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FOREWORD
BY A. C. PaLror, M.B.E,, B.Sc.(Enc.), MI.C.E.,, MI.H.V.E.

'HE subject of heating has been steadily growing in importance

for some years, and much thought has been and is being given to
the means by which essential warmth can be provided efficiently
and economically. It is, perhaps, surprising that this basic need has
only within comparatively recent times been placed on a rational basis,
but with a wider realisation of the technicalities involved the profession
of the Heating and Ventilating Engineer has reached a new dignity.
Indeed, his work is of primary importance to the community, not only
in providing the conditions necessary for health and comfort, but in the
wider aspect of the economic use of our diminishing fuel resources, and
in the mitigation of that atmospheric pollution which has marred so
many of our centres of population.

Of the 240 million tons of coal raised annually in this country, it
has been estimated that not less than 90 million tons are utilised for
heating, whether in the form of solid fuel or of gas or electricity. These
figures indicate the importance of ensuring that heat energy is correctly
applied, particularly in view of its greatly increased cost. It cannot be
said that finality has been reached in heating methods and further study
will undoubtedly lead to fresh developments.

In the next few years, a very large amount of heating and ventilation
work will be carried out, and the necessity of a thorough understanding
of the subject cannot be too strongly stressed amongst those upon whom
will devolve this important part of the re-building of Britain.

I have had the privilege of reading this book in the proof stage. It
combines in an excellent way both the theoretical principles of heating
and the practical factors involved in installation, and will be of very
great value to all engaged in this most interesting of industries.



PREFACE

HE material in this book represents the work of a number of

engineers, each of whom has specialised in ‘a particular aspect
of the subject. The treatment has been planned to be useful to those
who are concerned with the design and installation of heating and
ventilating systems for use in factories, workshops, public buildings
and communal buildings, such as hotels, flats and offices.

As with all other branches of engineering, it is essential for the
heating and ventilating engineer to have in the first place a thorough
grasp of the basic principles of the subject. The first three chapters
have, therefore, been devoted respectively to discussing the fundamentals
of heat transmission, the various methods of heating which are available
to-day, and the heat requirements of different types of buildings.

Succeeding chapters deal with all the important components of
modern heating and ventilating systems, including hot-water heating
systems, steam-heating systems and various electrical heating and
warming appliances. Closely connected with heating and ventilating
is the subject of automatic temperature control. This has been dealt
with at some length in Chapter XI.

Another important aspect of a scientifically designed system is the
question of thermal insulation, which ensures that heat is properly
conserved during its passage from the boiler to the point at which it is
required in the system. This subject also, has therefore been dealt
with in a special chapter. Air conditioning (which includes humidifying,
cleaning, dust and fume extraction, and drying) forms the subject of
Chapter XIV.

The work concludes with some practical notes on estimates, specifica-
tions and running costs. These are intended, not only for the builder
and contractor, but also for the engineer who must in the end be judged,
not only by the mechanical or engineering excellence of his work, but
also by the heat efficiency of the installation for which he is responsible.

E. M.

vi
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PRINCIPLES AND PRACTICE OF
HEATING AND VENTILATING

Chapter |
THE TRANSMISSION OF HEAT

HE heating of buildings is of great and increasing importance, but
Tbefore dealing with the more technical aspects of this very wide
and interesting subject it is necessary to be acquainted with the
methods by which heat itself is transferred. Heating is tending more
and more to become an exact science, and before proceeding to the
design of installations which are to be both satisfactory and economical
in operation, some study must be made of the physical laws involved.
The object of this book is to present, in a simple and practical way,
all the essential physical and technical factors involved in heating.

Measurement of Heat

Heat is a form of energy which can be measured.

If 1 1b. of water is heated so that its temperature is raised by 1° F.,
its heat content is increased by an amount which is taken as the standard
of measurement, and called a ““ British Thermal Unit,” usually written
as “B.T.U.” (or B.Th.U.). Thus the amount of heat in B.T.U. added
to any quantity of water is the product of its weight in pounds and the
rise in its temperature. Conversely, the amount of heat in B.T.U.
given up by water when its temperature falls is the product of its weight
and the number of degrees by which its temperature is reduced.

It is important to distinguish between temperature and heat For
example, a piece of wire held in a flame will rapidly come to a red heat :
its temperature is high, but the amount of heat it contains is quite small.
On the other hand, a pail of water placed for a few minutes over a flame
will not attain a high temperature, but the amount of heat it contains
is considerably more than that in the wire.

Specific Heat

The specific heat of a substance may be defined as the quantity of
heat required to raise the temperature of unit mass of the substance
through one degree. From experiments, it has been found that one
substance will require a different quantity of heat than another to raise
its temperature through the same range. This difference in thermal
property is expressed by saying that the substances have different
specific heats.
B 1



2 HEATING AND VENTILATING

The specific heat of dry air, for example, at 60° F. is 0-239 B.T.U.
per lb. and the weight of a cubic foot of dry air at the same temperature
is 0-076 lb. Therefore, 1 B.T.U. (British Thermal Unit) will heat

1

0-239 X 0-076
The following Table gives the specific heats of various substances :—
TasrLe 1. - SPECIFIC HEATS

== 55 cu. ft. of air through 1°F.

Specific Specific
Muterial Heat Material Heat
Water .. .. .. .. 10 . Mercury (70°-210°) .. .. -033
fS\‘g (at(czn?:t:?tl‘p)ressum) .. .. ;’39 i Brickwork and Masonry about .. -20
am (at 212° F.) .. .. FPRE & di .
Tron (70°-210°) o B o l(:;nldmg Stone . .. .. ?35
Steel (70°-210°) .. .. ..o 123 ass - - . .
Cast iron (70°-210°) .. .. -13 . Marble .. .- . - 21
Copper (70°-210°) .. . .. 094 - Granite .. . .. .. 19
Brass (70°-210°) .. .. .. 094 ° Asbestos .. .. .. .o 220

Sensible Heat :

Sensible heat is that which is measured by an ordinary thermometer.
Thus if 1 1b. of water is heated from freezing point to boiling point (at
atmospheric pressure) the thermometer reading will rise from 32° to
212° F., and the sensible heat imparted to the water is (212—32), or
180 B.T.U.

Latent Heat

When heat is applied to ice, it melts to form water at the same
temperature. Similarly, if water is raised to boiling point, and heat
continues to be applied, the temperature of the water is not increased,
but the energy imparted is absorbed in changing the state of the water
from liquid to vapour. In either case, the heat is not measurable by a
thermometer, and is therefore known as the ‘ latent,” or hidden, heat.

By experiment, the quantity of heat required to melt 1 Ib. of ice is
144 B.T.U., and to evaporate 1 1b. of water at atmospheric pressure is
965-2 B.T.U. Steam at pressures above atmospheric has temperatures
higher than 212°F.; these can be found from Steam Tables, published
in most engineering reference books. The following are a few examples
relating to dry steam, i.e. steam containing no particles of liquid water :

Pressure Temperature
Atmospheric .. .. .. .. .. 212°F,
Spsi* .. .. .. .. .. 227°F,
50 ,, - .. .. .. .. .. 297° F.
100 ,, .. .. .. .. .. 340° F.
* “ p.u.i” indicates 1b. per square inch.

If the boiling point (£) is known, the latent heat (I.) per 1b. can be
found approximately from the formula :

L=1114— ‘7.



THE TRANSMISSION OF HEAT 3

Steam heated after its formation is ‘ superheated,” the degree of
superheat being sensible, and thus measurable by a thermometer.
(Superheated steam is rarely used in heating practice, unless for the
purpose of avoiding condensation in a long run of pipe : in this case the
amount of superheat is arranged to equal the loss of heat from the main,
so that the steam arrives at the point of utiliration in a dry condition.)

It will be observed that the amount of latent heat available decreases
as the temperature increases, and this indicates that low- -pressure steam
is more suitable as well as more convenient for heating service than high-
pressure steam. ‘

Total Heat

When steam condenses, and the liquid subsequently cools. it is obvious
that the latent heat and part of the sensible heat are available, and it is
sometimes useful to know the ‘‘ total heat >’ content of steam. This is
the amount of heat required to raise the temperature of 1 1b. of water
from 32° F. to boiling point (t) and to evaporate it there. Total heat (H)
can be found approximately from the formula :

H = 1,082 + -305t.

Transmission of Heat

Heat always tends to pass from a body at a higher temperature to one
at a lower temperature. This transfer may be effected in three ways, viz.
by conduction through the material of a substance ; by convection, due
to the actual motion of water or air in contact with a heated surface ;
and by radiation, by which is meant the emission of energy from a hot
surface to cooler surroundings. These methods of heat transfer are of
fundamental importance, and must be considered in detail.

Conduction

The transference of heat from one part of a substance by conduction
is very easily illustrated by the simple experiment of putting a poker
into the fire and observing how quickly the handle becomes hot, even
though it is screened from the direct rays of the fire. It is therefore
evident that if the temperature of one part of a body is raised above
that of the other parts, heat will be passed on to them. Different
substances vary in their conductivities. Iron, for example, may be
considered a good conductor of heat, but asbestos abad one. Materials
that are considered bad conductors are accordingly selected for use as
heat insulators.

Liquids (except mercury) and gases are in general bad conductors.

The conductivity of varlous materials is of great importance in
heating calculations.

Conductivity is usually denoted by %, and is defined as the amount
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of heat in B.T.U. flowing per hour through 1 sq. ft. of material 1 in. in
thickness, when the temperatures of the opposite faces differ by 1° F

Conductivity must not be confused with ““ thermal transmittance,”
which is the quantity of heat flowing through 1 sq. ft. of any type of
construction when the temperatures of the air adjoining the two faces
differ by 1°F. This is considered in Chapter III.

The reciprocal of the conductivity, i.e. I{" is termed the “ resistivity,”

and use can be made of this quantity when calculating thermal trans-
mittances. (The physical meaning of resistivity is the number of hours
required to transmit 1 B.T.U. through a slab of material as defined for
conductivity.)

The following Table gives some average values of & for various
materials in common use :

Tasie 2. - VALUES OF CONDUCTIVITIES

Steel .. .. . .. 320 . Plaster .. .. .. .. 4
Iron .. .. .. .. 233 ¢ Glass .. .. .. .. 73
Brickworkh .. .. .. .. 8 Wood .. .. .. 1
Congrete .. .. .. 7 . Insulating materials .. .o 0-28-0-7
Lightw cight cone rete .. .. 1-9 Still air .. .o 0-156

The high values of & for iron and steel mdlca,te that a very small
temperature difference between the two faces is sufficient to transfer a
large amount of heat, and in practice the temperature of the outer
surface of a pipe carrying a hot fluid may be assumed as that of the
fluid itself.

From the definition, it follows that, for a plane slab,

k

Q= —( — 1)
Il :

where Q is the amount of heat (in B.T.U.) flowing per hour per sq. ft.,
k is the conductivity of the material,
L is the thickness of the slab in inches,
t,, t, are the temperatures of the opposite faces.

In dealing with heat losses through the structure of buildings a
modification of the methods outlined above is usually employed, it being
customary to calculate the ‘‘ thermal resistance ”’ of the particular type
of construction considered. From this the overall * thermal trans-
mittance ”’ can be found, enabling the rate of heat flow to be computed
from the known internal and external air temperatures.

Convection

Heat that is conveyed from place to place by the actual motion of
the heated body causes its transference by convection.

Water and air transfer heat almost entirely by convection rather
than by conduction.
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In a hot-water heating installation, where pipes and radiators are used,
the distribution of heat is to a large extent by convection. The water
in the boiler on being heated expands and its density becomes less.
Under the action of gravity the heated water moves upwards, and is
replaced by colder water, which in turn is heated, and so a movement is
set up through the pipes of the installation. The pipes and radiators
become heated by the water and transfer heat to the surrounding air,
which is also set in motion in the same way and conveys heat to the
occupants and objects in the room.

The amount of heat in B.T.U. per sq. ft. per hour transferred from
a hot surface at temperature ¢, to surrounding air at temperature ¢, by
convection can be found from the formula :

BT.U. = C(t, — t,)}

where C is a constant depending on the shape and position of the surface*
In still air conditions the following values of C may be taken :

Vertical surfaces and cylinders .. .. .. 032
Horizontal surfaces facing upwards .. .. .. 038
Horizontal surfaces facing downwards .. .. 020
Horizontal cylinders (above 8 in. diameter). . .. 035
Horizontal cylinders (below 8 in. diameter). . .. 040

If air currents impinge upon the heated surface the transfer of heat is
increased by forced convection; an approximate expression for this
condition is

B.T.U. = (1-2 + 019V) (1, — t, )

where V is the air velocity in feet per second.

Radiation

The radiation of heat is a continuous emission of that form of energy,
in waves of varying length from all bodies at all temperatures, and follows
the laws of light. Different surfaces maintained at the same temperature
have varying powers of radiation. A surface that has a high radiating
power has a correspondingly high capacity for the absorption of heat.
A lamp-blacked surface has a high radiating power, as opposed to the poor
radiating property of a polished surface. For instance, if the radiating
power of a lamp-blacked surface is taken at 100, the relative figure
for a polished copper surface is 11. Use is made of this fact in the
construction of a vacuum flask, which comprises a double-walled glass
vessel, with the space between the walls exhausted of air, and the
surfaces of the walls silvered. The vacuum minimises conduction, and
the mirrored surfaces reduce radiation to a minimum.

The heating effect of the column type of radiator is largely by con-
vection rather than radiation, whereas with low-temperature flat
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surfaces employed in panel heating the percentage of radiation is greater
than the convected heat.

Radiation does not appreciably heat the air through which it passes,
but is absorbed in varying degrees by the surfaces of solid bodiss on
which it impinges, and these in turn warm the air by convection. One
practical result of this property is that when the warming of a room is
effected by sources which are principally radiant in effect (such as ceiling
panels or electric fires) it is unnecessary to allow for the air being heated
to the full temperature required for comfort.

The amount of heat in B.T.U. per sq. ft. per hour transferred by
radiation from a hot surface at temperature ¢, to air and surroundings at
temperature f, can be found from the formula :

BT.U.=¢ x 17-3 x 1010 x {(t, + 461)F — (1, + 461)4}

where e is a factor depending upon the nature of the surface.

For highly polished metals (e.g. plated towel rails) ¢ may be as low
as 0-05, but for the majority of other surfaces the value is approximately
0-9. Colour makes no difference. An exception is paints with an
aluminium or bronze base : with these, the value of ¢ may vary between
0-4 and 0-8. Such paints, therefore, retard heat transmission, and should
not be used for radiators, and similar equipment.

Radiation .is not affected by air movement, except in so far as the
temperature of the surface may be reduced by forced convection.

Heat Transfer from Surfaces and Pipes

The amount of heat emitted from a hot surface is the sum of that
due to radiation and to convection.

The following Table shows the amount of heat transfer in still and
moving air respectively from a vertical surface maintained at various
temperatures : air at 70° F. and e = 0-9 are assumed.

TABLE ‘i —-HEAT TRANSFLR IN STILL AND MOVING AIR

B.T.U. per Square Foot per Hour

1,165 716 L,780 | 2,495

Temperature
of b"ll:;face ' Still Air Conditions Air Moving at 15 m.p.h.
(deg. , —
Fahrenheit)|  Radia- Con- ! Radia- Con- |
i tion . vection | Total tion vection Total
4 ! '
100 30 ; 23 53 ) 30 162 . 192
200 169 ' 140 309 169 700 l 869
300 390 | 287 677 390 1,240 | 1,630
400 715 ! 450

The striking features of the Table are the increase in convection loss
due to air movement and the increase in radiation losses at high
{emperatures.
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Another deduction which may be drawn is that highly polished
metallic surfaces are quite good insulators. The difficulty in practice is
that, except when plated or otherwise specially finished, they rapidly
. become dull and their efficiency falls.

For horizontal surfaces, the heat transfer may be found by multiplying
the values for convection given in the Table by the following factors :

Surface facing upwards .. 1-190
o » downwards  0-825

For the same air temperature the value of the transfer by radiation
is unaltered whatever the position and shape of the surface, and this,
added to the value for convection, gives the total transmission in B.T.U.
per sq. ft. per hour.

Heat Transmission

The amount of heat given off by the heating surface varies
according to the temperature difference of the pipes and radiators and
the surrounding air ; the exposed or enclosed condition of the heating
surface ; the type of radiator and other factors which may tend to
assist or obstruct the distribution of heat. The difference in heating
effect is very noticeable if the results from pipes fixed horizontally
and vertically are compared, as shown in Fig. 1. )

P4

f \

1 IR, W= f
g | % R 0
|
1 T Fig. 2.— SHowING

HEAT TRANSMIS-
SION FROM TWO

Fig. 1.— SHOWING THE DIFFERENCE HORIZONTAL PIPES
IN HEATING EFFECT FROM PIPES PLACED ONE ABOVE
FIXED HORIZONTALLY AND VERTICALLY THE OTHER

The heated air in the immediate vicinity of the vertical pipe rises
and keeps close to the pipe, thereby reducing the temperature difference
and lowering the rate of transmission. On the other hand, the air
is moving with some velocity as it rises, and this increases the convection
loss from the pipe. With a horizontal pipe, the air warmed by contact
with the pipe rises and is immediately replaced by cooler air. The two
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‘effects are about equal, so that in practice there is but little difference
between the heat losses from vertical and horizontal pipes. There is,
however, one exception. The transmission from a group of pipes is
less per square foot than from a single pipe. Consider a case where
two horizontal pipes are placed one above the other (Fig. 2); the
heated air from the lower pipe rises and envelops the pipe immediately
above. The temperature difference between the upper pipe and the
surrounding air is, therefore, lower and the heat transferred correspond-
ingly less. )

As hot air leaving pipes rises, some of the heat may not be usefully
employed. For example, with horizontal pipes fixed overhead, only
about 80 per cent. of the figures quoted should be taken, and for vertical
pipes about 50 per cent. In estimating the load on the boiler, the total
heat emission must of course be taken. For horizontal pipes slung in
mid-air, as in large factories, the figures in the Tables should be increased
by 20 per cent.

The heat emitted from uninsulated piping in a room is always taken
into account when calculations are made, and the following Table shows
the heat transmission from horizontal pipes in still air : the temperature
difference is that between the mean temperature of the water in the
pipe and that of the surrounding air.

TaBLe 4. —HEAT TRANSMISSION IN B.T.U. PER HOUR PER LINEAL FOOT
FROM IRON PIPES

Diameter Temperature Difference ° F.

| ) 1 -
60° I 70° 1 80° | 90° + 95° | 100° 105°§ 110° 115°|120°} 125°' 130°

§in. .. .. 29, 35 42| 49 52| 56 60 63 67| 71| 75, 79
gin. .. .. 36' 44 52| 61 65| 70 751 79 84| 89| 94 o8
lin. .. .. 4l 50 60

70 75| B0, 85 90 96 [ 101} 107 ' 112

— | _ B
1}in. .. .. - 50 61' 73| 85 91| o8 wsinl‘us 124 | 131 ' 138

1$in. .. .. 57, 69, 82, 06106 | 110 | 117 | 124 132 | 140 | 147 ' 155
! .

2in. .. .. 67, 82 97 ! 113 : 121 | 130 | 139 | 147 : 157 | 165 1743183

185 | 195 | 206 ' 217

|
{
24in. .. .. 79% 97 1115 | 134 | 144 | 154 | 164 | 174
3in. .. .. - 975

118 | 141 164 176 | 188 | 200 | 213 | 226 | 238 252;265
146 | 174 | 202 | 217 | 232 | 247 | 262 | 280 | 2904 | 310 | 326

4in. .. .. 120

Sin. .. .. 145|177 210 | 246 | 264 | 282 | 300 | 310 | 340 | 358 | 378 | 397
6in. .. .. 'ino 207 | 247 | 288 | 308 | 330 | 352 | 373 | 308 | 418 | 442 | 465
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It will be noticed that the heat loss is not directly proportional to the
temperature difference, but rises sharply as the temperature of the water
increases. A further example of this is given in the following Table
relating to steam pipes.

TasrLe 5.—HEAT LOSS IN B.T.U. PER HOUR PER LINEAL
FOOT IN STILL AIR AT 70°F.

