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HEATING APPABATUS

PIPE FITTINGE AND VALVES

PIPE FITTINGS

1. The fittlngs commonly employed in steam piping are
not suitable for use in connection with hot-water heating
apparatus, because of the great resistance they offer to the
flow of the water, due
to the angles being too
abrupt. The enlarge-
ments commonly made
in pipe fittings are of
tittle consequence when
steam flows through
theni; but they retard
the flow of water too
mich in a hot-water
heating system, as the
motive force of the cur- § |
rent is small in propor- | Fis. 1
tion to the zmount of resistance offered. Elbows for hot-
water service should be made with a radins equal to five

) tirnes the internal diameter of the pipe, as shown in Fig. 1.
Such elbows are commonly made of wrourht-iron or steel
Copyriphied by Inlcrnational Tewtbook Compony, Hntered af Stotionsrs’ Hall, Lendew
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2 HOT-WATER HEATING §20

pipe, bent up to shape, and, consequently, are called bends.
When common pipe fittings must be employed, the retar-
dation of flow due to extreme resistance may be somewhat
lessened by carefully reaming out the ends of the pipe, as
shown in Fig. 2.

The commen screw union should never he vsed in hot-
water piping;

instead, the right-and-left coupling should
always be employed. In
large pipes, flanged
unions may be nsed.

VALVES

2. The essential fea-

tures of valves used in
hot-water heating are
very different from those
of valves emploved in
steam heating or in ordi-
nary plumbing. In the
latter cases, the wvalves
must elose with sufficient
force to be tight against considerable pressure; but in hot-
water heating, the valves are reguired to merely check or
direct a current of water having but a very small propelling
force. The stems must be packed with egual care, however,
to prevent leakage, and the valve bodies must be egually
strong to resist static pressure and rough usage; but the
valve proper, that is, the part that serves to shut the passage,
may be of very light construction,

3. Globe valves offer so much resistance to the passage
of water that they should not be employved in hot-water
apparatus at any peint. The common angle valve offers
considerable resistance, but 1s tolerated mainly for want of
something better. Tt may be used as a radiator valve, but'it
should never be used in main-line piping, because the turn is
much too abrupt,

»
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4. Gate valves should be used exclusively in all the
piping of a hot-water system. The heavy internzl construc-
tion employed in steam valves may be dispensed with. A
light single gate is sufficient, and the powerful operating
screw required for steam or water may even be replaced by
a light sliding stem and lever. Lever valves have advan-
tages over valves operated by a wheel and serew, in that the
position of the lever always indicates whether the valve is
closed or open, and there is never any uncertainty about the
proper mode of operating the valve.

9. To prevent the water in a radiator from freezing when
the radiator is not in use, a commaon practice is 1o have a
small hole (about ¢ inch in diameter) through the valve so that
2 slight circulation will always be maintained in the radiator
when the valve is shut. This by-pass to the valve is intended
to furnish enough circulation to prevent the temperature of
the radiator from reaching 82° F. when the air is near zero.

The size of the by-pass must be proportionzl] to the size of
the radiator, but in very few cases should it be more than
1 inch in diameter.

Many radiator valves, on the general plan of a plug cock,
have been designed for hot-water service, but they are
usually so bulky that they are not desirable.

EADIATORS AND BOILERS

BEADIATOHS

6. Radlators for hot-water heating should be constructed
of vertical tubes, connected with ample waterways at both
top and bottom. The continauous pipe coil that is so efective
in steam heating has few advantages for hot-water heating
and is quite inferior to the vertical loop radiator shown in
Fig. 3. The circulation in a coil will gradually stop as air
collects in the upper pipes or header, but it will continue in
a vertical loop radiator as long as the level of the water is
above the nipple a, Fig. 3. If it falls below the nipple g, the
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hot water will diffuse slowly up each side of the loop, while
the main circulation passes directly from the inlet to the
outlet.

The connections of the lonps to each other at the bottom
should be no more than equal in area to the supply pipe,
otherwise the resistance will be so great as to seriously
impede the main circulation.

7. In the Detroit loop radiator for hot-water heating,

Fig. 3, each loop is com-

@ 7 .% pl_r:tf: in itself and re-

I quires ne base or supply

chamber. The loops

are connecied together

i | in any number desired

j | , by means of nipples &, ¢.

d ' The construction of this

class of loops is often

varied so that they com-

prise three or even four

parallel tobes. They

are also modified so as
to form flue radiators.

