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STEAM-HEATING APPLIANCES

PIPES AND FITTINGS

INTRODUCTION

1. In the erection of steam-heating apparatus, pipes and
various fittings having a shape suitable for the requirements
are used., The fittings are made of cast iron, brass, malle-
able iron, and steel castings, tapped or otherwise finished
to connect the pipes together. The pipes used in most of
the work are plain uncoated wrought iron and mild steel.

@, For connecting pipes to the fittings, screw threads are
generally used. These threads have a standard number of
threads to the inch for different sizes of iron pipe, and the
fittings are tapped with threads to suit the thread of the
pipe. The threads are made with a slight taper, the thread
in eutting starting with a small groove, increasing in depth
until a foll thread is eut. They are usually made righi-hand;
that is, the pipe in screwing into the fitting is turned to the
vight, Left-kand threads are also used on pipe and in fit-
tings; in buying pipe, the left-hand thread must be specially
ordered, as the regular pipe on the market is threaded only
right-hand.

The fittings most commonly used are elbows, called ells,
or L's; and branches, called tees, or T's. An ell is used
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TARLE I—DIMENSIONS OF STANDARD WROUGHT PIPE
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= — to change the direction of a run of a pipe line, and a tee is
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classified as direct radiators, indivect radiators, and direct-
fndivect, ot semidirect, radiators. Nearly all radiators are
made of cast-iron sections screwed or bolted together, while
nearly all coils are made of wrounght-iron or steel pipes
screwed into suitable
fittings or manifolds.

s " . 3. Location of
o’ Radiators.— Direct
I. radiators are located

inside the rooms or
v other places to be
| T. warmed, and usually
stand on the floor,

\ The air in a room
':.""T || \ ; that is warmed by

Ay direct radiation is
therefore reheated
) and circulated within
the room unless
p——— S, special pmvisiuu_ is
N made for changing

,. the air. The proper

: ] place to locate a direct

radiator is at the cold-
est place in the room

! I to be warmed, Ordi-

] J narily this is ander a

m T window at the north

or northwest side of

) #'*7 | \\' ‘ the building. Cold
oatillle 'll\k \\\ winds usnally blow in

I through the crevices

Fia. 1 of such a window

and will make a room uncomfortably cold near the win-
dow, even though it is comfortably warm elsewhere. If
the radiators are located so that the warm air-currents
ascending from them will mix with the incoming cold-air
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leakage, a nearly uniform temperature can be maintained
in the room.

6. Examples of Radiator Location.—Fig. 1 shows
two locations for direct radiators in a room, and the air-
cutrents produced by heat from the radiators. In Fig. 1 (a),
the radiator a is shown located against the inner wall. Air
cooled by the window &, and aided by cold-air leakage, falls
to the floor, then flows slowly toward the radiator, where it
becomes heated and rises to the ceiling. This produces a
circulation in the direction shown by the arrows, the hot air
being at the ceiling and the cold air at the floor, while 70°
may be obtained in the middle of the room. This is con-
sidered bad practice and should be avoided,

In Fig. 1 (&), the radiator is shown located under the
window. The rising cutrent of warm air, mixing with the
cold air falling from the window, not only prevents the cold
air from gathering on the floor, but also produces a lower
temperature at the ceiling and a higher temperature at the
floor. The temperatures marked in these illustrations are
not constant; they change with changing conditions.

If a radiator is located in the center of a room the cold air
on the floor will travel from all directions toward the radi-
ator, where it will become heated and ascend to the ceiling
in the form of a column; the resultant temperatures at floor
and ceiling will be similar to those obtained by the system
shown in Fig. 1 (a).

7. Blze of Radiators,—The amount of exterior surface
on the radiator designates the size of the radiator. Thus,
a 100-square-foot radiator has 100 square feet of outside
surface exposed to the air,

The dimensions of the sections of radiators vary with
different manufacturers. Cast-iron radiators are constructed
of sections that wvary in shape, size, and ormamentation
according to the manufacturers' ideas. The favorite form
of section is a hollow loop, a number of which when con-
nected together at the base, sometimes also at the top, con-
stitute the radiator. Short sections are used for making
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low radiators; long sections are employed for making high
radiators. The standard height of a section is 38 inches
above the floor, and manufacturers usually ship radiators of
this height if the height is not mentioned in the order.
Ordinarily, one section of a two-column loop radiator
38 inches high has 4 sguare feet of heating surface, that is,
outside surface.

There are a number of radiator sections on the market
that contain more than 4 feet to a standard section. Some
of these have extended surfaces, which form flues, in the
heart of the radiators.

TYPES OF DIRECT RADIATORS

8. Operation.—Direct radiators give off heat by radia-
tion to all surfaces that absorb the rays. The concealed, or
flus, surfaces, that are masked by adjoining surfaces, give

. off heat by convection only.
-4 Radiators having the greatest
exposed surfaces on the out-
side are usually considered to
be best for direct radiators,
and those exposing the greater
amount of surface to the air
passing through them are con-
sidered better for indirect
heating. A combination of the
two is used very advanta-
geously for admitting fresh air
for supplying wentilation by
dlirect-Indirect radiation.
The heaters that are placed
@) in casings, where there is no

chance of radiant heat being
given off, are called Indirect
Pie. 2 radiators.

9, gingle-Column Radlators.—A single-column radi-
ator is shown in elevation at (&), in end view at (4), and in
section at (¢) in Fig. 2. It is called a single-column
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radlator to distinguish it from the regular fwo-column radi-
afer in common use, the chief difference between them being
that the single-column radiator is only about 4} inches wide,
while the two-column radiator is about 74 inches wide.

The single-column radiator, being narrow, is especially
suited for use in narrow halls or passages where a wide
radiator would be an obstruction. It presents a large amount
of exposed surface and is consequently an efficient heater,
It is not suited for general use, becanse the radiator must
be long in order that it shall contain a sufficient number of
square feet of heating surface.

10. Two-, Three-, and Four-Colnmn Radlators.
Two-column radiators are similar to the single-column
radiators, except that they are wider, and each section con
sequently has a greater exposed surface. The width is usually
about 7! inches and the spread of the legs about 8% inches.

Three-column radiators have sections about 10 inches
wide, each section having & or 6 square feet of surface.

Four-column radiators have sections about 104 inches
wide. Each standard section contains about 8 square feet of
surface. Radiators of this class are suitable for places where
long radiators cannot be installed, but the surfaces of the
inside columns are inefficient unless they are constructed so
that a good upward circulation of air is obtained through the
radiator. ‘The inside surfaces enclosed by the outer columns
do not warm the building by radiation, but by convection;
hence, the necessity of large openings between the columns.
Ordinarily it is considered advisable to avoid the three-column
and four-column radiators as much as possible and use the
two-column radiator instead, in which radiator all the heat-
ing surface has a high heating efficiency.

11. Flue Badiators.—When the sections of flue radia-
tors are placed together, the front edges nearly, but not
quite, touch one another, and a number of flues are formed
by vertical ribs cast on each side of the inner sections and on
the inner cheek of the end section. The sections are cast in
the form of hollow boxes with flat cheeks, and therefore



8 STEAM HEATING §19

eannot resist a high pressure, even though the cheeks may be
tied together by partitions. This form of radiator is more
efficient in the low size than in the high size. Flue radiators
operate to heat the air by inside flues,

12, Wall Radiators.—Wall radiators are long narrow
radiators that are attached to the walls. They extend over
a large area, and being placed on the outer walls constitute
an excellent mode of distributing radiating surface. QOrdi-
nary radiators have the surfaces bunched, and the heat
emitted from them is consequently localized, while the heat
emitted from wall radiators is more nniformly distributed
through the room. Wall radiators are frequently composed
of a number of sections connected together in a long line,
with radiator nipples at the top and bottom of each section,
and supported on suitable brackets, firmly attached to the
wall. The steam enters one end through the inlet valve,
travels the full length of the radiator, and the water of con-
densation escapes through the return valve at the other end,
the air vent being located at the return end.

These wall radiators can be made up so that the sections
will be either vertical or horizontal, aceording to the length
or height of the radiator desired. A wall radiator in
common use is known as the Fowfer. There are three sizes
of sections in general use. The standard size is 24 inches
long, 12} inches wide, about 8 inches thick, and contains
7 sgnare feet of radiating surface. The medlum size is
21 inches long, 12% inches wide, about 3 inches thick, and
contains 6 square feet of radiating surface. The short size
is 17 inches long, 12¢ inches wide, about 3 inches thick, and
contains 5 square feet of radiating surface. Wall radiators
of the type mentioned can be used in place of wrought-pipe
coils, and ean be fastened to walls and ceilings, with the sec-
tions extended or grouped together. The construction of the
sections permits a number of combinations. These sections
are put together by radiator nipples, which are screwed up
from the inside by a long bar with a sguare end that engages
projections inside the nipples.

8§19 STEAM HEATING 9

DIRECT-INDIRECT RADIATORS

13. Direct-indirect radlators, or semidirect radi-
ators, as they are very often called, are placed and con-
nected up inside the rooms to be warmed by them in the
same manner as direct radiators; except that special connec-
tions are made by which fresh air from the outer atmosphere
is permitted to flow between
the heating surfaces of direct-
indirect radiators and enters
the rooms warm. Direct-
indirect radiators, therefore,
have the advantage of ven-
tilating the building as well
as warming it by direct radi-
ation. They are usually Io-
cated against the outer walls,
being generally placed under-
neath windows; the air sup-
ply is brought in through the
walls. If they are located
against the inner walls,
special sheet-metal ducts
may be used to supply them
with fresh air from the outer
atmosphere.

14. A prime surface
direct-indirect radiator
is shown in Fig. 3. Itisa
simple two-column Bundy radiator having the base enclosed
by plates @, which compel the fresh air that comes in through
the flue & to pass upwards between the hot radiator loops
before it can escape into the room. The air is thus warmed
as it enters the room.

Fia. %
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INDIRECT ERADIATORS

15. Construction and Locatlon,—Indirect radiators
are located outside of the rooms to be warmed by them; con-
sequently, the heat given off by indirect radiators is not
emitted by radiation, but is given off by convection only.
Air from the outer atmosphere, or an inside supply from the
building, flows upwards between the heating surfaces of the
indirect radiators, becomes warmed, and eniers the room
through registers, so that in buoildings warmed by indirect
radiators, the only visible parts of the heating installation in
the rooms that are warmed are the registers. Indirect radi-
ators are usually suspended from the basement or cellar
ceiling, A cold-air duct, generally made of galvanized
sheet iron, conveys air from the outer atmosphere to the
under side of each radiator, and the hot-air pipe connects the
upper part of each radiator to the register. The radiators
are encased by suitable casings of galvanized sheet iron or
wood lined with tin or asbestos, as the circumstances demand.

Indirect radiators are made in a number of forms. Some
are made entirely of cast iron, others partly of cast iron and
partly of wrought pipes. Cast-iron radiators generally have
flutings, fins, or pins to increase the exterior or heating sur-
face as much as possible, also to cause the air to impinge on
the heated surfaces as it flows throogh the radiator. The pins
and fins, or flanges, are so placed that the air must take a
gigzag course while passing through the space between the
sections.

A number of indirect-radiator sections when joined
together are called an indirect stack.