Bore of Steam Pressure, Lb. per Sq. In. ((fauge)
Pipe I T _'| | -
I 5 | 50 I 100 | 200
J | i
1 153 | 254 i 318 | 417
2 : 275 . 456 , 574 ' 745
3 ! 406 ' 674 ; 844 C 1,102
4 519 861 1,082 1,411
6 766 1,275 1,600 2,084
8 974 ' 1,622 2,020 2,638
10 1,210 2,015 | 2,506, 3,275
12 1,448 2,410 | 2,996 . 3,920

1

Tt is very important that all pipes and surfaces from which heat
emission is not required should be insulated, and this is dealt with in
Chapter XII.

Insulation is of particular importance in pipes, etc., exposed to open
air conditions, as in these cases the normal losses may easily be doubled
by wind.



Chapter I
METHODS OF HEATING

Space and Comfort Heating

Y space heating is meant heating so that the whole of a room or a
Bbuilding is at the temperature required : this condition is fulfilled by

central heating systems in general. By comfort heating is meant
that heat is supplied (usually from high-temperature radiant sources,
such as a gas fire or electric radiator) at the point where it is actually
required for comfort. There are some important differences between
the two methods, and although this book is concerned mainly with
central heating, it is of value to understand something of the physiological
principles governing comfort.

The following figures show the approximate amounts of bodily heat
produced by an average adult :

At rest .. .. - .. .. 300 B.T.U. per hour
Doing sedentary work .. .. .. 400, w
., light manual work .. .. 600 “ e
heavy . .- .. 1,000--2,000 oY
Under ordinary condlitions, the heat islost in the following proportions :
Radiation .. .. .. 45 per cent.
Convection .. .. .. 30 ,.
ivaporation .. .. ..025

Comfort is obtained when the surrounding conditions allow heat to
be lost from the body approximately in these proportions. In any case
the total bodily heat produced must be dissipated, so that if the loss by
one means is reduced, that by others must be increased. For example,
in a hot room a fan gives relief by increasing the rate of convection loss.

Equivalent Temperature

Mention should be made of ‘‘ equivalent temperature,” which is often
used for defining the conditions in a room. The ordinary thermometer
is not very sensitive to radiation from low-temperature sources such as
hot-water panels. A familiar analogy is a greenhouse : the glass passes
the high-temperature radiation from the sun, but when this warms the
interior of the greenhouse the glass will not transmit the low-temperature
radiation outwards. In consequence heat accumulates in the greenhouse
which becomes very hot. Similarly the glass bulb of an ordinary
thermometer does not transmit low-temperature radiation to the mercury.
Also the thermometer does not respond to air movement, if the tempera-

10



METHODS OF HEATING 11

ture of the air is unaltered, but human beings are very sensitive to
draughts.

Equivalent temperature is a method of expressing the combined
effect of air temperature, air movement, and radiation on comfort. It
can, however, only be measured by rather elaborate instruments, and
for buildings which are centrally heated the ordinary thermometer is
quite reliable in indicating conditions.

It is, however, interesting to note that horizontal radiation falling on
the body at the rate of 40 B.T.U. per sq. ft. per hour is equivalent to a
rise in air temperature of 6°F., but that comfort cannot be attained,
with radiation in one direction only, if the air temperature is less than
45° F. If radiant heating is used, the air temperature in general should
not be below 55° F. for sedentary conditions.

Also, if the air velocity in a room reaches 2 ft. per second, the air
temperature must be increased by 4° F. to give the same conditions of
comfort as in still air.

In general, the most comfortable conditions are obtained when
walls, etc., are slightly warmer than the air. If they are colder, some
discomfort results, and it is particularly important that floors should
not be cold.

Local Heating

By local heating is meant the actual generation of heat in the room.

This may be done in a number of ways, some of which will now be
considered.

Open Fireplaces

Open fireplaces are likely to remain popular: they are pleasing in
appearance, but only about one-quarter of the heat in the fuel is usefully
employed, the remainder escaping up the chimney. The principal
heating effect is by radiation. Coal or coke burning brightly in an open

fireplace radiates about 200 B.T.U. per sq. ft. per hour, measured about
3 ft. in front of the fire.

Heating Stoves ™

The slow-combustion stove is often used for the heating of small
entertainment halls and similar buildings where there is but a limited
amount of space available for the installation of the heating system. It
has the advantages of being easy to install and requiring no skilled
attention. On the other hand, however, its use involves the carrying
of fuel into the room and the removal of ashes. The scattering of dust
in carrying out these operations is a decided drawback.

Stoves are more efficient than open fires. They are mainly convective
in effect. Closed stoves have an efficiency of about 70 per cent. and semi-
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closed stoves an efficiency of about 45 per cent. with coal and 40 per cent.
with coke.

It is impossible to regulate the output of open fires or stoves exactly
in accordance with requirements, so that some overheating, with excess
consumption of fuel, cannot be avoided in mild weather.

Gas Fires

Qas fires are a very convenient means of heating as a very wide
range of control is possible, and there is probably less excess consumption
than with any other means of heating. The radiant efficiency is about
50 per cent., but with convector patterns outputs of 60 to 70 per cent.
are obtainable : with such high efficiencies the temperature of the gases
escaping up the chimney is relatively low and there is some risk of
condensation (1 lb. of gas in burning produces about 1} lb. of water).
Chimneys for gas fires require special construction and normally should
not be more than 30 ft. high.

The radiation emitted by a five-radiant gas fire, burning 25 cu. ft. per
hour, is about 160 B.T.U. per sq. tt., measured at about 3 ft. from
the fire. The temperature of the radiants is about 1.500° F,

Electric Heaters

Electric heating is probably the cheapest in installation cost of all
local heating systems. The ordinary electric fire is practically 100 per
cent. efficient, most of the heat being emitted in the form of radiant
energy ; the radiation per square foot at a distance of 3 ft. from the
firc is about 80 B.T.U. per kilowatt. The temperature of the elements
is about 1,000° F.

Low-temperature tubular heaters are also 100 per cent. efficient,
about half of the emission being by convection. The elements run at
low temperatures, and are practically indestructible. The heaters are
produced commercially with a loading of 60 watts per foot run, the
surface temperature of the tube (2 in. diameter) being about 190° F.
They can be used in almost any position, and are suitable for thermostatic
control. (Thermostatic control of heating installations of any type may
save 25 per cent. or more of the consumption.)

A further type of electric heater is the convector, which incorporates
a small fan blowing air over a heated element. This enables the air
temperature within a room to be raised quickly, but a disadvantage in
all such types of heating is that the air temperature tends to be consider-
ably higher then the temperature of the walls.

Central Heating

By central heating is meant the generation of heat at a central point,
and its distribution from thence to different parts of the building. Various
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systems are considered in detail in subsequent Chapters, but the following
notes provide a general survey of methods.

Low-Pressure Hot Water

Central heating by means of low-pressure hot water in radiators is
very general in this country. There are some limitations to the system :
the horizontal limit, without pumping, is about 200 ft. and the vertical
limit is about 100 ft., due to the head on the radiators. The temperature
of the water can be regulated to suit conditions, but the exposcd surfaces
are never unduly hot. With ordinary radiators, and with tle average
water temperature of 160° F., the emission is about 160 B.T.U. per sq. ft.
of radiator surface per hour; of this about 15 per cent. is due to
radiation, and the rest to convection.

The ordinary central heating boiler is moderately efficient ; best
efficiencies vary from about 55 per cent. in the smallest types to about
80 per cent. in the largest. but the average efficiency in service of beilers
which are not continuously attended is considerably lower than these
values. Also a great deal of heat is lost from the distributing mains.
although part of this is. of course. utilised in raising the general tempera-
ture of the building. There is a considerable time lag in rcaching the
required conditions from cold. and some danger of freezing. with con-
sequent fracturing of radiators. if systems are not in use during cold
weather. The system, however. is comparatively cheap in running costs.
and will remain in constant operation with comparatively littlc attention
to the boilers, although some overheating is inevitable in mild weather.

Magazine types of boilers and various patterns of automatic stokers
reduce attendance costs and can be equipped with automatic controls.
which arrangement results in greatly improved efficiencies.

Gas boilers are about 80 per cent. efficient, and have the advantage
that fuel delivery and ash removal are eliminated, and there ix & complete
absence of smoke. Their use depends upon the cost of gas.

Thermal Storage System

Electric boilers have been successfully adopted for central-heating
installations when used in conjunction with what is called a ** Thermal
Storage System.” In this arrangement the current is switched on only
during the *‘ off peak " hours of the electric supply undertaking and the
heat generated is stored for use at other times. The supply authorities
are usually willing to sell current for these systems at especially low
rates, in some cases a fraction of a penny per unit. The fuel costs of an
electrically heated thermal storage plant are thereby considerably lower
than in a system using electricity at the ordinary charges. Moreover.
savings can be made in the cost of building construction, as no chimney or
fuel store is necessary. Labour charges are considerably rcduced, as
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the plant is practically automatic, and the value of the cleanliness result-
ing from the ahsence of smoke, dust and ashes cannot be disregarded.

Panel System

The panel system of heating consisting of flat grids of pipes embedded
in walls or ceilings has heen extensively used. The panels are generally
laid on shuttering and cast solid in concrete, special finishing plaster
being afterwards applied direct to the surface. The maximum tempera-
ture of the circulating water is about 120° F., but in the majority of
installations it is found that temperature of the order of 95°F. is
satisfactory during the greater part of the winter. Approximate
emissions from panels. with a water temperature of 120°F., are as
follows :—

Ceiling panels .. .. 100 B.T.U. per sq. ft. per hour
Wall panels .. R § “

Floor panels have advantages, but their efficiency is liable to be
reduced by any form of floor covering, and their use is generally confined
to entrance halls.

With water at 120° F. the emission from floor panels is 130° F. B.'T.U.
per sq. ft. per hour, but complaints of discomfort are received if floor
temperatures are higher than about 75° F.

The advantages of the panel system are that the structure of the
building becomes warm and the chilling effect of cold walls is avoided.
Rooms are entirely clear of heating apparatus and the whole space is
uniformly warm. There is no stuffiness due to the accumulation of dust
on hot metallic surfaces and little discoloration of decoration. Main-
tenance and repairs are reduced to a minimum. The system can be
thermostatically controlled and panel installations are found to be
economical in fuel consumption. The disadvantage of panel heating is
that ceiling panels (which is the form most widely used) are unsuitable
in rooms less than 12 ft. high. Also the heating cannot be readily
regulated in accordance with outside conditions.

" .y

Low-Pressure Steam

Steam systems are becoming more widely used in this country.
They have several advantages, being cheaper in first cost than a hot
water installation. Also there is no time lag or risk of freezing, and the
system is applicable to buildings of any height. Disadvantages are that
the surfaces are at high temperature so that there is intense heat in the
vicinity of the radiator and the high temperature of the system increases
the distribution loss. Steam boilers require continuous attention and
it is not possible to regulate temperature in the radiators as can be done
with hot water systems. There are many types of installation, but
practically all of them are noisy at times. The emission from steam
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radiators is about 300 B.T.U. per sq. ft. per hour. Steam systems
under vacuum are also used, the temperature in these being lower.
These are higher in first cost, but permit of a wide range of control.

The following figures show the approximate temperatures of vapour
under various degrees of vacuum :

Degree of Vacuum
(Inches of Mercury)

Temperature of Vapour

—- 212° F.

i) 200° F.
10 195° F.
2( 160° F,
25 130° F.

High-Temperature Hot Water

At one time the Perkins system of hot water heating. at about
700 F., was widely used, a strong pipe coil being placed directly in the
furnace. It is obsolete, but has been to some extent replaced by high-
temperature hot water which is taken from a steam boiler at a temperature
between 300° to 400° F. Surfaces at this temperature must not be
within reach and the system is therefore mainly used in factories, etc., in
conjunction with unit heaters. Small pipes only are required and the
system is extremely rapid in action.

Hot Air Furnaces

Hot air furnaces or * pipeless heaters = are very suitable for the
warming of some large spaces. Usually they consist of a cast-iron
combustion chamber, swrrounded by a steel jacket. air being drawn
through the intervening space and discharged through a grating or
ductwork. As a rule re-circulation of the hot air is arranged. This
system of heating is cheap, both in first. cost and operation. It is also
rapid in action, but has the disadvantage that walls remain comparatively
cold, and some dust is distributed.

Pipe Coils

Pipe coils at high level are sometimes used in factories. They are
very unsatisfactory as a great deal of the heat emitted rises vertically
and is largely lost, and floors remain comparatively cold. A pipe coil.
however, should always be underneath a roof-light or roof lantern to
temper the cold draughts which would otherwise occur.

Unit Heaters

Unit heaters of various types are made. These consist of coils
through which hot water or steam is circulated and a fan which draws
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air over the heating elements, both floor types (with centrifugal fans)
and suspended types (with propeller fans) being manufactured. Unit
heaters at high level require careful positioning in order to achieve the
most satisfactory results, and both types may be very wasteful in fuel
unless carefully controlled. Unit heaters are purely convective in
effect : they are rapid in action, but have the same disadvantages as all
air heaters.
Gas and electric unit heaters are also made.

Plenum Heating

With plenum heating the requisite degree of warmth is obtained by
means of heated air. This may be introduced at various temperatures
and velocities, depending upon the conditions, but it is inadvisable to
pass air over surfaces at too high a temperature. (For the ventilation
of cinemas, etc., the L.C.C. regulations prescribe that the temperature
of any surface used for warming air shall not be more than 250° F.)

Plenum heating installations are bulky. ax a large volume of air is
necessary to transmit the required amount of heat. The system has the
disadvantage that the air temperature is liable to be higher than the
boundary temperature and the hot air tends to rise to the upper part
of the room. It is also more expensive than ordinary central heating.



Chapter Il
THE HEAT REQUIREMENTS OF BUILDINGS

Heat Loss from Buildings

HE first step in designing a heating system is to estimate the amount
Tof heat required. This will include the heat lost by transmission

through the walls. windows and roof, and, in some cases, through
the tloor. and the heat required to warm the air admitted for ventilation.
A large amount of useful information on the subject is contained in a
booklet published by the Tnstitution of Heating and Ventilating Engineers.
entitled ** The Computation of the Heat Requirements in Buildings.”
Some of the values given in this Chapter are taken, by kind permission
of the Institution. from that publication. to which the reader is referred
for any further details which he may require.

As a rough rule for preliminary estimates applying to normal buildings,
from 2 to 4 B.T.U. may be allowed for each cubic foot of heated space.
depending on the locality and degree of exposure of the building. Another
approximate formula for estimating heat requirements is :

H--(25A &8N - 02NC)R
where H is heat in B.T.U. per hour.
A ix area of wall and ceiling in direct contact with outside air,
N is area of glass in windows or skylights,
N is number of air changes per hour.
C is volume of heated space in cubic feet.
R is temperature rise required, i.e. the difference between the
inside and outside temperatures.

For more accurate estimates. the actual amount of heat lost in different
directions must be calculated. and this involves a knowledge of the
thermal transmittance of various parts of the structure.

Also in some cases it is necessary to allow for the heat produced
by occupation, and the following figures are usually taken :

Per person .. .. 400 B.T.U. per hour.
Per horsepower in nmvhmerv .. 2,550 - “
Per kilowatt of lighting .. .. 3410 “ e

&

Temperature Required

Heating systems are gencrally designed on the basis of an outside
temperature of 30° F.
17
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The following Table shows the usual temperatures provided in various
classes of building :

TasLe .—TEMPERATURES REQUIRED IN BUILDINGS

°F.
Residences . . .. .. .. .. .. .. 60-65
Public buildings .. .. .. .. .. .. b58-62
Cinemas and theatres .. .. o. . .. 85-60
Restaurants .. .. .. .. .. .. 60-65

Factories, heavy work .. .. .. .. .. 53

. light . .. .. . . . 60

" sedentary work .. .. .. .. 65

Garages .. .. .. .. .. .. .. 45

Schools .. .. .. .. .. .. .. 80
Warehouses .. .. .. .. .. .. 00-55
Offices .. .. .. .. .. .. .. 60-65

Thermal Transmittance

Thermal transmittance has already been defined as the amount of
heat in B.T.U. per hour passing through any type of material or con-
struction when the temperatures of the air adjoining the inner and the
outer face differ by 1° F. It is denoted by U, and in practice values are
generally obtained from published tables. The following values of U
relate to normal exposures. (For sheltered or severe exposures the values
are somewhat different.)

TasLe 2.—RATE OF HEAT LOSS (U) PER HOUR PER SQ. FT. PER 1° F. DIFFER.
“NCE BETWEEN INSIDE AND OUTSIDE AIR TEMPERATURES

(a) Walls— U
4} in. brick, unplastered .. .. - 0-64
9 in. . .. .. o 0-47
13} in. .. . .. .. .. 0-37
44} in. bnek, plastered one side .. N 0-67
9 in. ,, o v o .. .. 0-43
13§ in. ,, - v e e .. 0-35
11 in. brick, with 2 in. cavity .. .. 030
154in. .. . . " e 0-26
4 in. concrete ‘e .. .. .. 0-64
8 in, v .. .. .. e 0-54
8 in. v .. .. .o .. 0-47
10 in. . .. . .. .. 0-41
(b) Windows, etc.—
Single glass windows .. .. .. - 100
Double ,, v .. . .. 0-50
Skylight .. - e . e .. 1-20
(¢) Doors—
Wood, average, | in, e .. .o 0-30
’e oo 1ym, .. .. .. 0-40
() Floors—
Conciete on carth ., . .. . 0-20 -~
Ventilated wood floor on joists .. .o 0:30-0-40
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TABLE 2 ‘contd.)

Heat Flow
(e) Intermediate Floors-— Downwards  Upwards
Wood floor on joists, plaster ceiling .. 0-22 0-29
6 in, concrete with 2 in, screed .. .. 0-43 0-54
8 in. with wood flooring .. .. .. 0-30 0-35
Hollow tiles, 6 in. .. .. .. .. 0-33 0-40
. . 8in. .. .. .. .. 0-30 0:35
v » 10in. .. .. .. .. 0-27 0-32
(/) Roofs—
6 in. concrete, asphalted .. .. .. 0-57
6 in. asphalted and plastered .. .. 0:52
8 in. hollow tilo, asphalted .. .. .. 0-48
Plaster ceiling with roof over—
(a) With tiles and battens . 0-56
(b) With tiles or slates on boards and
felted .. 0-30

Calculation of Thermal Transmittance

Tt is useful to know how the values of U are calculated as the heating
engineer can then make his own estimates for any type of construction
which he may encounter.

As previously stated. heat losses through structures are usually calcu-
lated in terms of thermal rexistance. The thermal conductivity (&) of
materials has already been defined. The ** thermal transmittance ”
(usually denoted by U) is the number of B.T.U. per hour transmitted
through a square foot of construction when the temperature of the inner
and outer air differs by 1° F. The inverse of this quantity is known as the
* thermal resistance,’” usually denoted by R ; this obviously is the number
of hours required for the transmission of 1 B.T.U. through a square foot
of the construction when the air temperatures differ by 1° F. as before.
Thus U == 1/R.

From the definition of thermal conductivity it follows that the amount
of heat passing through a slab of thickness L and conductivity ¥ when
the temperatures of the opposite faces differ by 1° F. is

;: B.T.U. per sq. ft. per hour.
Normally the temperature of each face will not be the same as that of
the contiguous air, so that heat will be received or lost by radiation and
convection in accordance with the expressions already given.

Surface Resistance

To express the heat flow in terms of the air temperature, it is
necessary to take into account the ‘‘ surface resistance.” If the surface
resistance of the inner and outer surfaces are denoted by R, and R,
respectively, the thermal resistance of & composite wall is given by the
formula R=R + Ry + L;/k; + Lgfkg+ ............ where L, L,,
etc., are the thickness in inches of the individual components of the
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structure, and k,, k, are the conductivities of the respective materials.

It may be mentioned that, in the case of thin structures such as
corrugated iron, the heat loss is governed mainly by the surface co-
efficients, as the thermal resistance of the iron is negligible. Con-
versely, in the case of a thick wall of low conductivity, for which the

value of I[ is large, surface resistance has comparatively little effect ;

the surface temperatures in this case approximate to those of the con-
tiguous air.

In ordinary cases, values of surface resistance may be taken as
follows :

Walls—
External surface (plane) .. .. .. .. .. 0-30
Internal surface (plane) . .. .. .. .. 0-70
Roofs—
External surface (corrugated) .. .. .. .. 0-20
" o (plane) .. .. .. .. .. 0-23
Internal surface (corrugated) .. .. .. .. 0-48
v . (plane) .. .. .. .. .. 0-60

If an air space is incorporated in the structure it is necessary to add
the thermal resistance of this: the following values may be taken :

Air space (minimum width § in.) between plane surfaces .. 1-0
Air space (minimum width } in.) between one plane and

one corrugated surface .. .. 0-9
Air space between plane and c()rrugated sur faces in

contact .. .. .. .. .. .. .- 0-5

Some typical values of U and R for building materials are shown in
Table 3.

