must
permit heat to leave the body by one or more of these means. 1t
is obvious that should the dry bulb of the air be 98.6 degrees
Fahrenheit, or higher, the air be saturated with water vapor, and

Balance

<

Heat loss = Heatgain

DI/ISCOMFORT

Heat Heat Heat Heat
gain loss gain loss
greoter Jesser Jesser greafer
HOT EFFECT COLD EFFECT

Heat Heat

gain loss

equal equal

COMFORT
Fia. 55.

there be no air movement, there could be no heat propagated
from the body. This may be considered as the extreme limit
of the environment (see Fig. 54), and this or an equivalent eon-
dition would result in prostration.
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14. Balance. In all transfers of heat, equilibrium or balance

can be maintained only when the heat loss is equal to the heat
gain. If the heat lost from the body is less than the heat gained
from the oxidation of foodstuffs or from activity, discomfort or
hot effect will result. Conversely, if the heat loss is greater
than the heat gain, discomfort will result as cold effect (see Fig.
55).
\)6./ Senses. The human being has five major senses: feeling,
hearing, secing, smelling, and tasting. Of these senses, that
of fecling is the one most directly affected by atmospheric changes
or variations in air conditions. Because of the mechanical
nature of air-conditioning systems, certain noises may develop
to such a degree as to create sound above a pleasant level to the
sense of hearing. Concentration of certain odors may become
sufficiently obnoxious as to creatc an unpleasant reaction to the
sense of smell.  So far, there is no direct evidence that the senses
of sceing and tasting are affected by changes of atmospheric or
conditioned air.

16. Comfort Essentials. It has been noted that if one or more
means be provided for permitting heat to be dissipated from the

MAXIMUM OPTIMUM

DISCOMFORT COMFORT
Extreme Radiation Ootimum
limit of Heat{Conduction } femperature comtort
environment Convection - Movement Controlled environment

w ble " Vapor \Evaporation - Humidity l
Air femperature = 98.6 °F See
Air humidity  =100% comfort
Air movement  =None charts.
Fia. 56.

body, some degree of comfort below the upper environment limit
may be enjoyed. It is the aim of air conditioning to provide the
greatest comfort, and this can be accomplished by controlling
the temperature, humidity, and motion of the air (see Fig. 56).

17. Effective Temperature. Since there are the three essen-
tials—humidity, air movement, and temperature—a method of
standardizing was developed wherein the humidity was fixed at
100 per cent (or saturation) and the air movement made negligi-
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ble (not over thirty feet per minute), and then the temperature
recorded for relative comfort was established as the effective
temperature (sece Fig. 57). By further tests and mathematical
interpolations the relation of dry-bulb and wet-bulb temperatures
(or relative humidities) were correlated to the effective tempera-
tures. Effective temperature may therefore be defined as the
saturation tcmperature of still air in which a person experiences
a certain degree of comfort.

Thermomefer.., Air:
,J:ﬂ‘ Saturated
SHill
This femperature ] .
in still, soturated ~~Bodly experviences a certain
arr is the effective degree of comfort
femperature or discomfort
Fra. 57.

18. Comfort Line. The comfort line indicates the combination
of dry- and wet-bulb temperatures that correspond to an equal
degree of comfort. The optimum comfort line for summer is
71 degrces Fahrenheit, and for winter, 66 degrees Fahrenheit,
effective temperatures.

19. Comfort Zone. The comfort zone indicates the limits of
comfort with dry- and wet-bulb temperatures, effective tempera-
tures, and relative humiditics.

20. Summer Differentials. To reduce the possibility of shock,
it is necessary to control the indoor dry-bulb, wet-bulb, and
cffective temperatures with definite relation to the outdoor dry-
bulb temperature as indicated.

21. Excessive Heat. A temperature above 75 degrees Fahren-
heit reduces the heat production from foodstuffs. The reason
is not definitely established, but it is thought by some to be due
to the action of heat-producing organs at the liver and spleen.
More blood flows to the skin, giving off sensible heat. When the
heat is not sensibly propagated fast enough, the nervous system
calls the sweat glands into action. Sweating is the more effective
in propagating heat since the latent heat of evaporation is rela-
tively high. If sweating fails to balance the system, distress
or collapse occurs. '

" Prolonged excessive heat will actually produce a chill, which is
probably a safety measure, for excessive sweating causes a
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lowering of the acid-base equilibrium within the system to the
point of breakdown. When this point is reached, so-called goosc-
pimples appear. This is apparently a closing of the pores of the
sweat glands to slow up or stop the flow of perspiration, to give
the body an opportunity to balance the system. At the same
time, the nervous system conveys this fact to the conscious mind,
suggesting external relief.

The acid-base equilibrium may be partly balanced under
excessive sweating conditions by drinking a solution of water in
which are dissolved seven grams of sodium chloride (NaCl) and
ten grams of potassium chloride (KCl) to the gallon, provided
the humidity is low enough to allow for evaporation or the air
movement is sufficient to allow for the propagation of heat.
Prolonged sweating may result in eramps or more serious condi-
tions. When the body temperature goes above 105 degrees
Fahrenheit, death may result.

Summing up, excessive heat affects the human being by

Increasing total heat duc to activity
Decreasing total heat due to temperature
Decreasing sensible hcat
Increasing latent heat
Increasing respiration
Increasing heartbeat
Increasing pulse

Increasing blood flow
Decreasing oxidation
Increasing energy of system
Increasing sweating
Increasing evaporation
Decreasing reserve
Decreasing activity
Producing lassitude
Producing dizziness
Producing illness

Producing shock

Producing death

22. Excessive Cold. Temperatures below 55 degrees Fahren-
heit increase the heat production from foodstuffs. Less blood
flows to the skin, giving off less heat, causing the sweat glands to
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slow up and ultimately to elose the pores to reduce heat propaga-
tion by evaporation. When this action is too rapid or the exter-
nal temperature is too low, a chill results, calling for external
correction, artificial stimulation, or greater activity.

Lower .temperatures cause a cold sensation. Low humidity
causes a cold sensation because of the rapid evaporation. High-
velocity air movement causes a cold sensation because of the
rapid conduction, convection, and evaporation.

Excessive cold or reduced activity causes the body to respond
in a direction opposite to that of the responses to excessive heat.
In addition, therc is a coagulation of blood and a sinking of the
surface capillaries deeper in the skin to provide better insulation.
When the body temperature, (normal at 98.6 degrees Fahrenheit)
falls to about 80 degrees Fahrenheit or less, death may result.

Summing up further, excessive cold affects the human being by

Increasing total heat due to activity
Increasing total heat due to temperature
Increasing sensible heat

Decreasing latent heat

Decreasing respiration

Decreasing heartbeat

Decreasing pulse

Decreasing blood flow

Increasing oxidation

Decreasing energy of system
Decreasing sweating

Decreasing evaporation

Increasing reserve

Increasing activity

Reducing lassitude

Producing illness

Producing shock

Producing death

23. Temperature Shock. On a zero day in winter a person
will be clothed in heavy wearing apparel. If he enters a room
with temperature of about 70 degrees Fahrenheit, the outer
apparel is removed, and if the room is at a temperature above
70 degrees Fahrenheit the jacket or vest even may be removed.
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The procedure is reversed upon leaving the warm room and going
out into the cold air. This is done to avoid discomfort and
prevent temperature shock. During the summer months, when a
person leaves the hot, highly humid outside atmosphere and steps
into the cooler, partly dehumidified air-conditioned atmosphere
of a room, he does not think of putting on a vest, jacket, and top
-coat. To have to do so would be most inconvenient. Because
this is true, the temperature of a conditioned enclosure in the
summer should not be much lower than the outside temperature.
The average difference is only from 10 to 15 degrees. This is
also for the sake of avoiding discomfort and temperature shock.

There have been cstablished relative effective dry- and wet-
bulb temperatures for summer conditioning as indicated. Over-
ambitious operators of commercial establishments have
frequently advertised (and maintained) a guaranteed tempera-
ture of 70 degrees Fahrenheit in their establishments.  When the
air is over 80 degrees Fahrenheit outside, this is wrong and a
menace to the health and comfort of patrons or customers. By
painstaking effort on the part of manufacturers and engineers,
this abuse is being eliminated. When a condition does exist that;
the inside temperature is too low on a summer day, it is not the
fault of the system but is to be directly attributed to the operator,
and his attention should be called to the fact.

24. Psychology. Many people imagine things. This is very
true regarding heating, cooling, or air conditioning. Time and
again, excessive heat or cold complaints are proved to be imagina-
tive to a certain degree, or to be the result of a peculiar momen-
tary condition of the person. People who make such complaints
are not to be criticized. The complaint should be investigated
and a remedy found if possible. Recently, a complaint that
there was insufficient air was met by putting colored streamers
on supply grilles. The conditioned air made the streamers wave
vigorously, and the person who originally complained was the
first to announce her comfort and speak of the wonderful
“breeze.” Except for putting the visual streamers in place, no
adjustment to the system had been made!

25. Body Heat. The relation between the total heat loss
from the human body and the effective temperature for still air
is indicated by Table D.
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TaBLE D.—TotaL B.t.u. Hour FoR AVERAGE MaN*

Effective temper- ,

ature, deg. Fahr. A B ¢ D
30 1200 940 810
40 1300 860 710
50 1300 850 670 480
60 1300 850 670 420
70 1270 850 670 400
80 1120 820 630 400
90 790 650 470 360

* 4 = 66,150 ft.-lb. B = 33,075. (' = 16,538. D = scated at rest.

Since total heat is the sum of sensible and latent heats, the
following table will aid in understanding thosc relations as
affeccted by temperature change.

TaBrE E.—SeNsiBLE AND LATENT Bopy HEAT*

(Per Cent)
Effective A B C D
temperature, |- ——

deg. Fahr. S L 8 L S L S L
30 86 14 87 13 88 12
40 82 18 84 16 85 15
50 70 30 78 22 82 18 86 14
60 56 44 65 35 70 30 84 16
70 43 57 50 50 53 47 74 26
80 30 70 30 70 33 67 55 45
90 18 82 12 88 8 92 26 74

* A, B, C, D, same as previous table.
S and L = sensible and latent heat (percentage).

26. Carbon Dioxide. Until the advent of air conditioning and
the more intelligent understanding of the balanced needs of
temperature, humidity, and air movement, the concentration
of carbon dioxide within an enclosure was used as the basis of
ventilation requirements. This theory has been generally
abandoned in principle, although the need of some filtered out-
side air, admixed with inside recirculated air, is recognized and
applied. For air requirements see Chap. VII, on Application.



CHAPTER VI

ENCLOSURES
ALL WRAPPED UP IN CELLOPHANE

1. Development. The same ingenuity that enabled man to
learn more about heat, air, and people has developed newer, more
cffective, and more economic house construction, resulting in
economies of operation, together with better health, greater
comfort, and more convenicence.

2. House. Fundamentally, a house is an cnclosure the pur-
pose of which is to protect the space inside from one or more of

Inside air .. - Oulside air
controlled ['» #" uncontrolled
Temperature atmospheric elements
Hurmidity Enclosure  (copy
Air motion (House)  Heat
Morsture
Mo excess ?./'"d
Dirt IQL:I?H
o &
Noises .g;aw
Desirable Pollen
Offensive odors
Irritating noises
Undesirable
Fia. 58.

the elements of the atmospherc on the outside (see Fig. 58).
These atmospheric elements are cold, heat, moisture, wind, sun,
rain, sleet, snow, and the like, together with dirt, pollen, offensive
odors, and irritating noises.

3. Industrial. A building used for the preparation of a mate-
rial, such as artificial silk, or for the preservation of a foodstuff is
an industrial house,

4. Commercial. A building of multioccupancy, such as a
theater, a restaurant, a shop, an office, or any other mercantile

46
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space, used for the purpose of maintaining or increasing business
profit, is a commercial house.

6. Residential. A building used as a home for one or more
families is a residential house.

6. Home. A house intended as an enclo-
sure in which people live or reside, and in -+ Sleeping
which they and their furnishings are pro-
tected from the outside elements, is a home
or residence. It is usually divided into «-{-Servicing
functional centers for living, sleeping, and
servicing (sce Fig. 59).

7. Barriers. To keep the undesirable outside atmospheric
clements from getting inside, the house is constructed of barriers.
The most common barriers are the walls, windows, exterior doors,

-1 Living

FiG. 59.

S -~ Roof
DOO/“-- 5 ----Wa//
.. Window
EXTERIOR
EXPOSURES
ed - . e
g’;zg_ cup! TN Ceiling
(rot heated . _...|...-Partition
ror cooled) “~ . Spaces at different conditions
Unheated basement | | (particularly femperature)
orcellar (orat " . - Floor
different conditons) | NTERIOR
EXPOSURES
Fic. 60.

and roofs. Partitions, ccilings, and floors may also be barriers
(see Fig. 60).

Temperature
differential

Higher I ,
fempe. v ower
wer femperature

Barrier~Y7/

Surface
to surface
Fia. 61.

8. Function. Barriers offer resistance to the elements of the
atmosphere and retard their transmission from outside to inside,
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or vice versa (see Figs. 61 to 63). Every material or combination
of materials used in building construction as a barrier has its
own specific resistance to the passage of these elements.  Exhaus-

. Temperafure
Higher diifferential
femperature i
_ X Lower
Barrier-

. tfemperature
Surfaceto ™~ Drop in femperature
opposite air at surface
Fra. 62.

lemperature
fempemfure’, (" differental

Dropin /... ‘ Lower
femperature X femperature
at surface “Barrrer
Air to
opposite air
F1a. 63.

tive tests have established most of the mathematical values of
these resistances or their reciprocal conductivities.

9. Exposure. An exposcd barrier is one having the outside
air on one side, or air of different characteristics on each side. An
unexposed barrier is one having no outside air on cither side, or
air of similar characteristics on each side (see Fig. 64).

Exposed inside barrier---- L-Exposed outside barrier
i A7 =] . .
Unconditioned . g ~Conditroned air
or partly -
conditioned air
N “~Unexposed inferior barrier
1
e
Similar
conditroned
air
Fic. 64.

10. Nature. Most barriers, such as walls, windows, and roofs
(see Barriers, section 7) are, to a certain degree, capable of resist-
ing the four fundamental elements:
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a. Heat

b. Moisture
c. Air

d. Sunlight

The nature of the barrier can be changed by use of certain mate-
rials and the relation of these materials, one to the other. In
air conditioning it should be the objective to select the barriers
that will give the greatest desired resistivity with the least relative
cost. By cost is meant, not only the initial cost of the construc-
tion of the barriers, but the cost of installation and operation of
the air-conditioning system, in order to enjoy operating and
maintenance savings.

11. Desires.

a. Heat. It is undesirable to have heat pass from the inside
to the outside during the winter air-conditioning season.

It is undesirable to have heat pass from the outside to the
inside during the summer air-conditioning season.

Heat is always endeavoring to pass from the warmer to the
cooler atmospheres.

b. Moisture. It is usually undesirable to have moisture, or
water vapor, pass from the inside into the barrier, or the outside,
" during the winter air-conditioning scason.

It is usually undesirable to have moisture, or water vapor, pass
from the outside to the inside during the summer air-conditioning
season.

Moisture is always endeavoring to pass from an atmosphere of
higher humidity to one of lower humidity.

c. A7r. It is undesirable to have uncontrolled air pass (as
leakage) from the outside to the inside during the winter air-
conditioning season; and, from an economic standpoint, to have
air pass from the inside to the outside during the same season.

It is undesirable to have uncontrolled air pass (as leakage)
from the outside to the inside during the summer air-conditioning
season; and, from an economic standpoint, to have air pass from
the inside to the outside during the same season.

Air is always endeavoring to pass from an atmosphere of
higher pressure to one of lower pressure.

d. Sunlight. It is undesirable to have sunlight pass into an
enclosure or be absorbed by a barrier, during the summer air-

e
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conditioning season, hecause the impinging sun rays arc converted
into undesirable additional heat.

Sunlight always adds heat o an enclosure, depending upon its
admission to the enclosure (as through a glass window) or by
being absorbed by darker, rougher, exterior surfaces.

Although absorbed heat, from sunlight, may be desirable
during the winter air-conditioning season, it is not attempted or
recognized, because it cannot be depended upon during cloudy
days or night periods.

12. Simple Barrier. A simple barrier may be considered as
one intended to resist one of the fundamental elements, and may
be arbitrarily classified as

a. Heat barrier

b. Moisture barrier (vapor)
c. Air barrier

d. Sunlight barrier

13. Heat Barrier. Because nothing is perfect and no barrier
has 100 per cent resistance to heat, some heat will pass or be
transmitted from the warm to the cool side. In the winter, the
heat passes from the warm interior to the cool exterior. In
the summer, the heat passes from the warm exterior to the cool
interior. The objective in sclecting a heat barrier is to obtain one
with the highest possible resistance or the lowest conductivity,
with the greatest relative economy of installation. Several such
barriers are now obtainable through the use of highly resistant
heat-insulation materials. Doors and windows are made more
highly heat resistive through the use of double glazing or storm
sash.

14. Vapor Barrier. Water vapor, always in the air in some
proportion, is in the minutest or tiniest form, and is said to be in
the gaseous molecular state. These molecules are so small that
they cannot be seen even with the most powerful microscope.
Because they are so small they permeate, or pass through, most
materials. In the winter months—the heating season—air
conditioning introduces higher humidities WithiWe house than
have been usually encountered heretofore.

This greater water-vapor content of the air would cause a
higher permeation of water vapor into the barriers exposed to
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the colder outside air, the barriers would absorb or adsorb suffi-
cient water vapor to causc condensation into water particles.
Subsequent freezing of the water particles would result in damage
to the structural barrier of the house. Authorities differ as to
the type and location of the barrier best, suited for vapor retard-
ing. There seems to be a logical tendency to place the vapor
barrier on the inside rather than the outside of the structural
barrier, such as wall, roof, ceiling, or floor.

16. Air Barrier. Air, like water vapor, is in very tiny molec-
ular form and will pass through barriers in the same manner.
Usually, the greatest passage of air through a barrier is around
doors, windows, and similar apertures. Proper weather stripping
and calking will reduce this leakage appreciably and result in
fuel or power saving. Building papers, tight construction, and
nearly impervious or impermeable materials also aid in reducing
the air leakages.

16. Sunlight Barrier. Sunlight, passing through the vacant
spaces in the air, betwecen the molecules, impinges upon the

N
A p s
S :

9 ,\ensify

B f-i-A/;g/e of impingement
! Normail to barrier surface
i %, Nofe: Sunlight infensity is bigher
“-.-Barrier when ray is nearer a normal
Enclosure fo the surface
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Barrier .

0‘, ~_Point of impingement
-~" Infensity factor (see above)

.~Absorption factor (depends ypon color, fexture
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-

“~-Transmission factor
(See Fig. 62)
Fia. 65.
exterior surfaces of barriers (sec Fig. 65). The light waves are
converted into heat as they impinge upon these surfaces. The
heat that is absorbed depends upon the angle of impingement, the



52 AN AIR-CONDITIONING PRIMER

color, texture, and properties of the surface material. The heat
(from the sunlight) that is admitted by the exterior surface,
passes through the remainder of the structural barrier, according
to accepted rate, into the interior air. It is obvious that the
proper treatment of exterior surfaces, and the erection of barriers
at glazed openings (such as awnings, blinds, shades, Venetian
blinds, or the like) are important in summer air conditioning.

17. Status. At the present time, quite ample information
regarding heat resistance (or conductivity) from outside to inside
air, or vice versa, together with air leakage, is available. Some
data are now accepted for sunlight effect. Valuable research
work is being done on moisture and air barriers. Of these, at
this time, those most used in calculations arc air leakage and heat
transmission.

18. Combined Barriers. Since barriers arc built for struc-
tural purposes and their natures can be modified for air-condition-
ing purposes, practically any barrier can be made to give desired
combined resistance to heat, moisture, air, and sunlight. The
selection of such barriers is dependent upon their cconomic
feasibility.
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CHAPTER VII

APPLICATION

THE SHOE MUST FIT

1. Objective. The objective of comfort air conditioning is to
provide the best, or optimum, atmosphere, within an enclosure,
for preserving or improving the health, comfort, and convenience
of people.

2. Essentials. Certain neccessary things about heat, air,
people and enclosures have been explained, and a fundamental
knowledge of comfort air conditioning has been presented.

3. Application. To attain the objective, it is necessary only
to apply the essentials; to do so with proper routine is to gain
efficiency of application.

4. Routine. For better continuity and clarity, the essentials
given in the earlier scctions of this book were then arranged as
heat, air, people, and enclosures.  Now, they are rearranged for
greater adaptability, application, and efficiency, as

I. ‘People
II. Air
III. Enclosures
IV. Heat
V. Sound

DIVISION I. PEOPLE

1. People. Since comfort air conditioning has to do with
people, the correct atmosphere for their best, or optimum, health,
comfort, and convenience must first be established. It is obvious
that a review of Chap. V, on People, would be of value.

2. Health. Much pathological research is being conducted
in an effort to determine the health value of air conditioning.
There seem to be two distinet applications: one is to maintain
existing good health, and the other is to treat patients in pre-
scribed atmospheres to improve impaired health. The main-
tenance of existing good health is a simple matter with a properly
designed and operated air-conditioning system.

55
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3. Prescription. Not ecnough is yet known to warrant a
treatise on the prescribed atmospheres for specific ailments;
therefore, it is not within the province of this text to do more than
mention the subject. It is a vast field in its own application and
the future usce of synthetic atmospheres is worthy of serious
consideration. :

4. Convenience. The relief from the anxiety, exertion, and
strain of attending to heating, cooling, and ventilating equip-
ment, through the use of automatic controls, is of the utmost
convenicnee and undoubtedly aids in the preservation and
improvement of the health and comfort of occupants within an
air-conditioned atmosphere.

6. Comfort. I{ was carly apparent that comfort was the
logical measure by which people could indicate their relative
contentment within conditioned atmospheres.

6. Range. It is astonishing to observe the narrow range of
body comfort, which requires exacting control of inside air,
compared to the broad range of outside air, occasioned by its
fickle and constantly changing conditions. This is vividly
portrayed in Fig. 66.

7. Comfort Charts. What are apparently the best, or opti-
mum, conditions within an enclosure for people are graphically
indicated on the following winter, summer and all-year comfort
charts (Figs. 67-69). .

8. Winter Comfort Chart. Referring to thc winter comfort
chart Fig. 67, observe that the chart is constructed around the
effective temperature line (same as saturation or dew point)
and the per cent of comfort graph. From these, the comfort
lines, or effective temperatures, for various percentages of com-
fort are established. Related dry-bulb, wet-bulb, and relative
humidity lines are developed.

9. Inside Winter Design. Referring to the winter comfort
chart, Fig. 67, observe that the per cent comfort varies from
0 per cent at 60 degrees Fahrenheit, effective temperature, to
97 per cent (the highest) at 66 degrees Fahrenheit, and back to
0 per cent at 74 degrees Fahrenheit. The optimum inside winter
design effective temperature is obviously at 66 degrees Fahren-
heit. Note that at effective temperatures of 63 degrees Fahren-
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heit, and 71 degrees Fahrenheit there are the theoretical low and
high limits of the winter comfort zone.

Also, note that the winter comfort zone is limited to above 30
per cent and below 70 per cent relative humidity; humidities
below 30 per cent are considered too dry and those above 70 per
cent, too humid for comfort—as demonstrated by actual tests.
The ideal design is apparently on the 66 degrees Fahrenheit
effective temperature (comfort) line. Converting this to dry-
and wet-bulb temperatures and relative humidities, the ideal
point is at 70 degrees Fahrenheit dry bulb, 58 degrees Fahrenheit
wet bulb, and 50 per cent relative humidity.

It is to be especially noted that other points on the same 66
degrees Fahrenheit cffective temperature line, for instance, a
dry bulb of approximately 67.5 degrees Fahrenheit, a wet bulb of
62.5 degrees Fahrenheit, and 70 per cent relative humidity on
the one hand and a dry bulb of approximately 71 degrees Fahren-
heit, a wet bulb of 55 degrees Fahrenheit, and a relative humidity
of 30 per cent on the other, are theoretically equal to the same
degree of comfort as the apparent ideal point of 70 degrees
Fahrenheit dry bulb, 58 degrees Fahrenheit wet bulb, and 50
per cent relative humidity. In plain words, the same percentage
comfort exists at any point on the same comfort or effective
temperature line.

10. Inside Temperatures. Suggested winter inside dry-bulb
design temperatures, for various enclosures are given in Table
1, page 193.

11. Inside Winter Operation. The ideal comfort conditions
within an enclosure in the winter are not always practical, from
an operating standpoint, becausec of the possibility that
water vapor may condense or freeze, owing to low outside air
temperatures.

Because there is considerable variation in outside temperatures
and in the construction of the barriers forming the enclosure, no
fixed rules can fairly be given. Obviously, the more efficient
the barriers as to heat and vapor resistance, as well as wind
resistance, the more nearly the operating conditions may
approach the ideal design conditions. To repeat, on days whick
are cold outside and with inadequate barriers, the principal
difficulties are condensation or frosting on the glass and inner
wall surfaces and the freezing of moisture within the exposed
barriers.
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12. Summer Comfort Chart. Referring to the summer com-
fort chart, Fig. 68, observe that, like the winter comfort chart,
Fig. 67, it is constructed around the effective temperature line
(same as saturation or dew point) and the per cent of comfort
graph. Also, that from these the comfort lines, or effective
temperatures, for various percentages of comfort, are established.
Related dry-bulb, wet-bulb, and relative humidity lines are
developed.  Note that the extreme limit of environment, and
the average body-surface temperature are indicated on this chart.

13. Summer Comfort vs. Outside Temperature. The ideal
conditions within an enclosure in the summer are not always
practical, because of the possibility of temperature shock if too
great a differential between outside and inside air is used.  The
outside design temperatures from Table 2, page 194, are super-
imposed upon the summer comfort chart (Fig. 68), affording a
simple method of determining what are apparently the best inside
effective temperatures.

The relations between the outside design dry-bulb and inside
cffective temperatures are derived from the simple formula,

E =70+ T_) »

where E cquals inside effective temperature and 7' equals out-
side design dry-bulb temperature. (Refer to Chap. V, on
People, section 23, regarding Temperature Shocks.)

14. Inside Summer Design. Referring to the summer com-
fort chart, Fig. 68, observe that the per cent comfort varies
from 0 degrees at 64 degrees Fahrenheit effective temperature to
98 per cent (the highest) at 71 degrees Fahrenheit and back to
0 per cent at 70 degrees Fahrenheit but, owing to the possibility
of temperature shock, and in many instances because of economic
necessity, the inside design effective temperature is not estab-
lished as 71 degrees Fahrenheit. Instead, the inside summer
effective temperature is selected through a relation to the outside
summer design dry-bulb temperature.

For example: The outside summer design dry-bulb tempera-
ture for New York City is 95 degrces Fahrenheit (see Table 15).
At the top of the summer comfort chart, Fig. 68, locate 95
degrees; follow down this line to the saturation line and observe
that the effective temperature should be 74 degrees Fahrenheit.
At 50 per cent relative humidity, the 74 degrees effective tem-
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perature line gives a related dry bulb of 80 degrees Fahrenheit
and a wet bulb of 67 degrees Fahrenheit and a dew point of 60
degrees Fahrenheit. (Actually, the relative humidity is 51 per
cent for these temperatures.) It is observed that a maximum of
105 degrees Fahrenheit outside summer design dry bulb is shown
and that the related cffective temperature of 76 degrees Fahren-
heit is just beyond the arbitrarily established upper limit of the
inside summer comfort zone. There arc several schools of
thought on subjects of this sort. In a study relatively so new,
conflicts of this kind may arise. The wise person is tolerant and
understanding and uses his own good judgment.

Note that at effective temperatures of 66 degrees Fahrenhelt
and 75 degrees Fahrenheit there are theoretical low and high
limits of the summer comfort zone. Also, note that the summer
comfort zone is limited to above 30 per cent and below 70 per
cent relative humidity.

Any combination of dry bulb and wet bulb (or relative humid-
ity) on the same cffcetive temperature (comfort) line will give a
theoretically equal per cent of comfort.