TTRED

8. Hot-water radi-
Li ators must have two
\LS;‘}& connections, one for the
inlet and the other for
" ‘the outlet. They can-
not be eperated success-
fully with a single connection. The supply may enter the
top or bottom of the radiator, but the cutlet shonld connect
to the bottom.

In using hot-water radiators for indirect heating, particular
care must be taken to prevent them from being frozen by
circulation being shut off, The best preventive is simply to
connect such radiators direct to the system without any con-
trolling valves beging attached to them: this will insure a con-
stant circulation while there is a fire in the boiler.

Fio. 3
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BOILERS

9. The boilers used with hot-water heating systems are,
in all respects, similar to the best forms of steam boilers,
except that the spaces commonly reserved for steam room
may be dispensed with, or may be utilized for tobes and
other heating surfaces, Thus, in a common tabular boiler
the entire shell may be filled with tubes.

The circulation in many parts of a hot-water boiler is apt
to be much slawer than in a steam boiler, The cold water
enters at the bottom, and when heated passes out at the top;
the general movernent is, therefore, upwards, and there is
only a moderate Iocal circulation within the boiler. The
local convection currents move comparatively slow, becanse
the difference in weight of the ascending and descending
parts is small, the actual working height of sach local cir-
cuits seldom exceeding 2 or & feet, The water should pass
from the inlet, over the heating surfaces, to the cutlet in the
most direct manner and with the least possible resistance.

10. The aids to circulation that are so commaonly and
successfully used in steam boilers are of little or no value in
a hot-water boiler. Thus, circulating tubes can rarely be
used to any advantage; and drop tubes, which add so largely
to the capacity of a steam boiler, have no advantages for
heating water, because there is no practicable method for
maintaining a rapid circnlation through them.

In a steam boiler, the depth of water is comparatively
small and the circulation is greatly increased by the forma-
tion of multitudes of steam bubbles that mix with the ascend-
ing water and make it much lighter than an equal volume of
the descending parts of the current. The heating surfaces
in a hot-water bhoiler are, however, usually 40 to 60 feet, or
more, below the surface of the water in the expansion tank,
and the formation of steem hubbles on the heating surfaces
is not desirable, because 1t is likely to be accompanied by
loud rumblings and snapping noises. The bubbles of steam
condense on coming in contact with the colder parts of the
water and water hammer is the resuit.
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11. The area of heating surface required in a hot-water
beiler for a given transmission of heat is the same asina
steam boiler working at the same temperatures of water and
combustion. The reguired areas of grates and chimney are
also about the same.

The numerous varieties of hot-water boilers now on the
market differ greatly in the volumie of water that they con-
tain, although they have equal heating power. A heating
system that contains only a small amount of water can be
heated quickly, but it will alse cocl guickly; while, if the
volume of water is large, it will act as a reservoir of heat
and will maintain a moderate temperature for a consider-
able time after the fire has failed.

ATUXILIARY APPLIANCES

EXPANSION TANKS

12. The purpose of an expanslon tank is to keep the
pipes and other apparatns constantly full of water. The
water in the heating svstem expands when heated, sa if it
fills the apparatus when cold it will overflow when hot; the
expansion tank receives this overflow,

The construction of an ordinary, low-pressure, expansion
tank is shown in Fig. 4. The body ¢ and heads are made
of wrought iron, and should be galvanized inside and out.
A glass water gauge & is attached to show the beight of the
water inside. The tank is connected to the heating appa-
vatus by an expansion pife ¢. The 1op of the tank is always
open to the atmosphere through the pipe #, which must
never be closed. A connection to the cold-water house-
supply pipe may be made at ¢, for convenience in filling the
tank. Some expansion tanks are provided with ball-cocks,
by means of which water is supplied to the tank automatically.

13. The connection of the tank to the heating apparatus
mnst be carefully protected against frost. When this con-
pecticn is frozen, the apparatus is deprived of the relief
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afforded by the tank, and a rupture is sure to occur in some
weak parts when the water is being heated. Cpen communi-
cation between the expansion tank and the boiler must be
maintained at all times. No stop-valve should ever be
plated om this pipe, and wherever cne is found it should
be removed. Such a valve is Hable to be closed, and thus
produce disaster.