TaBLe 3
H
! Material U R
Walls | 4" concrete .. . .. .. .. .. 064 1-58
1 6” concrete .. .. .. .. .. .. 0-54 1-85
D4 brick .. .. .. .. ... 064 1-56
1 9* brick .. .. .. e . .. 0-47 2:13
134" brick .. .. .. .. .. .. 0-37 2.71
117 cavity bnick .. .. .. .. .. 0-30 3:33
15§~ cavn.) brick .. .. .. .. .. 0-26 3-84
e e e . S S,
Roofs Corrugawd iron (pitc hml) .. .. .. 1-50 0-687
- i Corrugated asbestos cement (pitc h(-d) .. .. 1-40 071
{” asbestos cement tiles (pm-hed) .. .. 1-02 ‘ 0-98
4° concrete (flat) asphalted . . . .. .. 0-68 1-47
6" concrete (flat) anphalted . . .. .. .. 0-67 1-78
'

U [ [P e e .
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Thus for a 9 in. brick wall (k -= 8),

R = 0:30 4 0-70 + | - 2125
N)y_ 1 = 0
S U(=p) =, 1, = 047
If the wall has plaster § in. thick (k -= 4) on one side,
== 2125 4- § » 1 = 231
1
% Y === = .
U 2.31 0-43

For a cavity wall consisting of 4} in. brickwork on either side of an
air space, the resistance is that of 9 in. of brickwork (plastered en one
side) found as above to be 2-31, plus the resistance of the air space,
value 1. The total resistahce is thus 2:31 .+ 1, or 3-:31, and the thermal

.. 1
ansm 0-30.
transmission is 3.31° or 0-3(

Structural Insulation

The heat requirements of a building may be substantially reduced by
structural insulation. This is particularly true of buildings such as single-
storey factories with a large expanse of roof. Often sueh a roof is of a
light nature, and the loss of heat in consequence is enormous.

As an example of the economies effected by insulation, the case of a
factory roof, 10,000 sq. ft. in area. may be taken. If this is of corrugated
asbestos cement (a) uninsulated, and (b) lined with fibre board } in. thick,
comparative figures are as follows :—

Uni IM‘MI(H(‘(I Insulated
Amount of radiator surface to pm\ ide for heat trans-
mixsion through roof (30° F. to 6u° F.) .. .. 2,250 sq. ft. 470 xq. ft.
Approximate cost of ditto . .. o £750 1' L£155
Approximate fuel consumption pt r n.nnum .- .. 80 tons . 17 tons
Annual fuel cost (at £3 per ton) . .. .. .. 240 £50

The cost of lining the roof would probably be about £500. so that the
economic value of insulation is obvious.
Structural insulation is considered in more detail in Chapter XII.

Heat Required’for Air Change

An important part of the heat requirements of buildings is that
required to warm the fresh air admitted for ventilation. Appropriate
allowances, relating to the number of complete air changes per hour, in
the heated space, are shown in the following Table :
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Tanre 4.—ATR CHANGES IN BUILDINGS

Per Hour .
Residences .. .. .. .. .. oo 1 =2
Public buildings. . .. .. .. .. .. 1-3
Cinemas and theatres .. .. .. .. .. 1*
Restaurants .. .. .. .. .. .. 1 -4
Factories (ordinary) .. .. .. .. .o -2
Schools .. .. .. .. .. .. .. 3
’ Warehousos .. .. .. .. .. R |
Offices .. . .. .. .. .. R ¥ R

Each cubic foot of air admitted requires about -02 B.T.U. to raise
its temperature 1°F. The actual air change to be allowed in any
particular case must be carefully considered, as if this is exceeded the
heating installation will be inadequate to maintain the required tempera-
ture in cold weather. .

In general, every additional air change increases the heat requirements
by 15 to 20 per cent., and excessive ventilation must therefore be avoided.

An important point is that if doors and windows in a building do not
fit tightly the rate of air interchange is greatly increased, particularly
with high winds. Some figures of infiltration, per foot run of crevice,
with a 15 m.p.h. wind, are 110 cu. ft. per hour with a wooden sash window
and 52 cu. ft. per hour with a steel frame window.

Allowance for Abnormal Height

The calculated heat requirements should be increased by 1 per cent.
for every foot of height of the heated space above 12 ft. up to 40 ft.

Allowance for Aspect and Exposure

To the heat requirements estimated from the thermal transmission
an allowance should be made if the exposure of the building to wind and
weather is abnormal. Such an allowance might apply to buildings on

the coast or on hillsides, and to the upper storeys of high buildings in
towns.

Appropriate allowances are given in Table 5.

TasLe 5.—ALLOWANCES FOR EXPOSURE

Aspect of Room or Building Increase per cent.

N,NW, NE., orE. .. oo el T 15
W.,8W,or8E. .. .. .. .. 10
Corner rooms (additional) .. .. i)
Flat roofs (additional) . . .. 20

* In some localities, the ventilation rate is prescribed by Regulations, e.g. in London_ n
fresh air must be supplied at.the rate of 1,000 c'\):. ft. per hoﬂrper head oﬂhgmdienoo.
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For buildings not unduly exposed, 10 per cent. should be added to
the transmission losses for N. and N.E. aspects.

Allowance for Intermittent Heating

In the majority of cases heating is intermittent, i.e. boilers are
banked at nights and at other times when the building is unoccupied.
The temperature in the building falls in consequence, and in order to
restore it to the required level within a comparatively short period of
preheating it is necessary to make an addition to the heat requirements
as estimated for the particular case.

Appropriate allowances for buildings of normal construction, heated
by means of low-pressure hot water, are shown in Table 6.

TasrLe 6.—ALLOWANCES FOR INTERMITTENT HEATING

' Days Occupied per Week
Preheating Period e
Hours 7 5}
3 15 per cent. 25 per cent.
6 10 ,, ,, 15

1

Heat requirements calculated in this way are somewhat liberal, but
a heating installation which is inadequate for its duty is a continual
source of discomfort and complaint, and every care must be taken
when designing a system to ensure that the amount of heating surface
provided is sufficient. A generous provision of heating surface enables
the required conditions to be met with comparatively moderate tempera-
tures of the circulating water : this results in more efficient operation
of the boiler.

Boiler Capacity

The boiler should provide the required B.T.U. output, including all .
the allowances as explained above. This loading is based upon an
external temperature of 30°F., and to provide a margin for occasions
when lower temperatures are experienced, and also to prevent the boiler
being unduly ‘‘ forced,”” with a consequent risk of damage, an addition,
usually of 25 per cent., is made to the calculated requirements. A boiler
to give this output is selected from the ratings given in makers’ catalogues.

Example of Calculation

As an example of the calculation of heat requirements, consider the
case of a two-storey block 100 ft. long and 30 ft. wide. The ground
floor is a workshop, 15 ft. high, and the upper floor is used as offices,
10 ft. high. The main frontages face S. and N. A temperature of



24 HEATING AND VENTILATING

60° F. is required in the workshop and 65° F. in the offices.
is on the outskirts of a town, in an exposed position.

Constructional details are as follows :

Walls : 11 in. cavity brick.

Ground floor : 6 in. concrete direct on earth.
First floor : 6 in. concrete, with wood blocks.
Roof (flat) : 6 in. concrete, asphalted and plastered.
Windows, each 5 ft. x 4 ft., per floor : 10 in each long wall; 3 in

each end wall.

The building

Doors (in each end wall of ground floor only): 1} in. wood, 2 each

8 ft. x 6 ft.

Air changes : Allow 2 in workshop and 1} in offices.

Caleulations for (fround Floor—

1,500 sq. ft,

200
1,300
450

60 sq. ft.

H6

"

156

204
3,000

(3]

”

*

45,000 cu. ft.

B.T.U. per hour

per 1° F. difference

390
200

North wall, as south wall, plus 15°;

Area of each long wall -- 100 - 15
v . Windows = 10 - 5 4 =
.. 4« . brickwork =
Area of each end wall -= 30 . 15 :
v+ windows — 3. 5 4
+s + doors 2 8 6
.. brickwork -
Area of floor -= 100 - 30 =z
('ubic contents = 100 - 30 - 15 =
Heat Requirements for (iround Floor——
Area U
South Wall—
Brickwork .. .. .. L300 0-3
Glass .. v .. .. 200 1-0
End Wall—
Brickwork .. .. .. 294 0-3 .
Glass .. .. .. .. 60 1-0 .
Doors 96 .. 04 .
FEast wall, add 15%,
West wall, add 109,
Floor .. .. .. .. 3,000 .. 02 ..
Air Change .. .. .. 45000 ¥ 2 x 02 ..

.

88
60
38

186

.e

.o

Total for ground floor
Additional allowance for height = 3%, ..

Total

.o

.

-+- Heat ruquired == 4,210 x (60 — 30) = 126,300 B.T.U. per hour.

.

Total

590
880



THE HEAT REQUIREMENTS OF BUILDINGS 25

Culculations for First Flovr-—

Area of cach long wall == 100 x 10 =z 1,000 sq. ft.
v s windows == 200

L]

. v s brickwork o= 800 ,,
. s 6achend wall = 30 < 10 = 300 sq. ft.
v+ windows = 60 ,,
. 4+ . brickwork == 240 .
»s  floor (and roof) = 3,000 ,,
Cubic contents 2 100 30 £ 10 == 30,000 cu. ft.
Heat Requirements of First Floor—
Area % U = BT.U. per hour Total
per 1° F. difference
South Wall- -
Brickwork .. .. .. 800 .. 03 .. 240
Glass . . .. .. Lo 200 ., 10 .. 200
— 440
North wall as south wall, plus 157, .. 510
End Wall—
Brickwork .. .. Lo 2400 L 0-3 .. 72
Glass .. .. .. .. 60 .. 10 .. 60
132
East wall, add 15°,, .. .. .. 152
West wall, add 107, .. .. .. 145
Roof .. .. .. .. 3000 .. 052 .. .. 1,560
Additional allowance for flat roof = 207, .. 312
Air change .. .. . 30,000 ~ 1§ A -02 .. .. .. 900
Total for first floor .. 4,019

.*. Heat required = 4,019 . (65 — 30) == 140,000 B.T.U. per hour,
Total Heat Requirements—

Ground floor .. . .o 126,300 B.T.U. per hour
Firnt floor .. .. .o 140,000

i3]

Grand total .. 266,300

Notes : (i) In a building of this type, a 3-hour preheating period would probably
be arranged, i.e. the hoiler would be banked overnight and opened up 3 hours before the
time of arrival of the staff. The heat requirementa as found above should be increased
by 25 per cent., making a total of about 335,600 B.T.U. per hour.

(ii) Jn this case, the upper storey is at a higher temperature than the lower storey,
and, for the 5° F. difference, the heat leakage would be 3,000 < 0-30 - 5, or 4,500 B.T.U.
per hour. Theoretically, the heat requirements of the upper storey should be increased,
and those of the lower storey inc by this amount when estimating the actual heating
surface to be installed in cither portion. In practice, however, this might be neglected,
particularly as the underside of the ceiling would be at a somewhat higher temperature than
60° F., owing to the tendency of hot air to rise. There would thus be very little transfer
of heat downwards through the floor slab.,

(iii) Allowing & margin of 25 per cent. on the boiler capacity, this should be rated at
not less than 420,000 B.T.U. per hour.



Chapter IV

BOILERS, BOILER HOUSES AND BOILER
INSTALLATION

HE most common type of boiler used for central heating by low-
) Tpressure hot water is the cast-iron or mild-steel sectional boiler, and
there are many reasons for the engineer’s choice of this type.

The variety of patterns and sizes available enables a suitable boiler
of the correct rating to be selected for installations having heating loads
of from 20,000 B.T.U. per hour and upwards by every few thousands
to over 1,500,000 B.T.U. The boilers are cheap and eflicient and their
lifetime frequently exceeds 15 years. Repairs are easily effected by the
replacement of the faulty section or sections ; by the addition of sections
the installation can be extended without having to replace the entire
boiler. There is the additional advantage that where the only approach
to the boiler-room is by means of a narrow passage or winding staircase,
installation can be effected without cutting the building about—a very
real and practical point in their favour. i

The sections are tested by most manufacturers to a hydraulic pressure
of 100 1b. per sq. in., so that the boilers are suitable for systems working
under static heads up to 120 ft. Except for the very small patterns
the boiler sections are assembled on site, and for their assembly push
nipples are used, usually three for each section. In some types the
sections are pulled close together so that there is a metal-to-metal contact,
in others a space of about } in. is left between them which is afterwards
filled in by asbestos rope or hoiler putty. Water-cooled firebars are a
feature in the patterns of some manufacturers, while others continue to
use the ordinary loose cast-iron firebar. Nearly all patterns can be
fitted with insulated steel jackets, which are an improvement on unpro-
tected plastic non-conducting composition in that there is less possibility
of damage to the boiler insulation.

The heating surface of a boiler may be classified under two headings,
Primary and Secondary. The primary surface is that which receives
the heat direct from the fire and the secondary surface is that which
receives the heat from the gases on their way from the firebox to the
chimney. In the cast-iron heating boiler approximately 50 per cent. of
the surface is primary, and the remaining 50 per cent. is the secondary
surface in the boiler flues. The proportion of secondary surface is
cslculated to improve the efficiency of the boiler by reducing the tem-
perature of the gases, which should leave the boiler at temperatures
generally in the neighbourhood of 500° F. at full duty, although this figure
is often lower at normal rates of operation. If much lower temperatures

26
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were obtained the draught
would be impaired and
troubles might be experi-
enced from condensation.

The efficiency of this
type of boiler under labora-
tory test conditions is
often as high as 75 per
cent., but a percentage of
60 may be considered good
for average hand-firing
conditions.

Boiler Ratings

The B.T.U. output of
any hoiler is obviously de-
pendent upon the amount
of fuel burnt per hour, the
calorific value of the fuel,
and the capacity of the
boiler to absorb the heat
generate(l by the combus-  Fi9. 1.—CAST-IRON BOILER BUILT UP IN SECTIONS
tion of the fuel. Asall these
factors are variable an agreed standard rating is desirable for the guid-
ance of the engineer in his selection of a boiler. The makers’ lists,
therefore, give the heating capacity of cast-iron boilers based on a rated
transmission of 4,400 B.T.U. per hour per sq. ft. of heating surface in
the boiler. This figure is used as representative of the average rate of
transmission under normal working conditions and for a fuel charge once
in 6 hours.

It is good practice to add at least 25 per cent. to the net requirements
of a heating system in a small installation and not less than 10 per cent.
in the case of larger boilers when calculating the boiler power ; this will
make certain that the boiler is of ample capacity for the installation even
under the most severe winter conditions. It is important to say that
these percentages are added after all losses from circulating pipes have
been included, as well as the head transmitted from radiators, etc.

Magazine Boilers
The initial cost of an automatic stoker plus the cost of a boiler for
automatic firing equipment has resulted in the development of the
magazine or gravity-feed boiler, but the stoker-fired boiler has certain
definite advantages which are discussed on p. 37.
In this type of boiler, the fuel, which may be either coke or anthracite,
is placed in the boiler in sufficient quantities for a continuous firing
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- period of perhaps 10

or 12 and sometimes
24 hours, and feeds
automatically on to
the grate according
to the rate of com-
bustion.

The draught is
sometimes main-
tained by a motor-
driven fan, which, as
it can be controlled
by electrically opera-
ted thermostats,
regulates the volume
of air. The quantity
of air delivered to the
grate obviously
affects the combus-
tion of the fuel, and
the heat output is
therefore regulated
by varying the air-
supply.

Fig. 2.~ TYPICAL EXAMPLE OF MAGAZINE OR GRAVITY In bonemdeSigImd

e A N e soxetm ' for natural draught,

a thermostatically
controlled damper is actuated to control the volume of air. In the
various designs now available, there are individual features which
the makers claim are distinctive and improvements upon the
designs of boilers of rival manufacture. The underlying principles
common to all, however, are automatically controlled combustion and
fuel storage by which hand firing is eliminated, and the boiler attendant’s
services are required only intermittently.

Test results show very high percentages of efficiency ; 75 to 90 per
cent. is said to be realised. The claims made that running costs are
exceptionally low, in both fuel and labour, may, therefore, be considered
justifiable.

Where possible, the fuel store is situated immediately "above the
boiler chamber, and chutes are arranged to discharge directly into the
fuel space in the boiler.

Boiler Fittings
The usual mountings for any well-designed hot-water boiler installa-
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tion should comprise a safety valve, thermometer, altitude gauge, damper
regulator and emptying cock.

Safety Valre.—The safety valve should be of ample area at the valve
seat, and loaded to approximately 10 lb. pressure excess of the actual
working head, but not exceeding the boiler test pressure. It should be
attached directly to the boiler without any intervening fitting such as™a
valve.

Thermometer—The thermometer should be graduated from 60°F.
to 240° F. and should have the bulb encased in a metal pocket to with-
stand the pressure. (‘are should be taken that, when fitted, the pocket
is immersed in the water and that it is filled with mercury. It is usual
to fix the thermometer at the front of the boiler where it can be easily
read. but a more correct reading of the actual flow temperature is obtained
by fixing it close to the flow-pipe branch or in the flow pipe itself.

Thermometers are essential to all hot-water heating systems, and
not only enable the temperature of the water to be determined
accurately, but also indicate whether the hoiler has been overfired.
When boilers are coupled, it is desirable to have a thermometer fitted
in the flow header and aneother in the return manifold, besides one on
cach boiler. In this way the operator is able to keep a record of the
working of all the boilers and so ensure that each is working to its
maximum efficiency.

Thermometers sometimes get broken. It is quite simple to fix
another whilst the boilers are working. provided that mercury wells are
fitted to receive the stem of the thermometer. A mercury well consists
of an iron cup, threaded and screwed into the boiler or manifold. It is
screwed 1-in. iron pipe thread and makes a water-tight joint. A little
mercury is emptied into the well and the stem of the thermometer, which
is serewed } in., is threaded into the mercury well. Thus, if at any time
a thermometer gets broken. it can be replaced without emptying down.
Some boiler makers only tap their boilers } in. for thermometers and
the tapping 1 in. for mercury-well thermometers must be specially
ordered.

Altitude Gauge.-~An altitude gauge is an indicator of the pressure or
head of water at the boiler and is constructed in the same way as the
ordinary steam-pressure gauge. The dial should be graduated in feet-
head of Water to approximately twice the working head, and fitted with
a red pointer. As with safety valves, altitude gauges should be fixed so
that direct contact is made with the water in the boilers. The red pointer
is adjusted to the normal pressure and acts as an indicator of the correct
working head.

If the water-level falls or excessive pressures are set up, the position
of the black pointer either to the left or right of the red pointer gives
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warning to the attendant that investigation is necessary to locate the
cause of these vagaries.

Automatic Damper Regulator—The automatic damper regulator is a
useful fitting to include in the list of boiler mountings, as by it the air
supply to the grate is controlled and the rate of combustion regulated.
The regulator is screwed into a tapping at the top of the front boiler
section and is fitted with a movable lever. A chain attached to the lever
is hooked to a hinged draught-door fitted to the boiler ashpit door. As
the temperature of the boiler increases or decreases the lever arm drops
or rises and actuates the draught-door, so that the air supply is regulated
accordingly.

Various Types of Sectional Boilers

Most sectional boilers have the sections joined together by means
of ‘“ ground-in " taper nipples ; some, however, are connected with flanged
headers fixed on the outside of the boiler itself. Fig. 3 illustrates a cast-
iron sectional boiler fitted with taper nipples. The sections are held
together with bolts and nuts ; there are four bolts to each section, viz.,
two at the top and one on each side at the bhottom.

Fig. 4 shows a cast-iron sectional boiler also with taper nipples, but
instead of having four bolts to each section only four bolts are used for
the whole number of sections, being long enough to pass through the
whole length of the boiler.

Fig. 5 is of a mild-steel sectional boiler and the sections are connected
together on the outside by means of flanged flow and return headers.

Another type of magazine boiler is shown in Fig. 6; this being of
cast-iron and secticnal has
the same advantages as the
other sectional hoilers des-
cribed. The fire-bars are
water cooled and the illus-
tration is self-explanatory.
The boilers are made with
the fuel space either on
the right-hand side or on
the left.