16. Inside Summer Operation. The ever-changing outside
air eonditions require control of the inside air and the differential
between outside and inside air. Automatic controls are avail-
able, but they are frequently too expensive for the average
installation. However, the thermostat can be set for the desired
inside condition against the outside condition, the setting of the
thermostat being determined from the summer comfort chart,
Fig. 68.

16. All-year Comfort Chart. Refer to the- all-year comfort
chart, Fig. 69, and note that it is a combination of the winter
comfort chart, Fig. 67, and the summer comfort chart, Fig. 68.
The chart is simple to use. For example: The optimum winter
effective temperature for inside air is 66 degrees Fahrenheit.
The related conditions are 70 degrees Fahrenheit, dry bulb, 58
degrees Fahrenheit, wet bulb, or about 50 per cent relative
humidity. The optimum summer effective temperature for
inside air would be 71 degrees Fahrenheit, but the outside sum-
mer design dry bulb must be considered—for New York City
it is 95 degrees Fahrenheit. (Sec Table 15.) Now, for 95
degrees Fahrenheit outside summer design dry bulb, read down
this line to the saturation line and find the required inside effec-
tive temperature of 74 degrecs Fahrenheit, the related conditions
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being 80 degrees Fahrenheit, dry bulb, 67.5 degrees Fahrenheit,
wet bulb, or about 51 per cent relative humidity. Now read up
the effective temperature (comfort) line and observe the per cent
of comfort is about 67 per cent.  Also, observe that the maximum
per cent of summer comfort can be approximated on the 71
degrees Fahrenheit cffective temperature line, corresponding to
an outside summer dry bulb of 80 degrecs Fahrenheit (which
_has been discussed in a previous section of this chapter).

17. Ventilation. In air conditioning, ventilation means the
circulation of, and the addition of, outside air. There arc
several simple rules to observe, all of which are open to discussion:

Rule 1. Provide a minimum of thirty cubic feet per minute
per person.

Rule 2. Of the thirty cubic feet per minute per person, at
least ten cubie feet per minute should be outside air admixed
with twenty cubic feet of recirculated inside air.

Rule 3. In the winter, provide a minimum of four air changes
per hour for each conditioned room. The National Warm Air
and Air Conditioning Association specifics five changes per hour,
but many manufacturers have arbitrarily adopted four.

Rule 4. In the summer, provide a minimum of one and one-
half air changes per hour for each conditioned room. This is
the average of several prominent manufacturers and is subject
to individual recommendation.

Rule 5. When ozone, ionization, or electric precipitation
equipment is used, the manufacturer’s recommendations should
be considered and generally adopted.

DIVISION II. AIR

1. Air. It is suggested that Chap. IV, on Air, be reviewed.

2. Inside Air. The requirements of inside air have just been
established in this chapter, under the division on People. To
obtain such required inside atmosphcres it is necessary to condi-
tion or refine outside and vitiated inside air.

3. Unconditioned Air. Outside and vitiated air, as uncondi-
tioned air, need to be refined and placed under control before
they may be properly used as inside or conditioned air.

4. Differentials. When air is refined or conditioned, it is
usually necessary to change the temperature, humidity, and
motion of unconditioned air, to meet the more exacting require-
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ments of conditioned air. The difference between the uncondi-
tioned and the conditioned air introduces the differentials in
temperature (heat), humidity (moisture), and motion (ventila-
tion), as well as cleanliness. These differentials must be provided
and controlled. .
6. Composition. Air has already been deseribed as composed
of substances
a. Constant in proportion
b. Inconstant in proportion
¢. Usually foreign to air
6. Inconstant Substances. Those substances constant in
proportion—such as oxygen, nitrogen, and rare gases—can be
disregarded, except for ventilation needs. However, those
substances inconstant in proportion, such as

a. Moisture
b. Heat
¢. Volume

are of principle importance to air conditioning.

7. Psychrometry. Psychrometry is defined as ‘“that branch
of the science (of physics) that treats of the measurement of
degree of moisture, especially the moisture mixed with the air.”

8. Psychrometric Chart. As its name implics, a psychro-
metric chart, of which there are several forms, graphically indi-
cates the conditions of dry air with various quantities of moisture
admixed. In addition, practically all such charts include heat
and volume related to the moistened air. To simplify the
construction and understanding of the use of the psychrometric
chart, it is here reduced to the three simple parts, z.e.,

a. Moisture chart
b. Heat chart
¢. Volume chart

and then, the three arc combined as a complete psychrometric
chart. The form of the charts used herein is based on the for-
mulas and chart developed by the Carrier Corporation, because
of its simpler construction.

9. Moisture Chart. The moisture chart, Fig. 70, is basically
constructed upon the moisture (water vapor) content of dry air
saturated. From this the other facts about air are readily
established (see Table 2 in the Appendix).
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10. Standard Pressure. The pressure of one atmosphere, at
sea level, is considered standard and is the pressure used in
preparing this, or any other similar, psychrometric chart. One
atmosphere pressure is equal to 29.92 inches (760 millimeters)
of mercury or 14.7 pounds per square inch.

11. Dew Point. To find the dew point (D.P.) on the accom-
panying chart, from any selected point X, read dircetly left to
the dew-point line marked D. Note that this is the dew point,
saturation, or 100 per cent relative-humidity (R.H.) linc.

12, Specific Humidity (per pound). To find the specific
humidity (S.H.) from any sclected point X, read from the selected
point directly left to the dew-point linc D and continue directly
left to the B column of figures and read the specific humidity
expressed in grains of moisture per pound of dry air. This
figure in grains (the specific humidity) is the moisture in onc
pound of dry air under the conditions prevailing at the selected
point X.

13. Absolute Humidity (per cubic foot). To find the absolute
humidity (A.H.) per cubic foot of dry air saturated with mois-
ture, from a sclected point X, read directly left from the point X
to the dew point line D, then dircetly up to the absolute humidity
or grains of moisture per cubic foot line ¥, then directly left to
the column of figures B and read the absolute humidity per cubic
foot for conditions prevailing at the selected point X.

14. Relative Humidity. To find the relative humidity (R.H.)
from any selected point X, find the relative-humidity line at the
point X and read the relative humidity on this line. If the point
is between two relative-humidity lines, interpolate for the more
cxact figure.

16. Vapor Pressure. To find the vapor pressure (V.P.) from
any selected point X, read directly left from the point to the dew-
point line D. Then read directly up (or down) from the point
on the dew-point line to the vapor-pressure line C. Then read
left to the C column of figures and read the vapor pressure,
expressed in inches of mercury (Hg).

18. Moisture Table. The table on this chart, Fig. 70, gives
the dry-bulb temperatures in ten-degree increments from 20 to
110 degrees Fahrenheit, in column A. In column D are the
weights of moisture in grains per pound of dry air (the specific
humidities). In column C are the vapor pressures in inches of
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mercury, and in column F arc the weights of moisture in grains
per cubic foot of dry air (the absolute humidities).

17. Heat Chart. The total heat content of air is distinctly a
function of the wet-bulb temperature; therefore the total heat
line (called a matrix) is always shown with the wet-bulb lines.

18. Wet-bulb Lines. The wet-bulb lines are plotted, and the
total heat for each specific wet bulb is from the simple formula:

= C(t—0) + Wh

where H equals total heat, C equals mean specific heat of dry air
(0.24), t cquals wet-bulb temperature, 0 equals zero Fahrenheit
since the total heat is given as above 0 degrees Fahrenheit, W
equals weight of water vapor (in pounds) in one pound of the
dry air saturated, .e., it is the saturation speecific humidity
expressed in pounds, and h equals latent heat of evaporation at
wet-bulb temperature ¢ in B.t.u. (heat units) per pound of air. It
is to be especially observed that at any point on a specific wet-
bulb line, from 0 per cent to 100 per cent, R.H., the total heat is
the same. Note that at O per cent, relative humidity, there is no
water vapor and the dry bulb is highest. As the moisture or
humidity increases, the dry bulb, for the same wet bulb, decreases
until the wet-bulb and dry-bulb temperatures are the same,
which occurs at dew point. Some of the sensible heat indicated
by the dry bulb, is used up as latent heat to evaporate the added
moisture. This is known as adiabatic saturation.

19. Total Heat. The total heat or heat content of a mixture
of dry air and water vapor is the same for any two states of the
mixture at the same wet bulb. To find the total heat from any
selected point X, read up the wet-bulb (W.B.) line to the dew-
point (D.P.) line, then dircetly up to the total-heat (T.H.) line
or (matrix), then directly left to the column K, indicating the
total heat in B.t.u. per pound.

20. Heat Table. The table on this chart, Fig. 71, gives the
wet-bulb temperature (the wet- and dry-bulb temperatures are
the same at dew point) in column 4 and the total heat in B.t.u,
per pound of dry air saturated (which is the same at any point
on the same wet-bulb line) in column K.

21. Volume Chart. Volume of air is a function of absolute
temperature, which has been defined as the sum of the dry-bulb
temperature plus 460 degrees Fahrenheit. | The dry-air line (or
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matrix) I indicates the volume of dry air per pound, while the
saturated-air line J indicates the volume of dry air per pound
saturated with water vapor.

22. Dry Air Volume. To find the volume of one pound of
dry air from any selected point X read directly up (or down) to
the dry air line I, then directly left to the column L, indicating
cubic feet per pound of dry air.

23. Saturated Air Volume. To find the volume of one pound
of dry air saturated with water vapor from any selected point
X read directly up (or down) to the saturated air line J, then
directly left to the column L, indicating volume per pound of dry
air saturated.

24. Partially Saturated Air Volume. To find the volume of
partially saturated air from any sclected point X, follow the
rules below.

Rule 1. Find the volume of one pound of saturated air from
line J.

Rule 2.  Find the volume of one pound of dry air from line I.

Rule 3. Subtract the volume of dry air (Z) from the volume
of saturated air (J) and obtain the volume of the saturated water
vapor.

Rule 4. Find the relative humidity of point X on line E.

Rule 5. Divide the relative humidity E from Rule 4 by 100,
as E/100, and obtain the decimal equivalent of the relative
humidity.

Rule 6. Multiply the saturated water vapor from Rule
3, by the decimal equivalent of the relative humidity from
Rule 5, and obtain the volume of the actual water vapor
present. ,

Rule 7. Add the dry air from Rule 2, to the actual water
vapor from Rule 6, and obtain the actual total volume of the
partially saturated air (V,).

Rule 8. For examples, see sections 30 and 31.

26. Volume Table. The table on this chart, Fig. 72, gives
the dry-bulb temperatures in column A, the volume of dry
air in cubic feet per pound in column I, and the volume of
saturated air in cubic feet per pound of dry air saturated with
moisture.

26. Combined Charts. The combined moisture, heat, and
volume charts comprise this combined chart, Fig. 73.
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27. Complete Psychrometric Chart. The complete psychro-
metric chart in the back of this book is more detailed and on a
larger scale than the corabined chart and should be used for the
more accurate work.

28. Work Tables. For exacting caleulations and the following
cxamples, use Table 2 in the Appendix.

29. Examples. Iixamples of the use of the comfort and
psychrometric charts follow-- section 30 covering a winter pro-
blem, and section 31, a summer problem.

30. Winter Example:

a. Inside Air.

The desired cffective temperature for a winter air-condition-
ing design is 66 degrees Fahrenheit for the inside air (sce Fig.
67). The dry-bulb temperature for a residence is selected
as 70 degrees Fahrenheit (see Table 1), and the relative humidity
is 50 per cent (see Fig. 67). Determine the properties of
the air.

Answer:
Effective temperature. .................. 66°F.
Dry-bulb temperature........... e 70°F.
Wet-bulb temperature................... 58.5°F.
Dew-point temperature.................. 50°F.
Relative humidity. . e ...... 50 per cent
Specific humidity (1 10 2 >< 0 5) AL | grains
Absolute humidity (8.055 X 0. )) ... 4.0275 grains
Total heat.......... ... ... oo L. 250 B.t.u.
Vapor pressure (0.73866 X 0.5)........... 0.37 in.
Volume, air saturated............. ... 13.68  cu. ft.
Volume, dry air......................... 13.3¢ cu ft.
Volume, saturated vapor..... ........... 0.34 cu. ft.
Relative humidity = 100.............. .. 0.5
Volume, actual vapor.................. 0.17  cu. ft.
Volume, dry air......................... 13.34 cu.ft.
Volume, actual total..................... 13. 51 eu. ft.

b. Outside Air.

The lowest recorded winter outside air temperature for New
York City is —14 degrces Fahrenheit. Allowing 10 degrees
Fahrenheit higher for design (explained later in this chapter in
the division on Heat) the approximate design temperature is
—4 degrees Fahrenheit, say, —5 degrees Fahrenheit. Relative
humidities are not fully established, but may be considered as
50 per cent. Determinc the properties of this air. '



74

Answer

Relative humidity . .

Specific humidity (4. 2210 X O )
Absolute humidity (0.36917 X 0.5).
Total heat........................ ...

Vapor pressure (0.02898 X 0.5).

Voluine, air saturated
Volume, dry air.......................

Volume, saturated vapor

Relative humidity + 100

Volume, actual vapor..................
Volume, dry air.......................

Volume, actual total...................

c. Differentials.

AN AIR-CONDITIONING PRIMER

50 per cent
2.1105 grains
0.1846 grains

—0.8823 B.t.u.
........ 0.01449 in, -
11.46 cu. ft.
11.45 cu. ft.
0.01 cu. ft.
0.5
0.005 cu. ft.
11.45 cu. ft.
11.455 cu. ft.

The differentials, from examples a and b, for winter, are

Properties Inside Outside Differential
Effective temperature. . ..|66°F.
Dry-bulb temperature. . .|70°F. —5°K. 751 *
Wet-bulb temperature. . . |58.5°F.
Dew-point temperature. . |50°F.
Relative humidity....... 509, 509
Specific humidity........ 55.1 grains| 2.1105 grains| 52.9895 grains*
Absolute humidity....... 4.0275 grains| 0.1846 grains| 3.8329 grains
Total heat.............. 25.0 B.t.u.|—0.8823 B.t.u.| 25.8823 B.t.u.*
Vapor pressure.......... 0.37 in. 0.0145 in. 0.3555 in.
Volume, air saturated....|13.68 cu.ft.| 11.46 cu. ft.
Volume, dry air......... 13.34 cu. ft.| 11.45 cu. ft.
Volume, saturated vapor.| 0.34 cu. ft.| 0.01 cu. ft.
Relative humidity + 100| 0.5 0.5
Volume, actual vapor....} 0.17 cu. ft.| 0.005 cu. ft.
Volume, dry air......... 13.34 cu.ft.| 11.45 cu. ft. .
Volume, actual total..... 13.51 cu. ft.| 11.455 cu. ft.[4+2.055 cu. ft.*

* Usually important differentials used in air-conditioning calculations.

31, Summer Example:

a. Inside Air.

The summer outside design dry bulb for New York City is

95 degrees Fahrenheit.

Referring to summer comfort chart,
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Fig. 68, find that for this condition the desired effective tempera-
ture for a summer air-conditioning design is 74 degree Fahrenheit
for the inside air. The apparent optimum dry bulb is 80 degrees
Fahrenheit and the relative humldlty, 50 per cent. Determine
the properties of this air.

Answer:
Effective temperature................... 74°F.
Dry-bulb temperature................... 80°F.
Wet-bulb temperature................... 66.5°F.
Dew-point temperature.................. 59.5°F.
Relative humidity .. .................... 50 per cent
Specific humidity (155.5 X 0.5)........... 77.75 grains
Absolute humidity (11.04 X 0.5).......... 5.52  grains
Totalheat............................. 31.35 B.tu.
Vapor pressure (1.0316 X 0.5)............ 0.5158 in.
Volume, air saturated................... 14.08 cu. ft.
Volume, dry air......................... 13.59  cu. ft.
Volume, saturated vapor................ 0.49 cu. ft.
Relative humidity = 100................ 0.5
Volume, actual vapor................... 0.245 cu. ft.
Volume, dry air...................ooa.. 13.59 cu. ft.
Volume, actual total . ................... 13.835 cu. ft.

b. Outside Air:

The summer outside design dry bulb for New York City is
95 degrees Fahrenheit, and the wet bulb is 75 degrees Fahrenheit
(explained later in this chapter in the division Heat). Deter-
mine the properties of this air.

Answer:
Effective temperature. .................. 85°F.
Dry-bulb temperature................... 95°F.
Wet-bulb temperature................... 75°F.
Dew-point temperature.................. 65.5°F.
Relative humidity...................... 38 per cent
Specific humidity (255.6 X 0.38).......... 97.13 grains
Absolute humidity (17.28 X 0.38)........ 6.57 grains
Total heat................ooiiit. 37.19 B.tu.
Vapor pressure (1.6591 X 0.38)........... 0.6305 in.
Volume, air saturated................... 14.99 cu. ft.
Volume, dry air.........coooiii e 13.97 cu. ft.
Volume, saturated vapor................. 0.82 cu. ft.
Relative humidity = 100................ 0.38
Volume, actual vapor.................... 0.3116 cu. ft.
Volume, dry air........covvveviiian.n. 13.97 cu. ft.

Volume, actual total . ................... 14,2816 cu. ft.
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¢. Differentials.
The differentials from examples ¢ and b, for summer, are

g

Properties Outside Inside Differential
Effective temperature....... 85°F. 74°F. 11°F.
Dry-bulb temperature. ...... 95°F. 80°F. 15°F.*
Wet-bulb temperature. ... .. 75°F. 66.5°F. 8.5°F.
Dew-point temperature. . . .. 65.5°F, 59.5°F. 6.0°F.
Relative humidity.......... 389, 509,
Specific humidity........... 97 .13 grains  |77.75 grains {19.38 grains*
Absolute humidity.......... 6.57 grains 5.52 grains | 1.05 grains
Total heat................. 37.19 B.t.u. |31 35 B.tu. | 5.84 B.t.u.*
Vapor pressure.............| 0.6305 in. 0.5158 in. 0.1147 in.
Volume, air saturated....... 14 .79 cu. ft. |14 08 cu. ft.
Volume, dry air............ 13.97 cu. ft.  [13.59 cu. ft.
Volume, saturated vapor....| 0.82 cu. {t. 0.49 cu. ft.
Relative humidity =+ 100....{ 0.38 0.5
Volume, actual vapor. ..... 0.3116 cu. ft.| 0.245 cu. ft.
Volume, dry air............ 13 97 cu. ft.  [13.59 cu. ft.
Volume, actual total........[14.2816 cu. {t.]13.835 cu. ft.| 0.4466 cu. ft.*

* Usually important differentials used in air-conditioning calculations.

DIVISION III. ENCLOSURES

1. Enclosures. It is suggested that Chap. VI, on Enclosures,
be reviewed.

2. Purpose. In Chap. VI, it has been demonstrated that
from an air-conditioning standpoint, an enclosure is intended for
the purpose of providing a barrier between atmospheres of differ-
ent characteristics—usually between outside and inside air.

3. Limits. It has also been demonstrated that barriers are
intended to resist the passage of

a. Heat

b. Moisture (vapor)
¢. Air

d. Sunlight

Of these, heat is the best known at this time. (It includes some
data on sunlight.) Next to heat, air is known, particularly for
leakage. Moisture is still in the laboratory or research stage, as
to passage through barriers. Note that in Division II under
Moisture, and in sections 30 and 31, examples a, b, and ¢, the
moisture differentials are explained.
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4. Heat. No matter how well the structure is built, or what
materials or combination of materials are used, some heat will
pass, or be transmitted, from the inside to the outside air in
winter, and from the outside to the inside air in summer. This
is the basic need for air-conditioning engineering, which will be
elaborated upon in Division IV.

6. Transmission. In either winter or summer, heat is trans-
mitted from the warmer to the cooler air through a barrier at a
rate depending upon the nature of the barrier. This rate is
called the transmission cocefficient.

6. Transmission Coefficient. For the transmission of heat
from air on one side of a barrier to air on the other side of the
same barricr, the coefficient is universally known as the U coeffi-
cient or factor. U values for most barriers used are given in
Table 3 in the Appendix.  Kach cocflicient of transmission which
is the reciprocal of resistivity, represents the heat transmitted
through one square foot of the barrier, in one hour, for one degrec
differential (Fahrenheit), expressed in B.t.u.

7. Common Barriers. Onc or more of five kinds of trans-
mission barriers may be involved in determining the heat trans-
mission out of or into an enclosurc; they are

a. Outside walls

b. Outside glass

c. Inside walls or partitions
d. Ceilings or roofs

¢. Floors

8. Walls and Partitions. These have been arbitrarily classi-
fied structurally as '

Masonry walls

Masonry walls, with various types of vencers
Frame construction

Frame interior walls and partitions

Masonry partitions

S Ro &8

9. Floors and Ceilings. These have been classified struc-
turally as

a. Concrete floors on ground
b. Concrete floors and ceilings
¢. Frame construction floors and ceilings
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10. Roofs. These have been classified structurally as

a. Flat roofs
b. Pitched roofs

11. Glass. This has been arbitrarily classified structurally as

a. Windows
b. Skylights
¢. Doors

12. Examples—Transmission Coefficients. The transmission
coefficients or U factors (cxpressed in B.t.u. per square foot per
degree Fahrenheit) are underlined in each of the following exam-
ples, the characteristics of which are found in tables in the
Appendix.

a. Outside and inside walls and partitions

1. Table 3, wall 2, column C
U is 0.24 B.t.u.

Table 3, wall 2, column K
U is 0.11 B.t.u.

Table 4, wall 21, column B
U is 0.33 B.t.u.

. Table 4, wall 21, column K
U is 0.11 B.t.u.

. Table 5, wall 41, column 4
U is 0.25 B.t.u.

Table 5, wall 41, column I
U is 0.061 B.t.u.

Table 6, wall 53, column B
U is 0.34 B.t.u.

Table 6, wall 53, column C
U is 0.11 B.t.u.

Table 7, wall 60, column C
U is 0.40 B.t.u.

® ® N o o s @ o®

b. Floors and ceilings

1. Table 8, No. 1, column B
U is 0.46 B.t.u.

2. Table 8, No. 9, column D or E
U is 0.060 B.t.u.

3. Table 9, No. 1, column 4
U is 0.65 B.t.u.
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4. Table 9, No. 21, column C
Uis 0.12 B.t.u.

5. Table 10, No. 1, column A
Uis 1.07 B.t.u. .

6. Table 10, No. 7, column D
U is 0.22 B.t.u.

¢. Roofs, pitched

1. Table 12, No. 1, column A
U is 0.46 B.t.u.

2. Table 12, No. 5, column D
U is 0.062 B.t.u.

3. Table 12, No. 6, column 4
U is 0.56 B.t.u.

4. Table 12, No. 10, column I
U is 0.045 B.t.u.

d. Roofs, flat

1. Table 11, No. 1, column A
U is 0.84 B.t.u.

2. Table 11, No. 3, column H
U is 0.12 B.t.u.

3. Table 11, No. 5, column I
U is 0.32 B.t.u.

4. Table 11, No. 9, column J
Uis 0.19 B.t.u.

5. Table 11, No. 11, column P
U is 0.11 B.t.u.

e. Outside glass and doors

1. Table 13a, single glazing
Uis 1.13 B.t.u.

2. Table 13a, double glazing
U is 0.45 B.t.u.

3. Table 13b, 134 inches thick
Uis 0.51 B.t.u.

4. Note: Doors with thin wooden panels are usually assumed
as single glazed windows.

13. Moisture—Water Vapor. At the present time there are
insufficient available data upon which to establish exact rules
and calculations regarding the passage of moisture or water
vapor into or through a barrier. Considerable research is now
being conducted, but much time is necessary to arrive at definite
or recommendable conclusions.
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14. Air. Air leakage is the displacement of inside air (within
an enclosure) by outside air (outside the enclosure). When the
inside air is at a pressure higher than the outside air, the air
leakage is outward; when the outside air is at a pressure higher
than the inside air, the air leakage is inward.

15. Infiltration. Usage has given the title of infiltration to
air leakage. Actually, infiltration is the inward passage of air
and cxfiltration is the outward passage.

16. Location. Air lcakage usually takes place

a. Through exposed walls
b. Around exposed windows
¢. Around exposed doors

17. Velocity. The air leakage depends upon the velocity of
the outside wind, as well as its direction, and the difference in
density of the outside and inside airs, due to their temperature
differential. For velocities, sec Tables 14 and 15.

18. Direction. Air will leak inwardly (infiltrate) on the wind-
ward (prevailing wind) side and outwardly (exfiltrate) on the
leeward side of an enclosure. Of course, the direction of the
wind, as well as its velocity, is constantly changing, but pre-
vailing conditions must not be overlooked. For directions of
winds, see Tables 14 and 15.

19. Walls. The amount of air leakage through walls of
reasonably good and certainly of well-constructed barriers is
insufficient to warrant mathematical consideration and is there-
fore ignored in general.

20. Windows. Yor infiltration or air leakage around windows,
seec Table 16. The average wind velocities will be found in
Tables 14 and 15.

Ezxample: Find the infiltration around the average double-hung
wood-sash weatherstripped window in New York City in winter.

Answer: From Table 14, the average winter velocity is 17.1
miles per hour. From Table 16, the cubic feet of air per minute
per foot of crack is 23.6 and for 20 miles per hour is 35.5. Inter-
polating, 35.5 — 23.6 is 11.9—say, 12—and 17.1 is about halfway
between 15 and 20 miles per hour. So, one-half of 12 is 6, and
6 + 23.6 = 29.6—say, 30 cubic feet per minute per linear foot
of crack.
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21. Doors. For infiltration or air leakage around doors, sce
Table 17.  Note that for residences, doors are usually considered
the same as windows, the door being considered as a single sash
of a double-hung window.

22. Crack. For area and crack length of windows see Table
19. In computing total crack for air infiltration or leakage for
a room, the following rules are usually observed.

a. When windows or doors are in only one exposed wall of a
room, use all the linear feet of crack of all the windows and
doors in that exposed wall.

b. When windows or doors are in two exposed walls of a
room, use the linear feet of crack of all windows and doors
in the wall having the greater linear feet of crack.

¢. When windows or doors are in three or four exposed walls
of a room, use one-half of all the lincar feet of crack in all
the windows and doors of all the exposed walls.

23. Air Changes. For homes or residences, the number of
air changes usually taking place under average conditions due to
infiltration, and exclusive of air provided for ventilation, is
given in Table 18.

24. Sunlight. Sunlight or solar heat transmission through
walls and roofs is dependent upon several factors:

a. Solar intensity, a function of
1. Orientation
2. Latitude

b. Absorption

¢. Transmission

26. Solar Intensity. Figure 211 is an idealized chart showing
the solar int'ensity for August 1 on a perfectly clear day at north
latitude 40 degrees (about that of Philadelphia or Pittsburgh).
It is interesting to note that the intensity on the surface, normal
to the sun rays, the horizontal surface, and the south wall are
in the same phase with the maximum at high noon, while those
on the east and west walls are opposite; with the east-wall
maximum at 8:00 A.M. and the west-wall maximum at 4:00 p.M.

This solar intensity should not be confused with the heat
transmitted through a barrier, due to sunlight.



82 AN AIR-CONDITIONING PRIMER

26. Solar Heat Gain. The method of estimating the amount
of solar heat transmitted through a barrier, from the exterior
surface into the inside air will be found in Division IV.

27. Solar-intensity Factors. The solar-intensity factors are
found in Tables 20a, 20b, 20c and 20d, which closely follow the
curves on the solar-intensity chart (Fig. 211). Observe that
these tables coincide with the chart in the intensity factors for
the south wall and horizontal surfaces, being maximum at 12:00
noon, and that for the east wall the maximum is at 8:00 a.M.
and for the west wall at 4:00 p.M. Note that further orientation
is provided, in the tables, through the inclusion of northeast,
southeast, northwest, and southwest exposures.

The factor I is for walls or roofs, while factor I, is for windows
or skylights, 7.e., transparent glazed surfaces.

Also observe that the several tables are each for a separate
latitude. See the map of the United States (Fig. 212) and
Table 21 of prominent cities in their respective latitudes.

28. Absorption Factors. Not all the solar radiation which
strikes a wall or a roof is absorbed by the exposed surface. Some
of this energy is reflected back into space and the remainder is
absorbed by this exposed surface.  Absorption factors are given
in Table 22. The factors a are expressed as decimals of the
percentage of heat absorbed per square foot per hour.

