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Preface

THE BuildiBg Industry, in its various branches, is mo.e

etsely .dentified than any other ^vUh the marve ov^

engineering progress of the present day and the untold

possibi mes of ti; future. To put all classes o workers m

Cliar touch with modern nretlrods of construction and th

at" advances in this great field and to br.ng to «je„r rn a

form easily available for practical use the best frmts of He

highest technical training and achievement, is he ".ce

which the CYCLOPEDIA OF CoNSTiiUCTioN aims to render.

The work is preeminently a product of practical experi-

ence deigned fo'r practical workers. It is based on the idea

h even in the larger problems of engineering construction

t is not now necessary for the ordinary worker in concrete

or steel or any other form of material, to attempt the

mpracti'cable task of exploring all the highways and byways

where the trained engineer or technical expert finds h.m elf

It home The theories have been worked out; the tests and

Calculations have been made; observations have been recorded

in thousands of instances of actual construction; and he

results thus accumulated form a vast treasure of labor-saving

ntormation which is now available in the shape of prac ical

working rules, tables, instructions, etc., covering every phase

of every construction problem likely to be met with n

ordinary experience. This is perhaps most apparent in the

sections on Cement and Concrete Construct,on, Plmn and

Reinforced. To this subject, on account »' i^ s^P^^^/Xe
tance as a structural factor of the present day three entire

vlmes are devoted, embodying the cream of all the valuable

information w-hich engineers have gathered «P °
/l;^*^ *"

of this practical information now presented in this Cydoped a,

has never before been published in any form. By its nse.
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anyone is enabled to take advantage of the vast labors of

others, and to bring to bear on any problem confronting him
the results of the widest experience and the highest skill.

The keynote of the Cycloj)edia is found in the emphasis

constantly laid on the practical as distinguislied from the

theoretical form of treatment, in its total avoidance of the

complicated formulas of higher mathematics, and in its reduc-

tion of all technical subjects to terms of the simplest and

clearest English. Throughout the pages devoted to Steel

Construction, for example, the mathematics of the subject

have been eliminated to such an extent that the reader will

not find a single instance ivherc even a square root sign has

been used.

In addition to the larger problems of engineering and

building construction, one entire volume, as well as many
chapters scattered through the work, is devoted to those

smaller constinictions that are of special interest to the

teacher or student of manual training or the home shop

worker of a mechanical turn of mind.

Inasmuch as a wider knowledge and a more intelligent

grasp of the fundamental principles of construction and

design will tend to greater efficiency on the part of working-

men, and to greater economy in production, the purpose of

the Cyclopedia of Construction is one which will appeal

strongly, not only to the men themselves, but also to the

architectural and engineering fraternity as a w'hole.

The authors of the various sections are all men of wide

Experience whose recognized standing is a guarantee of

reliability and practical thorouglmess.
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Heating and Ventilation

The health and comfort—and, we might also

say, the peace of mind—of the inmates of a

building, depend to a very large extent on the

adoption of a proper system for heating and

ventilating the structure. This is true of the

small house as well as of the large, of the sky-

scraper as well as the bungalow, and of the con-

crete house as well as that built of stone or

brick or wood or other structural material. An
efficient and economical installation for warm-

ing the structure equably, and at the same time

keeping it constantly fm^nished with an ade-

quate supply of fresh air—for these two func-

tions are very closely related—is a matter of

vital importance. Every home-builder and

home-owner, everyone engaged in or interested

in building construction, should understand at

least the elementary principles involved in the

selection and mechanical installation of a good

heating and ventilating sj^stem.

Historical Sketch. Probably no part of the

construction of the modern residence or busi-

ness building has been subjected to more

changes and improvements—particularly dur-



Modern Heating Apparatus
Modern heating apparatus may be divided

into three principal classes: (1) Hot-Air;

(2) Steam; (3) Hot-Water, with several adapta-

tions of the two latter divisions. To these maj^

rightly be added the later types of apparatus

belonging to systems of heating known as the

"vapor," ''vacuum," and "vacuo-vapor" sys-

tems, and the several accelerated systems of hot-

water heating.

Time was, and that not so long ago, when
the builder gave little or no attention to the

proper heating of a structiu-e until every other

part of it had been provided for. Now, how-
ever, the question "How shall I heat the build-

ing?" or "What type of apparatus shall I use?"

is considered along with those relating to the

other features that enter into the construction

of the building, and the heating plant is ar-

ranged for as soon as the building plans are

matured.

Of the three principal modern methods, hot

air is the easiest and cheapest to install. Next
in order is the steam-heating apparatus, with

the hot-water heating system following last;

and the degree of general efficiency derived from
the three—considering results obtained, cost of

fuel required, and length of service with free-

dom from repairs—can be truly regarded as

being also in the order named.
4
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The average life of a hot-air furnace is from

eight to twelve years; of a steam heating appar-

atus (cast-iron boiler), from twenty to twenty-

five years ; and of a hot-water heating apparatus

(cast-iron heater), thirty years or more. Dur-

ing the periods named, the hot-air furnace is

most efficient the first fom- or five years, after

which limit it deteriorates rapidly in the effi-

ciency of the ser\'ice rendered, invariably

requii'ing considerably more fuel and giving

proportionately less satisfactory results. The

efficiency of ser\dce produced by the steam or

the hot-water apparatus does not alter mth
time; and, when kept clean and in condition,

these t^-pes of heating plant do not require an

additional amount of fuel from year to year.

A question quite fi-equently asked is: What
difference, if any, is there in the fuel consump-

tion of either system? Assuming that a certain

building will require fifteen tons of anthracite

coal to heat it with hot air, it has been proven

that the same results may be obtained with a

steam heating apparatus from twelve tons of

fuel, or with a hot-water heating apparatus from

ten tons of fuel—a saving, in the latter instance,

of one-third of the amount of fuel required by

the hot-air furnace to accomplish the same

service.

It should be borne in mind that the char-

acter of the installation of either system of heat-

ing has much to do with its efficiency and its

economical operation, and the comparisons
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above given are computed on the basis that

each type of apparatus is properly installed.

Hot-ail' furnaces can be installed in build-

ings which are not severely exposed to prevail-

ing winds, and will give a sufficient quantity of

heat to insure satisfactory service. There is

no building, however, regardless of the extent

of its exposiu'c, which cannot be satisfactorily

heated with either steam or hot water. And
yet, if too small an amount of radiation be pro-

vided, or if the radiation, though of sufficient

quantity, be improperly placed, or if too small a

boiler be installed, or a poor system of piping

be erected, these conditions will render the

steam or hot-water apparatus inefficient and

unsatisfactory.

In providing for the installation of a modern
heating apparatus, there are some features of

building construction which should have the

careful attention of the builder. The colder

the climate, the greater the necessity for con-

structing the building in such a manner as will

enable it effectively to resist the cold weather.

The small additional sum required to make all

parts of the structure tight, sound, and capable

of resisting and excluding the cold, is, in a com-

paratively short time, more than refunded in

the saving on fuel bills, to say nothing of the

satisfaction of having a warm and comfortable

home at all times, regardless of varying climatic

conditions.

Air is a good insulator; and in building out-
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side walls, provision should be made for *'dead"

air spaces. If of frame construction, the outer

wall should be lathed and plastered tightly on
the inside. The studding should be sheathed

outside and the sheathing carefully covered with

a good quality of building paper. A poor grade

of paper is useless at any price. This surface

should then be tightly and securely covered with

shingles, matched siding, or clapboards. In a

particularly cold climate, it is well to sheath the

inside of the studding and "furr out" before

lathing and plastering. Brick walls should in

every instance be ^'furred out" on the inside;

and in cold climates the use of double windows
and storm doors is particularly advisable.

The efficiency and the economical operation

of the heating apparatus will depend largely on
the accuracy with which the above suggestions

have been carried out.

HOT-AIR HEATING

The ''hit or miss" methods which have been
and are still followed to a great extent in the

installation of fm^naces and, other details of hot-

air heating apparatus, have brought this type

of modern heating system into general disrepute

by reason of the poor results necessarily ob-

tained. In many cases the furnace-man or

tinner seems to possess no idea of the proper
method to follow in setting the furnace, running
the hot-ail' pipes, or locating the registers ; or

—

if knowing—seems not to care. It is careful
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attention to these details, however, which will

naturally assist in seeui'ing a satisfactory job.

Cheap competition work incidental to large

building operations where several houses or

groups of houses are erected collectively in rows

or in pairs and offered for sale by the builders

—

"operation work," as it is called—has resulted

in the placing of thousands of furnaces too small

in capacity to operate properly, and of so cheap

a construction as to be practically worthless

after a few seasons' use.

The proper preparation of a building for

the installation of a furnace begins with the

foundation, as the chimney for the use of the

apparatus should be located in such a position

that the furnace may be set well towards the

north and west sides of the cellar or basement

.

The fiu-nace should be placed in this position in

order to have the shorter warm-air pipes serve

the colder part of the house, as it is extremely

difficult to force warm air towards the north

or west through piping of exce^jtional length.

Under ordinary conditions the furnace

should be set not more than six feet distant

from the chimney flue. It is far better, how-

ever, to double the length of the smoke pipe in

order to be able to locate the furnace toward the

w^est or north, than it is to double the length of

the hot-air pipes, if either one of these two con-

tingencies arises.

To illustrate the proper method of installing

a hot-air furnace, we shall consider its applica-
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Fig. 1. Cellar Plan of a House of Average Size.
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Fig. 2. First-Floor Plan of House Shown in Basement Plan in Fig. 1.

tion to a house of average size. Fig. 1 shows
the cellar plan, Fig. 2 the first floor, and Fig. 3

the second floor plan of such a house.

Size of Furnace Required. Having deter-
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Fig, 3. Second-Floor Flan of House of which Basement and First-

Floor Flans are Shown in Figs. 1 and 2.

mined upon the installation of a furnace, the

first thing to consider is the size necessary. For
arriving at this conclusion, there are several

methods that can be adopted. We shall assume
that it is desired to have an apparatus of suffi-

cient capacity to heat all rooms (excepting the

kitchen) to 70° F. in zero weather. An excellent

rule, formulated by Mr. Charles S. Prizer, is

as follows:

"Find the cubic feet of space in room by multiplying

the length by the width, and this product by the height.

To the actual cubic feet of space in the room, add 75
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cubic feet for each square foot of glass surface (outside

doors to be figured as glass), and 8 cubic feet for each

square foot of outside or exposed wall surface. For either

a northern or western exposure, add 10 per cent

to the glass surface and 10 per cent to the wall

surface. For either a southern or eastern exposure,

deduct 10 per cent from the exposed glass and wall sur-

face. Should double doors or storm doors be used, count

outside doors as exposed wall instead of exposed glass

surface. Add together the figures "or all rooms to be

heated, and the total will be the equivalent cubic feet of

space to be provided for by the furnace."

This rule, it will be observed, takes into

account the various exposures of each and every

room. In the event of the house being located

in a section where a temperature af 10° to 12°

above zero is the extreme degree of cold weather,

10 per cent may be deducted from the '

' equiva-

lent cubic feet." For locations where the

extreme degree of cold w^eather is 10° below
zero, add 10 per cent to the equivalent cubic

feet; for 20° below zero, add 15 per cent; and
for 30° below zero, add 20 per cent.

Select a furnace having one square inch of

grate area for each 150 equivalent cubic feet of

space to be heated.

A simpler rule, quite accurate in the results

obtained, is to allow one square inch of grate

area in the furnace for each 40 actual cubic feet

of contents, if the house to be heated is well

constructed and is exposed on all sides. If part

of a double structure, or one of a row of houses,

use the niunber 50 as the divisor.
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The house illustrated in Figs. 1, 2, and 3

has slightly more than 15,000 actual cubic feet

to be warmed, and is an isolated structure.

Therefore, 15,000-f-40=375 square inches of

grate sm'face required. This would call for a

grate approximately 22 inches in diameter (a

Fig. 4. Side-Wall Register,

circle 22 inches in diameter gives an area of

380.13 sq. in., or slightly more than necessary).

Location and Size of Registers and Flues.

Registers should be located along or in the inner

walls of each room. The dotted lines dividing

the floor space of the various rooms in Figs.

2 and 3, explain this. The registers should be

placed inside the dotted lines. Formerh^ it was
considered good practice to use floor registers

for all first-floor rooms, and wall registers for

the rooms above the first floor. However, the

recent introduction of the improved side-wall

register, Fig. 4, has changed this former idea.

By the use of this type of register in a three-



14 HEATING AND VENTILATION

or foui'-incli wall, an opening for a flue at least

7 inches deep is obtained by cutting out 2 inches

of the floor. This, together with the space of

1 inch occupied by lath and plaster, gives a flue

3 inches deeper than the studding, and allows

HDTAIR

Fig. 5, Wall Prepared for Side-Wall Register.

the placing of an effective register for warming
first-floor rooms. In a similar manner a single

flue can also be made to heat a first and a second

floor room, thus simplifying the piping system
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Fig. 6. Stack Supplying First- and Second-Floor Registers.
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and lessening the number of pipes in the cellar.

There is much to be said derogatory to the

use of the floor register. It is a dust and dirt

collector; it frequently interferes with the

desired placing of furniture and often necessi-

tates the cutting of carpets. All these adverse

Fig. 7. Correct Forms of "Boots."

conditions are obviated by using the side-wall

register. Fig. 5 shows the wall prepared and

the opening cased ready for the insertion of the

cast-iron register frame. Fig. 6 shows a stack

supplying the first and second floor registers.

Note that by this aiTangement, as cited above,

the depth of the flue supphing the fu'st floor is

7 inches. A baffle-plate divides the flow of

warm air, furnishing each floor with its proper

proportion of heat.

The fitting at the bottom of a stack, or verti-





J
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cal duct, supplying a register, is termed a boot.

The round pipe in basement conveying hot aii'

from the furnace is connected to a boot, which
must be so arranged as to receive the full vol-

ume of this round pipe and distribute it to the

riser with the least possible amount of friction.

^^

.^-^^ ^-^^
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partition. Fig. 8 illustrates some correct forms

of this fitting.

In the running of all furnace piping, abrupt

bends and acute angles should be avoided, so

that the heat-carrying pipes may offer the least

possible amount of friction or resistance to the

flow of warm air through them.

All hot-air pipes should be covered with

asbestos paper, or, better, with asbestos air-cell

covering. Should circumstances require the

placing of a pipe within an outside wall, its

outer surface should be doubly covered in a

permanent manner with first-class material.

Asbestos air-cell covering also affords a pro-

tection against fire liable to be caused by an

overheated pipe.

In this connection it is advisable to call

attention to a new type of furnace piping, as

illustrated in Fig. 9. The design is called Safety

Pipe, and is of double construction with an air

space between the two laj^ers of metal. A small

opening through the outer pipe in the boot

admits cellar air.

Table I will give the measurements of regis-

ters necessary for supplying certain sizes of

rooms, the sizes of flues (vertical pipes), and the

sizes of the round pipe in the basement convey-

ing warm air from the furnace to the boot. In

all cases where two or more rooms are heated

from one pipe, this pipe must have sufficient

capacity to carry the required amount of warm
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air for all rooms serv-

ed by it, according to

the information given

in the table.

Heat Pipes. The
heat pipes conveying

air from the furnace

should have a good

upward slope in the

cellar. If necessary,iS3^

the bottom of the fur-

nace should be placed

below the level of the \
cellar floor, in order

to secure a slope in

the heat pipes. When
it is necessary to use

pipes of different

lengths to reach dif-

ferent rooms of the

same size, the longer

pipes should be larger

in diameter than the

shorter pipes. When
a large number of

heat pipes are taken

of£ from the furnace,

they should average

smaller in diameter

than the average di-

ameter when there are

but a few heat pipes.
Fig. 9. Double "Safety" Piping.
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TABLE I

Sizes for Tumace Pipes and Registers
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sloping sides as high up as possible, and the

top sides of the pipes should all be on an exact

level. Where the straight-sided flat-top upper
casing is used, the pipes are brought out from
the top, in which case the elbows should all be
of the same height from the top of the furnace.

Both heat pipes and smoke pipe should be per-

fectly tight, so that no air can enter them except

through the furnace.

Cold-Air Supply. No hot-air furnace will do

its work properly unless provided with an ade-

quate cold-air supply. In the cheap form of in-

stallation, it is invariably noted that the furnace

is supplied with basement air through a fret-

work base of the furnace. Aside from showing
poor practice, this method creates an unhealth-

ful condition. Air from outside the building

itself should be used; and the necessary supply

should, if possible, be admitted from the north

or northwest sides. A cellar window may be

utilized for the purpose. Just inside the cellar

window or other similar suitable opening, th(;

cold-air duct should be enlarged to about three

times the required capacity. From the bottom
of this duct the connection with the furnace

may be made, the pipe running eitlier below the

floor of the cellar or above it, according to cir-

cumstances surrounding the installation. This

large duct forms a reservoir for the accumula-

tion of cold air, and this reserve supply prevents

prevailing high or variable winds from inter-

fering with the steady flow of air to the furnace.
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Fig. 10 will illustrate this idea. The outside

entrance to the opening should be protected with

a coarse wire screen fastened in a permanent
manner. We favor the building of a cold air

Fig. 10. Showing Cold-Air Reservoir and Duct.

pit of brick beneath the furnace, as illustrated

in Fig. 11.

In size, the cold-air duct should have three-

fourths of the area of all heat pipes leading from
the top casing. For example, let us assume a

job having:

One 8-ineh heat pipe, capacity .50 sq. in.

Two 9-inch heat pipes, capacity .126 sq. in.

Three 10-inch heat pipes, capacity. 234 sq. in.

Total 410 sq. in.

Here the total area of the heat pipes is 410
square inches. Three-fourths of this total

capacity is 307 square inches; therefore the
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dimensions of the cold-air duct should be 12 X
25 inches = 300 square inches.

Cold-Air Cleansing. In some localities, such

as factory districts, or in places where soft coal

is extensively burned, it is desu'able to cleanse

the cold-ail* supply prior to its admission to

the furnace. A simple method for accomplish-

Cold air

duct

Fig. 11. Cold-Air Pit and Pier for Furnace.

ing this desired result is illustrated in Fig. 12.

Frames partially covered with cheese-cloth are

inserted in the cold-air chamber or reservoir.

These frames are set at an angle of about 30

degrees, the clear openings through them being

^'staggered" or located on alternate sides of the

chamber, as shown. They should be fitted in

grooves, and so made as to be easily removable

for the purpose of cleaning or re-covering. This

simple arrangement will be found very efficient.

Furnace Ventilation. The air we breathe

contains more or less carbonic oxide—a poison-

ous gas which, within a crowded room, is present
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in the air to such an extent as to cause the

occupants headache and other similar ailments.

This contamination of the ail' is caused by the

poisons given off in the exhalations or from

Fig. 12. Method of Cleansing Cold-Air Supply.

the bodies of the people within the room.

Therefore, by reason of its effect u^^on the phys-

ical body, proper ventilation is of even greater

importance than heating, and is consequently

an essential and inseparable part of the heating

problem. It therefore calls for at least some
brief pertinent suggestions.

In winter, rooms should be ventilated by
taking out air at or near the floor. Taking out
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air from the top of the room for ventilation is

wrong in principle, and always interferes with

heating the room. An excellent plan to venti-

late a residence is to build a large ventilating

shaft instead of the usual chimney flue. Up
through this shaft, run a tight terra-cotta or

metal smoke pipe to carry the draft of the fur-

nace. The space in the shaft around the smoke
pipe is ventilating space, which will be warmed
by the draft of the furnace, causing a strong-

upward current of air in the shaft. A pipe or

duct of any form or shape or material that may
be found most convenient should be run from

the floor or baseboard of each room to this

upright ventilating shaft. In this way the lower

strata of air will be drawn off from the rooms,

and a constant and reliable change of air will

be assm^ed. The ventilating register in each

room should have about sixty per cent of the

capacity of the heat register through which hot

air is supplied for heating the room. This

method of ventilation is comparatively inexpen-

sive, if put in at the time the house is built.

Where there is no mechanical device for

forcing ventilation, the main ventilating shaft

must be warmed so that there will be maintained

an upward current of air in it; a cold ventilating

shaft is worse than none at all. It is easier to

heat rooms that are properly ventilated than to

heat them when there is no provision for sys-

tematic ventilation. In a properly ventilated

house, the colder and impurer air is being con-
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stantly drawn off from the lower parts of the

rooms ; the fresh warmed air is filling the rooms

from the top downward, and this wann air is

not working against resistance.

It is extremely difficult and requires an ex-

travagant consumption of fuel to heat a chm-ch

or hall with a very high ceiling, without draw-

ing off the cold air from the low^er part of the

room. In such cases, where the dealer cannot

induce the owner of the building to put in a

ventilating shaft, satisfactory results may be

attained by supplying the furnace with cold air

drawn through a cold-air duct from the room

above the furnace; but the usual provision

should be made, when this plan is adopted, for

supplying cold air from the outside. The duct

from the outside and the one from the room

above should be joined into one duct before

reaching the furnace, so that, by placing a turn

damper at the junction, the supply of cold air

can be taken from outside, if desired, when the

room above is well heated and when there are a

number of people in it.

STEAM HEATING

Steam heating is unlike hot-air heating in

principle, as well as in results attained. In

heating a room with hot air, the register distrib-

utes the heated air to the room, this w^irm air

ascending to the ceiling, and then descending

to the floor as it becomes heavier after cooling.

A steam radiator circulates or turns the air in
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the room, as shown by Fig. 13. Note the down-

ward circulation of the cold air from the win-

dow, as indicated by arrows.

Weather conditions do not affect the efii-

ciency of steam-heating apparatus; with it, it

is possible to heat any character of building, in

Fig. 13, Showing How Radiators and Windows Cause Circulation
of Air in a Room.

any location, regardless of extremely low tem-

peratui'es or prevailing high winds, so long as

these conditions have been provided for by the

heating contractor.

The early method of steam heating was in

accordance with the two-pipe system. Many
such plants, however, were noisy in operation,

caused by water-hammer in the system, this con-
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dition being due to the faulty installation of the

small piping used; and such plants were also

often rendered inefficient by poor practice in

making pipe connections. Water-hammer is

caused by the presence of traps in the piping;

that is, portions of the piping system are imper-

fectly drained of the water of condensation.

When the fire is checked, and the piping and

radiators cool, the portion of the water of con-

densation which has found lodgment in the

piping or the radiators has also become cold.

AVhen steam is again generated at the boiler,

the supply in passing this accumulation of cold

water in the traps or pockets condenses rapidly,

and this action causes water-hammer. To over-

come this trouble, it is therefore necessary that

all steam piping, regardless of the particular

system used, should be so erected as to insure

perfect drainage in this respect.

In this connection the use of eccentric fit-

tings is advised. Fig. 14 shows a short part of

a main steam line on which the ordinary styles

of fittings are used and the size of main reduced,

and also the identical piece again on which

fittings tapped eccentric are placed. The perfect

drainage afforded by the latter usage is at once

apparent.

The modern low-pressure system of steam

heating is usually a gravity job, the boiler or

steam generator being placed below the level of

the steam mains. While the two-pipe system

is still at times advocated and employed, prac-
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ticall}' all of the installations of low-pressure

steam heating in these days are erected by what

is known as the one-pipe method. There are

THE WRONG METHDID

e
X A

2

Tzc's tapped <zccz?7tr:c

THE RIGHT METHOD
ND LDDEEMENT DF WATER
Fig, li. Illustrating Use of Eccentric Fittings to Prevent Water-

Hammer.

several adaptations of this method—^namely, the

*' one-pipe cii^cuit" system, the "di\dded-circuit"

system, the "one-pipe system with dry retm'ns,"

the "one-pipe system ^\^.th wet returns," etc.

These will be described later.

In planning for the installation of a low-

pressure steam-heating apparatus, it is neces-

sary to figure for each room to be heated the

size of radiator needed to warm the space to the
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required temperature; and after the total

amount of radiation necessary for the work has

been determined, the next step is the selection

of a suitable boiler.

Methods of Determining Radiation. The
amount of radiation required depends upon
three prevailing factors; (1) the size and loca-

tion of the room; (2) the square feet of its glass

exposure (windows and outside doors counted

as glass) ; and (3) the square feet of outside or

exposed wall surface. Too many fitters and con-

tractors are using ^'rule of thumb" methods in

calculating such requirements, thereby causing

trouble and unsatisfactory results from installa-

tions of this character. Only such rules as are

absolutely accurate shoidd be used in figuring

on work, and the two known as the "Baldwin"
and "Mills" rules can be relied upon.

Baldwin Rule. The Baldwin rule for deter-

mining radiation is as follows:

Divide the difference in temperature between that at

which the room is to be kept and the coldest outside at-

mosphere, by the difference between the temperature of

the steam in the radiator and that at which you wish to

keep the room, and the result will be the square feet of

radiating surface to be allowed for each square foot of

"equivalent glass surface."

Count each square yard of exposed wall as a square

foot of glass to determine the former 's equivalent in glass

surface.

For example, we shall consider a room 12x15
feet in size, with a 10-foot ceiling, containing
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two windows 3x6 feet in size, and having one

side wall (10x12 feet) exposed.

Temperature desired in room 70°

Outside temperature—zero 0°

Difference 70°

Temperature of steam in radiator at 1 lb.

pressure 215.5°

215.5°—70° (temperature of room) = 145.5°

(Dif. in temperature) ^145.5°= .481

Glass in windows 3' x 6' x 2= 36 sq. ft.

Equivalent glass in wall 10' x 12' -fO= 13;\ sq. ft.

Total equivalent glass 49.\ sq. ft.

49^x.481=^23.7 sq. ft. of radiation required.

The result from the above calculation pro-

vides only for the exposures named, and does

not take into account the effect on the sj^stem

from loose windows, poor building construction,

or a degree of exposure excessive beyond that

stated.

Mills Rule. The Mills rule, known also as

the rule "2—20—200," is possibly more easil.y

applied, and it is consequently the one generally

adopted by heating men. Its explanation fol-

lows:

Find the following three quantities in each room to

be heated: (1) the cubic feet of contents, by multiplying

together the length, width, and height; (2) the square

feet of exposed or outside wall (not deducting the space

occupied by doors or windows) ; and (3) the square feet

of glass (counting outside doors as glass). After obtain-

ing these results, proceed in figuring thus

:
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For each 2 sq. ft. of glass, allow 1 sq. ft. of radiation

;

for each 20 sq. ft. of exposed wall, allow 1 sq. ft. of

radiation; for each 200 cu. ft. of contents, allow 1 sq. ft.

of radiation.

The total of these different results will be the number
of square feet of radiation required to heat the room to

70° with a pressure of 2 lbs. of steam, the outside temper-

ature being at zero.

For example, consider a corner room (two

walls exposed) having three windows 3x6 feet

in size. Dimensions ot* room, 15x20 feet, with a

10-foot ceiling.

3'X6'=18 sq. ft. X3=54 sq. ft. of glass

15'-j-20'=35 feet X 10=350 sq. ft. of exposed wall

15'X20'X10'=3,000 cu. ft. of contents

54-^- 2=27
350h- 20=17.5

3,000-^200=15

Total, 59.5 sq. ft. of radiation required.

For all direct-indirect radiation used, add
25 per cent to the amount to obtain the equiva-

lent of direct radiation; and to the amount of

all indirect radiation used, add 50 per cent to

obtain its equivalent in direct radiation. The
character and purpose of ^'direct-indirect" and
"indirect" radiation are explained later under

the heading *' Radiating Surfaces."

Having determined the number of square feet

of radiation necessary to heat the building in

accordance with the above rules, we proceed to

the selection of the boiler.
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Selection of a Boiler. The selection of the

proper size and chai'acter of boiler for any in-

stallation means much for the efficient and eco-

nomical operation of the entii'e job.

The catalogue ratings of all boilers for house
heating, or "low-pressure" boilers, are gross

ratings; that is, in the stated capacities, not only

is the amount of radiation to be supplied con-

sidered, but all pipe, fittings, etc., on the work
are counted as radiating sm^face, and allowance

must be made for the same in accepting the

printed ratings.

House-heating boilers are the opposite of

power (tubular) boilers in so far as the matter
of fuel consmnption is concerned. With high-

pressure boilers used for power purposes, the

point of gi'eatest economy is reached by burning
as much fuel as possible within a certain period

for each square foot of grate surface; and this

type, consequently, has a high rate of combus-
tion. With low-pressure boilers, on the con-

trary, the greatest economy is afforded by a

low rate of combustion, and with a heating ap-

paratus we aim to burn as little fuel as possible

per square foot of grate per hoiu\

House-heating boilers must be capable of run-

ning six or eight hours without attention, and
be able during this period of operation to keep
all radiating surfaces filled with steam.

Manufacturers' ratings, as a rule, are based

upon evaporative tests; that is, that a certain

number of pounds of condensation may be evap-
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orated per pound of fuel per square foot of grate

per hour. This amount varies from 7 to 10

pounds i)er hour, with an average of possibly

81/0 pounds. A safe plan when using such

ratings, is to make the following allowances:

Actual sq. ft. of radiation in building 600

Add 25 per cent for uncovered mains and risers .... 150

750

Add 10 per cent for radiation in risers 75

825

To this result should be added an allowance of

10 or 15 per cent for friction or loss of heat

between the boiler and radiators, the final result

showing that for good service on the work the

boiler selected should have a gross rating of

approximately 900 square feet.

For economy, choose a boiler so constructed

that it may be easily and thoroughly cleaned in

all its parts. Soot is a great non-conductor; and

the heating surfaces, to be effective, must be

kept free from an accumulation of it.

The firebox and grate provided are features

worthy of particular attention, as a firebox of

proper depth, and a type of grate which can be

easily cleaned and which is able to carry its full

load of fuel without a sagging of the bars, are

essential points to consider.

A large amount of direct heating surface

above the grate, with a length of fire travel suffi-
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cient to consume and utilize the gases of com-

bustion, means economy of fuel.

Cast-iron boilers are used to a greater extent

than wrought-iron constructions for low-

pressure heating purposes, as experience has

conclusively demonstrated that cast iron is slow

to corrode or rust, is easily moulded into any
desired shape, and is most efficient in absorbing

the heat units from fuel consumed.

Do not select a boiler having packed joints,

as it will dry out and leak at these points.

Iron to iron connections made with push or

screw nipples are the best.

Finally, select a boiler made by a company
or fii'm of unquestioned business standing. Such
a concern will make good any defects of manu-
facture which may develop in their product and
for which they can be considered responsible.

One-Pipe Circuit System. The one-pipe cir-

cuit system of steam j)iping is doubtless used

more than any other plan, as it is the one having

the most advantages when installed in a square

or rectangular building.

In this system, the upright pipe out of the

boiler rises to as high a point as possible, up to

within a few inches of the cellar joists. On its

top is placed an elbow from which the circuit

is started. This starting j)lace is the high point

of the main steam pipe; and from it the main
should have a gradual fall or pitch from the

boiler of one-half inch to one inch in each ten

feet of length. The branches should pitch up
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from main at least one inch in each five feet of

length, and as a rule should be of one size larger

pipe than are the risers which they feed.

The circuit continues around the basement

at a distance of from three to four feet from the

outside wall, continuing until an advisable point

|<«=n€
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Fig. 15. One-Pipe Circuit System of Steam Heating.

at or near the boiler is reached, where a reducing

elbow is placed on the end of this main, and a

drop made with a smaller size of pipe into the

return opening of the boiler.