Coupling Magazine Boilers
Together

When it is desired to
have two boilers coupled
together as previously des-
cribed, these are very
Fig. 3.—Cast-imoN srcrionat uratine nonrn  &daptable, and the illustra-
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BRUNTTITIT e

Fig. 4.-- CAST-IRON SECTIONAL BOILER IN THE COURSE OF ERECTION AND COMPLETED
READY FOR COUPLING-UP. THE SECTIONS ARE HELD TOGETHER BY FOUR LONG BOLTS
WHICH PASS THROUGH THE WHOLE LENGTH OF THE BOILER

(Hartley & Sugden, Ltd.)

tion, Fig. 7. shows two boilers fitted close together with the magazine
in the centre.

ERECTION OF SECTIONAL BOILERS
Setting Out the Foundation

The detail drawing of the boiler-room will show whether the boiler is
to stand at the floor level or on a raised base of brickwork or concrete.
This foundation or base must be prepared and set thoroughly before the
boiler is placed upon it. It is cssential that it should be level.

The building of the base is carried out by a bricklayer, but the heating
engineer must set it out on a drawing, or on the floor if one exists, as it is
essential that it should be in the correct position.

When only one boiler is to be installed it may not matter if the base
is a little out of centre, but where several boilers are to be used in the
form of a battery then the position is of great importance. It must be
realised that the boiler headers, coupling pipes, etc., are probably being

made to suit the detail drawing, and all dimensions must be strictly
adhered to.
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Fiy. 5 —ANOTHER TYFPE OF SECTIONAL STEEL BOILER IN WHICH THE
SECTIONS ARE HELD TOGETHER BY MEANS OF FLANGED FLOW
AND RETURN HEADERS

Marking Out Position of Boiler Stand
After having made sure that the brickwork base is set hard enough

the exact position of the outside of the boiler stand should be marked on
it in chalk. This will save time in having to make sundry measurements
to ascertain if the stand is still in the correct position.

Placing First Section in Position
Assuming that the boiler is to be erected from the back (see instruc-

tions sent with boiler), place the back section in position and held up
or strutted so that it will not fall. Clean out the port holes in the section
with an oily rag or cotton waste, also clean a set of nipples likewise.
Smear the nipples and the port holes with thin red-lead paint and place
one nipple in each hole and tap it into position by placing a piece
of wood on the nipple and striking with a hammer gently.



BOILER HOUSES AND INSTALLATIONS

Fig. 6.— SE(TION OF
MAGAZINE BOILER
(Ideal Boilers and Radia-
tors, Ltd.)

Joining on other Sections

Fiy. 6a.— EXTERIOR OF
MAGAZINE BOILER
(Ideal Boilers and Kadia-
tors, Ltd.)

Take the next section, clean out the port holes and place it in
position next to the back section and on to the nipples already in place.
Gently tap the section on with a piece of wood and bolt up. The
sections, when all are bolted together, will have a space between them ;
they are not intended to touch and should not be bolted up too tight.

A set of nipples should now be placed in position in the last section
now on the stand as previously described, and another section fitted.
Follow on until all the sections are in position and bolted up.

The measurements are then
checked to make sure that the
boiler is in its correct position.
If it has shifted at all ‘it must
be levered into position care-
fully.

The smoke-box should next
be fitted together with the
damper and rod.

Fitting Doors, Fire-bars, Etc.
All other parts should now
be fitted, such as the doors,
fire-bars, if any (some boilers
have fire-bars water cooled
cast on to the sections). See
that all doors work easily and

Fig. 7.—SECTIONAL VIEW OF TWO MAGAZINE
BOILERS COUPLED TOGKTHER

(Ideal Boilers and Radiators, Lid.)

Note the magazine in the centre.

33
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close properly. Place
the emptying cock in
position.

Cover up the flow
and return connec-
tions to keep dirt from
getting into the water-
ways of the boiler.

When boilers are
supplied with *‘insu-
lating jackets ” these
should not be fitted
until the boiler has
been tested.

A pressure-testing
pump will be required
for the purpose which
can be connected on
to the emptying cock
on front of the boiler.
All other openings will require blanking or plugging off and sufficient
blank flanges and plugs must be at hand.

After plugging off the return connections, the boiler can be filled with
water by means of a hose through one of the flow connections. It is as
well to leave sufficient openings on top of the boiler for the escape of air.

When the boiler is filled, the remainder of the openings must be
sealed off before the pump test is applied. A pressure gauge is screwed
into a tapping on top of the boiler ; this gauge is in addition to the one
on the pump.

When all is sealed off, pumping can be started and the emptying cock
opened. Very little water pumped in will cause the gauge to start to
register. When it registers about 30 lb. pressure pumping should be
stopped and the boiler examined to ascertain if it is sound at that
pressure. If all is in order and no sign of leakage the pumping should be
proceeded with until the test pressure is reached—this may be 50 lb. or
more according to the height of the building ; or it may have to be tested
to 100 lb. as is usually done at the hoiler-makers’ works ; however, the
boiler inspector generally determines the pressure for the test.

After a predetermined time for the test has elapsed and the gauge has
not altered, the boiler has proved its soundness and should be emptied
out.

The work of connecting up to the mains, headers, etc., can then be
proceeded with, not forgetting the insulating jacket, etc., if one is provided
with the boiler.

RETURNS
BLANNKED OFF

. ) TESTING PUMP

Fig. 8.—BOILER UNDER TEST
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Testing Battery of Boilers—A Useful Hint

Where a battery of boilers is being installed they can all be erected
and prepared ready for the test. While one is under pressure the emptying
cock can be closed, the pump removed and attached to the next one and
50 on until all the boilers have been tested separately. By doing it this
way there is a great saving of time, and although more blanks and plugs
are required it enables the boiler inspector to see all the boilers tested
at one visit.

COUPLED BOILERS

When one boiler is not large enough to do the work required extra
power is obtained by joining two or more together. These can be either
spaced apart, as Fig. 9, orif space is limited, they can be close together,
as Fig. 10.

When bhoilers are coupled together, they should be valved so that
either boiler can be worked separately or together, and in the event of a
breakdown. any boiler can be isolated.

Flow and Return Connections

In coupling boilers together, the flow pipes off the tops of the boilers
are generally brought into a * header ” or “‘ trunk,” fixed in a convenient
position towards the front of the boiler, and the flow mains serving the
various parts of the building are taken off the * header.”

The return connections of the boilers are invariably carried into a
“return header,” situated behind the boilers. The return mains from
the building are sometimes connected to the return header. On occasion -
it is found more convenient to continue the return header at one end and
form a *‘ manifold,” where all the returns are connected (Fig. 9).

Main Valves
The valves on the boilers and all mains in the boiler house should be
“ full-way ” pattern and preferably flanged ends, which facilitate con-

FLOW NHEADER
Fig. 9.—METHOD OF COUPLING BOILERS
Note where valves are placed on connections, Fig. 10.—COUPLED BOILERS,
Valves are also placed on the four flow outlets and FITTED CLOSE TOGETHER IF

four returns on manifold. SPACE IS LIMITED
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nection and disconnection at any time by merely undoing a few bolts
and nuts.

Valves which have a locking device to prevent misuse are to be
preferred, or some other means adopted to ensure that no unauthorised
person will tamper with them. A chain and padlock is sometimes found
sufficient for this purpose ; the chain is passed through the wheels of the
valves and padlocked up so that they cannot be turned.

Safety Valves

" Every boiler should be fitted with a safety valve, which should be
suitably weighted for its particular job, the makers should be notified of
its particular duty, such as the size of boiler it has to be fitted to, and
the height of the level of water in the feed tank. It will then be sent,
suitably balanced. to ensure of its functioning when called upon.

Safety Pipes for Boilers

When boilers are coupled together, or when boilers have valves on
the flow and return connections, it is desirable to have a *‘ safety pipe ”
in addition to the safety valve. This consists of a separate pipe, taken
direct off the top of the boiler and carried up in as direct a line as
possible, to above the level of the water in the feed tank. This safety
pipe is generally 1} in. or 1} in., according to the power of the boiler.
The object of this pipe is that if in the event of forgetfulness the valves
of a boiler were left closed, say, after repairs or overhauls had taken
place, it would come into operation and relieve the safety valve
somewhat.

Coupled Safety Pipes

When it is not desired to run a separate safety pipe up off each boiler,
all the separate ones off each boiler can be connected into a main pipe ;
each branch from the boilers, however, would have to be fitted with a
non-return valve, which only lets water pass one way and would be fitted
so that it opened to allow the water to pass from the boiler, and close
so that no water can enter the boiler through it.

Importance of Regularly Testing and Operating Main Valves

When main valves on the boilers and those controlling the main
circuits are not used for long periods they are liable to get pitted on
their faces, also furred up so that they cannot be moved. Sludge also
gets in the workings and prevents the valve closing. When a job has
been well valved, and after it has had several years running, it is not at
all uncommon to find that when one wants to make an inspection or repair
the valves will not hold the water up, ahd the whole system has to be
emptied down to attend to the faulty valves first.
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This can be obviated by having all the valves operated a few times
at stated periods, say every two or three months. This will help to keep
the faces clean and ensure the valves being able to hold up when required.

Boiler-emptying Cocks

Plug cocks or gland cocks are fitted to all boilers and are only intended
for use when the boilers (or any single boiler) need emptying out. ' If
preferred, all the emptying pipes can be connected into one common pipe
and run out to the nearest gully or drain, or the cocks can be fitted with
a hose union and a length of hose attached, and run to drain.

Automatic Stokers.

Where automatic firing by solid rather than liquid fuel is to be
provided, there is a number of automatic stoking machines now available.
The most common type is the under-feed pattern, which conveys the coal
from a hopper or container to a retort fixed below the fire inside the
boiler. The conveyor is a large screw or worm, driven from a motor
which also drives a fan for the air supply. The various components are
assembled to form one unit, which is placed at the front or side of the
boiler. The side is the better position, as it gives an unobstructed access
to the firepot for the removal of clinker.

The hopper is of stout sheet steel, and should have a capacity equal to
approximately twelve hours’ fuel consumption. The worm conveyor
passes through the hopper at the bottom and terminates at the retort.
The coal is carried in a stream by the conveyor to the bottom of the

BONER
e L HOPPER
CUNKER TRAY
FURNACE
TUYERES . AGITATOR MOTOR
CLEAN-OUT GEAR BOX
AR PORTS RIS DAMPER
o
INCANDESCENT LAYER RETORT CONVEYOR
PLENUM CHAMBER

Fig. 11.—LAYOUT FOR AOTOMATIO STOKER FIRING OF SECTIONAL BOILER
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Fig. 12.—CENTRAL HEATING BOILERS, AUTOMATICALLY STOKED, AT THE PooR Law
INsTITUTION, TAMWORTH

retort, where it is pushed upward. The fire is therefore fed from beneath
the incandescent top layer, and the fresh fuel is gradually heated in its
approach to the fire. An air supply is maintained through ports in the
upper part of the retort, and this, mixing with the gases from the heated
coal, forms a combustible mixture which is ignited on passing through the
incandescent coals. The complete combustion thus obtained eliminates
smoke and increases the efficiency of the plant.

Bituminous or anthracite coals can be burnt satisfactorily, and the
only attention necessary is to fill the hopper and remove the accumulation
of clinker once or twice daily.

Thermostatic and/or pressure controls and relay switches are provided
to permit of automatic operation.

In addition, a time switch is usually fitted. This automatically
starts the machine running for a few minutes at set intervals. By such
means the fire is kept alight when the stoker has been cut out for long
periods by the room thermostat. It is also used to operate the stoker
intermiftently during the night or week-ends.
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Gravity Fed or Magazine A
Boilers : Fuel Storage
The gravity-fed or
magazine type of boiler
is being used where a FUEL STORE
fuel store can be placed s NS
above the bhoiler; a LA
magazine is fitted to ;
the boiler which can be
made to hold fuel to last y(%%rwe
for 24 hours if needed. SLIDING DOOR
The firing is auto- ——of/cioeeo

¥
matically controlled. E !
! I
There are several TOP PART OF
types of magazine MAGAZINE OF BOILER

boilers obtainable, some
of steel and some also
made of cast-iron.

This is placed imme-
diately over the boiler
and the fuel runs down
a chute into the maga-

ILLOTINE OPENED
& FUEL RUNNING DOWN
SHUTE INTO MAGAZINE

zine. The chute is fitted 717\3,,

with a guillotine shut- i' B FLIOING DOOR
ter, and when the boiler 1 ! FORWARD
needs more” fuel the ' ?@%ﬁﬁg

sliding door on the top —

of the boiler is opened,

the guillotrine shutter is Fig 13. - FUEL STORE FOR GRAVITY-FED BOILER

pulled aside and the
fuel runs out of the chute into the magazine of the boiler.

When sufficient fuel is obtained the guillotine is closed and the sliding
door on top of the boiler closed also until the next charging time.

THE BOILER HOUSE

The boiler house is generally placed at a lower level than the radiators,
such as in a basement or cellar. At times it is possible to situate it
centrally within the building so as to shorten the length of the mains as
much as possible. Failing this the boiler can, of course, be placed at
ground level, and at the end of the building. The position of the boiler
governs, to a large extent, the system to be adopted, whether a drop
system, up-fed system, accelerated, or a forced circulating system.

There are many factors that have to be taken into account in choosing
the site for the boilers.
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HEATING - STORAGE Chimneys
BOILER\ I CYLINDER The importance of a
\ properly constructed
z ' chimney of adequate
asp height and area must
HoIST, not be underrated if
HOT WATER ﬁ_J satisfactory results are
SUPPLY BOILER I to be obtained from the
= | ®® boiler. The chimney
FUEL serves two purposes : one,
to carry off the products
= of combustion; two, to
O swre create sufficient pulling
PAVEMENT power for the air to be

. drawn through the fire
Fig. 14.—PLAN OF BOILER HOUSE IN MEDIUM- il .
SIZED HOUSE and flues of the boiler in

Plenty of room is allowed for stoking and sweeping  order to maintain efficient
chimney. Note provisions for handling fuel and ash. :
The window gives the necessary light and air. combustion of the fuel.

A circular cross-section
is the most efficient, and if a square or rectangular flue is used, approxi-
mately 80 per cent. should be taken of the total area and regarded as
effective. The ratio between the length and breadth of a rectangular
flue should not be greater than 3 to 2.

The height and position of the chimney must be carefully considered,
and if down-draughts are to be avoided the top should extend above the
ridge level of the roof. Surrounding high buildings or trees may often be
the unsuspected causes of down-draughts (Fig. 15).

It is very important that all joints in the brickwork are airtight and
that this is understood by the builder employed to build in the iron smoke
pipe from the boiler. Care should also be taken to see that the end of the
smoke pipe does not project into the chimney and thereby restrict the
area. Cleaning doors should always be kept tightly closed.

The use of an existing chimney is naturally the aim of the client who

e o -
‘:?//m\ T
// A\ > \ ) ’ \\

/i
| l

Fig. 15.—SHOWING HOW SURROUNDING HIGH BUILDINGS MAY BE THE
UNSUSPECTED CAUSES OF DOWN-DRAUGHTS



BOILER HOUSES AND INSTALLATIONS 41

wishes central heating to be in-

| ——— R ————— &

stalled with the least possible 1 J

put:lay, but the engineer should soner @

ingist on an examination of any i ) PANTRY
stack that it is proposed to use 1

and should be quite certain that |f I

it will be satisfactory before FUEL

definitely deciding to use it. If AR DUCT, =
it is unsatisfactory, re-lining

with fireclay may suffice, but the :,:IJK@_

alternative of re-building has, at ; |

times, to be faced. If the chim- !

ney originally served a fireplace Iy

the entry from this should be Fig. 16 —BOILER HOUSE AT A COUNTRY HOUSE
sealed off. :

. A The house is at ground level, allowing fuel
In arriving at the size and and ashes to be handled by wheelbarrow,

height of the ('himnev the Existing chimney flue is utilsed and an air
J

. duct provides the nccessary entrance of air
accompanying table may be from outade.

usefully employed, but allow-

ances must be made if there are any possibilities of undue resistance
being offered to the passage of the gases.

. -

TasLE 1.-—APPROXIMATE CHIMNEY CAPACITIES

Nize of Area Height of Chimney in Feet
Flue in n
In, Sq.In, - o e e e e C—————
25 | 30 \ 0 ‘ 50 | 60 l 70 l 80
Thousands of B.T.U.
- 30 10 43 50 37 56 70 5
- - 50 85 100 115 130 144 152 158
9 -~ 9 81 170 200 230 252 266 280 2905
4 -~ 9 126 260 290 330 375 400 430 460
14 - 14 196 — - 580 850 720 800 860
18 < 14 252 - - 800 860 940 1,000 1,080
18 v 18 324 e - - 1,080 1,150 1,240 1,330 ' 1,440
24 v 18 432 - - 1,500 1,600 1.670 1,750

. 1,800

The effect of the accumulation of soot must also be taken into account,
particularly where small flues are used, as the effective area will be
reduced considerably by such an accumulation after a comparatively
short period of working.

The area of a cast-iron or steel chimney should be approximately 10
per cent. greater than a brick chimney for the same duty, because of the
greater cooling effect of the metal as compared with brick.
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Air Supply to Boiler House

A proper air supply to the boiler house is necessary to support com-
bustion. Unless sufficient air enters the compartment the fires will not
burn brightly, or when banked up for the night they will probably die
out, or the whole place may become full of fumes and may have the same
effect as if the chimney needed cleaning. When the boiler house is
situated outside, or has an opening on the external wall, plenty of air is
generally available, but should it be sitvated in a basement, then it may
be necessary to run a special air duct to it, bringing fresh air from the
outside.

Ventilation of the Boiler House

It is unpleasant to have to attend to boilers where the only means of
getting rid of the fumes, etc., whilst clinkering, is through the boiler itself.
Some of the fumes are sure to escape into the room and settle in the upper
part. Should the boiler house be an internal one, the fumes will most
likely get into the rooms of the house and be objectionable ; when the
chimney has a very good draught it is sometimes possible to fix a
ventilator into it at a high level to get rid of the escaping fumes, or a
separate shaft or duct could be arranged instead.

Facilities for Removal of Ashes and Clinkers

Ashes and clinkers have to be removed periodically, and if they cannot
be dealt with easily, they are liable to accumulate due to neglect. 1t is
easier to wheel the ashes away than to carry them, and for this reason
an ash hoist is necessary, when one can be installed, or probably a sloping
runway, where the stoker can wheel a barrow up, could be arranged.

Boiler House in Basement of Medium-sized House

Fig. 14 shows a boiler house in the basement of a medium-sized house.
The fuel is deposited through a chute which is at ground level, and access
to the boiler room is by the steps from the yard.

The heating boiler has a space in front the same distance as the length
of the boiler which allows ample room for stoking. Both boilers are
linear in front.

Plenty of room is allowed at the back for access to the sweeping door
in the chimney. The window gives light and air to the compartment,
and an ash hoist is provided to the yard level.

Boiler House at a Country House

Fig. 18 is of a boiler house at a country house. Tt is wholly internal
and at ground level.

Handling Fuel and Ashes.—Fuel has to be brought in and the ashes
removed by means of a wheelbarrow, which can pass along the passage
to a yard outside.
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The Boiler Flue.—The existing fireplace in the pantry was taken
out and bricked up and the chimney utilised to take the boiler flue. Air
is brought in from outside by means of a duct which is at a low level and
supports combustion.

Ventilation.—There is also a ventilator in the chimney for taking away
the fumes, all as previously mentioned.

Useful Method of Ventilation [x/r FOR FUMES
when New Chimney is Built L AT TOP OF CHIMNEY
Another way of ventilating \\\\‘\\\\;\\\\

the boiler house when a new

chimney is being built is to Z

utilise the air space between the AR

chimney and the outer casing of  sPAcE—]

brickwork. 1t is usual to have

2 in. or more air space and an \\\\\\\\\\'\\

opening at ceiling level into this X orenine AT HicH

in the boiler house to take the LEVEL IN BOILER HOUSE

fumes, and a grating at the top

of the stack for exit will be Fig. 17. -METHOD OF PROVIDING FOR VENTILA-

- - . . TION OF BOILER HOUSE WHEN NEW CHIMNEY
found effective. (See Fig. 17.) I8 BEING BUILT
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Boilers for Hand-firing

When boilers are arranged for hand-firing, sufficient space must be
provided at the front so that the stoker can manipulate the firing tools,
i.e. length of the boiler, plus 2 ft. 6 in. minimum. With oil-firing, however,
much less space is needed, and quite a large boiler, oil-fired, need only
have reasonable walking space in front of it.