14. An expansion tank suitable for high pressure is
shown in Fig. 5. It differs from the form shown in Fig. 4

Fia. 1 Fig. 5

mainly in its proporticns, being of smaller diameter in
proportion to its length; it is also made of much thicker
materials. The outlet pipe is controlled by a safety valve a,
The height of the water is shown by means of the gauge,
or try, cocks 4,¢, d; glass water pauges are not suitable for
high-pressure tanks, because they are apt to crack and burst,
and thus allow the water to escape and damage the building.
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15. It is very essential that a closed, or high-pressure,

hot-water heating system be provided with means to prevent
the accumulation of a pressure that will burst the pipes,
boiler, or radiators. The expansive force of the water is
practically irresistible, and unless toom is provided for
expansion, it will burst the apparatus. The only mode of
securing safety is to provide the closed tank with a safety
valve, which may be set to blow off at the pressure that
steam would have at the maximum temperature desired in
the apparatus, No closed tank should be installed without
a safety valve. A hot-water apparatus having an open tank
is absolutely safe from accident by bursting so Jong as open
communication exists between the tank and boiler; but, if
for any reason, the tank or its conmections are closed,
it becomes dangerous.

HEATING SYSTEM

DESIGN AND ABRANGEMENT
FUNDAMENTAL PRINCIFLES

16. The diffusion of heat in fluids is accomplished by
conduction; in liguids and gases, the process is aided by the
motion of the particles of the substance among themselves.
The tendency of convection cutrents 1s (o merge iNto streams,
or currents, of considerable magnitude., The movement of
these large principal currents is called cireulation. The
rapidity of cirenlation will depend on the following consider-
aticns: (1) The amount of heat received per minute on a
given area of surface; (2) the extent of the heating surface
in proportion to the volume of the fluid; (2] the place of
application of the heat, whether at the top, side, or bottom
of the mass: {4) the conductivity of the fluid.

17. The valume of water does not increase at the same
rate as the temperature; the expansion has been determined
by experiment, and the results are given in Table I. The
increase in volume caused by henting water, or in height of
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20, While it is true that the total motive force increases
with the size of the pipe—~that is, the motive force in a pipe
4 inches in diameter will be four times that in a pipe 2 inches
in diameter—it must he remembered that the 4-inch piping
contains four times as much water as the 2-inch pipe, so that
the force exerted and the water on which the force is exerted
{in other words, the power and the resistance) are relatively
the same. [t is, therefore, a mistake to suppose that by
increasing the size of the pipe there is secured an increase
of motive forre with which to overcome faults in piping,
or such resistances as rise from ohstriuctions in the form of
foreign matter. Every iticrease in the size of pipe means an
increase in the quantity of water to be moved, and there is,
therefore, no motive force to be wasted in any size of piping,
However perfecily the piping is proportioned and run, the
margin in motive force is so narrow that extremely slight
obstructions will render the apparatus practically inoperative,

21. The force available for moving the water in a gravity,
hot-water, heating syvstem may be computed by the following
method; The height of the descending column should be
measured from the actual top of the column (the point at
which the water begins to flow downwards) to the point
where the return pipe enters the boiler. The average tem-
peratures of the ascending and descending columns should
then be carefully measured. The difference in weighr of
columns of water 1 inch sguare and 1 foot high, at the actual
average temperatures thus found, may be learned by using
columns 4 and 8 of Table I. As these columns give the
weight of the water per cubic foot, however, it is necessary
to divide by 144 in order to obtain the weight or pressure
per square inch for each foot in height. This difference in
weight between the ascending and descending columus of
water, when multiplied by the height of the columns, in feet,
equals the total pressure per square inch that acts as a motive
force to drive the water forwards.

Examere.—What is the total motive force per sguare inch in a hot-
water heating appariatus, when the average temmperature throughout

el
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the ascending columno is 230°, and in the descending calumn 1807, the
operative height of the descending column of water beiong 70 feet?

Sorytion.—Table I shows that water at 180° exerts a pressure of
66.548 + 144 = 4206 [b. per sg. . at the base of the column for each
faot of height; and that water at 230° has a corresponding pressire of
o1.36 + 144 = 4122 lb. per sq. in. The force available for moving the
water will then be the difference in pressure multiplied by the height
of the ceolumn, which is 4305 — 4122 = 0083 |h., and 0085 X 70
= .p8l lb. per sq. in: at the base of the column. Ans,

In estimating the operative height of the column, any part
of the system that is located above the level of the point
at which the water begins to fow downwards must not be
included. ‘The elevation of the level of the water in the
expansion tank above that point does not increase the motive
force of the system in any degree. It Serves only to increase
the static pressure equally throughout the whole system.
An increase of static pressure simply raises the boiling point
of the contained water and thus admits of a higher temper-
ature being given to the water in circulation.