16. In many indirect radiators the heating surfaces are
extended by means of pins, whence the name pin radintors
is derived. A common form is shown in Fig. 4. The sec-
tions are hollow castings with pins extending from the
cheeks, as shown. A horizontal partition or division plate
runs through each section from the header end to a point near
the return end, to compel the steam to travel the full length
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of each section before it reaches the return pipe. The sec-
tions shown are put together with slip nipples and bolts,
Air passes upwards between the pins in a zigzag fashion,
and thus becomes warmed before entering the building,

Fia. 4

17. Indirect Radiator Installation.—Fig. 5 shows a
Bundy angle indirect radiator connected up against the outer
wall; it also shows the sheet-metal casings and air ducts.
The stack 1s suspended from the floor joists by hangers a.a
that support the cast-iron steam base, and by rods & that
support the loops about one-quarter from the end. The
lower end of each rod & is bent to the form of a hook, a
2" gr 24" x 4" iron bar ¢ being placed in the hooks, as
shown, These hangers are secured to the floor joists by
lagscrews, or bolts and nuts. The cold-air duct takes its
supply from the outer atmosphere through a perforated
sereen having a shield over it at . The cold air is injected
into the casing ¢ at a point where the radiator is farthest
from the casing, to give an unobstructed inlet. The hot-air
duct is built in the brick wall, as shown at £, its lower open-
ing being taken from the widest part of the air space above
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the radiator stack. An ordinary wall register g is located |

in the side wall of the room to be heated, and is provided ' | .

with Jouver valves. Air flows through the radiator and into
the room, as shown by the arrows. A sheet of corrugated
ashestos & is placed on top of the galvanized-iron casing to
prevent the joists and floor above the radiator from becom- |

Fic. 6

ing too warm. Steam enters the radiator at the top of the
box casting, and the water of condensation escapes through
the pipe ¢ connected to the bottom of the same casting.
The temperature of the room is regulated by opening or .
closing the register valves. Incidentally, the ventilation of
the room is also affected by operating these valves.
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PIFE COILS

18. Purpose and Construction,—Pipe coils are made
of wrought-iron or soft-steel pipe and suitable fittings; they
are built in various forms to suit different purposes. Some
are used for plate warmers; others are employed for warm-
ing rooms, when, for direct heating, they are placed on the
side walls or on the ceiling; in the form of multiple coils,
they are used for indirect heating.

Coils generally reguire to be built to suit existing condi-
tions, and consequently are not kept in stock by manunfac-
turers, but are built to order, or built by the steam ftter
himself, either in his shop or on the job. Coils for warming
buildings are generally constructed from standard pipes and
standard cast-iron fittings; for those intended to be used in
connection with ice machines, evaporating pans, feedwater
heaters, ete., forged fittings are commonly employed.

19. The continuous flat coll, Fig, 6, is made of
straight pipes connected by return bends. The circulation of

(e
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the fluid through it is direct and certain, and it is regarded
as the most efficient form of radiator in common use.

20, A miter coll is shown in Fig. 7, the pipes being
connected between two manifolds & and & The steam
moves forwards simultaneously through all the pipes; its
velocity, therefore, will be one-sixth of the rate in a single
pipe, as in Fig. 6. The circulation is likely to be uneven,

A7
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because the fluid entering at g will naturally fow by momen-
tum to the end of the manifold, and will enter the pipe £ in
greater quantity than into the pipe . The path through e¢
is shorter than through £, and, the friction being less, the
main part of the current will go that way,

It will be noted that all the horizontal pipes are connected
to the manifold ¢ by means of elbows and wvertical pipes.
This must always be done, so as to permit the several pipes
to expand independently, as their differing temperatures
may require. The vertical pipes will bend or yield suffi-
ciently to accommodate the difference in expansion.

1f a coil is made by connecting two manifolds, parallel to
each other, it will be difficult to keep it steam-tight. The
pipes will expand unequnally and will crack or break some of
the connections.

When several flat coils are grouped together, the con-
struction is called a box coll.

21. The size of pipe used for constructing coils depends
mainly on the pressure of steam to be employed, the length
of the coil, and the force of the circulation through it. The
gizes in common use are from 1 inch to 2 inches,

Pipe coils must be arranged so that all the water con-
densed within them may flow easily toward their outlets.

§19 STEAM HEATING 3 16
RULES FOR RADIATOR SURFACE
22, @General Rules.—The method of computing the

amount of radiator surface required for any given service is
as follows:

Having ascertained the amount of heat to be supplied, in
British thermal units per hour, the difference in temperature
between the air to be heated and the heating medium used
in the radiators is found. If hot water is used, the tempera-
ture considered should be the average of ils temperatures
at entering and leaving the radiator. The coefficient of heat
emission corresponding most nearly to the given difference
of temperature and to the kind of radiator to be used should
then be multiplied by the difference in temperature, in
degrees. The product will be the total emission of heat per
hour per square foot of radiation surface that may be expected.

The area of radiator surface required may then be found
by dividing the total amount of heat required per hour by
the emission from 1 square foot as computed.

For heating by direct radiation, the amount of heat to be
supplied per hour, neglecting leakage, will be equal to the
heat losses per hour through the windows and walls.

Heating systems in the United States are generally so
proportioned that the amount of radiating surface provided
will be sufficient to meet the requirements of zero weather,
and ordinarily the difference between the temperature of the
radiating surface and that of the air in the room is 150°,
under which conditions it is customary to figure that each
square foot of radiating surface emits 2 British thermal units
per degree difference of temperature, or a total emission of
300 British thermal units per hour.

23, Common Approximate Rule,—The rule known
to steam fitters and heating contractors as the Two-Twenly-
Two Hundred Rule (2-20-200) is simple and quickly applied.
It is in guite common use for obtaining the approximate size
of a direct-steam radiator, and is intended to give an amount
of radiation sufficient to comply with the usual specificiation
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that the rooms must be heated to 707 during zero weather.
For inside protected rooms, the 2-20-200 rule gives results
from 10 to 20 per cent. too large, and for rooms very greatly
exposed, from 10 to 20 per cent. too small. These facts
prove that good judgment should be exercised in applying
this rule, making proper allowance for extreme exposures
and proper dednctions for protected rooms.

Rule.— Tv find the amount of radiation, divide the glass sur-
face, in square feet, &y 2, the exposed wall surface, in square
feet, by 20, and the contents of the voom, in enbic feel, by 200,
the sum of the guotienis @s the amount of heating surfoce
reguired, in squarve feel.

[ Al

':-‘1'. &= §+ ﬂﬁ + Eﬂ'ﬁ

in which S5 = radiation, in square feet;
A = glass surface, in sguare feet;
£ = exposed wall surface, in square feet;
{ = cubic contents, in cubic feet.

ExamrLe.—How many square feet of common cast-iron standara
steam radiation is required to heat a room having 180 sguare feet of

glass surface, P00 square feet of exposed wall surface, and 20,000 cubic
feet of space?

SoruTion. —Applying the formula corresponding to the rule,
180¢ 900 . 20,000

5 = & +'2-ﬂ. o+ :ﬁ—' = 245 sq. ft. Ans,

24. Rules for Bemidireet and Indirect Natural-
Draft Radiators.—For semidirect radiators, the amonnt of
radiating surface, as just computed, shounld be 25 per cent.
larger; and for indirect natural-draft radiators, it should be
at least H0 per cent. larger than is given by the preceding
rule. That is, for semidirect radiators, multiply by 1.25, and
for indirect natural-draft radiators, multiply by 1.5.

Examrie.—By the preceding rule, a certain room requires 75 square
feet of direct radiation. (&) If the radiation is semidirect, how many
square feet will be required? (&) If the radiation is of the indirect
oatural-draflt type, what should be its extent?

Sorurion.—(a) 76 % 1.25 = 93.75 sq. ft. Ans,
(8) TB 15 = 1125sq, ft. Ans
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HEATING AND POWER BOILERS

HEATING BOILERS

25. Introduction.—The process of making steam con:
sists in transforming water from the liquid to the gaseocus
condition; this can be accomplished only by the application
of heat. In practice, steam is made within a closed vessel
whose outer surface is brought in contact with direct rays of
heat and the hot gases from some burning fuel, the vessel
being known as a steam generator, or more commonly as
a stenm boller. For the sake of brevity the qualifying
word sfeam is often dropped, and the vessel is then 5rimpljr
called a boller. The surfaces of the boiler with which the
water is in contact on one side and the fire or hot gases of
combnstion on the other side, are called the heating sur-
faces; such surfaces as are in contact with steam on one side
and fire or the hot gases of combustion on the other side are
known as superheating surfaces. The fuel, which gen-
erally is coal, is burned in a suitably enclosed space known
as the fire-pot, firebox, or furnace, and rests on iron
bars forming the grate. A draft by which air is supplied
to the burning fuel is created by the chimney or smokestack,
which also carries off the waste gases of combustion.

In order to generate steam rapidly and efficiently, it is
necessary that the heating surfaces of boilers be arranged
to give a good circulation of the contained water. By elr-
culatlon is meant the setting up of a current in the water
that will pass over the heating surfaces in a strong uninter-
rupted fow as long as heat is applied.

26. Classification of Boilers.—Boilers may be classi-
fied broadly as keating boilers and power boflers. Heating
bollers, as a general rule, are designed simply for low-
pressure heating and carry a steam pressure of not over
10 pounds per square inch. Power bollers, as implied
by the name, are chiefly used to furnish steam for power
purposes, and are divided by some into medinm-pressure
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boilers, which carry pressures not above 100 pounds per
square inch, and Afgh-pressure boilers, which carry pressures
in excess of 100 pounds per square inch.

27. Low-pressure heating boilers are commonly made of
cast iron. In the construction of fire-tube and drop water-
tube types of heating boilers, however, wrought iron and
steel are also used.

Medium-pressure power hboilers are chiefly made of
wrought-iron or steel plates with wronght-iron or steel
tobes, and in some forms of tiubes with cast or forged
fittings. High-pressure stationary boilers are generally
composed of steel tubes fitted into wrought-steel connec-
tions and have steam drums of steel plates.

SECTIONAL HEATING BOILERS

28. Low-pressure steam-heating boilers must be made
of a material that will transmit heat readily, and the parts
must be so arranged as to absorb the greatest possible
amount of heat from the hot gases passing over them. It is
also important that the parts be so arranged that they can
easily be kept clean and in good condition for the transmis-
sion of heat. Such boilers must be so designed a5 to insure
safety, not only under the stresses incidental to ordinary
work, but also when neglected and partly worn out by long
service.

Partly for manufacturing reasons, and partly because
facility in handling and shipping, as well as ease of repair-
ing, are thereby secured, cast-iron boilers are built up of
sections placed either vertically or horizontally. The sec-
tions are united in different ways; some manufacturers use
threaded nipples screwed into the sections and drums or
manifolds, others use tapered nipples and through bolts.
A through bolt is a long bolt passing clear through the pieces
to be held together, and is supplied with a nut and generally
with a washer at its threaded end, a washer being often used
under the bolt head.

ot
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29, The term sectional boilers is applied principally to
a class of low-pressure, cast-iron, heating boilers composed
of a number of independent sections connected in such a
manner that the group will operate as one structure. There
are, however, a few forms of water-tube power boilers to
which the term sectional boilers may be correctly applied.
The sectional construction permits a boiler to be made large
or small in capacity by varying the number of sections.

80. The common types of sectional cast-iron boilers
differ very little from one another in general outline, the
principal difference in construction being found in the form
of the sections and methods of connecting them, the disposi-
tion of the heating surfaces, and the arrangement of the flues
through which the gases of combustion pass to the chimney.

The majority of the boilers especially designed for low-
pressure steam heating are built up of vertical and hori-
zontal cast-iron sections in the form of hollow slabs, which
rest on a cast-iron base containing the grate bars, the sec-
tions being bound together by connections with the steam
and water headers at the top and sides of the vertical types
of sectional boiler, or by means of bholts passing through
lugs cast on the section or through the openings of slip
nipples in the water leg and steam space of the sections,

RATING OF DOMESTIC HEATING BOILERS

31. The power, that is, the heating capacity, of a house-
heating boiler is determined by the character, form, and
amount of heating, or fire, surface, the relative amount of
grate surface, and the water- and steam-holding capacity of
the boiler, The efficiency of such a boiler depends on the
proper relations of these factors, and also on the amount and
kind of fuel burned in a given time. Although commonly
employed as a unit for expressing the relative capacity of
power boilers, the horsepower, especially when applied to
domestic heating boilers, does not tepresent a satisfac-
tory unit of rating or standard by which the power or
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steam-generating capacity of such heaters may be compared.
Domestic heating apparatus may be satisfactorily rated by
using 1 square foot of direct radiating surface as a unit for
determining their relative power, which may be expressed in
horsepower, if desired, on the basis that 1 boiler horsepower
equals 33,330 British thermal units per hour, absorbed and
transmitted from the fuel to the water. With temperature
differences such as commonly exist between steam-heated
radiators and the air surrounding them, say 150°, 1 square
foot of direct radiating surface gives off from 250 to
330 British thermal units per hour, and since the evaporation
of 1 pound of water from and at 212° F. into steam at atmos-
pheric pressure requires 966 British thermal units, it is
apparent that each square foot of radiation requires practi-
cally from #i8 to #3f = 1 to ¥ pound of steam per hour,
On this basis it can be assumed that 1 boiler horsepower is
capable of supplying from 100 to 130 square feet of direct
radiating surface, including all ordinary losses. In other
words, an approximate horsepower rating may be substituted
for the radiating surface rating by multiplying the number
of horsepower by 100, the direct radiation equoivalent of a
horsepower; or, by dividing a given amount of radiating sur-
face by 100, the required horsepower of the boiler necessary
to supply it with steam may be determined.