Facilities for Handling Fuel

Another point to be studied when choosing the site for a boiler house
is the facilities for handling the fuel.

If the fuel can be dumped off the lorry into the bunkers without any
carrying, so much the better. This, of course, only applies to solid fuel,
such as coal or coke, but they are the two most commonly used fuels for
central-heating boilers and, as may be inferred, are probably the most
satisfactory. DPeat, wood, bituminous coal, and manufactured fuels are
sometimes used, but their characteristics tend to rule them out for common
use. Coke is always to be preferred.

PEAT varies greatly in its heating value and is used only when no
other fuel is available.

Woob has a very low heating value when compared with coal and is
not often used except in such cases where wood dust or chippings are a
waste product of some manufacturing process.

BirumiNous CoAL is more suitable for use in boilers designed to give
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smokeless combustion and where the constant services of a boiler attendant
are available, such as in steam-raising plants. It can also be used satis-
factorily in the underfeed type of automatic stoker which is described
later in this section. Unless some such special provision has been made, its
use is likely to result in large volumes of smoke being given off during the
process of combustion with corresponding deposits of soot in the boiler
flues and chimney.

ANTHRACITE contains a comparatively small proportion of. volatile
matter, a high carbon content, and has therefore a high calorific value.
A good draught is necessary for its satisfactory combustion, which is
characterised by an intense heat and the almost entire absence of
smoke.

CoxkE is a fuel which also requires a good draught for its combustion.
It is smokeless when being burnt and its calorific value is practically the
same as the original coal from which it is obtained.

A mixture of anthracite and coke is often found to be a very satis-
factory fuel under certain conditions.

The size of the fuel should be graded according to the size of the
firebox. For small boilers the lumps should be from # in. to 1} in. and
for large boilers from 2 in. to 4 in.

The approximate calorific values and composition of different solid
fuels are given below.

TaBLE 2.—APPROXIMATE COMPOSITION OF VARIOUS SOLID FUELS

Approzimate Composition Per Cent.

e —— ! Total
Kind of Fuel ' Ashes and | B.T.U.
Carbon Total Sulphur i Incombustible per b,
| i Hydrogen i Matter i
_ ———— — -
ANTHRACITE, best .. 95 1-5 05 ! 30
. ordinary .. 90 3-0 15 55 ‘ ’}'f;"o%‘
. poor .. 85 ' 30 2:0 10-0 f ’
CoAr, best ... 8 ., 50 20 90 14,150
,» ordinary .. .. 80 50 .10 14-0 12,600
. poor .. P [ 6-0 [ ] 18-0 10,000
e — i .
CoKE, best .. .. 975 — ¢ 08 1-7 14,000
., ordinary .. .. 86 — i 1-5 13-8 . 12,500
.. poor .. .. 65 — | 1-5 335 9,000
: largely water| including water
PEAT, dried .. ..+ 60 60 l 0-3 337 9,000
— t
' sncluding water
Woopb, dried .. .. 50 6-0 —_— 440 7,800
' ; )
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Gas-firing ‘ '
In spite of the
obvious advantages
it possesses—flexibi-
lity, freedom from the
necessity of provid-
ing storage, ease of
controlling thermo-
statically, and high
thermal efficiency (83
per cent.)—price is
the governing factor
for the use of gas in
all but special cases. ] L
The cost per therm of |8 it " Emameaes
the ordinary town’s ;
gas supply compares
unfavourably  with
solid fuel. In certain
districts in the North
of England, however,
gas is quite largely
used because supplies

are available at an  pig. 18, Rosix HooD BOILER (ONVERTED T) GAS-FIRING.
especially cheap rate. FITTED WITH AUTOMATIC AIR LOUVRE CONTROL AND THERMO-

Fig. 18 shows a STATIC GAS CONTROL

gas fired boiler. The controlling mechanism and the combustion cham-
ber are easily fitted and are compact and neat. The burner functions effi-
ciently and requires little attention. Such a burner can be readily installed
in the ordinary type of sectional boiler with little or no alteration. In
central heating systems thermostatic control can be readily applied ;
a diaphragm type of valve is fitted in the gas service to the burner
and operated by a thermocouple placed in the system at any
desired point. Automatic air control is provided to meet the
varying requirements of the thermostatically controlled gas supply and

consists of louvres

/- i on the front of the

’ - oo ane burner through

! SR{seisaTRigR e which t,.hc air for
SRR SRISR IS combustion passes.

Fig. 19 shows the

. %g £81 88 m*& combustion chamber

- B SRR and the mixing ports.

VW OF SAGMNT TEGM FURMACE 3¢

. The flames can be
either horizontal or
Fig. 19.—GAS COMBUSTION CHAMBER AND MIXING PORTS vertical.
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LIQUID FUEL FOR CENTRAL HEATING

The development in the use of liquid fuel for central heating purposes
started in this country immediately following the first World War, when
one or two pioneer British firms produced oil burners suitable for fitting
to central heating boilers, including boilers of the cast-iron sectional type.

Most of these earlier plants were either arranged for hand control
or were of the semi-automatic type, where the plant is first started up
by hand but is thermostatically controlled whilst in operation. The
majority were installed in office buildings where space was at a premium,
as they gave the advantage of reducing the size of the boiler house, materi-
ally cutting down the space required for fuel storage and also the time
taken for delivering fuel in congested city streets, as liquid fuel can be
fed into the storage tanks through a pipe line very rapidly.

The success of these early installations led manufacturers to turn
their attention to the design and development of the fully automatic
oil burner, a type that was already gaining favour in the U.S.A., where
oil, being a national fuel, is extensively used for central heating, steam-
raising and other purposes. .

The Oil Burner

The fully automatic burner, as its name implies, is under the complete
control of a boiler or room thermostat, which starts and stops the plant
automatically according to the demand for heat, hot water or steam.
Most of these burners are arranged for electric ignition, although occasion-
ally gas ignition is used.

A fully automatic oil burner comprises a fractional horse power
electric motor driving a small fan for supplying the air for combustion,
a small rotary pump for drawing the oil direct from the storage tank
and delivering it to the pressure jet nozzle of the burner, a control box
containing the timing relays for the control thermostat, room thermostat
and safety flue thermostat, and a small step-up transformer coupled by
means of high tension leads to the ignition electrodes which are situated
just in front of the pressure jet nozzle. Such a fully automatic burner
is capable of burning not only light distillates but medium heavy grades
of oil and is, therefore, fitted with a thermostatically controlled electric
immersion heater for heating the oil before it is delivered to the burner,
thus lowering its viscosity so that it flows easily. When light oil only is
used the electric heater is, of course, omitted.

The cycle of operations is as follows :—

When heat is required, the control thermostat makes contact through
the timing relays in the control box and the electric ignition to the burner
comes on automatically. After a lapse of a few seconds the main relay
in the control box makes contact, starting the motor, fan and pump.
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Fig. 21, --FULLY AUTOMATIC OIL-BURNING INSTALLATION

1. Automatic unit,
2. Oil supply pipe.
3. Storage tank.
4. Filling pipe.

5. Indicator gaugo on 10.

fuel astorage tank.

6. Vent pipe. 12. Boiler thermostat (tem-
7. Valve and strainer on tank outlet. erature regulator).
8. Tank drain cock in catchpit, 13. Fluestat (flame failure
9. Oil shut.off valve on unit, safety device).
Main switch, 14. Room thermostat (room
11. Control box on unit, - temperature regulator)
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Fig. 22.—~ OIL STORAGE AND FEED TO BURNER IN AN AUTOMATIC OIL-BURNING PLANT

The finely divided spray of oil mixed with the correct amount of air for
efficient combustion, then issues from the burner nozzle and is automatic-
ally ignited by the ignition electrodes.

The flame is projected into the boiler and continues to burn until
the desired temperature or steam pressure is reached, when the control
thermostat breaks contact and the plant shuts down automatically.
This cycle of operations will continue so long as there is oil in the storage
tank and the main switch in the boiler house is on.
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Fig. 23.- AUTOMATIC HEAVY OIL RURNERS FITTED TO TWO DAVEY PAXMAN STEEL SECTIONAL
BOILERS, EACH RATED AT 1,250,000 B T.U | HOUR AND ONE CRANE DOMESTIC SUPPLY
BOILER RATED AT 230,000 B.T U,

THERMOSTATIC CONTROL

If, for any reason, the plant fails to start when the thermostat makes
contact, then a safety flue thermostat will break the circuit to the machine
within a space of about 20 seconds. A red indicator lamp is provided
either in the control box or the circuit to the control box, showing that
the plant has been shut down by the action of the safety flue thermostat,
and on the rare occasions when this happens the plant has to be re-
started by hand.

Fully automatic burners of this type are generally used on small and
medium-sized installations, but on the very large central heating plants
semi-asutomatic burners are usually fitted, burners which are started
up by hand but once set are controlled by means of a thermostat which
automatically increases or reduces the size of the flame to meet varymg
demands for hot water or steam.
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Fig. 24.—LAYOUT OF AUTOMATIC OIL-BURNING EQUIPMENT FOR A HEATING BOILER
Designed to burn heavy fuel oil. Scale: }in. - 1ft

The modern semi-automatic equipment is arranged so that both
the air and oil supplies are reduced or increased in proportion, thus main-
taining a practically constant CO, content of the gases and, therefore,
a practically constant combustion efficiency, whether the boilers are
operating at peak load or under light load conditions.

In principle, the up-to-date oil-burning plant, whether of the fully
automatic or semi-automatic type, varies little from the original design,
but in detail tremendous strides have been made particularly with regard
to combustion efficiency, quietness in operation, reliability and low main-
tenance costs. To-day an oil burner, supplied by a reputable firm, is an
efficient, reliable and handsome piece of apparatus. The appearance
of the modern oil-fired boiler house, whose cleanliness and quietness are
outstanding features, is striking.

Wide Varieties of Fuel
Burner manufacturers can now supply oil-burning plant which will
handle a wide variety of fuel oils, starting with the small, fully automatic
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burner for installation in private houses, churches, cinemas, etc., designed
to burn Diesel oil or light distillate fuel oils up to but not exceeding 70
seconds viscosity Redwood No. 1 at 100° F. ; also the larger type of fully
automatic burner which will usually handle distillate or blended oils up
to but not exceeding 400 seconds viscosity ; the semi-automatic plants,
many of which are capable of burning heavier grades of oil; including
residual oils up to 2,000 seconds viscosity, and semi-automatic and hand-
controlled plants, which will not only deal with heavy grades of fuel oil
but also home-produced liquid fuels, namely, creosotes, creosot-pitch
mixture and, in a few cases, straight pitch.

Creosote-pitch mixture has recently come to the fore; a considerable
number of plants have been converted so that they will use this home-
produced fuel to replace imported petroleum oils. Creosote-pitch mixture
usually has a maximum viscosity measured on the Redwood No. 1 Vis-
cometer of :

5,000 seconds at 80 deg. Fahr.
1,500 , 100
100 ., W 200,
The temperature at which this*fuel is burned is usually between 180°
and 200° F., heating of the fuel being obtained by means of thermo-
statically controlled electric or steam heaters.

Advantages and Disadvantages

The advantages of liquid fuel for central heating include the saving
of space already referred to, both in the boiler house and fuel storage ;
the ease and rapidity with which the fuel is delivered into the storage
tanks ; the absence of grit, dust and smoke ; the accurate temperature
or steam pressure control which can be obtained automatically ; the
absence of fuel handling, bunker trimming and clinker removal with its
consequent reduction in labour charges. In fact, it is claimed by those
associated with the oil industry and the manufacturer of oil burners that
liquid fuel gives the advantages of gas or electricity at a fraction of their
cost.

The main disadvantage of the use of liquid fuel is the fact that in normal
times most of the fuel has to be imported, and as it is marketed by inter-
national companies its price is subject to fluctuation following the trend
of world markets.

Figs. 20 to 24 illustrate the subject and are self-explanatory.

Steam Boilers ‘

Boilers of sectional type are also made for steam service at moderate
pressures. Particulars can be obtained from the makers’ catalogues.
In general they are only used when steam is required for other purposes,
such as kitchen or laundry service, and they are thus often found in
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hotels, hospitals, etc. Hot water for heating or domestic supply can be
obtained through calorifiers.

For large installations, boilers of (A)nush Lancashire, Economic or
Vertical type are used. The steam is generated at higher pressures than
are permissible with sectional boilers, and is passed through reducing
valves before admission to heating systems. The detailed consideration
of large steam boilers is outside the scope of this book.

Steam boilers require constant attention, and are thus generally less
suitable for heating service, in moderate-sized installations, than sectional
hot-water boilers, which in many cases only require attention at intervals
of some hours.



Chapter V

GENERAL NOTES ON PIPEWORK

HE correct sizing of pipework is of the greatest importance in the
Tdesign of heating systems, and methods of arriving at appropriate

sizes for hot water or steam systems are explained in subsequent
Chapters.

It should, however, be noted that there are fairly wide commercial
tolerances in the sizes of pipes of the same nominal bore, so that mathe-
matically exact design is hardly possible. In practice, valves are
inserted into various branches of a pipework system in order to regulate
the flow in accordance with requirements.

For pipes carrying water, it is useful to remember the appropriate
formula : G = 242V
where G is quantity flowing, in gallons per minute,

d is bore of pipe in inches and
V is velocity of water in feet per second.
The maximum velocity of water in pipes is given by the formula :
v =10+ 1d
3

In heating practice, the velocities allowed rarely exceed half the

values given by this formula, as friction becomes excessive.

Pipe Sizes

The sizes of pipes commonly used by the heating engineer are : § in.,
$in, 3 1in, lin, 1} in, 1} in, 2 in,, 2} in, 3 in., and 4 in. The sizes
given indicate the approximate inside diameter. Wrought iron or mild
steel piping is obtainable in three weights : Gas, Water, and Steam being
the terms used to distinguish them. Water-quality tube is of ample thick-
ness for most low-pressure systems and is tested to 700 lb. per sq. in. by
the manufacturers. The following Table gives some useful data in relation

to it. TabLe 1.—PARTICULARS OF PIPES
Nominal borein. | | t 3 | U ¥ A ¥ | 22 3 14
=4 TS TR R T I,
iameter in. .. 2 Y
Thickness (Wire
Gauge Nos.) ..| 12 11 10 9 8 7 7 6 6 8

Apgrox. weight
Ib.perft. ..| -644 | -896 |1-268 | 1:833 |2:598 |3-237 | 4-128 | 5-779 |{6-834 |8:945

Screw threads per
i 19 14 14 11 11 11 11 11 11 11
. ..|'0047 |-0084 | -019 |-0339 | -053 |[-0763 |-1356 | 212 | -305 | -543
Square ft. surface
_ perlinealft...| 18 | -221 | 275 | -346 1 434 | -404 | -622 | -753 | 916 |1-175
53

in. .. ..
Oo‘l_xtentl. gal. per
t. .
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Steam Pipe-lines

The mains used in steam pipe-lines are usually of wrought iron or
mild steel and are heavier than those used in hot-water heating; the
thickness of the tube walls is increased by one wire gauge. The manu-
facturers always paint steam-quality tube red, so that it is easily distin-
guished from the ‘‘ blue ”’ water-quality tubing.

The joints may be screwed and socketed or flanged. Flanged joints
only should be used on high-pressure work and where strains are likely
to be set up in the pipe-line. The flanges should be of mild steel, and the
thickness, diameters and drilling in accordance with the British Standard
Table applicable for the particular working steam-pressure. They are
either screwed on to the pipe ends, which are afterwards expanded, or
welded. In making the joint, a corrugated brass ring is coated with
jointing compound and inserted between the flanges. The bolts are then
tightened.

Special Joint-rings

Asbestos and special compound joint-rings are often used instead
of the brass corrugated rings. Where screwed joints are made, a thin
coating of jointing compound is applied to the threads. Hemp wound
on to the threads will not assist in making a permanent steam-tight
joint, and should never be used.

Pipe Fittings and Supports

The fittings commonly used in the pipe lines are of malleable iron ;
those made to conform to the British Standards Institution specification
have taper threads tapped to the same taper as the pipe threads. This
makes it possible to obtain a metal-to-metal joint which may be used
under the most exacting conditions. The use of standard fittings is of
especial advantage to the draughtsman and pipe-fitter as by reference
to the tables of dimensions published by the B.S.I. they are able easily
to estimate the space occupied by the fittings in such places where the
space available is limited.

Two tables of dimensions are published, one giving the sizes of what
are termed “ Short ” ordinary fittings and the other the sizes of ““ Long
Sweep ” fittings. Elbows, for instance, come in the category of short
fittings, while the term ‘‘bend” indicates a long sweep fitting. In
gravity circuits it is advisable to use long sweep fittings wherever possible
in order to minimise frictional resistance.

Various patterns of supports are available in all sizes, and the illustra-
tions given in the makers’ catalogues are of valuable assistance in helping
the engineer to decide on the most suitable pattern. For schools and
hospitals & pipe bracket built into the wall is preferable to a support from
the floor, as it is desirable that there should be no obstruction to hamper
the effective use of the sweeping brush.
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Suitable intervals for pipe supports are :

Uptolin. .. .. .. .. .. .. 6ft,
1} and 1} in. .. .. .. .. . ... 8ft.
2 to 3 in. - .. - .. .. .. 10 ft.
4 to 5 in. .. .. .. .. .. .. laft.
6 in. and over .. . .. .. .. .. 16 ft.

Expansion of Piping .

Table 2 gives the lincar expansion of various kinds of pipe per
100-ft. length for 100° difference in temperature.

In making provision for accommodating expansion the highest and
lowest temperatures to which the piping will be subject must be con-
sidered. The low limit is normally 40° and the upper temperature
depends upon the pressure of the steam or the temperature of the water.

TABLE 2.-—AMOUNT OF EXPANSION IN INCHES PER 100 ¥T, OF
PIPE PER 100° DIFFERENCE

('ant-iron .. .. 0-78 in. Wrought-iron. . .. 08 in.

Steel .. .. .. 079 1, Copper .. .. 1-13 in.

Thus, for a steam main operating at 135 lb. per sq. in. gauge, the
temperature range is 358°—40° = 318°, so that for steel piping the
amount of expansion to be dealt with is 3-18 X 0:79 = approximately
2} in. per 100-ft. length. If proper provision is not made for dealing
with expansion there may be disastrous results. damage to buildings,

brackets torn from walls. fractured pipes or fittings and, at the very
least, leaks at joints.

Provisions for Expansion

Where long runs of pipe take place, means of expansion must be
provided. This is sometimes arranged by changing the direction of the
run : not always. however, can this be carried out. as for instance in a
straight run of pipe the length of the building.

Various methods are adop-
ted. One is to use expansion
loops, which consist of a
length of pipe bent to the
form of A or B (Fig. 1).

The loops should have
flanged ends for connecting
to the main pipes. These
expansion loops can be formed
in wrought-iron or mild steel
piping, but are better if made
of copper, as that material
will expand and contract 8

more readjly. Fig. 1.—EXPANSION LOOPS
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Expansion Bends or Loops

Four types of expansion bends are shown in Fig. 2 and the relative
value for accommodating expansion is noted for each type. It will be
seen that the amount accommodated is held to be in proportion to the
length of pipe in the expansion loop or bend, the quarter bend being taken

_ R
N R 5
a
ONE UNIT R
b
TWO UNITS d

C
FOUR UNITS FIVE UNITS

Fig. 2. - FOUR TYPES OF EXPANSION BENDS

as the unit. It is generally accepted that unless the radius of the bend is
at least five times the diameter of the pipe the bend is valueless for
expansion purposes.

The amount of accommodation provided by quarter bends of various
radii is given in Table 3. From more recent investigations it would
appear that after the first one inch of expansion accommodated each
subsequent inch of expansion requires less pipe in the loop. This is

TasLE 3.— ACCOMMODATION FOR EXPANSION PROVIDED BY
QUARTER WROUGHT-IRON BENDS

Radius of Bend, in inches
Diameter of ’ipe |- ——--- - ——— e e e oo
12 15 20 : 30
1in. .. .. [ ' 1
2in. .. .. i i 3 l*
3in, .. .. — i i i f
4in. - —_ i | ]
6 1n. -— — ) ]

indicated by the curves given in Fig. 3, and it will be seen that the figures
tabulated above for the quarter bend all lie well in the left-hand corner

of the graph so that the apparent disagreement in principle is largely
superficial.

Expansion Joints .