EXAMPLES FOR PRACTICE

1. What will be the height of a column of water when heated to
2007 F. from 60° F., the height of the original temperature being 24 feet?
The column is uniform in cross-section. Ans. 24,92 ft. pearly

2. If 42 pallons of water is heated from 32° F. ¢o 1756° F., what will
the oew volome be? Ans. 43.22]1 gal., nearly

3. In a hot-water heating system, the ascending column averages
180° F, and the descendiog column 1407 F.; the descending ecolumn
being 45 feet high, what is the motive force, in pounde per square inch?

Ans. .26 Ib. per sq. in.

CIRCULATION IN ERADIATORS

22. Hot-water radiators may be supplied with hot water
at the top or at the hottom, but the pipe that returns the
water from a hot-water radiator to the hoiler should be con-
nected to the bottom tapping of the radiator. If the hot
water is introduced at the top, the circulation of the water
within the radiator will be downwards in every loop or sec-
tion, the sections being connected together with nipples at

253
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the top. As the waier becomes cooled in the sections, it
falls by gravity to the return pipe. If the hot water is intro-
dueed into the base of the radiator, it invariably ascends in
the loops nearest the inlet tapping and descends in the other
loops. If the radiator is short, the circulation may be up
one column of each loop and dewn the other eolumn; or, the
direction of the cireulation may be hoth ways in the same
radiator. In any case, the peneral direction of the current
must be from the inlet tapping to the outlet tapping., The
circulation within the sections is of secondary importance
and does not materially affect the efficiency of the radiator.

ARRANGEMENT OF APPARATUSR

APPLIANCES REQUIRED

23. The apparatus required for warming buildings by
the use of hot water is essentially composed of a water
heater, often called a Aef-wafer boiler, a number of radia-
tors or other such heating surfaces, and a system of piping
to connect the radiators to the water heater. An expansion
tank is also employed in the system for the purpose of com-
pensating for the expansion or contraction of the water, due
to the changes in its temperature.

The boiler, or heater, is generally located in the basement
or cellar of the building to be warmed, and, if possible, lower
than the lowest radiators to be heated. The reasan for set-
ting the boiler low is that the hottest water always flows to
the highest parts of the system, and the lower radiators,
particularly if helow the level of the boiler, are liahle to be
too canl 1o be efficient heating surfaces.

The piping usvually consists of two systems, a flow sys-
tem, or that which convers the hot water from the boiler to
the different radiators, and & return system, or that which
conveys the water from the radiators back to the boiler. All
the flow pipes should, if possible, pitch gently upwards toward
the radiators to which they are connected, and the return
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pipes should have the same pitch. This will not only pre-
vent air from accumnlating at any point in the piping, but
will also facilitate the circulation of the water.

Owing to the fact that water, whether kot ot cold, will Sow
in the direction of least resistance, it is absolutely necessary
that the pipes be properly proportioned to take to the several
radiators exactly the volume of water required, and no mare:
otherwise, mmore water will low throngh some radiators than
through others, which means that some radiators will be
hatter than others.

Small air valves, antomatie, or otherwise, are attached ta
the highest points of the several parts of the svstem, usually
on or near the tops of the radiators, to allow air in the sys-
tem to escape, and thus prevent a stoppage of circulation by
air locks.

EXPANSION TANKS

24. The object of using an expansion tank in a hot-water
heating apparatus is simply to have a receptacle into which
the water in the heating system may expand when heated.
If an open expansion tank is used, the expansion of the
waler takes place without any perceptible change in the pres-
sure thronghout the system. If a closed tank is used, how-
ever, the water in expanding will compress the air in the tanlk,
thereby increasing the pressure throughout the system and
raising the boiling point of the water; for instance, the boil-
ing point of water at the sea-leve! pressure of 14.7 pounds is
212° F., while the boiling point of water subject to a gauge
pressure of 60 pounds per square inch is about 807° F.

25. To compute the size of an expansion tank, it is first
necessary to find the capacity of the heating apparatus, and
then how much the water will expand when heated from
46° T. to the highest temperature possibie for the pressure
to which the water will be subjected. When the tank is open,
it is customary to calculate on a maximuom temperature of
212°, althocugh the temperature of the water in the heater
may De much higher, due to the pressure corresponding to
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the hydrostatic head; that is, to the depth of water between
the expansion tank and the boiler. When the tank is
closed, the amount of expansion is usually calculated from
46° F. to the boiling point at a pressure egual to the highest
pressure that will ever exist in the expansion tank.