32, Low-pressure steam-heating boilers may also be
rated according to the amount of their heating surface,
allowing from 10 to 18 square feet of heating surface as
equivalent to 1 boiler horsepower. On the basis of 10 square
foet of heating surface per horsepower (34.5 pounds of water
evaporated) an evaporation of 84.6 = 10 = 3.45 pounds of
water per square foot of heating surface will be required,
while ratings of 15 and 18 square feet of heating surface per
horsepower will, respectively, necessitate an evaporation of
84.5 + 15 = 2.3 pounds and 34.5 + 18 = 1.92 pounds per
square foot of heating sorface. The evaporative efficiency
of domestic heating boilers is low, because of the imperfect
combustion due to careless firing and poor draft, and also on
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acconnt of their generally bad management, being in many
cases entrusted to servants who understand little, and care
less, about the proper way to handle them. Under favorable
conditions, however, where the draft is satisfactory and the
management good, such heating boilers give results closely
approximating those obtained with boilers used for power
purposes. The element of size alone does not determine the
actual capacity of a heating boiler, which may, under favor-
able conditions, be greater than its rated capacity, depending
on the care and skill with which it is managed and fired.

33. Boiler ratings determined by laboratory tests, which
are usually made under the most favorable gonditions, and
with expert firing, are of comparatively little value as estab-
lishing standards of capacity on which it is wise to base the
selection of a boiler required to do a given amount of work
in house heating. As some catalog ratings would seem to
indicate an evaporative efficiency for heating boilers in excess
of that claimed for the best tvpes of power beilers, it is a
good plan in laying out a steam plant to caleulate the prob-
able capacity of the boiler selected according to the grate
area and amount of heating surface, as well as radiation to
be supplied. The manner of doing this can be best shown
by an example.

A boiler having a grate 24 inches by 50 inches is rated
by the maker to supply 2,100 square feet of direct radiating
surface, and it is desirable to know whether this rating
accords with the generally accepted rules by which the
capacity of the boiler is approximately determined,

The eoal consumption per square foot of grate surface
varies in heating boilers between 4 and 8 pounds per hour,
averaging about 8 pounds. The amount of heat usefully
absorbed by the boiler per pound of fuel may be assumed to
be B,000 British thermal units per hour, and the heat emitted
per square foot of radiation may be taken as 300 British
thermal units per hour. The grate area is

24 % &0

Ty 8.33 square feet
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Then, the number of British thermal units absorbed by the

boiler per hour may be estimated to be
8.33 x 6 x 8,000 = 399,840 British thermal units

This heat absorption per hour will supply 399,840 + 300
= 1,583 square feet, nearly, of direct radiation. This con-
servative estimate is seen to be

uﬁg._l—ué.ﬁﬂ = .365 = 36.5 per cent.
less than the manuofacturer’s rating.

The apparent discrepancy between the estimated capacity
and the manufacturer's rating is due to the assumptions of
the manufacturer that the boiler will work under the best
conditions, burning about § pounds of coal per square foot
of grate surface, and that the heat emission is 250 British
thermal units per square foot of radiation per hour. Under
these assumptions, which it is unsafe to make for the condi-
tions existing ordinarily in domestic heating, the heat trans-
mitted to the water per hour is

8.833 x B x 8,000 = 583,120 British thermal units
and the amount of radiation that can be supplied is 533,120
+ 250 = 2,132 square feet, or, in round numbers, 2,100
square feet.

GRATE SURFACE

34. Rejulred Aren of Grate.—The area of grate
surface required in any given case depends on the type of
boiler employed, the amount of water to be evaporated, the
nature and amount of coal to be burned, and the rate of
combustion, which varies from 3 to 20 or more pounds of
coal per square foot of grate per hour. The general rule for
finding the grate surface is as follows:

Ruole.—Ta fnd the grale surface, in square feel, divide the
weipht of steam, in pounds, vequived per howr by the product
obtained by multiplying the nmumber of pounds of coal buwrned per
square fool of grate per howr by the number of pounds of waler
evaporated per pound of coal.

W
o, & CE
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in which & = grate surface, in square feet;
W = weight of steam, in pounds per hour;
C = pounds of coal per hour per sguare foot of
grate surface;
£E = evaporation, in pounds per pound of eoal,

In this rule, no account has been taken of the difference in
the number of heat units required to evaporate water from
different feedwater temperatures into steam at different
pressures. Hence, the rule is only approximate, but close
enough for practical work,

TABLE 11
AVERAGE EVAFORATION PER POUND OF COAL

Coal Burped per Hour per Squoare Foot of
Grate Area

Type of Boiler Gtra | 10to1g

14 to 18 | 18 to 20
Water Evaporated per Pound of Coal
Pounds

Cylindrical . . . . . 700 | 6.5 6.50 6.00
Two-flue . . . . . . 7425 700 6.75 6.25
Return-tubular . . . 9.00 B.50 B.25 B.oo
Biirehoa: o Jan it 0.00 8.50 823 8.00
Vertical tubular . B.o0 7.75 7.50 7.00
Water-tube . . . . .| to.s0 10,00 9.00 B.o0
Cast-iron sectional . 8.60

The average evaporation per pound of coal for different
kinds of boilers is given in Tahble 1I. This table gives the
evaporation per pound of coal that may be expected under
average conditions, but the actual evaporation obtained
may be less or more than that' given in the table, which is
intended merely as an approximate guide when there is no
available data showing the evaporation of the kind of boiler
selected under conditions similar to those that will obtain
when the proposed plant is operated.
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Exasrre.—A cylindrieal boiler is to generate 600 pounds of steam
per hour, burning 10 potunds of coal per square foot of grate surface
per hour; what grate surface will be required?

Sorurios.—By Table 11, an evaporation of 6,75 1b. of water per
pound of coal may be expected, Then, applying the rule given,
= B0
10 % 8.75
35. Ratio of Grate Surface to Radlntion.—The
requisite area of grate necessary to supply a given amount
of direct steam radiation may be found approximately by
dividing the total amount of radiating surface by a factor

TABLE 111
SIZE OF SEQUARE CHIMNEYS FOR STEAM HEATING

= R.B 5q. ft,, nearly. Ans.

B, 0 u Height of Chimney, in Fest
EgEE Eé § . il el
Eagi E;.EE 25 an an @ |! [ | Bo mwoe | 1ao [ 158
s B B
£ == Length of Side, in Inches
100 1 69| 6.8 6.6 ﬁ.5| 6.4 62| 61| Go| 59
Jo0 3 g.1| B.g9| 850b E,_:,I 8.1 78| 7.6 74 73
5043 5 1o.610.3| 9.8 95| o.3| 80| 8.6] 8.4 Ba
o0 ¥ tr.B| ri.g | 0.9 | 105 | 10.3| 0.8| 9.3| 9.3 90
1,000 10 13.3 1209|123 | 8| 15| 1.0 06| 10.3| 9.9
1,500 15 5.5 14.0| 14.1 [ £3.6| £3.1 | 12.5 | 190 I1.7| TL.3
2,000 20 r7.1f ey 18.7 [ 15or | 14.6) 13.8 | 13.3 | 12.9| 12.4
3,000 30 0.1 | 19,3 | 183 | 17:5]| 16.6| 16.0 | 15.4 | 14.9( 14.3
4,000 40 22.6| 21.8 | 20.5 | 19.6| 18.9| 17.9| 17.0] 16,6 15.9
£, 000 50 o4.8| 23.0 | 39.4 | 21.5| 20.7| 10,6 | 1B.7| 18.0} 17.3
6,000 6o 26.8 | 25.7 | 24.2 | 231 | 2223 20.2 | 20.1 | 10.4| 1B.%
7,000 70 28.6/| a7.5 | 25.9 | 94.7| 23.8| 22.4 | 21.4| 90.6| 19.7
8,000 Bo |30.3|30.v|27.4| 2607|250 25,6 #2.6 | 1.8 | 20.8
g,000 g ‘jl.quu.ﬁ 253.5 | ay.1| 26.4| 24.9 [ 23.7 | 22.8) 21.8
10,004 100 33.4| 32.1 | 30.1 | 28.7| 27.6) 26.0| 24.8| 23.9 | 22.8
12,500 125 36.9 35.4 35.:13:,!‘: 30.4| 28.6| a3.2) 6.3 | 25.0
15,000 150 4&.:}1 38.4 3ﬁ,ui54._1 32,9 3u.gi=q.5i=a.3 27.0

varying between 100 and 160, selecting a factor in accordance
with the character and probable management of the heating
boiler. For ordinary work, where the boiler is given attention
by unskilled labor, a factor of 100 may be used to advantage;

’
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when a skilled fireman attends the boiler, a factor of 180
may be selected. For example, a heating boiler rated to
supply 1,600 square feet of direct radiation, including ordi-
nary losses, should have a grate area of 1,600+ 100
= 16 square feet if operated under ordinary conditions,
or 1,600 = 160 = 10 square feet if the boiler is to be
carefully handied.

CHIMNEYS FOR STEAM-HEATING BOILERS

36. The values given in Table III have been calculated
for different heights of chimney and for different amounts of
direct radiation. The table gives the actual length of the
side of square chimneys in inches. In order to find the
diameter, in inches, of a corresponding round chimney,
the length of the side of a square chimney given in the table
should be multiplied by 1.13. In the table, the approximate
horsepower of the hoiler is given in the second column; the
values there given are based on the assumption that a boiler
of 1 horsepower will furnish sofficient steam for 100 square
feet of direct radiating surface.

PFOWER BOILERS

37. Power bollers are those that generate steam for
uge in driving engines, and for operating other machinery.
The pressure carried in power boilers is therefore much
higher than that required only for heating purposes, and
power boilers are consequently constructed of such materials
and in such a manner that they will resist the greater internal
pressure.

The extensive heating systems of large manufacturing
establishments require the use of boilers primarily intended
for the generation of steam for power purposes; the general
design and constroction of the boilers commonly employed
only for heating are such as to limit their use to buildings
of comparatively small size.

Power boilers oceupy a prominent place in the heating of
large office and other public buildings, state and federal
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institutions, such as asylums, jails, court houses, ete., and in
theaters, hospitals, schools, ete., where, in many cases, they
furnish steam for heating only. Whenever power is neces-
sary, however, the boilers can be used to supply steam for
the heating system as well, a steam pressure suitable for the
power-generating apparatus heing carried in the boilers, and
reduced to a pressure suitable for the heating system by
means of a reducing valve.

38. Power boilers may be divided into fire-tube, water-
tube, and sectional boilers. Fire-tube boilers always have
the tubes enclosed by a shell, made of wrought-iron or steel
plate, and hence are often called shell bollers., The ordi-
nary types are either horizontal or vertical.

STEAM-HEATING SYSTEMS

GRAVITY CIRCULATING APPARATUS

FUNDAMENTAL PRINCIPLES

39. Definitions.—Steam-heating pipe systems wherein
the water of condensation is returned to the boiler by gravity
are known to the steam-heating trade as gravity clren-
Iating apparatus. When properly installed, they heat
with safety and etonomy, and are noiseless and easily
managed. The element of economy is secured by returning
to the boiler, for reevaporation into steam, the water of con-
densation from the radiators or other heating surfaces. No
heat is wasted, the condensation returning to the boiler at a
temperature of, say, 180°, after the steam and water of con-
densation have given off practically 1,000 British thermal
units per pound in warming the air in the various rooms of
the building,

Pipes that serve to convey steam from the boiler or other
source of supply and to distribute it to several branches, are
known as steam mains., They are usually run along the
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cellar ceiling, being hung from the first-floor beams by
adjustable iron hangers. These steam mains pitch down-
wards from the highest point near the beiler to the lowest
point at the farther end of the mains. The pitch should be
at least + inch in 10 feet, so that the water of condensation
may freely flow to the lower end of the main.

An overheand main is a steam main that is run horizon-
tally, or nearly so, at an elevation higher than the radiators
that it supplies, and is supplied from the boiler by a vertical
rlzing main,

Risers are vertical pipes that rise from floor to foor to
convey steam from the steam main to the radiators or coils
on the several floors. Drop risers are those in which the
steam flows downwards to the radiators or coils from a steam
main above, usually in the attie.