Fig. 15 shows the basement plan of a piping

job of this character. The main acts as a reser-

voir suppl}dng the various branches leading to

the radiators, and also as a return pipe receiving

the condensation from the various branches it

feeds. By reason of this latter function, it

should not be reduced, but should be run full

size from the boiler to the end where the return
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connection is made. The condensation from the

system runs along the bottom of the main in

the same direction as the com"se of the steam.

Fig. 16 illustrates three views of a main of this

character, showing the extent of the reduction

in its area due to the space occupied by the con-

densation; a designates the main as it leaves the

boiler; b, the same main after the condensation

Conden >5a t/on

Pig. 16. Sectional Views of a One-Pipe Circuit Steam Main at
Different Points.

from several branches has been returned to it;

and c, this main at a point near to the return

connection, showing possibly one-quarter of its

area occupied by the condensation.

At the extreme end of the main, w^here the

connection to the return is made, there should

be placed an automatic air-valve, in order that

all air in the main may be quickly exhausted,

and the main put in shape to be rapidly filled

with steam so that all branches will be supplied

at i3ractically the same time, thereby securing

an equal proportion of heat from all radiators.

Each branch connection may be taken from
the main by either of two methods—namely,

(1) by using a nipple and 90-degree elbow, as



38 HEATING AND VENTILATION

illustrated in Fig. 17; aud (2) by using a nipple

and 45-degree elbow, as illustrated in Fig. 18.

eo^'ElboiA/

^hort nipple

Taaon main

rig. 17. Branch Connection to Steam Main by Nipple and 90-

Degree Elbow,

The method shown in Fig. 18 is preferred for

the reason that in all low-pressure mains the

-. , . _ f^^"Elbow
Short m

\
3

^Branch

T^0 on main
Fig. 18. Branch Connection to Steam Main by Nipple and 45-

Degree Elbow.

steam flows along the top, the condensation

along the ])ottom. With the 45-degree connec-

tion, the condensation from each branch enters
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the main without saturating the steam, while

with the use of the 90-degree connection this

water of condensation flows into the main on

top of the steam supply, saturating it and

thereby greatly reducing its efficiency. This dif-

ference is very clearly explained by Fig. 19.

Points marked A A A on Fig. 15 indicate the

45-degree connection; B B B, the risers to radi-

Fig. 19. Illustrating How Steam Is Saturated by 90-Degree Con-
nection to Main.

ators; and C the point at which the automatic

air-valve should be placed. The arrows indicate

the downward pitch of the main and the upward
pitch of the branches.

On all low-pressure steam work, the velocitj^

of the steam through the riser out of the boiler

should be materially less than that provided in

the main. To accomplish this result, it is well

to have the riser of one or two sizes larger pipe

than that used for the main, placing a reducing

elbow at the top to start the main.

The end of the steam main should never be

lower than a point 14 inches above the water-

line of the boiler; and, if possible, a distance of
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20 inches should be maintained between the two
points. Fig. 20 shows an elevation of the boiler

and return connection of a piping s.ystem as

shown in plan in Fig. 15, and clearly indicates

T
AUTOMATIC

VvATERLINE

STEAM MAIN

t^^3

M>/y//////y//yy///Aiiiy//yy///y//^^^^

Fig. 20. Elevation of Boiler and Return Connection of a One-
Pipe Circuit System of Steam Heating as Shown in Plan

in Fig. 15.

the space to be maintained between the end of

the main and the water-line of the boiler.

Divided-Circuit System. The divided-circuit

or two-circuit system is quite similar in its gen-

eral plan to the single-circuit, and what has been
said regarding the details entering into the one
will apply to the other. When the boiler is

located on one side of a rectangular building,

frequently it is better practice to run the main
in two circuits; and the method this provides

is known as the divided-circuit system. On
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leaving the boiler, the mains pitch down from it

in either direction, following around the base-

ment until they meet at the side opiDosite to the

boiler, or perhaps at some other point, the place

of junction depending upon the character of the

building or on circumstances surrounding the

V////////////////////^//////////////^^^^^

• Rcidtciioyji ahove
are tndicaiea &y
dotted itrrg-i

^///x>A—49/7/////^y7/^^^

Fig. 21. Divided-Circuit System of Steam Heating.

installation. At this point a reducing elbow and
an automatic air-valve are placed on the end

of each main, and a drop made to the floor of

the basement, where, below the water-line, these

returns are connected together, and a single pipe

having a capacity equal to that of both the drop

pipes is run across the cellar floor, either on the

surface or under it, to the boiler, where it is con-

nected into the return opening.

As the ends of the mains or circuits are usually

some distance from the wall, it is not advisable to

drop directly at this point, but preferable rather

to carry the pipe to the wall, and then drop.
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Fig. 21 illustrates the divided-circuit system;

and Fig. 22, the method of connecting the re-

turns together below the water-line of the boiler.

One distinct advantage of a one-pipe circuit

system is that all piping is overhead and out of

the wav. In addition it affords a verv neat and

STEAM MAIN AUTDMATIC STEAM MAIN

^̂ H

TD-BDILER
WET RETURN

WATER LINE
DFBDILER

Fig. 22. Method of Connecting Returns "below Water-Line of

Boiler in Divided-Circuit System of Steam Heating.

attractive method of piping, and will be found

sufficiently effective provided care is exercised

in properly proportioning the sizes of the pipes.

Pipe sizes for one-pipe systems are given in

Table II.

One-Pipe System with Dry Returns. The

one-pipe system of steam heating is so called

from the fact that there is but one pipe connec-

tion to each radiator, this pipe acting the dual

role of flow and return. For this reason the use

of this arrangement requires pipes larger in size

than those necessary for the two-pipe system.

There are several adaptations of the one-pipe

method, that illustrated in Fig. 23 being the one
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particularly suited to a long narrow building

where the main flow pipes may be run straight

fi'om the boiler in either direction.

The high points of the steam main are the

elbows on the risers leading from the boiler, and
from this point the mains and returns should

have a gradual fall, free from pockets and traps,

toward the return opening of the boiler, this fall

or pitch averaging not less than one-half inch

for each ten feet of length of the flow or return.

Unless the system is modified to meet certain

unusual conditions, such as an uneven height of

the basement ceiling or similar oddities in con-

Btruction, there should be no reduction in the

size of the main prior to making the connection

to the return. /

Note the manner in which this connection is

made. The return pipe is always one or two

sizes smaller than the flow, and the connection

from main to return is accordingly made with

two reducing elbows and a close nipple. Assum-
ing the main to be 3 inches and the return 1%
inches in size ; on the end of the main is placed a

3x2-inch elbow, into which is screwed a 2-inch

close nipple. To the other end of the nipple is

attached a 2xl%-inch elbow, into which the

11/2-inch return is connected. Note two things

particularly, relative to this form of connection

—first, that the 3x2-inch elbow is tin'ned up until

the top side of the 2xli/^-inch elbow is even with

the bottom of the former size. This method

assists in gaining headroom in the basement, at
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the same time permitting of the perfect drain-

age of the condensation from the main. Second,

note that, should a length of pipe for the return

be screwed directly into the 2xli/2-inch reducing

r=i

Eiscr

Double Quuing
Connection

dtcatn Main

^3ranch

Fig. 24. Allowing for Expansion of Eiser by Use of Swing Joint
at Ease.

elbow, it would extend out at a considerable

angle from the main; and as it is desirable for

the return to follow closely by the side of the

main and just beneath it, it is necessary to use a

short piece of pipe and a coupling with a crooked

thread to throw the return straight with the

main.
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Wliere the elbow is placed on the end of the

dry return for the drop connection into return

opening of boiler, an automatic air-vent should

be used, and this point should not be less than

14 inches above the water-line of the boiler, as

previously described.

All branches are taken from the main with a

45-degree connection as shown in Fig. 18, and

they should always pitch upward from the main

Automatic
Air i/alU9

Fig. 25. Extension of Main in Building Too Long to Allow of Dry
Returns Throughout.

at least one-half inch in each five inches of

length. Wlien supplying large radiators, the

branches, as a rule, should be one size larger

than the riser or radiator connection which they

feed.

It is w^ell to make connections to radiators in

such a manner as will permit of some expansion

of the riser. A swing joint at base of riser is

sometimes emploj^ed for this purpose (see Fig.

24). Wlien the length of a building is so great

as to prevent the use of a dry return throughout

the entire distance, it may be found imprac-
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ticable to extend the main the full length of the

building; and in such cases an extension of the

main is made in the manner shown in Fig. 25,

the size of the extension being governed by the

square feet of radiation fed by it. Should it be

required to supply only a few small radiators, it

may drain back into the main in the same man-
ner as any other branch connection. As a rule,

however, it shows better practice to drip the end

of this extension into a wet return, as illustrated.

In this connection w^e again call attention to

the fact that the risers out of the boiler should

be two sizes larger than the horizontal pipes

which they feed.

One-Pipe System with Wet Returns. The
one-pipe system of steam heating with wet re-

turns does not differ materially from any one of

the methods previously described so far as the

manner of running the mains and connecting the

branches is concerned. There are some heat-

ing men who favor a wet-retm^n system, believ-

ing that the provision of the wet return steadies

the working of the sj^stem or "balances" the

job. This system is specially adapted to jobs

where the mains are exceptionally long or when
surroundings make it necessary to work un-

usually close to the water-line of the boiler.

A wet return would be started on a circuit

job as soon as the last branch or radiator had

been connected, but the drop should not be made
directly at the last connection. The main should

be extended not less than two feet beyond this
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point, where a reducing elbow tapped for an aii'-

valve sliould be placed on the end, and the drop

then made into a wet return. This return, as a

Fig. 26. Bleeding a Biser in Installing a Wet-Eetum System.

rule, is carried along the cellar wall to a point

where a connection with the boiler can be con-

veniently made.

One method of installing a wet-return system
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TABLE n
Sizes of Main and Return Pipes, One-Pipe System of Steam Heating

Boiler Pressure, 2 Lbs. Gauge

Sq. Ft. Direct Radiation
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no mistake by adopting them on heating work.

Perhaps circmnstances surrounding installations

in some particular instances might warrant ma-
terial reductions in the stated joipe sizes; but

unless the fitter is fully conversant with the

effect these conditions exert on the plant, it is

better to be guided entirely by the sizes given,

which have been proven by conclusive tests as

worthy of general adoption.

Overhead System of Steam Heating. The
overhead system, sometimes designated as the

Mills System, is so called from the fact that all

radiating siu^face on the job is supplied from
overhead, or from a steam supply which has

been taken directly from the boiler to the attic

or an upper floor of the building, the main there

dividing or branching to feed a number of

"drops" or pipes extending through and con-

necting with the radiators on the various floors

below.

Although styled the "Mills System," pre-

sumably so from the originator's name, Mr.

]Mills was not the father of the overhead idea in

steam and hot-water piping. A l^Ir. Perkins,

of London, England (1830), made use of it, as

did also a Mr. Charles Hood at a somewhat later

day, but prior to the advent of Mr. ISIiWs.

Fig. 27 shows the general design of the sys-

tem. The main steam supply is carried fi'om

the boiler to a point in the basement where it is

convenient to rise with it to the top of the build-

ing. From this extreme end of the main riser,
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which is the high point of the system, the dis-

tributing mains are taken, the number of the

branches being as many as are necessary to sup-

ply the drops to the floors below. The attic

mains and all branches pitch down from the high

point named, in order that the entii-e system of

piping may have a thorough drainage. The

branches, as a rule, are taken from the side, as

shown in Fig. 27. The drop pipes supplying

radiators are connected in the basement into wet

returns.

In so far as the mains and returns are con-

cerned, the system is of the two-pipe style ; that

part relating to radiator connections is arranged

on the one-pipe plan. The one-pipe systems de-

scribed and illustrated in the preceding pages

are largely used for small work. The overhead

system is particularly adapted for heating a

hotel, apartment, or other building of consider-

able height, where, by reason of the space on

each floor being similarly divided, the radiators

are placed in the same relative positions on each

floor. A line of pipe or a drop can feed a num-
ber of such radiators so located without friction

and with freedom from any of the water-hammer

so prevalent in large installations erected in

accordance with ordinary methods.

Although Fig. 27 shows a direct connection

at the base of each drop, it is good practice to

use an expansion joint at this point, or to allow

for the expansion by making what is known as

a double-swing joint, illustrated in Fig. 24. By
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providing for expansion in this manner, a short,

stiff connection may be used in connecting each

radiator.

The attic mains should be hung on expansion

hangers or supported by roller hangers in such

a manner as to afford the pipes freedom to ex-

pand and contract. In order to imderstand the

importance of this feature, Table III is given,

showing the increase in length (or the expan-

sion) of a Hne of pipe 100 feet long when heated

to various temperatm'es.

TABLE HI
Expansion in Pipe 100 Feet Long Due to Various Increases in

Temperature

Tempera-
ture OF
THE Air
when-

PiPE IS
Fitted
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Two-Pipe System of Steam Heating. This

is the oldest method extant, and while it is to-

day practiced chiefly on high-pressure work, we
find many such systems in use for low-pressure

heating.

The piping for a system of this character

may properly be, and usually is, somewhat
smaller in size than that necessary for a one-

pipe system, for the reason that the flow of steam

and of the water of condensation are separated,

each having its own service pipes. Fig. 28 is an

elevation of a two-pipe system, and, from its ex-

amination, it will be noted that all return pipes

are connected below the water-line of the boiler.

This is an important feature to be observed in

order to prevent the short-circuiting of the steam

into the returns, which action would result in

cutting off or retarding the flow of the conden-

sation—a condition which might not only block

the circulation but would probably also cause

water-hammer.

Reference to Fig. 28 will show that two

valves are necessary for each radiator or unit

of radiating sui'face—one on the supply end,

and one on the return end; and these valves

should be operated in unison; that is, when the

valve on the supply is opened or closed, the

valve on the return should be opened or closed

accordingly.

For the pm'pose of simple illustration, the

risers are shown connected directly to the main.

In actual practice, however, these should be in
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every instance attached to the main with a

swing or double-swing joint, the branches being

taken from the main by either 45-degree or 90-

degree elbow connections.

False Water-Line. It is sometimes neces-

sary to place a job of this character in a build-

ing where a portion of the cellar is not exca-

vated; and in order to follow the advisable prin-

ciple of connecting the condensation into a wet
return, it is essential to flood a return which
would otherwise be dry. We call this arrange-

ment the establishing of a false water-line, and
the method practiced in doing the work is

Fig. 29. Method of Establishing a False Water-Line.

clearly shown in Fig. 29. Wlien the valve on
the return (shown on sketch) is closed, the re-

turn will be flooded to the height of the loop,

as indicated by the upper dotted line, the por-

tion of the return pipe in the unexcavated sec-

tion of the building remaining full of water.

When it is necessary to drain the system, all

water is expelled by the opening of this valve.

Steam Radiator Connections. In order prop-
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erly to install a steam-heating plant, it is neces-

sary to know what method of connecting radi-

ators is best to use according to varying circum-

stances surrounding the installation. The ordi-

nary form of stiff radiator connection from a

Fig. 30. Stiff Radiator Connec-
tion to Main.

rig. 31. Stiff Radiator Connec-
tion to Riser.

main is shown in Fig. 30; the same from a riser,

in Fig. 31.

To allow for expansion, the radiator may be

connected to the main by the style of branch

shown in Fig. 32. When, in connecting a radi-

ator to a riser, it is desired to allow the pipe to

expand in an upward or downward direction,

the tee on the riser should be turned to the side,

and a close nipple and elbow used in making the

connection, as illustrated in Fig. 33.

A two-pipe method of radiator connection,

of which there are several adaptations, is shown
in Fig. 34. If the riser is to expand freely, the

connection to the flow end of the radiator

may be made as shown in Fig. 33.

Radiatoi*s are sometimes placed on the wall
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of the basement below the main but above the

water-line of the boiler; and for the purpose of

Oi^fn^Joint

Main
^Mirtg^/oirtt.

, ,

Fig. 32. Radiator Connected to Fig. 33. Radiator Connected to

Main So As to Allow for Riser So As to Allow for

Expansion. Expansion.

f¥¥¥iininfwi

7^1'se-r

Fig. 34. Two-Pipe Radiator Connection.

such usage, a t,ype constructed of flat panel-

shaped sections is employed. These forms are

known as wall radiators, and the method of con-

necting them is shown in Fig. 35.

If it is desired to make this connection in
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such a manner that the condensation from the

main \Yill jjass thi^ough the pipe feeding but

«5:

on
Jlutonrati c
air i/aii/&

X— r^-j" ^gj »—H—
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Fig. 35. Wall Eadiator and Connections.

Branch fro/n
main
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Fig. 36. Connection of Wall Radiator to Eiser So As to Prevent
Condensation from Main Passing through Eadiator.

without going through the radiator, it should

be attached as shown in Fig. 36, the branch

being connected from the side or bottom of the

main.
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A little care exercised in the proper con-

uecting of the radiators will often ensure a per-

fect working job. On the other hand, imprac-

tical radiator connections on the system, even

though the general piping plan of the job be

good, will inevitably make a poor and imsatis-

factory job of steam heating.

HOT-WATER HEATING

There are to-day in vogue several systems

of heating by hot water, and yet only two gen-

eral fundamental principles may be said to be

involved in all the various systems—namely,

gravity and forced circulation. In the gravity

systems, circulation is caused by the natural

effect of gravity operating through the differ-

ence in weight of the water in the flow or ascend-

ing column and that in the return or descending

column—that is, the difference between the spe-

cific gravities of the two columns, without which

the water would not circulate. In the sj^stems

employing forced circulation, the water is driven

or pumped through the sj^stem, the necessary

power for this purpose being supplied by a cen-

trifugal or rotary pump.
Hot-water heating is most frequently used

in this country for the warming of residences,

although it is often adopted also in buildings of

larger size. The gravity principle is the one

commonly used in residence heating, by reason

of the simplicity of its system and the ease of

management it affords. It is in the larger class
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of buildings that the principle of forced circu-

lation is generally practiced, owing to the size

of the apparatus and the consequent extreme

length of the mains or lateral supply pipes, and

also by reason of the further fact that with this

style of installation it is usual to supply a large

number of radiators from a single riser.

We shall designate the two methods as low-

pressure and high-pressure. With the low-

pressure—the method commonly adopted—it

is usual to carry the water in the system, in

mild weather, at from 100'' to 125° F., increas-

ing the temperature as the weather gets colder

to possibly 180°, which is the maximmn degree

allowed under the ordinar}^ steam-fitter's test;

in other words, the fitter is invariably asked to

supply a heater and a sufficient amount of radi-

ation to warm the building to 70' in the coldest

weather, with the water at a temperature of

not more than 180° at the heater. With the

later type of accelerated or assisted systems of

gravity hot-water work, the temperature may
be carried to 240°, this equaling a pressure of

10 pounds on the system.

The heater used for low-pressure hot-water

work is quite similar to the tyx^e of steam boiler

already described, excepting that the steam

space in the dome of the boiler is omitted in

water constructions, and the internal waterways

are sometimes (as they always should be) made
smaller. The same features of construction

essential to the production of a good, efficient
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steam boiler must necessarily be included to se-

cure a good hot-water heater. The circulation

of the water within the heater itself should be

positive throughout, and as nearly vertical as

possible.

There are three general methods of piping

employed in the installation of low-pressure

hot-water work—namely, the ordinary two-pipe

system, the overhead system, and the circuit sys-

tem, which are described in detail in succeeding

pages.

To the steam-fitter or mechanic about to in-

stall a low-pressure system, a few words of cau-

tion regarding some features surrounding the

work are advisable:

First, the greatest care should be exercised in properly-

grading the piping as to size and pitch.

Second, it is of the utmost importance that the proper

type of pipe connection be used at each point on the pip-

ing, for it is an old axiom among heating men that "as a

circulation is once established, so will it continue." For

example, if either one of two radiators supplied from

the same pipe connection should receive the full circula-

tion, the other would be "robbed" of its supply and

thereby prevented from doing its share of the work; and

this unsatisfactory condition will continue until the form

of connection is changed.

Third, provision must be made for extracting any ac-

cumulation of air from the system, .and for keeping the

system always as free as possible from air, which is

regarded as the arch enemy of the heating man. A pipe

or radiator air-bound is out of active service, as water

will not circulate through any portions of the system in

this condition.
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In view of the above information, it is im-

possible to give too much care and attention to

the usage of the various forms for connecting

and venting the expansion tank and the radi-

ators on a sj^stem of hot-water heating.

To estimate the amount of direct hot-water

radiation required to heat a building properly,

jjroceed exactly in the manner akeady described

for determining the quantity of radiation neces-

sary for steam heating; and to the result ob-

tained according to that rule, add 60 per cent.

For example, sujDpose we find that 450 square

feet of steam radiation would be required on

the installation. Then, 60 per cent of 450 is

450 X.60=270. Adding this to the 450, we have
450-1-270=720. That is, 720 square feet of di-

rect hot-water radiation will be needed to do the

same work.

When providing for indirect radiation in

hot-water heating work, it is necessary to figure

still stronger in proportion than on a steam job,

and 75 per cent should be added to the amount
of direct steam radiation in order to determine

the square feet of indirect hot-water radiation

required to do the same work.

To calculate the size of heater required for

hot water, proceed in exactly the same manner
as before described for determining size of steam

boiler.

Note that for a steam-heating plant we use

the term ''Boiler" to designate the source of

heat supply, as distinguished from the term
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"Heater" for a hot-water apparatus. The dis-

tinction is made because of the fact that in gen-

erating steam we must ''boil" the water; while

for hot-water heating we do not boil the supply,

but simply "heat" it.

Two-Pipe System. The two-pipe or double-

main system is the ordinary or common style of

piping adopted for hot-water heating. It is the

oldest of the several methods to-day in general

use; and notwithstanding the fact that many
new ideas in hot-water circulation have been

evolved from time to time, the two-j)ipe system

is still the most favored plan of piping practiced

on a hot-water job.

New ideas applied in the installation of this

system, including revised methods of making the

various pi^De connections, have vastly improved
its operation. Some years ago it was the gen-

eral custom, when erecting such work, to use a

large number of flow pipes—one independent

supply to each group of radiators, with a cor-

responding separate return pipe—with the re-

sult that frequently as many as ten or twelve

11/2-inch or 2-inch flow and return pipes were
run on a residence job of ordinary size.

Experience has shown that the amount of

friction in one large pipe is much less than that

encountered in the number of small pipes neces-

sary to afford the same area; and as a result, we
now seldom use more than two flow pipes of the

proper size on a job of average x^roportions. To
get the best service from a given amount of fuel,
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it is necessary that friction in circulation be

reduced to a minimum.
The flow pipe or pipes are started at a point

above the heater, from such a lieight as will

allow of an upward pitch to the main or mains
to the extreme end of the system. The degree of

this pitch should approximate one inch for each

ten feet of length; and each branch from the

main should pitch up from the main one inch in

each five feet of length. Each flow pipe when
starting from the heater is of a size sufficient to

feed all of the branches supplied by it; and each

such supply is gradually reduced in size as the

various branches are connected, until, at the end
of the line, it is but one size larger than the riser

or radiator connection which it feeds.

Fig. 37 is an elevation of a two-pipe sj^stem.

The main flow and returns are run parallel to

one another, with a sufficient distance between
the pipes to admit of applying pipe covering.

The branches, as a rule, are taken from the main
by the use of the 45-degree connection, in the

same manner as for one-pipe steam work,
although, when a branch supplies only upper
floor radiators, it is good practice to take the

line from the side of the main. As a rule, the

return branches should be connected into the

side of the main return.

It was a former practice of many fitters to

take the branches from the top of the main; but,

since each direct right-angle turn as afforded by
n 90-degree elbow and top main connection in-
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creases the friction in the circulation, this

method has been largely discontinued. The gen-

eral view of this system shown in the basement
plan of piping, Fig. 38, will possibly prove more
clearly illustrative of the system. The course of

Fig. 38. Basement Plan of Piping in Two-Pipe System of Hot-
Water Heating.

the circulation is indicated by the arrows, which
show the supply of hot water from the heater

flowing towards the radiators, and the cooler

return water flowing back to the heater to be

reheated.

Heating engineers are agreed on the point

that the hotter the water when it returns to the

heater, the more quickly the supply is reheated
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and again put in circulation through the flow

pipes. Therefore, to the owner, this heated con-

dition of the retiu'n water affords increased effi-

ciency and economy in comparison with an ap-

paratus in which, owing to a poor arrangement

of piping, the flow is so retarded as effectually to

cool the water while traversing the sj^stem.

As water is heated from 40° to 212° it ex-

pands, gradually becoming more bulky, the

degree of expansion approximating one twenty-

fifth of its volume. When used for heating, it is

necessary to provide some means whereby the

supply may freely expand and contract without

admitting air to the system. To provide for

this condition, a small tank, called an expan-

sion tank, is used, in which the water may rise

and fall without in any way interfering with

the heating system. This receptacle should be

located at a point not less than three feet above

the top of the highest radiator, and it may be

connected to the return pipe from one of these

highest radiators, or directly into the return at

the heater. The pipe connection from the tank

to the apx)aratus is called the expansion pipe

or expansion line. A vent pipe, which is usually

taken through the roof of the building, must
also be carried from the top of the tank to the

atmosphere, this outlet providing a necessar.y

overflow.

Expansion Tank Connections. Of the three

distinct methods of connecting the tank, Fig.

?)9 shows the one most commonly adopted. This
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method does not provide for the warming or the

circulating of the water in the tank; and there-

fore, when this type of connection is used, it is

alwaj^s advisable to place the tank in a warm
room or protected position, in order to prevent

freezing and a consequent sealing of the system,

which might result in the generation of an exces-

2=^
Overflow]

^helf

'ent to
Jflmos/pere

Quvge
Expartsion

TonA: ^

Chelf

Ucnt and

Gau^e

£'xpa. nsio/t
Pipe

Fig. 39. Common Method of

Connecting an Expansion
Tank.

Fig. 40. Expansion Tank Con-
nection to Provide Circulation

of Hot Water and Prevent
Freezing.

sive pressure likely to cause an explosion or

similar injury to the plant.

Fig. 40 shows the method practiced for cir-

culating the hot water to the tank, this connec-

tion being employed when the expansion pipe

runs through a cold wall or room, with a conse-

quent liability to freezing.

When it is necessary to place the tank in a

cold spot, some provision should always be made

for circulating the water within it. One method

of accomplishing this result is illustrated in Fig.
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41. A tank connected in this manner has no

possible chance Of freezing.

Expansion tanks are made in certain stand-

ard sizes. Table IV shows the sizes and capaci-

l^ant artd> ouarf^ow.

Circuiaimgpfpe-

£xpa77ofon
pipe >

InfW tennnannnpo

ni jnniynuiyD ^

rig. 41. Method of Connecting an Expansion Tank to Provide
Circulation and Obviate All Danger of Freezing.

ties of different tanks and the proper size to

use for certain specified work.

Frequently it is desii'ed to arrange the ap-

paratus so that hot water may be drawn from
the system in an advantageous manner. In

such a case, if the regular form of tank were
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TABLE IV

Expansion Tanks
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nAHAf

^FIOiA/ Jdeturn
Fig. 43. Ordinary Method of Connecting a Hot-Water Radiator to

Flow and Return Mains.

from it, the action being quite similar to that of

the ordinary closet tank. No water-gauge is re-

quired on a tank of this character; and as the

top is open, a vent is not necessary.

jpjpjrYV\?i ^<^i<J^n rioer

Flow
'R<Z'tur/t

Fig. 44. Connections of First-Floor Hot-Water Radiator when
Branch Feeds Also a Riser.
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Hot - Water Radiator Connections. The
usage of the double-swing or expansion joint, to

which attention was called in discussing the con-

nection for steam radiators, is not necessary in

connecting a hot-water radiator; in fact, this

type of connection is harmful, owing to the in-

creased friction caused b.y the employment of

4^ ^7izsc,r<s>^frvm

Fig. 45. Showing How Tliird-Floor Hot-Water Radiator ts Con-
nected to Side of Riser Feeding Second-Floor Radiator.

the extra elbows. Fig. 43 shows the ordinary

method of joining a hot-water radiator to the

flow and return mains, this connection being

made in as direct a manner as possible.

When a branch feeds a first-floor radiator

and a riser, the connection is made as shown in

Fig. 44.

Where a second-floor radiator and a riser to

floor above are connected, the third-floor riser is
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Partition

Eiders

Fig. 46. Two Eadiators on Same Floor F«d by a Common Riser

—

Larger Radiator Connected to Top, and Smaller to Side of Riser.

taken from the side of the one supplying the

second-floor surface, as illustrated in Fig. 45.

Note the application of the reducing tees on the

riser.

Fig. 47. O. S. Distributing Fitting,

When two radiators on the same floor are

fed by a riser, the larger one should be supplied
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from the top of the riser, and the smaller radi-

ator from the side of the riser, as shown in

Fig. 46.

C13.fitting

Fig. 48. Method of Applying O. S. Distributing Fittings to Risers.

The reason why the connections are made in

the manner shown by the various illustrations,

is that hot water in circulation has a tendency

to flow quickly to the top of the system, and, by
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taking risers to upper floors from the side of the

riser which feeds them, there is a tendency some-
what to choke or impede the flow to upper
floors, this arrangement thereby helping all

radiators on the system to circulate evenly

throughout.

A special fitting for use on risers, to distrib-

ute to each floor its proper share of the circula-

tion, is known as the 0. S. distributing fitting,

illustrated in Fig. 47. The curved baffle-iDlate

shown in the center of the fitting effectively

divides the flow without friction. The manner
of applying this fitting for use on risers is indi-

cated in Fig. 48, and the neat appearance it

affords will readily be noted.

Overhead System. The overhead system of

hot-water heating is, in many respects, not un-

like the overhead system of steam heating. The
water is canied to the attic of the building,

usually through a single pipe. The top of this

main riser is the high point of the system; and
from the fitting on this extreme end, the con-

nection to the expansion tank is made. As the

different pipes pitch upward to this point, all

air in the system is here collected, whence it

passes to the atmosphere through the expansion
tank vent. By reason of this action, no air-

valves are necessary on the radiators or on any
other part of the system.

Fig. 49 will give a very clear idea of the

adaptation of the system. At or from the top

of the main riser, the various attic mains are
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connected. These pitch down from the main
riser, being run in the most convenient manner
to supply the various di'op pipes, which in turn

feed the radiators on the several floors. Refer-

ence to the illustration will show several meth-

ods of connecting the radiators to the di'op sup-

ply pipes. The one taken dii^ectly from the drop

supply to the top of the radiator is the method

most fi'equently used. By the usage of this top

AHicmoin (( .^^ Mtic ?77ain

3?'a)ich

Branch \ Urop """'^ ^^.P'^^P

Fig. 50. Branch Connection to Fig. 51. Branch Connection to
Attic Main in Overhead Attic Main in Overhead Sys-
System of Hot-Water tem of Hot-Water

Heating. Heating.

radiator connection, the cooler water at the bot-

tom of the radiator is retm'ned into the drop
supj)ly pipe.

It is customary to carry the basement return

pipes along the ceiling, connecting them together

into the main return pipes in much the same
manner as the supply branches of a one-pipe

steam job are connected, with the exception that

the hot-water return branches are connected into

the side of the main returns.