As an alternative to loops, standard expansion joints, of which there
are several types available, may be used. The sliding type of joint con-
sists of a spigot and socket with special packing and following ring and
has the advantage of compactness, for which reason it is almost invariably
used in trenches and tunnels where there would be difficulty in accommo-
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INCHES EXPANSION ACCOMMODATED

Fig. 3.—LENGTH OF PIPE REQUIRED IN LOOP TO ACCOMMODATE
DIFFERENT AMOUNTS OF EXPANSION

The following diagram and Table give useful data in relation to a
typical form of expansion bend.

TABLE 4
DIMENSIONS OF EXPANSION LOOPS

Diameter A B C D

n. Jt. in, Je. in n, Jt. in,
1 1 1} 9 11 1 3
1} 1 6} 1 0 2 1 8
2 2 0 1 3 23 2 0
24 2 5 1 6 34 2 5%
3 2 10 1 9 43 2 10
4 3 9 2 4 63 3 8
5 4 9 2 11 84 4 6
[} 5 8 3 ¢ 10 5 3%

ExPpaNsION LOOP
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dating an offset loop. (‘are must be taken to employ the correct packing,
and even then difficulty may be experienced in obtaining a joint which is
sufficiently tight at the gland to obviate leakage and at the same time
free to accommodate expansion without setting up undue strain on the
pipework. Expansion joints require considerable maintenance and are
not favoured by most engineers.

Sliding expansion joints consist of two sliding parts, one inside the
other and fitted with a gland with suitable packing to make them
watertight. Some are fitted
with security bolts to prevent

73 the joint blowing out in the
7 event of extra or abnormal
_____ movements. These sliding

joints are made either in
—=————— o = gun-metal or in cast-iron.
In fixing sliding expansion

intdeindeiais |
}

- - - \”\/\7\\ NNANA\N joints, the inner sleeve should
% I L E be well away from the bottom
position when the pipe is

anchored at the ends; for
) . when expansion takes place
Fig. 4.— SLIDING EXPANSION JOINT he i - slee t |

The dotted lines indicate the powtion of the the nner sleeve gets c¢ oser

inner sleeve when the pipe hine has expanded. to the shoulder as shown in

Fig. 4, thus allowing free

expanding movement of the main when it gets hot. On cooling, however,
the pipe contracts and the joint takes up its normal position.

Anchor Allowing for Expansion.—When a pipe is fixed along a wall
and returns at the ends as in Fig. 5, a substantial pipe bracket
fixed on each of the two ends forms an anchor, holding the pipe at
these two points, thus allowing for the free movement of the long
length. The expansion is taken up in the sliding joint.

If a loop is used
it would be fixed
horizontally as in
Fig. 6 and a special
bracket should be
provided to support
it.

PLAN Various styles of
anchors are em-
ployed, each one

having its special
When pipe returns at the ends, strong pipe brackots

fixed on each end hold the pipe and allow for oxpansion feutur.e. to Bm,t, the
at the sliding joint. prevailing conditions.

Fig. 5.—FIXING FOR LONG LENGTH ALONG A WALL
19
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Allowing for Expansion Where Pipes Pass Through Walls, Floors, etc.
Where pipes pass
through walls, floors,
and ceilings they
should be kept free
to move, due to
"expansion and con-
traction. If, however,
they are built in
solid, movement will
take place and the 4 0
pipe may develop a Fig. 6. -WHEN A LOOP 1S USED A SPECIAL BRACKET
leak, or possibly the SHOULD BE PROVIDED TO SUPPORT IT
plaster on the wall will flake off.

i

Fitting Sleeves or Thimbles.—A metal sleeve or piece of pipe should
be fixed through the whole thickness of the wall ; this is slipped on to
the heating pipe before the latter is finally fixed and placed in position
in the wall before the making

. PIPE IINE~y
good is commenced. € = PN )

Sleeves can be either of >
cast- or wrought-iron pipe, 4

copper, zne, lead or sheet Fig. 7 - -A SOLID IRON LEWIS BOLT SCREWED
steel, INTO A TEE IS SOMETIMES USED AS AN ANCHOR

To keep the sleeve concentric with the pipe it is usual to place a
few wedges to hold it in position ; if, however, a length of spun yarn
or cord is wound on the pipe before the sleeve is fixed it will make a
better job and will ensure that the annular space between the pipe and
sleeve is equal all round; the
cord can be easily removed when
the sleeve has been built in.

Aasmk ALASTER
WALL

TNIMBLE

Fig. 9.— ALLOWING FOR EXFANSION
OF PIPE THROUGH WALL

Plain thimble the whole thickness of

Fig. 8.~ A STRONG IRON CLIP TO the wall. The plaster finishes against

COLARP THE PIPE AND BUILT INTO THE the thimble, leaving the pipe free to
WALL WILL FORM AN ANCHOR move,
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COVER PLATE

aLE WO yil
THABLE o /’/} ‘ //,'/ %
l ! { ’4 [
Wi j //// I
COVER
PLATES CEILING

I Fig. 11.—ALLOWING FOR EXPANSION OF PIPE
THROUGH FLOOR AND CEILING
Fig. 10. — A SIMILAR THIMBLE TO A sheet metal sleeve through floor and
Fic. 9, BT with cover rrates  coling. The top is flanged over on to the
SCREWED ON FEACH SIDE oF THE  floor and supports it. A cover plate is fixed
WALL over the flange to form a finish,

Felt or Paper Wrap-
ping.—Sometimes instead
of using metal sleeves a
piece of felt or two or
three thicknesses of
brown paper are wrapped
around the pipe before
the wall is made good,
thereby leaving the pipe
free of contact with the . 2
wall, but this makes a  Fig. 12.—WuEN A SLEEVE PASSES THROUGH A CORNICE

SLEEVE CUT TO SKAPS

i red wi The shape of the cornice should be scribed on it ; the
poor JOb compa with sleeve can then be cut to fit the curve as shown on the
a metal sleeve. right.

Where to Anchor Pipes

The position in which pipes are anchored is of extreme importance,
especially where there are branches from the main on which the expansion
joints or loops are fitted. Take, for example, the length of piping shown
in Fig. 13 and assume a steam pressure of 135 Ib. per sq. in. gauge, and
steel piping for which the elongation is 2} in. per 100 ft. of pipe, giving

. 46 8 {A
P A VP

Fig. 13.—ILLUSTRATING WHERFE. TO ANCHOR PIPES IN RUN

a total of 8:75 in. to he accommodated. Assuming that for some reason
the pipes are anchored at A and D, the most satisfactory method of
dealing with the expansion of the piping between A and D is to use three
loops or joints, one between A and B, accommodating 2} in., another
between B and C, 3} in. in this case, and the third between C and D,
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this dealing with 2} in., whilst points B and C should be anchored in
order to protect the branches at these points from strain.

It would be possible to provide a joint midway between B and C to
accommodate the whole 8%-in. expansion, using A and D as fixed points,
and also anchoring the expansion joint at its centre. In this case branches
B and C would each move 2} in. toward one another, 5 in. in all, and the
branches would have to be provided with means for accommodating this
movement without straining the joints.

A point which must always be borne in mind is that the expansion
of piping against resistance tends to cause bowing and it is not at all
uncommon to hear of steam mains jumping their supports, so straps must
be fitted to obviate this.

When Offsets May be Used to Allow for Expansion

On inspecting Fig. 14it may at first be thought that the offset ABCD
constitutes an expansion loop and that the whole of the piping comprising

A

G

Fig. 14.-- The orrseT ABCD 18 AVAILABLE FOR ACCOMMODATING EXPANSION
WHEN ONLY ONE CENTRAL SUPPORT IS REQUIRED ALONG BC. SIMILARLY
WITH THE OTHER OFFSETS IN THE RUN OF PIPING °*

this offset is free for accommodating expansion. This is true, however,
only when the length B (' is free to bow unobstructedly, and this obviously
can apply only where B C is either so short that only one central support
is required to prevent sagging or where the pipe is slung from above in
such a manner that it is quite free to bend in a horizontal plane.

In general it may be taken that where B C or D E or F G are longer
than 40 ft. it is safer to support the pipes in such a manner that they are
kept in alignment without bowing, and that the short lengths C D,
E F and H G, only are available for accommodating expansion and the
pipe set sufficiently often to relieve the longer lengths of bending strain.

Erecting Pipes During Hot Weather

When piping is erected in hot weather it must be remembered
that the pipes will probably, in fact almost certainly, be subjected
to a much lower temperature during their lifetime, due either
to the system being out of commission for some reason
during cold weather, or when filled with cold water. If, for instance,
provision for expansion over a range of 40° F. to 240° F. is provided by
expansion loops or joints, and the pipes are erected during hot weather
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when the temperature may be 90°, of the total movement a fraction
will be subsequent contraction on cooling to 40°, i.e., 50° cooling, and the
remainder expansion due to subsequent heating up to 240°, that is, an
increase of 150 on 90°. Thus, of the total temperature range of 200°,
one-quarter is cooling and therefore contraction, and three-quarters
expansion. In such circumstances an expansion loop or joint having a
total traverse of 4 in. should be so fixed that 1 in. will be absorbed in
contraction and 3 in. in expansion. This means that in the case of a
sliding type of joint, i.e., having a socket and sliding spigot, the spigot
should be drawn out 1 in. before fitting into the line.

Even more severe conditions may arise where hot-water mains are
run in a small tunnel in which steam pipes are hot at the time when the
hot-water mains are erected.

Accommodation of Expansion Loops Due to Cold Springing

It is sometimes stated that if an expansion loop is sprung open bhefore
fixing by an amount equal to the expansion it is normally able to absorb,
its capacity for accommodating elongation is double. This has every
appearance of being the truth, but it is seldom the case in practice. In
the first place. it is no simple matter to spring open an expansion loop
for large piping without heating it, and the hot bending or forging
gives the metal fibres a permanent set which obviously defeats the object
in view. Secondly, it is very rare that the whole of the movement is due
to expansion. for this presupposes that the erection of the pipework will
always take place during the lowest temperature conditions to which the
pipes will be subjected in their lifetime.

A Final Word on Anchoring Pipes

A final word with regard to anchoring pipes in order to direct the
expansion thrust toward the appropriate joint or loop ; as a general guide
the best position for the anchor is midway between joints or loops, as
this usually results in the minimum strain on branches connected to the
moving pipe ; where, however, there is only one branch between two
expansion loops, it is at this point that the anchor should be fixed.

PIPE-BENDING--PASSOVER BENDS—PROVISIONS FOR
EXPANSION OF PIPES

Sometimes after a pipe has been bent it is found that although the
bends are made to the right degree, they have for some redson gone
askew. This is shown in the case, for instance, of an offset ; on plan
the two bends are as intended, but when the pipe is laid on the floor, one
end is not touching the floor—in other words, it is out of line horizontally
(see Fig. 15).
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To correct this, make the
pipe hot between the bends

at A (Fig. 15), lay it on the
floor with someone holding
down the end C, and then
press down at B, By this
means the bends will keep to
their intended angle. Another
way is after having heated
at A, to put the end of the
pipe C in the vice, and pull
the other end round until the
bends come into line.

Passover Bends

FLOOR

HORIZONTAL POSITION

o,

PLAN

Fig. 15.—CORRECTING A BEND THAT HAS GONE

ASKEW

Heat at A, hold down end C on floor and
then press down at B,

These take various forms and are used where pipes have to pass around
piers, or other projections. Sometimes fittings are used as in Fig. 16. Bends

are used in the internal angles and elbows on the external angles.

Al-

though this may be permissible at times, the elbows are not considered
good practice and a better job is to make a double offset as in Fig. 17.
This eliminates many joints, reduces friction, and is less costly.

Fig. 16.~- ONE METHOD OF FORMING A
PASSOVER BEND, USING FITTINGS

Not considered good practice,

For Passing Over Vertical Pipe

Another type of passover bend
one often comes across is where a
vertical pipe has to be crossed, taking
the form shown in Fig. 18,

To make this it is best to form the
centre bend first, giving the pipe almost
a hairpin shape. This can then be laid
on the drawing on the floor. Mark the
pipe with chalk where the other bends
are to take place, and proceed to make
them as already described.

Sometimes a short bend is required
very close up to the thread as in Fig. 19.

First, screw a socket on to the
thread and a length of pipe into it.
Then heat the pipe-in the forge to a

Fig. 17.-—A BETTER METHOD. USING A
DOUBLE OFFSET WHICH AVOIDS FITTINGS

AND REDUCES FRICTION

Fig. 18.--PASSOVER BEND FOR CROSS-
ING VERTICAL PIPE
First make the centre bend almost
a hairpin shape.
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good red. The socket and >
thread may also get red hot ; f

these must be cooled by pour-

ing water over them before

i 8ANG TO A GOOD RED
commencing to ma.kq th.e oG T A 8900 &
bend ; if this precaution is TNEN COOL THE SOCHEY
not observed the thread may =l >
fracture. The cooling of the Notw X s0CKET OW 70 TWE TMREAD
pipe must be carried out AND A LENGTH OF PiPa
qmckly so as to lfave as Fiy. 19.—SHOWING SHORT BEND CLOSE UP TO
few heats as pOSSlble to THE THREAD AND HOW TO MAKE IT
make the bend.

How to Set Out Bends to a Drawing

Pipe bending plays such an extensive part in heating work that very
careful *‘setting out’ is necessary, otherwise the pipe when bent will
not fit the position allotted for it.

The first step when forming an offset or any bend other than the
simplest is to chalk out the pattern on the floor. This should be the
standard practice, and to do this one has first of all to mark out the
shape of the walls, etc., that it is desired to fit the pipe to, marking all
the angles, etc., and chalk out the form of bend to suit. It is usual
to have a pipe with four or five bends in it, so the importance of first
making a full-size drawing of the pipe can be appreciated.

Making Bends to Templates

Although making bends to a drawing is strongly advised, there are
times where it would be difficult to make a drawing profitably, say,
where it is necessary to twist and turn to miss other pipes, or girders, etc.,
in which case it may take so long to make the drawing, and develop it,
that a template would be far simpler.

To make such a template,
take a length of }-in. or §-in.
iron “rod " and bend it in
the position that the pipe
has to take. In reality the

Fig, 20.—THIis WOULD BE A DIFFICULT JOB TO rod is bent’, as if it “fere

BET OUT ON THE SHOP FLOOR the centre line of the pipe,

Make a tomplate of the bends required out of or maybe the inside line,

a length of } in. or § in. iron rod and bend the whicheveris more convenient.

pipe to suit the template, Then take the templ ate

to the shop and make the bend to suit this, taking care that the iron
rod is carefully handled, so as not to get out of shape.

Making Long Radius Bends
Long radius bends, such as would be required to fit around a bow
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window, or a rounded angle, call for much practice, and have to be
heated up many times to ensure a regular curve. To make a bend to
a half circle with a radius of about 6 to 8 ft. in any size pipe, it is necessary

to have long heats, and
every inch of the pipe would
have to be bent, and con-
siderable skill is required to
get an exact and regular
contour. When the bend is
laid flat on the shop floor, it
should be free from any
straight parts. One length
of pipe should be used if

Fig. 21.—A LONG RADIUS BEND MADE BY MEANS
OF THE FORGE TO FIT IN A BOW WINDOW

possible, thus avoiding a socket anywhere in the curved pipe.

Making Connections to Long Radius Bend

Should any connections be required for a radiator or coil, these should
be welded, instead of using tee pieces, as any screwed type of fitting
will spoil the contour of the bend.



Chapter VI
RADIATORS

HE familiar cast-iron radiator so extensively used to-day has evolved
Tfrom the rather ugly pipe coil commonly provided in the early years of

hot-water heating. The pipe coil gave place to cast-iron radiators
cast in one piece, which were superseded by sectional radiators in which
the sections were assembled by the use of ““ push ” nipples. A later
development was the method of assembly at present in use, in which
right- and left-hand threaded nipples are screwed into correspondingly
tapped bosses at the top and bottom of the radiator sections. The
tendency in the design of the modern radiator has been to reduce the

:
1
i
3
!
i
i
i
!

Fig. 1.—TYPICAL EXAMPLE OF RADIATOR Fig. 2.—SIMILAR BUT DESIGNED FOR
IN COMMON USE MUCH HEAVIER DUTY

66
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areas of the waterways, thereby making a reduction of the water content.
This effects a saving in the space occupied and a quicker response to
fluctuations in the temperature of the system.

Each radiator section may be divided into two, three, four or more
columns and they are supplied in various heights from 13 in. to 36 in.
A single-column radiator is available for positions such as passages and
corridors where the space in front is restricted, and are usually termed
wall radiators.

For hospitals and schools it is desirable to use radiators having all
surfaces smooth and free from crevices or ledges, where an accumulation
of dust would be difficult to remove. Such radiators are standard
patterns of the manufacturers and are known as ““ Hospital ” radiators.

The modern radiator affects the fuel consumption, and it is false
economy to re-use old radiators when re-conditioning a building. The
initial cost of new radiators is soon paid for by the lower fuel consumption.

The most usual type of radiator is made of cast-iron and is shown in
Figs. 1 and 2 in various forms, from 24 in. to 13 in. wide, and in height
from 13 in. to 36 in. The length can be as required to suit any space
available, being made in sections. Any number of sections can be fitted
together as needed.

Fixing Floor Radiators

These radiators are fixed 1 in. or more away from the wall. Where
fixed in front vf panelling as much as 3 in. is sometimes allowed. This
distance also facilitates cleaning behind them.

Fixing Radiators to Wall PLATE

When it is desired to keep }@Mﬂ
the radiators off the floor, plain 8
end sections are fitted without
feet and the radiator is suppor- ARADIATOR

ted on cantilever brackets, as
at A, Fig. 3, and a stay, B, at A

FLOOR A
the top. Other types of brac- N S
kets are made for ﬁxmg to Fig. 3.—METHOD OF FIXING RADIATORS TO
woodwork, etc. WALLS

-

Wall Radiators

Wall radiators are intended for use where space is limited, they are only
2} in. wide and when fixed on the wall do not project much beyond the
skirting ; a good wall space, however, is essential to allow of sufficient
size of radiator being fixed to cope with the conditions. The brackets
shown in sketch make a very neat fixing.
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Panel radiators are
designed to enable a
flat finish to be ob-
tained when required
tomeetthedecorative
design of a room;
by adding sections
together a long
radiator can be made
to suit any varying
wall face. The bottom
of the radiator can

finish at skirting level
Fig. 4 —WALL TYPE RADIATOR if desired. A dado
(Ideal Boilers and-Radiators, Ltd.) rail will finish the top

edge. Many variations are possible when dealing with this kind of
radiator.

Insulating Radiator from Wall

It is necessary when using panel radiators to insulate the wall behind
them so that the heat will be directed into the room. A sheet of asbestos
or other insulation is placed on the wall and fastened securely before the
radiator is fixed.

A panel can be fitted without chasing into the wall by using one or
other of the moulded edge types. The illustration shows a Rayrad
suitable for this purpose and the moulding can be had all round or, if
preferred, on the top edge only. There is a Rayrad or panel radiator
to suit any style of decoration.

A newer type of Rayrad having a curved edge finish is shown in
Fig. 6. It has an asbestos packing around the back edge which makes a
tight joint between the radiator and the wall, and keeps the face of the
wall free from black marks.

It is easy to deduce that for so many forms of radiators the emission
of heat from them will vary with the pattern. The coefficients of trans-
mission published by the manufacturers in their catalogues are based on
tests made in their laboratories and can be accepted without question for
all practical purposes. The following table gives the B.T.U. per square
foot per hour for * Ideal ”’ radiators at various differences in temperature.

The painting of radiators and pipes by ordinary non-metallic paints
does not affect the transmission, whatever the colour of the pgint may
be. Metallic paints such as bronze or aluminium reduce the heat emission
by about 12} per cent. Other conditions affecting the transmission
are :—

(1) Radiator with flat deflecting shield fixed about 3 in. above ; take
96 per cent. of figures given.
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(2) Radiator fixed in open recess. Top of recess about 3 in. above
radiator ; take 92 per cent. of figures given.

(3) Radiator encased or with metal hangings in front; take 80 per
cent. of the figures given. * :

(4) Radiator fixed in front of open fresh-air inlet and under natural
draught conditions ; increase figures in table by 30 per cent.