A return malin is a nearly horizontal line of pipe that
receives all water of condensation from the heating system
and returns it to the boiler or otherwise disposes of it. It is
usually run near or under the cellar floor,

A dry return malin is one that is run above the water-
line of the boiler and, consequently, is partly filled with steam.

A wet return main is one that is run below the water-
line and is flled with water at all times. As a rule, this is
more reliable than a dry return main.except in places where
the main is subject to frost.

Return risers are those vertical pipes that take the water
of condensation from the radiators or coils on the several
floors of a building and convey it to the return main,

A darip pipe, rellef, or bleeder is a small pipe used to
drain water of condensation away from the foot of risers or
from a low point, pocket, or trap in the main steam pipes.
In running steam mains, it is common practice to connect
relief or drip pipes to the main at points where a reduction
in the size occurs, and ordinary reducing fttings are used.
This serves to prevent water hammer by relieving the main
of condensation at points where it would otherwise accumu-
late. By using eccentric fittings, however, so as to bring
the bottom of the main into line throughout its length, the



28 STEAM HEATING §19

use of many bleeders, or drip pipes, may be obviated. In
any case, a relief pipe should be connected to the extreme
end of the main to drain the water of condensation into
the main return.

40. Principle of Steam Clreulation.—Suppose that
a vessel g partly filled with water, is placed over a fire 8, as
shown in Fig. 8, and connected to a pipe loop edef. If the
water is boiled in & and part of it is converted into steam,
the steam forming in the steam space of a will increase the
pressure within it, and will compress the air in the pipese, d,
and ¢ so that the air pressure in ¢ will equal the steam pres-
sure in a. Since these pressures are equnal, the water-line

in ¢ will be level with the water-line in . These water-lines
will be level at all pressures so long as the pressures on
them are equal. If a cock or valve is attached to the pipe ¢
above the water-line, and the air is allowed to be forced our
of the system by steam filling the pipes ¢, 4, and ¢, the water-
line in ¢ will rise slightly becanse the pressure on it will be
slightly less. This is due to the fact that a part of the steam
in d and ¢ becomes condensed and a certain pressure is
required to cause a flow of steam to supply this loss, This
difference of pressure, however slight, must be compensated
for in ¢ by an increased head of water, so that the water
column in ¢ and that in @ may be in equilibrium. Suppose,
now, that the surface of the pipe exposed to the air is
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increased, as shown by the coil g, to such an extent that the
pressure in e is 1 pound per square inch less than that in a, dae
to the more rapid condensation of the steam; the water-line
in ¢ will rise about 30 inches above the level of that in a, as
shown at A. [If the flow of steam is retarded, such, for
instance, as by a globe valve being placed on ¢ or &, or by
small pipes being used, the difference in pressure, and con-
sequently, the difference in the water-lines, will be greater;
but if larger pipes are used, the resistance to the flow of
steam will be deecreased, and the difference between the
water levels will be correspondingly less. Since the water
of condensation from the coil falls by gravity in e, it also
tends to increase the height of the water-line, becaunse a head
of water is required to cause a flow from ¢ to a through f,
and thus convey the water of condensation back to a.

DESBIGN OF PIPING SYBTEMS

GENERAL PRINCIPLES OF DESIGN

41. In planning any system of steam pipes, there are
two things to be kept always in mind and that must be fully
provided for: these atre drainage and the movement of the
pipes by expansion or contraction. No heating can be done
without condensation, and the water thus produced must be
disposed of promptly and completely and in a manner that
will prevent interference with the steam supply.

Expansion and contraction are inevitable, and the move-
ment due thereto is repeated every time the system under-
goes any considerable change in temperature. Thismovement
must be provided for, otherwise it will break the joints and
make serious trouble.

49, Saturated steam will part with its heat only by
condensation, Neo matter how small the amount of heat
emitted, a corresponding amount of condensation must take
place. 1f the amount of condensation is small, the water
may remain suspended in the steam, making the steam wet;

d—4
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but if the amount is considerable, it will eollect and flow or
drain toward low points. All pipes that supply steam must
be carefully graded, that is, inclined so that the water will
flow by gravity in the proper direction. Care must be
taken to avoid the formation of pockets, or depressions, in
which water may collect. Return pipes should alse be
inclined so as to discharge the water by gravityinto the drip
pipes. and should also be free from depressions, or pockets.

The downward grade given to return pipes should be as
nearly uniform as practicable. There should be no upwanl
bends or loops, because air is likely to collect in them and
impede the flow of the water.

When the returns are connecied to a main that is located
ahove the water level, and if there is any perceptible differ-
ence in the pressures at the various radiators thus connected,
the steam will flow backwards through the return pipes
toward the points of lowest pressure, and thus interfere with
the drainage and cause water hammer.

43. The hammering noises frequently heard in steam
pipes are caused by the violent collision of bodies of water,
either with each other, or with the elbows and other fittings
that change the direction of the flow, or with the end of the
pipe or chamber.

When water is carried through a pipe by a current of
steam, the water has a tendency to form into slugs, which
fill the bore of the pipe and move along like pistons. When
there is a lower pressure in front of one of these slogs, the
pressure behind the slug drives it forwards at high velocity,
so that when it strikes an obstruction the impact produces
a loud noise.

It is sometimes gunite difficult to locate the point where
water hammer occurs, owing to the fact that metal pipes
are good conductors of sound and transmit shock and vibra-
tion over long distances. Sound is very deceptive, because
vibrations may travel a great distance along a pipe muffled
at the point where water hammer occurs, and will come out
loud and clear at some point where the pipe is exposed.
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44. Points at which an unusial quantity of water can
collect in a piping system are called water pockets, and
are very dangerous in pipes through which steam flows at
high velocity. Ordinarily, the water will accumulate quietly
until the pocket is full, when the current will suddenly pick
up a part of the water, sometimes all of it, and carry it
forwards in a compact mass. The body of water moves
with the same velocity as the steam, and when it arrives
at an elbow or T, where the direction of the flow is
changed abruptly, it strikes the ftting like a projectile,
and the blow is often sufficient to crack the fitting, or even
break it.

A water pocket in a steam pipe that supplies an engine is
particularly dangerous, because the water is liable to go
over into the cylinder in a flood. This usually results in a
smash up, because the engine is not provided with a drainage
apparatus of sufficient size to handle so much water.

CLASSIFICATION OF BYSTEMS

45. Considered with reference to the element of pressure
alone, steam-heating systems are divided into two classes:
(1) those that are operated under a pressure greater than
10 pounds by the gauge are known as high-pressure
systems; (2) those that are operated between atmospherie
pressure and 10 pounds gauge pressure are known as low-
pressure systems. The latter class of systems is the one
in most common use.

With the high-pressure system of heating, less radiating
surface is required, and the piping may, in some cases, be
made one size smaller than for pressures of from 2. to 5
pounds; the fall of pressure that may be permitted at the
radiators is, however, no greater than in a low-pressure sys-
tem: hence, the size of the piping can be reduced but little,
The high-pressure heating system, which is sometimes
employed in factories and workshops, requires a better and
hence more costly, class of steam generators than are com-
monly employed in low-pressure heating, and the radiators
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also require to be made extra strong. High-pressure heating
is not recommended for domestic work.

46. Viewed solely from the standpoint of the circulation
of the heating medium, steam-heating systems may be clas-
sified under two general divisions: (1) those in which the
water of condensation from radiators and coils flows back to
the boiler by gravity are known as gravity return systems;
(2) those in which the water of condensation is forced back
to the boiler from the return mains of the heating system by
a pump, steam loop, steam return trap, or other such appli-
ance are known as forced return systems. Both systems
may have wet or dry returns.

The gravity return system is used where the full boiler
pressure is carried on the heating system. It cannot be used
elsewhere. The forced return system is used when the boiler
pressure is higher than the pressure in the heating system,
as, for example, when a pressure-reducing valve is used on
the live steam-supply pipe to the heating system.

METHODE OF INSTALLATION

47. The low-pressure gravity circnlating apparatus com-
monly used for warming buildings by steam is essentially
composed of: (1) a boiler, or steam heater, as it is often
called, in which steam is generated by the heat of combustion
of some fuel; (2) a number of radiators or eoils, so con-
structed that steam from the boiler may flow into them and
be condensed by transmitting heat through the coils or radi-
ators to the air and objects surrounding them; (3) a system
of pipes that convey steam from the boiler to the radiators,
and return the water of condensation to the boiler when the
steam has parted with its latent heat; that is, when it has
been condensed.

48. Broadly speaking, there are two general systems of
piping buildings, the one-pipe sysfem and the fuwo-pipe system,
both of which are frequently modified to suit peculiar local
or other conditions. The chief difference between the several
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systems consists, in a large measure, in the method of
arranging the piping for returning the water of condensation
to the boiler. Varions methods of arranging the piping are
employed, and many modifications of the different systems
are used in practice. Those most frequently used are
described and illustrated further on.

The comparative economy of the two general systems
depends largely on the conditions under which they are
installed, When properly designed, it has been found in
practice that both systems give equally satisfactory results
However, considerable expense, both in material and labor,
is often saved by the fitter in using the one-pipe system, or
a combination of it with some of the features of the two-pipe
system. The intelligence with which modifications of either
system are planned has much to do with the efficient opera-
tion of the apparatus. The expense of installation has been
found to be greatly affected by local practice; that system
with which the workmen in a given section of the country are
most familiar is generally the cheaper to install. Throughout
the western portion of the United States, the one-pipe system
is regarded with particular favor, and it is there successfully
used in some of the largest office buildings and other large
structures. Somewhat greater care is necessary in laying
out one-pipe systems, in order to make satisfactory provision
for the flow of steam and the water of condensation in the
same piping. The fact that the currents of steam and water
move in opposite directions necessitates larger piping, which
must be properly proportioned and carefully graded.

ONE-PIPE SYSTEMS

49. General Deanription.-—i very common method of
distributing steam to the several radiators in a building
is by means of the one-plpe system, shown in Fig. 9.
The boiler a, which is set on the cellar or basement floor,
furnishes steam at a very low pressure, usually from 2 to
5 pounds by the gauge. The steam main , the duty of which
is to convey steam to the several risers ¢, ¢ through which
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it flows to the radiators o,  placed within the rooms to be
warmed, is connected to the steam space of the boiler and is
so suspended from the floor joists by hangers that it will
have a uniform fall of about ¢ inch in 10 feet from its highest
point, which is immediately above the boiler, to its lowest
point /. When steam is generated in the boiler, it is forced
into the steam main; from there into the risers; and thence

Fio. 0

into the radiators. The air that the pipes contain is forced
out of the system to the atmosphere through air vents or
small valves placed at suitable points in the system, usually
on each radiator at the end opposite the steam inlet. The
air is forced ahead of the steam, and if it finds no outlet it
remains in the pipe and excludes the steam. As steam flows
through the main and the risers, part of it will be condensed
by transmission of heat through the pipes to the air and
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objects surrounding them. The water of condensation will
fall by gravity to the bottom of the steam main, flow to its
lower end £, and enter the bottom of the boiler through the
return pipe . The water of condensation from the radiators
flows out therefrom and down the risers through the riser
connections, and into the steam main, against the flow of
the steam. If the riser connections to the steam main or
radiator connections to the riser have too little pitch, or if
the pipes are too small, the flow of the water of condensation
through them will be resisted to such an extent by the flow
of steam that the water of condensation will not flow off as
quickly as it is formed, the result of which will simply be
that the water will accumulate in the pipe until it is entirely
closed, and snapping and hammering noises known as water
hammer will take place. The steam main should be made
sufficiently large, to prevent such a difference between the
pressure in the boiler and that at the point £ as will cause the
water to back up in the main and retard the flow of steam to
any riser connection.

50. Down-Feed or Drop-Riser System.—The one-
pipe down-feed, or Mills, system of steam distribution is one
in which the steam generated by the boiler passes directly
upwards through a rising main to a system of distributing
mains in the attic or space above the top story, from which
drop-riser connections are taken to supply steam to the
radiators on the foors below.