If the radiators are required in the basement,

it is necessary with this system, that the returns

be carried back to the heater along the basement
floor.
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The branches in the attic are taken from the

side of the main as indicated in Fig. 50, or from
the bottom of the main at an angle of 45 degrees

as shown in Fig. 51, inasmuch as connections

Riozr

mcLin
/-

BcL^e £lhOi^

^?tone
Cap
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called a base elbow should be applied at the bot-

tom in the manner illustrated in Fig. 52.

To insm*e a neat-a^jpearing job and at the

same time afford the desired flexibility to the

risers, the radiators should be connected with

swing joints. Witli connections of this nature,

the drop supply may be run close to the wall or

partition, and nipples of such length used in the

Fig. 53. rig. 54.

Plan and Elevation of Radiator Connected with Swing Joint to
Eiser to Allow for Expansion—Overhead System of Hot-

Water Heating,

tees as will bring the centers of the elbows on a

line with the centers of the openings in the radi-

ators. A plan and elevation of this type of

connection are shown respectively in Figs.

r)3 and 54.

The employment of the "0. S." fittings (de-

scribed above) on the di'op supply, in place of

ordinary tees, will materially lessen the friction

and divide the circulation to better advantage.

The upper fitting in each instance is reversed,

as indicated in Fig. 55.
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Like the overhead steam system, the over-

head hot-water system is especially adapted to

large buildings where each drop may supply a

J)rop Supply

Od.FtfTings

Fig. 55. Method of Using O. S. Fittings to Lessen Friction and
Divide Circulation in Overhead System of Hot-Water Heating.

line of radiators on the various floors below. It

is particularly positive in circulation, owing to

the pressure developed by the weight of the

water.
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Circuit or Single-Main System. The one-

pipe circuit system of hot-water heating has

been widely used in America, particularly

throughout the Western and Middle Western

States, having found favor among many heating

contractors and engineers; and while there is

"^tLTf-'^rtT

•Melt:^,^j!>y^prn*n/tammon Tin

Fig. 56. Circuit or Single-Main System of Hot-Water Heating.

much that can be said in approval of this sys-

tem, the elimination of some of its present fea-

tures would add greatly to the advantages

derived.

In this system a single pipe does the double

duty of a flow and return main, in quite the same

manner as a one-pipe steam main. Starting

from the heater, this pipe rises to as high a point

as the height of the cellar will permit, whence

it has a gradual fall or pitch from the heater

—
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approximately one inch in each ten feet of

length. The expansion tank is connected from
the high point of the main above the heater.

The flow branches are taken from the top of the

main, the returns from the radiators entering

the main at the bottom and traveling in the same
direction as the flow of hot water. The return

or cooler water, however, does not mix with the

Return riow ffeiurn riow

full uiew £>ectio/?al l/lew

Fig. 57. 'Eureka" Fitting, Used on Main to Improve Circulation
in Circuit System of Hot-Water Heating.

hot water, owing to the fact that as the latter

is lighter it hugs the top of the main.

Fig. 56 gives a general idea of the construc-

tion of this system and the manner of making
connections to the radiators. There are several

special fittings which may be used on the main
to improve the circulation, one of which—the
'

'Eureka '
'—is illustrated in Fig. 57. The broken

view shows the interior arrangement providing

for the return of the circulation into the main
on its under side, through the bottom of the fit-

ting. Fig. 58 shows a special style of tee having
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top and side on a line, with outlets at the top

and bottom; this device is known as the Phelps

Ideal Fitting. The 0. S. Circuit Fitting is shown

in Fig. 59.

In Fig. 56, each of these special fittings is

noted on the main; and we might say that one

Fig. 58. ' 'Phelps' ' Ideal Fitting.

Fig. 59. O. S. Circuit Fitting.

advantage gained by their use is that a single

fitting, as in the case of the Eureka or Phelps

type, takes care of both flow and return

branches, thus overcoming additional pipe cut-

ting and the threading of the large pipe.

As the hottest water is that part of the sup-

ply nearest the heater, it is well, if possible, to
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feed lii'st those radiators which are located on

the cold or exposed side of the building; other-

wise, should the main be of any considerable

length, it will be necessary to increase the radi-

ation connected from the last leg of the circuit,

in order to obtain desired results in that portion

of the building.

When heating a church or similar structure,

the usage of a large proportion of the piping and
fittings which would necessarily be required on

an ordinary installation may be avoided by
adopting this system. Inasmuch, however, as

residences are as a rule compactly built, the

warming of homes can in general be better

served with the two-pipe system.

Sizes of Mains for Hot-Water Work. The
size of main necessary for an ordinary system

of hot-water heating depends upon the size of

all the different branches and the amoi of

radiation fed by each. Table V gives the mini-

mmn and maximum amounts of radiating sur-

face which should be served by different sizes of

mains.
TABLE V

Radiation Supplied by Hot-Water Mains

Size of Main

1% in.
2
2% " .

3
SVa " .

4
4% •'

.

5

Amount of Radiation Supplied.

125 to 175 sq. ft.

175 '
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—that is, composed of a large number of radi-

ators—the size of main called for by the mini-

mmn amount is the proper one to select. Where
the surface is compact, or divided into large

units, the size indicated by the maximum amount

is the correct main to use. With the gravity

system of hot-water piping, open-tank generous-

sized mains will afford the best service.

For a circuit job of hot water, use the size

of main indicated for the minimum amount of

radiation in Table V. For example, for 475

square feet of radiation, use a 3-inch main; for

1,000 square feet of radiation, a 4-inch main;

and so on.

Pressure Systems of Hot-Water Heating.

Heating by means of a forced circulation of hot

water is not in general use in America. When
adopted, it is principally in connection with large

buildings, and in such installations many meth-

ods are employed. In numerous instances, hot-

water installations have been under a pressure

of from ten to fifteen pounds by the application

of a safety-valve on the expansion tank, set to

operate at this desired pressure. There is, how-

ever, an element of danger in this practice, for

if the mechanism of the safety-valve should stick

or for any reason fail to operate, an explosion

of more or less disastrous consequences would

in all probability result. Because of the risk

involved, this practice, fortunately, has now
been largely discontinued, especially since sev-

eral mercurial devices have been placed on the
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market which permit of the system carrying a

]3ressure of eight or ten pounds without incur-

ring any danger whatever.

On large installations where high-pressure

steam boilers are used for manufacturing or

mechanical purposes, certain systems of heat-

ing by a forced circulation of hot water can be

adopted with good success. The principle in-

volved requires a pumping of the return water

through one or more heaters in which exhaust

or live steam is employed for heating, the hot

water being forced through the heating system

by the pump, which may be of either the rotary

or centrifugal type. Where plenty of exhaust

steam can be obtained for the purpose, there is

little or no expense in connection with this style

of heating. The available heat units in the ex-

haust, after heating all necessary feed-water

for the boiler, represent probably 80 per cent of

its original value ; in other w^ords, w^th an allow-

ance of 5 per cent for the requirements of the

engine, and 15 per cent for the feed-water

heater, there is left available for heating pur-

poses probably 80 per cent of the heat units in

the steam generated at the boiler. Where this

proportion is not sufficient, live steam at a re-

duced pressure may be mixed with the exhaust

in order to provide power to meet the require-

ments of the work. The pump receives the

cooler return water, and forces it through the

heater at a velocity of from 250 to 300 feet per

minute, and at a temperature of about 200°.
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Accelerated Systems of Hot-Water Heating.

Systems of hot-water heatiug involving the use

of special devices for accelerating the circula-

tion of the hot water, have in recent years come
into rapidly increasing popularity. The older

Oreilohr 7

s»'

^ Tounh

Phelps,

JTxpamion
Pipe

Fig. 60. "Phelps" Heat-Retainer.

of these special appliances for accelerating cir-

culation are the Phelps Heat-Retainer, the

Honeywell Generator, and the Pierce Heat-

Economizer.

The Phelps Heat Retainer, illustrated in Fig.

60, consists of a double-acting valve enclosed

within an iron box which is placed on the ex-

jjansion pipe between the tank and the heating

system. The valve disc, opening toward the

expansion tank, is weighted, the weight being
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SO adjusted that when
the pressure on the sys-

tem reaches about 1614

pounds it is lifted, caus-

ing the valve to operate,

which, in its action, re-

lieves the pressiu^e, al-

lowing the increased

bulk of the water to en-

ter the expansion tank.

The opposite end of

the valve opens toward
the heating system; and
as this is not equipped

^ith a weight, the water
in the tank flows down
into the heating system
unchecked as soon as the

pressure on the valve is

removed, this action

keeping the system full

of water and free from
the formation of a vac-

uum. The pressure of

I614 pounds represents

a temperature in the

water of about 250 de-

grees.

The Honeywell gen-

erator and the Pierce

heat - economizer are Fig. 61. Cross-Section of
Honeywell Crenerator.



90 HEATING AND VENTILATION

mercury appliances somewhat similar to each

other in construction and operation. Fig. 61

is a cross-section of a Honeywell generator.

At the top is the elliptical-shaped casting A,

which is connected to the bottle-shaped casting

Tank
A>0OOOOO OOOOOOI

Fig. 62. Honeywell Generator Located Directly under Expansion
Tank.

B by the pipe C. This pipe extends almost

to the bottom of the generator, terminat-

ing in the cup-shaped shoe D. A smaller

pipe E, curved at the bottom to fit into an

orifice in the side of the shoe D, passes up
through the center of the pipe C, the two

pipes being of equal height at the top. The plug

F screws into the bottom of the casting B,

making it entirely tight, except for the side
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Fig. 63. Honejnvell Generator Located in Basement and Connected
with Return Pipe to Heater.
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opening G, into which the expansion line from
the heating system is connected. There is also

a small opening at H which is sealed. The plug

here can be removed, and the generator drained

of all water, without disturbing the mercury
which fills the bottom of the casting B to the

depth of about li/o inches. The dash line shows
the height of mercury when the water is cold

and there is no fire in the heater.

The generator may be located directly under
the expansion tank, as illustrated in Fig. 62, or

it may be placed in the basement near the rear

of the heater, and from here connected with the

return pipe, as shown in Fig. 63. Of the two,

this latter position is the one preferi'ed. In the

event of such location, the expansion pipe is

connected from the top of the generator, whence
it rises to the ceiling of the basement, and is car-

ried along until a point is reached where it is

convenient to rise to the expansion tank.

The operation of the generator on a heating

system can be described as follows: Almost as

soon as the fire is started, the water in the sys-

tem begins to expand, the expansion through

the opening G (Fig. 61) pressing down on the

mercui'y in the bottom of the generator. As the

power of the expansion continues to increase,

the supply of mercury is forced up the stand-

pipe C and the small circulating pipe E. The
mercury in the bottom of the generator is low-

ered to the top side of the inlet in the shoe of

the circulating pipe E. At this point the mer-
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cury will have reached the top of both the outer

standpipe and the circulating tube; and the

water, having forced it below the opening of the

circulating pipe E, vdU itself enter and pass

through this pipe, carrying a

quantity of mercury with it.

When the water and mercury

reach the top of this pipe, the

water will pass aroimd the dia-

phragm or deflector in the top

of the casting A, and out

through the expansion tank;

while the mercury, owing to its

density being far greater than

that of the water, will separate

itself at the top of pipe E, and
return to the bottom of the

generator through pipe C,

maintaining a constant circu-

lation through the generator,

in this manner acting quite

similarly to a balanced valve.

The amount of mercury in pjg 64. « Tierce"

the generator is sufficient to Heat-Economizer.

hold the pressure to about 10 pounds, or to a

temperatiu'e of 240° F., without permitting a

boiUng of the water in the system. Tlie deflector

or baffle-plate in the top of casting A prevents

loss of merciu"y when the apparatus is filled from
city pressure, or in case a boiling of the water

arises in the system.
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The Pierce heat-economizer, Fig. 64, is not

unlike the Honeywell generator. The principle

involved in its construction—two pipes, one

within the other, the outer pipe connecting the

top casting (which is provided with deflectors

cast on the inside), with the lower casting hold-

ing the mercury—is quite the same as that found

in the similar appliance akeady described.

Many are the advantages derived from the

use of any one of these appliances. Owing to

the increase in the range of temperature it

affords (up to 240°), the amount of radiating

surface required should be about ten per cent

less than that needed in the regular gravity sys-

tem, and, where other surrounding conditions

are favorable, it may be reduced fifteen or

twenty per cent.

The increased pressure generated more than

doubles the velocity of the circulation. Its usage

permits of smaller-sized supply and return pipes

and of reduced radiator tappings, consequently

allowing of the use of smaller valves and fittings,

and substantially reducing the cost of materials

as well as the labor of installation.

The attachment of an accelerating appliance

eliminates practically fifteen per cent of the

water from the system, causing it to respond

more quickly; and moreover, its use saves a pro-

portionately large amount of fuel. A large pro-

portion of hot-water work to-day is erected

according to such plans.

Piping for Accelerated Systems. Installa-
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tions of accelerated systems call for radical

changes in the method of making pipe connec-

tions. Owing to the small sizes of the piping,

Fig. 65. Branch Pipe Connections for Accelerated Systems.

it is advisable to take all branches from the side

of the main and to have them enter the side of

the return, as shown in Fig. 65. The hot water
will then flow to the end of each line before en-

tering the branches, for, as previously stated,

the heated portion of the water always hugs the

66, Branch Connections for Piping in Accelerated Systems
Running Directly to Upper Jloors.

top of the main and each branch will receive its

proper supply of hot water at about the same
time. There are some modifications of this

method, however. For example, when a branch
near the heater feeds a riser to the upper floors

without supplying a first-floor radiator, it is

sometimes advisable to make the connection to

the branch from the bottom of the main, as
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sho^Yll in Fig. 66. No riser should be taken from
the end of a main, if such a connection can pos-

sibly be avoided. Take the connection to first-

floor radiator from the end of a main, and the

branch to riser from the side of this connection.

Figs. 67 and 68 show two methods of accomplish-

ing this, either one of which may be followed

with success. In feeding basement radiators of

either the direct or indirect pattern (described

later), the supply should be taken from a riser

at some point above the ceiling of the first floor;

and the radiators should be fed from overhead

by this drop pipe, as illustrated in Fig. 69.

For accelerated systems the radiator tap-

pings are much smaller than with the usual in-

stallations. Table VI, showing the difference,

will serve as a guide.

TABLE VI

Eadiator Tappings for Accelerated Systems of Hot-Water Heating

FIRST FLOOR

Size of
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the heater installed should be of the same size

as that required if placed on an open gravity

system. It is considered good practice in con-

nection with an accelerated system, to figure on

the use of a heater having a rating fifty per cent

larger than the actual square feet in cast-iron

radiation on the job, making the usual allowance

for indirect or direct-indirect radiation.

The mains should have an area of approxi-

mately 100 square inches for each 100 square

feet in direct radiators supplied, and all branches

should be of the same size pipe as the risers

which they feed, with the exception that when a

branch of extended length is taken from near

the end of an extremely long main, the branch

should be one size larger than the riser. Table

VII gives the sizes of mains required to supply

varying amounts of radiating surface under the

accelerated system.

TABLE VII
Sizes of Mains for Accelerated Hot-Water Heating

Size of Main
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The oblique lines denote risers to second-floor

radiators.

The success attained by the use of these sev-

eral original methods of accelerated hot-water

Metal-
X^iaphragm

from return ofhigh radiator

Tig. 71. Section of Hydro-Vacuum Circulator.

heating has led to the placing upon the market
of several new appliances, all aiming to ''assist"

the circulation in the apparatus. One such de-

vice called the Hydro-vacuum Circulator con-

sists of a pop safety-valve enclosed within a

housing, the attachment being placed upon the

expansion pipe. Fig. 71 is a sectional view of

the appliance, showing the pop valve referred
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to, the seat of which is held in position by a

metal diaphragm, very thin and as resilient as a

rubber cushion. The contraction of the water

in cooling produces a pull (created by vacuum)

h
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culator is closed, as shown in the illustration, by

a disc of amber mica which will break under a

pressure of about twenty pounds. This pro-

vision thereby makes it impossible to accumu-

late a dangerous pressure on the system.

Another device for accelerating circulation

by pressure is the Milwaukee Heat-Generator,

a mercm\y appliance contained within the expan-

sion tank, as illustrated in Fig. 72. A mercury-

pot is held suspended within the center of the

tank, b}^ a pipe which screws into an opening at

the top end of the tank; and a round separating

chamber is screwed on the top end of this tank.

A small circulating pipe is contained within the

larger one, the lower end being submerged in the

mercury, from which it extends upward through

the top opening of the tank into the separating

chamber. The outer casing of pipe is provided

with two holes at C C.

The tank is filled to about one-quarter its

capacity; and the water, expanding when heated,

forms an air cushion at the top of the tank. The'

pressure entering the outer casing or pipe

through the openings C C presses down upon

the mercury, forcing it up to the circulating

tube. When the mercury reaches the point

marked G at the bottom of the separating cham-

ber, there should be about ten pounds pressure

on the system; and a further increase in tem-

perature will cause the mercury to spill over or

discharge at the top of the circulating pipe into

the separating chamber, this action relieving the
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pressure on the system. The mercury which in

this manner finds its way into the separating

chamber, then re-enters the circulating tube
through the small opening provided at G, and
drops to the mercuiy-pot.

In Fig. 72, A A is the expansion pipe; B, the

normal height of water in the tank; C C, the

openings in the outer tube or casing marked D;
E, the mercury pot; F, the circulating tube; G,
the opening in tube F at the bottom of the sepa-

rating chamber H; J J, the overflow and vent
pipe; K, a plugged opening for admitting the

mercury to the device.

There are other devices of a similar nature
for accelerating hot-water circulation; but the

descriptions of those already mentioned will give

the reader an idea of the general construction

and operation of practically all other types.

RADIATING SURFACES

Radiating sm-faces are to be had in a multi-

tude of shapes and designs adapted to any de-

sired space or location. They are manufactured
of cast iron, wrought iron, and steel, and are pro-

duced either in the form of the ordinary type of

column radiator or as pipe coils.

In heating systems, both steam and hot-

water, there are three varieties of radiation

—

namely. Direct, Direct-Indirect, and Indirect.

Direct Radiators are located directly in the

room or apartment to be heated. They are of

the type illustrated in Fig. 73. This foi-m of
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radiator and the pipe coils formerly inscalled

for radiating purposes were unsightly, cumber-

some objects; but as now manufactured in a

variety of beautiful designs, direct radiators are

rTnT^Tr\
m

Fig. 73. Conunon, Form of Direct Radiator for Steam or Hot
Water.

an ornament to the room in which they are

placed. Pipe coils at the present time are em-
ployed only in the heating of factories or build-

ings of similar nature.

Direct-indirect radiators are placed in the

same manner as direct radiators, but also ar-

ranged with a box-base fitting under the lower
part tightly. This box-base is provided with a
damper; and an iron duct, connecting with an
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aperture in the wall, conveys the air from out-

side the building, admitting the supply to the
boxing below the radiator, from which it is

Fig. 74. Method of Installing Direct-Indirect Radiators.

warmed by passing over the heated surface of
the radiator. Fig. 74 illustrates this type of
radiation, which is largely used in buildings
where it is necessary to provide specially for the
admission of fresh air to assist in ventilation.

Indirect radiators are located outside the
room, usually within a casing or bricked-in
chamber in the basement. The pure cold air

from without the building is introduced or car-
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ried to the radiator through a pipe styled a cold-

air duct, the supph^, after passing over and be-

tween the surfaces of the radiator, being carried

through another pipe connection styled a warm-

Fig. 75, Method of Installing Indirect Radiators.

air duct to a register situated in the floor or wall

of the room to be heated.

Eig. 75 illustrates the method of "indirect"

heating. Several radiator sections are screwed
or nippled together, and, when assembled, form
a so-called stack of indirect radiation. Care
must be exercised in boxing or casing such a
stack, as it is necessary that the box or casing

fit snugly against the stack in order to insure a
passage of the cold air through the radiator and
prevent a circulation around it.

The cold-air duct should be provided with a

suitable damper in order that the cold-air sup-

ply may be controlled. It is customary to admit
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the outside aii- at and below one end of the

casing, taking the warm or heated supply from
the top at the opposite end.

The early methods of bricking a chamber for

the use of indirects have been discarded in favor

of portable boxing, which may be constructed

of matched boards lined with tin, or, better still,

may consist of a casing made of galvanized iron.

The casing should be of such dex)th that a space

of at least eight inches mil exist between it and.

the lower side of the stack, and a space of ten or

twelve inches between the top of the stack and
the upper wall of the casing. The stack is

usually supported on bars of iron or short

lengths of %-inch or 1-inch pipe suspended from

the ceiling by hangers.

Table VIII indicates the proper sizes of reg-

isters and air ducts for indirect work.

Pipe coils, while largely used as radiation for

factory and greenhouse heating, are seldom em-

ployed in house-heating work, by reason of the

large amount of wall space the}^ occupy. Quite

frequently, in the early days of steam heating,

it was the practice to assemble a mass of pipe

coils and box them in on the sides and ends by

cast-iron open-work or latticed panels, with a

top either of cast iron or marble. This construc-

tion was known as a box coil—a type of coil

now seldom if ever used, because of its cumber-

some appearance as well as its inefficiency.

Coils of present-day use, while found in sev-

eral forms, are of two general varieties—namely,
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TABLE Vni
Sizes of Cold- and Hot-Air Ducts and Registers for Indirect Heating

(For First Floor)

INDIRECT HOT WATER
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and that of Fig. 78, a corner coil. While there

are other fonus also to be found, those illustrated

Broach Te(>
-7"

Menf here/or
Hoi w<:it£>r

^̂
3n

^S^to/?c/^e/t eiZ^ ^ropc?^^

r^oh/
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Fig. 77. Branch-Tee Miter Coil.

Branch Tee

Ojr Valve

riow

Fig. 78. A Comer Coil.

are the ones in common use. As it is customary
to connect all coils on the two-pipe plan—that is,

with a separate flow and return pipe—the con-

structions will do equally well for both steam
and hot water.
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VALVES
Kinds of Valves. Valves as used on steam

or hot-water piping are of two principal vari-

eties—namely, the globe or angle type, shown in

Fig. 79; and the gate valve, shown in Fig. 80.

D

Globe Valve. Angle Valve.

Fig. 79. Types of Valves.

The former style is adapted for steam work, and,

in its interior construction, has a valve-seat

against which the disc is screwed when opening

or closing the valve. By reason of the obstruc-

tion encountered in the interior mechanism of

the globe A^alve, it is unwise to place is in a verti-

cal position on a horizontal pipe ; and, when nec-

essary to use a valve of this character on a pipe

run horizontally, it should be placed with its

stem set horizontally or pitching slightly down-
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rig. 80. Gate Valve.

Fig. 82. Extra Large Gate
Valve with Yoke or Saddle.

\vt/.

Interior^ oflfalve

Fig. 81. Effect of Setting a Globe Valve Vertically.
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ward. Fig. 81, showing the interior of a globe

valve with the stem set vertically, illustrates

clearly the difficulty arising from lodgment of

the water of condensation.

With the gate valve for either steam or hot

water, a free opening through the valve is se-

Fig. 83. Steam Radiator Valve. Fig. 84. Hot-Water Eadiator
Valve.

cured, as will be noticed from the interior view,

Fig. 80. Small globe and gate valves are usually

made of brass; and sizes above 2-inch or 2i/2-inch,

ordinarily of iron, in some cases with brass trim-

mings. Extra large valves are constructed with

a yoke or saddle, as illustrated in Fig. 82, which

provision adds greater strength and insures ease

of operation.

Radiator Valves. For use on radiators or

units of heating surface, the universal types of
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valves are the steam radiator valve, Fig. 83,

and the hot-water radiator valve. Fig. 84. The
former is of the angle type, and ifi usually pro-

vided with a union connection to facilitate join-

ing with the radiator. The latter is also a form
of angle valve, being termed a *' quick-opening"

valve from the fact that one-half turn of the

stem either opens the port through the sleeve or

closes it in like manner. This valve, too, is sup-

plied with a union connection.

Radiator valves, steam and hot water, are

produced in a great multiplicity of designs, all

.<m,<^fhiT>^ni.

Horizontal Check.

Fig. 85.

Angle Check. Swing Check.

Common Forms of Check-Valves.

of them, however, being intended to accomplish

the purposes above set forth.

Check-Valves. When it is necessary that

the supply of steam or water should flow always
in one direction only, a form of valve known as

a check-valve is placed on the piping in order to

prevent any reverse circulation of the steam or

water. Such appliances are manufactured in a

variety of designs, the most common forms of

which are illustrated in Fig. 85.

Air-Valves. It is essential to free all parts

V)f the heating system, including the various
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units of radiation, of the air which constantly

accumulates in the upper portions of all surfaces

of hot-water radiators, or which pockets in the

piping owing to the fact that it is lighter than the

water in circulation. In steam radiators or

pipes, the air will settle toward the bottom of

such surfaces, inasmuch as the accumulation is

heavier than the supply of steam.

There are nimiberless forms of valves manu-
factured for the purpose of releasing air from
heating systems. Some are styled positive, re-

quiring the operation by hand of a wheel, or of

a stem with a key, in order to open or close the

valve. Others are automatic in their operation,

opening by contraction when cold or when the

steam is removed from contact with them, and
closing by expansion when the supply again

reaches the valve.

\^ HEATING ACCESSORIES

A detailed description of all the various

types of accessories or minor appliances used on

heating work would require more space than

is here available, and we shall therefore illus-

trate and describe only those which are neces-

sary to the completion and to the perfect

working of the ordinary steam or hot-water

heating apparatus.

Steam Boiler Trimmings. There are cer-

tain appliances which should alwaj^s be x^laced

on a boiler used for heating purposes. One of

the most important of these is the water column
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and gauge, Fig. 86, for registering the height of

water in the boiler. As a further safeguard in

this respect, try-cocks or gauge-cocks are placed

on this water colimm in order to prove the

rig. 86. Water Column and Gauge.

height of water should the glass from any cause

be broken.

A steam gauge, Fig. 87, should be attached to

every steam boiler. The gauges used are ordi-

narily of the Bourdon type, and consist of a hol-

low tube bent into circular form. One end is

attached to an opening in the bottom of the

gauge to which the steam supply is connected.



116 HEATING AND VENTILATION

The free end of the tube is attached by gearing

to a pin operating the hand or pointer, which

moves across the dial shown on the face of the

Fig. 87. Steam Gauge.

gauge as the pressure on the interior tube

straightens it, by this action indicating the

pressure carried in pounds.

A steam boiler should invariably be fitted

with an automatic damper-regulator, which

Fig. 88. Common Form of Automatic Damper-Regulator.

opens or closes its draught doors according to

the pressure of steam on the boiler. This attach-

ment may be so set as to cause the draught door

to remain closed and the check door open, or

so that a certain pressure of steam will operate

both doors automatically. In the construction

of this regulator, usually two castings in form
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resembling an old-fashioned soup plate are
bolted together, with a rubber diaphragm be-
tween. The pot thus formed is connected
to the boiler in such a manner that the dia-

phragm receives the pressure of steam against
its lower side, raising its center against a plun-

Fig. 89. Spring or Pop Safety-
Valve.

Fig. 90. Thermometers for Hot-
Water Heaters.

Angle type at left; straight type
at right.

ger inserted through an opening in the top
casting or half of the pot. A rod bolted to this
plunger is also attached to a lip on the outer
edge of the upper casting, thereby forming a
lever which operates the draught and check
doors by chains connected to them from the ends
of the rod. A sliding weight placed on this lever
rod may be moved to regulate the pressure at
which the device will operate. Pig. 88 shows
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the cornnion form of this automatic damper-

regulator.

As a matter of safety, and to provide against

possible danger or damage to the 1)oiler from

the generation of an excessive pressui'e, all

steam boilers shoidd be fitted with a proper

safety-valve. Such valves are all practically

built on the same principle, consisting of a valve

seated in such a manner as to open outward,

the disc being held in place by a weight or

spring. There are three varieties in common
use—the lever safety-valve; the spring or pop

safety-valve; and the weighted valve, the latter

consisting usually of an ordinary style of valve

with disc and seat, the disc being held in place

against the pressure of steam by a ball weight

mounted on top of the stem, the balls provided

being of various weights according to the pres-

sure it is desired to carry. The spring *'pop"

valve, Fig. 89, is the type used on low-pressure

heating boilers to a greater extent than any

other variety.

Each of the three types of safety-valve per-

forms the same function. Wlien the pressure of

steam on the api^aratus increases beyond the

point at which the weight or spring of the valve

will overcome its force, the disc is automatically

raised from the valve-seat, and the excess of

steam is thereby allowed to escape to the atmos-

phere, after which the weight or spring again

closes the valve.

Hot-water heaters are provided with a
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special form of thermometer, as shown in Fig.

90, for indicating the temperatui'e of the water

in the heating system, and also with an altitude

Fig. 91. Altitude Gauge for Hot-Water Heating System.

gauge. Fig. 91, which indicates at the heater the

height of the water in the sytem.

THE CHIMNEY FLUE

In the construction of a building, there is

one featiu'e or part of it the efficiency of which

is frequently overlooked or given but scant

attention. We refer to the chimney flue. The

perfect working of any one of the various types

of modern heating apparatus depends largely

upon the character of the chimney to which it

is attached; and it is probable that ninety per

cent of the failiu-es of such apx)aratus to heat

proioerly (when a heater of sufficient size and

the proper amount of radiating surface are pro-

vided) are directly traceable to the chimney. A
knowledge of the essential featm^es to be con-

sidered in chinmey building is therefore of the

utmost importance.

Aside from the outlet at the top, the chim-
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ney used with an}" heating apparatus should

have no opening except that required to con-

nect the smoke-pipe of the heater. This opening

should conform in size to the smoke connection

on the heater. All manufacturers of furnaces,

steam boilers, and hot-water heaters are care-

ful to indicate the size of smoke connection best
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flue with a round tile or iron lining, as illus-

trated in Pig. 92, is, without doubt, the best that

can be procured, as the heated gases and smoke
occupy its full area. The next best type is the

square flue, illustrated in Fig. 93. The dotted

line indicates the area of the flue reserved by
the smoke and gases, the shaded portion denot-
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flue with an opening 4 by 24 inches, although

the latter would have an area of 96 square

inches, or a capacity more than one-third

greater.

A chimney erected through the center of a

building is more efficient than one built in an

outside wall, because it is surrounded b}^ heated

or warm rooms which in a large measure

prevent the condensation of the smoke, the

cooling of the gases, and the precipitation of

soot. When constructed in an outside wall, the

side of the chimney flue exposed to the air

should be at least eight inches in thickness. In

an outside chimney, the condensation of the

smoke and gases from certain grades of coal

will frequently cause the sulphur and creosote

ingredients to run down the chimney into the

smoke-pipe, by this action causing its rapid

destruction. These products of combustioji

leave a dry deposit, which hardens to the con-

sistency of ii'on, clogging the dampers in the

smoke-pipe or in the smoke-hood of the heater.

Offsetting of chimney flues should, if

possible, invariably be avoided. If conditions,

however, make such a construction absolutely

necessary, the angle of the offset should be as

sharp as possible; otherwise the soot and ashes

will form a deposit in the offset and clog up the

flue. Fig. 95 illustrates this, and shows by
dotted line how offset should have been made.

Height in a flue simply governs velocity,

having no effect whatever on the area, which
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should be sufficient for the work demanded of

it. A chimney in a building of two or more

stories has sufficient height to be suitable for

all purxDOses. It should extend above the build-

ing to such a distance that adjacent structures

t>oo-^ £ncfc

Pig. 95. Effect of Offsetting
Flue at a Large Angle.