29. Transmission Factor. The solar heat absorbed by an
exterior surface is transmitted from this heat exterior surface
to the inside air. The rate of this propagation of heat is the
transmission factor. The factors F are expressed as decimals
of the percentage of heat transmitted per square foot per hour
and are given in the chart (Fig. 213).

30. Window-shading Factors. The factors I in Tables 20a,
20b, 20¢, and 20d are for unshaded transparent glazed areas,
such as windows and skylights. The actual solar heat trans-
mitted through these glazed areas is a function of the shading,.
Shading factors are given in Table 23, expressed in decimals.

DIVISION IV. HEAT

1. Heat. Itissuggested that Chap. I1I, on Heat, be reviewed.

2. Loads. Since heat can be added to or subtracted from
substance, the heating load (for winter air conditioning) and

v
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the cooling load (for summer) may both be properly classified
as functions of heat.

3. Conditions. The three fundamental factors which govern
the heating and cooling loads are

a. Inside conditions
b. Outside conditions
¢. Building construction

4. Inside Conditions. Conditions of the inside air may be
determined from Divisions I and II. Note examples in sections
30a and 31a in Division I1.

6. Outside Conditions. Conditions of the outside air may be
determined from Division II. Note examples in sections 300
and 310.

6. Construction. Building construction determines the rate
of heat transmission through the barrier (see Division III).

7. Differentials. The difference between outside and inside
conditions cstablishes the differentials.  Note examples in sec-
tions 30c¢ and 31c¢ of Division II.

8. Symbols and Formulas. In order to expedite the calcula-
tions, certain symbols and formulas are used, as a shorthand
method of explanation and determination. The formulas follow
in their respective places; the symbols are

a = coefficient of solar absorption.
A = arca of barrier, square feet.
B, = body latent heat per person.
B, = body sensible heat per person.
B, = body total heat per person.

¢fm = cubic feet per minute.
CFH = cubic fcet per hour.
d = density of air = 0.075 lb. per cubic foot (at 70 degrees
Fahrenheit).

f, = shading factor for glass, as a decimal.
fi = percentage of latent body heat, as a decimal.
f. = percentage sensible body heat, as a decimal.
F = coefficient of solar transmission.
H = heat, B.t.u. per hour.

H, = heat, B.t.u. per hour, air equivalent.
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I, = heat, B.t.u. per hour, solar, through glass.

H,

heat, B.t.u. per hour, latent, from occupants.

H,. = heat, B.t.u. per hour, moisture equivalent.

H, = heat, B.t.u. per hour, total from occupants (people).
H, = heat, B.t.u. per hour, from solar radiation.

H, = heat, B.t.u. per hour, sensible from occupants.

H,

N~

|4
0.24
7000

I

heat, B.t.u. per hour, transmitted through barrier.

solar intensity, B.t.u. per hour, per square foot.

solar intensity, B.t.u. per hour, through glass.

lincar feet of crack, around window or door.

latent heat of evaporation (1060 B.t.u. per hour per
pound).

moisture added or subtracted, pounds.

moisture, inside air.

moisture, outside air.

number of occupants (pcople).

quantity of air per minute for ventilation.

quantity of air, cubic feet per hour.

quantity of air, cubie feet per hour, infiltration.
quantity of air, cubic feet per hour, ventilation.
temperature, dry bulb, inside.

temperature, dry bulb, outside.

cocfficient of heat transmission, B.t.u. per square foot
per hour.

volume of air, cubic feet per linear foot of crack per hour.
specific heat of air.

grains per pound.

9. Heating Load. The heating load for the winter air con-
ditioning of an enclosure is cstimated by determining

Hecat-barricr transmission

Air, ventilation

Air, infiltration pHeat equivalent
Air, make-up

Moisture, heat equivalent

S e o8

10. Winter-heat Barrier Transmission. The transmission of
heat through the barriers from the warmer inside air to the cooler
outside air, during the winter, is estimated by determining
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a. Arca of barrier

b. Cocfficient of transmission through barrier
¢. Inside temperature

d. Outside temperature

The area of barrier is determined by measuring the plans or
the actual building.

The coefficient of transmission is determined from Tables 3
to 13, inclusive.

The inside temperature is determined from the winter comfort
chart, Fig. 67.

The outside temperature is determined from Table 14.

From the above, the actual amount of heat transmitted (H,)
through the barrier in one hour and expressed in B.t.u. is found
from the formula:

H,=AU{, — t,) (M
Example:
A = 200 square feet
U =025
T = 70
t, =10
then

H,; = 200 X 0.25 X 70 = 3500 B.t.u. per hour

This procedure is carried out for cach kind of exposed barrier
for each room.

11. Winter Air Transmission. The transmission of air by
leakage, into or out of an enclosure, is estimated by determining

. Crack length, feet

Type of crack

. Wind velocity, miles per hour

Air through foot of crack per hour
Density of air, pounds

Quantity of air, cubic fect

Inside temperature, degrees Fahrenheit
Outside temperature, degrees Fahrenheit

SR R &R
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Crack length is determined from the plans or actual building
measurement, and selected from Table 19,

Type of crack is determined from plans and Tables 16 or 17.

Wind velocity is determined from Table 14.

Air through foot of crack is determined from Tables 16 and 17.

Density of air is arbitrarily fixed, for average of 70 degrees
Fahrenheit at 0.075 pound per cubic foot.

Quantity of air is calculated from the very simple formula:

Q=1LV (2a)

where @ = cubic feet per hour (CFH).
L = crack length in feet.
V = air through foot of ¢rack per hour, at preseribed wind
veloeity.
The inside temperature is determined from the winter comfort
chart (Fig. 67). '
The outside temperature is determined from Table 14.
From the above, the actual amount of heat (H,) (due to infil-
tration or leakage) transmitted from the inside to the outside
in one hour, and expressed in B.t.u., is found from the formula:

H, = 0.24Qd(t; — t,) (20)
Since d = 0.075, tﬂlmn 0.24 X 0.075 = 0.018 and the formula
is simplified to
H. = 0.018Q:(t; — &) (2¢)
Ezxample:

L = 20 linear feet

V = 23.6 cubic feet per hour

Q: =LV =20 X 23.6 = 572 cubic {cet per hour
t; = 70 deg. Fahr.

t, = 0 deg. Fahr.

then
H, = 0.018 X 572 X 70 = 721 B.t.u. per hour

12. Winter Ventilation Transmission. The rccommended
average of thirty cubic feet per minute of air per person should
be made up of approximately ten cubic feet of outside (new)
and twenty cubic feet of inside (recirculated) air. The outside
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air must be heated from outside to inside air temperature. The
quantity of outside air required per minute for ventilation
becomes

¢, = 10P (3a)
" since there are 60 minutes in the hour. Then
Q. = 60g, = 60 X 10P (3b)

Ezxample:
P = 40 occupants

then

g» = 10 X 40 = 400 cubic feet. per minute

and
Q. = 60 X 10 X 40 = 2400 cubic fect per hour

13. Winter Ventilation Recirculation. The recommended
average of twenty cubic feet of recirculated air per person should
be recirculated with the ten cubic feet of new outside air. There
" is, theoretically, no heat differential, because the heat for trans-
mission or infiltration has already been included.

14. Winter Ventilation vs. Infiltration. The amount of air
infiltrated should be compared with the amount required for
ventilation. If the infiltrated amount is less than the ventilation
required, the difference should be made up by admitting this
difference into the enclosure. The heat required is included in
the ventilation transmission.

16. Make-up Air. The difference between the ventilation
requirement and infiltrated air is the make-up air. In older
buildings it is usually found that the infiltrated air will be in
excess of the ventilation requirement, and no make-up air is
required.

In the newer modern building or enclosure, where air barriers,
weather stripping, storm sash, and the like are used, the infiltra-
tion is much lower, and make-up air may be necessary.

16. Winter Air vs. Heat. Observance of the following rules
will be of assistance: :
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Raule 1. If infiltrated air is more than ventilation required,
use the infiltrated quantity Q..

Rule 2. If the ventilation requirement is more than the
infiltrated air, use the ventilation requirement quantity Q..

Rule 3. Then, calculate the heating requirement by using
formula (2a) or (2b).

17. Winter Moisture Transmission. The winter infiltrated
or required ventilation air (whichever is the larger amount) must
be humidified. The amount of water vapor required is

M, = (Mi - MO) (4)
where M, = moisture to be added.

It is necessary to provide the latent heat of evaporation to the
water. This may be determined by the formula:

. (.]Kt - Mo)
Since d = 0.075 and L = 1060, then
1060

0.075 X 7000 = 0.0114

Hn = 0.0114Q(M; — M,) (5b)

18. Winter Summation of Heating Load. The heat gain
expressed in B.t.u. per hour required to offset the heat loss from a
room (or single enclosure) during the winter is the sum of

a. Winter—heat barrier transmission
b. Winter—air transmission
¢. Winter—moisture transmission

19. Cooling Load. The cooling load for the summer air con-
ditioning of an enclosure is estimated by determining

. Heat barrier transmission

. Air, ventilation

. Air, infiltration yHeat equivalent
Air, make-up

. Moisture, heat equivalent

. Solar radiation, heat equivalent
Heat from occupants (people)

. ‘Heat from appliances

SQ - R TR



APPLICATION 89

20. Summer Heat Barrier Transmission. The transmission
of heat through the barriers from the warmer outside air to the
cooler inside air is estimated by determining

a. Area of barricr

b. Coefficient of transmission through barrier
c¢. Outside temperature

d. Inside temperature

The area of barrier is determined by measuring the plans or the
actual building.

The coefficient of transmission is determined from Tables 3
1o 13, inclusive.

The outside temperature is determined from Table 15.

The inside temperature is determined from the summer com-
fort chart, Fig. 68.

From the above, the actual amount of heat transmitted (f1))
through the barrier in one hour and expressed in B.t.u. is found
from the formula:

H, =AUt — t) (6)
Ezxzample:
A = 200 square feet
U= 1025
th= 95
t; = 80
then

H, = 200 X 0.25 X 15 = 750 B.t.u. per hour

21. Summer Air Transmission. The transmission of air by
leakage into or out of an enelosure is estimated by determining

Crack length, feet

Type of crack

. Wind velocity, miles per hour

. Air through foot of crack, per hour

. Density of air, pounds

. Quantity of air, cubic feet

. Outside temperature, degrees Fahrenheit
. Inside temperature, degrees Fahrenheit

S e o &8
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Crack length is determined from the plans or actual building
measurement, and sclected from Table 19.

Type of crack is determined from plans and Table 16 or 17.

Wind velocity is determined from Table 15.

Air through foot of crack is determined from Table 16 or 17.

Density of air = 0.075 pound per cubic foot.

Quantity of air is calculated as in the foregoing formula (2a)
in section 11.

The outside temperature is determined from Table 15.

The inside temperature is determined from the summer com-
fort chart, Fig. 68.

From the above, the actual amount of heat (H,), due to infil-
tration or leakage, transmitted from the outside to the inside in
onc hour and expressed in B.t.u., is found from the formula

H, = 0.24Q.d(t, — t.) (7a)
which reduces to
H, = 0.018Q:(t, — t.) (7b)
Ezample:
L = 20 linear feet
F = 23.6 cubie feet per hour
Q: = 572 cubic feet per hour
t, = 95
ti = 80
then

H, = 0.018 X 572 X 15 = 154 B.t.u. per hour

22. Summer Ventilation Transmission. The winter ventila-
tion transmission, section 12, should be reviewed, and formulas
(3a) and (3b) should be used.

23. Summer Ventilation vs. Infiltration. The winter ventila-
tion vs. infiltration, section 14, should be reviewed, as should
section 12.

24. Make-up Air. Section 15 should be reviewed.

26. Summer Air, Heat. Observance of the following rules
will be of assistance.
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Rule 1. Same as Rule 1, section 16.

Rule 2. Same as Rule 2, section 16.

Rule 3. Then, calculate the cooling requirement by using
formula; (7a) or (7b).

26. Summer Moisture Transmission. The summer infil-
trated or required ventilation air, whichever is the larger amount,
must usually be dehumidified. The amount of water vapor
required to be removed is

Ma=(Mu_Mi) (8)

The latent heat required is

v

(M, — M)
= 000 F ®)

which reduces to
H, = 0.0114Q(M, — M,) (10)

27. Sunlight Heat Transmission. Review Division III, sec-
tions 24 to 30.

28. Summer Solar Barrier Transmission. The transmission
of solar heat through the barriers from the outside surface of the
barrier to the inside air is estimated by determining

a. Area of barrier

b. Coeflicient of solar absorption
¢. Coefficient of solar transmission
d. Intensity of solar radiation

The area of barrier is determined by measuring the plans or
the actual building.

The coefficient of solar absorption is determined from Table 22.

The coefficient of solar transmission is determined from Figure
213.

The intensity of solar radiation is determined from Tables
20a, 20b, 20c, and 20d.

From the above, the amount of solar heat (H,) transmitted
is found from the formula:

H, = AFal 11)
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Example:

A = 200 square fect ,

F = 0.06 (for 0.26 U value, assumed)

a = 0.7 (for stucco, assumed)

I = 211 B.t.u. (latitude 40 degrees, east, 8:00 A .M., assumed)
then

200 X 0.06 X 0.7 X 211 = 1772 B.t.u. per hour

29. Summer Solar Glass Transmission. The transmission
of solar heat through glass is estimated by determining

a. Area of glass
b. Solar radiation transmitted through glass
c¢. Shading factor

The area of glass is determined by measuring the plans or the
actual building and from Table 19.

The solar heat (or radiation) transmitted through glass is
determined from Tables 20a, 20b, 20¢, and 20d

The shading coefficient (or factor), as a decimal, is determined
from Table 23.

From the above, the amount of solar heat transmitted through
a glazed window, skylight, or door is found from the formula:

H, = AL, 12)

Example:
A = 20 square feet

I = 182 B.t.u. (latitude 40 degrees, east, 8:00 A.M., assumed)
fo = 0.58 (inside Venetian blind, aluminum external surface)
then

H, = 20 X 182 X 0.58 = 2111 B.t.u. per hour

30. Summer Occupancy Heat. The heat gain within an
enclosure, due to occupants, is estimated by determining

a. Occupants

b. Effective temperature
¢. Body activity

d. Body heat

The occupants are determined by scveral arbitrary methods.
For commercial establishments this should be determined from



APPLICATION 93

the owner and verified by him. For a residence an accepted rule
is two persons per bedroom for any one room in the house at one
time.

Effective temperature is determined from the summer comfort
chart, Fig. 68.

Body activity is determined from Table D.

Body heat is determined from Table D.

From the foregoing, the amount of heat gained due to occu-
pants is found from the formula:

H,=PB (13)
Ezxample:
P = 8 (assumed 4 hedrooms)
B = 400 (body at rest — 80 degrees E.'T.)
Then

H, = 8 X 400 = 3200 B.t.u. per hour.

The summer occupancy heat is readily separated into sensible
and latent heat by determining

a. Body heat
b. Effective temperature

From these, the amounts of sensible (H,) and latent (H;) heats
arc determined by the formulas:

H, = PB.f, (14)
H:, = PBf; (15)
Ezxamples:

P=38

B = 400

fs = 0.55 = from Table E

fi = 0.45 = from Table F

Then

H, = 8 X 400 X 0.55 = 1760 = sensible
H, = 8 X 400 X 0.45 = 1440 = latent
H, =8 X 400 X 1.00 = 3200 = total
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31. Summer Appliance Heat. The heat gain within an enclo-
sure, due to appliances, is estimated by determining

a. Number of appliances
b. Heat gain from appliance

The number of appliances is determined by actual count.

The heat gain from appliances is determined from Table 24.

32. Summer Summation of Cooling Load. The heat loss,
expressed in B.t.u. per hour, required to offset the gain into a
room (or cenclosure) is the sum of

Summer heat barrier transmission
Summer air transmission

Summer moisture transmission
Summer solar barrier transmission
. Summer solar glass transmission
Summer occupancy heat

Summer appliance heat

Vo &R &8

33. Theoretical Refrigeration Rate. It is suggested that
sections 26 to 31 in Chap. III be reviewed.

The cooling load can be converted into the theoretical refrig-
cration rate, since both are actually on a B.t.u. basis. The cool-
ing load is usually calculated or estimated in B.t.u. per hour;
therefore, the cooling load, as such, divided by 12,000 equals the
theoretical refrigeration rate.

DIVISION V. SOUND (QUIET)

1. Quiet. From an air-conditioning standpoint, and conse-
quently from the vantage points of health, comfort, and con-
venience, quiet is a freedom from apparent irritating noise or
disturbance.

2. Sound. Technically, sound is a wave—an air wave. It is
caused by a vibration that sets the surrounding air in motion
above normal. The wave carries, as a ripple does on a still pond
into which a pebble or a stone has been thrown. Even our own
vocal chords vibrate to produce sound. Vibrations may be
caused by one or more of innumerable things (see Fig. 74).

The human ear is capable of picking up and indicating to the
conscious mind sound waves of a certain band of frequencies that
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are audible to the ear. Frequencies above and below this band
are not audible.

Y- Infensity

Fi6. 74.
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F1a. 75.—Loudness levels. (From Allen and Walker, Heating and Atr
Conditioning.)

In addition, the audible frequencies vary in intensity, being
soft, medium, loud, etc.
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3. Noise. The words “sound” and ‘“noise” have become
almost synonymous, but noise usually indicates something
disagreeable, i.e., it is sound at an unfriendly frequency or inten-
sity. It is the objective in air conditioning to keep these fre-
quencies and intensities equal to or below the normal tendencies
of the enclosure.

4. Vibration. In addition to audible sound or noise, certain
vibrations may be produced by the apparatus and moving air
which are not precisely audible but which do causc an uncom-
fortable sense of fecling; they may be in a borderland between
feeling and hearing.

b. Kinds of Noise. Fundamentally, from an air-conditioning
point of view, there are two kinds of noise:

a. Vibrations that can be partially eliminated at the souree, or

in progress, by isolation.

b. Vibrations that can be partially reduced within the enclosure

by insulation.

These noises may reach a room or enclosure from

a. Apparatus
b. Moving air
¢. Outside

d. Inside

Apparatus noises may be transmitted by vibration through

a. Building construction
b. Ducts

6. Noise Unit. The standard unit of measurement is the
decibel. Noise is generally referred to as so many decibels above

TAWAWAWA\

\VAAVARV/
_1000 cycles per second =threshhold __
Fic. 76.

a standard level (see Fig. 76). This level is based on a so-called
threshold of audibility for the average human ear of 1000 cycles
per second frequency. From this threshold, the decibel becomes
a ratio of frequency and intensity.
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7. Measuring. The popular method of measuring noise is
through the aid of a sound level meter, which is a combination of
a microphone, an audio-amplifier, and milliammeter (which
indicates the decibels directly upon the dial).

The meter is usually calibrated to read in decibels above the
standard threshold of audibility.

8. Typical Levels. The present anticipated noise levels (in
decibels) for usual rooms and vchicles are given in Table 25.

9. Procedure. The objective of sound control is to prevent
the addition of an acoustical nuisance to the conditions within, or
intended for, an enclosure. To accomplish this it is necessary to

a. Establish a noise level within the enclosure without air-
conditioning equipment.

b. Establish a noise level within the same enclosure with
cquipment but without sound control.

¢. Provide sound control with the equipment that will main-
tain a noise level equal to condition a or to a condition above
a, agrecable to the owner and within the limits of good
practice.

10. Control. To obtain proper sound control, it is the usual
practice first to exercise care in the cquipment and duct design
and installation. Vibrations are kept at a minimum by isolation
and sound is entrained by insulation, depending upon the building
construction, the equipment, and the duet work.

11. Application. Sound control or acoustical engineering is a
broad subject demanding much training and experience. For
those interested, reference is made to the ASHVE 1938 Guide.



CHAPTER VIII

APPARATUS
IT'S IN THE SYSTEM

1. Apparatus. Equipment is necessary to meet the functional
requirements of an air-conditioning system.

2. Requirements. The functional requirements of air-condi-
tioning equipment or apparatus are shown in Table F.

TaBLE F
Function Winter Summer | All-year

Control............................ Yes Yes Yes
Common

Circulation..................... .. Yes Yes Yes

Cleaning. ........................ Yes Yes Yes

Quiet............. i Yes Yes Yes
Seasonal:

Heating....................... ... Yes No Yes

Cooling. ..................o... No Yes Yes

Humidification.................... Yes No* Yes*

Dehumidifieation.................. No Yes* Yes*

* In hot, humid atmospheres dehumidification may be accomplished by cooling or refriger-
ation equipment. In hot, very dry atmospheres the cooling may be accomplished by
humidifying the very dry air, the latent heat required for evaporating the humidity being
extracted from the air itself, thereby cooling it. In some highly humid atmospheres dehu-
midification is accomplished by absorption or adsorption, which, in reverse of humidification,
releases the latent heat of condensation and adds heat to the air. See later discussions.

3. Common Requirements. The requirements common to
winter, summer, or all-year conditioning are

a. Control,
b. Circulation
¢. Cleaning
d. Quiet

4. Seasonal Requirements. The winter seasonal require-
ments are
98
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a. Heating
b. Humidification

The summer seasonal requirements are

a. Cooling

b. Dehumidification or humidification!

99

6. Systems. There are four fundamental air-conditioning

systems:
a C

entral

b. Self-contained
¢. Semicontained

d. C

ombined

. 6. Central System. A central system conditions air for all
the common requirements and either one or both of the seasonal

~—>
Room
) — -
Condlitioned AL 1| Return auir
airsupply” Room "
== Make-up or
r outside air
A
Central conditioner

All conditioning accomplished in
central conditioner. Conditioned

air distribufed to rooms and return

air brought back fo central
conditioner; through ducts. Make-up or
oufside air added as dlesired.

Applicable fo winter, surnmer or

all- year conditioning

requirements at a central or focal point.

Fia. 77,

The conditioned air

is then distributed to the various rooms or enclosures that are

to be conditioned.

7. Self-contained System.

A self-contained system (fre-
quently referred to as a room unit) conditions air for all of the

common and either one of the seasonal requirements within the

unit itself (see Figs. 79 and

80).

1 See footnote to table in section 2.
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Fig. 78.—Central (split) system. (Fitzgibbons Boiler Company, Inc.)

- condifioned Outsidle air
i _supply air L
L Room
Outside air |~Felurn air -Self-contained (urit)
.su”pp lyair "\ condrtroner
. Room |
Self-confarned ) Retyrn air--
wnit) .~
conditioner

Self-contarned
(unit)
condrtroner

All conditioning accomphished in seff-contained
or unit conditioner. Condrfroned arr
delivered direct fo roormn and refurn air
induced back into conditioner. Make-up
or outside air added as desired., So far;
applicable to summer conditioring only

Fic. 79.
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8. Semicontained System. A semicontained system usually
conditions the air for all of the common and one or both of the

i
i
|

ey

Fia. 80.—Self-contained (unit) conditioner. (Carrier Corporation.)

Room unit cleans and circulates;
T"l heating or cooling by coils using
¥ L imedra from central generators

W

Heating or cooling
medrum refurn.. | ,

A ISP N

---Heating or cooling medism supply

Central %eal‘/hg or
cooling generator

Applicable to winter, summer
or all-year conditioning
Fia. 81.

seasonal requirements within the unit, but the heating or cooling
mediums—steam, refrigerated water, and the like—are generated
at some other point and delivered to the individual units (Fig.81).
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9. Combined Systems. A combined system may be one of the
combinations of

a. Central and self-contained
b. Central and semicontained
¢. Self- and semicontained

e/f- contained
Conditioned ||, il fana/iﬁanng:?
a/r;f supfp/y o ' Y (for summer
and refurn drtion
for winter  |[& W conaioning)
4
Cenfra// condtioner
(for winter)
N Fia. 82.
andiffoned I- I_F
air supply r . Semi-contarned
and refurn- / for summer
for wintfer ! T
L
£
Central conditioner
for all-year
Fia. 83.
Self-contained
; ,’ﬂ I:FL‘,___cona//'f/bner
Sermi-contained |' 4 for summer
for wintfer ‘\aT ] FT

b-=5 |
'4
Centrdl conditioner

or winfer
Fia. 84.

DIVISION I. AIR CIRCULATION

1. Air Circulation. The circulation of air is essential to any
air-conditioning system. It corresponds to the work of the heart
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and circulatory system of the human body, and its apparatus
comprises

a. Air pump (fan or blower)

b. Air-delivery system (supply and return ducts)
c. Air-distribution system (ouflets and inlets)

Supply outlet
| —> ——» —_
v
Room |
Supply y
air duct ri"—' i
e : “Return inlet
Ly .
> “'A-'/?efurn air duct
; - Air pump
(Fan or blower)
Fia. 85.
jnc n
5 100} —
NN L—1"]
® ==,
— ot
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[
§ €0 tion < \A\"‘“: ——
- ™~
o) "1
E 40 waw > »
e =
é 30 [ oW
3
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& Per Cent of Wide Open Volume
Fia. 86.—Operating characteristics of an airplane propeller fan. (From Heating

Ventilating Air Conditioning Guide 1938, Chapter 27.)

2. Fans or Blowers. Air pumps used in air conditioning are
classified as

a. Axial flow, propeller or fan type
b. Radial flow, centrifugal or blower type

The propeller (airplane type) is used to produce air flow in |

volume but at relatively low pressures. A modified form, called |
a disk fan, will produce slightly higher pressures.
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-

Fia. 87.—Propeller fan. (B. F. Sturtevant Company.)
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1a. 88.—Operating characteristics of an axial-flow fan.
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lating Air Conditioning Guide 1938, Chapter 27.)

(From Heating Venti-
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The centrifugal or blower types that are generally used in air
conditioning are of forward- or backward-curved blade design.

F1c. 89.—Axial-flow (disk) fan. (B. F. Sturtevant Company.)
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F1a. 90.—Operating characteristics of a fan with blades curved forward. (From

Heating Ventilating Air Conditioning Guide 1938, Chapter 27.)

3. Fan Performance. All fans follow laws of operation that
are well known and established, as
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Fra. 91.—-Operating characteristics of a fan with blades curved backward.
(From Healing Ventilating Air Conditioning Guide 1938, Chapter 27.)

b

Fig. 92.—Centrifugal blower. (B, F, Sturtevant Company.)
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Fi1a. 93.—Centrifugal blower multiblade (backward) wheel. (B. F. Sturtevant
Company.)

b LN~ .‘ -
Fia. 94.—Attic-fan installation. (From Allen and Walker, Heating and Air
Conditioning.)
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Fra. 95.—Attic fan. (B. F. Sturtevant Company.)

@6}@@

Counter-clockwise Clockwise Clockwise Counter-clockwise
top horizontal top horizontal bottom horizontal bottom horizontal
Clockwise Coun’rer clockwuse Counter-clockwise Clockwise
up blast up blast down blast down blast
Counter-clockwise Clockwise Clockwise Counter-clockwise

fopangulardown  fopangulardown  bottomangularup  bottom angular up

k>

Counter-clockwise Clockwise
top angular up “top angular up
F1a. 96.—8tandard designation of fans. (B. F. Sturtevant Company.)
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a. The air capacity varies dircctly as the fan speed.
b. The air pressure varies as the square of the fan speed.
c. The power demand varics as the cube of the fan speed.

Examples: A fan driven by a 2-horsecpower motor and operating
at a speed of 200 revolutions per minute delivers 6000 cubic feet
per minute at 12-inch pressure. If the fan is speeded up to 300
revolutions per minute what will be the

a. Capacity
b. Pressure
¢. Power
Answers:
(a) gg—g X 6000 = 9000 cubic feet per minute capacity
2 .
() %?Tg% X 0.5 = 1.125 inches pressure
3
(c) 8—8%% X 2 = 6.75 horsepower power

4. Fan Selection. Fans arc sclected upon the following
requirements:

. Efficiency

. Cubic feet of air to be pumped

Static pressure required by system
Type of available motive power

Single or parallel operation

Permissible noise level

Load variables—volumes, pressures, cte.

RS Ro o8

6. Fan Classification. Fans arc classified by manufacturers
according to the following characteristics:

Volume of air in cubic feet per minute
. Outlet velocity

Revolutions per minute (r.p.m.)
Brake power

Tip or peripheral speed

Static pressure

e o o8

'
i
i
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8. Air-delivery System. 'The air-delivery system conveys the
conditioned air from the blower or fan through the supply ducts
to the supply outlets in cach room or enclosure and back through
the return inlets and return ducts to the blower.