The amount of expansion for a given system, that is, the
change in volume of the contained water, is caleculated by
the rule in Art. 17 and this should be the minimum capacity
of an expansicn tank. Thus, suppose that the capacity of
the water heater, the piping, and the radiators is 300 gallons,
and that an open expansion tank will be used. Then, by
Tahle I, the relative wolumes at 467 and 212° are 1 and
1.0444, respectively. Applying the role in Art. 17, the
expansion is 800 » {1.0444 — 1) = 13.32 gallons, which
should be the minimum capacity of the tank.

Having computed the actual velume required for the
expansion of the water, the additional space for air may
be readily found. The pressure of steam hawving a temper-
atare of 3507 is about 135 pounds absolute. Air must be
compressed to about one-minth of its original volume to pro-
duce that pressure; therefore, the space for air, above high-
water mark, should be one-ninth of that allowed for the
expansion of the water.

The dangers pertaining to the us¢ of the hermetically
sealed tank are so great that their use is unjustifiable. In
all cases where a closed tank is employed, a proper satety
valve should be attacked.

26. A common and simple methed of proportioning an
open tank to a heating apparatus is to make the tank capac-
ity & per cent. that of the apparatus. This is done on some
of the best work and gives good results.

The size of the closed tank depends considerably on the
highest temperature at which the water iz to he kept. For
example, an apparatus to be run at a temperature of 300° F.
shonuld, for safety, have a closed tank whose capacity s 10 per
cent. of that of the heating system: for 400°, 18 per cent;
and for 5007, 25 per ceat. of that of the entire apparatus.

il
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27. The expansion tank should be so placed in the build-
ing as to be accessible and in view at all times, say in the
hallway of the top floor. It must be thoroughly protected
from frost, and must be placed at a point higher than the
top of the highest radiator; in fact, it must be the highest
point of the system,

28. Expansion tanks are often furnished with a ball-cock

Sy Pipe
T Fapeaaias Boes
o Overfiaw P

Pic. 7

’ descends too low. The ball-cock maintains a practically
uniform water level in the tank for the several temperatures:
that is to say, a water-line near the top of the gauge for high
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temperatures, at the base of the pauge for low temperatures,
and water-lines between these points for intermediate temper-
atures. This prevents the necessity of running i a little
water at intervals by the use of the stop-cock g, Fig. & to
compensate for evaparation, ate.

29, Fig. 7 shows a freqguently used method of making
connections to the expansion tank, which in this illostra-
tien is of the horizontal flush-tank pattern, with awtomatic
ball-cock feed and an overflow discharging at some con-
venient point below the tank., As shown, the expansion
pipe is conmected by an L and short nipple to 2 T io the
retorn tiser of one of the radiators on the top floor, thus
offering no obstructicen to the natwral circulation of water
throngh the radiator.

PIPING BYSTEMB

CLASBIFICATION AND COMPARISON

30. There are two systems of hot-water heating; viz,,
the rinsed, and the open, called alsa the Afrh-pressire, and the
lowo-pressiere, syefems.  The cholce of a system for any partic-
nlar building or for special service depends on the lccal
circumstances in each case.

The low-pressure, or open-expansion-tank, system
of warming buildings with hot water is that in which the
water within the heating system is constantly open o the
atmosphere. The low-pressure system operates with a maxi-
mnm temperature of 210° or 212° and the range of tempera-
ture is usually abont 20°; the area of heating surfaces must,
therefore, he nuite larpe.  The motive force is so small that,
in large jobs, the size of the distributing pipes and mains
becomes very inconvenient; these large pipes also add greatly
to the cost of the apparatus. For ordinary dwellings, the low-
pressiire system has subsiantial advantages: it is not liable
to damage by explosion or by neglect; it ean be aperated by
any person capable of maintaining a proper fire in the boiler;
and, if properly erected, it is not liable fo get out of order.