Fig. 96. A Common Cause of

Poor Draught— Smoke-Pipe
Extending Too Far into

Flue Opening.

or roofs will not interfere with its working or

cause a possible down draught by reason of the

wind blowing over the roof and down through

the chimney.

Trouble A^ith draught on a heating system

may be due to any one of the following causes:

1. Obstructions in flue, such as extensions of bricks

or timbers, or an extension of smoke-pipe too far into

flue opening, as shown in Fig. 96.

2. Loose or open clean-out doors at base of chimney.
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3. Height insufficient to clear surrounding obstruc-

tions to draught.

4. Insufficient area for work demanded of flue.

5. An enlarged or contracted chimney at some point

in its length. A flue is only as large as the area at its

smallest portion.

6. Two or more smoke-pipes from different apparatus

connected to same chimney, one working against another.

7. Offsets at too great an angle—that is, too flat.

8. Loose division walls between flues, one of which

is used for the heater.

These are the causes of some of the diffi-

culties commonly experienced with chimneys,

and theu" enumeration should prove a valuable

aid in locating any possible trouble. As a

guide to follow in the proper construction of a

chimne}^, Table IX is given, which shows the

proper sizes of brick and tile flues for different-

sized buildings. The dimensions of tile given

are commercial sizes. The capacities scheduled

have been found in practice to be entirely suf-

ficient for ordinary work, and can be safely

relied upon to render proper results.

TABLE IX
Sizes of Chimney Flues for Different-Sized Buildings

Capacity ok Building
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VACUUM AND VAPOE HEATING

Properly to understand vacuum and vapor

heating, it is necessary not only to have

knowledge of the meaning and applications of

these terms, but also to understand the reasons

for the application of the principles to heating

apparatus.

In all standard dictionaries a vacuum is

defined as an "empty space." We speak of a

bottle from which the contents have been re-

moved as being empty, and, according to the

dictionary definition, this condition would

therefore seem to be a vacumn. This, however,

is not true, for, while the visible contents have

been extracted from the bottle, the space

formerly occupied by these contents has simply

been filled with another and invisible volume

—

the vaporous gas we call air. This supply of air

is under a pressure of 14.7 pounds, the same as

the outside atmosphere surrounding the bottle;

and this force we call atmospheric pressure.

If an attempt is made to refill the bottle

without providing a vent or opening for this

inner air to escape, it will be found impossible

to refill it.

AVhat causes atmospheric pressure? The

earth is surrounded by a belt of elastic gas many
miles thick. This air, containing more or less

moisture in the form of vapor of water, is

denser nearer to the earth than at high alti-

tudes. Like all other substances, air has weight.
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because of the attraction of gravity. It exerts

a pressure upon all objects upon the earth to

the extent of 14.7 pounds per square inch at sea-

level. In other words, the atmospheric j)ressure

upon a siu*face is simply equivalent to the

weight of the column of air pressing upon that

surface. On account of air being a fluid, the

pressure is exerted equally in all directions.

The higher we ascend in the air, the less the

degree of this pressure. Water in an open

vessel will boil at sea-level when it has been

heated to a temperature of 212° F.; at an alti-

tude of about two miles above sea-level, the

same supply of water will boil or vaporize at a

temperature of approximately 190° F.

Now, returning again to the illustrations

afforded by a consideration of the water- and

air-fiUed bottle, let the air itself be extracted

from the bottle. The bottle will then be, as we
say, under a vacuum, and a vacuiun exerts a

pull upon the opening in the neck of the bottle.

What has the information gained from this

discussion to do with the heating question"? Let

us see. Water, when vaporized or converted

into the gaseous form we call "steam," occupies

a sx)ace about 1,700 times as great as it did in its

original liquid state; in other words, one cubic

inch of water, when vaporized, will be pro-

ductive of 1,700 cubic inches of steam. Fill a

radiator with steam, and then condense the

supply. It will occupy as water but one sixteen

hundred and ninety-ninth part of the space it
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occupied as steam, the remainder of the space

being filled with air sucked into the radiator

through the air-valve, and this volume of air has

the pressure of the atmosphere. In circulating

steam, it is necessary to overcome this pressiu'e,

and to drive the air from the radiator through

the valve before the radiator can again be tilled

with steam. Air is the arch enemy of the heat-

ing contractor.

Vacuum heating provides a method for

keeping all air out of a heating sj'stem, and, at

the same time, for exerting a pull, by means of

a pump or other device, upon the return ends

of all units of radiation, thereby allowing and
facilitating the flow of steam to all parts of the

apparatus without pressiu'e.

Vacuum Heating Systems. There are two
classes of this kind of heating—first, those

making use of a pump or other mechanical

device for creating the vacumn; and second,

non-mechanical systems which are used in con-

nection with the ordinary methods of steam
piping for residence work. Among the com-
mercial systems in the former class may be

named the Webster, the Paul, and the Van
Auken systems; among those in the latter

division are the Trane, the K-M-C (Morgan),

the Gorton, the Ryan, the Moline, and the

Dunham. All are designed to accomplish the

same purpose—namely, that of circulating

steam or vai^or through a heating system at a
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Fig. 97. Mercury Seal Appli-
ance Used in Trane Vacuum

Heating System.

Fig. 98. Mercury Seal Appli-
ance Used in K-M-C Vacuum

Heating System.
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pressure equal to or below that of the atmos-

phere.

The Trane system involves the use of a cup
of mercury in the center of a device called a

mercury seal, as illustrated by Fig. 97. A
special form of automatic air-valve, ha^dng a

union drip connection, is used on the return end

Fig. 99. Eetainer Valve.

of each radiator. An air-pipe connecting to this

valve is carried to the basement, where it is

joined into a larger air-pipe called an air-main.

This line follows closely the direction of the

steam main, terminating at a point near to the

boiler, where it drops down and connects to the
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top of the mercury-seal device. A slight

pressure will force the air out of the seal

through the mercury, which will, however, by
reason of its greater density, effectively prevent
the return of the air into the air-line, by this

operation placing the system under a vacuum.
The K-M-C system also makes use of a

mercury device. Fig. 98, in quite the same
manner as the Trane. In connection with its

usage, however, some special appliances are
necessary. A small device, called a retainer

valve (shown in Fig. 99), when placed on the
return end of the radiator, is designed to

prevent the steam from entering the air-line.

Should any supply find its way into this air-

pipe, it is taken to a small tank, called an
accumulating tank, into which the air-line con-
nects. As this tank is partially filled with
water, it assists in condensing the steam; and
from the accumulating tank, the air passes
through floating check-valves before entering
the mercury seal. Fig. 100 shows the method of

connecting the tank, and also illustrates the
floating check-valves; while Fig. 101 shows the
arrangement of the piping and fixtures at the
boiler.

The other systems of vapor and vacuum
heating require the use of ejectors, air-traps,

etc.

The Gorton arrangement is a vapor system
involving heating below atmospheric pressure.

In its application, the two-pipe method of piping
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is employed. A drainage valve, Fig. 102, is used

on the return end of each radiator, in operation

being so sensitive that a very slight pressure

will open it a sufficient distance to allow the air

and the water of condensation to pass into the

returns. Connected to the system in the base-

ment, is an automatic relief valve, as shown in

Fig. 102. Automatic Drainage Valve Used in Gorton System of

Vacuum Steam Heating.

Fig. 103. This valve is operated by the differ-

ence in pressure between that of the steam and

of the return pipes, remaining closed until the

accumulation of air in the return mains increases

the pressure, when it will open sufficiently to

relieve the air, closing again after the release of

the surplus. The arrangement of the connec-

tions at the boiler is shown in Fig. 104.

The Ryan system involves the use of air-
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Fig. 103. Automatic Eeltef Valve Used in Gorton System of

Vacuum Steam Heating.

Main, t/team

Ti'^. 104. Connections at Boiler in Gorton System of Vacuum
Steam Heating.
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lines similar to those of the K-M-C and Trane

systems. With it the air is exhausted to the

atmosphere through an air-trap. A small steam

pipe connected directly to the trap from the

boiler, acts as an exhauster in creating the

vacuum pull upon the air-line.

The Moline system is styled the Vacuo-

Vapor Method, and in the method of piping is

^Con<^ene>tny 'ffac/iafor

&fctor

MrZiftf!'

Fig. 105. Moline Vacuo-Vapor System of Heating.

quite similar to other vacuum systems—that is,

in so far as the steam supply and air-line are

concerned. The air and steam in the air-line are

taken to a condensing radiator; and an ejector

placed between the supply valve and the

radiator creates the necessary pull on this air

main. Fig. 105 illustrates the system clearly.
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Note that from the condensing radiator, the air

enters an air-trap which permits it to escape,

but which closes against the flow of steam and

water. The air from the trap is discharged

through a vacuum valve having a perforated

bottom and placed in a copper receptacle half-

filled with water, which results in sealing the

system against the return of the air. In dis-

charging to the atmosphere, the escaping air

bubbles up through the water in the receptacle.

Fig. 106. Dunhajn Radiator Air-Trap.

The Dunham plan calls for the use of a sys-

tem of flow and return piping without the

addition of air-valves. On the return end of

each radiator is placed an apphance called a

radiator air-trap, as illustrated in Fig. 106, the

device possessing the attributes and action of a

thermostat. It is open to allow all air and

water to escape from the radiator, closing

against any escape of the steam. The water

and air are taken through the return to a re-

ceiving tank located above the boiler, the supply

of the latter lea"vdng the system through a

vacuum valve and passing to the atmosphere,
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the water entering the boiler through the return.

Fig. 107 shows the application of this system.

Condensation passes to the receiving tank only

after its heat has all been given up. Here it

, Fig. 107. Dunham Vacuum System of Heating.

accumulates until such a quantity of water has

been evaporated from the boiler as will lower

the water-line sufficiently to uncover the end of

the equalizing tube F, which connects thi'ough
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the boiler coupling E, forming a loop over and
down into receiving tank D.

This opens a passage for live steam to enter

the tank from the boiler, and equalizes the pres-

sure therein with that in the boiler, thereby

permitting this water to flow down into the

return pipes and through check-valves C into

the boiler, raising the water-line, and again cov-

ering tube end F and protecting it against the

passage of steam by water seal.

After the discharging process, the steam
which displaces the water in the receiving tank

condenses, forming a partial vacuum therein,

which relieves the check-valves C on the end of

the return pipes entering the same, and permits

accumulated air and water of the return pipes

Fig. 109, Vapor Union Elbow
as Used in Eroomell System

of Heating.

Pig. 108. Section of Quintuple
Valve Used in Eroomell Sys-

tem of Heating.

to be forced into this receiver, at the same time

relieving them of any pressure and putting

them under the same partial vacuum conditions
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which may exist in the receiving tank at this

time.

The Broomell system is a vapor method; that

is, the pressure never exceeds ten ounces. A
special form of valve, called a quintuple valve

is applied on each radiator, its applica-

tion permitting of a sufficient amount of

vapor to be admitted to the radiator in order to

fill it one-fourth, one-half, three-fourths, or en-

tirely, as the case may be. Fig. 108 is a sectional

view of this valve, showing the four holes or

ports through the disc, which engage with

similar ports through the seat of the valve. On
the return end of each radiator is placed a

special type of union elbow, Fig. 109, so con-

structed that it holds in check the vapor while

the condensation is discharged into the return

lines. The system of piping erected is in

accordance with the two-pipe plan.

The real heart of the Broomell system

consists of the combined receiver, draught regu-

lator, and relief apparatus, shown in Fig. 110.

The system is open to the atmosphere through

the receiver, making it impossible for the

pressure at any time to exceed ten ounces; and

by reason of the action involved, the fire is

automatically controlled.

The piping for a vacuum job must be abso-

lutely tight throughout, in order to insure that

no air can leak into the sj^stem and destroy the

vacuum carried. For this same reason, the

stuffing-boxes of all attached valves should be
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perfectly tight; or, better still, special packless

types should be used. The boiler should be sup-

plied with a compound pressure and vacuum

QirPipeOutiei ^To l?rcifi fFeyifiaitoyj.

ffod

/ronl £'deyation t^iofe ^Tieyafi-on

Fig. 110. Combined Eeceiver, Draught Regulator, and Relief Appar
ratU5 Used in Broomell Vapor System #f Heating.

gauge; and for small air-lines, the pipe and fit-

tings prove more suitable if galvanized.

Heating by the vacuum plan is sure to prove
economical, because no steam pressure is

necessary to drive the air from radiators when
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once it has been removed. Again, all heating

surfaces are effective, due to the complete with-

drawal of any accumulated air and of the water

of condensation.

The advantages of vapor and vacuum heat-

ing are many; and as the evident benefits

derived from their usage are more and more

understood by the heating contractor and house-

owner, such systems will be adopted to a much
greater extent than heretofore. The ability to

generate and circulate steam at reduced

temperatures (practically as low as those em-

ployed in hot-water heating), together with the

fact that by a complete removal of air all

radiating surfaces are effective, insures an im-

mense saving in fuel as compared with the cost

of operation of a job installed according to

ordinary methods.

Table X gives the boiling point of water at

different pressures, from complete vacuum

(29.74 in. in the mercury column) to steam at

4.3 pounds i)ressure, or an absolute pressm^e

(considering that of the atmosphere as 14.7 lbs.)

of 19 pounds.

When it is fully comprehended that on the

steam job as ordinarily installed no results are

obtainable through the medium of the radiators

until the atmospheric pressiu*e of 14.7 pounds

has been exceeded, since two pounds pressm^e,

for example, at the boiler, means an absolute

pressure of 16.7 pounds (14.7 -f 2), we recog-

nize the great waste of heat units in the fue}
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TABLE X
Boiling Point of Water at Different Pressures

Vacuum Gauge

(Inches of Mercury)



Ventilation

By ventilation is meant the process of chang-

ing or renewing the air in a building in order

that the supx3ly may remain as pure as possible

and be in such a state as to be healthful for

breathing purposes. This is a subject which,

unfortunately, until recent years, has com-

manded too little attention from all parties who
should be vitally interested; and the acquisition

of a perfect system of ventilation has been

generally regarded as a luxury rather than the

necessity it has proven to be. Ventilation is of

even greater importance than heating, and we
are fast coming to realize this, making provision

for it as we recognize its worth. No architect

solicitous of his standing would to-day plan a

theater, church, public hall, school, or similar

building which is intended to be occupied by a

large number of people at the same time, with-

out making adequate provision for the removal

of the foul air within and the substitution of

pure air from without for breathing purposes.

And yet, of the thousands of dwellings erected

each year throughout the country, we are war-

ranted in stating that not even so large a

proportion as one in one hundred has any

special method applied for ventilating purposes.

The time is coming, and that not far distant,

when no dwelling of any size, of the least im-
142
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portance, will be constructed without provision

being included whereby the occupant may
periodically remove the foul air and admit a

pure supply.

How Air is Contaminated. In order prop-

erly to imderstand how the air we breathe is

contaminated or rendered foul and unfit for

breathing, it is necessary to know the composi-

tion of air.

The earth is completely surrounded by an

envelope of air or atmosphere several miles

thick. This gaseous covering forms, as it were,

a vast ocean, at the bottom of which we live and

move. The substance of the air is a mixture

consisting principally of oxygen and nitrogen,

in the proportion of about one part (by volume)

of the former to four parts of the latter, with

a very small proportion (about three or four

parts in ten thousand) of carbonic acid gas.

Carbonic acid gas results from all combustion

—

being produced in considerable quantities even

by that form of combustion which takes place

in animal respiration. Oxygen is the life-giving

quality in the atmosphere, without which all

living things would die. The oxygen in the air

within a room is consimied by the bm-idng of

illuminants—such as candles, coal oil in lamps,

and gas—and also as a result of the process of

breathing.

In addition to the above substances, there is

also present in the atmosphere more or less

aqueous vapor or moistm-e, the amount varying
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with the condition of the weather or the

proximity of the air to a body of water. We use

the term humidity to express this ingredient,

and the term relative humidity to indicate the

relation existing between the moistiu^e actually

present in the air and that which would be

present were the air completely saturated.

Carbonic acid gas is not in itself always

harmful, as its presence in soda water and other

carbonated drinks will attest. However, when
breathed into the lungs in the process of respira-

tion, and when the oxygen breathed with it is

consumed, the exhalations from the lungs con-

tain poisonous matter, and the continued

breathing of many people confined within a

room will in time so vitiate the atmosphere as to

render it dangerously baneful.

Air is vitiated or contaminated, then, by the

burning of illuminants, as before noted, and by

the exhalations of the people inhabiting the

room or building. It may also be tainted by

fumes and odors from certain chemicals, etc.

The amount of carbonic acid gas in the air

we breathe should never exceed six or seven

parts in 10,000. When present in greater pro-

portion—say, ten or twelve parts in 10,000

—

there will be a feeling of closeness or stuffiness

experienced by the occupants of the room, fre-

quently Causing fainting spells, headaches, etc.

An eminent physician recently stated that the

breathing of a plenteous supply of pm'e fresh aii'

constitutes the best medicine to cure the ills of
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mankind—notably so, the dread one of tubercu-

losis (consumption) and allied maladies. Aside
from its curative powers, pure air is also an
efficient preventative of sickness.

How Ventilation is Secured. In discussing

the methods for securing ventilation, we shall

not here describe at length the mechanical
devices used in large buildings, except to say
that by means of a fan or blower, air-washer,

.etc., it is now possible to furnish a supply of

pure, humid atmosphere within any building,

regardless of how densely occupied or of the

condition of the air outside. We can truly

claim that we are now able, with modem ap-

pliances, to furnish any condition of climate for

any sort of purpose.

It is the ventilation of homes that we wish
more particularly to discuss, urging upon our
readers the importance of following what sug-
gestions we have to offer for accomplishing
results in this respect. A large part of our life-

time is spent in the sleeping room—probably
one-third of each twenty-four hours—and hence
all rooms devoted to this use should be well

ventilated.

In all efforts exerted to secure ventilation in

a room, two things are necessary—first, the

admission of pure air; and second, the removal
of foul air. The accomplishment of the former
result is an easy proposition; of the latter, a
comparatively hard one. All modern dwellings

are so constructed with archways of large doors
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between principal rooms that one indirect

radiator, as shown in Fig. 75, placed under the

central haU, and one or two others located under

the principal rooms, will admit plenty of fresh,

pure air to the first floor of the dwelling.

y/ef7^i^a ting

Tig. 111. Good Location of Ventilating Registers.

For second-floor rooms, or those in isolated

locations, direct-indii'ect radiators may be in-

stalled, as shown in Fig. 74, as a means to secure

the desired service.

It is a difficult matter to exhaust the foul air

unless suitable flues are provided for this pur-

pose while the building is in course of erection.

It is a good plan, in building, to erect ventilating

flues in pairs—one of the two extending down to
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the floor of the second-floor rooms, the com-

panion flue reaching to the first floor. Registers

should be placed in the flue in each room, near

the floor. A good location is at a point just

above the baseboard, as illustrated in Fig. 111.

These flues should extend upward to the

atmosphere.

The warm, pm^e aii' admitted to the room
through the radiator is light and buoyant, and

rises to the ceiling, settling gradually below the

breathing-line to the floor as it becomes heavy

dm^ing the process of cooling. This supply

below the breathing-line is the foul or con-

taminated air, and must be removed at or near

the floor-line.

A cold shaft or chimney is of no use what-

ever for ventilating purposes, as it is open to the

atmosphere and has the pressui'e of the outside

air (14.7 lbs.) constantly pressing down upon its

contents. To create an upward draught or cur-

rent in the flue, in order to overcome the

atmospheric pressure, it is necessary to heat or

expand the an* in each flue, and the warming of

this supply may be accomplished in various

ways.

Probably the simplest method in connection

with a steam or hot-water heating apparatus is

illustrated in Fig. 112. A pipe riser is carried

up near to the flue, and a branch on each floor

run to a small coil or line of pipe inserted in

the flue above the register. A small air-pipe

leading from the top of the coil into each room
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terminates at an air-vent through which the air

in the coil is removed. When the heating aj)-

paratus is in operation, this arrangement will

^cr^f' ^li^ay

Fig. 112. Placing a Coil in Ventilating Flue to Force Circulation.

be found to afford a very satisfactory method
for securing ventilation.

Another method, which may be adopted in a

dwelling with a large attic, involves having the

ventilating flues terminate just above the attic

floor, where they are connected by galvanized

ducts into a large ventilating shaft opening

through the roof, this shaft being supplied with

a sufficient amount of heat to expand the air.
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The construction for the heating of the air may
be in the form of a large radiator or coil. A
further advantage derived from the usage of

this method is that ventilation may be secured

in summer months when the heating apparatus

is not in use, simply by the introduction into

the shaft of a fan, electrically connected, for

exhausting the foul air to the atmosphere. If

desired, this fan arrangement can properly be

used all the year round, and the pipe coil in the

flue omitted.

Still another method which may be practiced

with success in compactly erected residences,

requii'es the building of a large brick shaft

through the center of the house. A smoke-pipe

for the heating apparatus—made of iron or

steel, or of terra-cotta pipe with tightly

cemented joints—is carried through the center

of the shaft, furnishing the heat to expand the

air in the shaft, this provision producing an

upward current. All ventilating ducts are then

connected into this shaft, either directly on each

floor, or are carried to the attic for connection.

One benefit included in the use of either of

the latter two methods is that the ventilating

ducts may be constructed of tin and inserted in

the partitions in quite the same manner as

would be the hot-air riser pipes for furnace

heating work.

As a rule, dwellings are easier to he^at when
provision is made for exhausting the heavy, foul

air within. This is particularly true in furnace



150 HEATING AND VENTILATION

or hot-air heating, as it is impossible to circulate

warm air into or through a perfectly tight room
from which no supply can escape.

TEMPERATURE REGULATION

No heating apparatus can be considered fully

complete unless equipped with some form of

device which provides a method for automatic-

ally regulating the draught and check doors of

the heater to accord with the varying tempera-

tures of the rooms in the building. However,

only a small percentage of heating apparatus

now in use is supplied with such appliances.

Temperature-controlling devices usually in-

clude a thermostat, which is placed in one of the

living rooms (a place in which a regular, uni-

form degree of temperature is desired) and

connected to a form of motor or similar agent,

to furnish the power necessary for operating the

dampers of the heater.

Of all the accessories to a heating appliance

which assist in insuring its economical and

satisfactory operation, there is no other one to

be compared with an adequate sj^stem of

temperature regulation.

While all low-pressure steam boilers are

provided with a draught regulator of the type

illustrated in Fig. 88, hot-air furnaces and hot-

water heaters, as a rule, have no such provision

for draught control. The operation of the regu-

lator of a steam boiler is not governed by the

temperature of the room; it simply regulates the
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draught doors of the boiler according to the

motive force of the pressure of steam within,

and, by reason of this action, cannot be consid-

ered strictly a temperature-regulating device.

Fig. 113. "Ideai Sylphon" Temperature Regulator.

For use on systems in residences and on

ordinary heating work, the temperature-regu-

lating devices adaptable can be divided into two

classes—(a) those that are controlled by the

temperature of the water within a hot-water
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heating system; (b) those controlled by the

temperature of the atmosphere within the

building.

There are several styles and types of each,

but we can describe here only one or two of the

representative regulators in each division. Of
those in Class (a), above, the *' Ideal Sylphon"

shown in Fig. 113 is a good illustration. It will

operate at any desired temperature ranging

from 120° to 180° F., and may be adjusted by
simply moving a weight on the lever rod. In its

construction the cast-iron pot A is divided

horizontally by the partition B. The lower com-

partment contains the bulb C, which holds a vol-

atile liquid vaporizing at a low temperature and

fiUing the space E. This bulb is made of a metal

having a high conductivity for heat, which
allows slight variations of temperature to pene-

trate quickly to the volatile liquid. The water

from the heating system flows through the

space between A and C, completely surrounding

the bulb C. The upper compartment contains a

metal bellows F, which is hermetically sealed

and which communicates with bulb C through

pipe G. The construction of the rocker and
lever are shown by H, I, J, and K.

As the temperature rises, the vapor in space

E increases in pressure, forcing a portion of the

liquid up pipe G into the bellows, as indicated

by arrows. This action causes the bellows to

expand, raising the plunger M, which, in turn,

tilts the rocker and lever, whose ends are at-
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tached to the draught and check doors by chains,

gradually closing the draught door and opening

the cold-air check. As the temperature falls,

the reverse action occurs.

Probably the fii'st successful device employ-

ing the vapor obtained from a volatile liquid was

the "Powers" regulator. As at present pro-

duced, this regulator is made in a variety of

forms for use in controlling the draughts of a

furnace as well as steam and hot-water heating

apparatus; and while, in its mechanical parts,

it differs from the ''Sylphon," previously

described, the principle of procuring the neces-

sary power from the vapor of a volatile liquid is

practically identical.

The regulators in Class (b)—those con-

trolled by the temperature in the heated room-

are of two general kinds, which we may prop-

erly term (1) electric, and (2) non-electric.

Among the former are the "Minneapolis," the

"Honeywell," the "Jewell," the "Beers," and

the "Beckam."
A11 regulators of the electric type require

the use of a thermostat, which is located in a

living room and is connected by wires or chains

to a motor in the cellar placed near the heater.

The thennostat employed usually consists of a

metal frame holding some form of metal or

other substance very susceptible to variations

of heat and cold. When expanded by heat, this

substance is thrown against a pin, by this move-

ment closing the electric circuit to the motor,
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which then operates to close the draughts of the

heater. Wlien the temperature of the room
falls, the substance contracts and is cast back

against another peg, whereupon an action the

Open Type. Enclosed Type.

Fig. 114. Beckam Thermostat.

reverse of the above occurs. Fig. 114 shows two

types of the Beckam thermostat.

The motor may receive its power from a

spring wound up within it; or, as in the Beckam
types, the force to drive the motor may be gen-

erated by a weight wound up daily in much the

same manner as a Swiss clock. Fig. 115 illus-

trates the Beckam motor; and Fig. 116, the

method used for attaching the various parts to

the heater, the light dotted lines showing how
the connections are made to a steam boiler.

The non-electric regulators, of which there
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are many individual types, involve the use of

power derived from the expansive force of

metals, rubber, or liquid. In this class we have

Tig. 115. Beckam Motor.

the **Regitherm," a regulator in some respects

similar in principle to the '^Sylphon," already

described, using a volatile liquid and a metal

bellows; the "Powers," with a volatile liquid;

the "National," having the rubber in its

thermostat; the "Howard," using a triangular

disc of a rubber composition, which is fastened

on the lower side, the point of the triangle being

free for moving back and forth by expansion
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Fig. 116. Method of Attaching Beckam Automatic Dampcr-
Eegulator to Heater.

J
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and contraction from the effects of lieat or cold.

The thermostats and motors of the different

types, while varying somewhat in principle, all

aim to accomplish the same pm^pose—namely,

the furnishing of power to open or close the

draughts of the heater.

Practically all thennostats will work ac-

curately within a margin of two degrees from
the desired temperature; for instance, with the

indicator set for 70° in the room, the tempera-

ture will not rise above 71° before the regulator

will check the fire; and prior to a fall of the

temperature in the room to 69°, the regulator

will again operate to open the draughts on the

heater.

The extent of the saving in fuel within one,

two, or three years, according to the size and
character of the job, will pay for a first-class

thermostat, after which length of time its usage

will annually help to meet the cost of the fuel

biU.

PIPE AND BOILER INSULATION

The thorough insulation or covering of all

piping on a steam or hot-water heating ap-

paratus, as well as the covering of all exterior

surfaces on the boiler or heater not occupied by
the various pieces of plate-work (the clean-out,

fire, and draught doors, the frames, jacketing,

etc.), is essential to the economical operation of

the apparatus. Tests have conclusively j^roven

that the insulation of such surfaces effects a
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saving of from fifteen to thirty per cent, the

amount depending upon the character of the

covering applied.

To be of good quality, the insulation must
consist of such material as will prevent the

escape of heat outwardly between the pipe and
the smTounding atmosphere. As a matter of

fact, heat may be lost or dissipated from the hot

surfaces of the pipe or heater in three ways

—

Fig. 117. Illustrating Method of Fastening Pipe Covering in Place
by Means of Metal Bands,

namely, by radiation, by conduction, and by
convection. The effects of these, however, can

be partially or entirely overcome by the

covering.

The materials which have been most gener-

ally used for the purpose of insulation are as-

bestos, hair felt, mineral wool, cork, magnesia,

pressed paper, and sawdust. Pipe covering as

furnished to-day is manufactured in three-foot

lengths, split lengthwise for ease of adjustment

on the job, and covered with muslin or canvas

pasted over the cut. It is fastened securely in

place by iron or brass lacquered bands, Fig. 117

illustrating the method.

For high pressures and superior work, a

moulded covering composed of about 85 per cent
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magnesia, with the remainder of fiber asbestos

and similar fireproofing materials, is generally

adopted.

For ordinary low-pressure heating and for

hot-water work, a less expensive covering may
be employed to insure satisfactory results. On
such jobs, several layers of felt paper lined

with asbestos, or strips of corrugated asbestos,

or a covering made of ground cork, can be em-

ployed to advantage. Felt or asbestos paper

specially wound to form air cells running

Fig. 118. Sectional View of Air-Ceil Asbestos Paper for Covering
Pipes.

lengthwise with the piping, affords a practical

covering. Fig. 118 shows a cross-section of this

type.

To obstruct the passage of radiant heat pre-

sents no difficult problem, and almost any non-

conducting substance will suffice to accomplish

the purpose. To prevent loss by convection and
conduction is, however, a different proposition.
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The heat from the steam or water is imparted to

the inner sm'faces of the pipe by contact; and
iron being an excellent conductor, the heat is

quickly transmitted to the outer surface, and it

is at this part of the pipe that the great loss

occurs. The heated pipe in this respect acts in

exactly the same manner as a radiator or coil

placed in a cold room. The air immediately sur-

rounding the pipe is heated by contact, and
rises above the pipe by reason of its lower

specific gravity. The cold air replacing it is in

turn heated, too, this process of radiation of

heat continuing as long as there is any hot

water or steam in the pipe, when in an uncov-

ered condition. It is to prevent this great and
continual loss that all piping should be thor-

oughly covered. To be of effective service in

overcoming this loss, the covering must fit

snugly against the pipe.

Hair felt, asbestos (which is a natural,

fibrous rock, whose fibers have been separated

and broken up), magnesia, and cork have a low

thermal conductivity, for this reason being

more efficient for insulating purposes than other

materials.

It is customary to protect boiler or heater

surfaces with a lagging consisting of a plastic

covering composed largely of asbestos and mag-
nesia in the form of a cement, which is plastered

upon the exterior portions to be covered, while

they are hot. This method of application i^^

sures a hard and firm covering when dry.
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Plumbing

It is the intention, in the following pages, to

show the latest and best methods of installing

pliunbing, avoiding, as far as possible, technical

terms that might tend to confuse the mind of

the average workman—in other words, to de-

scribe in simple language and in the most direct

and practical manner the various stages in the

installation of plumbing systems from start to

finish.

SEWER AND CONNECTIONS

About the first thing to be considered in the

layout of any plumbing is the Sewer. This is

usually constructed of salt-glazed vitrified

sewer-pipe, laid to an even grade, with the

joints well cemented with Portland cement and
clean sharp sand in the proportions of 1 part

cement to 2 parts sand, and all joints carefully

cleaned on the inside of the pipe after cement-

ing, to prevent waste matter catching on the

edges of cement which will be fonned at each

joint when the pipes are butted together. Fig.