Firu. 97.—Supply air-duet system.  (Lamneck Products, Inc.)

It comprises

. Supply ducts

. Return ducts

. Dampers

. Duct insulation

Qo o

7. Ducts. Ducts are usually made of metal sheets formed to
size and shape as required.

8. Supply Ducts. The supply ducts are carefully calculated
and designed for proper air volume, velocity, and pressure in
order that proper distribution, through the aid of the supply
outlets, may be obtained for each room or enclosure.

9. Return Ducts. The return ducts should be as carefully
calculated and designed as are the supply ducts. In the better
applications this is done, but in the poorer or cheaper ones,
less care is given to the returns. In some instances part of the
return air is conveyed between studs, joists, or rafters, resulting
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in lowered efficiency and a building up of undesirable supply-air
pressure.

10. Dampers. Dampers, manual or automatic, are placed in *
the ducts, as required to control the direction, velocity, and vol-
ume of circulating air. ‘

11. Duct Insulation. Supply ducts, from the conditioner to
the supply outlets should be properly insulated. This is not
-done in the cheaper installations but is cssential for all jobs. It
saves and controls the heat of conditioned air and prevents
condensation within the ducts, or on the surfaces, during summer
conditioning.

12. Distribution. The proper distribution of supply air is
probably the most important single factor in the suceessful
operation of an air-conditioning system. The correct amount of
properly conditioned air may be, delivered to the supply outlets,
but if these outlets are improperly designed, sclected, or located,
the desired effect may not be obtained. It is to be noted that, for
the sake of simplicity, the distribution of air from apparatus
to the outlets, or into the return inlets, has been arbitrarily classi-
fied as air delivery. To simplify the text further, distribution is
herein confined to the distributing of conditioned air into an
actual space, room, or enclosure, and out of that space through
the return air inlets to the return delivery system.

13. Outlets. Outlets are either grilles or registers at the point |
of distribution supply into a space, room, or enclosure. §

14. Inlets. Inlets are either grilles or registers at the point
of distribution return from a supply, room, or enclosure.

16. Grille. A grille is an outlet or inlet having no damper, or
air-control device.

16. Register. A rcgister is an outlet or an inlet having a
damper.

17. Throw. The distance over which air will carry, from an
outlet to a point beyond the outlet face, is the throw.

18. Core Area. The core area of an outlet or an inlet is the
area of that portion of the grille or register, inside the frame,
through which air may flow.

19. Aspect Ratio. The aspect ratio is the ratio of the width
to the height of the core area of a grille or register.
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3

SRV W R

Fi1e. 98.—Baseboard grille.  (The Independent Register ('o.)

Fi16. 100.—Wall (horizontal flow) register. (The Independent Register Co.)
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20. Location. The locations of the outlet and the inlet and
their relation one to the other are of vital importance.

An outlet for the supply of conditioned air to a room is best :
placed in the ceiling or on a side wall high enough from the floor

‘

¥
Fia. 101.—Wall (vertical flow) register. (The Independent Register Co.)

Fre. 102.—Rosette-type air-supply fitting. (Amemostat Corporation of America.)

to prevent the air from discharging diréetly upon the occupants z ‘
within the enclosure. In the case of high ceilings, outlets should i
be placed far enough down to prevent distribution within the

upper strata of unoccupied space, and to provide insulation by air [
stratification in this upper unused space. A simple arbitrary |
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rule for wall outlets is not less than six fect six inches from the
floor nor less than one foot six inches from the ceiling, and as low
as the structural and throw requirements permit.

Supply outlets are usually placed on interior or cross partitions
and rarely, if ever, on exterior walls. It should be the object of a

' Register (supply outlet)

“~Exteri /)
/,75,'0/8 rior wa
woll~- “Window or door
—~Supply
Fra. 103.
| Grille or
. W’]?'v’ “ regrster
Frame of grille
» )
<|[or register W
-Core area Aspect ratio = V4
Fi:. 104. FiG. 105.

oaml

R
I-. s

?7‘{*%75;0‘” OUﬂd};:——E./ec %—:
V)

L_,R oom J I(AI/ - ‘1
lernate
JL Y inlet
Ceiling outlet Ceiling outlet-
and inlet Wall inlet
Fia. 106. Fia. 107,
~Exterior
Inside. (exposed)
wall - Wa//

[]

' Wall outlet
and inlet
Fia. 108.

supply outlet to distribute conditipned air into a room without
any unfriendly draft. Practice is to locate these outlets so that
conditioned air is distributed to exposed barriers to aid in a more
rapid and even balancing of heat losses or gains.

Inlets, for the return of vitiated air from individual rooms or
enclosures, are placed at the beginning, or receiving end, of
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return air ducts. They may be cither grilles or registers, depend-
ing upon control desires and cconomic limitations.
DIVISION II. CLEANING

1. Air Cleaning. Air cleaning is onc of the common require-
ments of an air-conditioning system. It comprises the air itself,
which is normally polluted to a degree, and the cleaning deviece
that removes some of the particles of pollution.

2. Air Pollution. Those particles which, as impurities, pollute
the air include carbon, carth, sand, ash, rubber, leather, excreta,
stone, wood, rust, paper, thread, animal and vegetable matter,
pollen, and the like.

3. Micron. The impuritics are roughly classified according
to size, the unit of measurement of which is the micron. A
micron is equal to 0.001 millimeter or 1/25,000 inch,

4. Classifications. Air pollution is arbitrarily classified as:

a. Dust
b. Yumes
¢. Smoke

6. Dust. Dusts are particles of solid matter from 1 to 150
microns in size.

6. Fumes. Fumes range in size from 0.1 to 1 micron.

7. Smoke. Smokes are fine soot or carbon particles mixed
with other combustion products and by-products such as hydro-
carbons and sulphur dioxide usually less than 0.1 micron in size.

8. Concentration. The average typical concentrations of air
pollutions arc

Location . Concentration*
Rural and suburhan. . ... L P 0.2t00.4
Metropolitan................. ... ... 0.4t00.8
Industrial. . ... ... .. .. .. .. 0.8to 1.5
Mining... .. ..... e 4000 to 8000

* (Concentrations are in grains per 1()0() (-Aub;u feet. One pound equals 7000 grains.

9. Comparison. In air of low velocity, dust tends to settle
out by gravity, fumes tend to agglomerate and settle out when
they become 0.1 micron or over in size, smokes tend to diffuse
and remain in the air.

10. Health Angle. There are several authorities on the size
of particles that are supposedly injurious to health; the sizes
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found in the lungs ranging from 0.1 to 10 microns, while larger
particles have been found in the upper air passages.

It is claimed that most of the seasonal hay fever and much of
the bronchial asthma are caused by pollens and the like, carried
by the air.

11.

Air Cleaners. Removal of impurities from polluted air

is air cleaning. To accomplish this it is necessary to provide air
filters or cleaners. It is required of air cleaners that they

a.

b.
c.

J

12.

Be efficient in the removal of harmful and objectionable
impuritics in the air, such as dust, dirt, pollens, bacteria.
Be efficient over a considerable range of air velocities.
Have a low {rictional resistance to air flow; 7.e., the pressure
drop across the filter should be as low as possible.

Have a large dust-holding capacity without excessive
increasce of resistance, or have ability to operate so as to
keep the resistance constant automatically.

. Be casy to clean and handle, clean themselves automati-

cally, or else be inexpensive enough to be replaced when dirty.
Leave the air free from entrained moisture or charging
liquids used in the cleaner.

Cleaner Ratings. Air cleaners, according to the ASHVE

code, are rated by

Capacity, cubic feet per minute

Resistance, inches of water at capacity

Dust arrestance, as removal efficiency
Reconditioning power—for automatic filters
Dust-holding capacity—for nonautomatic filters

& R &8

13. Cleaner Classification. Air cleaners are classified as

a.

b.

14,

Class 4 ¢. Class C

Automatic type Nonautomatic

Class B Medium-resistance type
Nonautomatic d. Class D

Low-resistance type Nonautomatic

High-resistance type

Automatic Cleaner. Automatic cleaners are devices using

power for the automatic reconditioning of the filter medium and
the maintenance of a constant resistance to air flow.
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16. Nonautomatic Cleaners. Nonautomatic cleaners are
devices that do not recondition the filter medium nor maintain
a constant resistance to air flow.

Class B, Low-resistance Type. These operate at not more
than 0.18 inch of water.

Class C, Medium-resistance Type. These operate at not more
than 0.5 inch of water.

Class D, High-resistance Type. These will operate at 1 inch
or more of water, but are rarely used in air conditioning.

16. Classification by Principle. Air cleaners may also be
classified according to the principle used, as

a. Viscous filters b. Dry filters
1. Automatic type c. Washers
2. Unit type d. Electrical precipitators

17. Viscous Automatic Filters. These filters mechanically
operate in a continuous cycle comprising the cleaning of the air,

Fia. 109.—Multipanel automatic air filter. (American Air Filter Company.)
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removal of the air-pollution particles, replenishing the viscous
filter medium, and placing the cffective refreshened arca of the
filter back into the air strecam for further utilization.

Curtain leaves air stream-
panels separate and release
oil held by capitlary offract-
1on at numerous points of
contact between odjacent
panel, recharging curtain
before entering2nd pass

Corrugations provide
necessary spacing be-
tween pahels and supply
vordls For dust accumu-
lation

The clean and freshly
charged curtain enters
the air stream on®liFfy” ||
side of the filter, Pre-
senting best conditron
for *rapping heavy dust

Each panel drains for
1% hrs before enter-
ing arr stream

of

Directron
rotation

Suspenaed porels permit
a’frﬁfo .s‘e?‘:‘/f.€> ﬁ-ee/ffi

#om of reservoir -
vertical removal
Strips of Foif

The dirt frapped in the Ist
poss is securely bound by
the renewed viscous coar-
ing as curtain enters 2nd
pass

The best condition for
final cleaning is main-
fained in the 2nd pass
since a slightly dirty
media hos a higher
efficiency in the re-
moval of fine dust
than when perfectly
clean

Efficrency in oust re-
moval guaranteed 3%
bu?may be varred f;y
changing number o
panels or mesh of screen

The normal rate af which
the curtaim moves is %4
ofarn inch every /2min.
But this speed meary be
ncreased for excessive
aust concentrations

Sediment Is deposited
directly into sediment
pan and need's fo be
removed 3or4times
a year

©

F16. 110.—Continuous viscous filter.

18. Viscous Unit-type Filters.

(American Air Filter Company.)

Viscous unit-type air filters

use a binding liquid permitting adhesive impingement, the dust
being trapped and retained on the viscous-coated surfaces.
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(Owens-Corning Fiberglas

filter.

F1e. 111.—Fiberglas (viscous-replaceable) air
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F1a. 112.— Renewable air filter.



120 AN AIR-CONDITIONING PRIMER

Fra. 113.—Permanent washable viscous air filter. (American Air Filter
Company.)

2
9
3

4

Fig. 114.—Throway air filter. (American Air Filter Company.)
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F1a. 115.—~Fiber-board (viscous replaceable) air filter,  (Detroit Lubricator Co.)
19. Dry Filters. Dry air filters are made of felt, cloth, or

cellulose and depend upon the dust to impinge upon or within the
filter screen.

Fia. 116.—Mat air filter. (American Air Filter Company.)
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20. Washers. Washers, described in general under dehumidi-
fication and humidification, may he utilized as air clecaners. The

dust particles must be
wetted or impinged upon
wet surfaces to produce
cleaning effect. Unfriend-
ly fumes or gases are often
cleaned from air in this
manner, even to the extent
of the adding of certain
chemicals to  the spray
water to accomplish the
result.

21. Electrical Precipita-
tors. This device is de-
scribed in Chap. II, section
10.

F1c. 117.—Electrical-precipita-
tion automatic air filter. (Amer-
ican Air Filter Company.)

PRECIPITATION IONIZING
gChorged Plafes  ____ ®
; Grounded Plates ,Charging
! H A Wires
.L.__..,__.__..—_._._._._ §
L j <
Discharge e e e s e e e e A./ Intake

F1e. 118.—Diagram of electrostatic precipitator. (Westinghouse Electric and
Manufacturing Company.)

DIVISION IIIL

HEATING

1. Heating. Heating is onc of the winter seasonal require-

ments of air conditioning.

It comprises the following:
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. Tuels

. Burners

. Generators

Radiators or convectors
Heating coils
Distribution

-~ Ro e

2. Fuels. The common fuels used are

a. Coal (solid)
b. Oil (liquid)
c. Gas (gas)

The choice of any one of these fuels depends upon its

a. Availability

b. Economy

¢. Cleanliness

d. Operation requirements
e. Control

3. Classification of Coals. A precise classification of coals is
difficult to make, but they may be arbitrarily grouped as

. Anthracite

. Semianthracite
. Bituminous

. Semibituminous
. Lignite

Coke

b SRS VISR R ~ |

For those more intimately interested, reference is made to the
U. S. Bureau of Mines Bulletin 276, and the ASHVE 1938 Guide.

4. Classification of Oils. Fuel oils are grossly grouped as
domestic and industrial. Domestic oils are further classified as
Nos. 1, 2, and 3. Industrial oils are classified as Nos. 4, 5, and
6. Since few industrial oils are used in automatic oil burners
for air conditioning, only the domestic varieties will be considered.

The commercial standard fuel-oil specifications giving detailed
requirements for domestic fuel oils are as given in Table G.
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TABLE G.—COMMERCIAL STANDARD FUEL-01L SPECIFICATIONS*
Detailed Requirements for Domestic Fuel Oilst

Flash point  {Water | Car- Distillation test
o - and hon .
Approx. sedi- | resi-
. B.t.u. ment, | due, Viscosity
Grade of oil per Min., | Max,, | maxi- | maxi-|  Max,, Min., |maximum
gallonl| deg. deg. mum | mum deg. deg.
Fahr, | Yahr. per per Irahr, Fuhr,
cent cent
No. 1. Domes 10 < point
tic fuel oil—a 420
light distillate |139,000; 100 150 0.05 | 0.02
oil for use in or legal
burners requir-
ing a high End point,
grade fuel 600
No. 2. Domes- 10 < pont
tic fuel oil—a 440
medium distil- {141,000/ 125 190 0.05 1 0.05 {90 pont
late oil for use or legal 620
in burners re-
quiring a high Knd point.
grade fuel, 600
No. 3. Domes- Saybolt
tic fuel oil—a universal
distillate fuel at 100
oil for use in (143,400 150 200 0.1 0.15 90 °;, point|70 seconds
burners where or legal 620
a low viscosity
oil is required

* Adapted from “ Fuel Oils,” p. 2, U. 8. Department of Commerce, Bureau of Standards,
Commercial Standard CS12-35, Washington, 1935.

1 Pours point maximum is 15 F. Lower or higher pour points may be specified whenever
required by conditions of storage and use. However, thesc specifications shall not require
a pour point less than 0 F. under any conditions.

} Government specifications do not give B.t.u. per gallon, but they are noted here for
information only.

b. Classification of Gases. Fuel gases are roughly grouped as
natural and artificial (or manufactured). Natural gases usually
are the richer and manufacturcd gases the poorer in heat
value.

Considerable water vapor is produced in the combustion of
gases. The latent heat of condensation is included in the gross
or high heat content given in the heat tables.

The representative properties of gaseous fuels, based on gas at

60 degrees Fahrenheit and thirty inches mercury pressure are:
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TABLE H.—REPRESENTATIVE PrOPERTIES OF GAsEOUS FurLs*
Based on Gas at 60 Degrees Fahrenheit and 30 Inches per Hectogramn

B.t.u. per Products of

cubic foot combustion Theo-

Air re- retical

Specific| quired flame
gravity,| for com- Cubic feet . | temper-

Gas air = | bustion, Ulti- ature,
High | Low | 1.00 | cubic 'gg‘e degrees
(gross)| (net) feet Total dryz Fal'lh‘:en"

0. H:0 w}vh basis| et

2

Natural gas—California .| 1200 | 1087| 0.67 | 11.26 [1.24]2.24] 12.4] 12.2| 3610
Natural gas—Mid-Conti-

nental. ... L 967 8731 0.57 9.17 10.97{1.92{ 10.2| 11.7[ 3580
Natural gas—Ohio....... 1130 | 10250 0.65 | 10.70 |1.17{2.16] 11.8| 12.1} 3600
Natural gas—Pennsyl-

Vanmia. ..o 1232 ] 1120 0.71 | 11.70 [1.30/2.29] 12.9] 12.3] 3620
Retort coal gas.......... 575 510 0.42 5.00 {0.50|1.21 5.7f 11.2| 3665
Coke-oven gas.......... 588 521 0.42 5.19 10.51(1.250 5.9] 11.0{ 3660
Carbureted-water gus....| 536 496|  0.65 4.37 10.74{0.75] 5.0{ 17.2| 3815
Blue water gas ........ 308 2811 0.53 2.26 [0.46|0.51| 2.8 22.3] 3800
Anthracite-producer gas..| 134 124f 0.85 1.05 ]0.33(0.19/ 1.9] 19.0{ 3000
Bituminous-producer gas.| 150 140| 0.86 1.24 10.35/0.19] 2.0 19.0[ 3160
Oilgas................ 575 5100 0.35 4.91 10.47|1.21f 5.6/ 10.7] 3725

*These data compiled from U. 8. Burcau of Mines and A. 8. A. sources.

6. Automatic Fuel Burners. Mechanical devices for the auto-
matic burning of fuels are broadly classified as

a. Coal stokers (solid fuel)
b. Oil burners (liquid fuel)
¢. Gas burners (gascous fucl)

7. Stokers. Mechanical stokers automatically feed a required
amount of a solid fuel, like coal, into a combustion chamber,
provide a controlled supply of air for the combustion of the fuel,
and may provide some means for disposing of the solid refuse or
ash resulting from the combustion.

8. Classification of Stokers. Solid-fucl burners are classified
as

Overfeed flat-grate stokers

Overfeed inclined-grate stokers
Underfeed side-cleaning stokers
. Underfeed rear-cleaning stokers

fe o8
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Stokers are also grouped according to their rated coal feed per
hour, as:

Class 1. Up to and including 60 pounds per hour
Class 2. From 60 to 100 pounds

Class 3. From 100 to 300 pounds

Class 4. From 300 to 1200 pounds

Class 5.  Over 1200 pounds

S
% u,'.

Ignited and partially coked fuel
_—Actwe fuel bed

T
Drop bars forecleaning
fire of ash and refuse

F16. 120.—Overfeed inclined-grate stoker,
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Coal conveying pipe

Burner nozzle

N
Q

Pneumatic
stoker

Boiler

B
Fire
]]/"00’ Secondary

7

O ar unit

Grates 7
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O\

B X o
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F1a. 122.—Underfeed plunger-type stoker.

Fie. 123.—Underfeed screw stoker, hopper type.
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Fia. 124.—Underfeed screw

T —r—

.

stoker, hin-feed type.
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e R R M ARSI R AR PO BT SRR A TRINeA BT L
Fig. 125.—Underfeed screw stoker with automatic ash removal.

Houschold stokers are classified as Class 1 and Class 2. They
arc usually of the underfeed serew type and are subclassified as

a. Hopper type
b. Bin-feed type

Either of these types may be also classed as

a. Manual ash removal
b. Automatic ash removal

Small commercial stokers for hotels, apartments, and the like
are usually under Class 3, while larger commercial jobs are found
in Class 4. These types vary in classification but the majority
used in air conditioning arc of the underfeed type. Class 5
would rarely be found in air-conditioning systems.

9. Automatic Oil Burners. JIuel-oil burners have been
grouped as commercial and domestic. Commercial burners are

PORCELAIN EI.ECTRODE
INSULATORS

o pt = \\\\\\\\\\‘
i ) Kimae AN\

g Ve
F1e. 126.—Gun-type prelsure-atomlzmg oil burner.
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generally of the nonfull automatic type. Domestie burners are
used almost exclusively in air-conditioning heating. The classi-

\x\\\\\\\

)\\\\\\i\

i
g_

&\x\\\\

&

Fig. 127.—Wuall-type Fig. 128.— (‘u\tex-ﬂame vertlcul
vertieal rotary burner. rotary burner.

Fia. 129, —~Pot-type vaporizing burner.

fication of these domestic burners varies according to several
factors, as

I. Air supply

A. Atmospheric, ordinary stack draft

B. Mechanical, power-driven blower

C. Combination, primary air from blower, secondary air
from stack draft

II. Oil preparation

A. Vaporizing, oil distilled on hot surface

B. Atomizing, oil broken into fine particles
1. Centrifugal, rotary cup or disk
2. Pressure, oil forced through small orifice
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3. Air or steam, high veloeity with special nozzle
4. Combination, air and pressure
C. Dual, a combination of Bl and B2

III. Type of flame
A. Luminous, bright flame (orange)
B. Nonluminous, blue flame

IV. Method of ignition
A. Eleetric
1. Spark
a. Continuous
b. Intermittent
2. Resistance, hot wire or plate
B. Gas
1. Continuous
a. Coustant size pilot
2. Expanding
a. Pilot expands temporarily at start of burner
3. Combination
a. Spark lights gas, gas flame ignites oil
4. Manual
a. Hand torch for continuously operating burners

V. Manner of operation
A. On and off, intermittent
B. High and low, continuous flame either high or low
C. Graduated continuous flame graduates from high to low
and vice versa

However, the trade has classified these burners under three
types, as

a. Gun or pressure
b. Rotary
¢. Pot or vaporizing

10. Automatic Gas Burners. Fuel-gas burners are more
numerous as to type and variety than any other automatic
burners.
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From an air-conditioning standpoint they may be broadly
typed as

S

. Gravity
Pressure (blast)
Radiant ‘

&

o

F16. 130.- Gravity-conversion gas hurner. (Barker Gas Burner Company.)

<
ced

i ‘r N . . e [
F1a. 131.—Pressure-conversion gas burner, (National Machine Works.)

The characteristics of the gas itself have broad control over
the installation and operation of gas-burning devices,
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F1e. 132.—Radiant-conversion gas burner.  (The Bryant Heater ( ‘ompany.)

4
Fia. 133.—Radiant-conversion gas burner.

(The Bryant Heater Company.)
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11, Heat Generators. The generators which provide the
space for and utilize the heat derived from combustion are
broadly classed as

a. Furnaces
b. Boilers

12. Furnaces. The distinctive thing about a furnace is that
the medium used to deliver and distribute heat from the com-

Fla. 134.—Gravity warm-air furnace. (American Radiator & Standard Sanitary
Corporation.)

bustion chamber and any attached heat exchanger is air. Fur-
naces are made of cast iron or steel plate, or both.

Furnaces without fans or blowers used in heating, wherein
the air circulates through the ducts within a house due solely
to the rising of the heated air and the falling of the returning
cooled air, are called gravity warm-air furnaces. They are not
used in air conditioning.
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Furnaces where the air is circulated by means of a fan or
blower are called mechanical warm-air furnaces and are used in
air conditioning,.

Fia. 135.—Mechanical warm-air furnace. (The Bryant Heater Company.)

13. Boilers. The distinctive thing about a boiler is that the
medium used to deliver and distribute heat from the combustion
chamber and any attached heat exchangers is water. The water
as a medium may be in the state of hot water, vapor, or
steam.

Boilers are designed for high-pressure and low-pressure work.
Heating boilers are a low-pressure type of not over fifteen
pounds working pressure. Steam from high-pressure boilers is
usually reduced to low pressure for heating purposes. By slight
rearrangement, a low-pressure steam boiler can be used for low-
pressure hot-water heating.
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Fi1a. 136.—Round cast-iron F1a. 137.—8quare sectional cast-iron
boiler. (Allen and Walker, boiler. (Allen and Walker, Heating and
Heating and Air Conditioning.)  Air Conditioning.)

ORI

Fia. 138.—Fire-tube boiler (section). (Fitzgibbons Boiler Company, Inc.)
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Boilers are classificd as
a. Cast-iron sectional b, Steel fire tube  ¢. Steel water tube
Cast-iron boilers are

a. Round pattern, with eircular grate and horizontal sections
b. Rectangular patiern, with rectangular grate and vertical
sections

Steel fire-tube boilers are constructed so that the hot gases of
combustion pass through the tubes. The water surrounds the

F1e. 139.—Steel water-tube boiler. (International Boiler Company.)bgf‘;;

outer walls of the tubes. Steel water-tube boilers are construc‘%ed
so that the water passes through the tubes. The hot gases sur-
round and pass over the outer surfaces of the tubes. A

Special boilers, each with one or more distinctive features; are
available; but they closely adhere, in general, to the above
classified types.
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14. Radiators. Radiators are generally made of cast iron,
and may be classified as

a. Tubular b. Wall ¢. Window

Fru. 140.-—Cast-iron wall radiator. (American Radiator & Standard Sanitary
Corporation.)

Fia. 141.—Nonferrous extended-surface convector. (American Radiator &
Standard Sanitary Corporation.)
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F1u. 142.—Cast-iron tubular radiator. (American Radiator & Standard Sanitary
Corporation.)

O

Fia. 143 —Cast-iron extended-surface convector. (American Radiator &
Standard Sanitary Corporation.)
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F1a. 144.—Window radiator. (American Radiator & Standard Sanitary
Corporation.)

‘

Fia. 145.~Convector enclosure. (American Radiator & Standard Sanitary
Corporation.) )

).
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16. Convectors. Convectors may be cast-iron radiators, but
there is a general trend toward extended-surface cast iron and,
more particularly, toward extended-surface nonferrous metal
convectors. IFnclosed radiators and convectors are closely
related, and the greater the relation between the extended
surfaces and the air passing over them, the better the effect of
heat convection.

16. Heating Coils. Heating coils, for air conditioning, like
cooling coils, arc more cfficient and satisfactory when constructed
of extended-surface tubes of sclected nonferrous metals.

U TN S

o e

Fic. 146.—Nonferrous fin-tube unit. (Aerofin C‘orpo.ra,tion.)‘

17. Distribution. The heating mediums air, steam, and hot
water are subject to varicties of distribution. Air has been
described in Division I of this chapter. Hot water is rarely
used in air conditioning. Two systems are u<xod——grav1ty and
forced circulation. Steam is grouped as gravity, vapor, or
vacuum. The details of these are numerous but substantially
related.

Obviously, the distribution of steam in any form, or of hot
water, is accomplished through the use of piping, fittings, and
valves.

18. Burner-generator Units. Combinations of fuel burners
and heat generators, as so-called matched units, are

a. Stoker furnace—TFig. 147.
b. Stoker boiler—Fig. 148.
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Fiu. 147.—Diagram of automatic stoker-boiler. (Fitzgibbons Boiler Company,
Inc.)

BT D e

pod
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F1¢. 148.—Winter air conditioner, stoker, oil, or gas fired. (Fitzgibbons Boiler
Company, Inc.)

¢. Oil-burner furnace—Fig. 149.

d. Oil-burner boiler—Fig. 150.

¢. Gas-burner furnace—Fig. 151.
« o J Gas-burner boiler—Fig. 152.
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Fig. 149.—Stoker-furnace clement. (dmerican Radiator & Standard Sanitary
Corporation.)

' " e <y
Fia. 150.—Iron-fireman * Deluxe Heatmaker' hopper-model stoker installed in
warm-air furnace.
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S 0
n

Fia. 151.—Combination oil-burner-and-boiler unit. (General Electric Company.)

Wrer 1R9 ——Caahnrner hoiler.  (The Bruant Heater Comnanw.)
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Fi16. 153.~-Gas-burner warm-air furnace. (7he Bryant Heater Company.)
r - -~

RSP

v mtas

N *

N A.._..‘:lﬁ.k&.mu j

I‘w. 154. -—-Oll-ﬁred winter air conclmoner. (Ameman Radiator & Standard
Sanitary Corporation.)
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Fra. 155.—Warm-air-furnace element of rotary oil burner. (American Radiator & Standard
Sanitary Corporation.)
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DIVISION 1IV. COOLING AND DEHUMIDIFICATION

1. Refrigeration. It is suggested that sections 26 to 36,
under Refrigeration, in Chap. 111, on Heat, be reviewed.

2. Cooling. Cooling may be defined as the extraction of
sensible heat from—i.e., the lowering of the temperature of—a

substance like air.