Fig. 10 shows a separate vertical main # running to the
attic, where the horizontal main supply pipe & is located.
Branches therefrom are taken to the drop risers ¢, o, ¢, and ¥,
which are run down below the boiler water-line. The main
return pipe g may be carried on the side wall or beneath the
floor. This method is adopted where the cellar or basement
can be used as rental space, or in stores where the space is
required for exhibiting or selling goods, the pipes being so
arranged as to leave the ceiling free for decoration. Further-
more, the drop system requires less headroom than is neces-
sary for the steam pipe and branches of up-feed systems.
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The main supply pipe extends from the boiler to the wall,
thence upwards to the attic or top story through a chase,
that is, a recess in the wall, in which it is concealed. In the
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attic, the main horizontal pipe may branch in any direction ‘}

to connect with the drop risers. The drop riser f is con-
nected to only one radiator on the foor beneath, and hence

§19 STEAM HEATING 37

the pipe may be run in the manner shown, the drip from the
lower end of the pipe being connected to the drop riser -
If a valve is placed in this drop pipe at the top, a similar
valve should be placed at the bottom. The valve on the
drip pipe should be self-closing, as it is likely to be placed
in such a position that it cannot be operated by hand, and
hence a check-valve is ordinarily nsed. The riser ¢ is shown
as connecting to a single radiator on each floor. This riser
is anchored at the center at &, so that the pipe above 4
expands upwards and the pipe below & expands downwards,
The branch connections to the radiators connected to ¢ are
below the floor and are made with a swivel, 50 that the
movement of the drop riser does not bring any stress on the
connections, the elbows of the connecting pipes allowing
the movement to be taken up by the tightening or loosening
of the threads. The movement is so small where the swivel
pipes are of proper length that the joint remains tight for
yvears. If the branch connections were made to crosses in
the drop risers, there would be no provision for expansion,
which, if upwards, would raise the radiator connection. [If
this connection were stiff, so that it would not bend, the
radiator would be lifted from the floor, and the water of con-
densation in the radiator would not drain back into the riser.
Hence, the use of crosses should as a rule be avoided,
though they may be employed when, as at 7, the connection
to the radiator is run above the floor and beneath the radia-
tor, and connected, by means of an offset angle valve, at the
end of the radiator farthest from the riser. If the pipe is
long enough to spring, the radiator will not be lifted up or
forced down by the expansion and contraction of the riser.
To allow the pipe to drain properly, this method of making
the radiator connection requires that the radiators shall have
high legs.

61. The rising supply main ¢ may be anchored at the
center, or it may be supported at the bottom. [f supported
at the center, expansion is provided for by long horizontal
branches or elbow swings at the top and the bottom. If no
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connections are taken from this riser, it may be secured ar
the bottom on masonwork, or by a stand at the foot of the
pipe. In the latter case, the expansion movement will be
upwards, where proper provision for it should be made in
the pipe connection to the horizontal main . If the connec-
tion between the boiler and the riser is short, the pipe may
be graded so that the water of condensation from the rising
main will drain to the boiler; but, if the pipe is long, a drip
pipe j therefrom should be connected into the return main.
The extensions of the drop risers below the first floor are
called drip pipes. Each should have a check-valve where
connection is made to the return, especially if there is a
valve on the line at the top, as atherwise a considerable
amount of water will be drawn up the drop riser by the crea-
tion of a partial vacoum due to condensation of the steam by
the radiators after closing the valve at the top of the line.
The steam valves should be so placed that water will not
lodge in them, and horizontal pipes in the attic should drain
to the drop risers.

TWO-PIPE SYSTEMS

52. General Principles.—The two-pipe system of
distributing steam to the several radiators in a building, and
of returning it io the boiler in the form of water, so that it
may be reheated and redistributed as steam, is essentially
composed of a series of pipes that connect the steam space
of the boiler to one end of each radiator, and another series
that connect the opposite end of each radiator to the water
space of the boiler. :

It is evident, therefore, tha in a two-pipe system of steam
heating, each radiator must be connected to two pipes—one
of which is the steam inlet and the other the outlet for the
water of condensation,

53. Common Feed and Return System.—There are
many modifications of the two-pipe system. One is that in
which riser lines are taken from the steam-distributing main,
each riser supplying steam to one vertical line of radiators,
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a corresponding return riser being run to accompany each
distributing riser, and into which all the radiators of that line
are emptied, as shown at A, Fig. 11. In this fgure, the
boiler a is set in the cellar of the building as usual, and the
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steam-distributing main # pitches from the boiler, its extreme
lowest end being connected into the return main ¢ by the
relief pipe @, It will be observed in the method of piping
the radiators ¢, ¢, ¢ that the return radiator connections deliver
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into the same return riser f above the water-line. Con-
sequently, there is a liability of steam fowing from one
radiator into another through the return riser. This is
- objectionable, because such an inflow of steam to any of
the radiators is against the outflow of the water of condensa-
tion from the radiator, and the effect is to back the water
into the radiator, and thus tend to flood it.

54. Common-Feed and Separate-Return Bystem.
When a radiator is double-piped, the intention is to have a
direct current of steam and water from the inlet valve to the
outlet walve; that is, an inflow of steam through the inlet
and an outflow of water of condensation from the outlet.
This object, however, is not always accomplished when the
radiators are connected up by the two-pipe method shown
at A, Fig. 11, because the circulation is not always complete.

In order to obtain a positive circulation through the radi-
ators and throughout the system, each vertical line of
radiators may be connected to a common distributing riser g,
from which all the radiators may be supplied with steam,
and separate return risers i,#,,#, each running from its
radiator to join the return main ¢ at a point below the water-
line, as illustrated by the method shown at 4, Fig. 11.
Since the return pipe to each radiator has no connections
made to it above the water-line in the boiler, the flow of
steam and water of condensation must be positive, and
always in the same direction. This is the most reliable and
most effective method of piping large radiators; it is also
probably the most expensive.

INDIRECT AND SEMIDIRECT HEATING BYSTEMS

55. Iundirect Heating System.—Indirect steam heat-
ing is a method of warming buildings by steam, in which
the heating surfaces, or indirect radiators, are located out-
side of the rooms to be warmed, communication being had
between the rooms and their respective radiators by means
of large air conduits, commonly called kofair ducls, By
using this system of warming buildings, the radiators are
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not open to view, as are direct radiators, but are entirely
concealed; they are usually located in the cellars or base-
ments of the buildings, and are completely encased by
boxing of some material that is a non-conductor of heat,
It is customary to encase each indirect radiator separately,
using the radiator for a partition, as it were, to divide the
box into two compartments, or chambers—an upper and a
lower one. The upper chamber communicates with the
room to be warmed by means of the hot-air duct, and the
lower chamber communicates with the outer atmosphere by
means of another condnit, commonly called the cold-air duct.
Since the sections that constitute the entire radiator are
spaced some distance apart, the air in the box, being heated
by the radiator, will rise through the hot-air duct and flow
into the room, cold air from the outer atmosphere replacing
it, It will thus be seen that, by the indirect method of
warming buildings, ventilation as well as heat is secured.

56. Fig. 12 shows how indirect radiators are commonly
arranged to warm rooms on the ground Aoor. The radiatora
is set in the middle of its casing, or box, and is suspended

Fig. 12

by iron hangers from the joists of the floor above. Steam
enters the top of one of the end sections by the pipe shown,
and leaves the radiator by a return pipe, not shown. Fresh
air enters through the register face, or grille-work, which is
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secured over the mouth of the cold-air inlet duct &, made
flush with the face of the wall, and passes through the
radiator into the hot-air duoct ¢, and then into the room
above through a floor register ¢, as shown by the arrows.
This arrangement of the heating surface is such that the
room cannot be warmed withouot ventilation. If the radiator
box were furnished with another inlet duct that would take
a supply of air from the floor of the room, the room could
be warmed without ventilation. This, however, in many
respects is objectionable, because the same air is heated
and reheated, breathed and rebreathed, and soon becomes
vitiated, if the room is occupied. The hot-air duet is taken
from the side of the casing and is furnished with a flat
bottom. This is particularly advantageous for floor-register
connections, because any sweepings from the floor that may
fall through the register will accumulate in the bottom of 4,
and can easily be removed by simply lifting out the register;
it prevents the dirt from falling on the radiator and clinging
to the castings, from which it will be carried up into the
room in the form of fine dust.

Indirect radiators are often made to deliver hot air into
the rooms from wall registers located at different heights
from the floors. Sometimes these wall registers deliver
quite close to the foor, and at other times guite close to
the ceiling. The proper point of delivery will depend on
circumstances, such, for instance, as the outlet orifices from
the room and the velocity at which the air enters the room.

57. Semidirect Heating Bystem.—The semidirect,
also called the direci-indirect, system of heating consists in
placing radiators in front of windows, or at other points, and
making connection with the outside air by means of ducts
leading to the base of the radiators, in which dampers are
placed for shutting off the outside air, as shown in Fig. 3.
This provides for ventilation of the apartment wherein the
radiator is placed. The radiators are similar to direct
radiators in general outward appearance, but are provided
with a base casting to confine the air and cause it to ascend
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through the spaces or flues: between the sections. The
radiator stands exposed in the room and therefore also
serves as a direct radiator by emitting the heat from its
exposed surface by radiation, while the air passing through
the flues is warmed by convection. When the air from out-
gide is shut off, serious impairment of the efficiency of the
radiator is prevented by providing an additional damper in
the base, and conmecting it to the other damper, so that in
closing one the other is opened, thereby allowing air from
the room to circulate through the radiator flues. The duct
from the base of the radiator through the wall is usually
made of galvanized iron, fitted with a screen to exclude
insects and prevent birds from building nests in the duet,
and set at an incline, or provided with louvers, to prevent
the tain from beating in. The duct usually measures
5% inches by 17 inches. Two or more can be used, if
necessary, to supply the required amount of air, Inlets of
this type should not be used where it is required to change
the air of the room more than four times per hour. One
disadvantage presented by semidirect heating systems is the
fact that no satisfactory method has yet been devised for
automatically regulating the fAow of air over the heating
surface under differing outside wind pressures. The wind
pressure on the side of a building may range from a light
summer breeze to a gale, and therefore the opening designed
for a gentle breeze would be too large for the gale, and with
the latter the cooling might take place so rapidiy as to freeze
the condensation in the bottom of the radiator. With satis-
factory automatic regulating dampers, the semidirect method
of heating would be more generally used. The emission of
heat per sguare foot is greater in these radiators, and hence
the boiler capacity must be greater, than for an equal amount
of direct radiation.

BIZES OF PIPING

58. General Conslderations.—The size of steam
piping for a given purpose depends on several factors,
among which are the steam pressure, the length of the pipe,
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and the frictional resistance offered by the line of pipe and
the fittings. All these factors, including also the diameter
of the pipe, influence the velocity with which the steam flows
through the piping and hence the amount of steam that
might be delivered in a given time; in fact, the flow of
steam in pipes is affected by so many varying conditions
that the formulation of accurate rules, general in application,
for determining the requisite size of piping for heating
systems is impracticable, Besides, rules taking into con-
sideration all the surrounding conditions will, in any case,
give only approximations to the correct results, since some
of the factors must be assumed. Wide practical experience
is required in order to give the correct value to some of the
coefficients that affect the proper solution of the problem,
and hence it is deemed adwvisable to present in tabular form
the pipe sizes that have given good resilts in practice, in
addition to a simple empirical rule.

Steam-heating mains should be proportioned according to
the pressure to be carried, the distance to which the steam
is to be transmitted, the drop in pressure desired, and the
amount of radiating surface to be supplied. They are com-
monly reduced in size toward the end of the main as branches
therefrom are taken off. Some pipe fitters decrease the size
of mains in proportion to the decrease in the combined area
of the branches to be supplied, but this is not regarded as
being the best practice, as the reduction should be more
gradual. [t is sometimes specified that the main near the
boiler shall have an area equal to the aggregate area of all
its branches.

The frictional resistance to the flow of steam increases
with the length of the pipe, the quantity of steam delivered
being correspondingly diminished. Approximately, it varies
inversely as the square of the wvelocity; that is, taking a
velocity of 100 feet per second, for example, and assuming
the reduction in pressure in 100 feet of main to be about
14 pounds, with one-half of that velocity, or 50 feet per
second, the reduction in pressure will be only one-fourth of
14 pounds, while with one-fourth the velocity, or 25 feet per
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second, there will be one-sixteenth of 1} pounds reduction
in pressure.