1 shows the manner of using a "swab" for this

purpose. This swab may be made of a stick

161
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with nails driven in it, and then cloth wound
tightly around it and securely fastened on. The
swab should be the full size of the pipe to insure

the thorough removal of the cement.

Connections to the main sewer are usually

regulated by local conditions and rulings; and

this matter need not be discussed further than

to state that a connection should never be made
with a '*tee" joint, but should be made with a

Fig. 1. Manner of Swabbing Inside of Sewer Pipe.

"Y;'^ or, when the main sewer has no Y con-

nection, the entrance to the sewer should be

made in such a manner that the sewage will

strike at an angle in the direction in which the

main sewer flows.

The sewer pipe will continue toward the

building with a gradual pitch up to same, and
should terminate at a point not less than 5 feet

from the building at which point it will be ex-

tended into the building with cast-iron soil-pipe,

and—for the slight difference between the

** Standard" and ** Extra Heavy" grades in cost

—preferably with the Extra Heavy.

Sewer Traps and Ventilation. The neces-

sity of a house, main, or intercepting trap in the

sewer line is a question that has called forth

considerable discussion both for and against the



PLUMBING 163

use of such a device; and both sides have their

good and bad points. Local rulings usually

govern this feature. Whether trap is used or
not used, the soil-stack or stacks should always
extend up to and through the roof, and should
never be inserted into a chimney as is too often

done. The chimney was built to serve the pm^-
pose of a chimney, and not as a vent for the

plumbing system.

Rain Water Pipes. Wlien rain leaders or

downspouts are connected to the sewer, the

proper size of pipe can be determined from
Table I, which is based on an average rainfall.

All leaders should be trapped at their base.

TABLE I

Sizes of House Drains to Carry Eain Water

Size of Pipe

5 in.
6 •'

.

7 "
.

8 "
.

9 "
.

One-Foueth Inch Fall
PEK Foot

3.700 Sq. Ft. of Roof Area
5,000 " "

6.900 " " " "
11,600 " " " "
11,600 ' "

Oxe-Half Inch Fall per
Foot

5,500 Sq. Ft. of Roof Area
7,500 '• " " "
10,000 " " '

15,600 " " " "
17,400 " " " "

An easy rule to remember is to allow 1 square
inch in pipe area for each 250 square feet of

roof area.

Cistern Overflows. A cistern overflow
should never be connected into the house sewer
if it can be avoided, as there always exists the
possibility of the sewer choking or clogging up
and backing into the cistern. Sickness usually
results before this is noticed, if there are no
fixtures in the basement to overflow and thus
denote the stoppage. It is much better to allow
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the overflow to run out upon the surface of the

ground. As houses are usually built on a higher

elevation than the street level, the overflow may
terminate in the street gutter. When the cis-

tern overflow must go into the sewer, a good

connection can be made as shown in Fig. 2.

Sizes of Sewers. Eegarding the proper size

of sewer to put in for the various installations,

it should be borne in mind that it is always good

practice to avoid putting in a sewer too large,

^eni pipe

Fig. 2. Connecting Cistern Overflow to Sewer.

or giving same too much pitch. It is better

practice to install a size that will be flushed, or

nearly so, by the water flowing through it, than

to put in a size in which the w^ater will never

reach higher than part way up the sides, since

the latter have a tendency to allow the floating

matter to adliere to the sides, and in time the

accumulation may cause a stoppage.

For example, it is better to use a 5-inch

sewer-pipe than a 6-inch, when the soil-pipe is

4-inch. It is good practice to run the sewer-pipe

one size larger than the soil-pipe which dis-
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charges into it, on account of the frictional

resistance being greater in the clay sewer-pipe

than in the cast-iron soil-pipe. The water that

fills the 4-inch pipe would not fill a 5-inch pipe

to the same height, while a 6-inch pipe would
be filled still less, and thus the thorough flush-

ing of the larger sized pipe is made impossible.

Also, by giving the sewer too much pitch,

the water travel may be so rapid that the water

will run ahead of the solid matter, allowing the

same to be deposited in the pipe to present an
obstruction to the next discharge of matter

through the pipe. The average fall which is

given sewer- and soil-pipes, of I/4 inch per foot,

is more than ample. Table II shows the fall

required in different-sized sewers to give an
average velocity of 276 feet per minute in the

flow of sewage—which velocity of flow will

carry all matter from the sewer.

TABLE n
Fall per Foot for Various-Sized Sewers

Size
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this. There is no hidden force in the sewer to

carry away the sewage, and solid matter re-

quires water to dispose of it. This again illus-

trates the fact that a 5-inch pipe, if large enough

to carry the flow, is better than a 6-inch, as the

water is deeper in a 5-inch than in a 6-inch pipe,

supposing the same quantity of water to be

discharged.

rig. 3. Installing a Trap and Fresh-Air Inlet.

Particular attention should be paid to the

making of the joint between the clay and the

iron pipes. This may be done with one of the

patented devices now on the market, or by
cementing just as in the balance of the sewer

pij)ing. Leaky joints are a constant menace to

the health of the occupants of the building.

Fresh-Air Inlet. When a main trap is used

it should always be provided with a fresh-air

inlet, usually 4 inches in size, which may be in-

creased when necessary, for the purpose of re-

lieving the air-pressure that may accumulate in

the system, and to create a current of fresh air

throughout the entire piping system. Fig. 3



PLUMBING 167

shows a good method of installing a trap and

fresh-air inlet.
. . i i. i.

It is better to introduce the fresh-air inlet at

a point a short distance beyond the trap, as this

avoids the possibility of the water-seal becom-

ing frozen in winter, and also avoids or decreases

the evaporation that mil occur if the inlet is

introduced directly into the hub on top of trap.

It is good practice to use a trap with hubs tor

double vent, as this will allow cleanouts to be

placed on both sides of the water-seal, and

affords free access to the sewer for cleanmg

purposes.

ROUGHING-IN

As we now have the drain-pipe into the base-

ment of the building, we are ready to rough-m

the job, and a few words regarding the proper

manner of handling soil-pipe will be useful.

Cutting Soil-pipe. We shall have a num-

ber of pieces of soil-pipe to cut to various lengths

as the job progresses, and the best way to cut

the pipe is with a narrow, sharp-pointed

chisel, and a medium-weight hammer. This

gives better results to the average mechanic

than the use of three-wheel cutters, on ac-

count of the liability to crack the pipe,

which is very easily done with the cutters be-

cause of the pipe not being of uniform thickness

throughout, and because with the cutters this

variation in thickness cannot be so easily de-

tected as with the hammer and chisel, the ear
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being of great assistance in determining whef^,

the pipe is thick and thin. Lay the pipe on the

floor, and place a narrow piece of wood under

the place marked for cutting. The pipe should

be marked with chalk entirely around at the

place Avhere it is to be cut. Then use the chisel

and hammer. Filing a groove around the pipe

where it is to be cut is not necessary, since the

chisel will make a clean, square cut, as you will

find, after a little practice.

Soil-Pipe Joints. Fig. 4 shows the proper

manner of making a soil-pipe joint, and Table

Lead

Oakum

Fig. 4. Soil-Pipe Joint.

Ill shows the amount of lead and oakum
required for the various sizes.

The proper method of making a soil-pipe

joint is to carefully pack the same with oakum,

and leave a space of IVi inches for the lead.

The oakum must be calked tightly before pour-
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TABLE ni
Lead and Oakmn Required for Soil-Pipe Joints

169

Size of Pipe
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If there is dampness in the joints, placing

some pulverized rosin in the hub before pouring

will be beneficial.

Always have your lead HOT, and do not try

to pour a joint with half-warm lead. Nothing

but lead free from solder or other metals should

be used, in order to avoid cracking the hubs
when calking.

The Piping System. We shall have a num-
ber of pipes throughout the building to install;

and they are as follows

:

Drain pipes, which are horizontal and receive the dis-

charge from the vertical or upright pipes.

Soil pipes, which receive the discharge from the closets.

Waste pipes, which receive the discharge from fixtures

other than closets.

Vent pipes, which relieve the air pressure on the sys-

tem, prevent siphonage and create a circulation of air

throughout the system.

Water pipes, which supply water to the various fix-

tures.

We shall now proceed with the roughing-in

of an actual job. Suppose that we are to install

the plumbing in a house of which Figs. 5, 6, and

7 show the basement, first-floor and second-floor

plans. The fixtures on the job are as follows:

_, ,
1 Two-part Wash Tray.

Basement - t-i, ta •

1 Floor Dram.

1 Sink.

First Floor 1 Forty-Gallon Range Boiler.

1 Lavatory.

1 Lavatory.

Second Floor 1 Bathtub.

1 Water Closet.
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Right here is the time when you have to know
the roughing-in measurements of the various fix-

tures, in order to place the x^ipes so that they will

be in exactly the right places when the floors are

down and the plastering done. Having deter-

Fig. 5. Basement Eoughing-In Plan.

mined what these measurements are to be, w^e

are ready to proceed.

The plumber will find it a great help if he

will jot down in a small memorandum book the
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rig. 6. First-Floor Plan of Residence,
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Fig. 7. Second-Floor Plan of Besidence.
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rougliing-in measurements of every fixture he

installs, for this will save the trouble of looking

up in the future when he may have fixtures of

the same style to install. Let us examine the

fixtures that go in on his job, and note the meas-

urements in our little book for future reference.

The wash trays

—

or laundry tubs, as they are

sometimes called—are of the style shown in Fig.

Fig. 8. Wash Trays or Laundry Tubs.

8, with rough brass continuous waste and trap

as in Fig. 9; and are to be supplied with hot and

cold water through Fuller bibbs, as shown in

Fig. 8.

The floor drain is like that shown in Fig. 10.

Tlie kitchen sink is of the type illustrated in

Fig. 11, with iiickel-j)lated trap, with vraste to
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Fig. 10. Floor Drain.

Fig. 9. Continuous Waste and
Trap from Wash Trays.

Fig. 11. Kitchen sink.
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floor and vent to wall, and nickel-plated Fuller

bibbs.

The range boiler is shown in Fig. 12. It is

to be erected on a stand (Fig. 13), and connected

to the kitchen range, and also to a gas heater as

shown in Fig. 14.

The first-floor lavatory (Fig. 15) is fitted

with nickel-plated Fuller basin corks, and nickel-

plated trap to wall.

The lavatory in the bathroom (Fig. 16) is

also fitted with nickel-plated Fuller corks, and

nickel-plated trap to wall.

The bathtub is a five-foot tub of the type

shown in Fig. 17.

The closet is of the low-tank type illustrated

in Fig. 18.

Having looked over the fixtures and noted

the roughing-in measurements, we shall now
start on the vertical pii)e work.

Vertical Pipe Work. Fig. 19 is an elevation

of the sink and wash-tray stack, and we shall

start to install this at once. Into the bend in

the drain-pipe that is looking up, we first calk a

2-inch Y; and in the outlet of this Y we calk a

2-inch cleanout plug with brass cover and square

head, for the purpose of clearing the pipe at any

time a stoppage may occur. Continuing to the

basement ceiling, we place a 2-inch Y for the

sink waste. We shall probably have to use an

offset here—that is, change direction and carry

the piping along to where it will be in position
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^OOOOO 00^'

Fig. 12. Range Boiler.

Fig. 14. Range Boiler Connect-
ed to Gas Heater.

Fig. 13. Stand for Range Boiler.
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to pass up directly through the first floor par-

tition Then, continuing upwards to a point

about five feet above the fii'st floor, we wUl place

Fig. 15. Lavatory on First Floor.

a 2-inch tapped tee, for the vents from the

kitchen sink and the wash trays; and then con-

tinue on up to and through the roof, enlarging
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the pipe to four inches just below the roof, and
placing a roof-flashing at the roof.

There are a niunber of different styles of

-LIIJj I /H7T7 MT
Fig, 16. Bathroom Lavatory.

roof-flashings, any one of which may be used,

provided it will prevent the water from leaking
through and provided it has good wearing quali-

ties. By enlarging the pipe to four inches where
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it goes through the roof, the danger of the pipe

becoming closed with hoar frost is avoided.

This same precaution applies to any soil or vent

stack carried through the roof.

The next step will be to get in the waste

and vent pipes. For the sink waste we shall

require a 2xli/4-inch brass ferrule, and about

two feet of li/^-inch lead pipe. After wiping

the lead to the ferrule, we calk same into the Y

Fig. 17. Bathtub.

left for that purpose, after bending the lead pipe

to the proper place to receive the sink trap.

Into the tapped tee which was left for the

vents, we screw a 2x11/2x11/2 tee with nipple of

right length, and drop out of the side oi^ening

to the basement for the wash trays, and out of

the end opening to the sink. Here we shall need
for the sink, and also for the trays, a IV^-inch

female soldering nipple, and about 15 inches of

11/2-inch lead pipe. After wiping the necessary
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joints, we screw the pieces onto the pipe, after

bending the same to the proper angle. Then,
closing the ends so that the job can be tested,

Fig. 18. Low-Tank Tjrpe of Water-Closet.

we are through with this stack until time for
setting the fixtures.

It will be seen that when we set these fix-

tures, it will be necessary to wipe a joint be-
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tween the vent pipe now in, and the vent pipe

from the traps, and this connection will leave

plenty of ''spring" in the piping for expansion

and contraction. In some localities the connec-

tion between the vents in the wall and the trap

vents is made by means of slip joints, with a

rubber gasket to make the joint tight and allow

rig. 22. Slip-Joint Nut.

Fig. 23. Vent Tee.

for expansion and contraction. Various authori-

ties differ on this subject, so that we shall not

argue over this point, but wdll take up the work
on the wash tray waste, which will require to be

of the same style as the waste for the sink, and
the end brought through the basement floor for

future connection.

In some cases, a slip-joint nut (Fig. 22) is

used.

Fig. 23 shows a type of vent tee that is ex-

tensively employed. This can be obtained with
both ends intended for connection to iron pipe,



184 PLUMBING

instead of the foi-m shown, which is for lead

waste and iron vent pijpes. The part that re-

ceives the pipe from the trap has a long,

threaded shank, which can be cut oft to suit the

job it is being used on; and this is a very good

feature. See Fig. 23.

We shall now rough-in the stack for the first-

floor lavatory. We first calk-in a Y with clean-

out, as we did on the sink stack, and continue to

basement ceiling, where we may have, as before,

to use an offset to get back into the partition.

At the proper height, we place a tapped tee,

2x2x11/4 inches, with a nipple in the li/4-inch

opening which will extend %-inch through the

plaster. This will allow the use of a slip-joint

nut (Fig. 22) when we come to set up the

lavatory.

In the top of this tee, we calk a 2xli/2-inch

reducing coupling, and extend up to a point just

below the roof with 1%-inch iron pipe. At this

point we screw on a 2xli/>-inch coupling to calk

into a 2x4-inch increaser, and use a short piece

of 4-inch soil pipe to extend through the roof,

with necessary roof-flashing.

This manner of roughing-in is termed con-

tinuous venting. It is preferable to venting on

the sink and wash trajs, since, with this style,

there is not the chance for the vent pipe to choke

up, which is apt to occur with the sink style of

venting.

The vent work on this job will be done with

black iron pipe and cast-iron fittings. Gal-
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Yanized pipe and fittings are sometimes used;

sometimes black pipe and galvanized fittings;

and sometimes again, galvanized ]3ipe and black

cast-iron fittings. In some cases, black pipe

coated inside with asphaltum and having re-

cessed drainage fittings are used. In any case,

provision should be made for cleaning the vent

pipes at times when needed. When a vent is

taken from the top or crown of a trap, grease

will accumulate in the vent pipe, and in time

mil choke it up entirely; and this is where "con-

tinuous" venting has the advantage.

The question as to what kind of material

shall enter into the roughing-in of the job will

be largely governed by local rulings where there

is an Inspector, and the work will require in-

spection and testing before being covered up.

Wliether an inspection is necessary or not, all

work should be tested before being covered up,

and this vnll be taken up later on and fully

described.

We shaU now proceed to rough-in the stack

for the bathroom. We first calk-in a cleanout

plug into a Y, the same as for the other two
stacks, and then continue up to the bathroom.

Here we shall require a sanitary tee with a

2-inch opening in the side to receive the bath

waste. We run a 4x2-inch Y in the side opening

of the tee, for the lavatory waste. Continuing

over to the partition, and extending upwards,

we insert two tapped tees for the bath and lava-

tory vents, and then continue up to a point just
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below the roof, where we enlarge the pipe to

5 inches and extend through the roof, with the

necessary roof-flashing.

All the soil-pipe in the stacks may be "Extra

Heavy" and the vents ''Standard" pipe; or all

may be "Standard." The specifications usually

cover this point.

In the top of the 4-inch sanitary tee, we calk

a combination lead ferrule, as shown in Fig. 24,

and this will receive the discharge from the

water-closet. Fig. 20 shows the stack elevation

for the first-floor lavatory.

Fig. 21 shows the stack elevation for the

bathroom. Ordinarily the closet opening would

be in the side of the 4-inch sanitary tee; but in

this case the opening will be in the top, owing

to the fact that the first-floor partition is not

directly under the bathroom partition, and re-

quires an offsetting of the pipe-work between

the ceiling and the floor. In the side opening

of the closet tee, we shall connect the bath waste.

Fig. 24. Ferrule for Connecting
Bath Waste to Closet Tee.

Fig. 25. Closet Tee.

which will require a 2-inch ferrule like that

shown in Fig. 24 or in Fig. 26, some 1%-inch

lead waste-pipe, a 4x8-inch drum trap (Fig. 27)
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for the waste-pipe, a short piece of li/o-inch lead

pipe, and a li/^-inch brass solder nipple (Fig.

28). The waste from the tub will branch into

the drum trap at a point near the bottom; and
the outlet to the soil-pipe will be taken out at a

point near the top, but just below the vent

branch.

The wiping on the bath waste can be done

before setting the same in place, with the excep-

^^

Fig. 26,

Straight Brass
rerrule.

rig .27.

Drum Trap Used
on Bath. Waste.

Fig. 28. Solder Nipple
Used on Vent Work.

tion of the joint where the solder nippie (Fig.

28) screws onto the vent-pipe already roughed-

in, and this can be wiped after the work is set

in place. The screw top on the bath trap makes
it easily accessible for cleaning purposes.

In the side opening of the 4x2-inch Y which

is to rim into the closet tee, we shall place a

2xli4xl0-inch lead ferrule (Fig. 24), which will

require a wiped joint to connect it to the

lead vent- and waste-pipe which is already

roughed-in.
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Fig. 25 shows the closet tee used on this in-

stallation, and less the side opening, this is the

fitting ordinarily used.

Fig. 26 shows a straight brass ferrule; and

Fig. 29 shows a tapered brass ferrule, reducing

down to the size of the waste-pipe used.

Fig. 28 shows the solder nipple used on the

vent work, and this is made with either male or

female threading.

Fig. 27 shows the drum trap used on the bath

waste. The top, being a trifle larger than the

body of the trap, will cover up the hole in the

floor, and make a neat finish.

n
\j

Tig. 29. Tapered
Brass Ferrule.

Fig. 30. A Style of
Trap Often Used
on Bathtubs.

Fig. 31. Tee for

Continuous Vent-
ing with Lead
Waste and Vent
Pipes.

Fig. 30 shows another style of trap that is

used extensively on bathtubs.

Fig. 31 shows another form of tee that can

be used for the continuous style of venting where
lead is used for both waste and vent pipes.

Fig. 32 shows a new method of joining the

closet to the soil system, to be used instead of

the putty joint that has commonly been used.

This makes a very sanitary job, and insures a

^
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tight joint at this connection, which is by no

means certain when putty is used. The brass

flange is slipped over the 4-inch lead pipe ex-

tending through the floor for the closet connec-

Fig. 33. Device for Steadying
Bathtub on Uneven Floor.

Fig. 32. Graphite Gasket Closet

Connection to Soil System.

Fig. 34. Clean-Out Plug. Fig. 36. Type of Ferrule for

Waste Pipes.

Small joint is poured.

tion; and then the pipe is sawed off at the proper

distance to allow it to be flanged over into the

brass floor-flange and then soldered. The graph-

ite gasket is next placed in position, and the

closet is ready to be screwed in place.
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Fig, 36. Special Tool for Calk- Fig. 37. Waste and Vent Fit-

ing Joints in Corners. ting for Two Fixtures Set

Back to Back.

Fig, 38. Eoof Flashing.

Fig. 40. Roof Flashing.

Fig. 39, Eoof Flashing.
Fig. 41, Increaser.
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In many instances, when you come to set

your tub, you will find that the tub will not sit

evenly, but has a rocking motion due to the un-

evenness of the floor. The device shown in Fig.

33 will be found very useful to remedy this

trouble, and is inexpensive.

^

Fig. 42. Increaser. Fig. 43. Increaser
Tapped for Screw
Pipe.

Fig. 44. Tapped
Tee.

Fig. 34 shows the clean out plug which is

placed at the foot of the different stacks for

cleaning purposes. This has an iron body, and

a brass screw; the latter is easily removed should

occasion require it.

Fig. 35 shows another type of ferrule for

waste-pipes. It is used by inserting the ferrule

into the lead pipe, and pouring the small joint

as shown.

There will be times when soil-pipe joints will

be encountered in corners where it will be a hard

matter to get at them to calk them properly with

the ordinary tools. In this case, some of the

tools shown in Fig. 36 will be found very useful.

Fig. 37 shows a waste and vent fitting that
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can be used where two fixtures are set back to

back.

Figs. 38, 39, and 40, show various styles of

roof-flashings.

Figs. 41 and 42 show various styles of in-

creasers, which are used at a point just below

the roof. They can be obtained either to calk-in

as shown, or with the bottom end tapped for iron

pipe to screw in. An increaser tapped for screw-

pipe is shown in Fig. 43.

/foJJtr?^ <5cy<rt*

Fig. 45. Brass Bath Trap for Wrought-Iron Waste Work.

Fig. 44 shows one style of tapped tee.

Fig. 45 shows a brass bath trap that is used

where the waste work is all wrought iron—or,

as it is sometimes called, the "Durham" system.

Water-Service Pipes. We shall now take

up the water supplies to the various fixtures.

The main in the street is usually tapped by
the local Water Company, and either the con-

necting pipe is run to the curb line by the Com-
pany, or else the plumber takes it at the point

of connection. The kind of piping is governed

by local rulings. In some sections of the country

it is customary to run lead pipe to the cm'b, and
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then either lead or iron on into the building.

Other jDlaces require only a short section of lead

pipe at the main, usually about 18 inches in

length; and from this point on into the building

the pipe may be iron.

In any case, iron pipe should never be con-

nected directly to the corporation cock, as the

cock that is screwed into the water main is

termed, on account of the rigid connection being

liable to breakage from settling either of the

main or of the earth over the service. For a

similar reason the service into the building

should never be laid in the same ditch with the

sewer line, unless a shelf of earth is left along-

side the sewer ditch, on which the water service

can be laid, and which will insure a good foun-

dation for it. Many a plumber has had to dig

up the service after it has been in but a short

time, to repair a leak in it caused through set-

tling of the dirt.

The service should be laid below the frost

line, and carried as directly as possible to the

building. Where the service pipe enters the

building, it should be provided with a good,

serviceable stop and waste cock, placed at a

point easily reached by the occupants of the

building in case the water should require shut-

ting off at any time on account of leaks, bursting

of pipes, etc.

As the job we are installing is what is termed

a "city water" job, we shall proceed to install

the piping. It is understood that this is to be
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put in place before the plastering is done or the

bathroom floor is laid.

We start the cold-water line at the front wall

where the seiTice enters; and rising to the ceil-

ing, we run directly to the bathroom riser, where
we place a stop and waste cock so that the bath-

room can be shut off independently of the bal-

ance of the system; in making this run, we put

in tees at intervals for the connections for the

other fixtures. The bathroom line is carried up
to underneath the floor of the bathroom, where

it branches to the tub, closet, and lavatory. The
nipples of these branches are left extending

through the floor at the proper places, being

capped for testing purposes and to prevent dirt

getting into the pipe.

We shall now extend the first-floor lavatory

supply to the proper point, placing a stop and

waste cock on this line also.

Next we shall extend the branch that sup-

plies the laundry tubs, sink, and hot-water

boiler, placing stops on the wash-tray and sink

lines, but placing the stop for the range boiler

at the top of the boiler. This will cut off the

entire hot-water supply for the house ; and sepa-

rate stops can be placed on the various hot-water

lines to the fixtures, if desii'ed. The hot water

for the bathroom can be either extended to the

ceiling and carried across to the bathroom, or it

can be taken to the cellar and carried up along-

side the cold-water line. The hot lines, after

leaving the boiler, can be run about the same as
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the cold-water supplies ; but on both lines there

must be a definite place to which the pipes will

drain in case it is desired to empty the entire

system of water.

In connecting up the range boiler with the

cold supply, a piece of pipe usually extending

to within six inches of the bottom of the boiler

—

known as a boiler tube—should be screwed into

the boiler coupling to which the cold-water sup-

ply is connected, for the purpose of carrying the

cold water down nearly to the bottom of the

boiler. The object of this is to avoid chilling

the hot water, w^hich leaves the boiler by a pipe

at the top alongside the cold-water inlet pipe.

This cold-water pipe should always have a small

hole drilled in it at a point about one inch below

the top of the boiler, to prevent the possibility

of the water being siphoned out of the boiler,

which might occm^ in case the supply were shut

off for any reason. This vent-hole in the cold

inlet pipe should be about one-eighth inch in

size, and should always be turned away from the

hot supply, or it will throw a spray of cold water

directly across the hot water leaving the boiler;

and it may puzzle you for a while to find out

why a job that is to all outward appearance

piped correctly will nevertheless not give a good

supply of hot water.

In some cases, it is required that the job shall

be supplied with soft water. This calls for the

use of a water lift, and the soft water can be

either pumped to an attic tank, or pumped di-
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rectly into the system. There are a number of

water lifts or motors on the market, operated by
either electricity or by water power. In the

electrically operated lift, the necessary wiring

will be installed, and the soft water end will be

connected by a suction pipe to the cistern, and

a discharge pipe to the attic tank or directly to

the system of piping through the building. In

the case of a lift operated by water power, the

cold city water will be connected at the opening

marked for it on the lift, and the waste water

can be discharged to the sewer or run to the

kitchen sink (if an attic tank is used), in which

case the lift will pump water whenever cold

water is drawn at the sink; the discharge and
suction on the soft water end will be connected

up as before described.

Where the soft water is discharged directly

into the piping it is necessary to place a com-

pression tank in the discharge line. This is

usually a 30-gallon range boiler, which acts as

a cushion for the pump or lift to work against,

and insures a steady flow at the faucets when
water is drawn. If such a tank were not in-

stalled, the water would come in a sputtering

stream as the lift delivered it into the pipe

system.

In some cases where an attic tank is used

for the storage of soft water, a ball-cock, similar

to the one used for regulating the supply to the

water-closet flush-tank is x)laced on the soft-

water supply to the tank, being set to limit the
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supply to a certain lieiglit of water in the tank.

When any water is drawn from the tank, the lift

will replace it, and the supply then be shut of£

by the action of the ball-cock.

Refrigerator wastes should never be con-

nected directly to any sewer or drain-pipe, but
should discharge into a sink indirectly, as per

Fig. 46; or into soil-pipe, as per Fig. 47. The
use to which the refrigerator is put demands
that unusual care be taken in disposing of the

waste w^er. The piping should be provided

^ 7b other ^e/rigeraior
i/reauirec^

^
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Fig. 47. Eefrigerator Waste
Connection to Soil-Pipe.

Fig. 46. Eefrigerator Waste
Connection to Sink.

with cleanouts wherever there is a possibility

of a stoppage occurring from the sawdust, etc.,

used in packing the ice; and the pipe should be

run in such a manner that it can be readily taken

down and cleaned if a stoppage occurs which
cannot be cleared from the cleanouts. It is not
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usually necessary to vent refrigerator traps,

since the water does not enter the piping, as it

does from other fixtures, in a large volume, but

only as the ice melts, and there is little possi-

bility of any siphonage occurring.

Waste pipes from refrigerators should be

galvanized iron, with ends well reamed. The
trap used at the soil-pipe in Fig. 47 may be made
out of pipe and fittings. The end of the waste

pipe from the refrigerator extends down into the

pan (Fig. 47) ; and the waste to sewer con-

nected toward the top of the pan will leave a

place for the dirty matter from the ice to collect,

and this can be removed frequently, being thus

prevented from entering the waste pipe. By
making the trap seal at the soil-pipe about 6 to 8

inches in depth, there will be little danger of

this trap being siphoned from the discharge of

fixtures on the line above; and even if this did

occur, the dripping from the ice would soon seal

the trap again.

TESTING THE PLUMBING

After a job has been roughed-in, and before

being covered up, it should be thoroughly tested,

to obviate the necessity for any tearing-up of

floors or removal of plaster in order to locate and
repair leaks that may show up after the fixtures

are set.

Water Test. The water test is usually ap-

plied on new work, and is one of the severest

tests that can be adopted. Any defective ma-
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terial or leaks in joints will be readily detected

when the system is filled with water. The mode

of applying the water test is to close up all open-

ings in the soil, waste, and vent pipes, either by

r-1

rig. 48. Illustrating Use of Test Plug in Water Test.

soldering the ends shut, if lead is used; by plugs

or caps, if iron pipe is used; or by test plugs.

Fig. 48 shows one style of test plug. These

plugs are made in different forms to suit all the
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uses for which they may be called upon in test-

ing a job. The rubber ring expands against the

sides of the pipe when the handle is screwed

down, and it will stand considerable pressure

before blowing out—more pressure, in fact, than

will be placed on the piping system during the

test. The water suppl}^ for testing may be con-

nected to the end of the test plug where capped,

with a stop-cock to shut off when necessary;

and then the system is ready for filling.

The filling should be done slowly, and any

leaks found should be immediately fixed. Where
a leak occurs in a lead joint which only requires

a little more calking, the water may be shut off

until this is done ; but if a split pipe or fitting is

found, it should immediately be replaced. It is

better to fill from the bottom of the stack, since

filling from the top is apt to allow water to run

do^^^a the piping, and, having the appearance of

a leak, makes the testing a more difficult job

than is actually necessary. The stacks may be

tested in sections as the job progresses, by leav-

ing out a joint of pipe and inserting same for

the final test. This may be found necessary

owing to the plasterers being in a hurry to get

their work done; and after inserting the sec-

tions that were left out, it is a simple matter to

test them on the final filling.

A careful inspection of the material as it is

being put in place, will save much trouble at

times, as it is an easy matter to detect cracked

pipings or fittings by tapping same with a ham-
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mer. The difference in sound between good and
defective material is easily detected by the ear

after a little practice.

Smoke Test. The smoke test is another test

that can be applied to roughed-in new work. It

is used most frequently, however, in testing old

work, or in testing new w^ork after the fixtures

have been set. The manner of applying a smoke
test is to close all openings, the same as for the

water test, and also the openings at the roof.

The testing machine, which is made especially

for this purpose, is then connected to the piping

system, and the smoke turned into the pipes.

Oily waste or rags are placed in the machine
and lighted, thus generating a heavy smoke
which will entirely fill the pipes, and escape

through any leaks that may exist—which are

thereby easily detected. The smoke test is pre-

ferred by many, as it is cleaner than the water

test, should any leaks develop, and there is no
wetting down of the building.