Initial ]
final 80°E|l ) 5°F, Differential

.- Thermormeter

8

Fi1c. 157,

' 3. Dehumidification. Dehumidification may be defined as
- the extraction of latent heat from—.c., the lowering of the mois-
ture content (humidity) of—a substance like air.

Liquid

Initial "
and final

.

ﬂ”o femperature Latent heat
S extracted,

52| change in stafe

Final-*

F1a. 158.

4, Load. The cooling and dchumidification load from Chap.
VII, Division IV, section 32, is made up from the heat gain due to

a. Heat transmission ¢. Occupants e. Appliances
b. Solar radiation d. Infiltration

5. Cooling Methods. Cooling may be accomplished by
a. Surface cooling  b. Spray cooling ¢. Evaporative cooling

6. Moisture Relations. Warm, partly saturated air may be
cooled down to the dew point by extracting sensible heat. When
cooled below the dew point, both sensible and latent heats are
extracted and dehumidification accompanies cooling. Either
of these conditions may be accomplished by surface cooling

or spray cooling.
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Warm, relatively dry air may be cooled down to the wet bulb
by extracting sensible heat through humidification. The latent
heat of evaporation required to vaporize the moisture of humidi-
fication is furnished by the air itsclf, the sensible heat being
extracted from the air and converted to latent heat, with a
resultant lowering of air temperaturc and an increase in air
humidity. This condition may be accomplished by evaporative
cooling.

7. Surface Cooling. In the surface cooling, the air to be
cooled passes over the surface of cold metal. The cooling

Cooling
medium
out

Warm air Cool air

Cooling corl

Cooling
mediurm
I_/.7_
Fia. 159.
medium passes through the metal coil, while the air passes
around the outside of the coil. Fig. 159.

8. Spray Cooling. In spray cooling, the air to be cooled
passes through a spray of cold water. The dry bulb of the air

Wash woterin
w '
Warmarr |F<_ Cool air
e ,>5 —_—
<\ *
- -~ Wash water ouf
Spray chamber
Fia. 160.

may be cooled to the wet-bulb temperature until the wet-bulb
and dry-bulb temperature are alike. If wash or spray water is
colder than this air-saturation or dew-point temperature,
dehumidification also may be accomplished. Fig. 160.

9. Evaporative Cooling. In evaporative cooling, as in spray
cooling, the air to be cooled passes through a spray of water.
The air may, by humidification, be cooled to the wet-bulb
temperature until the wet-bulb and dry-bulb temperatures are
alike. This is known as an adiabatic saturation or heat transfer;
the wet bulb and total heat remain constant, while the dew
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point rises and the dry bulb falls until they, as a4 maximum, reach
the wet-bulb temperature. .

10. Dehumidification Methods. Dchumidification may be
accomplished by

a. Condensation b. Desiceation

11. Condensation. Dchumidification, as condensation, may
be accomplished (usually concomitant to cooling) by

a. Surface cooling b. Spray cooling

The surface and the spray dehumidification are accomplished as
in cooling.

12, Desiccation. Desiccation is the removal of moisture from
a substance, like air.  In air conditioning this is accomplished by

a. Adsorption b. Absorption

13. Adsorption. I'rom a dchumidification standpoint, adsorp-
tion is the adhesion of the molecules of water vapor from air to
the surfaces of solid bodies (called adsorbents) resulting in the

Fia. 161.—Cut-open view of silica-gel unit. (The Bryant Heater Company.)
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concentration of the water vapor at the place of contact with the
adsorbent and a reduction of the water vapor.

~—— Dehumiditied air  ~ ‘
g—-—mwr outlet J v —=To tlu-
N 7z
—e-Waterinlet "\ /7 7 \7

Dehumidified <+ Fan
and cooled air (@]

Adsorber Adsorb
No. 2 No. 1
N\ \
Water \ \
pump | \1/
T < " )
flot gases— \ u"“”a‘g‘“""“’

Source of heat
Fia. 162,—Open solid-material adsorption system. (From Heating Ventilating
Air Conditioning Guide 1938, Chapter 24.)

14. Adsorbents. The most frequently used and best known
adsorbents used in air conditioning are “activated alumina,”
also known as aluminum oxide or alumina, and “‘silica gel,” also
known as silicon dioxide or silica.

16. Absorption. From a dchumidification standpoint, absorp-
tion is the migration of the molecules of water vapor from air

Conditioned air

Dry bulb dependent
To condition upon cooling medium
area 58°D. P.
Recirculated )
g liquid 82°
1§
-? “~Liquid distributor
" Unconditioned
Dehumidified air inlet
' 8ir —
o5 o [Regenerated | 550w B
IH 58°D, P, Liauidin fank 89 liquid 100° 66°D. P,
. . = = .
Relm:::l’e;:&ec:ty - Liauid BUMR am  100°D. P. /f—Outdoov o
supply  exhaust air 4 room air

Outlet 87°

" -Liquid distributor
Cooling water tauidtobe/ | Lo 12 1) NN )
CHYSUPBY O ecirculated  esenersted |E g
cooling tower) o

g Tank

Fia. 163.—Diagram of lithium chloride absorption system. (From Heating
Ventilating Air Conditioning Guide 1938, Chapter 24.)
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into a concentrated or partly concentrated brine, resulting in a
dilution of the brinc and a reduction of the water vapor in the
air,

16. Absorbents. The most frequently used and best known
absorbents used in air conditioning are ammonia, calcium chlor-
ide, and lithium chloride brines (solutions).

17. Comparisons. Adsorbents may be considered as solids
and absorbents as liquids. Both can be rejuvenated and used
over and over. '

18. Heat of Desiccation. When water vapor is adsorbed or
absorbed, the heat of vaporization or ecvaporation of the water
vapor is released and, with the heat of mixing, increases the
sensible heat of the desiccated or dried air.  For comfort purposes
desiccated air has to be cooled to a dry-bulb temperature within
reasonable relation to the desired effective temperature,

19. Refrigeration. Surface and spray cooling may be accom-
plished by the use of water, ice, or volatile liquids, called refrig-
erants. Cold water may be produced from natural wells or
melting ice, or by refrigeration.

20. Refrigeration with Water-cooling Coils. This is one of
the surface-cooling methods. The sensible or latent heat (or
both) passes from the air through the pipe coil into the water.
All things being equal, more refrigeration may be effeeted by this
method than by spray cooling, because of the greater tempera-
ture differential between the cooled air and the cooling water.

With a water-cooled coil, the temperature differential between
the air and the water is the difference between the dry bulb of
the air and the average water temperature.

With a spray cooler, or washer, the temperature differential
between the air and the water is only the difference between the
wet bulb of the air and the average water temperature.

The heat (sensible, latent, or both) that can be removed from
air by a water-cooled coil depends upon

a. Area of the pipe and extended surfaces or fins
b. Mean temperature difference between the air and the water
¢. Velocity of air over the cooling coil

Because air enters a cooling coil at a higher initial and leaves
at a lower final temperature, and the cooling water enters the coil
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at a lower initial and leaves at a higher final temperature, the
mean temperatures of both arc used (as stated in b above).

d. Heat-transfer cocfficient. The heat-transfer coeficient is
rated as B.t.u. per square foot of cooling surface per degree
Fahrenheit mean temperature difference, and depends upon

1. Air velocity over the coil-

2. Water velocity through the coil

3. Material of which the coil is constructed
4. Surface character of the coil material

21. Refrigeration with Ice. The two methods used in refriger-
ation with ice for air conditioning are

a. Direct
b. Indirect

In the direct method, air is passed over the ice; the ice, at
32 degrees Fahrenheit, melts and the required latent heat of

Charging
; 3P Curd
ez rrrrrrrrrnrss 7757777507777 7rses rre s ss ) ¥
Return. B W
Air — aysH B
| Return Waters? . Lol B
Cool Air Fan Overfiow—y i
alve N
Aalsly Pz;mp. ; Q
Cooling o ‘N
Coils —~— AN
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Thermostat J-w%y | I
Mixing Valve

Fia. 164.—Cooling system using ice. (Allen and Walker, Heating and Air

Conditioning.)

fusion of the ice extracts 144 B.t.u. from the air for each pound
of ice melted.

In the indirect method, water is passed over the ice; the ice,
at 32 degrees Fahrenheit melts and the required latent heat of
fusion of the ice extracts 144 B.t.u. from the cooling water for
each pound of ice melted. The cooled water is then circulated
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through water cooling coils, as deseribed in section 20, and
recirculated back to the ice tank for recooling.  Iig. 164.

22. Refrigeration with Water Spray. Spray cooling and spray
dehumidification may be effected by passing air through a water
spray. If the spray water is not cooled but recirculated, the
wet-bulb temperature and total heat of the air will be constant.
The dry-bulb temperature will decrease and the dew-point tem-
perature will increase, as in evaporative cooling (by humidifica-
tion), until equilibrium is found at the wet-bulb temperature
(which is the final dew point). Fig. 184.

But, if the spray water is cooled and recirculated and recooled,
the wet-bulb temperature and total heat will theoretically first
remain constant until the dew point, dry-bulb temperature, and
wet-bulb temperature are alike; then the dry-bulb, wet-bulb,
and dew-point readings will drop along the saturation line to a
lower point, a few degrees above the temperature of the cooled
spray water (dependent upon the spray, efficiency, time, air,
velocity, etc.). Fig. 184.

This type of cooling and dehumidification is accomplished in
washers that may also be used for winter humidification, par-
ticularly in large central systems, but the surface cooling method
is the more frequently used.

23. Refrigeration with Volatiles. Probably the most common
and popular method of effecting refrigeration is the more exten-
sive use of volatile liquids, called refrigerants. The outstanding
value of these refrigerants is that they can be used and reclaimed
over and over again. Except for mechanical losses, these vola-
tile liquids may be completely reclaimed in a perpetual series of
operating cycles.

24. Refrigerants. Refrigerants are volatile liquids that will
evaporate, compress, and condense within reasonable working
temperatures and pressurcs. Those used in refrigeration for air
conditioning, cooling, or dehumidification have been selected
because of their

Availability
Cost

Safety
Stability

. Adaptability

o Re =8
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Some of the popular refrigerants are

Ammonia

Carbon dioxide
Dichlorodifluoromethane (F,)
Methyl chloride

e. Water

f. Monofluorotrichloromethane (F;,)

As o8

26. Mechanical Refrigeration. TFundamentally, mechanical
refrigeration comprises

a. An evaporator, or heat extractor
b. A refrigerant compressor
¢. A condenser, or heat disposer

Since cooling and dchumidification are the extraction of
sensible or latent heat (or both) from air, this heat must be
extracted and disposed of in a continuous, efficient manner.

Gas Gas
—
PLow Pﬁ/gﬁ
5, res.
Evaporator; T ressure ore "‘-Wa/er
(Absorbs |

heat) / :
Compressor;

- ﬂ condenser
Expansion. Receiver, (Gives yp heat
Valve - fensi

— 7o
=1 water)

J

e L7quid
High Pressure

F1s. 165.—Compression-refrigeration eycle. (Allen and Walker, Healing and
Atr Conditioning.)

In mechanical refrigeration, the liquid refrigerant under
relatively high pressure is allowed to expand (through an expan-
sion valve) into the evaporator, or heat extractor. The sensible
or latent heat (or both) in the air furnishes the heat of vaporiza-
tion or evaporation, and the volatile liquid evaporates into the
vapor or gaseous state of the refrigerant. The air has lost heat,
and the refrigerant has gained it. This, as described, is a direct
expansion system. Fig. 165.

In a majority of cases, for several reasons—chiefly because of
refrigerant characteristics, safety measures, economy, and code
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requirements—the air does not pass over the direct-expansion
coil.

Instead, water or some other cooling medium flows around the
expansion coil, evaporator, or heat extractor (also referred to
as heat exchanger) and is cooled. The cooled water, or other
cooling medium is then pumped to a surface cooling coil or to a
spray cooling chamber. The pressure and temperature (boiling
point) of the refrigerant must be reduced below the temperature
of the air, water, or other cooling medium, within the evaporator
or extractor. The gaseous refrigerant, now at lower pressure
but with a higher heat content, due to the heat extracted from the
air (or other cooling medium), is pulled by the suction of a
compressor (pump) into the compressor.

In the compressor the low-pressure gaseous refrigerant is
compressed back to near its original higher pressure, but in this
process the heat of compression is added to the gas (which already
has the heat of cxtraction). The compressed hot gaseous
refrigerant is forced into a condenser or heat disposer (which
may be air cooled or water cooled). Other cooling mediums are
sometimes used.

In the condenser, or heat disposer, the heat of extraction and
the heat of compression are disposed of by passing through the
walls of the, condenser pipes, coils, or tubes, into the cooling
medium of water, air, or the like. The water or the air used for
disposing of the heat from the condenser is itself disposed of in an
economical manner.

It will be observed that in mechanical refrigeration for air
conditioning the refrigerant is always in one of two conditions,
i.e., a high-side pressure or temperature and a low-side pressure
or temperature. The expansion valve is the dividing line
between the ‘two sides and the two sides are mechanically
changed as to temperature and pressure at the compressor.

Also, the changes of state of the refrigerant take place at the
evaporator, or heat extractor, where it is changed from a liquid
to a gas, and at the condenser, or heat disposer, where it is changed
back from a gas to a liquid. Fig. 165.

26. Steam-jet Refrigeration. Since all volatile liquids boil
at lower temperatures when subjected to lower or reduced
pressures, water will vaporize at a lower temperature under a
reduced pressure or high vacuum.
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Where high-pressure steam and plenty of condenser water are
cconomically available, the steam-jet refrigerator, or water
cooler, may be justified in air conditioning.

ngh-pressure dry saturated steam is fed into the ejector and
through the booster to the surface condenser, where it is con-
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F1a. 166.—Diagram of steam-jet system. (Westinghouse Electric and
Manufacturing Company.)

densed, producing a high vacuum in the evaporator. Water
in the evaporator boils, under this high vacuum, at a low tem-
perature (about 50 degrecs Fahrenheit). The heat required to
evaporate the water vapor comes from the water itself, with a
resulting cooling of the water down to this boiling point. The
water, cooled to about 50 degrees Fahrenheit is pumped from
the evaporator to a surface cooling or spray cooling system for the
summer conditioning of air. Fig. 166.

27. Compressors. Those compressors generally used in refrig-
eration for summer air conditioning are

a. Reciprocating
b. Centrifugal
c. Rotary

d. Steam jet

Reciprocating compressors, either vertical or horizontal are
usually employed with low pressure refrigerants such as
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a. Dichlorodifluoromethane (Fi2)

b. Monofluorotrichloromethane (Fy1)
¢. Methyl chloride

d. Ammonia

e. Sulphur dioxide

Centrifugal compressors are generally used with

a. Monofluorotrichloromethane
Methylene chloride
. Water vapor

s o

F1c. 167.—Large reciprocating condensing unit. (York Ice Machinery
Corporation.)
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Rotary compressors arc not to be confused with centrifugal
compressors. They are grouped into four classifications, viz:

a. Centrifugal rotary
b. Eccentrie

¢. Gear
d. Blade
and are being developed for use over a wide range of refrigerants.
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Fi. 168.—Centrifugal refrigerating unit (section). (Carrier Corporation.)
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Fra. 169.—Centrifugal refrigerating unit using water vapor. (Ingersoll Rand
Company.)
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inghouse Electric and Manufacturing Company.)

F1a. 171,~—Centrifugal refrigeration unit, (Carrier Corporation.)
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28. Cooling Coils. Cooling coils are classified as

a. Direct
b. Indirect

When the refrigerant is expanded and evaporated on one sur-
face of the cooling metal or coil and the air is cooled or dehumidi-
fied (or both) on the other side of the same metal, the evaporator
is known as a direct-expansion cooling coil.

Fia. 172.—Cooling unit built especially for the circulation of water or_brinc.
(Young Radiator Company.)

When cold water or brine is circulated on one surface of the
cooling metal or ceil and the air is cooled or dehumidified (or
both) on the other side of the same metal, the heat exchanger is
known as an indirect cooling coil.

29. Evaporators. Evaporators may be classified as direct
expansion, because a refrigerant is always expanded and evapor-
ated on one surface of the coil.

When the refrigerant is on one side and the cooled or dehumidi-
fied air is on the other side of the metal coil, the evaporator is the
same as a direct-expansion cooling coil. But when the refriger-
ant is on one side and a cooling medium, like water or brine, is
on the other side of the metal coil, the evaporator is like a heat
exchanger and not like a direct-cxpansion cooling coil for air
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Fiq. 173.-Extenaed-surface cooling unit made from copper fins, copper tubes,
copper headers, and a steel frame. (Young Radiator Company.)

A Adjusting screw

B Moisturetight packing
around adjusting screw

C Packing nut

D Thermostatic  power

element

¥ Flexible capillary tube

F Moisturetight joint

g Bakelite extension

J Moisturetight joint
K Thermostatic bulb
L Strainer screen

Copper gasket
N Inlet o%’l‘mection for
-in, copper tube
2 flesdetmon,
Solder-sealed plu
g Stainless-steel negdle
Stainless-steel seat

8 Outlet connection
T Bakelite push rod

F1e. 174.—Cross-sectional view of a thermostatic expansion valve, (Detrost
Lubricator Co.)
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009ﬁ11g. The cooling medium is pumped to an indirect cooling
coil or heat exchanger, where the air is cooled or dehumidified.

30. Condensers. Condensers may be cooled by water or
by air.

o Solder

Warm fluid

Fia. 175.—Simple counterflow heat exchanger. (Holmes, Air Conditioning in
Summer and Winter.)

v ¥

T1a. 176.—Condensing unit with air-cooled condenser and fan. (Westinghouse
Electric and Manufacturing Company.)

Water-cooled condensers are usually of the double-pipe or the
shell-and-tube type. In the double-pipe type, the condenser
water passes through the inner pipe and the refrigerant within
the concentric annular ring between the two pipes.

Better efficiencies and effects are obtained by counterflow of
the water and the refrigerant. In the shell-and-tube type, the



162 AN AIR-CONDITIONING PRIMER

water flows through the tubes and the refrigerant flows around
the tubes and within the shell.

Air-cooled condensers are sometimes used on small-tonnage
units (usually under three tons) when cooling or condensing
water is economically or practically prohibited. In the air-

e
b
P

P

e

RN

F16. 177.—Shell-and-tube type condenser: (Acme I nduatrieé, Ine.) ‘

cooled condenser, the refrigerant flows through the coil (usually
an extended-surface type) and air is blown over the coil surfaces.
They are practically the reverse of an air-cooling or dehumidify-
ing coil. ‘

81. Evaporative Condensers. Where natural and satisfactory
well water is not available or reliable, or where city water is
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F14. 178.—Diagram of evaporative condenser. (f'rom Heating Ventilating Air
Conditioning Guide 1938, Chapter 24.)
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prohibitive because of cost, ordinance, unreliability, or unavaila-
ability, evaporative condensers may be used to good operating
and economic advantage.

Fic. 181.—Atmospheric cooling tower. (Binks Manufacturing Company.)
32. Closed Absorption System. Certain refrigerants may be
absorbed by affinitive absorbents. Such a refrigeration system
is classified as a refrigerant-absorbent or closed absorption
system. Although several such refrigerant-absorbent combina-
tions are known, the practical one, capable of use in air con-
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ditioning, is the ammonia-water combination. The advantage,
if any, of this system is the lack of moving parts, except for

Water
Condenser Rectifier Water
T outiet
‘Evapomor }
Expansion Drip
valve line
Weak hiquor
Absorber

Source of heat

Strong liquor
Water iniet oump
F16. 182.—Closed absorption system. (Heating Ventilating Air Conditioning

Guide 1938, Chapter 24.)
The system is best described in the accompanying

pumps.
Fig. 182.

diagrammatic illustration.
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DIVISION V. HUMIDIFICATION

1 Humldlﬁcatlon Humidification (the adding of moisture
to the air) is a seasonal requirement of air conditioning. In the
winter the outside air, because of its lower temperature, has very
low absolute or specific humidities. When it is introduced into
the enclosure or house as hecated air, the relative humidity is
very low, introducing conditions unfavorable to olfactory and pul-
monary organs of the body and to the propagation of body heat,
all of which are unfriendly to health, comfort, and convenience.

Winter air should be humidified to bring the relation of the
inside temperature and humidity (or the dry- and wet-bulb
temperatures) within the accepted effective temperatures and
comfort conditions for winter operation.

It has been shown in Division IV of this chapter that humidifi-
cation may be used to effect cooling, through so-called evapora-
tive cooling.

2. Heat Relation. When air is humidified, the heat of vapori-
zation must be added. This heat may be added to the spray
water before actual humidification or it may be the sensible heat
from the air transformed to the latent heat of evaporation or
humidification.

3. Humidifiers. Humidifiers, for the adding of water vapor
to air, may be classified as

a. Direct—spray into the room
b. Indirect—introducing moistened air
¢. Combined

Hum/a’/ﬁeo/
4 Eliminator
<<<<t g{«ﬁ;«gﬁ«@«« plates
7e # n Target
arget ] 1) thing N\ \ N\
Air flow 22N NS Air flow
— 4 G - — .
N4 ets EN 2 Fan
/‘_\‘;\ Nozzles 7 motor
Air £l | Air flow
rflow T 1N “/L’H [n—g;f’,’”
Strainer | |
Water ~, ’L To sewer -

supply
Fi1a. 185.—Impact humidifier nozzles in an air conditioner. (Westinghouse
Electric and Manufacturing Company.)
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Fia. 186.—Self-cleaning hydraulic-gseparation humidifier nozzle. Nozazle is
shown in “off’’ position. When water pressure is turned on, movable casing is
forced out against shoulder and orifice is opened. When water pressure is again
turned off, casing recedes and plunger cleans orifice. (Rega Manufacturing
Company.)
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Fig. 187.—Forced-cvaporation humidifier. (Holmes, Air Conditioning in
Summer and Winter.)
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Fia. 188.—Capillary-type humidifier. (Blom-Gamarre Humidifier, Inc.)
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valve

Fig. 189.—Atomization humidifier. (Holmes, Air (‘ondittoning in Summer
and Winter.)
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4. Washers. Washers may be considered in the indireet class
of humidifiers or dehumidificrs. The humidification of air

Sfeam
l Washer
Washer Cold dry air <’ Warm moist air
. = —> SSprays| ———>
Dryair . <: Sprayy MOt Coil-I [5~ _.Pan
-<\
Pump, e Pan l' Cs - Pump
b Condensarte out
Fic. 190. Fra. 191.
Washer
- [4
Cold dry air  [T<. Warm moistair
— || SSprays| ———>
Steam [ ~-Fon
W Z-Pump
Water beatér {
Condensate ouf
Fia. 192.

within a washer may be effected by

a. Use of recirculated spray water without prior treatment of
the entering air—Fig. 190.

b. Preheating the entering air and then washing it with
recirculated spray water—Fig. 191.

¢. Using heated spray water—Fig. 192,

B. Preheaters and Reheaters. Preheaters are frequently used
to increase the dry bulb of the entering air in order that greater
humidification may be effected. They are also used to prevent
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freezing within the humidifier or washer; air below 35 degrees
Fahrenheit should never enter a washer. Fig. 193.

Steam in
Cold dry arr Warrm moist air
_—> Washer _—
Preheater-—{> +- Reheater

Condensate out
Fra. 194.

Reheaters are frequently used to increase the dry-bulb temper-
ature above the near-dew-point temperature of the leaving air.
This may be applied for summer or winter conditioning or for
humidification or dechumidification, as conditions require.

DIVISION VI. UNITS

1. Units. In addition to the self-contained and semicontained
units described in the general division of this chapter, there are
several functional units which fill one or more of the requirements

Fra. 195.—Air-cooled summer (unit) conditioner. (American Radiator &
' Standard Sanitary Corporation.)
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of air conditioning, and which have a definite place in the prac-
tical solution of economic problems, although frequently short

Space for
heoting coil
--and humidifier.

- Filter

Coil

[
&

Fi1a. 196. —Self—contamed store-type umt (Kelvmator Corporatwn )
of the real meaning of air conditioning. Those units, common

to the industry, are

Blower (or fan) units
Cleaning units

Quiet units

Unit heaters

Unit coolers

Unit humidifiers
Unit ventilators

QT o TR



i1 197.—Water-cooled summer (unit) conditioner. (Carricr Corporation.)

Fia. 198.—Blower filter unit. (American Radiator & Standard Sanitary
Corporation.)

14
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2. Blower (or Fan) Units. For the supplying, circulating, or
exhausting of air from an cnclosure, fan or blower units, with or
without accessory cleaning devices, are available. They are
frequently housed in casings, some of which are styled or finished
to fit in with surrounding wall finishes or furnishings.

3. Cleaning Unit. A cleaning unit is generally combined
with a blower or fan, and frequently with a silencer, to reduce
sound and maintain quiet within the enclosure.

4. Quiet (Sound Reduction) Units. To lower the ingress of
outside sound into an enclosure, silencer units, usually provided
with blowers or fans and frequently with cleaning devices, are
available in casings that are well styled and well finished.

6. Unit Heaters. Unit heaters may best be thought of as
mechanical conveetion heaters.  Such a unit comprises a heating

F1a. 199,—Unit gas-fired heater. (The Bryant Heater Corporation.)
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element and a blower or fan within some form of common enclos-
ure. It is claimed that unit heaters arc especially desirable
because they

a. Circulate air at a relatively rapid rate without objectionable
draft
b. Maintain a more uniform temperature between floor
and ceiling, thereby reducing this usually objectionable
differential
¢. Direct the heated air
d. Reduce the cold air stratum at the floor level
e. Reduce the cost of installation by reducing the number of
heaters (compared to radiators and convectors) and the
piping
J. Produce cconomical operation
Obviously, these claims are open to discussion, while their
success depends upon application that must come from broad
training and cxperience. It is also to be observed that the
physical claims having to do with health, comfort, and con-
venience may also be obtained with a properly designed central
system.
6. Unit Coolers. Unit coolers may best be thought of as
mechanical convection coolers. Such a unit comprises a cooling

Fig. 200.—Unit cooler. (Carrier Corporation.)



APPARATUS 177

element and a blower or fan within some form of common enclos-
ure. Unit coolers are generally similar to unit heaters, except
for the use of a cooling instead of a heating element. The cooling
element is usually an indirect-type cooling coil using water or
the like as a cooling medium, although direct-expansion cooling
coil and brine-spray unit coolers are available. :

Somewhat similar claims are made for unit coolers as for unit
heaters. Unit coolers may also be utilized for the additional
attendant dehumidification, but special drip pans and waste
lines must be provided, and there is the danger that the water-
vapor condensate wili be carried by the air discharge into the
conditioned space.

7. Unit Humidifiers. There are several types of unit humidi-
fiers for the provision of water vapor or moisture within the

Fia. 201.—Unit humidifier (cal;inet type). (American Radiator & Standard
Sanitary Corporation.) )
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drier air of an enclosure. They may range from a simple pan
or receptacle containing water, to a well-styled, well-finished
unit housing a blower or fan, a water receptacle, and a heating
element (to provide the heat of evaporation).

8. Unit Dehumidifiers. The use of unit dehumidifiers for
comfort alone is rarc. They may more generally be considered
as adaptable to material processing or preservation, 7.e., indus-
trial conditioning. They may be of the surface-cooling type
similar to unit coolers, or of the desiccating or drying-agent type.

9. Unit Ventilators. A unit ventilator is usually a winter
air-conditioning unit, without the humidifier. It usually com-

Fia. 202.—Unit ventilator with cleaner and silencer. (American Radiator &
Standard Sanitary Corporation.)

prises a casing that houses a blower or fan and a heating element,
together with dampers for the control of the mixtures of outside
make-up and inside recirculated air.
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10. Unit Conditioners. Unit air conditioners have been
described in the general division of this chapter, section 7, under
Self-contained System.

DIVISION VII. AUTOMATIC CONTROLS

1. Automatic Controls. Referring to the general division of
this chapter, it is observed that Controls heads the list of the
functional requirements. It is safe to say that air-conditioning
fundamentals depend upon the control of circulating air and
what we do to that air.

Controls are not accessories to an air-conditioning system;
they are the brain, nerve, and muscle of the system—the thinking
and activating part.