TaBLE 1.=TRANSMISSION
For RapiaTors Pracep 2} 1N, ¥BoM WALL *
BriTisn THERMAL UNiTs PER SQUARE Foor PER HOUR

‘ Temperature Difference (Degrees Fahrenheit)

Ideal Radiators I Water Steoin
| 70 80 9 | 100 | 110 | 120 ' 155 | 160
Neo-Classie No. 2 .. | 116 139 162 185 208 234 . 327 340
. W 4 .00 106 128 149 170 192 215 . 300 312
. Ww 6 L. I 100 120 140 160 180 202 . 282 294
', Window 099 119 138 158 178 199 278 290
Hospital 3.in. . l 116 139 162 185 208 234 - 327 340
v Bian, . 99 119 138 158 178 199 278 290
. 7%-in, R X 113 131 150 169 189 .« 264 275
Classic Wall o1 106 128 149 170 192 215 + 300 312

Plain Wall : .

Fixed Horizontally i 100 120 140 160 180 202 ;. 282 294
.» Vertically .. 64 77 90 103 116 130 : 181 189
Plain Single Col. .. 1 100 120 140 160 180 202 ' 282 294
. Two Col. .. ] 98 117 136 156 176 197 295 287

* The transmission is approximately the same when the radiator is placed 1} in. or
more from the wall.

t Exceptions are Classic Wall and Plain Wall fixed on standard trackets with 2-in
and 1{-in. centres,

It is not sufficient merely to state the heat transmission from low-
temperature flat surfaces used in panel systems of heating, as the heating
effect is quite different from that of the ordinary radiator installation.
In the radiator system the thermometer is usually relied upon as an index
to the comfortable condition of the heated room, but it is a common
experience for one to feel chilly even with a room temperature of 63° F,
or 64°F. on a cold, sunless, winter day. On a sunny day, especially if
the room has a southern aspect, there is often experienced a much warmer
effect, though the thermometer may register the same or perhaps a lower
temperature.

The reactions of our bodies may be, and most probably are, due partly
to the psychological effect of sunshine, but the chief reason for the
increase in comfort is that we are benefiting from the radiant heat of
the sun. It is on the radiant heat from the flat heated surfaces of the
panel system that the heating engineer largely relies, rather than upon
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convected heat, and makes this the basis of his calculations in arriving
at the amount of heating surface required. Panel heating is a com-
paratively recent innovation in central heating, and although the success
following its adoption has resulted in a widér application of it in one
form or another, from which valuable experience has been gained, it
will be necessary for further research and experiments to be made.
Tentative rules of a sufficiently accurate character to enable the designer
to estimate the correct amount of heating surface are given in Chapter VII.

METAL WARMING PANELS FLUSH WITH THE CEILING

A panel heating system which makes use of metal tanks not embedded
in the walls or ceiling but mounted flush with them has certain applica-
tions and is well-suited to certain requirements. The * Sunzway ™ are
typical and are essentially narrow all-steel radiators of welded con-
struction for water or steam with plain flat heating surfaces, suitable for
mounting on ceilings or walls, either on the surface or recessed with the
radiating face flush with the adjoining surfaces. A large proportion of
the heat from these radiators is emitted, particularly when fixed flush
in the ceiling, in the form of low temperature radiation.

The radiators are supported at two points by clamping nuts screwed
to adjustable cranked brackets firmly fastened to the ceiling or wall.

Fixing the Adjustable Cranked Brackets

The adjustable cranked brackets are fastened in several ways.

In a solid concrete ceiling a hole is drilled right through the concrete.
The fixed arm of the cranked bracket is fastened back to the face of the
ceiling by a through
bolt and nut threaded
through from above
with a stiff washer plate
at the upperend. If the
concrete is unusually
thick or cannot be
drilled, a rag bolt or
an expansion bolt is
used.

For hollow block or
hollow concrete ceilings

Fig. 5.~ ADJUSTABLE CRANKED BRACKET a through bolt is used
when the ceiling can be drilled readily, otherwise a toggle bolt carefully
let into the lower member of the hollow tile or form is used. When a
toggle bolt is used, the strength of its bearing should be tested by the
dead weight of two men before attaching the cranked bracket.
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For metal lathed suspended ceilings a hook bolt attached to the steel
bars or supporting members takes the place of the through bolt.

For wood joist constructions the cranked bracket is fastened to the
joists or framing by a strong coach screw, or by a hook bolt hooked on
to a steel tube or bar fixed to or let in the timber members.

Marking Out the Position of the Supports for the Adjustable Cranked
Brackets

The radiator is laid flat on the floor or on stools, radiating face down-
wards, and measurements are taken to mark out on the ceiling or wall
the outline of the radiator and the position of points of support.

Filling the Luting Channel with Sealing Compound

The channel at the edges of the back of the radiator is filled with a
sealing compound, such as Purimachos, tightly pressed in. All dust
must be brushed out of the channel before applying the sealing compound.

Fig. 6.- RADIATOR FIXED AND CONNECTED

Placing the Radiator into Position .

The radiator is lifted by two pairs of hands and the movable arms of
the cranked brackets adjusted until the studs attached to the movable
arms can pass through the corresponding holes in the radiator. In the
case of a ceiling, two pairs of trestles are helpful, for one end of the
radiator can rest on the head of one pair of trestles, while the cranked
brackets are being adjusted. When the studs of the brackets have
entered the holes in the radiator, the clamping nuts are screwed a couple
of turns until a little more sealing compound has been added to the
luting channel. Then the clamping nuts are screwed on further, and
tightened up with a two-pin key. During this operation some of the
excess sealing compound will be squeezed out on the outer edges. This
is removed by a putty knife carefully, in order not to break the seal.
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Fixiné the Counter Flanges

Counter flanges to mate the rectangular flanged connections of the
radiator are welded or screwed on to the feed and return pipes and the
flanges are bolted together, using a coned bronze ring for making the
joint.

Filling Sections for Single, Double or Treble Radiators

When two or three *“ Sunzway ”’ Radiators are located side by side
to form one large radiating surface, the flanged connections of the
radiators are bolted together without any mating flanges. This leaves
a space of 6 in. between the radiators, which is covered with steel filling
sections to conceal the flanges. These filling sections are sprung into
position after the flanged joints have been pulled up and tested.

Thermal Insulation

The surface of the back of the radiator is treated to reduce the transfer
of heat. No insulating material, therefore, is necessary when the radiator
is fixed tightly against intermediate floors or inner walls. On ceilings
of flat roofs and on upper floors and on outer walls, a radiator, similarly
fixed, should be insulated at the back with insulating material, such as
slab cork. Insulating material should also be used whenever a radiator

T

Fig. 1.—CEILING FINISHED BUT NOT DECORATED
The finished ceiling is shown in Fig. 8.
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IfaiNe *

Fig. 8.~ ' SUNZWAY '’ RADIATORS MOUNTED ON CEILING
AND CEILING FINISHED AND DECORATED

is fixed clear of a ceiling or roof in order to prevent cooling by tho circula-
tion of air at the back of the radiator.

Running the Connecting Pipes

In factories, warehouses, printing works, stores and in most types
of industrial buildings, * Sunzway ’’ Radiators are fitted flat against
the ceiling or wall with the connecting pipes run on the surface. In
office buildings, public buildings, shops, showrooms, clubs, restaurants,
etc., the radiators are generally either fixed in recesses or the surroundings
are brought forward to line up with the radiating surface of the radiator
but in these types of buildings they are often fixed, particularly when
applied to walls, flat against the surface, and when applied to ceilings,
recessed slightly, as shown by the illustrations.



74 HEATING AND VENTILATING

Fiy. 9 -RADIATOR FIXED ON A TILED DADO

Decoration of the Radiating Face

For industrial work there is usually no objection to a black finish,
but for other applications a black finish is not acceptable. White
and other coloured paints possessing heat resisting properties can be
freely used, but the paint manufacturers must be informed of the
temperature of the water or steam in the radiator to ensure that a paint
is supplied which will not discolour unevenly. Plastic paints can be
applied to the radiating face and, when required to match surroundings,
the radiating face of water radiators can be covered with a lining paper
pasted on. Aluminium or bronze paints should not bhe used.
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HOT-WATER HEATING SYSTEMS

HE circulating pressure in any system of hot-water heating, where
Tthere is no mechanical device for circulating the water, is the

excess of pressure in the return pipe over the pressure in the flow
pipe due to the difference in density of water at different temperatures.

If we consider a simple circuit as shown in Fig. 1 and assume that the
system has been filled but no heat applied, it is true to say the pressure
in both flow and return pipes is equal at any common level.

In the horizontal return pipe the pressure will be equal to that induced
by the height above it of the water in the feed tank. If the height is 16 ft.
then the pressure in pounds per square inch is equal to 16 x -433 = 6-928.
(The factor -433 is the pressure in pounds per square inch of a column of
water 1 ft. high at a temperature of 62°F.) The pressure in the top
horizontal pipe is (15 — 10) < 433 = 5 X ‘433 = 2:165 lb. per square
inch. In the same way, the pressure at any other level is common to any
part of the system.

The pressure in a low-pressure system is governed by the water
level in the feed tank. If we consider a filled system where the tank
is 30 ft. above the level of the boiler, the pressure at the boiler will be
approximately 13 Ib. per sq. in. above ordinary atmospheric pressure.
Boiling-point at this pressure is 245-7°F. In the pipes and radiators
situated on the upper floors of the building the pressure will naturally be
less and the temperature correspondingly lower.

The usual maximum temperature allowed in the design of a low-
temperature apparatus is 180° F.

The pressure or * static head ” produced by a column of water is
equivalent to 0-433 lb. per sq. in. for every foot in height.

The following table gives the corresponding pressure and boiling-points
of water for various heights of water column :(—

Height of Pressure in Boiling-point at Bottom
Column, pounds of Column.
Feet, per square inch, °F,
2 0-866 2149
4 1-732 217-6
(] 2-598 220-3
8 3464 222-8
10 4330 225-3
15 6-500 231-0
20 8-660 236-2
25 10-830 241-2
30 12:980 245-7
35 15-160 249-9
40 17-320 253-8
45 19-490 257-7
50 21-650 261-3

76
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T " PIPE RADIATOR being heated, will ex-

pand, causing the
density to become less.
In this way the pressure
o |ED How conditions are made

\ ug'tgnw 1t unequal and a circula-
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—_—*—-—J. —_— 1 The circulating head

Fig. 1.—A SIMPLE HOT-WATER CIRCULATING SYSTEM or pressure 18 usually

The circulating pressure is due to the difference in expressed n lncheso of
density of water at different temperatures. water column at 62° F.

ol
B

TaBLE 1.—DENSITY OF WATER AT VARIOUS TEMPEKATURES

°F. ' Lb perCu. Ft. | °F. . Lb.perCu Ft.  °F.  Lb. per Cu. Ft.
32 62-418 130 61-571 180 60-560

-62 62355 | 140 61-388 190 60-324
100 62-031 T 61-201 ' 200 60-081
10 | 61-89 I 160 . 60-998 210 59-820
120 |

| 61-734 170 60-783 ! 212 |

59-769

In the following table the values are given for a circuit height of 1 ft. and
for various flow and return temperatures.

TasLe 2.—CIRCULATING HEAD

Mean Flow Temperature

Mean Return : ' |

Temperature L 150° F. | 160°F. | 170° F. , 180° F. ! 190° F
110- F. S .. a2mo 185 204 | 244 | 288
120° F. .. . 006 ., 131 . 173 . 211 | 201
130° F. .. .. -069 108 | 146 186 © -230
140° F. .. .. .03 . 072 11 l 152 | -196
150° F. .. o . 03 | 077 | .7 | 6l
160° F. : {  -038 ' -079 ; -123

| l

Assuming that in the circuit shown in Fig. 1 the mean flow and
return temperatures are 180° F. and 140° F. respectively, then the cir-
culating head will be -152 X 10 = 1:52 in., the factor 10 being the circuit
height of the system, i.e. from the centre of the boiler to the centre
of the radiator.
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In one-pipe systems, radiator circulation is subsidiary to the main
circulation so that heights are measured to the points where the return
connections from the radiators join the mains. Such heights are shown.
in Fig. 2. Also with one pipe systems the water is cooled by the radiators
in geries and the mean height must be determined for each drop pipe or
loop. The mean height is given by the sum of the products of the
emission as the following Example will show.

FEED
lfflm
L L2

Y E‘

M & &

Fig. 2. -IN A SIMPLE SINGLE-PIPE CIRCUIT TEE MEAN HEIGHT
OF THE SYSTEM MUST BE ASCERTAINED

BOILER

B.T.U.
Let the total emission from radiators 1 and 2 and pipe on same floor = 15,000
Let the total emission from radiator 3 and pipe on same floor = 9,000
Let the total emission from 4, 5 and 6 and pipe on same floor = 21,000

then the mean circuit height will be the sum of the products of the
height of each circuit and the radiation at that height, divided by the
total radiation

Thus 15000 X 18) 4 (9,000 X 10) - (21,000 X 0)
15,000 + 9,000 + 21,000

__270,000 4 90,000 + 0 _ 360,000
- 45,000 " 45,000

= 8 ft.

The circulating head, assuming the mean flow and return temperatures
are 180° F. and 140° F., will be

8 X 152 = 1-218 in.
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Fig. 3.-—HOT-WATER CIRCULATING SYSTEM WITH ADDITIONAL RADIATORS AT DIFFERENT
LEVELS

s . .

In less simple circuits, where additional radiators at different levels
are involved, various circuit heights will have to be considered, as the
example in Fig. 3 will show.

Here the circuit heights and the corresponding circulating heads,
assuming the mean F. and R. temperatures to be 180° F. and 140° F., are :

Circuit

Height (& zrculu!mg Head
Circuit serving radiator No. 1 .. .. 24 ft. .. .. 24 . 152 :== 3 648.n.
Circuit serving radiator No. 2 .. .. 16 ft. .. .. 16 152 — 2-432in
Cirewit serving radiator No. 3 .. .. 6 ft. .. .. 6 - -132-—- -912in
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Fig. 4.-—PIPE CAPACITIES FOR GRAVITY WATER-HEATING SYSTEM

Showing the resistance of different sizes of pipes for rates of flow varying from 500
to 9,000 1b, of water per hour,
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In sizing the pipes for a gravity or accelerated system of heating
sufficient water must be able to circulate through the system to convey
the heat to the radiating surfaces. It is obvious that as the heat is
given up by the water, so the temperature will drop, the actual number of
degrees in the fall of temperature depending on the rate of flow through
the system. For most gravity circuits the pipes are sized on a permissible
drop of 40° F. between the flow and return temperatures at the boiler.
We .know that 1 Ib. of water heated through 1° F. equals 1 B.T.U,,
therefore 1 1b. of water heated through 40# F. equals 40 B.T.U. 1If we
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Fig. 5.- PIPE CAPACITIES FOR GRAVITY WATER-HFEATING SYSTEMS

This gives the resistance and capacities for small-bore pipes,1e. from }-in. diam. to
1}-in. dham , and for dehveries of 0 900 Ib. of water per hour.

consider a radiator capable of transmitting 40000 B.T.U. at a
temperature difference of 100° F. between it and the surrounding air,
then, if the permissible drop is 40° F.. the rate of flow through it
must be equal to 40,000 - 40 = 1,000 lb. per hour. at a mean
temperature of 100° F. above the temperature of the air. The selection
of a pipe large enough to carry this quantity will be decided by con-
sidering the circulating head available and the resistance to the flow set
up by the circuit.

Assuming that the length of the circuit, including an allowance for the
extra resistance of various fittings, is 100 ft., and that the height of the
radiator is 10 ft. above the centre of the boiler, then the circulating head
for a flow temperature of 180° and return of 140° will be 10 X -152
= 1-52 in. The size of pipe must necessarily be one which will carry

1,000 1b. per hour through a length of 100 ft. with a total resistance of
less than 1-52 in.
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As will be seen from the chart in Fig. 4, a 1}-in. pipe will be required,
since, with a flow of 1,000 Ib. per hour the resistance through 100 ft.
is 1-35 in.

It is useful to consider the capacity of pipes in terms of B.T.U,,
and since 40° is a common allowance for temperature drop, a second
row of figures has been added to the chart, giving the B.T.U. capacities
under such conditions. By this method the division of the B.T.U. load
by 40 is rendered unnecessary.

In making allowance for the resistance of fittings in the pipe line, it is
usual to consider this in terms of equivalent lengths of straight pipe.

The resistance of fittings may be allowed for in preliminary calculations
by adding a percentage to the actual pipe length. For average installa-
tions 50 per cent. may be used. In more accurate calculations the
equivalent length for each fitting should be taken from Table 3 and
added to the measured pipe length.

TaBLE 3.—FRICTION EQUIVALENTS OF FITTINGS

| Equivalent Length in Feet to be Added to
! Actual Length of P:pe

L seeny -

! §in. 1in. 1} in. ’ 2 in, 2} in, } 3in.
Return bend .. L3 4 55 | 8 95 | 12
Long sweep bend (90°) ! 1 1-5 2.0 | 2-5 3 : 4
Short sweep bend (90°) i 1-5 2 25 3-5 40 b
Short round elbow (80°) .2 3 35 1 a5 65 1 8
Right-angle bend or tee 4 55 75 ' 105 12:5 , 16
Gate valve (full open) .. -3 4 -6 -8 1-0 1-2
vy v (L open) .. .. 6-0 80 1o | 160 19-0 | 240
o w (lopem) .. ..al 68 93 136 162 220
+ (§ open) .. .. 296 392 H38 784 932 1,178
A.ng)e valve (full open). . 3 4 50 7 85 | 11
Globe valve (full open). . 6 8 11-0 16 19 24
Hot-water boiler 9 12 16-5 24 28-5 i 36

CIRCULATING PUMPS AND ACCELERATORS

The essential difference between an accelerator and a pump as used in
heating circuits is that an accelerator has a by-pass which permits the
circulation of the water to continue by gravity when the machine is
stopped either deliberately or accidentally.

Both pumps and accelerators are commonly of the centnfuga.l type
and are usually driven by an electric motor. Gas and oil engines are
sometimes used in remote districts where electricity is not available.
Where steam is obtainable at sufficient pressure, the steam turbine may
be usefully employed as a prime mover and the exhaust steam from it
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utilised for heating the water in the system by passing the steam through
a calorifier.

Where the characteristics of the pipe circuit are such that little or no
circulation can be obtained except by mechanical means, the provision
of a by-pass is useless, and in order to maintain circulation it is advisable
to provide duplicate pumps. In the event of the failure of one. the
other can then be started up.

If there is no stand-by pump, there is a, possibility, in the event of a
breakdown, of the temperature of the water in the boiler rising to above
steaming-point. The importance, in any case, of fitting a safety valve or
open expansion pipe of adequate area to the boiler cannot be too strongly
emphasised.

The centrifugal pump consists essentially of an impeller mounted on
a driving shaft and surrounded with a casing designed to carry the water
from the inlet to the impeller, and from the impeller to the discharge
branch.

A pump must be carefully selected in order to ensure that it will
operate with reasonable efficiency under the actual conditions of service.

The impeller is usually of gun-metal and the casing of cast iron. The
driving shaft is supported by watertight bearings, and projects through
them on one side of the pump. The shaft extension is fitted with either
a pulley or half-coupling according to whether it is to be driven by a belt
or directly from a motor or turbine.

It is not possible, commercially, to design a pump to work with a
maximum efficiency under all the actual combinations of frictional
resistance and gallons delivered which arise in practice. The percentage
of efficiency, therefore, varies considerably and the best results depend
upon how nearly the client’'s requirements coincide with the manufac-
turer’s most efficient rating. .

For small pumps an over-all efficiency of 30 per cent. may be con-
sidered good for an electrically driven unit, and for arriving at the
electrical consumption the formula—

10xG ;; '(l;{)oxxl%o X T8 Gin give kilowatts.

G == Gallons per minute.
H == Head in feet.
E = Percentage of over-all efficiency of pump and motor.
Simplifying the formula we have :
0226 X G x H
kW = T

The accelerator by-pass is usually fitted with a non-return valve,
which is kept closed, when the machine is running, by the difference in
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pressure on the inlet and delivery sides. This pressure difference ceases
when the accelerator is stopped, and the valve swings open.

In the direct-driven accelerator or pump, the motor shaft is brought
into alignment with the accelerator spindle and the two machines are
coupled together to form one unit. Where the accelerator is fitted with
a rope or belt drive, the motor is sometimes bolted to the top of the
casting in order to effect a saving in floor space.

The engineer should be careful to ascertain particulars of the electric
supply in all cases where an electrically driven acceleratot is required.
1f direct current is available it is necessary to know only the voltage, but
if alternating current is laid on particulars should be obtained of the
voltage, phase and periodicity. For small units single-phase motors
are satisfactory. but for larger machines a 3-phase supply should be
brought in. The Supply Authorities should be consulted.