Peppermint Test. The peppermint test is

applied by putting about two ounces of oil of

peppermint into the system at the roof, after all

openings have been closed as with the other

tests, and pouring about a gallon of hot water

into the piping, immediately closing the opening

with a plug kept at hand for the purpose. The
fumes of the peppermint are supposed to travel

throughout the system of piping, and to pene-

trate any existing leaks, the presence of which

can then be detected from the characteristic



203 PLUMBING

smell. There being no pressure applied in this

test, there is a possibility of the odor not escap-

ing through very small leaks; and this test,

therefore, is not so reliable as the water or smoke
tests.

The person who puts the peppermint in the

piping should not try to look for leaks, as he

will carry the odor around with him through the

building, and is apt to imagine that he smells

leaks where in reality they do not exist.

In the water test, the piping at the bottom

of the system will receive the heaviest pressure

;

and in tall buildings, this pressure may be heavy

enough to burst the pipes. It may be policy, in

such cases, to test the job in sections, as spoken

of before. The pressure that will be exerted on

the stacks at any given point, can be easily de-

termined by multiplying the head, in feet, by the

decimal .434—which will give the pressure in

pounds per square inch at that point. Every
foot in height of a column of water exerts a pres-

sure per square inch of .434 pounds; and in a tall

building, it will readily be seen, this pressure

will amount to considerable at the foot of the

stack.

Local rulings generally prescribe the form of

test to be applied to plumbing installations.

Many pkmibers, where there are no local rul-

ings requiring or regulating tests, test all their

work for their ow^n satisfaction, and are then in

a position to guarantee absolutely with some de-

gree of satisfaction, all the work they install.
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The added cost for testing does not amount to

a very large item; and it gives the phimber the

advantage of an added prestige when it becomes

known to his customers—both the customers he

already has, and prospective ones—that any job

he does must be right to his own satisfaction

before he is ready to tm*n it over to his custom-

ers ; and this will soon increase his list of clients.

There is only one way to do work, and that is to

do it right; and this fact soon becomes known,

and to yoiu* credit.

^'(^ HOT-WATER SUPPLY

There are various ways of heating the water

for domestic and other uses. We shall first take

up the manner of heating by range boilers and

coils or water-backs, passing on to automatic

and instantaneous heaters.

Coic/z

Fig. 49. Single Water-Back and Connections.

Fig. 49 shows the common method of con-

necting a range boiler to a pipe coil or a cast-
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iron water-back. The sketch is self-explanatory.

If lead pipe is used, care must be taken that

there will be no pockets for the air to collect in,

as this will seriously interfere with the working

of the job. Lead i3ix3e does not give as good sat-

isfaction for the hot-water pipe from the water-

back to the boiler, as does the use of brass or

iron, since the expansion and contraction due to

alternate heating and cooling have a tendency to

stretch the lead pipe, and in time will start a

leak. Galvanized-iron or brass piping is slowly

V////////,

^

WaterBack
Fl/rr?ace

Fig. 50. Connections to Water-Back and Furnace.

replacing the use of lead pipe, and in some jobs

there is no lead pii)e used whatever. Fig. 49

shows a connection to one water-back only.
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Fig. 50 shows the same form of connection

for the water-back on the first floor, but also

shows a connection to the fiu^nace or boiler in

the basement. The sediment cock, it will be

noted, is placed at the low pcdnt in the basement,

wiiereas, on the fii'st floor, it was placed mider

the range boiler. Any number of water-backs

can be connected to a single boiler, if due care

is taken in making the connections, so that the

hot-water currents will not buck against each

other, and reverse the water travel or cause

hammering.

c^"'/'^' "ree
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Fig. 51. Connections to Water-Back, Furnace, and Gas Heater.

Fig. 51 illustrates about the same thing as

Fig. 50, but shows a gas-heater also connected.

This heater, if desired—as, for example, in hot

weather in summer-time—will work independ-

ently of the other means of heating the water
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in the boiler; or tliey may all be working at once,

without interfering with the action of one an-

other. In some cases the gas-heater is con-

nected to the boiler alone, and is the only means
of heating the water. This very often occurs in

'Tyoi fyhtfey
='^

to^xturea at=fc

^oi aWSNW
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Fig. 53, Tank-Heater Installa-

tion.

Fig. 52. Type of Eange-Boiler
Installation Barely Used.

<5iW/»7Supply

Fig. 54. Vertical Range Boiler
with Steam Coils.

vapartment houses or ''flat buildings," where the

structure is heated by steam, and where gas

stoves are used for cooking; or the gas stove

may have a water-back connected to the range

boiler.



PLUMBING 207

Fig. 52 shows a type of range-boiler installa-

tion which is very rarely used and is not very

successful in oi3eration, as the circulation is apt

to be sluggish. It will work as shown in the

sketch; and the higher the loop extends above

the top of the boiler, the faster will be the cir-

culation; but the use of this type of installation

should, if possible, be avoided. If, however, this

type must be used, the hot water must be taken

from the top of the loop, in order to free the loop

from the air which will accumulate at that point.

Cold ^i/pplj/-^

£>uppli/ [j # S ^^oi io

n*-
/feiurn

Fig. 55. Horizontal Range Boiler with Steam Coils.

Another form of hot-water heater in very

frequent use is shown in Fig. 53—caUed a tank

heater. Heaters of this type are constructed in

various styles and sizes to meet all requirements.

The sketch shows the manner of connecting to

the range boiler. These heaters are used exten-

sively where large quantities of hot water are

desired, and are very satisfactory.

Figs. 54 and 55 show different types of range

boilers with steam coils therein, by which the

water in the boilers is indirectly heated. This

is an economical method of heating water where
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a building is heated by steam, and where there

is exhaust steam available. By its use the cost

of heating water is reduced practically to

nothing.

Sizes of Coils. As any plumber may be

called upon to install a boiler of this type, we
shall figure out the size of steam coil necessary

to raise the temperatm-e of the water in a 30-

gallon range boiler from the average tempera-

ture of the water supply, say 70 degrees, to a

temperature of 160 degrees, that desired fo»ji§e/3^^^^^
Since a gallon of water weighs 8% inB., and ft^^

the boiler contains 30 gallons, it follows that

30x8^3=250 pounds, the weight of water in

the boiler.

The increase in temperature desired is from
70" to 160°—a total of 90 degrees, since 160—
70=-90.

Since a heat unit is the amount of heat re-

quired to raise one pound of water one degree

in temperature, then, in order to raise 250 lbs.

90 degrees, we shall require a total of 250x90=
22,500 heat units.

The steam pressure is 2 lbs., gauge.

Temperature of the steam at this x)ressm'e is

220°.

Average temperature of water is found by
adding maximum and minimum, and dividing

by 2; thus, (70+160) --2=230--2=115°, aver-

age temperature of water.

Average difference in temperatm'e between

steam and water is 220—115=105 degrees.

J



p

0;





PLUMBING 209

It is a well-known fact that steam coils sur-

rounded by ail' at a temx3erature of 70 degrees

give off roughly about 2 heat units per degree

difference in temperature per hour; but when
placed in water they condense steam a]3proxi-

mately 50 times as fast per degree difference in

temperature. It is also a well-known fact that

one square foot of heating surface will transmit

about 100 heat units per hour per degree differ-

ence in temperature. Therefore each square

foot of steam coil in the boiler water will give

off 105x100=10,500 heat units per hour.

The total square feet of heating surface re-

quired will therefore be 22,500-f-10,500-=2.14

square feet approximately.

Now, since it requires 2.9 feet of 1-inch pipe

to equal 1 square foot of heating surface, there-

fore- 2.9x2.14=6 feet 3 inches, approximately,

of 1-inch pipe in the coil required for heating

the 30 gallons from a cold-water temperature of

70° to a temperature of 160° with steam at 2 lbs.

pressure—or about 1 square foot of heating sur-

faqe in the coil to each 14 gallons of water in the

boiler.

The ordinary range-boiler with a steam coil

will give entire satisfaction if the steam coil is

based on 1 linear foot of 1-inch pipe to each 5

gallons of water to be heated per hour, the water

being heated from a temperature of 60° to one

of 160°; and this is the basis on which they are

constructed.

The same method of calculation can be used
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for steam or water at varying temperatures, and
for lesser or greater quantities of water. The
ratio of 1 square foot of heating surface to each

15 gallons of water to be heated is based on ii-on

pipe coils; and the ratio for brass or copper

piping will be about 1 square foot to each 20 or

25 gallons, owing to brass or copper being a

better conductor than iron.

The size of the pipe coil necessary for heat-

ing the water when coils are placed in a stove,

furnace, or boiler, can be determined by allow-

ing 21/^ square inches of surface actually exposed

to the fire, for each gallon of water to be heated.

This would mean 75 square inches of surface for

a 30-gallon boiler, or about 2 feet of %-inch
pipe, or about 1 foot 6 inches of 1-inch pipe.

This piping should have the ends well reamed
of the burr that is left by the cutters when cut-

ting off the pipe, as the burr would have a tend-

ency to cause the coil to choke or lime up if the

water should be dirty.

The above calculation is based on heating

the water in the boiler in one hour. If it is de-

sired to heat it faster, a greater amount of sur-

face must be used, and the surface required can

be readily detei-mined fi'om the above data.

The proper size of water-back or coil for a

range boiler must be carefully determined. The
use of a coil that has too much heating surface

will result in considerable annoyance to the occu-

pants of the building, from the rumbling noises

that will be caused by the water boiling. This
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is a very conmion mistake, and should be

watched. On the other hand, do not make the

coil too small, as it will simply have to be re-

placed by a larger, and here is where the plmn-

ber is apt to go to the other extreme and put in

a con too large. A careful following of the facts

stated above will enable one to install the proper

size at once.

Instantaneous Hot-Water Heaters. Figs. 56

and 57 show common types of instantaneous hot-

water heaters. Their operation is as follows:

rig. 56. Instantaneous Hot-Water Heater.

Water and gas or gasoline being connected

to the heater at the proper places, the water, on

being turned on, is carried to the top of the

heater, where it is distributed in a thin sheet or
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small streams flowing downward over a slieet-

metal cylinder which forms part of the interior

construction of the heater, and thus becomes

warmed, after which it is carried to point de-

sii'ed. These heaters have the water and gas

valves so constructed that it is impossible to turn

on the gas without also turning on the water, and
the burning of the heater is thus avoided. A
vent-pipe should always be attached to the top

of a heater, and carried to some convenient flue,

although it is claimed for the heater show^n in

Fig. 57 that no flue is necessary. A drip-pipe

should be attached to the drip-pan or shelf on

^^Voi z^^f
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Fig. 57. Instantaneous Hot-Water Heater.

which the heater rests, to take care of the con-

densation which will occur at times.

This type of heater is made in sizes that will

give from 1 to 9 gallons per minute, heated from
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the ordinary temperature of cold water to a tem-

perature about 110° to 120°; but is seldom used

when water of a higher temperature is desired.

Heaters of this type are very extensively em-

Fig. 58. Electric Water-Heater.

ployed for heating water for bathing purposes

during the summer months in private houses,

and give imiversal satisfaction. They are fur-

nished in plain finish and also nickel-plated,
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and there are a number of good makes on the

market.

Fig. 58 shows an electric water-heater. A
represents the hot-water outlet of a 1-inch pipe

;

B is the air and steam vent-pipe and valve; C is

a 15-gallon galvanized-iron tank (cut away in

part to show the steam can) ; D is the steam can,

which is closed at the top and open at the base,

and partly cut away in the figure to show the

position of the electrodes ; E represents the two

electrodes which consist of pieces of 1-inch iron

pipe, sketched here in section to show the

method by which the current-supply wires are

connected. F shows the concave bottom of the

main tank; G is a removable plate mth a water-

tight gasket; H H are stuffing-boxes; I I are

extra-insulated rubber wires supplying current

to the electrodes; and J is the 1-inch pipe

through which cold water is supplied to the

tank.

The construction is based on the principle of

a water rheostat operated under an inverted

tank or can, all being enclosed in an outer tank,

the water in which is either under pressiu'e or

otherwise as may be desired. The inner or in-

verted can contains electrodes, marked E E in

the diagram, which are sepai'ated a distance of

an inch and one-quarter and on which is main-

tained a pressure of 500 volts in 60-cycle alter-

nating current. Obviously, any steam formed

by the heating of the water will rise within this

inner can; and, as its pressui'e increases, it drives
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the water therein downwards, hence off the elec-

trodes, thus automatically controlling the cur-

rent consumption and keeping the can filled

nearly full of steam, which in turn maintains the

temperature of the water in the outer tank at a

point near boiling.

This heater is not on the market. One of this

type, however, has been in operation for a little

over three years, and has given good satisfac-

tion. It is interesting to note that while its

maximum consumption of energy is approxi-

mately five kilowatts when both tanks are filled

with cold water, this consumption decreases

gradually as the temperature of the water rises

and its position in the inner tanlv lowers, until it

reaches a minimum of three-tenths of a kilowatt.

The capacity of the outer tank is 15 gallons, and

it is but partially protected from the cold air.

At A is located a small valve by means of which

trapped aii' may be let out from the inner can,

or, if desired, steam may be blown from it in

order to hasten the heating of the water in the

outer tank if an extra amount of hot water is

wanted quickly. The steam can and electrode

are mounted on the bottom plate of the main
tank, to which they are attached by cap screws.

It is desirable that the tank should be insu-

lated, and that its inlet and outlet pipes should

consist of rubber hose to prevent the grounding

of the current supply. While the plumber will

not be called upon to install a heater of this de-^

scription, still it is well to know how water can
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be heated successfully by means of electricity.

Heating water by electricity is a commercial

possibility of the future, and the pliunber who
understands it is abreast of his calling.

Automatic Water-Heaters. These are made
in a number of styles. Fig. 59 illustrates a typi-

cal installation, the type of heater shown being

known as the "Ruud."
These heaters consist of a series of copper

coils arranged one above the other, underneath

which is a cluster of Bunsen burners. They are

operated by a thermostat valve which acts as

follows : When the hot-water faucet at the sink

or some other fixture is opened, cold water passes

over the thermostat, causing it to contract and
open the gas-valve, which admits a large quan-

tity of gas to the burners. This is ignited by a

pilot light maintained by a small by-pass in the

valve. This large volume of gas, bm^ning up
through the coils, instantly raises the tempera-

tm-e of the water to the desired heat. The tem-

peratm-e is regulated by the volimae of gas ad-

mitted to the heater through the thermostat.

As long as cold water is being drawn, gas is

burning, and of course hot water flows. When
the faucet is closed, the flow of water into the

heater and through the thermostat ceases, caus-

ing the thennostat to heat and expand and there-

by closing off the flov/ of gas to the heater, with

the exception of the small amount required for

the pilot light, which biu*ns constantly.

This is the arrangement of a single heater for
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use in private dwellings; but in public buildings,

such as a hospital, where a large quantit}^ of hot

water is needed, a storage system is used. Fig.

59 shows the installation for use in a hospital

or other large building requiring a large volume

of hot water. Connections are shown for a cii'-

culating system of piping. A 300-gallon tank

is suspended fi'om the joists by means of i/^-inch

lag screws turned up into the joists as shown
at C. The hangers can be made by turning

l/2-iiich pipe into the desired shape. Left-hand

threads can be cut on the ends of the pipe, and
connected to the lag screws by means of right

and left couplings (D). Two No. 6 Ruud heaters

are used, one at each end of the boiler, and con-

nected up with brass pipe of the sizes indicated.

The return pipe I is connected to the top of the

manifold E.

At first glance, this seems to be against both

theory and practice; but, as each individual coil

is connected separately to the manifold, with a

pitch of about 3 inches from one manifold to

another, it is not so much against good practice

as it seems.

The water supply F is connected into a re-

ducing fitting (S) in the manner shown, so that

it will act on the injector principle, thereby in-

ducing a more rapid circulation when water is

being di'awn at the fixtures. On the circulation

pipe L, 45-degree fittings are used, so as to

offer as little resistance to the flow of water as

possible.
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Gas to the heaters is supplied through the

pipe M, a globe valve N, being placed on each

branch supply pipe at the most convenient

point.

The hot-water supply pipe is taken from the

top of the boiler, a blow-off valve being placed

at B. This valve is set to blow off at a few
pounds above the maximum street pressure, so

that if the water gets excessively hot at any
time, it will not expand back into the cold-water

supply for the building. There is no check-valve

shown on the return circulation pipe Gr, and
it would be ad^dsable to place a swinging check-

valve, with a light disc, at the foot of each rising

line connecting into the main return line. If

this is not done, cold or partially cooled water
will be likely to work back up any one of the

circulation risers; and, when the faucets are

opened, the hot and cool water might mingle at

the point of junction, so that, unless the water in

the boiler is excessively hot, water only par-

tially heated might be di'awn.

The smoke-pipes HH are to be connected to

a convenient flue.

A careful study of the sketch and the descrip-

tion will make this type of heater perfectly clear.

Other types of automatic heaters are gov-

erned by the temperature of the water. After

the heaters are set—that is, after the thermo-
stats have been set—a slight change of tempera-

ture in the water will automatically turn on the

gas, which will burn until the water reaches the
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temperature for which it has been set; and then

the gas supply will be automatically shut oft',

this operation being repeated indefinitely.

Either style of heater is YCTy satisfactory,

and, after being installed requires very little at-

tention, as all are what their name implies

—

automatic.

Fig. 60 shows a typical installation of hot-

and cold-water supply, with cold-water supply

from street mains. As there is no place for the

water to expand when heated, except back into

7u3
h/aterC/o:>et

rig. 60. Typical Installation of Hot- and Cold-Water Supply, with
Cold Supply froxn Street Mains.
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the street mains through the cold-water supply,

a check-valve should not be placed on the cold-

water supply pipe. Be sure and drill a i/g-inch

hole in the boiler tube about one inch from the

top of the boiler, and see that the spray from
this opening does not shoot across the hot-water

outlet and chill the outgoing hot water. By
placing a valve on the cold-water supply to the

boiler, the hot water may be shut off the system
for the purpose of making repairs, etc., without

interfering with the cold-water system. This is

the common method of piping for the average

installation in residence work, where the water

supply is taken from the street mains, and the

water can be heated by any of the methods here-

tofore described. If an automatic water-heater

is used, the boiler and water-back may be

omitted.

Fig. 61 shows a piping system in which the

fixtures, with the exception of the water-closet

and sink, are supplied with soft water, these two

fixtures being supplied with city water. On the

riser from the water-lift, at the attic tank, is

placed a ball-cock such as is used in the tank of

the water-closet, which maintains an established

amount of water in the tank, and, when any

water is drawn oif, will automatically replace

the amoimt used. The sketch shows the fix-

tures supplied with cold soft water, from the

riser from the lift running to the tank; and the

cold-water supply to the range-boiler is taken

from the tank directly. When ordinarily used,
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^^

^l-oyn^t/y
7b C^^^or /2*fure&

^^^<iit CbtJr

Fig. 61. Hot- and Cold-Water Supply Piping System for s

Residence.

Water-closet and sink supplied directly with city water.
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the valve B is closed; but in case the soft-water

supply gives out, closing valve A and opening

valve B will admit city water into the entire

piping system. The attic tank provides a re-

serve supply of water in case the city water is

shut off temporarily. By cross-connecting the

pipes D and C, and placing a check-valve on

pipe E and the cross connection, when the pres-

siu^e goes off the riser pipe to the attic tank, the

check-valve will allow the water from the tank

to enter the piping system, and the check-valve

at E will prevent the water from going out to

the street mains, this operation being reversed

when the city pressure comes on again.

Fig. 61 is a combination of several possible

systems, and should be studied carefully, as it

embodies almost everything that the plumber

will be required to place in the average instal-

lations. By leaving out the attic tank, and con-

necting pipes D and C, the regulation closed

system of soft-water supply by means of a

water-lift is shown. A 30-gallon tank is sus-

pended from the basement ceiling, on substantial

hangers ; and into it the discharge fi'om the soft-

water cylinder of the water-lift enters tlirough

a bent pipe which throws the incoming water to

the bottom of the tank, this action having a

tendency to prevent any sounds in the piping

which might be caused by the action of the lift.

It is good practice to place an air-chamber on

the city water supply to the lift, to take up the
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jar that is caused by the lift cutting off at the

end of the strokes.

The cold-water suppiy to the fixtures is taken

from the bottom of the tank, thus getting the

full benefit of the compressed air which is stored

in the top of the tank, and thus insuring a steady

flow of water at the fixtures, which will not be

obtained without the use of the tank.

Wliere the soft water is pumped directly to

the attic tank, the city water waste from the lift

can be carried to the kitchen sink; and when any
city water is used at the sink, the lift will oper-

ate and discharge a certain quantity of water

into the tank. A ball-cock at the attic tank

should not be used if this is done.

Another method is to run a separate riser

to the attic tank, and provide a ball-cock as

shown. This does away with the air-tank; and

in case the soft-water supply gives out, the open-

ing of a valve in the cross-connection between

the city water and the soft-water riser to the

tank will allow the city water to enter the riser

to the tank ; and the cold water branches to the

fixtures can be taken either from the riser to

the tank, or from the cold-water supply to the

range-boiler. The latter method is preferable,

as the full benefit of the water in the tank will

be obtained in the entire piping system, which

would not be possible if the branches were taken

from the riser to the tank.

Any one of these installations is really sim-

pler than would seem to be the case from the
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description; and a careful study of the above will

enable the reader to cope with any hot-water

heating problem that is likely to arise in

ordinary practice.

USEFUL TABLES, RULES, ETC.

The experience of practical plumbers has

resulted in the accumulation of a great mass of

useful information which has been embodied in

the convenient form of ready tables, concise

practical rules, etc. We now present such por-

tions of this accumulated fund of information

as will be found of greatest practical value in

ordinary plumbing work.

TABLE IV

Carrying Capacity
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the discharge from various-tsized sewer pipes

laid on a grade of 1 foot in 100 feet.

Size of Sewer Pipes. Table VI shows the

size of sewer pipe required to carry off the rain

TABLE V
Discharge of Sewer Pipes

Grade of 1 Foot in 100 Feet

DiAMETEB OF PIPE
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water from various-sized roofs, under average

conditions of rainfall.

Sizes of Galvanized-Iron Range Boilers. The

dimensions and weights of both "Standard" and

''Extra Heavy" galvanized-iron range boilers

are given in Table VH.
Miner's Inch. A Miner's inch of water

about equals 12 United States gallons per

minute.

Sheet Lead. The weight and thickness of

sheet lead are indicated in Table VIII.

TABLE Vm
Weight and Thickness of Sheet Lead
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How to Make Rust Joints. The following

five methods of making rust joints are in com-

mon use:

(a) Measure by weight, 2 parts of Flour

of Sulphur, 1 part Powdered Salammoniac, 80

parts Iron Borings. Mix with water to a paste,

and apply to the joint that it is desired to make.

This sets quickly, and makes a good joint.

(b) Measure by weight, 1 part Flour of

Sulphur, 2 parts Salammoniac, 200 parts Iron

Borings. Mix with water to a paste and apply.

This is longer in setting than the fii^st combina-

tion, but makes a much stronger joint.

(c) Mix 10 parts Iron Filings and 3 parts

Chloride of Lime to a paste by means of water.

Apply to the joint, and clamp it in place. This

will set solid in about 12 hours.

(d) Mix 80 parts of Iron Chips or Borings,

2 parts of Salammoniac, 18 parts of water to a

paste, and apply to a joint. Sets slowly.

(e) Mix 5 pounds Iron Filings, 1 ounce

Sulphur, 1 oimce Salammoniac, with water, to a

paste. Apply to joint. Sets in from 3 to 5

hours.

To Find Centers between Fittings. To find

the length of piping requii-ed to connect fittings

where offsets occur—that is, to determine the

distance between fittings, center to center, mul-

tiply the length of the offset, in inches, by the

factors indicated as follows:

For 60-degree or 1/6 bends, multiply by 1.1547
•' 45- " 1/8 " " " 1.4142
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30-

22f
lli-

5f-

1/12

1/16

1/32

1/64

2.00

2.61

5.12

10.22

For example, suppose that it is desired to

know the length between centers, of two 45-

degree ells, when the offset is 2 feet (see accom-

panying diagram. Fig. 61 A). Since 2 feet=24

inches, we have:

24x1.4142=33.9+, or practically 34 inches, which, allow-

ing off for the ells, will give the length of the pipe re-

quired.

Fig. 61A. Diagram of Offset Ells.

TABLE X
Weights of Soil-Pipe per Foot

Size
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"Washing dishes 1 gallon per person daily.

House cleaning 2 "

Washing clothes 3 **

Toilet purposes and bathing.. 9 **

Drinking i **

In food i '*

Water closet 9^ "

Total average of 25 gallons per person per day.

TABLE XI

Dimensions and Capacities of Wrought Steel Tanks

Dimensions
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TABLE Xni

Velocity and Volume of Discharge per Minute of Different
Sized Sewers

DU.
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If, for example, it is desired to know the fric-

tion loss in a line of piping, caused by 2 ells and

1 valve, the size of pipe being 4-inch, by refer-

ring to the table, it will be seen that one 4-inch

ell is equivalent in friction to 14 feet of pipe,

and the 2 ells would therefore mean 28 feet,

which, with 20 feet for the valve, would make a

total friction equivalent of 28+20 feet, or a total

friction loss equal to the friction loss in 48 feet

of 4-inch pipe.
TABLE XV

Heat Units in Gases

1 cu. foot of Natural Gas will give off 900 to 1,000 B. T. U.

1" " " Acetylene Gas 1,090

1" " '' Coal Gas 650 to 700 "

1 " " " Water Gas 300

1 '' " " Producer Gas 120 to 150 "

TABLE XVI
Temperature of Various Flames

Gas-jet flame, with Oxygen 2,200° Centigrade

Hydrogen flame in air 1,900° "

Bunsen burner 1,871° *

'

Acetylene 2,548°

Alcohol 1,705°

Denayrouze burner, ^ alcohol, ^ petro-

leum 2,053°

Oxyhydrogen flame 2,420° **

Soil-Pipe Sizes Allowed by Various Cities.

Municipal regulations ordinarily govern the

sizes of soil-pipe that are allowed to be installed

in towns and cities of any considerable size.

The regulations in some of the leading Amer-
ican cities are indicated in the following:
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Baltimore, Md. Buffalo, N. Y. Chicago, 111.

Cincinnati, Ohio. Denver, Colo. Detroit, Mich.

Minneapolis, Minn. New Haven, Conn. Omaha,
Neb. St. Joseph, Mo.

San Francisco, Cal.

Minimum diameter, 4 inches.

Alleghany, Pa. Pittsburg, Pa. Scranton, Pa.

For 1 to 4 water-closets, not less than 4 inches.

For 4 to 8 water-closets, not less than 6 inches.

Jersey City, N. J.

For 1 and less than 10 water-closets, with other

fixtures, 4 inches.

For 10 and less than 20 water-closets, with other

fixtures, 5 inches.

For 20 or more water-closets, with other fix-

tures, 6 inches.

Milwaukee, Wis.

For 4 water-closets, 4 inches.

For 10 water-closets, 5 inches.

For 25 water-closets, 6 inches.

For over 25 water-closets, 8 inches.

Newark, N. J. Paterson, N. J.

For main soil-pipe, 4 inches.

For main soil-pipe for water-closets on 5 or

more floors, 5 inches.

For main soil-pipe for tenements or factories,

5 inches.

New Orleans, La.

For 1 to 5 water-closets, 4 inches.
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For more than 5 water-closets, 5 inches.

In buildings over 5 stories, and having more
than 8 water-closets, 6 inches.

Philadelphia, Pa.

For 1 to 6 water-closets, 4 inches.

For 7 to 12 water-closets, 5 inches.

For 13 to 20 water-closets, 6 inches.

If building is 5 up to 12 stories high, 5 inches.

If building is more than 12 stories high, 6 inches.

Rochester, N. Y.

For 1 to 30 fixtures, 4 inches.

For 30 to 50 fixtures, 5 inches.

For 51 or more fixtures, 6 inches.

One water-closet is counted as 2 fixtures; one

tub, or sink, etc., is counted as 1.

St. Paul, Minn.

For main soil-pipe, not less than 4 inches.

For main soil-pipe for water-closets on 5 or

more floors, 5 inches.

Cleveland, Ohio Columbus, Ohio

The maximum number of fixtm^es connected

to pipe of various sizes is indicated as follows:

size Pipe
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10
cc 800 1,600 200 400

11 *^
\[ 1,060 2,120 265 530

12 '' 1,420 2,840 355 710

Washington, D. C.

For 1 to 12 water-closets, 4 inches.

For 13 to 35 water-closets, 5 inches.

For 26 to 40 water-closets, 6 inches.

Toledo, Ohio

For main soil-pipe from 6 water-closets or bath-

rooms, 4 inches.

For main soil-pipe from 6 to 10 bathrooms or

water-closets, 5 inches.

For main soil-pipe from more than 10 bath-

rooms, 6 inches.

A 3-foot urinal trough or wash-sink, or 1

bath, basin, sink, or small fixture, is counted as

1 fixture; and 1 water-closet, pedestal urinal, or

slop hopper, is counted as 2 fixtures.

The above shows the sizes used in daily in-

stallations in various cities where local ruUngs

govern, and all work is tested and inspected

before being covered up by the other trades.

Rust spots on marble may be removed by

applving a mixture of 1 part nitric acid and 25

parts water, then rinsing off with 3 parts water

and 1 part annnonia.

Painting Galvanized Iron. First wash with

vinegar, which roughens the surface, then apply

the paint.

Painting Pipes in Greenhouses. Do not use

asphaltum or tar paints in a greenhouse, as they
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will injure the plants. Use a mixture of lamp-

black and boiled linseed oil, thinned with

turpentine.

Cement for Iron and Marble. To cement

iron to marble, use the following mixture: 30

parts plaster paris, 10 parts iron filings, 1 part

sal ammoniac; mix to a fluid state with vinegar.

Use at once, as it hardens rapidly.

To Cement Brass Work to Glass. Mx 2

parts litharge, 1 part white lead, 3 parts linseed

oil, 1 part gum copal, and use immediately.

Cement for Porcelain. Soak 1 dram isin-

glass in w^ater
;
pour upon this a sufficient quan-

tity of alcohol to cover the isinglass; allow it to

dissolve, placing it in a warm room. Next dis-

solve % dram of mastic in 1 fluid di*am of

rectified spii'its of wine. Mix both solutions

together; add I/2 dram of powdered gum am-

monias, and evaporate the mixture in a water

bath until it is the right consistency. Keep the

cement in a glass bottle. Warm before using,

and also warm the part of the porcelain to be

cemented.

A cement that will resist white heat is made
in the following manner: Mix 4 parts pulver-

ized fire clay, 1 part plumbago, 2 parts iron

borings or filings free from oxides, 1 part

peroxide of manganese, i/o part borax, i/o part

sea salt. Mix to a stiff paste with water, and

use immediately. Heat should be applied grad-

ually the first time.

Grafting wax, to be used instead of putty
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in setting water-closets, may be made as follows

:

Melt and thoroughly mix together, 3 lbs. mutton
tallow, 5 lbs. beeswax, 10 lbs. resin. Pour into

cold water, and work with the hands until the

color of pulled molasses taffy. Keep in a tight

can when not in use. This will make a tight

joint where the closet joins the lead pipe, and
will not dry oiit and crack like putty.

Cement mortar for setting closets on cement

floors, is made as follows : Mix 3 parts Portland

cement and 1 part fine sand.