2. Requirements. Automatic controls may be required to
establish and maintain

a. Conditions
b. Safety
¢. Economy

3. Purpose. The prime purpose of automatic controls is to
establish and maintain the required functional conditions of an
air-conditioning system. The common functional requircments
of cleaning and sound control (maintenance of quict) are cither
built into the system or manually controlled. The most impor-
tant common requirement, and the one demanding automatic
control, is circulation.

" The seasonal requirements of heating, cooling, humidification,
and dehumidification all necd automatic control.

4. Safety. Safety controls are intended to prevent tempera-
ture, pressures, or volumes above or below prescribed limits of
safe operation.

6. Economy. Economy controls are intended to prevent the
operation of any apparatus beyond the limits required and to
save in fuel, power, or the like.

6. Indications vs. Control. The suffix ‘“‘meter” means to
measure or indicate, while ‘‘stat’’ means to control, maintain, or

" make static (stationary). TFor example, a thermo meter indicates
the intensity of heat or temperature, and a thermo stat controls
the intensity or temperature.
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7. Classes. Controls may be thought of as the

a. Thinker (or teller)
b. Helper (or booster)
¢. Doer (or operator)

The ““thinker,” such as a thermostat (corresponding to the
human sense of feeling), is sensitive to a change in conditions and
tells the “helper” or the “doer” what is needed.

The “helper,” such as a relay or a lever, is scnsitive to the
story told by the “thinker” and, becausc the ‘‘thinker” is
sometimes 100 weak to pass on the story direct to the ““doer” or
is itself incapable of doing what is needed, the “helper” boosts
the weaker signal of the ‘“thinker,”” so that the ““doer” will know
what is needed.

The “docr,” such as a motor or a solenoid, operates a valve, a
damper, or the like, and actually turns on or off the heating or
cooling, humidifying, or dehumidifying medium or the air-circu-
lating blower or fan, and does so at the will of the “thinker”
and frequently with the aid of the ‘“helper.”

8. Systems. Control systems arc generally classified as

a. Pneumatic b. Electrical
¢. Sclf-contained

9. Functions. Controls are required, automatically to estab-
lish and maintain predetermined

a. Temperature b. Humidity
¢. Air circulation d. Pressure

10. Temperature. Temperatures, either winter or summer
(as dry-bulb temperatures), are maintained or controlled by
thermostats.

11. Thermostats. Thermostats, for the control of dry-bulb
temperatures, are available in four different types, viz.

a. Bourdon tube b. Charged bellows
c¢. Bimetallic d. Mercury column

12. Bourdon-tube Thermostats. This type uses a curved
hollow tube connected through a capillary tube to a bulb. The
bulb is filled with a selected volatile liquid. When the tempera-
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ture increases, the liquid evaporates and the gas from the liquid
fills the capillary and the curved tube, the pressure of the gas—
following Boyle’s law—being in direct proportion to the temper-

PEIEEN ata 3 i e W
Fia. 203 -—-Bourdon-tube-type thermostat (Taylor Instrument Compantes.)

ature. The increase in pressure has a tendency to straighten
the curved tube. This movement actuates a gear train and
electric switch or a slide wire to tell the ‘“helper” to boost the
message to the “doer.”

13. Charged-bellows Thermostat. This type uses a bellows
partly filled with volatile liquid, or a bellows attached by a tube
to a bulb charged with a volatile liquid, operating similarly to
the Bourdon-tube type. The movement of the bellows, expand-
ing under the gaseous pressure increase, induced by an increase
in temperature, will tell the ‘“‘helper” to boost the message, or .
directly tell the “doer,” and in some cases, do the actuating of
the damper, valve, or the like, itself.
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D;If fe;en/lb){ Merc_;/
' adyusrmen F_(_—% swi.
N 0 v Q e

A4--Pointer

L}~ Jcale
plate

J:, \" 4/,
gute| WB"
Ilal
;W tr--Bellows
Pwi --Heater
/ o J element

, ‘Heater brackef
Fia. 204.—Charged-bellows thermostat. (Minneapolis-Honeywell . Regulator
Company.)
14. Bimetallic Thermostat. This type uses a bimetallic ele-
ment, consisting of two dissimilar metals, each with a different

Comy

Pa 200 Eeiion Garmostet it il Timatel ool (anmaagetie
: Honeywell Regulator Company.)

rate of expansion; the two metals are welded together. An

increase in temperature causes one of the metals to expand more

rapidly than the other, and this results in a distortion of the

strip or element. These bimetallic elements are originally

formed in straight, helical coil, or spiral coil form. The move-

ment of the element, induced by a change in temperature, may
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be utilized to make an electrical contact, to operate a switch

or a slide wire to tell the “helper” to boost the message to the
“doer.”

i

A o?'us//bgr
1 SCrew

Blade --4~~ -
Blue N} -White
contact-- contact

Indicator._

Fia. 206.—Room thermostat with spiral bimetal strip. (Minneapolis-Honeywell
Regulator Company.)

16. Mercury-column Thermostat. This type uses a large
bulb or reservoir filled with mercury, a short tube, and a small

-£xcess mercury

X
)

Wires to Jow-
voltage, low-
N current relay

\,
\%ercury column

~Mercur
reservolr

-

Fia. 207.—Mercury-column thermostat. (Holmes, Air Condisoning in Sum-
mer and Winter.)
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exeess-mercury bulb at the top of the tube. Wire electrodes
are scaled into the tube at a predetermined spacing and connected
to extension wires leading to a relay.  An inerease in temperature
causes the mercury to expand and rise in the short, narrow tube
and make contact with the two electrodes, thereby closing the
“telling” circuit. This type is used for delicate or sensitive
operation under low voltage and low current. The telling
eircuit conneets to a relay or “helper,”” which boosts the message
to the “doer.”

16. Humidity. Relative humidity is controlled by a
humidistat.
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F1a. 208.—Effect of thermostat location upon air temperature at various levels

inaroom. (Data from laboratory tests run by the Penn Electric Switch Company.)

17. Humidistat. Humidistats, as control devices for relative
humidity, arc very delicate in their operation and as “thinkers”
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need the aid of ‘“helpers” to boost their “telling” to the
‘“‘doer.”

For winter air conditioning they will energize an electric
circuit and tell the ‘“helper” what is needed. Then the
“helper” will tell the “doer” what to do. The “doer”
will open or close a solenoid or a §.-- oy
magnet water valve controlling the
pressure or flow in aspray humidifier,
start or stop the agitator and fan
on a mechanical separation humidi-
fier, or start and stop the pump on a
washer-type humidifier.

For summer air conditioning they
will likewise energize an electric cir-
cuit and tell the ‘“‘helper” what is
needed, and the ‘“helper” will tell
the “doer” whattodo. The‘“doer”
will open or close a solenoid or mag-
net valve controlling the pressure or
volume of water to the dehumidify-
ing coil, start or stop the pump on a
washer-type dehumidifier, start or
stop a refrigeration machine, open
and close dampers at a dchumidify-
ing coil or washer, or start and stop
a fan and operate dampers at an
adsorption-type dehumidificr.

Fundamentally, a humidistat is
a moisture or water-vapor clement 1
sufficiently sensitive to cxpand or " g 209.— Human-hair room
contract with small variations in humidistat. (Julien P. Freiz &

. . qe N e . Sons, Inc.)
relative humidity. This expansion
or contraction is translated by mechanical Teans, such as a
lever, into a more cxtensive motion, to operate an eclectric switch
or electrical contacts.

There are several kinds of humidistats, such as

I

a. Human hair
b. Treated paper
¢. Wood
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The most sensitive, durable, and popular humidistat is the
human-hair type. Paper, specially treated, is sometimes used.
Pearwood is but infrequently used as a humidistat element.

18. Special Thermostats. In addition to the four fundamental
types of thermostats just described, there are several speclal or
augmented types, generally known as

Anticipating
Accelerating
Protective

Effective temperature
Compensated

Zone

Insertion or immersion
Surface

19, Anticipating Thermostat. Considerable air-conditioning
apparatus opcrates on an ‘“on-and-off” cycle. Frequently the
time lag results in an overrun of the system, resulting in undesir-
able fluctiations or differentials. One of the controls devised
to overcome such difficulty is the anticipating thermostat.

This type is a regular thermostat to which has been added a
small electrically energized heating clement. When the room
or enclosure temperature drops, the thermostat ‘“calls” for
heat, contact is made by the ‘‘thinker,” and the ‘“helper” and
““doer”’ start the production of heat.

All heating systems, because of the materials used in their
construction, tend to store up heat. This stored heat, unless
properly controlled, will put too much heat into the enclosure.
But, when the anticipating thermostat calls for heat, the built-in
heating element caused the thermostat to heat itself at a faster
rate than the enclosure or room air will do.

As a result, the thermostat is ‘“satisfied”” with heat before the
room or enclosure is, the heating apparatus is shut off ahead of
the room air satisfaction, and the stored heat brings the room
air to the desired level without any apparent *overshooting.”
Room temperatures may be held as close as 14 degree Fahrenheit
variation with an anticipating thermostat, whereas a 5 degrees
Fahrenheit differential is not uncommon with an ordinary room
thermostat, particularly with a warm-air furnace heat generator.

S s A& &8
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20. Accelerating Thermostat. It is a common practice, par-
ticularly at night, to slow down the operation of a winter air
conditioner by setting the thermostat at a lower demand
temperature.

During this period of slowed-down operation the enclosure
and the objects within the enclosure become colder. Because
of the time lag, due to inertia, the enclosure and furnishings take
some time to rise to the speeded-up and more normal tempera-
tures of the winter morning or daytime demand.

To offset this difficulty, an accelerating thermostat is used.
This type is like the anticipating thermostat but, if allowed to
operate on ‘‘anticipation,” the thermostat would shut off the
heating mechanism too soon. To accelerate the heating of a
colder enclosure, an additional contact is provided so that the
room air induces the thermostat action until the room air is up
to the higher daytime thermostat setting, after which the
accelerating effect ceases and the anticipation effect takes
charge.

21. Protective Thermostats. This type is usually of the
insertion or immersion type and is principally used to protect
the apparatus and provide safety to the equipment, the enclosure,
and the people. A protective thermostat should always be
provided (usually an insertion type) in the bonnet of a warm-air
furnace to stop or start a fuel burner, open or close the draft
dampers, or control the blower operation.

Similarly, a protective thermostat should be provided for a
steam or hot-water boiler, to protect against too high or too low
a pressurc or temperature, and to control the fuel burner and
drafts.

Such thermostats should be installed, usually as insertion
types, in air ducts. At the outside air inlet, one should be pro-
vided to protect the preheating coil; another should be provided
to protect the washer (when used) from freezing. Still others
should be provided in ducts to rooms, to control the air passing
into the rooms, especially in preventing cold air from entering
during the winter season.

Another protective thermostat may be used to activate a
fire-alarm system, comprising the alarm, fire dampers, and
blower or fan shut-off.
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22.' Effective-temperature Thermostat. Referring to Chap.
VII, Division I, under People, it is observed that optimum, or
best, comfort conditions are based upon effective temperature.

These effective temperatures may be converted to related
dry-bulb temperatures and relative humidity. Normally, a

Fia. 210.—View of the 1ntenor of an effectlve-tomperature control instrument.
(Julien P. Friez & Sons, Inc.)

thermostat and a humidistat are used to maintain the optimum
comfort. A combination control, comprising both a thermostat
and humidistat, is available under the name of effective-tempera-
ture thermostat, and may be used for either winter or summer
inside effective-temperature control.

23. Compensated Control. This type is a combination of

temperature and humidity control for winter and summer
conditioning. In the winter, it maintains an effective tempera-
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ture indoors related to the varying outdoor dry-bulb temperature,
increasing the inside cffective temperature as the outside dry-
bulb temperature deercases and decreasing the inside effective
temperature as the outside dry-bulb temperature increases. In
the summer, it maintains an inside dry-bulb temperature related
to the outside dry-bulb temperature, to prevent shock, approxi-
mating the required relations shown between outside design
dry-bulb temperature and inside effective temperatures (with
the related dry-bulb temperature) as shown in Fig. 68.

24. Special Humidistats. Wet-bulb and dew-point humidi-
stats also are available.

26. Wet-bulb Humidistat. An augmented psychrometer,
controlling the dry-bulb and the wet-bulb temperatures will
maintain the relative humidity for the specific dry bulb. Room
air is circulated over the wet bulb for more accurate maintenance.

26. Dew-point Humidistat. This type is frequently referred
to as a window thermostat or humidistat. Its purpose is to
maintain the humidity within a room so that there will be no
condensation on the cold inside surface of the window glass.
Since the inside air is cooled at this windowpane surface, it
approaches its dew point.  This type lowers the relative humidity
and increases the dry bulb to maintain air within an enclosure
the dew point of which is slightly above the temperature of the
air at the inside windowpane surface.

27. Other Thermostats. The inversion or immersion types
are used to insert into duets or into steam or water, for the control
of their temperatures,

Surface thermostats are often used on existing hot-water
heating systems to obviate the more costly insertion type.

28. Combinations. Combinations of these and more compli-
cated ‘‘thinkers,” ‘““helpers,” and ‘“doers” are too numerous to
attempt in this text. The reliable control manufacturers cooper-
ate very closely, either directly or through their distribution
channels, in matters of special control combinations. There
is also a tendency to provide all-package control combinations
for fuel burners, heat generators, refrigeration machines, winter
and summer conditioners.
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TaBLE 1.—WINTER INSIDE DRyY-BULB TEMPERATURES UsUALLY SPECIFIED * §

Type of building

Schools:
Classrooms
Assembly rooms
Gympasiums. .............
Toilets and baths
Wardrobe and locker rooms
Kitchens
Dining and lunchrooms
Playrooms
Natatoriums

Hospitals:
Private rooms
Private rooms (surgical). ...

Toilets. . ........covvun. ..
Bathrooms

De-
grees
Fah-
ren-
heit.

7072
68-72
55-65,
70
65-68
66
65-70
60-65,
75

70-72,
70-80
70-95
68
66
68
70-80

193
De-
grees
Type of building Fah-
ren-
heit
Theaters:
Seating space....... cee....|68-72
Lounge rooms....... e 68-72
Toilets............. veve...| 68
Hotels:
Bedrooms and baths........ 70
Dining rooms.............. 70
Kitchens and laundries. . .. . 66
Ballrooms................. 65-68
Toilets and service rooms...| 68
Homes................con. 70-72
Stores..........oiiiiia... 65-68
Public buildings............. 68-72
Warm-air baths.............. 120
Steam baths................. 110
Factories and machine shops. .|60~65
Foundries and boiler shops. . ..|50-60
Paintshops.................. 80

* From Chapter 7, Heating Ventilating Air Conditioning Guide, 1938.
1t The most comfortable dry-bulb temperature to he maintained depends on the relative

humidity and air motion.
termed the “effective temperature.”

These three factors considered together constitute what is
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Coeflicients are expressed in

AN AIR-CONDITIONING PRIMER

!

TaBLE 3.—CogrrFiciENTs OF TRANSMISSION
B.t.u. per hour per square foot per degree

arec based on a wind
Typical ’I‘hi(-kfnese Wall
ypica of al
construction Type of wall masonry, no.
inches
Solid brick: 8 1
Based on 4-in. face brick and the remainder 12 2
common brick. 16 3
Hollow tile:
Stucco exterior finish
The 8-in. and 10-in. tile figures are based on 8 4
two cells in the ditection of flow of heat. 10 5
The 12-in. tile is based on three cells in the 12 6
direction of flow of heat. The 16-in. tile 16 7
consists of one 10-in. tile and one 6-in. tile-
each having two cells in the direction of heat
flow.
8 8
12 9
Limestone or sandstone 16 10
24 11
Concrete: . R 18 }%
These figures may be used with sufficient 16 14
accuracy for concrete walls with stucco 20 15
exterior finish.
Hollow cinder blocks: 8 16
Based on one air cell in direction of heat flow 12 17
Hollow concrete blocks: 8 18
Based on one air cell in direction of heat flow 12 19
* Copyright. American Society of Heating and Ventilating Engineers. From A.8.H.V.E.

Guade, 1935, Chapter 5

+ Based on the actual thickness of 2-in. furring strips.
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Uninsulated walls

Fahrenheit difference in temperature between the air on the two sides and

(U) or MasoNrY WaLLs*—INTERIOR FINISH
velocity of 15 miles per hour

paung ‘Jyseld jnogym
(ur 3{) pleoq Burping peyelod(

0.20
0.17
0.15 | 0.12
0.20
0.19

0.27 | 0.26
0.25 | 0.24

0.17
0.15
0.19

paLmy (Ul 8¢)
paeoqigseid wo (‘ut 34) 19°seld

0.26 | 0.20 | 0.19

0.20
0.26 | 0.20
0.22
0.39
0.34
0.29 | 0.22

|

POLIY “ye] [Eew WO ('l 14) JSw] |

0.28 | 0.27 | 0.21

0.25 | 0.24
0.26 | 0.25

0.21
0.27
0.27
0.22
0.19 | 0.19
0.42
0.37
0.28 | 0.27
0.34
0.32

i
pouny ‘gye] pook wo sase] |

5
0.32
0.30

ST o (‘m 3¢) JoysElg ”

0.46) 0.30 | 0.32 | 0.30

0.34| 0.24
0.44] 0.29 | 0.31

0.27) 0.20
0.57) 0.34
0.39| 0.27
0.39) 0.27
0.35| 0.2

STy Jouaul ou—s[jes el

0
6
8
1 A waterproof membrane should be provided between the outer material and the insula-

tion fill to prevent possible wetting by absorption and a subsequent lowering of efficiency.

.79 10.70] 0.39
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0.41
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0.49 |0.4
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TasLE 4.—CoEFFiciENTS OF TrRANSMIssION (U) oF MAsONRY
Coefficients are expressed in B.t.u. per hour per square foot per degree
and are based on a wind

Type of wall
Typical Wall
construction no.
Facing Backing

6 in. 20

4-in. brick veneer§ 13 ::; hollow tile} gé

12 in. 23

St 6 in. 24

” 4-in. brick veneer§ }g :: concrete gg
-~

|/

4-in. brick veneer§ lg :ﬁ cinder blocks|| gg

4-in, brick veneer§ lg :: concrete blocks|| §g

8 in. 31

4-in. cut-stone veneer§ 12 in. common brick 32

186 in. 33

. 6 in. 34

4-in. cut-stone veneer§ 13:2 hollow tilet gg

12 in. 37

6 in. 38

4-in. cut-stone veneer§ 10 in. concrete 39

16 in. 40

Guide, 1
B

The 12-in, tile is based on three cel

res are based
in the du'ectiou of heat flow,

. Cop nght, American Society of Heating and Ventilating Engineers.
pter

on the actual thickness of 2-in. furring strips.
The 6-in., 8in., and 10-in. tile fi

From A.8.H.V.E.

on two cells in the direction of heat flow,

\
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WaLLs witH Various TYPEs OF VENEER*—INTERIOR FINISH

Fahrenheit difference in temperature between the air on the two sides

velocity of 15 miles per hour
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Based on one air cell in direction of heat fl
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A waterproof membrane should be pr
1ation fill to prevent possible wetting by abaorption and a subsequent lowering of efficiency.

Calculati
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AN AIR-CONDITIONING PRIMER

. TaBLE 5.—CoEFFICIENTS OF TrRaNsMissioN (U) oF Various
These coeflicients are expressed in B.t.u. per hour per square foot per degree

and are based on a wind

Typical
construction

Exterior finish Type of sheathing | Y:,(:""
“ 1-ineh woodt —;_I
Wood siding or clapboard 13-inch rigid insulation 42
34-inch plasterboard :
1-inch wood § 44
Wood shingles 14-inch rigid insulation Il‘ - :
14-inch plasterboard || ‘ :
1-inch wood} 47
Stucco 14-inch rigid insulation 48
14-inch plasterboard 49
1-inch woo'd§ 50
Brick¥ veneer }4-inch rigid insulation 51
14-inch plasterboard 52

* Copyright, American Society of Heating and Ventilating Engineers.

Guide, 1935, Chapter 5.

From A.8.H.V.E.

These coefficients may also be used with sufficient accuracy for plaster on wood lath or

plaster on plasterboard.

Based on the actual width of 2 by 4 studding, namely, 33§ in,
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Types oOF Frame CoNSTRUCTION*—INTERIOR FINISH
Fahrenheit difference in temperature between the air on the two sides
velocity of 15 miles per hour

No insulation between studding Insulation bet; tudd
g o = > ) o a0 ~a
¢ £ 1§ |2 |3 |3 |55 (I
» | % 3 K % 'E 15 | 5e.
R 3 - o} Fsl = w =St
3 % £ K] et 55 | Bg 23 27
3 . =N ~E -3" 5
~ - - =1
HEREETE E E B 1E. [ f= 33
2 H '5'2 g 80 8§~ § EE g2 FER =E
= . g Ed a [ Sg Cgx °'s
3033 |23 2 g8 | 25 | 2ud | 25
I G - T - B B A N - el C-E -y
: & we | Bg | 2% 2| 55 | =%5 |80 |85
& NI I I I R it 38 | TE8 | Lgs | LHs2
iR AR AR AR tER- AR AR 10}
2 122 | A2 | &2 | A2 | dg | o8 | 242|235 2338
0.25 0.26 0.25 0.19 0.15 0.11 0.19 0.19 0.061 0.17
0.23 0.24 0.23 0.18 0.14 0.11 0.18 0.18 0.060 0.17
0.31 0.33 0.31 0.22 0.17 0.13 0.23 0.23 0.064 0.20

0.25 0.26 0.25 0.19 0.15 0.11 0.19 0.19 0.061 0.17

0.24 0.25 0.24 0.19 0.15 0.11 0.19 0.19 0.061 0.17

0.27 0.29 0.27 0.20 0.16 0.12 0.21 0.21 0.062 0.19

0.40 0.43 0.40 0.26 0.19 0.14 0.28 0.28 0.067 0.24

0.27 0.28 | 0.27 0.20 | 0.15 0.12| 0.21 0.21 0.062 | 0.18

0.25 0.20 0.25 0.19 0.15 0.11 0.19 0.20 0.061 0.18

0.35 0.37 0.35 | 0.24 0.18 0.13 0.25 0.25 0.066 0.22

Furring strips between wood shingles and sheathing. .
Small air space and mortar between building paper and brick veneer neglected.
** A waterproof membrane should be provided between the outer material and the insu-
lation fill to prevent possible wetting by absorption and a subsequent lowering of efficiency.

ﬁ‘Yellow pine or fir~actual thickness about 2843 in.
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TastE 6.—CoEFFICIENTS OF TRANSMIssION (U) oF FRAME INTERIOR WALLS
AND PaARTITIONS*
Coefficients are expressed in B.t.u. per hour per square foot per degrec
Fahrenheit difference in temperature between the air on the two sides
and are based on still-air (no wind) eonditions on both sides

Double partition

TYPICAL CONSTRUCTION (Finished on both sides of studding)

s;:fil-e 14-inch | Stud
tion | Aj |Fleked Rocl:- flexil])le :pacs
i gypsum| wool |insula-| face
v’:,:-" i?‘n‘:z]; 511’):(-50 fillt fillt tion one.sidc
side of| tween | PO be-  |between| with
stud- | stud- tween | tween st'ud- bngh‘t
ding) |“ding | “tud- | stud- | ding alumi-
Type of wall ding | ding |(oneair| num

space) foil
Wood lath and plaster on studding. .| 53 | 0.62 | 0.34} 0.11 0.065 | 0.21 0.24
Metal lath and plaster} on studding| 54 | 0.69 | 0.39 | 0.11. | 0.066 | 0.23 0.26
Plasterboard (3§ inch) and plaster§

on studding................ . 55| 0.61 | 0.34 | 0.10 | 0.065 | 0.21 | 0.24
1g-inch rigad insulation and plaster§

onstudding.................... 56 | 0.35 | 0.18 | 0.083 | 0.056 | 0.14 | 0.15
1-inch rigid insulation and plaster$

on studding.................... 57 1 0.23 | 0.12 | 0.066 | 0.048 | 0.097 | 0.10
1}4-inch corkboard and plaster§ on .

studding.............. .. ...l 58 | 0.16 | 0.081 0.052 | 0.040 | 0.070 | 0.073
2-inch corkboard and plaster§ on

studding....................... 50 | 0.12 | 0.063] 0.045 | 0.035 | 0.057 | 0.059

* Copyright, American Society of Heating and Ventilating Engineers. From A.S.H.V.E.
Gutde, 1935, Chapter 5.

+ Thickness assumed 35§ in.

t Plaster on metal lath assumed 3{ in. thick.

§ Plaster assumed }4 in. thick.

TABLE 7.—COEFFICIENTS OF TRANSMISSION (U) oF MASONRY PARTITIONS *
Coeflicients are expressed in B.t.u. per hour per square foot per degrec
Fahrenheit difference in temperature between the air on the two sides,
and are based on still-air (no wind) conditions on both sides

TYPICAL CONSTRUCTION
ansonne
Plain | Walls | Walls
Wall | walls |plastered|plastered
no. (no on one | on both
plaster) | side sides
Type of wall
4-in. hollow clay tile....... cieeeaeaad] 60 0.45 0.42 0.40
4-in. common brick......... N ) 0.50 0.46 0.43
4-in. hollow gypsum tile........... .. 62 0.30 0.28 0.27
2-in. solid plaster.............. TN ] 0.53

* Copyright, American Bociety of Heating and Ventilating Engineers. From A.8.H.V.E.
Guide, 1935, Chapter 5. ’
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TaBLE 8,—COEFFICIENTS OF TRANSMISSION (U) OF FRAME-CONSTRUCTION
Froors anp CEIiLiNGgs*
Coefficients are expressed in B.t.u. per hour per square foot per degrec

Fahrenheit difference in temperature between the air on the two sides,
and are based on still-air (no wind) conditions on both sides

TYPICAL Type of flooring
CONSTRUCTION
Maple
Yellow | or oak | }4-in.
pine floor- | battle-
Insulation |Wall Yellow | flooring| ing on| ship
between joists | no. | No | pine |onrigid| yellow | lino-
floor- | floor- |insula- | pine leum
ing |ingt on| lation | sub- | on yel-
joists | (Y4 in.)| floor- |low pine
on ingt floor-
joists on ingt
Type of ceiling joists
No ceiling. .............. None 1 0.46 | 0.27 | 0.34 | 0.34
Metal lath and plaster
BLin) e None 2|0.69 |0.30 |0.21 |0.25 |0.25
Wood lath and plaster....| None 310.62|0.28 0.20 0.24 0.24
Plasterboard (3¢ in.) and
plaster (33 in.)......... None 41 0.610.28 0.20 0.24 0.23
Rigid insulation (34 in.)
and plaster (34 in.)..... None 510.351(0.21 0.16 0.18 0.18
Metal lath and plaster....| Flexible§ insu-| 6 { 0.24 | 0.16 0.13 0.15 0.15
lation (%4 in.)
Metal lath and plaster....| Rigid insula-| 7 | 0.26 | 0.17 0.14 0.15 0.15
tion§ (34 in.)
Metal lath and plaster....| Bright alumi-| 8 | 0.59 | 0.22 0.16 |.0.19 0.19
num foil ||
Metal lath and plaster....| Rock-wool fill'| 9 | 0.067| 0.063 | 0.058 | 0.060 | 0.060
(83§ in.)
Corkboard (1}% in.) and
plaster (3¢ in.)......... None 10 | 0.16 | 0.12 0.10 0.11 0.11
Corkboard (2 in.) and
plaster (34 in.)......... None 11 | 0.12 | 0.10 0.087 | 0.004 | 0.094
* Copyright, American Society of Heating and Ventilating Engineers. From A.8.H.V.E,
Guide, 19356, Chapter 5.
+ Thickness assumed to be 23§ in.
1 Thickness assumed to be 13{ ¢ in.
§ Based on one air space with no flooring, and two air spaces with flooring. The value

of U will be the same if insulation is applied to underside of joists and separated from lath
and plaster ceiling by 1-in. furring strips.
|| Air space faced on one side with bright aluminum foil.
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TaBLE" 9.—CoEFFICIENTS OF TrRaNsMIssiON (U) orF CONCRETE-CON-
sTRUCTION FLOORs AND CEILINGS*
Coefficients arc expressed in B.t.u. per hour per square foot per degree
Fahrenheit difference in temperature between the air on the two sides,
and are based on still-air (no wind) conditions on both sides

TYPICAL Type of flooring
CONSTRUCTION
Maple
or oak
Yellow |flooring||
Thick- pine on yel- 1i-inch
ness of |Wall No flooring}| low pine | Tile or | battle-
conerete,! no. | fooring, | " wood | sub- terrazzo¥| ship
inches baret " | sleepers | flooringi| flooring | linoleumn
céncrete em- on wood on directly
bedded | sleepers | concrete on
in con- em- concrete
crete§ | bedded
in
concrete
Type of Ceiling A B C D E
4 1 0.65 0.40 0.31 0.61 0.44
No ceiling 6 2 0.59 0.37 0.30 0.56 0.41
8 3 0.53 0.35 0.28 0.51 0.38
10 4 0.49 0.33 0.27 0.47 0.36
4 5| 0.59 0.38 0.30 0.56 0.41
13-inch plaster applied di- 6 6 0.54 0.35 0.28 0.52 0.38
rectly to underside of 8 7 0.50 0.33 0.27 0.47 0.36
concrete 10 8 0.45 0.32 0.26 0.44 0.34
4 9 0.37 0.28 0.23 0.36 0.29
Suspended or furred metal 6 10 0.35 0.26 0.22 0.34 0.28
lath and plaster (3% in.) 8 11 0.33 0.25 0.21 0.32 0.27
ceiling 10 _1% 0.32 0.24 0.21 0.31 0.25
Suspended or furred ceiling 4 13 0.35 0.26 0.22 0.34 0.28
*  of plasterboard (34 in.) 6 14 0.33 0.25 0.21 0.32 0.26
and plaster (3§ in.) 8 15| 0.31 0.24 0.21 0.30 0.25
10 16 | 0.30 0.23 | 0.20 0.29 0.24
Suspended or furred ceiling 4 17 0.24 0.20 0.17 0.24 0.21
of rigid insulation (4% 6 18 | 0.23 0.19 0.17 0.23 0.20
1n.) and plaster (34 in.) 8 19 0.22 0.18 0.16 0.22 0.19
10 __2_(1_ 0.22 0.18 0.16 0.21 0.19
Plaster (34 in.) on cork- 4 21 0.15 0.13 0.12 0.14 0.14
board (134 in.) set in 6 22| 0.14 0.13 0.12 0.14 0.13
cement mortar (34 in.) 8 23 0.14 0.12 0.11 0.14 0.13
on concrete 10 24 0.14 0.12 0.11 0.14 0.13

* Copyright, American Society of Heating and Ventilating Engineers. From A.S.H.V.E.
Guide, 1935, Chapter 5.