In the design of extensive heating systems, such as are
commonly found in public and semipublic buildings in large
cities, as well as in a great many state institutions, such as
asylums and jails, it is essential that the lengths of the
various pipes be carefully considered in determining their
diameter previous to installation. Within the limits of
reason, the larger the pipes the more satisfactory will be
the results in heating, but considerations of economy and
acceptable engineering practice should operate to prevent
the use of pipes larger than are actually required.

59. sizes of Malns for Two-Plpe Systems and
Direct Radiatlon.—The amount of radiation that can be
supplied by steam mains of different sizes, 100 feet long, in
a two-pipe system, and with different steam pressures, is
given in Table IV, which is due to A. R. Wolff. In this
table, it is assumed that 1 square foot of radiating surface
will transmit 250 British thermal units per hour; hence, the
values in the columns headed Total Heat Transmitted,
British Thermal Units, are obtained by multiplying the
values in the columns headed Direct Radiating Surface,
Square Feet, by 250. The number of square feet of radi-
ation that a pipe longer or shorter than 100 feet will supply
can be found by multiplying the number of square feet of
radiation corresponding to the size of the pipe, and taken
from the table, by a factor that is the square root of the
guotient obtained by dividing 100 by the length of the main,
in feet. In order to obviate the necessity of calculating the
factor mentioned, its value for the lengths of main most
often found in practice is given in Table V. The length of
main to be used in this calculation of radiation is not its
actual length, but the actual length corrected for obstructions
by fittings, etc., and called the egwivalent length. In low-
pressure heating apparatus, the obstruction offered to the
flow of steam by bends and fittings should be reckoned as
being equivalent to increasing the length of the main by the
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TABLE IV
SIZES OF MAINS, DIRECT RADIATION, TWO-PIPE SYSTEM
2 E
& e E’ e 2 Pounds Pressure t Pounds Pressure
=] =] =]
w, S| &, 8 :
- H — E $:
QO 0 .o =~ Total Heat | Direct Total Heat Direct
5 gé 5 gé Transmitted | Radiating | Transmitted | Radiating
i L British Surface British Surface
8| E & | Thermal | Square | Thermal | Sguare
A Units ‘eet Units Feet
1 | 0,000 36 15,000 6o
s I 18,000 72 30,000 120
It 11 30,000 120 50,000 200
2 %) 70,000 280 120,000 4Bo
2} 2 132,000 528 220,000 B30
3 2% 225,000 Qoo 375,000 1,500
3t 2% 330,000 | 1,320 550,000 2,200
4 3 480,000 1,020 800,000 3,200
4% 3 6go,000 | 2,760 | 1,150,000 [ 4,600
(- 3% g30,000 | 3,720 | 1,550,000 fi,200
[ 33 1,500,000 | 6,000 | 2,500,000 | 10,000
7 4 2,250,000 | 9,000 | 3,750,000 | 15,000
8 4 3:200,000 | 12,800 £,400,000 21,600
9 43 4.450,000 | 17,800 | 7,500,000 | 30,000
10 5 5,800,000 | 23,200 | 9,750,000 | 39,000
12 fy 0,250,000 | 37,000 | 15,500,000 | 62,000
14 7 13,500,000 | 354,000 | 23,000,000 | 02,000
16 8 19,000,000 | 76,000 | 32,500,000 | 130,000
TABLE V

FACTORS FOR MAINS
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following amounts: right-angle elbow, 40 diameters; globe
valve, 125 diameters; entrance to T, 60 diameters. Thus, if
a main 3 inches in diameter has an actual length of 124 feet,
and three elbows, two globe valves and one T, its equivalent
length will be
124 4 3 X 40 X 1% 4+ 2 X 125 X v + 1 X 60 X %
= 281.5 feet.

The following examples show how Tables IV and V may
be used:

Examrie L.—What size of supply main is required to supply
850 sguare feet ol direct radistion with steam at 6 pounds pressure,

the equivalent length of the main, that is, iocluding the resistance
offered by fittings, being 100 feet?

STEAM HEATING

Sorvrion.—In the right-hand eolumn of Table IV, the nearest num-
bers to 850 are 450 and 880, “T'he number 880 is a little more than 850,
but is much nearer to it than 480. Therefore, follow horizontally
across the table from BS0 to the corresponding size of pipe given in the
left-hand column, which {24 in, Ans.

Examrre 2.—What size of supply main is required to supply 9,088
square feet of direct radiation with steam at § pounds pressure, the
equivalent length of the main being 800 feet?

Sorurion.—By referring to Table IV, it is seen that 9,088 sq. ft. of
direct radiation may be supplied by a 8-in. pipe 100 ft. long. But,
as the length of the main is 500 ft., it follows that a larger plpe must
be used, The next size larger is 7-in. pipe, which, if 100 ft. long, will
supply 16,000 sq. ft. of direct radiation.

To determine what amoont of radiation a 7-in. pipe 800 ft. long
will supply, it is necessary to multiply 15,000 by .35, which is the fac-
tor, taken from Table V, for a main 800 ft. long. A 7-in. pipe 800 fr.
long will supply 15,000 > .35 = 5,260 sq. ft. of direct radiation. This
ghows that a ¥-in. main is too small; therefore, it will be necessary to try
the pext larger size of pipe in & similar manner, thos: 21,600 x .35
= 7,60 sq. ft. An 5-in. pipe is therefore too small. Now try the
B-in, pipe. 20,000 .36 = 10,500 sq, ft. Thisls somewhat larger than
is actually required, but, being very near to the given mmount of
radiation, 9,084 sq. ft,, the size of pipe capable of supplying
10,600 sg. ft., that is §-in. pipe, should be used. Ans.

To compute the area reqguired for a given amount of radi-
ation supplied by a main of greater length than 100 feet,

multiply the area of the pipe corresponding to the amount of
radiation, as given in Table IV, by the square root of the




43 STEAM HEATING §19

guotient obtained by dividing the length of the main in feet
by 100,

ExampLE 3, —At b pounds pressure, with the two-pipe system, how
lirge a main is necessary to supply 5,000 feet of radiation, the main
being 400 feet long?

SorurionN.—In the last column of Table 1V, it will be found that the
amount of radiation nearest to 6,000 ft., viz,, 4,800 ft., requires a
main 44 in. In diameter. Dividing 400, the length of the main, by 100
and extracting the square root of the guotient gives a factor of 2, by
which the area of the 4f-in. pipe is to be multiplied to obtain the
requisite area of a main 400 ft. long to supply 5,000 it. of radiation;
thus, 2 3 1598 = 31,92 =q. in,, to which the area of & G-in. pipe most
pearly corresponds. ‘The vorrectness of the result thus obtained may
be checked by multiplying the amount of radiation given in the last
column of Table IV, opposite the t-in. pipe, viz., 10,000, by the factor
given in Table V, foramain 400 ft. long; thas, 10,000 x .5 = 5,000 sq. ft.,
showing that the required main shounld be 8 in. in diameter. Ans.

ExampLE 4. —With steam at 2 poonds pressure, how large a main
will be required to supply steam to 5,000 feet of radiation, the main
being 700 feet long?

SoruTioN.—Dividing the length of main by 100 and extracting the
square root of the quotient, & factor of 2.85 is obtained, by which the
area of a plpe corresponding to a diameter of about 54 in. must be
multiplied to obtain the size of pipe required 10 meet the stated condi-
tions. 1t will be noticed that Table IV does not give the size of main
for 5,000 ft. of radintion operated at 2 lb. pressure, but it is evident
from the table that it will be abouat bd-in. Steam pipe of this diam-
eter is oot moanuefactured, and hence, taking the enclosed area of
a circle 54 in. in diameter, viz., 21.76 5q. in., and multiplying by 2.65,
21,76 > 2.65 = 57.06 sq. In. is obtained. An 8-in. pipe has an internal
area of 50.04 sq, in., while a 9-in, pipe has an area of 62,73 sq. in. I
{s therefore evident that an Bl-in. pipe will be required, but since
piping of that size is not manufactured and it is better to err on the
side of safety, a 8-in. pipe should be used. Ans,

60. Bilzes of Mains for Indirect Radlation,—In
estimating the sizes of pipes to supply indirect radiation
under natural draft, it is customary to consider that 1 square
foot of indirect radiation will condense as much steam as
2 square feet of direct radiation. Therefore, Table IV can
be used, but the amount of indirect radiation must be
doubled to find its equivalent in direct radiation.

v
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ExameLr.—What size of supply pipe is required to supply steam at
a pressure of 2 pounds to 530 square feet of indirect radiation, the
equivalent length of pipe belag 756 feet?

SorurioN. —Equivalent in direct radiation is 530 X 2 = 1,060 sq. ft.
Referring to Table IV, it will be noted that a 3-in. pipe 100 ft. long
will supply 1,320 sq. ft. of direct radiation at a 2-1b, pressure, and that
a d-in. pipe 100 ft, long will supply 900 sq. ft. of direct radiation. If
the supply main were longer than 100 ft., it would be necessary to use
a 3-in. pipe. But, as the length of the main is only 75 ft. it is safe to
use & 3-in, pipe. Ans.

61. Bizes of Mains for Direct-Indirect Radiation.
The sizes of mains for supplying direct-indirect, or semi-
direct, radiators with steam can be found in the manner
described for indirect mains, except that the equivalent in
direct radiation is found by adding 50 per cent. to the amount
of direct-indirect radiation.

62. Sizesof Mains for One-Pipe Systems.—The pipe
sizes given in Table VI, which is based on good practice,
are such as will insure satisfactory results with single-pipe
systems in which the water level in the return above the
boiler water-line (representing the drop in pressure) is from
6 to 12 inches, the steam pressure varying from 4 to 24 pounds
per sqguare inch.

Examrre.—What size of main is required for a one-pipe system to

supply 12,000 square feet of direct radintion, the main being 400 feet
long?

SorurioN.—Find 12,000 in the left-hand column of Table VI, follow
along horieontally toward the right to the 400-foot column, which is
the third one from the right, where the proper size required is given,
namely, 9-in. pipe. Ans,

Since in single-pipe work the steam and water of conden-
sation flow through the same pipe and frequently in opposite
directions, it is necessary to use larger pipes than with two-
pipe systems, so as to insure as free a flow of the opposing
currents as practicable. Before using Table VI, the eguiva-
lent length of the main should be found in the manner
described in Art, 59, Bearing in mind that a steam main
for steam-heating work should never be less than 1 inch in
diameter, and then only for short lengths of mains and
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TABLE VI
SIZES OF MAINS, DIRECT RADIATION, ONE-PIPE SYSTEM

Length of Main, in Fest
Radiating I I

Surface | 20 | 40 | 8o | oo | 200 | 300 | 400 I| G0 | 1,000
Square Feet
‘ Nominal Diameter of Pipe, in Inches

20 t | r |ad |l it ]2t | th | 3| 1t
40 ot | ad | od | b |2 |2 | 2

6o 3t || | o |2 |2 2

go b ad |k | k|2 |2 |2 |ak]| 2%
100 ||k |32 |2 |a4]|ad] 3
200 ol T I ab |2k |3 |32 | ad
300 2o la |2 |2 |2kl2bi3 |3 |3
400 2 |2 af | 24 | 2% | 3 3 |3k| 4
500 2b|2¢ |28 (3 [3 |3 |3b |4 |4
600 s |zt |2t |3 |3 |3d|3k|a | 4
800 ad (2% |3 |3b|3b|ak|4 |#d|5
1,000 3 |3 |3b|3t|4 |4 |4 |#]|6
1,400 | 3 |3 |3b|4 |4 [4d|ad|5 |6
1,800 st |sh|a |9 |ab|ab|5 |5 |7
2,000 sd|3k|a |ab|ab|5 |5 |6 |7
3,000 4 |4 |4 |5 |5 |6 |6 |7 |8
4,000 dlatls |s 16|z 17 |8 |o
6,000 g e |k [ ] 7 157 Jor | Balzo
8,000 5 |5 |6 |6 |7 |B B |og |11
10,000 6 |6 |b 7 7 I8 . 8 g |12
12,000 6 |6 O ) g |8 g [0 |12
14,000 - Al B - o U - S 5 T % + 5 5
16,000 7 7 8 8 g (to |17 |12 |14
18,000 | 8 (8 |8 g |ra [0 |11 |13 14
20,000 o | |9 lto 1z j1T 1z |14 (2B
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for small amounts of radiation, the pipe sizes given in
Table VI may be multiplied by .8 to obtain the requisite
diameter of supply mains for a two-pipe system. The corre-
sponding diameter of return main may then be taken from
Table IV. In applying Tables IV and VI to the same case
of a two-pipe system, a slight difference in the result may
occur; this is due to the fact that the tables represent the
successful practice of different engineers rather than absolute
values based on purely theoretical considerations.