To Harden Cast Iron. Cast iron can be

hardened as easily as steel. Use the following

formula :
i/> pint vitriol, 1 peck salt, I/2 lb. salt-

peter, 2 lbs. alum, ^ lb. prussic xootash, 14 lb.

cyanide of potash. Dissolve in 10 gallons of

rain water. Stir until thoroughly dissolved.

Heat the iron to a cherry red, and dip into the

solution. If the iron is to be very hard, reheat

and dip the second or third time.

To Inscribe Metal. Cover the part to be

marked, with melted beeswax; and, when cold,

mark the desired inscription by cutting through

the wax down to the sui^face of the metal. Now,
with a mixture of % ounce of nitric acid and 1

ounce of muriatic acid, fill the inscription, using

a feather. Allow this to remain for from one

to ten minutes, and then throw on water to

check the action of the acids. Remove the wax
by heating. This is a good method of marking

tools.
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To find the area of a rectangle, multiply the

length by the width.

To find the area of a triangle, multiply the

base by Yo the perpendicular height.

To find the circumference of a circle, multi-

ply the diameter by 3.1416.

To find the area of a circle, square the

diameter and multiply by .7854; or multiply the

diameter by the circumference, and divide by 4.

To find the diameter of a circle of given area,

divide the area by .7854, and find the square

root of the result.

To find the diameter of a circle which shall

have same area as a given square, multiply one

side of the square by 1.128.

To find the number of gallons in a cylindrical

tank, square the diameter, multiply by the

height (all dimensions in inches), and multiply

by .34.

To find the number of gallons in rectangular

tank, multiply the length by the breadth, and

the result by the depth; and this result by 7.4

if these dimensions are in feet. If the dimen-

sions are in inches, multiply by .004329.

The find the lateral pressure of water upon

the side of a tank, multiply the area of the sub-

merged side (in sq. in.), by the pressure due to

Yo the depth. Suppose, for example, a tank to

be 12 ft. long and 12 ft. deep, what is the pres-

sm-e on the side wall? We have: 144x144=
20,736 sq. in. Since a cubic foot of water weighs

62.5 lbs., then the weight pressing on 1 sq. in.
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of the bottom of the cube wiU be 62.5h-144=.43

lb. And, since the water is 12 ft. deep, we have

:

12 X.43=5.16 lbs. pressure per sq. in. at bottom

of tank. Pressure at top:=0; therefore the

average pressure on the side of the tank, or the

pressure at mid-depth will be 5.16-r-2=2.6 lbs.,

approximately. Therefore, 20,736x2.6=53,914
lbs. pressure on side of tank. ^^

To find the number of gallons in a foot of

pipe of any size, multiply the squai-e of the

diameter of the pipe (in inches) by .0408.

To find the diameter of pipe to discharge a

given amount of water per minute in cubic feet,

multiply the square of the quantity in cubic feet

per minute, by 96. This gives the pipe diameter

in inches.

To find the power necessary to raise water to

any given height, multiply the number of cubic

feet required per minute by the niunber of feet

through which the water is to be raised. Then
multiply this result by 6.23, and di\dde by

\ 33,000, which will give the nominal horse-power

^ ' required. If the amount of water required per
^ minute is in gallons, the multiplier should be

' 8.3 instead of 6.23.

Another method of finding the horse-power

required to raise water to a given height, is to

multiply the pounds of water by the height to be

raised in feet, and divide by 33,000. Add to this

result about 25 per cent to offset friction and

other losses.
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Water expands about 1/10 of its volume in

freezing, and about 1/20 in boiling.

To find the area of a required pipe when the

amount and velocity of the water are given,

multiply the number of cubic feet of water by

144, and divide this amount by the velocity in

feet per minute.

To find the diameter of a pump cylinder to

move a given quantity of water per minute, 100

feet of piston travel being the standard, divide

the number of gallons by 4, and take the square

root of the result. This will give the diameter

in inches.

To find the velocity in feet per minute neces-

sary to discharge a given volume of water in a

given time, multiply the number of cubic feet of

water by 144, and divide the result by the area

of pipe in inches.

PLUMBING IN OFFICE BUILDINGS

The plumbing work in office buildings, while

it may run up to a considerable sum of money,

on the w^hole consists only of a number of small

jobs bunched together in one large one.

It often happens that the main sewer in the

street is higher than where the main sewer

from the building is required to leave the build-

ing. This requires the use of some mechanical

means to deliver the sewage from the building

into the main or street sewer.

Sewage Ejectors. Fig. 62 shows a type of

sewage ejector or sewer lift, known as the
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** Ellis," which is used very extensively. By
means of this apparatus, all the sewage of a

building can be discharged in a simple, sanitary,

and economical manner, without coming in con-

tact with the air of the building; and at the same
time, the entry of sewage or sewer gas from the

Fig. 62. Sewage Ejector—Compressed-Air T3^e—Ellis System.

street sewers is an impossibility. The motive

power in this ejector may be either compressed
air, steam, electricity, or water. It is applied in

the following manner: In a chamber built of
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brick or iron, either in the basement floor or

outside the building, an air-tight iron vessel,

called a ''receiving tank,'* is placed at such a

Fig. 63. Steam and Air Type of Sewer Lift—^ElliS System.

level that all the sewers and drains of the build-

ing can have a good fall into it. From the

receiving tank, a discharge pipe is laid to the
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point of outfall, which is generally the street

sewer. The action of the ejector is as follows:

The sewage flows from the drains, through

the inlet-pipe, into the receiving tank, and

gradually rises therein until it reaches the

under side of the float. The air inside the float

being at atmospheric pressure, causes the float

to rise with the sewage, thus opening an operat-

ing valve, whereupon the compressed air, thus

automatically admitted into the receiving tank

on the surface of the sewage, drives the entire

contents before it, through the opening at the

bottom and through the outlet pipe, into the

iron sewage-discharge pipe. This is the only

way sew^age can escape from the receiver, as the

instant the air-pressure is admitted upon the

surface of the sewage, a check-valve in the inlet-

pipe closes, and prevents the liquid from
escaping in that direction.

The sewage passes out of the receiver until

its level falls to such a point that the tank is

thoroughly empty, reversing the action of the

operating valve which first cut off the supply

of sewage to the ejector. The valve in the out-

let-pipe then falls on its seat, retaining the

liquid in the sewage-discharge pipe; the sewage
again flows through the inlet-pipe, and the tank

begins to fill again, and this action continues

as long as there is any sewage flowing into the

tank.

The system can be cross-connected with air,

steam, or water, and arranged with by-pass
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valves operated by hand if desired. Fig. 63

shows an ejector of the steam and air type.

There are a number of good points about this

type of sewage ejector, which can be summed
up as follows:

It works entirely automatically.

The working parts are reduced to a mini-

mum, and ai'e of a kind that are not apt to get

out of order.

The receiving tank into which the sewage

enters, contains no finished surface, such as is

unavoidable in pumps and is rapidly destroj^ed

by the action of sewage, sludge, and grit. In the

ejector, there is nothing to prevent the free

flow and it is made of a composition upon which

the sewage can produce no detrimental effect.

Neither stuffing-boxes nor sliding device come
through the tank.

The friction of a pump piston or other work-

ing part is avoided. The pressure itself, acting

dii'ectly upon the fluid without the intervention

of any machinery, fomis a practically friction-

less and perfect piston, past which there can

be no slip or leak whatever.

The only finished parts are the inlet, dis-

charge valve, and the automatic, which are

accessible, and these only make one move at

each discharge of the ejector. The float, being

filled with air, will always retain its buoyancy.

The sewage inlet and outlet valves are designed

to give a passageway the full area of a pipe,
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Wafer /

Pig. 66, System of Sewage Disposal for Towns where Proper
Natural Gravitation is Unattainable.

allowing a full outlet to all the solids that the

sewer can carry.

The receiver forms a complete severance of

the house drains from the street sewers, thereby

/^ain h/afer let^c/^r

t
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creating an absolute bar to any back action from

the sewer.

The ejector can be operated by steam, com-
pressed air, or water; and its use renders it

possible to have a perfectly dry and sanitary

basement at any depth, without regard to the

depth of the street sewer.

The receiving tank is so constructed that it

is thoroughly emptied at each discharge. It has

no working parts whatever, and is arranged to

discharge from 100 to 2,000 gallons per minute.

Fig. 64 shows a t}^e of ejector which is

operated by steam.

\^\\^^\\\\^^^\<^\\\<\\\\^^

Pig. 68. Elevation of Sewage-Ejector Plant, Custom House,
New York Oity.

Fig. 65 shows an automatic hydraulic air-

compressor which is operated by the water pres-

sure fi'om the street. It requires no attention

when once started, and can be placed in any
position. It is especially adapted to instaUa-
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tions where only a limited supply of compressed

air is required.

Fig. 66 shows a system for towns or cities

where proper gravitation cannot be obtained,

and is very effective.

Figs. 67, 68, 69, and 70, show plans and ele-

vations of a duplicate plant for handling the

sewage in the new Custom House, New York
City, where there is being installed a duplicate

plant of 100-gallon automatic ejectors. These

Fig. 69. Part Detail of Compressed-Air Sewage-Ejector Plant,

Custom House, New York City.

ejectors will take the place of the centrifugal

pumping plant formerly installed. Compressed
air is the motive power; and under normal-

condition tests, the ejectors discharged their

contents in eight seconds, under a consumed

pressure of 15 pounds.

As is shown in Fig. 70, the float arrangement

operates on a central pole, and the inlet and out-

let flows are through cylinders equipped with
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the necessaiy flap and gate checks. The opera-

tion of the valves and air-plnnger is simplified

by the action of a two-way cock attached to the

trip valve.

An important improvement incorporated in

the latest types of ejectors is the plunger rod,

which is packed at its seat bearing in a way that

precludes the possibility of escape and loss of

Tig 70. Diagram Showing Float Arrangement, Sewage-Ejector

Plant, Custom House, New York City.

air. The new float arrangement insures a uni-

form operation in the air-control, and also

prepares for a complete discharge of the ejector

contents. The two compressors for this plant

have a capacity of 52 cubic feet at 150 revolu-
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tions per minute. The motors are 7V2 horse-

power, at 50 pounds pressure. The vertical lift

is 46 feet; and the distance from the ejectors to

the street sewer is 105 feet. The plant is de-

signed to take care of the di'ains fi'om the south

end of the building and all the flow that comes

from the roofs and extensions.

The size of the flow and discharge pipes for

any installation Avill depend, of course, on the

amoimt of sewage to be handled; and this can be

readily determined. Allow one pound of air-

pressure per foot of lift.

Drainage Fittings. In the roughing-in of

the pipe work in ofi&ce buildings, we may have

to use either cast-iron, or wrought-iron, or steel

screw-jointed pipe. The specifications for the

job will cover this point. The principles in-

volved will be the same whatever material is

used.

The fittings used on the screw-joint system,

and called recessed drainage fittings, and are

made of cast iron, like cast-iron steam fittings;

but the recessed feature enables a smooth joint

to be made where the pipe-end stops when
screwed up tight, and thus reduces the chances

for stoppages at these points.

Drainage fittings are made plain, coated with

asphaltum, or galvanized. Drainage fittings

should be used entirely on the drain, soil, and

waste work; but the ordinary cast-iron or

malleable fittings (plain, asphalted, or galvan-

ized) may be used on the vent piping.
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Fig. 71 illustrates a full line of di'ainage

fittings.

It is customary, in many buildings of this

class, to bunch the fixtui'es on one or two floors,

where they will be the most convenient for the

greatest number of tenants; and the elevator

^o^ 7ifr/7 SoTiiohf S'o'a&oM Lon^ Tltrrz ^s'S/^f*^ Co'T^dot/

-^S'Siio^ 22~'£^^&o»^ ll-^'aioi^ 5f£i6o^

45"( -45"fieduccny Y -^5"J^ouble Y 60" Y

Pig. 71. Tsres of Drainage Fittings.
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/ncz-ecrcer ^> M/e^ Ch^
Co^r7ec/toft

Bastn 7>e Mrd/ «5 Trap TT^ree -Qixrr/^er 3 7>tfp>

f^w/7t/7^ 7rap> ^ec/i/cia.^

(Continued). Types of Drainage Fittings.

service renders this possible. This does away
with a toilet-room on each floor, and allows of

more sanitary work being installed, as regards

the fixtures, manner of installing, and the finish

of the toilet-room itself. Frequently, toilet-
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Lon^ Turn
9o°y BrancA

'/fec/uctAt^ Zo^i^ 72j r/7

ffo' Y SrancA

SJeerd/e Po° YBranek

Tec faiierrz.

£>ot/6fe' /f'ec/iy<r^r^^S>o°y3rcncf^

Tee /^af^em
C^o.5^ Tee

fiairt Tee ^cy>^^ri Tee

J)oui>ielonp Tur/z. J?ou&de ^ec/ucfrvyZon^ 0//^ei

^ ' Y BrafvA Thm ^o ' Y Brari ch

Fig. 71. (Concluded.) Types of Drainage Fittings,

rooms on each floor of buildings of this class, do

not get the service necessary to keep them in a

sanitary condition; but the one or two toilet-

rooms, with a large number of fixtures, demand

that they be kept in clean and orderly condition,

and are nearly always found in that condition.

Where it can be^ used, Fig. 72 illustrates a
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•/^//? ye/?^ i^ro ^oc/

A^iy? ^erff Jod/?^ Soi/ ^^cKr/r SeFokT

Pig. 72. One System of Continuous Venting.

system of continuous venting that gives ex-

cellent results; but the location of the toilet-
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room and the fixtures ^vill not permit of this

style in every job.

Both the soil- and vent-stacks extend up

through the roof, and the arrangement of the

pipe work almost entirely eliminates danger of

siphonage. The main vent-pipe should connect

Hcf(^

I

T&ilft ^oOf7% /Tocr fm^etf ^-6'
Thrccf^A foe/

Pig. 73. Plan of Toilet-Room for an Office Building.

to the soil-stack below the lowest set of fixtm^es,

which will permit any dirt or scale in the vent-
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pipe to drop into the soil-stack and be flushed

through to the sewer.

9 •Vtf'A* ifr^i* /Aro ^9iw/ //tv» i^o^AT^

^0 M ^

h:^ S^

Fig. 74. Elevation of Waste- and Vent-Piping for Urinals and
Lavatories in Office Building Toilet-Room.

Mg. 73 shows a floor-plan of a typical toilet-

room for buildings of this class.

The number and style of fixtures may be

Tmjo fo leri^afory oi'

Pig. 75. Waste- and Vent-Piping for Single Fixture.

varied to suit requirements. The floor of the

toilet-room is raised about 2i/2 feet above the

hall floor, and this permits of the roughing-in,

without any great amount of cutting or notching

of timbers, and gives ease of access in case of





RANGE OF SIPH0N-JP:T URINALS WITH HAND FLUSH.
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necessary repairs or to clear stoppages. Clean-

out plugs are placed at convenient points to

permit of easy access to the interior of the waste

XDiping. The closet tanks go in the space be-

tween the stall partitions, as shown in Fig. 77.

Fig. 74 is an elevation of the waste- and
vent-piping for the urinals and lavatories. This

style of venting does away with the possibility

of the vents becoming clogged up, as might

happen—and very frequently does—when the

vent-pipe is taken from the crown of the trap.

/fair? i<?/7^^

AfatT? i>o/^Pi'/:>e

To o^^er C^o^e^As

7b ^d>**^r
Fig. 76. Ordinary Method of Venting a Number of Closets.

Fig. 75 is an elevation of the waste- and
vent-piping for a single fixture as shown in Fig.

74. The good points of this style of work can be

readily noted.
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Fig. 76 shows the ordinary method of vent-

ing a number of closets.

A comparison of Fig. 72 with Fig. 76 will

show many superior points in the latter.

Fig. 77 is an end elevation of the closet stalls,

and can be readily understood. Either high or

low-down flush-tanks can be used. Sufficient

room must be left between the stalls to permit

of entrance for necessary repaii's.

^di/in,^ _ '^-r.'/z/zy^-

Fig. 77. End Elevation of Closet Stalls.

Flush tank to each closet.

Fig. 78 shows a side view of the urinals.

The system of waste- and vent-piping is shown

in Figs. 74 and 75.

There may be a single automatic flush-tank

for each urinal; or one flush-tank for the liattery

of urinals; or each urinal may be connected
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Fig. 79. Side View of Porce-

Fig. 78. Side -View of Siphon- lain Urinal.

Jet Urinal.
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direct to the water supply, and be provided with

a compression or self-closing urinal cock. The

automatic tank is preferable, as it insures the

urinals being flushed at regular intervals, and

"^^'Jftt'cr--^

Copper fiorce-lai^

Fig. 81. Water-Closet with Vent
Counected to Heated Flue.

Fig. 80. Side View of Drinking
Fountain, Showing Manner

of Running Waste and
Water Supplies.

keeps them in a more sanitary condition. It

takes water to keep things clean; so do not be

afraid to use it; and this applies to the toilet-

room and its contents.
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Fig. 79 is a side view of a porcelain ui-inal,

and shows the manner of running the waste-

and vent-pipes. The vent-pipe in this case is

carried to a warm flue; and this removes any
odor from the fixture, besides tending to create

a circulation of air through the toilet-room.

Fig. 80 is a side view of a drinking fountain,

and shows the manner of running the waste and
water supplies. This class of fixture does not

permit of any great quantity of water entering

the waste-pipe at any one time; so the danger

from siphonage is slight, and the waste-pipe

from the fountain can be branched directly into

the waste-pipe as shown. The upper end of the

waste-pipe should enter the main vent-pipe or

be carried through the roof.

In some cases the water supply for the

fountains is carried into a box which is filled

with ice, sufficient pipe being placed in the box
to allow a quantity of water to cool, which is

then run to the fountains.

The main water supply for this class of

buildings may be taken directly from the street

mains. In case the pressure is light, or the

building is a high one, it will become necessary

to provide some means of forcing the water to

the fixtures, and this calls for the use of a pump,
with a storage tank above the highest fixtures,

or a compression or closed tank in the basement.

The pump, in either case, can be so connected

that it will shut off when a certain height or

certain pressure of water is reached, and will
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start automatically when the supply falls below

this point. This pump can be operated either

by steam or by electricity.

Hot water can be supplied to the fixtures hj
one of the methods already described.

Fig. 81 shows a type of water-closet that is

no

Fig. 82, Water-Closet Suspended from Wall.

No cutting through floor necessary.

being used in many of the better grades of

plumbing installations. The raised rear vent is

connected to a heated flue, and this creates a

Y^pid circulation of air from the room, fhor-

oughly removing any odors.

Fig. 82 shows a type of closet that is sus-
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pended from the wall. This does away with the

necessity of cutting holes through the floors, and

is especially adapted to buildings of steel or re-

inforced-concrete construction. This makes a

very neat and sanitary fixture.

Flush-Valves. Fig. 83 shows a valve for

g

i

gzi=== Ik

Pig. 83. Closet with Flush-Valve, Seauiring No Tank.

flushing water-closets that does away with the

tank. These valves are used very extensively

where there are a large number of fixtures, and

where it is desired to give any one fixture a

given amount of water during the flushing
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y^2

li-

B^

"^rfz ^
Fig. 84. Closet Installation
where Water Pressure Is

Light and Supply-Pipe
Small.

rp'^n

V

Fig. 85. Closets and Urinals Supplied from
Tank above Highest Fixture.
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process. The figure shows the manner of con-

necting up the valve when there is a very heavy
pressure, say 80 pounds or more ; it is as simple

as making a connection for a sink bibb.

Fig. 84 shows a method of installation where

the water-supply pressure is light, and the sup-

ply-pipe is small. A small, closed tank, or a

chamber made of pipe, is placed above the high-

est fixture, at any convenient point; and this

will give ample pressure and volume of water to

operate the valves successfully. The successful

working of valves of this type depends entirely

upon two factors—namely, sufficient pressure

and sufficient volume of water. They may be

regulated to discharge nearly any amount of

water desired for thoroughly flushing a fixture,

and are usually required to discharge fi^om 6 to

10 gallons in from 10 to 15 seconds' time, after

which they shut off the water until operated for

the next flushing.

Fig. 85 shows a number of fixtm'es sui^plied

from a tank placed above the highest fixtures,

either in the attic or on the roof. This tank can

be supplied with water through a ball-cock

which will allow water to enter the roof tank

when any is used for flushing the fixtures.

Three different styles of valves are shown on

the closets. The size of piping will be varied as

fixtures are added or removed.

Fig. 86 shows a number of fixtures supplied

with flush-valves where the pressui'e is ample
to reach above the highest fixtures, and the
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rig. 86. Fixtures Supplied with Flush-Valves where Pressure is

Ainple and Stand-Pipe Large.
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stand-pipe will insure a sufficient volume of

water to flush all fixtures thoroughly.

Fig. 87 shows a nimiber of fixtures supplied

with flush-valves where the water pressure is

strong, but the service pipe from the street is

small in size.

The stand-pipe will furnish a sufficient

volume of water to insure the thorough flushing

of all the fixtures.

Fig. 88 shows a measuring basin-cock that

can be set to give a certain amount of water

each time it is operated, closing off when this

amount has passed through it.

Fig. 89 shows a m'inal valve that can be set

to give a certain amount of water each time it

is operated.

FACTORY PLUMBING

This is a branch of plumbing to which too

little attention has heretofore been paid, and is

a very profitable field if gone after properly. A
trip through a number of factories vv'ill, in the

majority of cases, reveal almost anj'thing but

sanitary conditions—with all due respect to the

manufacturers. If the manufacturer would
consider for a moment the fact that if he should

provide clean accommodations for his em-

ployees, there would be a tendency on their part

to greater neatness in work; there would also

certainly be a saving in time over the present

system, imder which employees have in some
cases to go a considerable distance to find toilet
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Fig. 88. Measuring
Basin-Cock.

rig. 89. Measuring Urinal
Valve.

Tig. 87. Fixtures Supplied with
Flush-Valves where Pressure

is Strong but Service
Pipe Small.
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accommodations. The subject of toilet-rooms is

well worth the consideration of any manufac-
tiu'er, from smy point he cares to look at it.

Fig. 90 shows a floor-plan of a model toilet-

room. The nmnber of fixtures may be increased

or decreased to suit the conditions. The build-

ing may be constructed of either brick or wood.

The figure shows a room 20 feet wide, 30 feet

long, and 14 feet in height, built of brick; with a

cement floor; the side walls cemented 6 feet

from the floor; and all woodwork painted with a

good grade of waterproof paint. This allows

the attendant to wash the entire room thor-

oughly at night, with a section of hose, thus

putting the room in a thoroughly clean condi-

tion for the next day's use. The floor slopes to

a deep floor-drain, which allows the water to

escape rapidly, but which retains all dirt. By
lifting the strainer, this dirt may be easily

removed.

The wash sinks are 10 feet in length, made
of cast iron, enameled inside, and resting on

iron standards. The waste has a standing plug

which allows about 5 inches of water to stand in

the sink if desired; or, by removing the plug,

the water may run away at once. The hot and
cold water is sup]3lied through compression

faucets, the number of which may be increased

or decreased as desired. Individual wash-

stands may be installed if desired, and this is a

matter for the owner to decide. The closets are

seat-operating; that is, the tank fills when the
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Fig. 91. Type of Closet in Model Toilet-Eoom for Factory.

closet is in use, and flushes when the seat is

vacated. Fig. 91 is an illustration of the

closets.

Each closet has a cut-off valve in the supply-

pipe to the tank, so that, in case of repairs to the

flush-valve, the water need not be shut off the
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balance of the fixtures. The closets are cast

iron, enameled; and the tanks are of galvanized

iron. The closet stalls, and also the urinal stalls,

are made of cast iron; and the doors of the

closet stalls are made of wood. The urinals are

of the flat-back type, cast-iron, enameled, and
are flushed from an automatic flush-tank. Fig.

92 shows a front elevation of the urinals. Each
urinal is separately trapped.

The hot water is supplied from a 120-gallon,

galvanized range boiler, with a steam coil inside,

as per Fig. 93; and the condensation is trapped

to a blow-off tank in the yard, before going to

the sewer. The object of the blow-off tank is to

(/rtnat 6/af/Sac/t

a= i^

'^ iitr*t^r •

Fig. 92. Front Elevation of Urinals in Model Toilet-Room for
Factory.

cool the condensation before allowing it to enter

the sewer. Steam should never be connected

directly to any sewer, as it soon causes the sewer

pipe to deteriorate, and will start the joints to

expand, where they are leaded joints, thus

damaging the sewer.
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The proper sized steam coil to use for this

boiler, with steam at different gauge pressures,

can be determined from tables already given.

Cold

Fig. 93. Boiler with Internal Steam Coil for Heating Water Supply
for Factory Toilet.

The main soil-pipe may be trapped or not,

where it enters the building; and local rulings

usually cover this point. From a careful study

of the soil- and waste-pipes shown in Fig. 90, it

will be seen that the siphoning of any of the fix-

tures is not very apt to occur. Clean-out plugs
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are placed at points which give free access to the

entire drainage system without disturbing any
floor, in case of a stoppage. This is a point

which should be considered in all plumbing

installations.

In Fig. 92 it will be noticed that the city

water is connected to the end of the urinal

waste-pipe. This allows for the thorough flush-

ing of this pipe in case of a stoppage.

A ventilator placed in the roof will carry

away any odors from the room.

The water piping is of galvanized iron, of the

sizes shown.

Provision must be made for heating and
lighting the room during the winter season.

PPwIVATE OR PNEUMATIC WATER
SYSTEMS

Private or pneumatic water systems may be

used in country and city homes, factories, large

buildings, etc., where there is no city water

system; where the city water-supply is inade-

quate for fire protection in factories and other

buildings, for water supply for small towns or

villages; and in fact for almost any condition

that may arise, requiring a system of water

supply.

Fig. 94 illustrates a combination that will

meet the requirements of the average small

installation. The principal parts of this com-

bination are a tank and a hand force-pump.

The tank is supplied with a water gauge to show
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the height of water. The action of the outfit is

as follows:

After the connections are made as shown in

the figure, the pump is operated to fill the tank.

The water, entering the bottom of the tank,

compresses the air in the upper portion, and
gives the necessary pressure to deliver the water

to the points desired through the pipe marked
"supply to House.'' The gauge registers the

pressure in the system. The amount of pump-
ing to be done will depend, of course, on the

quantity of water used, and for the average

dwelling, a few minutes pumping every two or

three days, will be sufficient to keep the sj^stem

ready to respond to any demands made upon it

for water.

If desired, power may be used, derived from

a windmill, gas, gasoline, or hot-air engine, or

^ _ rL- "'
ji. sf —

^

^eae/tr 7&nAr Wafer^<3u^

^ucf*a/f^
"

Fig. 94. Small Pneumatic Water System.

Pressure developed by hand force-pump.

electric motor, either in conjunction with the

hand force-pump or not, as preferred. The
"Leader" combinations may be fitted up to fill

practically any and all requirements. A check-
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valve should always be placed in the discharge

pipe from the pump to the tank, to retain the

pressure in the tank when the pump is not in

operation.

Fig. 94 shows the tank placed in the base-

ment of the building.

Fig. 95 shows a combination where the tank

is buried in the yard, and the pump may be

operated by hand, or attached to a windmill, as

desired.

This form of water system is the favorite

for country homes and farms. The use of

the tank as shown does away with the old

/''orec ^t/fr?^ ojoeraF&t/ ij
//ant/ M'ne/mi//or ofAer

Fig. 95. Private Pneumatic Water System with Tank Underground
and Pump Hand-Operated or Connected to Windmill.

method of placing the tank in the air on a plat-

form, or in the attic of the house or upper

portion of the barn, and gives a water pressure

that would not ordinaiily be obtained by the
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latter methods; and it also eliminates the freez-

ing feature that usually accompanies the latter.

With a pneimiatic system, you practically

have the same benefits that you would enjoy

with the city water system.

Fig. 96 illustrates a water-works system

which A^oU fill the requirements for a small town
or village of from 600 to 1,200 population, fur-

nishing a water-supply for fire protection,

domestic use, etc. This illustrates 3 tanks, 6

feet in diameter, 24 feet long, with a total

capacity, in the three tanks, of 15,180 gallons;

and the tanks may carry a working pressure of

100 pounds to the square inch. The pump has

Fig. 96. Waterworks System for Small Town.

a daily capacity of 120,000 gallons, when pump-
ing from a well where the water is not over 150

feet below the level of the pump. The pump is
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operated by an 8-horse-power gasoline engine

arranged to cut off automatically by the water-

pressure. This featui-e reduces the cost of

oi)erating to a minimum. This system can be

increased or diminished to suit local conditions,

and furnishes a thoroughly up-to-date water-

works system. The illustration shows the

various parts of the system.

Fig. 97 is a side view of the system shown

in Fig. 96, and illustrates the manner in which

the tanks may be buried in the ground, which

will afford protection against freezing and will

also lesson the cost of installation. The tanks

may be placed above-ground if desired; and

Fig, 97. Side View of Waterworks System for Small Town, as
Shown in Fig. 96.

there is practically no limit to the combinations

that can be made to suit local conditions or re-

quirements. The following will give some

useful information regarding the tanks:
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Amount of Water in Tanks at Various

Pressures

At 5 lbs. pressure the tank is 1/4 full of water.

10

15

20

23

30

45

60

2/5

1/2

3/5

2/3

7/10

3/4

4/5

TABLE XVn
Data Regarding Tanks

DUMETEK
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upper portion of the tank will be compressed,

and the greater will be the pressure in the water

system. This is a simple explanation of how the

pressure is created to force the water through

the piping to the desired points.

MARINE PLUMBING

This is a class of work that the average

plumber does not meet with very often; and a

little information may be of interest to those

not acquainted with this class of work. The
accompanying illustrations show what is known
as the ''Ellis" system of marine plumbing as

applied to a modem yacht.

rig. 98. rore-and-Aft Section of Yacht with Ellis System of
Marine Plumbing, Showing Roughing-In below Deck.

By the installation of this new system, it is

possible to give the owner in his floating home
all the conveniences which he may enjoy ashore,

using exactly the same style of fixtures on

board the vessel, even though they may be set

several feet below the water-line, the same being

thoroughly ventilated and complying in every

respect with the sanitary laws demanded for

buildings. Another great advantage is that the

vessel is only pierced at one point for the dis-
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charge of all fixtures. The discharge pipe is

fitted with sea and check vales, thus providing

a positive safeguard against back-pressui^e—

a

matter to be carefully considered by marine

underwriters, as well as by the owner.

Figs. 98 and 99 illustrate a steam yacht fitted

with this system, in which the roughing-in be-

low the deck is seen. Owing to the fact that a

fresh-water tank has been designed to take up
the entire width of the vessel from the engine-

room to a given point, which will interfere with

the regular style of tank for waste, it is

frc-ah Waicr

Fig. 99. Plan of After Portion of Steam Yacht with Ellis System
of Marine Plumbing.

necessary to build a special drainage tank fitted

to suit the space as shown. The drains and

wastes from the owner's bathroom have to pass

through the water storage tank by means of a

sleeve with reinforced flanges at each end. The
suction from the drainage tank also passes

through in the same manner, to the automatic

ejector placed in the engine room.
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The water-closets used are of the siphon

jet type, flushed with salt water from a small

gravity tank placed on the upper deck.