1 The figures in Column A may be used with sufficient accuracy for concrete floors cov-
ered with carpet.

1 Thickness of yellow pine flooring assumed to be 25§, in.

§ The figures in Column B may be used with sufficient accuracy for maple or oak flooring|
applied directly over the concrete on wood sleepers.

|| Thickness of maple or oak flooring assumed to be 13{¢ in.

9 Thickness of tile or terrazzo assumed 1 in.
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TaBLE 10.—CoEFFICIENTS OF TrANsMIssiON (U) oF CONCRETE FLoors
oN Grounp wiTH Various Types oF FiNisH FLoOORING® |
Coeflicients are expressed in B.t.u. per hour per square foot per degree
Fahrenheit difference in temperature between the ground and the air over
the floor, and are based on still-air (no wind) conditions

TYPICAL . Type of finish flooring
CONSTRUCTION
CONCGRETH JELOORING e
' Maple
or oak
Thick- Ye.]]ow flooring} 3-in.
ness of |Wall pine on y?l' Tile or | battle-
. , b= .
m‘/,l:Lr?I!rfglbﬁerﬂ inches bareg sleepers | flooring razz0§ lu_\o]eum
WATERPROOEING (IURJES . on directly
concrete| resting | on wood
concrete on
on sleepers
. concrete
concrete| resting
Type and thickness on
of insulation . concrete
4 1 1.07 0.35 0.28 0.98 0.60
. None 6 2| 0.90 0.33 0.27 0.84 0.54
8 3 0.79 0.32 0.26 0.74 0.50
10 4 0.70 0.30 0.25 0.66 0.46 -
None} 4 5 0.66 0.29 0.24 0.63 0.44
6| 0.54 0.27 0.23 0.52 0.39
1-inch rigid insulation § 4 7 0.22 0.16 0.14 0.22 0.19
1-inch rigid insulation § 8 8| 0.21 0.15 0.13 0.20 0.18
2-inch corkboard § 4 9| 0.12 0.099 | 0.093 | 0.12 0.11
2-inch corkboard § 8 10 0.12 0.096 0.090 0.12 0.11

* Copyright, American Society of Heating and Ventilating Engineers. From A.S.H.V.E.
Guide, 1935, Chapter 5.

+ Assumed 2544 inch thick.

1 Assumed 13{¢ inch thick.

§ Assumed 1 inch thick.

|| The figures for Nos. 5 to 10, inclusive, include 3-inch cinder concrete placed directly on
the ground. The insulation is applied hetween the cinder concrete and the stone concrete.
Usually the insulation is protected on both sides by a waterproof membrane, but this is not
considered in the calculations.
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AN AIR-CONDITIONING PRIMER

: TaBLE 11.—CoOEFFICIENTS OF TraNsMissION (U) oF Various
Coefficients are expressed in B.t.u. per hour per square foot per degree
. are based on an outside wind

1

Typical construction

Thick-
With metal lath ness of |y 1
Without ceilings and Type of roof deck roof no.
plaster ceilings deck, .
inches
Precast cement tile 15§ 1
noom l:ml.l'ﬂdﬂ Conerete 2 2
Concrete 4 3
Concrete 6 4
Wood 11 5
Wood 125t | 6
IR wY Ve, Wood 2t 7
3 G Wood 41 8
Gypsum fiber concretel
. (2 inches) on plaster-
hoard (34 inch) 284 9
G .(yépgun;] ﬁ})er conlcrettei
. inches) on plaster-
FLAJTER BOARD TLA/TER BeALD board (3§ inch) 33¢ 10
Flat metal roofs: Coeffi-
lc;xent, of tmnsxm?isnon of
are corrugated iron
.mf;“f" LeToY ROOFIR ?HJUIATMN no roofin is 1.50
.t.u. per hour per
NETAL square foot of projected 11
yeeKk area per degree Fah-
heit difference in tem-
perature, based on an
outside wind velocity
of 15 miles per hour
yright, American Society of Heating and Ventilating Engineers. From A.8.H.V.E.

Gmde. 1935 Chapter 5.

Nominal thicknesses specified—actual thicknesses used in calculations.

Gypsum fiber concrete—87%4 per cent gypsum, 1214 per cent wood fiber,
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With metal lath and
plaster ceilings$

APPENDIX

roof exposed

Without ceiling—underside of

Fahrenheit difference in temperature between the air on the two sides and

Types oF Frar Roors CovERep witH Buint-urp RoorinG*
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TaBLE 13.—CoOEFFICIENTS OF TRANsMIssiON (U) oF Doors, WiNDows,
AND SKYLIGHTS*

Cocflicients are based on a wind veloeity of 15 miles per hour and are
expressed in B.t.u. per hour per square foot per degree Fahrenheit
difference in temperature between the air inside and outside of the
door, window, or skylight
A. Windows and skylights

U
Single................ .. ... 1.131§
Double.............................. 0.45%
Triple.............. . 0.281¢t
B. Solid wood doors}§
Nominal Actual
thickness, thickness, (&4
inches inches
1 254, 0.69
114 11{¢ 0.59
113 1516 0.52
134 134 0.51
2 195 0.46
214 2L 0.38
3 25¢ 0.33

* Copyright, American Society of Heating and Ventilating Engineers. From A.S8.H.V.E.
Guide, 1935, Chapter 5.

1 See Heating, Ventilating and Air Conditioning, by Harding and Willard, rev. ed., 1932.

1 Computed using C = 1.15 for wood; /i = 1.65 and fo = 6.0.

§ It is sufficiently accurate to use the same coefficient of transmission for doors containing
thin wood panels as that of single panes of glass, namely, 1.13 B.t.u. per hour per square
foot per degree difference between inside and outside air temperatures.



214 AN AIR-CONDITIONING PRIMER
TaBLE 14.—CrimaTic ConpiTiONs CoOMPILED FROM WEATHER BUREAU
Recorps*
Average Di :
; : irection
Average | Lowest ve'ivc‘ogi('i; of pre-
State X tempera- | tempera- Decemb};;‘ vailing
or City ture, ture January '|_ wind,
province Oct. 1 to ever February December,
May 1 | reported miles I{aguary,
. per hour | X €PTuary
Alebama................ Mobile 58.9 -1 10.4 N
Birmingham 53.8 -10 8.5 N
Arizona................. Phoenix 59.5 12 6.4 E
Flagstaff 35.8 —-25 7.8 SW
Arkansas............... Fort Smith 50 4 -15 8.1 E
Little Rock 51.6 —-12 8.7, NwW
California............... San Francisco 54.2 27 7.6 N
Los Angeles 58.5 28 6.3 NE
Colorado. .............. Denver 38.9 -29 7.5 8
Grand Junction 38.9 —21 5.3 Nw
Connecticut............. New Haven 38.4 -15 9.7
District of Columbia..... Washington 43.4 —-15 7.1 Nw
Florida................. Jacksonville 62.0 10 9.2 NE
Georgia..........oovvv.. Atlanta 51.5 - 8 12.1 NwW
Savannah 58.5 8 9.5 Nw
Idaho.................. Lewiston 42.3 —23 5.3 E
Pocatello 35.7 —28 9.6 SE
Mlinois. ..........ooovnn Chicago 36.4 -23 12.5 w
Springfield 39.8 —24 10.1 NwW
Indiana........ e Indianapolis 40.3 —25 11.5 SwW
Evansville 45.1 —-16 9.8 8
TIowa................... Dubuque 33.9 —32 7.1 NwW
Sioux City 32.6 —35 11.6 Nw
Kansas........ v.vvv....| Concordia 39.8 —25 8.1
Dodge City 41.4 —26 9.8 NWwW
Kentueky............... Louisville 45.3 —-20 9.9 SW
Louisiana............... New Orleans 61.6 7 8.8 N
Shreveport 56.2 -5 8.9 SE
Maine..........coooinn Eastport 31.5 —23 12.0 w
Portland 33.8 —-21 9.2 NwW
Maryland....... P Baltimore 43.8 -7 7.8 NW
Massachusetts........... Boston 38.1 -18 11.2 w
Michigan............... Alpena 29.6 —28 12.4 w
Detroit 35.8 —24 12.7 sSW
Marquette 28.3 —27 11.1 NwW
Minnesota.............. Duluth 24.3 —41 12.6 sw
Minneapolis 29.4 -33 11.3 Nw
Mississippi.............. Vickshurﬁ 56.8 -1 8.3 SE
Missouri....... e 8t. Josep. 40.7 —24 9.3 Nw
St. Louis 43.6 —-22 11.6 8
Springfield 44.3 -29 10.8 SE
Montana............... Billings 34.0 —49 . w
Havre 27.6 -57 9.5 SW
Nebraska............... Lincoln 37.0 -29 10.5 S
North Platte 35.4 -35 8.5 w
Nevada................. Tonopah 39.4 -10 10.0 SE
Winnemucca 37.9 —28 8.7 NE
New Hampshire......... Concord 33.3 -35 6.6 NwW
New Jersey............. Atlantic City 41.6 -9 15.9 NW
New Mexico............ Santa Fe 38.3 —13 7.8 NE
New York.............. Albany 35.2 —24 8.1 8
Buffalo 34.8 —-20 17.2 W
New York 40.7 —14 17.1 NwW
North Carolina.......... Raleigh 50.0 -2 8.2 swW
Wilmington 54.2 5 8.5 BW
North Dakota....... ....| Bismarck 24.6 —45 9.1 NwW
Devils Lake 20.3 —44 10.6 w
Ohio.............. . .| Cleveland - 37.2 -17 13.0 SwW
Columbus | 39.9 -20 |. 12.0 sW
Oklahoma....... P Oklahoma City 47.9 -17 12.0 N
egON. . ... ...t .......| Baker 35. —24 6.9 SE
Portland 46.1 -2 7.5 8
Pennsylvania............| Philadelphia 42.7 -6 11.0 NwW
Pittsburgh 41.0 -20 11.7




APPENDIX 215
TaBLe 14.—Crimmatic ConpiTioNs CoMPILED FROM WEATHER BUREAT
RECcORDSs. * —(Continued)
A Yv%;ﬁige Direction
Average | Lowest velocit of pre-
State . tempera- | tempera- | emby | vailing
or City ture, ture Janua °f  wind,
provinee Oct. 1'to | ever |pabnd Y | December,
May 1 |-reported | PEE™Y"| January,
per hour February
Rhode Island............ Providence 37.2 —17 12.8 NW
South Carolina ..| Charleston 57.4 7 10.6 SW
Columbia 54.0 — & 8.1 NE
South Dakota. .| Huron 28.2 —43 10.6 Nw
Rapid City 33.4 —34 8.2 w
Tennessec............... Knoxville 47.9 —16 7.8 SW
R Memphis 51.1 -9 9.7 S
Texas....oovveeeveenins El Paso 53.5 -5 10.4 Nw
Fort Worth 55.2 - 8 10.4 Nw
San Antonio 60.6 4 8.0 NE
Ttah....oovvienin. Modena 36.3 —24 8.8 w
Salt Lake City 40.0 —20 6.7 SE
Vermont................ Burlington 31.5 —29 11.8 8
Virginia................ Norfolk 49.3 2 12.5 N
Lynchburg 46.8 -7 7.1 NwW
Richmond 47.0 - 3 7.9 SW
Washington............. Seattle 44.8 3 11.3 SE
* Spokane 37.7 —30 7.1 SwW
West Virginia........... Elkins 39.4 —28 6.6 w
Parkersburg 42.6 —-27 7.5 SW
Wisconsin. .............. Green Bay 30.0 —36 10.4 SW
La Crosse 31.7 —43 7.3 S
Milwaukee 33.4 —-25 11.5
Wyoming............... Sheridan 30.7 —41 6.0 NwW
Lander 30.0 — 40 5.0 SW
Alberta . ............0. Edmonton 23.0 -7 6.5 SwW
British Columbia........ Victoria 43.9 - 1.5 12.5 N
Vancouver 42.0 2 4.5 E
Manitoba............... Winnipeg 17.5 —47 10.0 NwW
New Brunswick......... Fredericton 27.0 -35 .6 NwW
Nova Scotia............. Yarmouth 356.0 —-12 14.2 NwW
Ontario................. London 32.6 -27 10.3 SwW
Ottawa 26.5 —34 8.4 NwW
Port Arthur 22.4 —37 7.8 Nw
Toronto 32.9 —-26.5 13.0 SW
Prince Edward Island....| Charlottetown 29.0 -27 9.4, SwW
Quebec................. Montreal 27.8 —-29 14.3 sSwW
Quebec 24.2 —34 13.6 swW
Saskatchawan........... Prince Albert 15.8 —70 5.1 w
Yukon........... ..., Dawson 2.1 —68 3.7 S

* Yrom Chapter 7, Heating, Ventilating Air Conditioning Quide, 1938.

1 United States data from U. 8. Weather Bureau. Canadian data from Meteorological

Service of Canada.
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TasLe 15.—DzsiGN

AN AIR-CONDITIONING PRIMER

Dry-

aNp Wer-BUuLB TEMPERATURES, WIND

VevociTies, AND WIND DIRECTIONs FOR JUNE, JULY, AUGUST, AND

SEPTEMBER*
Summer| Pre-
Design, | Design, | wind | vailing
State City dry wet | velocity,| summer
bulb bulb miles wind
per hour | direction
Alabama........ Birmingham 95 78 5.2 S
Mobile 95 80 8.6 Sw
Arizona......... Phoenix 105 76 6.0 w
Arkansas ........ Little Rock 95 78 7.0 NE
California. ...... Los Angeles 90 70 6.0 SW
San Francisco 90 65 11.0 SW
Colorado........ Denver 95 64 6.8 S
Connecticut...... New Haven 95 75 7.3 S
Delaware........ Wilmington 95 78 9.7 SwW
District of
Columbia...... Washington 95 78 6.2 S
Florida.......... Jacksonville 95 78 8.7 SwW
Tampa 94 79 7.0 E
Georgia......... Atlanta 95 75 7.3 NwW
Savannah 95 78 7.8 SwW
Idaho........... Boise 95 65 5.8 Nw
Illinois.......... Chicago 95 75 10.2 NE
Peoria 95 76 8.2 S
Indiana......... Indianapolis 95 76 9.0 SwW
Towa............ Des Moines 95 77 6.6 SwW
Kansas.......... Wichita 100 75 11.0 S
Kentucky ....... Louisville 95 76 8.0 SwW
Louisiana........ New Orleans 95 79 7.0 SwW
Maine........... Portland 90 73 7.3 S
Maryland....... Baltimore 95 78 6.9 SwW
Massachusetts. . .| Boston 92 | 75 9.2 Sw
Michigan........ Detroit 95 75 10.3 Sw
Minnesota....... Minneapolis 95 75 8.4 SE
Mississippi....... Vicksburg 95 78 6.2 SwW
Missouri......... Kansas City 100 76 9.5 S
St. Louis 95 78 9.4 SwW
Montana....... .| Helena 95 67 7.3 SwW
Nebraska........ Lincoln 95 75 9.3 8
Nevada......... Reno 95 65 7.4 w
New Hampshire..| Manchester 90 73 5.6 NwW
_ New Jersey...... Trenton 95 78 |°10.0 SwW
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TaBLE 15.—DpsiGN Dry- aAND WEeT-BULB TEMPERATURES, WIND
VeLociTies, AND WIND DirEcTIONs FOR JUNE, JULY, AUGUST, AND
SEPTEMBER. *— (Continued)

Summer| Pre-
Design, | Design, | wind | vailing
State City dry wet | velocity,| summer
bulb bulb miles wind
per hour | direction
New Mexico..... Santa Fe 90 65 6.5 SE
New York....... Albany 92 75 7.1 S
Buffalo 93 75 12.2 SW
New York 95 75 12.9 SwW
North Carolina. .| Asheville 90 75 5.6 SE
Wilmington 95 79 7.8 SW
North Dakota .. .| Bismarck 95 73 8.8 Nw
Ohio............ Cleveland 95 75 9.9 S
Cincinnati 95 78 6.6 SwW
Oklahoma....... Oklahoma City 101 76 10.1 S
Oregon.......... Portland 90 65 6.6 Nw
Pennsylvania. . . .| Philadelphia 95 78 9.7 Sw
Pittsburgh 95 75 9.0 NW
Rhode Island. .. .| Providence 93 75 10.0 NwW
South Carolina. . .| Charleston 95 80 9.9 SwW
Greenville 95 76 6.8 NE
South Dakota .. .| Sioux Falls 95 75 7.6 S
Tennessee.. .. ... Chattanooga 95 77 6.5 SwW
Memphis 95 78 7.5 Sw
Texas........... Dallas 100 78 9.4 S
Galveston 95 80 9.7 S
San Antonio 100 78 7.4 SE
Houston 95 78 7.7 S
El Paso 100 69 6.9 E
Utah............ Salt Lake City 95 67 8.2 SE
Vermont. ....... Burlington 90 73 8.9 S
Virginia......... Norfolk 95 78 10.9 - S
Richmond 95 78 6.2 SwW
Washington...... Seattle 85 65 7.9 8
Spokane 90 65 6.5 swW
West Virginia. . ..| Parkersburg 95 75 5.3 SE
Wisconsin....... Madison 95 75 8.1 SwW
Milwaukee 95 75 10.4 S
Wyoming........| Cheyenne 95 65 9.2 S

Air Conditioning Guide, 1938.

* From Chapter 8, Heating, Ventilats
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TABLE 16.—INFILTRATION THROUGH WINDOWS*
Expressed in cubic feet per foot of erack per hourt

. ‘Wind velocity, miles per hour
Type of window Remarks 5 10 15 30 25 36

Around frame in masonry wall—

not calkedf..................... .3]8.2/14.0/20.2|27.2|34.6
Around frame in masonry wall—
calked...........o il 0.5/ 1.5|2.6 |3.8|4.8/5.8
Around frame in wood frame con-
structionf........ ... oL 2.216.2110.8/16.6{23.0{30.3
Double-hung | Total for average window, non-
wood sash weatherstripped, 3} g-inch crack
windows and 34 4-inch clearance.§ Includes
(unlocked) wood frame leakagefl............ 6.6(21.4(39.3(59.3(80.0{103.7
Ditto, weatherstripped|l........... 4.3115.5[23.6|35.5|48.6|63.4
Total for poorly fitted window, non-
weatherstripped, 3¢2-inch crack
and 3§2-inch clearance.§ Includes
wood frame leakage|............ 26.9|69.0(110.5(153.9(199.2/249.4
Ditto, weatherstripped|l........... 5.9118.9(34.1|51.4|70.5|91.5
Double-hung | Nonweatherstripped, locked ...... 20 | 45 70 96 | 125 | 154
metal Nonweatherstripped, unlocked. .. .. 20 | 47 74 | 104 | 137 | 170
windows** Weatherstripped, unlocked........ 6 19 32 46 60 76

Industrial pivoted, Tt }{¢-inch crack| 52 | 108 | 176 | 244 | 304 | 372
Architectural projected, ¥62-inch

crackit 15 | 36 62 86 | 112 | 139
Architectural projected
Rolled crackil . 20 | 52 88 | 116 | 152 | 182
section Residential casement, }§4-inch
steel crack$§. . ...l .. 6 [ 18 | 33 | 47 | 60 | 74
sash Residential casement, 1§g-inch
windowsY crack§§......... i 14 | 32 | 52 | 76 | 100 | 128
Heavy casement section, projected,
Y64-inch crack|ifl.......... R 3 10 18 26 36 48
eavy casement section, projected,
Ygo-tnch crack||l................ 8 24 38 54 72 92
Hollow metal, vertically pivoted window**,....... .. 30 1 88 | 145 | 186 | 221 | 242

* Copyright, American Society of Heating and Ventilating Engineers. From Chapter 6,
Heating, Ventilating Asr Conditioning Guide, 1938.

1 The values given in this table are 20 per cent less than test values to allow for building
up of pressure in rooms, and are based on test data reported in the papers listed at the
end of this chapter.

1 The values given for frame leakage are per foot of sash perimeter as determined for
double-hung wood windows. Some of the frame leakage in masonry walls originates in
the brick wall itself and cannot be prevented by calking. Ior the additional reason that
calking is not done perfectly and deteriorates with time, it is considered advisable to choose
the masonry frame leakage values for calked frames as the average determined by the
calked and not-calked tests. 3 . .

§ The fit of the average double-hung wood window was determined as }{ g-in. crack and
%4;iin. clearance by measurements on approximately 600 windows under Leating season
conditions.

|| The values given are the totals for the window opening per foot of sash perimeter and
include frame leakage and so-called elsewhere leaka%xe. The frame-leakage values included
are for wood frame construction but apply as well to masonry construction assuming a
50 per cent efficiency of frame calking. )

ﬁr A 3%g3-in. crack and clearance represents a poorly fitted window, much poorer than
average.

“** Windows tested in place in buildin% X - .

t1 Industrial pivoted window generally used in industrial buildings. Ventilators hori-
zontally pivoted at center or slightly above, lower part swinging out.

11 Architectural projected made of same sections as industrial pivoted except that out-
side framing member 18 heavier, and refinements in weathering and hardware. Used in
semi-monumental buildings such as schools. Ventilators swing in or out and are balanced
on side arms. 2-in. crack is obtainable in the best practice of manufacture and installa-
tion, &‘,“iﬂ. crack considered to represent average practice. i .

§8 same design and section shapes as so-called heavy section casement but of lighter
weight. 3§g4-in. crack is obtainable in the best practice of manufacture and installation,
3§4-in. crack considered to represent average practice.

ﬁ“ Made of heavy sections. Ventilators swing in or out and stay set at any degree of
opening. 3§4-in. crack is obtainable in the best practice of manufacture and installation,
144-in, crack considered to represent average practice. X

‘H{ With reasonable care in installation, leakage at contacts where windows are attached
to steel framework and at mullions is negligible. With 3§4-in. crack, representing poor
installation, leakage at contact with steel framework is about one-third, and at mullions
about one-sixth of that given for industrial gwoted windows in the table,
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TABLE 17.—INFILTRATION THROUGH QUTsIDE DoORsS ForR CooLING Loaps™* +
Expressed in cubic feet per minute, per person in room
Pair 36-in. Swinging
Doors, Single

Application Entrancef
Bank............. 7.5
Barbershop...................... o 4.5
Broker’'soffice....................... ... 7.0
Candy andsoda........................ 6.0
Cigarstore............................. 25.0
Department store....................... 8.0
Dressshop............................. 2.5
Drugstore.............................. 7.0
Furrier............. ... ... ... .. .. ... 2.5
Hospital room.......................... 3.5
Lunchroom............................. 5.0
Men’sshop. ..o, 3.5
Office. ........ oo 3.0
Office building. . ..................... ... 2.0
Public building......................... 2.5
Restaurant............................. 2.5
Shoestore............. ... ... ... ... 3.5

* From Chapter 6, Heating, Veuntilating Air Conditioning Guide, 1938.

t For doors located in only one wall or where doors in other walls are of revolving type.

1 Vestibules with double pair of swinging doors, infiltration may be assumed 75 per cent
of swinging door values.

Infiltration for 72 in. revolving doors may be assumed 60 per cent of swinging door values,

TaBLE 18.—A1r CuANGES TAKING PLAcE UNDER AVERAGE CONDITIONS
ExcLUSIVE OF AIR PrOVIDED FOR VENTILATION*
Number of Air Changes
Taking Place

Kind of Room or Building per Hour
Rooms, ! sideexposed.........c.oovininiiiit. 1
Rooms, 2 sides exposed. .................... ... 14
Rooms, 3 sides exposed........................ 2
Rooms, 4 sides exposed. ....................... 2
Rooms with no windows or outside doors........ 14 to 34
Entrance halls. ............. .. ... .. 2t03
Reception halls............... ... ... ... ... 2
Living TOOMS. . ..\t vtiiie e e e e 1to2
Dining rooms. ..o 1to 2
Bathrooms...............ccocovnnn.. P 2
Drugstores. ...........coviiiiiiiiiinaa 2t03
Clothing stores.............c.covviiiiiiiaai... 1
Churches, factories, lofts,ete................... 15 t03

* From Chapter 8, Heating, Ventilating Air Conditioning Guide, 1938.