63. Bizes of Returns.—The sizes of the return pipes
not only depend on the capacity of the system as a whole,
but are materially affected by the character of the returns,
that is, whether wet or dry. The smallest return piping
may be used when the retwrns are sealed by being carried
below the boiler water-line or by being trapped to establish
an artificial water-line in them. With wet or sealed returns,
it is considered good practice to make the area of the return
piping equal to about one-fourth that of the steam piping in
plants where the steam pipe is larger than 3 inches in
diameter, although some engineers make the diameter of
the return in such plants about one-half that of the steam
main. Where the steam pipe is less than 3 inches in diam-
eter, it is customary to make the return one or two sizes
smaller than the corresponding steam pipe. With dry
returns, it is considered good practice to make the area of
the piping equal to about one-half that of the corresponding
steam pipe. It is good practice never to use a return
smaller than 1 inch in diameter, although a {-inch pipe may
be employed in some cases where the amount of radiation
to be drained is small. Table IV indicates sizes of return
pipes, with corresponding steam mains, that have been
found to work satisfactorily in practice. The diameter
of return pipes from indirect heating surfaces should be
about 50 per cent. greater than for a similar amount of
direct radiation.

64, Slzes of Drip Plpes for Bteam Mains.—Since
the amount of water of condensation to be handled by drip
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or relief pipes is practically an unknown guantity, no general
raule can be given for proportioning them. It has been
found in practice, however, that ordinarily the sizes given
in Table VII are ample for draining covered mains of
various lengths. Larger drip pipes than are actually neces-
sary to relieve the steam main of condensation should not
be used. Drip pipes should be connected to the return in

TABLE VIl
SIZES OF DRIP FIPES FOR COVERED STEAM MAINS

|
Diameter |__

Length of Steam Main, in Feet

Etcmzfnn.in | toa : 200 Fregtll T Boo 1,000
Inches | I i -
Diameter of Dirip Pipe, in Inches
e (el -\ Rl e Sl B
3 H $ 1 1 13 11
4 i ¥ I | I* l‘i‘ 153
5 1 1 I 1 14 1
6 3 1 1t rd 2 | 2
2 1 1 i rd 2 2
8 I 1 it | 1 2 z%
9 1 it 1} 2 24 at
10| 1% 1t 1d 2 23 3
tr | ai 1 1h 2 24 3
12 | 1 ¥ 1d 24 3 3t
4 i 14 2 23 3 4
16 11 2 2t 3 3t 4

such A mannper as not to impede the eirculation but rather
enhance the velocity with which the water of condensation
returns to the boiler.

65. Sizes of Drip Pipes for Risers.—The sizes of
drip pipes at the foot of risers of one-pipe systems depend
on the amount of radiation supplied from the risers. Ordi-
narily, the sizes given for return pipes in the second column

® O

»
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from the left in Table IV are suitable and will give satis-

factory results by using them in conjunction with the figures

given in the radiation column under the S-pound pressure,
ExamprLe. —A one-pipe riser supplies 700 square feet of direct radi-

ation; what should be the size of the drip pipe that connects its base
to the retorn main? E

SorvTioN.—In the right-hand colomn of Table IV, the number
nearest 700 gq, £t,, and higher than it, is 880 &q. £ft. Following along
horizontally to the second column from the left hand, it is noted that
the gize of drip pipe required is 2 in. Ans.

EXHAUST AND VACUUM HEATING SYSTEMS

EXHAUST STEAM-HEATING SYSTEMS

66. FEconomy.—The exhaust system of steam heat-
ing is, in every respect, a low-pressure system, except that
it is provided with special apparatus that adapts it to receive
the exhaust steam from engines and pumps. It is used only
for the purpose of saving and utilizing the heat in exhaust
steam that would otherwise go to waste. The magnitude of
this waste may easily be seen when it is considered that
exhaust steam at atmospheric pressure contains 966 British
thermal units per pound that are available for heating. The
practice of allowing exhaust steam to escape into the atmos-
phere when it can be used in heating apparatus, either
for house warming or heating liguids, etc,, is therefore
inexcusably wasteful.

To secure an adequate supply of exhaust steam for heat-
ing by placing a back pressure of 2 pounds per square inch
on an engine operating with & mean effective pressure of,
say, 50 pounds, will increase the coal consumption leas than
1 per cent.; whereas for an equal amount of heating by means
of live steam, the exhaust steam being discharged into the
atmosphere, the coal consumption will probably be inereased
fully 80 per cent,

The amount of radiating surface that may effectively be
supplied with exhaust steam by an engine of given size is

=i
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estimated by allowing about 4 square feet of radiation to
each pound of steam exhausted per hour. In other words,
assuming that an engine developing 150 horsepower will
have available for exhaust heating 20 pounds of steam at
atmospheric pressure, per horsepower per hour, the amount
of radiating surface that may be supplied with exhanst steam
from such an engine will be 150 x 20 x 4 = 12,000 square feet.

The available amount of exhaust steam necessarily varies
with the work done by the engine, whose governor is adjusted
so that a sufficient weight of steam will be admitted to
preserve uniformity of speed under a variable load, only
a small weight of steam being admitted if the work is light,
and vice versa.

67. General Arrangement.—The general arrangement
of apparatus for controlling the steam supply and drainage
is an exhaust steam-heating system as shown in Fig, 13. The
steam-heating main a is connected to the exhaust pipe § and
also to a pipe ¢ that supplies live steam from the boilers,
When live steam is used, it passes through a pressure-
reducing valve ¢ and is lowered in pressure to the desired
amount before entering the heating main. By this arrange-
ment, the heating system will be supplied with exhaust
steamn as long as the engines are in operation, but if for
any reason the supply becomes insufficient to maintain
the proper pressure, live steam will enter through the
reducing valve and make up the deficiency. If the supply
of exhaust steam becomes excessive, so that the pressure
rises unduly, the excess of steam will escape by opening
the back-pressure valve f and blowing into the atmosphere.
When the engines are stopped, the steam in the heating
apparatus is prevented from passing backwards and filling
them with water by means of the check-valve g. This valve
is similar to the valve f in construction and is so nearly
balanced by its counterweight that it will open very easily,
The relief valve £ is usually adjusted to blow off at a
pressure about 1 pound higher than that maintained by the
reducing valve ¢. The exhaust steam is passed through a
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separator 4 before entering the heating system, for the pur-
pose of removing the entrained water, and especially for
removing the oil that accompanies it from the engine.

The drainage from the heating apparatus is collected in
the pipe & and is returned to the boiler by means of a pump g,
as shown, The returns have no direct connection with the

. ¥l

Fuz 18

boiler, consequently the water level in them may be main-
tained at any convenient height, as at ¢,{. This is accom-
plished by ‘means of the pump and its governor m. The
pump governar is merely a closed vessel containing a float
that rises and falls with the water level. The steam that
drives the pump is taken from the high-pressure pipe ¢
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through the stop-valve # and passes through a throttle valve /
that is controlled by the float. When the water rises above
the desired level, the float opens the throttle and starts the
pump: when it subsides, the float is lowered and shuts off
the steam. The exhaust from the pump is turned into the
exhanst main through the pipe s, The pump governor is
connected to the heating main ¢ by a small pipe ¢ for the
purpose of equalizing the pressure on top of the water
therein.

Valves are provided in the main pipes, at £ and 2, for the
purpose of shutting off the heating apparatus during the
summer season. It will be noticed that these valves are
so located that they do not interfere with the supply of
steam to the pump nor with the exhaust therefrom. The
returns are shut off from the pump by the valve », and an
independent water supply is attached at w=. The pump
delivers through the pipe ¢ to the boiler.

Care must be taken to locate the valves £ and & in proper
relation to each other, as shown. [f the check-valve were
placed between the heating main « and the valve /£, and the
reducing valve ¢ should get out of order, the pressure would
rise in the heating system until it equaled that in the boiler.
This inereased pressure might burst the radiators and do
serious damage. ‘The safety of the whole apparatus depends
on the good working condition of the relief valve £,

YACUUM STEAM-HEATING SYERTEMS

68. oOperation.—The vacuum system of steam heat-
ing differs from all others in one important particular, namely,
that a more or less perfect vacuum is constantly maintained
in the returns by pumps or other devices. This permits the
system to be operated with steam of any convenient pres-
sure, high or low, and from any source, either exhaust or
otherwise, The pressure and temperature throughout the
whole system may be adjusted and maintained at any degree
between full-boiler pressure and a low vacoum, thus making
the system adjustable to suit all conditions of weather and
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service. Strictly speaking, a vacuum system is one that is
operated at a pressure less than that of the atmosphere, and
is generally operated with exhaunst steam. The piping is
usually arranged on the two-pipe system, and the returns are
generally made independent, although it is not necessary to
do so in all cases.

69. Advantages.—It will be understood that when the
exhaust steam from an engine is turned into the ordinary
low-pressure heating system, the back pressure is increased
and the efficiency of the engine is correspondingly decreased,
sometimes to such an extent as to become very detrimental.
One of the principal advantages of the vacoum system is that
a great part of the back pressure is taken off the engines,
and the capacity of the engines to do useful work is thereby
increased.

The size of the piping required for the vacuum system of
steam heating is about the same as for the ordinary low-
pressure system. The volume of steam required is greater,
owing to the low pressure, and the amount of heat per cubie
foot is correspondingly less than that found in ordinary heat-
ing systems, but the difference between the pressures of the
steam in the supply pipes and in the returns is so great that
the volume of steam necessary to carry the amount of heat
required is driven through the pipes without difficulty. In
practice, the radiators are usually of the same size as for
ordinary low-pressure steam-heating systems when the con-
ditions are such that a low steam pressure can be applied to
the radiation during exceedingly cold weather,

TYPES OF YACUUM SYSTEMS

70. Webster System,—A conventional arrangement of
the Webster vacuum system is illustrated in Fig. 14.
The illustration serves to show methods of connecting differ-
ent appliances, the arrangement given being modified in
practice to suit the conditions imposed. The pipe & supplies
steam to the main engine only, while the pipe 4 supplies steam
for the pumps and fan engine. A separator ¢ is placed in
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the pipe a near the engine. The drip from this separator
passes through a steam trap & to the feedwater heater e.
Exhaust steam from engines and pumps passes through the
pipes f and g into a closed feedwater heater connected to the
main vacuum return pipe through which the air is extracted,
and the pressure in the heater reduced to less than that of
the atmosphere. The partial vacuum in the feedwater heater
causes the steam to flow freely into the heater, where it is
condensed and heats the make-up water required to supple-
ment the water of condensation returned from the heating
system. The exhaust pipe { from the engine rises to the
ceiling, where the exhaust pipe g from the pumps connects
inte it, as shown. A grease extractor & is inserted in the
exhaust pipe before connection is made to the heating appa-
ratus, to which a live-steam by-pass connection ¢ is provided,
The escape pipe is provided with a back-pressure valve j and
is carried upwards from a point near the grease extractor to
and above the roof of the building, where it terminates in an
exhaust head &, from which the condensation is dripped back
to the feedwater heater through &', the oil and grease having
been extracted. Live steam may be employed for heating,
when necessary, the steam passing from the main & through
the reducing valve [ to the heating main, or riser, m. The
return pipe » is carried downwards to a point below the level
of the feedwater heater, and is thus made a sealed return,
although the pipe could be carried above the heater if
required. This return pipe does not connect with the feed-
water heater directly, but with a vacuum pump e, in the con-
nection to which a strainer ¢ is placed, and a jet of cold
water is introduced to cool the return water and thereby
assist the pump in maintaining the vacuum. The water and
the air drawn from the return pipe are forced by the pump
into a receiver p, placed at an elevation above the feedwater
heater, so that the water in the receiver will flow by gravity
into the feedwater heater. The receiving tank p has a vent
pipe g to the atmosphere through which the air in the system
is discharged. In the pipe » from the receiver # a water
trap or loop seal 5 is provided, so that in case of a pressure

[y
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in the system, the water or the steam in the feedwater
heater will not escape should the vacuum pump be stopped.
The seal also prevents the atmosphere from rushing into the
heater when the pressure in the heater is below that of the
atmosphere. The water in the feedwater heater is pumped
into the boiler by a feed-pump & The vacuum pump e is
fitted with an automatic controlling device w, connected to
the steam and vacuum pipes, so that the pump will slow
down when the vacuum has reached a certain point and speed
up again as the vacuum is lost. The make-up water supply
to the feedwater heater is automatically controlled. The
waste drips from the grease extractor 4 and the overflow
from the feedwater heater ¢ are connected into a pipe » that
discharges into the sewer. Each drip pipe is eonnected to
this waste pipe by loop seals, so that in case a pressure
exists in the system, the seals will not allow steam to escape.
[f these seals are not capable of preventing the steam from
passing through the pipe, it becomes necessary to use a
steam trap. When the engine is not running, steam for
heating may be supplied through the pipe #. Only one valve
is shown as being provided to shut off the supply of live
steam, but there should be a valve at each side of the
reducing valve /, around which a by-pass should be arranged,
so that the reducing valve could be repaired, if necessary,
without shutting down the apparatus. The ganges shown
at = indicate, respectively, the pressure on the heating
main m and the vacuum on the return main .