The bathrooms have tile floors and wainscot-

ing, and are provided with bath, basin, and

closet. The baths are roll-rim, enameled, sup-

plied with hot and cold fresh water and salt

water, through improved faucets.

The basins are solid porcelain, supplied with

hot and cold fresh water, with nicket-plated,

exposed or ''open-work" non-siphoning trap

and waste. The drains and wastes are galvan-

ized pipes, with recessed fittings and with lead

Fig. 100. Cross-Section of Yacht with Ellis System of Ma-
rine Plumhing.

bends to fixtures. The large supply lines are

galvanized; and the small lines are brass, except

where exposed, in which case they are nickel-

plated.

Fig. 100 is a cross-section of the yacht to a

point where the drainage tank is located,

showing lines running from the engine room to

the different fixtures.

The automatic ejector. Figs. 101 and 102, is

placed in the engine-room, arranged to start at

any desired point. It is operated by either com-
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Fig. 101. Part Detail of Automatic Ejector for Marine
Installation.

^r^char^e

Pig. 102. Diagram of Automatic Ejector for Marine Installation.

283
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pressed air or direct steam, and thoroughly

empties the contents of the drainage tank at

each discharge. The vents are connected

together, and continued to a convenient point in

the smokestack.

The dimensions of this yacht are 120 feet in

length, 20 feet beam, and 180 tons displacement.

The above describes the average plumbing

installation for marine plumbing; and a little

study of the sketches will make the matter

clear.

PRIVATE SEWERAGE SYSTEMS

It frequently happens that the plumber is

called upon to install fixtures in localities where

sewer systems, and the disposition of the waste

matter from water-closets, become quite a

problem.

Fig. 103 illustrates the use of the old-fash-

ioned cesspool. For an ordinary residence, this

may be about 10 feet deep, and 10 feet in

diameter, and constructed of brick or stone laid

up with without the use of cement or mortar,

thus allowing the liquids to soak away through

the ground, and the solid matter to remain at

the bottom. If the cesspool has a closed top,

this solid matter will be gradually reduced to a

liquid state, by the action of a special kind of

bacteria, or minute organisms, which live and

thrive in dark, damp places. Care should be

exercised in locating the cesspool, to avoid the

contamination of surrounding som'ces of water
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supply, such as wells, etc., and also to avoid the

water getting into the basement of the building.

It is good practice to locate the pool at least 50

feet away from the building.

A study of the sketch, Pig. 103, will make the

manner of construction of a cesspool quite clear.

If the ground is porous or absorbent, the size

may be reduced to some extent; but when the

pool is located in hard clay or other non-

Yiftf^

//auAfi Catnaps

Cf^tcrr f^oor

Pig. 103. Diagram of Old-Fashioned Cesspool.

absorbent earth, the above dimensions may have

to be increased, depending, of course, upon the

quantity of matter emptied into it—^this can be

easily determined.

Fig. 104 shows another type of cesspool, in

which the sides and bottom are cemented to a

point above the discharge pipe, thus retaining

the solid matter until it is reduced to a liquid

state. The grease, remaining at the top of the
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pool, will not pass into the cobblestones placed

around the outside of the pool to allow the water

to pass from the outlet pipe quickly. The outlet

pipe extends down below the line of the grease,

thus passing clear liquid into the box drain

placed above the cobblestones.

Cesspools are usually built circular in shax)e.

The manhole cover on top will permit of access

Fig. 104, Another Type of Cesspool

for cleaning when necessary—which is not

often, as a rule, in p>orous soil, since numerous

instances might be cited, of cesspools that have

been in daily use for over twenty-five years

without cleaning.

It is to be distinctly borne in mind, and

strongly emphasized, that it is far preferable to

dispose of sewage matter through a regular

sewerage system than by any cesspool however
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well constructed. As before said, however,

there are times when the plumber is called upon
to install plumbing fixtiu'es where there is no

regular sewer system, and he is then compelled

to look for some other method of disposing of

the sewage, and this calls the cesspool into the

limelight.

Fig. 105 illustrates a double cesspool, where
the outlet water is discharged into a stream, or

over the surface of the ground, in gardens or

Fig. 105. Double Cesspool.

fields. This double arrangement insures the

waste or outlet water being many times purer

than it would be if it were passed through only

one cesspool. Both the cesspools are cemented

to a point above the water-line, retaining the

water in themselves until discharged through

the outlet pipe, and thus not satm^ating the sur-

rounding earth.

There is nothing mysterious in the action of

the cesspool, in the process by which the solid
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matters are reduced to a liquid state by
bacterial action, as other examples of this action

may be seen daily, and perhaps never noticed.

For instance, a quantity of waste water, con-

taining some solid refuse, may be thrown upon

the ground. The water will soak into the

ground, or, in case it is thrown upon an im-

pervious or non-absorbent surface, will stand

/^c//z?ioi<?

• ^/T-^

Fig. 106. Illustrating the Irrigating or Farming Process of
Disposal of Sewage from Cesspool.

there until gradually taken up by evaporation.

The bacteria immediately begin work upon the

solid matter, but not so rapidly as would occur

if the refuse were in a dark-moist place; and in

time, the refuse is gone. This action is multi-

plied very rapidly in tanks or chambers built

especially for this purpose, and many cities dis-

pose of their entire sewage in this manner.

Fig. 106 shows a system of disposing of the
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waste water from the cesspool, known as the

irrigating or farming process. For an ordinary

residence, the cesspool need not be so large as

indicated in Fig. 104, as the waste water has

more sui'face to discharge into. The outlet pipe

is continued to a point in the garden or field,

market A, where it is connected to the system

of piping shown in Fig. 107, which is a plan

Fig. 107. Pipe System for Distributing Sewage in Irrigating or

Farming Process.

view. This piping may be constructed of sewer

pipe or field tile, with the joints open or un-

cemented, which will allow the waste water to

escape rapidly into the surrounding earth. The
lateral arms may be extended to as great a

distance as ma}^ be desired to suit the require-

ments. This type of cesspool is perhaps the best

of those described in this treatise, and may be

used with some degree of satisfaction. There

are a large number of this type in daily use and

giving good results; but, as already insisted

upon, if it is possible to discharge the sewage

into a main sewer, do it.
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A City Sewage-Disposal Plant

We shall now consider the construction and

operation of a sewage-disposal plant for munic-

ipal drainage. This manner of disposing of the

waste matter is giving universal satisfaction.

The plant here described will take the entire

waste of the town or city for which it is in-

stalled, breaking it up in the darkness of the

septic tank, digesting it in the contact-beds, and

poming the effluent into a stream or other point,

no longer the disgusting filth which entered the

system, but water, clear as crystal and harmless

as if distilled. Some of the contractors who in-

stall these systems even go so far as to drink the

effluent, to show the thorough working of the

plant.

The sewers will all empty into the main

septic tank, which is shown in Fig. 108. The

construction of this tank is such that the sewage

moves through it with a scarcely perceptible

current, the design being to keep the sewage

in the tank about 24 hours in order to give the

bacteria upon whose work the efficienc}^ of the

system depends a chance to break up and change

to liquid form the solid matters contained in

the sewage.

We are so accustomed to hear of bacteria as

the enemy of mankind, that most of us forget

—

if indeed we ever knew—that there are many
species of bacteria which are the friends of man.

Acting as scavengers which live upon decom-
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posing matter, they save man from the conse-

quences of his reckless indifference to his own
health and the health of others ; and, when given

the right kind of workshop, they very quickly

dispose of all that is haraiful and likely to breed

disease germs.

While there are very many different kinds of

bacteria, they are commonly divided into two

classes, in accordance with the conditions under

which they live and breed. These are the

anaerobic bacteria, which flourish in the dark,

shut away from all air and light; and the

aerobic bacteria, which must have plenty of both

light and air if they are to increase and

multiply.

The Septic Tank. The workshop for the

anaerobic bacteria is the closed tank above

described. It is made as nearly air-tight as

possible, only a small vent-pipe being provided

for the escape of gas which is given off by the

decomposition of sewage. The walls are built

of concrete, and a concrete arch covers the tank

completely.

The inlets to the tank are by way of a grit

chamber, designed to catch road washings and

other heavy substances Avhich would clog the

tank. The grit chamber has a cleansing valve

to facilitate its being emptied whenever this

becomes necessary. The two inlets dip well

below the surface of the contents of the tank, in

order that the force of the inflowing sewage may
not break the blanket of thick scum which shuts
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out from the sewage below it all light and air

coming through the vent or the manholes.

Under this blanket, the bacteria—millions in

number—work away at the incoming sewage,

and pass it on to the outlet in the form of some-

what dirty water.

In order that the outflow may be steady, and

across the whole tank, a slotted pipe is set just

below the surface of the contents; and through

y i

^6 'J>McAari^f ^e^o^

Fig. 110. Cross-Section of Contact-Beds.

this slot the escaping affluent finds its way to the

effluent chamber, where a goose-neck draws it

off into the effluent pipe, which carries it rap-

idly to the contact-beds.

The cleansing chamber, shown at the right

in Fig. 108, is provided for the purpose of di'aw-

ing off the sediment or mineral deposits which

accumulate very slowl}^ being made up of such

matters as the bacteria cannot break ui>. In

sewage composed chiefly of domestic wastes,

these substances are not very many in nmnber,

so that the sediment requires drawing oft* not

more than twice a year at the most—vrhich prac-

tically makes this part of the system a negligible

factor.
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The Contact-Beds. The contact-beds shown
in Figs. 109 and 110, are the workshops of the

aerobic bacteria, which take up the work where

their busy neighbors left off, and carry it on to

completion. Fig. Ill is a section through the

effluent and cleansing chambers.

In order to supply the aerobic bacteria with

the air and light necessary to their existence,

these beds are filled with clinker, which pro-

r//^ufj>f
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Fig. 111. Section through Effluent and Cleansing Chambers.

vides for the admission of the largest possible

supply of air; and the operation of the beds is

so arranged that each is given a rest of several

hours before the period of work, thus insuring

the aeration which keeps the beds from becom-

ing clogged up with sewage through overwork-

ing the aerobic bacteria.

In the plant here illustrated, the contact-beds

work in the cycle 1-3-2-4. Thus, while No. 4 is

filling. No. 1 is empty. No. 3 discharging, and
No. 2 full. Beds 5-6-7-8 are at a lower level

than beds 1-2-3-4, and take the discharge from
the beds above them, thus continuing the w^ork

of purification.
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The apparatus for alternating the flow of

sewage is automatic in its action, requiring only

the attention of a man to oil it when necessary.

A careful study of this text and the accompany-

ing sketches vdW. make the entire subject of the

disposal of city sewage by means of a septic

tank and contact-beds jjerfectly clear to the

reader.

Why a Pump Works

The common lift-pump, shown in Fig. 112,

has long been known, and has been used exten-

sively since its construction. Its general ap-

pearance and method of operation are no doubt

familiar to all readers of this treatise. But why
does it work?

The hollow cylinder contains a valve at the

bottom, which opens inward like a trap door.

Into this cylinder a piston is fitted closely; and

this piston is supplied with a valve, opening in

the same direction as the one in the bottom of

the cylinder. The pipe extending from the bot-

tom of the cylinder dovm. to and into the water

below, is called the suction pipe. "Wlien the

piston is lifted by means of the piston-rod, which

is attached to the handle, the upper valve,

known as the outlet valve, remains closed, being

weighted down by the pressure of the atmos-

phere, which is usually figured as being equal

to 15 pounds to the square inch. Lifting the

piston creates a partial vacuum in the cylinder

which causes the inlet valve to open and the
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same pressure of the atmosphere causes air from

the suction pipe to enter the cylinder. B}' re-

versing the handle, and pushing the piston down
into the cylinder, the air, being compressed,

closes the lower or inlet valve, and forces the

upper valve open, which allows the ail' within

the cylinder to escape through the hole in the

Fig. 112. Common Lift Pump.

piston, xit the end of the stroke, the aii' which
was contained in the cylinder has been pushed
out through the piston and above it, and this aii-

is lifted out of the pump by the next upward
stroke. A few strokes will remove the remain-

ing ail' from the suction pipe; and the pressure

of the atmosphere upon the sui'face of the water

below the pump causes the latter to follow* the
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air up the pipe and into the cylinder. The ac-

tion of the water in passing through the pump
is precisely the same as has been described with

the air. All pumps, whether force or lift,

whether vertical or horizontal, and whether for

pumping liquids or fluids, operate upon the prin-

ciple of removing the air contained in the cylin-

der and allowing the pressure of the atmosphere

to replace it with the material which is being

pumped.

HYDRAULIC RAMS

Hydraulic rams form a convenient and inex-

pensive method of delivering water from a

lower to a higher point, and, after the first cost

of installation, require very little expenditure

for repairs, and require very little attention, as

they work automatically.

A section of a so-called double-acting or

double-supply type of hydraulic ram, is shown
in Fig. 113. Considering it first without regard

to the double-acting feature, suppose the open-

ing at H to be closed. The valve at B being open,

the water from the source of supply at more or

less elevation above the machine flows down the

drive-pipe A, and escapes through the opening

at B, until the pressure due to the increasing

velocity of the water is sufficient to close the

valve B. At the moment when the flow through

this valve ceases, the inertia of the moving col-

umn of water produces the so-called ramming
stroke, Avhich opens the valve at C, and com-
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presses the air in the air-chamber D until the

pressure of the air, plus the pressure due to the

head of the water in the main, is sufficient to

overcome the inertia of the moving column of

water in the drive-pipe. This motion may be

Fig. 113. Cross-Section of Double-Acting Hydraulic Ram.
Capacity, 1,400 gallons per minute; weight, 6,000 pounds.

likened to the oscillations in a U-tube. At this

instant the column of water in the drive-

pipe has come to a rest; and the air-pres-

sure being greater than the static head alone,
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the dii'ection of motion of the moving column
is reversed, and the valve C closed. The water

in the drive-pipe is then moving backward; and,

with the closing of the valve C, a tendency to a

vacuum is produced at the base of the drive-

pipe; this negative pressure causes the valve B
to open again, completing the cycle of opera-

tions. At the moment of negative pressure, the

little sniffing valve E admits a small quantity

of air; and at the following stroke, this passes

into the air-chamber, which would otherwise

till with water gradually, the air heing slowly

taken up by water. In man}^ machines, the

mistake is made of making the waste-valve B
sufficiently heavy to overcome the static head of

water in the drive-pipe. In fact, most writers

on this subject state that the weight of the waste-

valve B must be greater than the pressure of

the static head of water on its under side, so

that it may open when the column of water

comes to rest.

In the machine above described and illus-

trated in the accompanying figures, this would

be practically impossible, on account of the large

area of th(^ opening at B.

In this machine—known as the ''Hife" hy-

draulic ram—the valve B is made as light as is

consistent with the necessary strength, the nega-

tive pressure at the end of the stroke is relied

upon to open the valve. With the largest sizes

of these machines, this valve is 18 inches in

diameter, and, with a head of 8 feet, which is a
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common head for use with hydraulic rams, the

static pressure on the under side of this valve is

883 pounds; it can very easily be seen that the

great shock of a A^alve of this weight would rap-

idly destroy the valve and its seat.

The waste mechanism consists of a large port

Fig. 114. Section of Hydraulic Earn, Showing Valve Mechanism in
Air-Chamber.

with a flat, ample opening; and a large rubber

valve with a balance counterweight and spring

seating, removing almost entirely the jar at

closing. The valve C in the air-chamber con-

sists of a rubber disc with gridu*on ports and
convex seats, fastened at the center and lifting

at the circumference, as shown in Fig. 114. The
effort is to transfer the shock from the power of

the driving water through the air-cushion, with

the smallest amount of friction and jar.

After the closing of the valve C, the pressure

of the air in the air-chamber forces the water in
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the air-chamber out into the delivery pipes. It

is claimed that water can be elevated as high as

thirty feet for every foot of fall in the driving

head.

To the reader who has carefully followed the

above description, it will be clear that the most

important detail in which the type of hydraulic

ram here described differs from the ordinary hy-

draulic ram, is the waste valve. The counter-

weight on the projecting arm of this valve per-

mits the adjustment of the valve to suit vary-

ing heads and lengths of drive-pipe. By adjust-

ing the counterweight so that the valve is nearly

balanced, the valve comes to its seat very quickly

after the flow past it begins. The result is that

the ram makes a great number of short, quick

strokes which are much easier on the mechanism

than slower and heavier strokes. Of course the

stroke must be sufficiently powerful to act effi-

ciently in overcoming the head in the delivery

pipe. The adjustable weight permits this to be

effected with the greatest nicety.

The question of efficiency of hydraulic rams

has been much discussed, and such authorities

as Rankine and D'Aubisson differ considerably

in their calculations. The tables in this article

are based on Rankine 's formula in <ialculating

efficiency, which is

:

qh
E= »

(Q-q) H

in which Q is the quantity of water flowing per

second in the drive-pipe; q, the quantity flowing
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per second to the standpipe through the dis-

charge pipe ; H, the height from the escape valve

to the level of the reservoir which feeds the

drive-pipe; and h, the difference in the level of

the water-supply reservoir and the water in the

standpipe.

D'Aubisson states the formula for efficiency

as:

^ QH •

D'Aubisson 's formula is the correct one, con-

sidering the mechanism as a machine receiving

energy at one end and delivering it at the other;

while if the machine is considered as elevating

water only fi'om one reservoir to the other, Ran-

kine 's formula is the correct one to use.

The double-acting rams may be used to ele-

vate pure water to a tank, using impure water

for the driving water.

Directions for Making Surveys for Hydraulic

Rams. In order to determine the proper-sized

ram to be used for any installation, it is neces-

sary to make a careful survey to obtain the fol-

lowing information:

(1) Flow of water per minute in gallons.

(2) Vertical fall in feet.

(3) Distance in which fall is obtained.

(4) Vertical height above ram water is to be ele-

vated.

(5) Distance water is to be raised.

(6) How many gallons required per day. '

(7) If a double-acting ram is required, flow in gal-
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Ions, of the spring water per minute ; and the fall, in feet,

from the spring to the rara.

(1) Determine this by the time necessary

to fill a vessel of known capacity from the source

of supply.

(2) Find the difference between the level

of the surface of the water in the source of sup-

ply and the lowest point within a reasonable

distance.

(3) State this difference.

(4) Find the difference between the level

of the proposed location of the ram and the

highest point to which the water is to be

delivered.

(5) Find the length of pipe necessary to

conduct the water from the ram to point of

delivery.

Length of Drive-Pipe. To insure sufficient

air being fed automatically at each stroke, it is

imperative that the drive-pipe should be of the

proper length, which is determined by the fall

to the ram, and the height to which water is

delivered. In order to obtain the desired fall,

it is frequently necessary to convey the w^ater a

greater distance than the length of the drive-

pipe used.

Fig. 115 illustrates a method of securing the

necessary head or fall.

(a) Locate the ram the proper distance

from the spring or water supply, and connect as

shown at A.

(b) Conduct the water to an intermediate
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reservoir (barrel, box, or standpipe) located the

proper distance from the ram, connected as

shown at B.

(c) Sink the ram in a pit to necessary depth

and lay a drain pipe from pit to a lower point,

as shown at C.

Double-Acting Rams—Directions for Set-

ting. The ram should be on a level, firm foun-

dation. It need not be fastened down. The
drive-pipe must be set on a perfectly straight

^eifC^^a/^e M/arer^^v^Z —

^

Drain Pip^

Fig. 115. Method of Securing Head for Hydraulic Earn.

incline, without bends or curves, except where

the pipe enters the ram, and this should be done

by bending the pii^e. The upper end of the

drive-pipe should be sufficiently below the sur-

face of the water, so that it cannot suck air

—

say one foot or more. All drive-pipes should

have a good open strainer on up]3er end. Be sure

that the drive-pipe is air-tight. Use a quick-

opening gate valve laid on side.

The delivery pipe can be laid with the neces-

sary bends, according to the usual practice in

water pipes. Connect all pipes before starting

the ram, and leave them uncovered until it is

shown that there are no leaks. Use gate valves

on delivery pipe.

Start the ram by forcing the escape valve
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open by hand; allow it to close, and repeat the

operation until enough water has been forced

into the delivery pipe to create a back-pressure,

and cause the ram to work automatically.

At the start, put the slide weight over the

center of the balance rod, and fasten securely.

By raising and lowering the leather-covered rest

under the balance valve lever, by means of the

two nuts thereon, the opening of the valve can

be lessened or increased, which will lessen or in-

crease the amount of water used and delivered

by the ram. The greater number of strokes,

the less water is used and pmnped. The fewer

strokes, the more water used and pumped.
Under each condition, the ram runs best at

a certain opening of this valve, and this can be

determined only by experiment.

By changing the nuts on the lever rest, the

position will be found where the ram runs with

an easy, even stroke ; then it is in proper working
order.

The air-feed should be open at all times suf-

ficiently to allow a small spray of w^ater to escape

at each stroke, thus insuring a constant supply

of air, which prevents water-logging. The open-

ing in the brass air-valve must ''look down."
The length of drive-pipe is most imi}ortant,

and is governed by the ratio of the fall to the

elevation. If too long or too short, the auto-

matic supply of air is interfered with, and the

efficiency imx)aired.

By using batteries of rams, unlimited amount
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TABLE XVin
Sizes of Hydraulic Bams
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TABLE XIX.

Capacities of Hydraulic Bams
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These rams could have used 750 gallons per minute

each; 582 gallons was all that was available when tests

were made.

j
t>pring

Deii%/^ry Pipe fo
Ta/zk

Vai^^ Che>ck Vaive

Fig. 117. Double-Acting Hydraulic Ram where Impure Water is

Used to Pumt) Pure Water.

Fig. 117 illustrates the working of a double-

acting ram, where impure water is used to pump
pure water.

lever Mr/tt^ie^ate Mt/mp

Fig. 118. One Method of Installing a Hydraulic Ram.

Figs. 118 and 119 illustrate methods of

installing rams. A careful study of this article

Waferlevci -j

' a.e Tap railerr/^et

ituppi^ la ^/tK

'Qaf^ Valve

Fig. 119. Another Method of Installing a Hydraulic Ram.

will enable anyone to install these useful ma-

chines, and will open up a profitable field for the

plumber in country work.
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Hot-Water Tank Regulator

Fig. 120 illustrates the application of a typi-

cal automatic hot-water tank regulator to a tank

for controlling the temperature of the water and

holding it at practically any desired tempera-

ture. This form of regulator is adjustable in-

Hoi Waier ^«s>

Fig. 120. Hot-Water Tank Regulator Installation.

stantly to any desired temperature, by moving
pointer to "Warmer" or "Cooler," after which

its action is automatic. The valve of the regu-

lator is mechanically operated by the expansion

and contraction of a brass rod, which is part of

the regulator inserted in the tank; there are no

fluids or electric batteries used, the water pres-
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sure doing the entire work of opening and clos-

ing the supply of steam to the steam coils inside

the tank.

Automatic Instantaneous Water Heater

Fig. 121 illustrates a type of water heater

which is designed to supply automatically a large

ConnectLo/z

Haf^h/afcrOutlet

'Weld" Automatic Water-Heater.Fig. 121.

or small amount of hot water at any given tem-

peratui^e, for instant use. The water is heated

as fast as it is di^awn for use. The mixers in this

apparatus are furnished in units, which allow

large or small deliveries of hot water. This de-
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vice makes it possible to dispense with storage

tanks where exhaust steam is not available.

These heaters are especially adapted for use in

hotels, hospitals, manufacturing plants, laun-

di'ies, and in connection with swimming pools

and shower baths.

The Air-Lift

The air-lift is a simple arrangement of piping

whereby w^ater may be raised by means of com-

pressed air. It depends for its action upon the

difference in specific gravity between com-

pressed air and water, and to some extent upon
the expansive force of the compressed air. No
valves are employed in the air-lift, except to

regulate the admission of the air to the Avater

pipes, and consequently there are no parts to

become deranged and thus impair the operation

of the pump.
The air-lift is employed for raising Avater and

other liquids from comparatively small as well

as great depths, it being found particularly

economical in raising water from deep mines

and bored or drilled wells. It is applicable to

any place where w^ater is to be raised, and has

proven highly economical where compressed air

has been used for other purposes previously to

installing the air-lift, owing principally to the

iirst cost of the apparatus.

The air-lift consists of two pipes—the water

pipe and the air pipe, the latter being the smaller

of the tw^o. The water pipe contains a tapped
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hole near the lower end, into which the air pi^De

is screwed, the latter, in some cases, being ex-

tended to about the middle of the water pipe,

where it is bent at right angles so as to direct

the air jet upwards. In other cases, the end of

the ail' pipe projects slightly beyond the wall of

the water pipe.

^tr

^'^ir

Fi" 122. Different Arrangements of Air and Water Pipes in

Air-Lift.

There are several arrangements of aii' and
water pipes, foui' of which are shown in Fig. 122.

Air being forced into the water pipe, a huge

bubble is formed about the orifice of the air pij)e,

as shown at a in Fig. 123, which fills the pipe

and forms what ma}' be called a piston of air.

The pressure of the air when escaping fi'om the

air pipe is sufficient slightly to overcome the

weight of the column of water in the water pipe,

and a quantity of water equal to the voliune of

air admitted flows out at the top. The bubble of

air immediately begins to rise through the water:
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and, as it rises, it continues to expand, owing to

the constantly decreasing weight of the column

of water above it. The expansion of the air, and

the consequent increase in volume, displace a

corresponding volume of water at the top, until

Pig. 123. niustrating Action of
Air-Lift.

Pig. 124. Complete Air-Lift
Installation.

the air reaches the outlet, where it escapes, car-

rying a quantity of water in the form of spray.

The next bubble reaches the top in the same
manner, and raises a similar quantity of water.



PLUMBING 315

These air-bubbles form in rapid succession, thus

dividing the column of water into alternate lay-

ers of air and water, each bubble or piston

having a layer of water above it, as shown at b

in Fig. 123 and also Fig. 124.

Fig. 124 shows the complete apparatus. It

wall be seen that after the column of water has

once become divided into alternate laj^ers of air

and water, the air admitted at the bottom does

not have a solid column of water to sustain or

balance, consequently the pressure of the air

may be reduced after the pump begins to w^ork

properly; and the voliune of air thus reduced

accordingly, lessens the work of the air-

compressor.

The pressm'e of air required to operate the

pump after it is once started, is considerably

less than the pressure of the water due to the

head; while the air-pressiu*e required to start

the pum^) is slightly greater than the water pres-

sure corresponding to the head, and is generally

equal to the water pressure per square inch, plus

5 lbs.

The successful operation of the air-lift de-

pends principally upon two things—the ratio of

depth of submersion to total lift, and the ratio

of the area of the air-pipe to the area of the

water pipe. The best efficiency, all things con-

sidered, is generally obtained when the ratio of

depth of submersion to total lift is 0.65; and

when the ratio of the area of the air pip§ to that

of the water pipe is about 0.16; in other words,
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the submerged portion of the water pipe should

represent sixty-five per cent of the total length,

and the area of the air pipe should be sixteen

Ijev cent of the area of the water pipe. These

ratios are not adhered to in all cases, and ap-

parentl}^ without affecting the efficiency of the

apparatus, which is probably due to differences

in friction and air-pressure, temperature of

water, and condition of water as regards purity.

When the depth of submersion is increased

beyond about eighty-five per cent, the pressure

must be raised; and the consumption of air, and
consequently the volume of free air required per

cubic foot of water raised, are increased. When
the depth of submersion is considerably de-

creased—that is, below sixty-five per cent—the

air-bubbles or pistons of aii* form irregularly

and are of varying size, many working up
through the water without causing a proper dis-

charge of water, so that the volume of air re-

quired per cubic foot of water discharged is

increased. The more economical range, there-

fore, when considering depths of submersion,

lies between fifty-five and eighty per cent, and

in the majority of cases it is not necessary to

exceed these values. The depth of submersion

referred to is the average depth measured from

the water level before pumping, and when the

water has lowered as fai' as it will go.

The ratio of the area of air to water pipe pre-

viously given (0.16), should be adhered to, re-

gardless of the arrangement of the water'and air



PLUMBING 317

pipes, as shown in Fig. 122. The air pipe should

be so proportioned that the velocity of the air

will not exceed 4,000 feet per minute. When
the air pipe is placed inside the water pipe, the

area of the air pipe may first be determined, then

the required size of the water pipe may be found

by means of the formula,

P6.24H-P
Diameter (in inches)=Cube root of

0.7854

in which p and P equal the actual areas in square

inches of the air and water pipes respectively.

The various levels may readily be indicated

and measured, by means of a float and a stout

cord. If the cord be run over a pulley 3^Vi6

inches in diameter, and the float be lowered

from the level of the ground, the depth to the

water level in feet will be indicated by the num-
ber of revolutions made by the wheel while the

float is descending. By counting the revolutions

as the water level is lowered by the pump, the

difference in levels may be similarly obtained.

When the depth of submersion at starting is

considerably lower than that previously referred

to—eighty-five per cent of the total height of

the pump—the air pipe should enter the water

pipe from 30 to 35 inches from the bottom of

the water pipe, to facilitate starting.

The volume of air required to raise 1 cubic

foot of water by means of the air-lift, varies

from 3.9 cubic feet as the minimum, to 4.5- cubic

feet as the maximum, giving a mean of 4.2 cubic
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feet of air per cubic foot of water. This is,

however, a general statement, and applies only

to aii'-lifts properly proportioned and working

under favorable conditions.

The volume of air required per minute to

raise a given volume of water in the same length

of time, may be found by means of the formula:

L C
Cubic feet of air=

16.824

in which L equals the lift in feet above the sur-

face of water; C, the number of cubic feet of

water to be raised per minute.

Transposing the symbols in the foregoing

fomiula, we have for the capacity of the air-lift

expressed in cubic feet per minute:

16.824 A
Cubic feet of waters ^ J

Li

and for the lift corresponding to a given dis-

charge and the approximate volume of air, we
have:

16.824 A
Lift in feet=-

C '

in which A equals the number of cubic feet of

free air per minute.

The efficiency of the air-lift, as previously

stated, varies with the ratio of depth of sub-

mersion to total lift, the efficiency generally in-

creasing with increased submersion up to ap-

proximately eighty-five per cent of the total lift,

while the efficiency decreases slowly below
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sixty-five per cent until the submersion reaches

about fifty-five per cent of the total lift.

Fig. 125. Double Air-Lift Pump
to Raise Water to Great

Height.

Fig. 126. Number of
Short Lifts Con^

nected.

The capacity in cubic feet per niinute for

varying depths of submersion beyond these

limits may be found by means of the formula

:

Cubic feet=
8.24 A D

L2~~'
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in which D equals the depth of the submersion

in feet.

It is not practicable, under ordinary condi-

tions, to attempt to raise water by means of the

air-lift to heights exceeding 180 to 200 feet above

the lowest water level; nor to attempt to carry

the discharge pipe horizontally to a greater dis-

tance than 700 or 800 feet. When greater hori-

zontal distances must be covered by the dis-

charge, it is better to carry the pipe on an in-

cline from the well or reservoir to the point of

discharge.

When it becomes necessary to raise water to

heights exceeding, say, 175 or 180 feet above the

level of the well or reservoir, it will be found

more economical, all things considered, to put in

a second lift pump something on the plan of Fig.

125. And where the air-lift is to be employed

in shallow reservoirs or shafts, a number of short

lifts arranged in a manner similar to that shown
in Fig. 126 ma}^ be employed. In the latter case,

each lift should be correctly proportioned with

reference to submersion and the lift above the

water level.
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