220 AN AIR-CONDITIONING PRIMER

TasLk 19.—GrAss AREA AND LENGTH OF CRACK DOUBLE-HUNG AND
CaseMeENT WINDOWS

Double-hung Casement
legend .
A A
&
Y,
(u‘J‘
B B

A = height of double-hung window
B = width of casement window
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TasLe 20a.—SorLAR RADIATION

IMPINGING AGAINST WaLLs Having

SEVERAL ORIENTATIONS AND A HORIZONTAL SURFACE, AND THE
RADIATION TRANSMITTED THROUGH GLASS FOR THE SAME

ORIENTATIONS
For 30-degree latitude on July 21, in B.t.u. per square foot per hour

Northeast | East Southeast | South | Southwest West Northwest H:;i}z::ﬂ

Sun

time

Iil¢ | I |Ig| I Ie | I |1g| I Ia I Ie 1 Ig 1 I

4:59 0 0 0 0 0 0 0
5:00 1 0.9 1| 0.9 0.3{ 0.2 0.01, 0.005
6:00 | 47| 41 51/ 44 | 24 |17 5
7:00 | 136{106 | 160{140 | 90 | 68 68 47
8:00 | 151/122 | 205/177 136 (105 ! 147 (118
9:00 | 127( 91 | 189156 (140 (104 81 1 214 1182
10:00 | 79| 47 | 141103 (122 |8 |31 |12 265 |231
11.00 | 21| 6 78/ 45 |85 |52 (45|21 206 (281
12:00 36 |15 |50 |24 {36 |15 305 260
1:00 45 121 |8 |52 78 | 45 21| 6 296 |261
2:00 31112 (122 | 85 | 141 {103 79 |47 265 [231
3:00 8| 1140 (104 | 189 |156 | 127 | 91 |214 |182
4:00 136|106 | 205 [177 | 151 |122 (147 (118
5:00 00 |68 | 160 {140 | 136 {106 | 68 | 47
6:00 24 117 51 | 44 47 | 41 9 5
7:00 0.3 0. 1] 0. 11 0.9{ 0.01} 0.005
7:01 00 0| 0 0l 01| 0 0
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TABLE :20b.—SoLAR RADIATION IMPINGING AGAINST WALLS Havive
SEVERAL ORIENTATIONS AND A HORIZONTAL SURFACE, AND Th@
RADIATION TRANSMITTED THROUGH GLASS FOR THE SAME
ORIENTATIONS
For 35-degree latitude on July 21, in B.t.u. per square foot per hour

Northeast | East Southeast | South | Southwest West Northwest H:;i?‘::: 1
Sun .
time —

I\ I¢g 1] Ig 1 Ig | I |Ig| I Ig 1 Ig 1 Ig I I,

4:46 0 0 o 0 0 0
5:00 9] 8 9 8 3 2 001 0 NS
6:00 | 67| 58 72| 63| 35| 26 15 8
7:00 | 142|120 | 174{ 152 | 103 | 78 77 53
8:00 | 150120 | 209{ 181 | 145 | 114 151 120
9:00 | 118/ 83 | 191) 157 | 154 | 118 | 26 | 8 214 181
10:00 | 60| 32 | 143| 104 | 139 | 101 | 55 | 27 264 230
11:00 2| 0.1) 75 43 | 103 | 67 |72 | 41 291 1256
12:00 55 | 28 |78 | 46| b5 | 28 300 |265
1:00 72 | 41 | 103 671 751 43 2| 0.11201 256
2:00 55127 | 139 | 101 | 143 | 104 | 60 | 32 (264 (230
3:00 26 | 8| 154 | 118 | 191 | 157 | 118 214 (181
4:00 145 | 114 | 209 | 181 | 150 [120 (151 120
5:00 103 | 78 | 174 | 152 | 142 {120 | 77 53
6:00 35| 26 72| 63| 67|58 |15 8
7:00 3 2 9 8 9| 8 0.01| 0 007
7:14 0 0 0 0 o o0

TaBLE 20c.—SoLAR RapiatioN IMPINGING

AGAINST WaLLs Havinag
SEVERAL ORIENTATIONS AND A HORIZONTAL SURFACE, AND THE
RADIATION TRANSMITTED THROUGH GLASS FOR THE SAME
ORIENTATIONS
For 40-degree latitude on July 21, in B.t.u. per square foot per hour

Northeast| FEast | Southeast | South | Southwest | West | Northwest Horizfontal
Sun surface
time
Iylg I |Ie | I |Te¢|I|le| I |1¢ | I |I¢| I |Ia 4 Ie¢
4:31 0f 0 0 0 0 0 0
5:00 | 14| 12 14 12 5 3 1 0.2
6:00 | 72| 63| 80| 70| 40| 20 19 | 11
7:00 | 143| 120 | 180| 158 | 112 | 87 82 | 87
8:00 | 143| 111 | 211} 182 | 155 | 124 | 8| 2 152 | 121
9:00 | 104| 69 | 192| 158 | 168 | 133 | 46 | 22 213 | 178
10:00 | 46 22 | 143 104 | 156 | 117 | 77 | 45 258 | 225
11:00 75 43 (121 | 83 1 95|60 | 15 4 284 | 249
12:00 73 | 42 (103 [ 67 ( 73 | 42 293 | 258
1:00 15 4951601121 ) 83| 75| 43 284 | 249
2:00 77 |45 | 156 | 117 | 143 | 104 | 46 | 22 | 258 | 225
3:00 46 122 | 168 | 133 | 192 | 1568 | 104 | 69 | 213 | 178
4:00 8| 2| 155|124 | 211 | 182 | 143 | 111 152 | 121
5:00 112 | 87 | 180 | 158 | 143 | 120 82| 87"
6:00 401 29| 8 | 70| 72| 63 194 .11
7:00 5 3| 4| 12 14 12 1 0.2
7:29 0 0 0 0 0 0 0
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TABLE 20d.—SoLAR RADIATION IMPINGING AGAINST WaLrs Having
SEVERAL ORIENTATIONS AND A HORIZONTAL SURFACE, AND THE
RaApiaTION TRANSMITTED THROUGH (GLASS FOR THE SAME
ORIENTATIONS
For 45-degree latitude on July 21, in B.t.u. per square foot per hour

Northeast | East Southeast | South | Southwest
Sun
time |— - |—

L |Ie | I | Ig I Ig | 1T {1g| I Ig
4:26 0 0 of 0 0 0
5:00 | 25| 22| 24/ 21 9 6
6:00| 80 77| 99| 88 | 52| 39
7:00 | 149| 125 | 194 170 | 125 | 99
8:00 | 140 109 | 219; 189 | 171 | 139 [ 22 | 8
9:00 | 92| 58 | 194 160 | 183 | 148 | 65/ 36
10:00 | 33| 13 | 144| 106 | 171 | 134 | 08| 63
11:00 75| 43 [ 139 | 101 | 121] 83 | 32| 13
12:00 91| 67 | 128) 60 { 91| 67
1:00 32| 13| 121 8 | 139 | 101
2:00 08| 63 | 171 | 134
3:00 65/ 36 | 183 | 148
4:00 22 8| 171} 139
5:00 125 | 99
6:00 52 | 39
7:00 9 6

West

la

Northwest

140
144
25

lg

13
100
125

22

Horisontal
surface

Fia. 212. —Outsnde dry-bulb temperatures in the United States for cooling
estimates.
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TasLeE 21.—SuN ErrFeEcT—LATITUDES NORTH
(To be used with Tables 20a to 20d and Fig. 213)

Use

State City latitude,

degrees
Alabama......... ... ... ... i Birmingham 35
Mobile 30
AMZONB. . ...t Phoenix 35
Arkansas............. ... Little Rock 35
California......... ... .. ..o Los Angeles 35
San Francisco 40
Colorado. ..............ooiiiiiin Denver 40
Connecticut. . ...........civen. New Haven 40
Delaware. . .........ooooiiiiiiiiinn.. Wilmington 40
District of Columbia.. ................ ‘Washington 40
Florida......oovvv i Jacksonville 40
Tampa 30
GeOrZit. . oo vt ee ettt Atlanta 35
Savannah 30
Idaho.......ccoii i Boise 45
Hlinois. ............ . i, Chicago 40
Peoria 40
Indiana.......... FE Indianapolis » 40
Towa......oooovn ool Ll Des Moines 40
Kansas,........ e e e Wichita 40
Kentueky...... ..... ... ... .. .. .... Louisville 40
Louisiana. ,...... v.ooooiiiiiii New Orleans 30
Maine. .......... P Portland 45
Maryland............ ... ... ...... Baltimore 40
Massachusetts........................ Boston 40
Michigan............. ..... .. ..... .| Detroit 40
Minnesota............co .. Minneapolis 45
Mississippi ... ... o .. .| Vicksburg 30
MiSSOUTL. v vt vt vt i it ie e Kansas City 40
St. Louis 40
Montana. .. Helena 45
Nebraska. Lincoln 40
Nevada...........oooiiiiiiii... Reno 40
New Hampshnre ...................... Manchester 45
New Jersey.......... P Trenton 40
New Mexico. . Sante Fe 35
New York.....ovviviniinin o nn.. Albany 45
Buffalo 45
New York 40
North Carolina........................ Asheville 35
Wilmington 35
North Dakota........................ Bismarck 45
io...... N Cleveland 40
Cincinnati 40
Oklahoma............. e Oklahoma City 35
L0 Portland 45
Pennsylvama ......................... Philadelphia 40
Pittsburgh 40
Rhode Island......................... Providence 40
Bouth Carolina........................ Charleston 30
Greenville 35
South Dakota........ovvvviiienrinnn Sioux Falls | 45
Tennessee........... PP e Chattanooga 35
Memphis 35
Texas..... P Dallas 35
Galveston 30
San Antonio 30
Houston 30
El Paso | 30
Salt Lake City 40
.| Burlington 45
Norfol. 35
Richmond 35
Seattle 45
Spokane 45
West Virgmm ..... R PN .| Parkersburg’ 40
Wisconsin. . e .| Madison 45
Milwaukee 45
Wyoming........... A e ...{ Cheyenne 40
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TaBLE 22.—SoLAR ABsOrRrTION COEFFICIENTS FOR DIFFERENT BulLpING
MATERIALS
Absorption Coefficient
Surface Material (a)

Very light-colored surfaces:
White stone
Very light-colored cement : 0.4
White or light cream-colored paint

Medium dark surfaces:
Asbestos shingles
Unpainted wood
Brown stone
Brick and red tile 0.7
Dark-colored cement
Stucco
Red, green, or gray paint

Very dark-colored surfaces:
Slate roofing
Tar roofing materials 0.9
Very dark paints

TaBLE 23.—S0oLAR RADIATION TRANSMITTED THROUGH BARE AND SHADED

Winbows
Finish Per cent
Type of appurtenance facing delivered
sun to room*
Bare window glass.................[ ......... 0.97
Canvas awning. .. ................. Plain 0.28
Canvas awning.................... Aluminum 0.22
Inside shade, fully drawn........... Aluminum 0.45
Inside shade, one-half drawn........ Buff 0.68 °
Inside Venetian blind, fully covering
window, slats at 45 degrees........ Aluminum 0.58
Outside Venetian blind, fully covering
window, slats at 45 degrees........ Aluminum 0.22

* Expressed in decimals.
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4 01 0.2 0.3 04 .5 0.6 07 0.8
WALL TRANSMISSION COEFFICIENT, Uw

F16..213.—Solar-radiation factors.
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TaBLe 24.—HeAaT GAIN FROM VARIOUS SOURCES

227

B.t.u. per hour

Source
ible| Latent| Total
Electric heating equipment
Electrical equipment—dry heat—no evaporated water............ 100 % 0% | 100%
Electric oven—baking ............ ... ... .. ... . i 80% | 20% | 100%
Electric eqmpment—heatmg water—s&ewmg, bo)lmg, etc......... 50% | 50% | 100%
Electric lights and appliances per watt (dry heat) .. 3.4 0 3.4
Electric lights and appliances per kilowatt (dry heat)............. 3413 0 3413
Electaic motors per horsepower ............c.oovnerrunenennnnnn. 2546 0 2546
Electric toasters or electric griddles....... FE 0 9% | 10% | 1009
Coffee urn—large, 18 inches diameter—single drum.............. 2000 | 2000 4000
Coffee urn—small, 12 inches diameter—single drum.............. 1200 | 1200 2400
Coffee urn—approximate connected load per gallon of capacity.... 600 600 1200
Electric range—small burner............. ... ...oo0iii i, * * 3400
Electric range—large burner............... 0 iiieiinns e * » 7500
Electric TANZe—0VeN .. ... ottt it it itetiernesaaaaneaenns ...l 8000 | 2000 | 10000
Electric range—warming compartment...........ccvvvieuneron.. 1025 0 1025
Steam table—per square foot of top surface..... 300 800 1100
Plate warmer—per cubic foot of volume 850 0 850
Baker's oven—per cubic foot of volume................... .. ... 3200 | 1300 4500
Frying griddles—per square foot of top surface.................. * * 4600
Hot plates—per square foot of top surface...................... * * 9000
Hair dryer in beauty parlor—600 watts... ..................... 2050 0 2050
Permanent wave machine in beauty parlor—24-25-watt units. .. 2050 0 2050
Gas-burning equipment

Gas equipment—dry heat—no water evaporated......... e 90% | 10% | 100%
Gas-heated oven—baking ............. ..o iiiiiiiiiiiiiia 67% | 33% | 100%
Gas equipment—heating water—stewing, boiling, ete.......... ...l 50% | 809% | 100%

Stove, domestic type—no water evaporated—per medium size
DUINr. . . oe ettt e 9000 | 1000 | 10000
Gas heated oven—domestic type....... e e 12000 | 6000 | 18000
Stove, domestic type—heating water—per medium-size burner....| 5000 | 5000 | 10000
Residence gas range—giant burner (about 5% inches diameter). .. * * 12000
Residence gas range—medium burner (about 4 inches diameter)... * * 10000

Residence gas range—double oven (total size 18 x 18 x 22 inches,
high)........ P P . * * 18000
Residence gas range—pilot............ * * 250
Reataursntmnze-—llbumeraandoven........................ * * 1100000
Cast-iron burner—low flame—per hole........ e ererer e * * 100
Cast-iron burner—high flame—per hole........... e * * 250
Simmering burner............... ...l * * 2500
Coffee urn—large, 18 inches diameter—single drum........... ...| 5000 | 5000 | 10000
Coffee urn: 11, 12 inches diameter—single drum..............[ 3000 | 3000 6000
Coffee urn—per galion of rated capacity...... 500 | 500 1000
Egg boiler—per egg compartment............. PPN Loeeeees] 2500 | 2500 | 5000
Bteam table or serving table—per aquare foot of top nurhee. PN 400 | 900 1300
Dish warmer—per squre foot of shelf..... feer e Ceeive. 540 60 600
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TanLE 24.—HEAT GAIN FROM VARIOUS SourcEs.—(Continued)

B.t.u. per hour

Source
Sensible| Latent| Total
Gas-burning equipment—(Continued)
Cigar lighter—continuous flame type........................... 2250 250 2500
Curling iron heater............ ... ... . it iiiiiriinennnnennnn 2250 250 2500
Bunsen type burner—large—natural gas........................ * * 5000
Bunsen type burner—large—artificial gas................ e * * 3000
Bunsen type burner—small—natural gas............ e * * 3000
Bunsen type burner—small—artificial gas....................... * * 1800
Welsbach burner—natural gas...................... * * 3000
Welsbach burner—artificial gas. . * * 1800
Fish-tail burner—natural gas..... * * 5000
Fish-tail burner—artificial gas.................... ... . 0ivan.. * * 3000
Lighting fixture outlet—large, 3-mantle 480 candlepower.......... 4500 500 5000
Lighting fixture outlet—small, 1-mantle 160 candlepower......... 2250 250 2500
One cubic foot of natural gas generates..................., ..... 900 100 1000
One cubic foot of artificial gas generates........................ 540 60 600
One cubic foot of producer gas generates...............oovven... 135 15 150
Steam-heated equipment
Steam heated surface not polished—per square foot of surface..... 330 0 330
Steam heated surface polished—per square foot of surface......... 130 0 130
Insulated surface, per square foot..................ciiiiiunan. 80 0 80
Bare pipes, not polished per square foot of surface............... 400 0 400
Bare pipes, polished per square foot of surface................... 220 0 220
Insulated pipes, per square foot.............oovinieiininnennn. 110 0 110
Coffee urn—large, 18 inches diameter—single drum.............. 2000 | 2000 4000
Coffee urn—small, 12 inches diameter—single drum ............. 1200 | 1200 2400
Egg boiler—per egg compartment........... BN ... 2500 | 2500 5000
Steam table—per square foot of top surface................ e 300 800 1100
Miscellaneous

Heat liberated by food per person, as in a restaurant............. 30 30 60

Heat liberated from hot water used direct and on towels per hour—
barber 8hops. . ... .o e e 100 200 300

* Per cent sensible and latent heat depends upon use of equipment; dry heat, baking, or

boiling,
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TaBLE 25.—TvypricaL Noisg LEVELS

Noise level in decibels
to be anticipated
Rooms
Minimum | XPT | Mo simum
sentative

Sound-film studios................... 10 14 20
Radio-broadcasting studios........... 10 14 20
Planetarium........................ 15 20 25
Residence, apartments, ete............ 25 35 40
Theaters, legitimate.................. 25 30 35
Theaters, motion picture............. 30 35 40
Auditoriums, concert halls, ete..... ... 25 30 40
Churches............coovviiviiii.. 25 30 35
Executive offices, acoustically treated

private offices. ........... ... ..., 25 33 40
Private offices, acoustically untreated. . 35 45 50
General offices. ..................... 45 55 60
Hospitals. ...t 25 40 55
Classrooms. ... .oevveneniinnn.. 30 35 45
Libraries, museums, art galleries....... 30 40 45
Public building, courthouses, post

offices, ete............ ... ... ... 45 55 60
Small stores................ ... ... 40 50 60
Upper floors departinent stores........ 40 50 55
Stores, general, including main floor

department stores................. 50 60 70
Hotel dining rooms.................. 40 50 60
Restaurants and cafeterias............ 50 60 70
Banking rooms...................... 50 55 60
Factories............... e 60 70 80
Office machine rooms. ............... 60 70 80

Vehicles

Railroad coach...................... 60* 70 80
Pullmanear...............c.coconen. 55* 65 75
Automobile.............. ... ... 50 65 80
Vehicular tunnel..................... 75 85 95
Airplane............ ..o 80 85 100

* For train standing in station a level of about 45 decibels iz the maximum which can
ordinarily be tolerated.
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A

Absolute humidity, 30, 67
Absolute pressure, 33
Absolute temperature, 12
Absolute zero, 11
Absorbents, 150
Absorption factors, solar, 82
Absorption system, closed, 164
Adsorbents, 149
vs. absorbents, 150
Adsorption, 148
Air, 10, 25, 37, 64
atmospherie, 32, 35
barrier of, 51
changes in, 81
circulation of, 102
cleaning of, 115
automatic, 116
materials for, 116
nonautomatic, 117
components of, foreign, 25
inconstant, 25, 65
composition of, 65
conditioned, 35
constant components of, 25
delivery system for, 110
distribution of, 140
dry, volume of, 72
inconstant components of, 25, 65
inside, 64
leakage of, 80 *
make-up, 80
outside, 7
partially saturated, volume of, 72
pollution of, 115
properties of, 26
psychrometry of, 65
saturated, 30
volume of, 72
standard pressure of, 67

Air, summer, heat of, 90
transmission of, 89
supply, distribution of, 111
unconditioned, 64
vitiated, 35
volume of, 35
winter, transmission of, 85
Air cleaners, automatic, 116
classification of, 117
Air conditioning, all-year, 5, 8
chart for, 62, 63
central system for, 99
comfort, 3
commercial, 3
components of, 5
definition of, 4
evolution of, 6
health value of, 55, 115
industrial, 3
need for, 8
plan for, 9
purpose of, 3
residential, 3
summer, 4
systems of, air-delivery, 110
central, 98
combined, 102
aelf-containqd, 98
semicontained, 101 -
split, 100
use of, 3
winter, 4
Air pollution, 1156
classification of, 115
concentrations of, 115
Anabolism, 36
Apparatus, 98
requirements for, 98
Aspect ratio, of grille or register, 111

* Attic fan, 107, 108
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Automatic filters, viscous, 117
Axial-flow fan, 104, 105

B

Balance, heat, 40
Barometer, 32
Barrier, 47

air, 51

ceiling as, 77

combined, 52

common, 77

floor as, 77

glass as, 78

heat, 50

limits of, 76

partitions as, 77

roof as, 78

simple, 50

sunlight, 51

transmission through, of summer

heat, 89
of summer solar heat, 91

vapor, 50

walls as, 77
Bimetallic thermostat, 182
Blower, centrifugal, 106
Blowers, 103, 105
Body heat, 36, 44
Boilers, 134
Bourdon-tube thermostats, 180
Burners, automatic fuel, 125

gas, 130

generator units, 140

oil, 128

C

Carbon dioxide, 45

Ceiling, as barrier, 77

Central system, 99

Change of state, 22

Changes, combined, 34

pressure, 34

Charts, comfort, 57
all-year, 62-63
summer, 60-61
winter, 57-58
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Charts, psychrometric, 65, 71
combined, 71
complete, facing page 236
heat, 68-69
moisture, 65-66
volume, 68, 70
Cleaner ratings, 116
Cleaners, air, automatic, 116
classification of, 117
nonautomatie, 117
Cleaning, 7
of air, 115
" electric, 7
Cleaning units, 175
“losed absorption system, 164
Coal burners, automatie, 125
Coals, classification of, 123
Coils, cooling, 159
heating, 140
refrigeration, 150
Cold, excessive, 42
Comfort, 57
air-conditioning, 3
all-year, 8
cssentials of, 40
real, 8
summer, 8
vs. outside temperature, 61
winter, 8
Comfort line, 41
Comfort zone, 41
Commercial building, 46
Compensated control, 188
Components, common, 25
constant, 5
foreign, 25
inconstant, 25, 65
Compressors, 155
Condensation, 148 -
Condensers, 161
cvaporative, 162
Conditioners, unit, 179
Control systems, 180
Controls, automatic, 179
purpose of, 179
requirements of, 179
classes of, 180
combinations of, 189



INDEX . 233

Controls, compensated, 188
economy, 179
functions of, 180
vs. indications, 179
safety, 179
for temperature, 180
Convectors, 140
Coolers, unit, 176
Cooling, 23, 146
and dehumidification, 146
evaporative, 147
methods of, 146
spray, 147
surface, 147
Cooling load, 82, 88
and dehumidification, 146
summer summation of, 94
Core area, register, or grille, 111
Cyecle, plant-animal, 38

D

Dampers, 111
Dehumidification, and cooling, 146
methods of, 148
Dehumidifiers, unit, 178
Desiceation, 148
heat of, 150
Dew point, humidistat, 189
Ducts, insulation of, 111
* return, 110
supply, 110
Dust, 115

E

Effective temperature, 40
thermostat for, 188
Electric cleaning, 7
Enclosures, 10, 76°
Environment, 36
limits of, 39
Evaporation, 28
latent heat of, 17
Evaporators, 159
Excessive cold, 42
Excessive heat, 41
Exposure, 48

¥

Fans (or blowers), 103
attic, 107, 108
axial-flow, 104, 105
characteristics, of backward blade,

106, 107
of forward blade, 105
classification of, 109
designation of, 108
propeller, 103, 104
selection of, 109

Fan performance, 105

Fan units, 175

Filters, dry, 121
viscous automatic, 117
viscous unit-type, 118

Floor, as barrier, 77

Foodstuffs, 37

Formulas and symbols, 83

Fuel burners, automatic, 125
classification of, 123

Fuel gases, 124

Fuel oils, 123

Fuels, 123

Fumes, 115

Furnaces, 36

Fusion, latent heat of, 15

G

Gas, classification of, 124
contraction of, 12
expansion of, 12
fuel, 124

Gas burners, automatic, 130

Gases, classification of fuel, 124

Gauge pressure, 33

Generators, heat, 133

Glass, 78
summer heat through, 92

Grille, 111, 112
core area, 111

H

Health, and air conditioning, 55, 115
Heat, 10, 11, 23, 82
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Heat, balance of, 40
through barriers, 77
in summer, 89
in winter, 84
conduction of, 22
. convection of, 22
definition of, 13
of desiccation, 150
excessive, 41
latent, 15
of evaporation, 17
of fusion, 15
of liquefaction, 17
of solidification, 16
propagation of, 20, 21
radiation of, 21
relation of, to humidification, 168
sensible, 15
specific, 13
summer air, 90
summer appliance, 94
summer occupancy, 92
sunlight, transmission of, 81
table of, 68, 69
total, 18, 19, 68, 69
vs. winter air, 87
Heat barrier, 50
Heat chart, psychrometric, 68, 69
Heat coils, 140
Heat gain, solar, 82
Heat generators, 133
Heaters, unit, 175
Heating, 23, 122
Heating load, 82, 84
winter summation of, 88
Humidification, 30, 168
Humidifiers, 168
unit, 178
Humidistat, 184
dew-point, 189
special, 189
wet-bulb, 189
Humidity, 29, 184
absolute, 30, 67
relative, 31, 67
va. dew point, 31
specific, 31, 67
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I

Ice, refrigeration with, 151
Indications, vs. controls, 179
Industrial building, 46
Infiltration, 80
vs. summer ventilation, 90
vs. winter ventilation, 87
Inlets, 111
location of, 113
Inside conditions, 83
Insulation, of duct, 111
solar, 81

K

Katabolism, 36

Latent heat, 15

of evaporation, 17

of fusion, 15

of liquefaction, 17

of solidification, 16
Liquefaction, latent heat of, 17
Liquids, volatile, 24
Load factors, 83

M

Mechanical refrigeration, 153
Mercury, inches of, 32
Metabolism, by-products of, 36, 37
Micron, 115
Moisture (water vapor), 79
chart of, 65667
Moisture relations, 146
Moisture transmission, summer, 91
winter, 88

N

Nature, 11
elements of, 48
Noise, 94, 96
Noise levels, 79, 97
Noise unit, 96
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Oil burners, automatic, 128
Oils, as fuels, 123

Outlets, 111

Oxidation, 37

P

Partitions and walls, 77
Plant-animal cycle, 38
Precipitators, electrical, 122
Preheaters, and reheaters, 170
Pressure, 32

absolute, 33

atmospheric, 32

changes in, 34

gauge, 33

partial, 32

standard, for air, 67

vapor, 67
Protoplasm, 36
Psychology, applied to heat and

cold, 44

Psychrometer, 26
Psychrometric charts, 65, 71

combined, 71

complete, facing page 236

heat, 68-69

moisture, 65-66

volume, 68, 70
Psychrometry, 65

Q
Quiet, 94
R

Refrigeration, apparatus for, 24
mechanical, 1563
methods of, 24
steam-jet, 154
ton of, 24
with volatiles, 152
with water spray, 152
Refrigerants, 152
Reheaters, and preheaters, 170

235
8

Senses, human, 40
Shock, temperature, 43
Smoke, 115
Solar-absorption factors, 82
Solar barrier transmission, summier,
91
Solar glass transmission, summer, 92
Solar heat gain,'82
Solar heat transmission, 81
Solar-intensity factors, 81-82
Solar transmission factors, 82
Solidification, latent heat of, 16
Sound, 94
control of, 97
levels of, typical, 97
measuring of, 97
Specific heat, 13
Specific humidity, 31, 67
Split system, 100
Spray cooling, 147
Spray refrigeration with water, 152
State, change of, 22
States of materials, 15
Steam-jet refrigeration, 154
Stokers, 125
Summer air, heat of, 90
transmission of, 89
Summer comfort, 8
vs. outside temperature, 61
Summer cooling load, summation of,
94
Summer design, inside, 61
Summer differentials, 41
Summer heat barrier transmission,
89
Summer heat moisture transmission,
91
Summer occupancy heat, 92
Summer operation, inside, 62
Summer solar barrier transmission,
91
Summer ventilation, vs. infiltration,
90
Summer ventilation trangmission, 90
Sunlight, 81
Sunlight barrier, 51
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Supply air, distribution of, 111
Supply ducts, 110
Symbols and formulas, 83

T

Tables, work, 191
Temperature, 11, 180
absolute, 12
differential, 14
effective, 40
inside, winter, 5
outside, vs. summer comfort, 61
Temperature shock, 43
Thermometer, dry-bulb, 27
wet-bulb, 27
Thermostats, 180, 189
accelerating, 187
anticipating, 186
bimetallic, 182
Bourdon-tube, 180
charged-bellows, 181
cffective temperature, 188
merecury-column, 183
protective, 187
special, 186
Transmission, of heat, 77
of solar heat, through barriers, 91
through glass, 92
of summer air, 89
of summer moisture, 91
summer ventilation, 90
Transmission coefficient, of heat, 77
Transmission factors, 82

U

Unit, of heat, 13
of noise, 96
of refrigeration, 23
Units, 173
blower (or fan), 174
burner-generator, 140
cleaning, 175

quiet (sound-reduction), 175 !
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\'s

Vacuum, 32
Vapor barrier, 50
Vapor pressure, 67
Velocity, of wind, 80
Ventilation, 64
summer, 90
vs. infiltration, 90
winter, 86
vs. infiltration, 87
Ventilators, unit, 178
Volume table, 70, 72

w

Walls, and partitions, 77
leakage of air through, 80
Washers, 122, 166, 170
Water, drinking, 37
inches of, 33
Water cooling coils, refrigeration
with, 152
Water vapor, 29, 79
Wet-bulb lines, 68
Window-shading factors, 82
Windows, air leakage through, 80
Winter air, vs. heat, 87
transmission of, 85
Winter comfort, 8, 74
Winter-heat barrier,
through, 84
Winter inside design, 59
Winter inside operation, 59
Winter inside temperatures, 59
Winter moisture transmission, 88
Winter summation, of heating load,
88
Winter ventilation, vs. infiltration,
87
Winter ventilation recirculation, 87
Work tables, 191

transmission

Z

Zero, absolute, 11
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