71. The connections to the radiators and other fixrures
are somewhat different from those commonly employed with
gravity systems. Taking the radiator x, for example, the
steam-supply radiator connection is provided with an angle
valve, but the return pipe has a trap ¥ or thermostatic valve,
shown in section in Fig. 15, in the connection at the radiator,
In operation, when the radiator is cold the expansion stalk a,
Fig. 15, in the valve will be contracted, so that when steam
is admitted to the radiator the partial vacuum in the return
pipe will cause the steam to fill the radiator quickly, ths
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water of condensation falling to the bottom of the radiator
and being drained into the return pipe through the pas-
sages b,¢ and o, in the walve-seat bushing ¢ that is sur-
rounded by a protecting strainer f. The steam, when it
comes in contact with the stalk, expands it, and the orifice ¢
of the valve is contracted or closed.
As the stalk cools again, the orifice
13 enlarged and the water passes
out of the radiator. Adjustment of
the stalk is obtained, as indicated,
by means of the screw g at the top
of the valve, Fig. 15.

Before inserting the valve-seat
bushing ¢, the radiator should be
cleaned of any grease, dirt, or grit
that might clog the orifice and thus
impair the efficiency of the valve.
For this purpose dirt pockets are
placed in the connections at =,
Fig. 14, where a hot-blast heater
coil is shown connected to the
return below the level of the re-
turn pipe at the pump, The heat-
ing surface in the cail is greater
than one thermostatic valve can
control, and hence a multiple ther-
mostatic-valve device is used.
This walve device represents a
combination of several expanding
stalks that are inserted in one
body, the action being the same
as with one stalk, or the first stalk
may be heated and closed while others are open, according
to the amount of water and temperature.

The radiator «', Fig. 14, is below the pump level, and the
condensation from it is raised above the top of the radiator
to keep it free from condensation. [In an ordinary gravity-
heating job this would be difficult, but with the vacuum

Fin. 16
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system the pressure on the return pipe is considerably less
than that in the radiator, and hence the water will be forced
up to the level required to discharge it into the pump. This
arrangement, however, is not advisable where it can be
avoided. In a conventional way, the method of connecting
to indirect radiators is shown at &*, while at =* is shown the
method of connecting water heaters where steam is used to
heat water for domestic use. Old heating systems may be
altered to vacuum systems wherein the operating pressure
will not exceed that of the atmosphere.

72. Except for use in connection with small radiators,
the thermostatic valve shown in Fig. 15 may be superseded
by the motor valve shown in Fig. 16. The latter comprises
a float @ through which extends loosely a hollow stem &
attached to the piston ¢ and carrymz a valve disk 4 that is
held to its seat by the
spring ¢. The oper-
ation of the piston ¢
depends on the dif-
ference between the
presstre in the radi-
ator and that in the
return line. When
the radiator is not §
condensing steam,
the wvalve disk & is
held to its seat by the
spring ¢, and only a
slight escape of air
through the stem & is
possible. When the
water of condensation flows into the valve, the float a rises
until the port £ is closed by the plug &, when the pressure
above the piston ¢ will become the same as that in the return
pipe, with which the upper chamber is in communication
through the hollow stem #. The higher pressure of the sup-
ply side raises the piston ¢ and attached valve disk & so as to

Fa, 18
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permit the escape of water of condensation into the return
pipe A#. With the escape of condensation the float @ descends,
opening the port f and thereby causing an equalization of the
pressure on both sides of the piston ¢ the spring ¢ then again
seats the valve disk & ready for another operation, previous
to which any accumulation of air is drawn out of the radiator
into the return pipe through the hollow stem & by the suction
of the vacuum pump to which the return piping is attached.

Before inserting the interior mechanism of the valve, it is
necessary to see that all burrs, chips, sand, pipe cement,
and other dirt are washed out of the radiators and piping
system, steam being permitted to blow freely through the
apparatus for several days if possible. After the washing-
out process is finished, the inner parts of the valve may be
placed in position, care being taken that the valve guide at
the end of the hollow stem enters its seat properly. Since
the operation of the valve depends solely on the difference
in pressure on either side of the piston ¢, no readjustment of
the valves is necessary after once being properly set.

73. Paul System.—What is known as the Paul system
of heating is illustrated in Fig. 17. The general arrange-
ment of the mains in the basement is similar to that of the
systems previously described. From the boiler a, steam is
supplied to the engine §, from which the exhaust passes to
the feedwater heater ¢ and thence to the heating system, the
feed-pump automatically returning the water of condensation
to the boiler from the receiver o alongside the feed-pump.
A by-passed reducing valve £in the supplementary live-steam
connection controls the supply of steam from the boiler in
making up for any deficiency in the available amount of
exhaust steam. The escape pipe to the roof is provided
with a lightly weighted back-pressure valve £, The return
pipe is connected to an automatic pump governor. The
steam pipe & connects to the exhausting apparatus A, the dis-
charge pipe from which is connected to the exhaust escape
pipe to the atmosphere. The air pipes are connected to the
suction opening in the exhausting apparatus & and have a
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check-valve 7 that serves to hold the vacuom in the air pipe,
a gauge j indicating the amount of vacuum obtained. The
exhausting apparatus and connections are auxiliary to regular
gravity steam-heating systems to which the apparatus is com-
monly applied. The radiators shown at the left of Fig. 17
are arranged on the one-pipe down-feed system, while those
at the right are connected up on the two-pipe up-feed system.
The system of steam and return pipes is practically the same
as for ordinary gravity systems, so far as the risers and con-
nections to the radiators and mains are concerned. The air
piping # is practically the same as would be erected for
gravity systems, with the exception that in the cellar the air
pipe is connected to the exhausting apparatus of the system.

74. The operation of the system depends on the action
of a jet of steam under pressure in producing a vacuum in
the air pipe by the velocity with which the steam passes
through an ordinary type of ejector, by which the air is
exhansted from the air pipe and consequently from the radi-
ator when the automatic air valves connected to the air
pipe are open. When the entire system is cold, and before
steam is turned on, all the air valves are open. The
exhauster is started and a partial vacuum is thus created
thronghout the system. Steam is then let into the radiators
and fills them immediatelv, as there is practically no resist-
ance to the flow. The pressure at which the steam flows
into the radiator need be equal only to that of the atmos-
phere. As the radiators warm up, the heat of the steam
closes the automatic air valves, the air pipe remaining closed
until the radiator cools and air again accumulates therein,
when the operation of the air valves is repeated. Thus, in
an extensive heating system, the air that accomulates in the
radiators may be effectively drawn off in small quantities by
a small ejector. Owing to the removal of the air, the steam
flows to the radiator without any appreciable gauge pressure,
the radiator acting as a regular surface condenser, and the
air valve operating to allow the cooling air to be extracted
as it accumulates.
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75. In Fig. 18 is shown the exhausting apparatus for a
plant having a large number of radiators, the apparatus
being arranged in duplicate so that one of the ejectors may
be operated in case the other should become disarranged.

Fic, 18

Live steam enters the exhausting apparatus through the pipea
and one or both of the valves &, §, passing to the ejectors ¢, ¢,
pipes o, d, check-valves ¢,¢ and through f to the exhaust
escape pipe. The flow of steam through the ejectors ¢
creates a partial vacuum in the air-line piping & g, through
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which the air is drawn from the radiators. The valves &, &, 4
provide for the independent operation of either aalf of the
apparatus, while the check-valves 7,7 serve to prevent the
gstablishment of a pressure in the air piping equal to or

greater than that of the atmosphere. The vacuum gauges j,j

indicate the extent of the vacuum created by the steam in
flowing through the ejectors ,c. The valved pipe £ serves
as a by-pass, by the use of which one ejector may be utilized
temporarily in removing the air through both the air lines g, g-
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EXAMINATION QUESTIONS

Notice to Students.—Study the Instruction Paper thoroughly ba;.r'arc
g;:ummp“a ansiser .t.ile.u‘lid Read each question carefully and
sure you understand it; w:hh::mmurynnm. When yayr
answers are completed, muirtc them closely, correct all the errors you can
ﬁnd,nudmﬁnmqmﬁmhmuﬂi then madl your work Lo ws.

:'1 Vﬂ[’ﬂ About what is the safe working pressure of standard

wrought-iron or mild-steel pipe?
{"2} Explain the difference between a radiator and a coil.

{8) What is the difference between a direct and a direct-
“indirect radml;nr?

r{‘{r ‘By the 2-20-200 rule, how many square feet of direct
steam radiation is required to heat a room 14 feet long,
12 feet wide, and 9 feet high, having 40 square feet of glass

%% surface, two sides being exposed? Allow 20 per cent. for

leakage through cracks and heat loss through floor and
ceiling. Ans. 45 sq. ft., nearly

y) Ejj. State the requirements of a good heating boiler that

are necessary to generate steam rapidly and efficiently.

r"tsw A return-tubular boiler is to generate 1,000 pounds
; of steam per hour; burning coal at the rate of 12 pounds per
! square foot of grate surface per hour, what grate area will

"I Wivéd? Anps. 9.8 sq. ft.
4 rs AT) Iia house-heating boiler is rated to supply 800 square

Jfeet of direct radiation under ordinary conditions, how many
square feet of grate surface will be required? Ans. 8 sq. ft.

K{ In house-heating work, how should the steam main
be graded in order to drain properly?

v rﬁ) Describe the difference between a dry return main

‘and a wet return main.
iy
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=Y .:,‘j,,.{'ﬁ] In designing a piping system, what must be con:

R 41
) -

sidered and provided for in regard to condensation of the
steam and heating and cooling of the pipes?

Describe how water hammer is caused in steam

¥({12) Briefly describe the general direction of the flow of
steam and water of condensation throughout a one-pipe sys-
tem having a main run around the cellar in the form of a leop.
) Describe the one-pipe down-feed, or Mills, system
of steam distribution, and state what advantages it possesses
over the ordinary up-feed system,
1134 What is the principal distinguishing feature of a
two-pipe heating system?
1. {5) Describe briefly the common-feed and separate-
return system of piping.
i) Describe the method of warming buildings by
indirect radiation.

'";,!,‘I‘:J Briefly describe the semidirect system of heating.

5418}  What size main is required in a two-pipe system to

e

p¥

supply steam at a pressure of 5 pounds to 450 seuare feet of
indirect radiation, the length of the pipe being 100 feet?
Ans, 2§ in,

Pl 1!__191 What size of main 100 feet long is required to

sipply 20,000 square feet of direct radiation in a one-pipe
system? Ans, 10 in.
5% (20) “Tf a 3-inch main, 100 feet long, will supply 900
Square feet of direct radiation in a two-pipe system, how
many square feet will it supply if the main is 400 feet long?
Ans. 450 sq. ft.

'“Z(21) Which is more economical, fo carry back pres-
sure on the engine, in order to utilize the exhaust steam for
heating purposes, or to heat with live steam direct from t‘he
boiler, altowing the engine to exhaust into the atmosphere?

11"’)('@'2] Name one of the chief advantages of the vacuum

system of heating using exhaust steam.