Regard should also be given to the conditions under which the motor
is to operate. Damp or badly ventilated boiler houses and situations
where dust or fumes are likely to impair the motor windings should be
given consideration. If the manufacturers are advised, they will recom-
mend and submit proposals for suitably protected equipment.

The most satisfactory position for the accelerator in the pipe circuit is
in the return pipe, fairly close to the boiler. In this position the temper-
ature of the water is relatively low and the bhoiler attendant is at hand for
ready supervision.

Precautions are necessary at times to prevent the transmission of
noise from the accelerator. In such instances it is advisable to introduce
an anti-vibration base of cork or similar material under the machine, and
the motor manufacturers should be informed of the necessity for silence
in_operation.

Sizes of Pipes for Heating Systems

The effect produced by an accelerator or pump in the circulating
system is an increase in the circulating head, which, instead of being
measured in inches or fractions of an inch can be stated in terms of feet.
The carrying capacities of the pipes are thereby increased considerably,
with the result that it is possible to use pipes of comparatively small
diameters for large and extensive installations where circulation by
gravity would be impracticable.

If we consider the comparative carrying capacities of a 2-in. diam.
pipe circuit having a natural circulating head of 0-4 in. per 100 ft., and
the same circuit fitted with an accelerator giving a head of 1 ft. per
100 ft., the corresponding flow of water will be : —

By gravity circulation, 1,820 lb. per hour.
By accelerated circulation, 9,150 lb. per hour.
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A simple and reliable formula evolved by Thomas Box is one used
extensively for determining the sizes of pipes for circulating systems.
This gives :—

: G2 x L

(3d)s

Where H = Head in feet.
G = Gal. per minute.
L == Length of pipe in yards.
= Diameter of pipe in inches.

From this formula the charts in Figs. 4, 5, 9, and 10 have been pre-
pared, giving the flow of water in pounds per hour and the corresponding
resistance in feet per 100-ft. run of pipe.

It is usual to allow an average resistance of from 1 to 2 ft. per 100-ft.
run in accelerated systems, and on this basis the total head is determined
against which the pump will be required to work. Assume, for example,
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that the length of the longest circuit is 1,500 ft., then, by allowing
1} ft. per 100 ft., the total head will be :—

1} X 1,500 - 100 = 22} ft.

Calculation of Pipe Sizes Required for Installations

The principles upon which the sizes of pipes are determined can now
be applied in considering various heating layouts. The following
examples are of common occurrence in general practice and will serve to
illustrate some of the methods employed.

Before starting pipe sizing calculations it is necessary to realise that
the aim is to achieve a balance between the circulating pressure and the
pressure loss in the pipes. That is, the diameters must be such that the
pressure loss when the required rate of flow obtains is equal to the
circulating pressure. Some examples illustrating the method of achieving
this follow.

Example 1.—It has already been determined that the mean height
of the installation in Fig. 2 is 8 ft. .For flow and return temperatures of
180° F. and 140° F.. the circulating pressure is 8 X 0-152 == 1-216 in.
The total emission from the installation has been given as 45,000 B.T.U.

45,000
per hour. Hence the rate of water flow needed is |, - 1,125 Ib. per
hour.

Let the actual iength of the circuit be 100 ft. Adding 50 per cent. for
the resistance of fittings the equivalent length.is 150 ft., and the allowable

1-216
average pressure drop per foot 150 M Figs. 4 and 5 charts are for a

length of 100 ft. and for this length the allowable resistance will be
1-216 x 100
150

Referring to Fig. 4 it will be seen that with this resistance, a flow of
1,125 Ib. per hour requires a 2 in. pipe. In more complicated systems,
however, it is necessary to compute the actual circuit resistance and this
will be carried out for Fig. 2 to show the method.

The illustration shows five long sweep bends, which together with the
boiler have an equivalent length of 36-5 ft. (Table 3). Fig. 4 shows that
a flow of 1,125 1b. of water per hour through 2 in. pipe involves a pressure
loss of about -2 in. per 100 ft. The pressure loss in the circuit will be

= 0-81 in.

0-2
100 (100 + 36:5) = 0-27. This is considerably less than the circulating

pressure of 0-963 in., which means that the installation would work well
with a temperature drop less than 40° F.
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The diameters of the radiator connections in one pipe systems may
be determined from the formula d =: 0-01 vE where d is the diameter
of the connection in inches, and E is the emission from the radiator
in B.T.U. per hour. The diameter of the connections for a radiator
with an emission of 5,000 B.T.U. would be given by d = 0-01 /5,000 =
0-707. The nearest standard size is § in. which would be used.

Example 2.—1t is proposed to heat a recreation room or small enter-
tainment hall by pipes and radiators served by a boiler fixed 18 in. below
floor level. The temperature inside the room is to be maintained at
60°F. and circulation must be by gravity. The level of the boiler
relative to the floor level limits the choice of a system to one in which
the circuit height must be some distance above floor level in order to
obtain a satisfactory circulation. A single-pipe system is therefore
decided upon as shown in the plan and diagram (Fig. 6).

Assuming that the calculated heat losses are 40,000 B.T.U. per hour,
then from a rough approximation it is considered that a 2-in. diameter
flow pipe will be required. Taking the mean temperature difference of
the pipe in the roof space to be 175° — 45° = 130° F., the length 60 ft.,
and the efficiency of the insulating covering 60 per cent., then the heat
loss will be :—

1"16(10 X 60 X 183 = 4,400 B.T.U. per hour.

The factor 183 is the transmission in B.T.U. per hour per foot run of
2-in. pipe at 130° temperature difference.

Taking the height of the pipe above the boiler to be 15 ft., we can
proceed to calculate the mean circuit heights and circulating heads.

Let the total transmission from pipe No. 2 = 21,000 B.T.U. and that
from pipe No. 3 = 19,000 B.T.U. (Pipe No. 2 serves the N. wall.)

Then the mean height of the circuit formed by pipes 1 and 2 will be :—

(4,400 X 15) 4 (21,000 X 0) 66,000  _ .
(A4) T 4400 f 21000 25400~ ZO MG
Similarly for pipes 1 and 3.
B) (4400 15) +- (19,000 X 0) _ 66,000 _ , oo o

4,400 + 19,000 T 23,400
The corresponding circulating heads for a flow temperature of 180° F.
and return 140° F. are found by multiplying by -152 :—

(A) 26 X -152 = -396 in.
(B) 283 x 152 = *43in.
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The lengths of the various parts of the circuit are : Pipe 1, 86 ft. ;
Pipe 2, 120 ft. ; Pipe 3, 100 ft.
As the total emission is 44,400 B.T.U. per hour with a temperature

) 44,000,
drop of 40° F., the weight of water flowing is £0

or 1,100 Ib. per hour.
. . - . 1,100
Since a gallon of water weighs 10 lb. this is equivalent to 10 x 60" °F
1-85 gallons per minute.

This would be carried by pipe 1, and would divide between pipes 2
and 3 in proportion to their load. Thus pipe 2 would require a flow of
23,300
41,000
Figs. 4 and 5 indicates that suitable sizes might be 2 in. for pipe 1, and
14 in. for pipes 2 and 3. The resistance in each branch can be found
from the Box formula as follows :

X 1-83, or ‘97 g.p.m., and pipe 3, -88 g.p.m. Inspection of

86 1
o .. N a2 )
Pipe No. 1. & (in inches) = 12 x (1-85)2 x 3 X (3 x 2)8

or -152 in. Similarly, the resistances of pipes 2 and 3 are found to be
-24 and -17 in w.g. respectively.

The loads on pipes 2 and 3 are obtained by proportioning the total
load according to their radiation, thus :—

21,000

Pipe No. 2. 44,400 X 10,000 = 23,300 B.T.U.
. 19,000
Pipe No. 3.‘ 44,400 < 10, 000 = 21,100 B.T.U.
It is convenient now to tabulate the data as follows :-—
- Remstance for
Pipe Radiation Load Length Diam, 40° Drop.
No. B.T.U. B.T.U. Ft. In. In.
) a000 | 86 | 2 | s
F 21,000 23300 | 120 | | 24
3 19,000 21,100 100 14 a1
On comparing the circulating head with the resistance of the piping,
we have :—
(A)  Circulating head = -392 in. Resistance :392 in. (1 & 2)
(B) . , = +43in. ’ -322in. (1 & 3)
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As the difference in circulating head is greater and the resistance is
less in circuit (B) than in (A) it would be advisable to fit a lock shield
regulating valve in pipe No. 3 in order to regulate the circuits.

The temperatures of the radiators on single-pipe circuits are usually
taken at approximately 10° less than the temperature of the pipe, and
the pipe temperature can easily be determined as follows :—

The difference in the temperatures of the flow and return pipes at the
boiler, viz. 40°, is due to the loss by radiation of 44,400 B.T.U. The
temperature drop, therefore, along any particular pipe can be found by
multiplying the total drop by the radiation and dividing by the load.
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Fig. 7.- AN ARRANGEMENT OF A TYPICAL TWO-PIPE UP-FEED SYSTEM FOR A PRIVATE
HOUSE INSTALLATION

The drops, for instance, in Example 1, will be :—
pipe No. I, 40° ~ 4,400 -- 44.400 == approx. 4°; that along
pipe No. 2, 40° X 21,000 - 23,300 == 36°; similarly for
pipe No. 3, 40° X 19.000 = 21,100 = 36°.
The mean temperatures of the radiators will be :—
36

1407 | 2

-~ 10° 148°F.

krample 3.—This is the more complicated installation shown in
Fig. 7. Radiators A, B, and C are on the ground floor, their height
above the boiler being 6 ft. ; the height to the first floor radiators D, E, F
is 16 ft. The corresponding circulating pressures for a flow temperature



88 HEATING AND VENTILATING
of 180° F. and a temperature drop of 40° F. are :

Ground floor .. .. 6 X 0152 = 0912 in.
First ‘) .. 13 X 0152 == 2:28 in.
The heat emissions from the radiators are, in B.T.U. per hour,
A 8,000 C 6,000 E 5,000
B 8,000 D 5,000 F 4,000

It is best in more complex installations such as this to tabulate the
calculations as shown below. The first step is to determine the loads
on the pipes starting with the most distant radiator on each branch, and
working back to the boiler, adding in the emission of each radiator as
it is reached. The result of doing this is shown in the second column of
the table for the present installations, the emissions having been increased
by 30 per cent. to allow for pipe losses. The lengths of the pipes,
measured from the plans, are shown in the third column.

Length Total
Load Pipe for Diam. Pressure  Pressure
Number B.T.U. Length Fattings In, Drop Drop
per Hour Ft, Ft. In. In.
1&2 46,800 30 225 1} 0-37
3&4 13,000 30 —- 1 017 —-
Rad. (' 7.800 6 14 1 0-37 091
7&8 5,200 38 95 i 1-42 1-96
o& 6 33,800 40 175 1} 0-6 ' —_
Rad. A. . 10,400 4 12 1 0-05 ' 1-02
9& 10 13,000 27 —- 1 0-57 —_
Rad. D 6,500 4 6 3 0-44 ' 1-98

The calculations should always begin with the circuit of the * index
radiator,”” that is. the radiator with smallest circulating pressure and.
longest circuit. In Fig. 7 either radiator A or C might be the index
radiator. Choosing the latter it is seen that its circuit consists of pipes
1, 2, 3, 4, and its own connections, a total length of 66 ft. Allowing
50 per cent. for fittings resistance the equivalent length is about 100 ft.
Knowing this, the circulating pressure and the loads on the pipes, the
preliminary pipe sizes can be selected, with the aid of Figs. 4 and 5 ; they
are shown in column 5 of the table.

Now the equivalent lengths for the fittings for the circuit of radiator C
may be entered in the fourth column. Referring to Fig. 5 the actual

7,80
pressure drop for a } in. pipe carrying 5= lb of water is 19 in. per 100 ft.

Hence the pressure lost in the connections to radiator C, equivalent

length 20 ft., is ! 91 0>:) 20 _ = 0-37 in. This is shown in column 6.
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In a similar way the pressure drop in pipes 1 and 2 is found to be
0-37 in. and in pipes 3 and 4, 0-17 in. The total resistance of radiator C
circuit is 0-91 in. This is within 10 per cent. of the circulating pressure
(0912 in.) and may be accepted as satisfactory.

Radiator F has pipes 1, 2, 3 and 4 in common with radiator C. The
pressure loss in these pipes has been computed as 0-54 in. which, sub-
tracted from the circulating pressure 2-28 in., leaves 1-74 in. to be
absorbed in pipes 7 and 8. Allowing for resistances the equivalent
length of these pipes is about 50 ft. and the rate of flow through them

1-74 x 100
50

is 130 1b. per hour. For a pressure loss of , that is, about

35 in. per 100 ft., Fig. 5 shows that } in. pipe will be suitable.

The equivalent lengths for fittings in pipes 7 and 8 should now be
shown on the calculation sheet. It is found from Fig. 5 that the actual
pressure drop in 1 in. pipe carrying 130 Ib. per hour is 3 in. per 100 ft., so
that the pressure absorbed in pipes 7 and 8 is 1-42 in. This figure added
to the pressure loss in pipes 1, 2, 3 and 4 gives a total pressure loss for
the circuit of radiator F of 1-96 in. The circulating pressure of 2-28 in.
exceeds this figure by rather more than 10 per cent. suggesting that
radiator F may need a little valve regulation in order to ensure a balanced
circulation.

The circuits of the remaining radiators have been calculated in a
similar way and the results are shown on the calculation sheet. In
dealing with them it must be remembered that they have pipes 1 and 2
in common with radiators C and F. The pressure loss in these pipes
must, therefore, be included in the calculations for radiators A to E.

Sf,‘,’,o\‘ 280 000 175,000
29,790 ‘ //// 20,000
///// -~ T £ 7/ ‘ q
BOILER ‘ s, oo/a;/ } l l Sb‘ooo/ I ll

P £ D—s{e-Gok—B kA

Fig. 8.—THE ACCELERATED SYSTEM

In which the pipes in the main trunk line are sized so that the total resistance
approximatos to the pump head.

Ezample 4.—In the accelerated system shown in the diagram, Fig. 8,
the pipes in the main trunk line are sized so that the total resistance
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approximates the pump head. 1f the sizing is done methodically, the
total head and the head availuble at various points in the system can
be easily ascertained. The branch circuits can then be sized according to
the head available at the junction to the main pipe line.

Let the total length equal 1,000 ft. and the temperature difference at
the boiler 30° F. Then allowing an average resistance of 1 ft. per 100-ft.
run, we can size the pipes as in the table, from which we find that the
total resistance is 10 ft. which is the head against which the pump must
operate.

Load * Length Diam. Resistance Head Available
Section B.T.U.'Hr. Fe. In, Ft. at Junction

A 28000 ¢ 10 1 13 I
_‘-Tf - 1;(;,—050« T __1—80 - l 14 2 0; B l'5. t 207 - ;3'7;7

C . 300,000_ N h;ﬂ - “A:!‘A" o ‘_)-l 7 ‘73 ')7 {— ‘94 —- ;:;I

D | 600000 | 200 | 3 126 451120 377

E S 1,000,000 ‘ 240—7 3 - 417 »T77 ¢ 417 - .!MN
COF L 1300w | 130 | 4 113 -

Total Resistance  10-00

* 207, added to net load for mams losses.

The gravity circulating pressure may in general be ignored with
accelerated systems since it is but a small proportion of the total pressure.
A pressure drop of 1 ft. per 100 ft. is quite a good figure to adopt for
preliminary pipe sizing, but in the complete calculations some attention
should be given to the resulting velocities in the pipes. In positions
where lack of noise is important a velocity of 4 ft. to 6 ft. per second
should not be exceeded. Quite often accelerated systems are designed
for a temperature drop of only 15 or 20° F. This results in a higher
mean temperature in the radiators for a given boiler temperature and
also in pipes big enough to allow of some gravity circulation under
favourable conditions when the pump is not running. This is desirable
and should be borne in mind when the system is designed. The charts
given in Figs. 9 and 10 may be used in the design of accelerated systems.

In the space available it is not possible to explore all the methods by
which the sizes of pipes can be determined. The accurate sizing of
pipes, moreover, is one which requires considerable attention on the part
of the engineer, and the reader is referred to the works of such authorities

as Reitchel and Weisbach for more comprehensive treatment of the
subject.
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Feed and Expansion Tanks

These are usually of galvanised mild steel and their capacity should
be sufficient to hold the increase in the volume of water by expansion
when heated. The water content of the system should be calculated,
and the expansion will increase the bulk by about ;. °

The tank should be fixed well above the highest point of the system,
and if a water supply is laid on, the ball valve should be adjusted so
that the cold-water level is kept as low as possible.

The overflow pipe should not be less than 1}-in. diameter, and should
be arranged to discharge outside the building, where, in the case of
failure of the ball valve, any excessive overflow will be easily noticeable.

The feed pipe may be connected to any part of the system where
there is no possibility of it being isolated from the boiler by the inadvertent
closing of valves. In accelerated systems it is usual to connect it close
to the inlet side of the accelerator or pump. It should not be less than
§-in. diameter, and for installations where the boiler is rated above
500,000 B.T.U. a 1-in. diameter pipe is recommended.

Sizing a Feed and Expansion Tank

The procedure in sizing the tank is first to ascertain the amount of
water in the system. The water content of radiators and boilers is
given by the various manufacturers in their catalogues, whilst the water
content of the pipes can be found by the easily remembered rule, the
number of pounds of water per yard of pipe equals the diameter of the
pipe squared in inches. Thus, a 1-in. bore pipe contains 1 lb. of water
per yard, a 2-in. pipe 4 lb. per yard, a 4-in. pipe 16 lb. per yard,
and so on.

o ~

»
?

Fig. 11. — Two-pIPE
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Having found the water content of the system as a whole, boiler
plus pipes, plus radiators, one-twentieth of this volume should be accom-
modated between the lower and upper water levels of the feed and
expansion tank, and an allowance of 6 in. to 12 in. made for the space
occupied by the ball-valve and overflow connections.

TYPICAL LAYOUTS FOR HOUSES, FLATS, OFFICE BLOCKS
AND FACTORIES

The method of calculating the pipe sizes for heating installations has
already been dealt with and typical gravity and forced circuits were
taken as examples. But, although there are not many systems of
heating, each system can be varied and adapted to special requirements
and a scheme evolved for any building, no matter what form it takes or
what special problems it presents.

Low-Pressure Gravity System—Two-pipe Up-feed System

When there is a basement, so that a boiler can be placed at that level,
and main circulating pipes run either in the basement or underneath the
ground floor, then a two-pipe up-feed system may be the best to adopt.
In the system shown in Fig. 11 the boiler and mains are so arranged.
Risers are taken up to the radiators on the upper floors. When erecting
the rising pipes it is sometimes possible to give the lowest radiators
preference by connecting the flow as at A, in Fig. 11, otherwise the
heat will rush up to the top radiators to the detriment of the lower
ones.

Valves on Radiators.—All the radiators should be fitted with double
regulating valves or two valves. one being of the lock shield type. The
latter can be regulated and set so that each radiator gets its proper share
and the whole warms up evenly.

Expansion Pipes.—At the extreme ends of the circuits, air pipes are
shown which allow for the expansion of the water and also for the escape
of air. When the radiators are connected at the top and bottom, all
the air escapes through the air pipes. This avoids the necessity of opening
the air valves on the radiators when charging up, and on a large installa-
tion the saving of time is considerable.

Fittings.—Air must not be allowed to collect in the horizontal mains
and eccentric fittings should be used to ensure this. The use of concentric
tees, etc., should only be permitted when the risers are placed so as to
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release the air through the air pipes mentioned above.

The left side of Fig. 11 shows radiators fixed in the basement and the
main return pipe fixed at a low level to accommodate them.

Two-pipe System with Central Mains

Fig. 12 shows a two-pipe system where the mains are carried along in a
central passage or duct with branches taken to radiators on each side.
These branches are continued up as risers to radiators fixed on the upper
floors and follow the same lines as in Fig. 11.

— 7

m‘. Fig. 12, Two-rIPEUP-

FEED SYSTEM. - 2
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Fig. 13 is another two-pipe system with the main return pipe running
in the same direction as the flow pipe but increasing in diameter on its
way, until it eventually reaches the boiler where it will be the same size
as the flow pipe at this point. In this arrangement short circuiting
cannot take place as was described for Fig. 11. When it is possible to use
this system it has man