§20 HOT-WATER HEATING 19

31. The closed-tank, or high-pressure, system is
that in which the hot water within the heating system is not
open to the atmosphere, but is enclosed in an air-tight appa-
ratus, much the same as water is enclosed in an ordinary
steam boiler. In the high-pressure system, the temperature
of the water may be anything from 212° to 400°, or even
more, for heating purposes. Where there is no objection to
nigh temperatures and the accompanwying Tisks, it may he
used in preference to the low-pressure system. It trequires
strang boilers and radiators, the pressure at 250° being ahout
121 pounds per sguare inch by the gauge, but the apparatus
is much smaller than that used for low-pressure heating.
The range of temperature at the radiators between the inlet
and outlet is large, amounting sometimes to 150 or more;
conseguently, the pipes used may be quite small. TUsually,
howewver, the range is about 33° or 607, which means that
the radiators also may be small. This gives a motive force
about three rimes as great as in low-pressure apparatus, the
range in which is usually about 202,

ABRRANGEMENT OF PIPING

32, Water at ordinary temperatores, If exposed to the
air, 15 always tharged with a certain amount of air and other
gases, which it seems to hold in solution. For example,
distilled water, when exposed to the atmosphere, will absorb
about 4 per cent. of its own volume of air; and, if placed in
an armosphere of carbon dioxide, will absorb 100 per cent.
of its own volume,

When water charged with air or other gases is increased
in temperature, the gases are gradually driven off from the
liguid and rise in small babbles to the surface until the water
has reached the boiling point, when all the air will be liher-
ated and steam will form. Now, it will readily be seen that
when a fire is first started in a hot-water boiler, air will be
liberated from the water and will rise to the highest points
of the heating apparatus, where it will aceumulate and form
air locks, if it cannot escape to the atmosphere, This matter
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must be carefully considered in constructing hot-water heat-
ing apparatns, because the motive force is so small that it
may be easily neutralized and the cirenlation stopped by an
air lock of comparatively small size. Air always collects in
all high places, such as the tops of radiators, the upper ends
of vertical pipes, ete., and these points should alwawys be
provided with air vents.

33. Al horizontal supply, or flow, pipes should be
inclined upwards on a uniform grade, so that the air will
readily flow into the risers. The air in the pipes will then
pass into the expansion rank and escape into the atmosphers
or into the radiators. If this cannot be done, an automatic
air vent of sufficient capacity must be attached to the piping
at the highest point.

In many cases, air pockets may be vented advantageously
by attaching a small pipe to the top of the pocket, and
extending it to the top of the house, at least as hizh as the
top of the expansion tank, leaving it open to the atmasphere,
preferably over the expansion tank. This makes a reliable
vent, but the special pipe cannot always be permitted. Care
must be taken to keep it from freezing, because there is no
circulation through it.

a4, A bubble of air lodged in a pipe will obstruct the
flow of water through it, to the same extent as a block of

wood or metal of the same size. Thus, in Fig, 8, if the
bubble & occupies two-thirds of the area of the pipe, the
remaining third only is available for the passage of water.
Although the air is very elastic and light, it occupies space
just as positively as any sclid substance. The bobble can
be dislodged only by a much stronger current of water than
can usually be found in a hot-water heating apparatus. The
best remedy for air lock in a pipe is to straiphten the pipe.
Whether the bend that holds the air is long or short, or
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whether it occurs in the flow or return pipes, is of little
conseguence, because the effect is the same in azll cases.

35. A bubble or small air lock in a local cireuit will, in
many cases, completely stop the circulation. Thus, when
several radiators are so connected to the same supply and
return mains that each is on a local and practically independ-
ent circuit, the force that impels the water through them is
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so nearly alike in each that the impediment caused by an air
bubble lodged in one of the connections is usnally sufficient
to stop the flow through that circuit and to divert all the hot
water into the other cirenits.

The manner of fitting up and connecting pipes far hot-
water service is substantially the same as for steam heating,
The expansion of the pipes by heat must be provided for by
using spring pieces, etc. in the same manner.
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PIPING CIRCUITS
36. Simple and Compound Circuits.—A pipe circuit
in which the water flows directly to a radiator through a
single pipe without branches, and returns to the boiler through
another direct and special pipe, as shown in Fig. 8, is called

a simple circuit. Although a large number of such circuits
height of each circoit and the difference
lation in each circuit, so that the heat
systems, The system is objectionabie,

may be connected to a single boiler, each is entirely independ-
£ ent of the others, and ihe force of cir-
__/M\ culation is governed by the actual
[} —

of temperatures prevailing in it.
The simple-circuit system has the
i —L/I[H]]I[[u_\_ advantage of positive and direct circu-
required at each radiator can be accu-
rately provided for. It therefore re-
_L/HHDIHH_\— quires less skill in designing than other
except for smali jobs, becanse the num-
her of pipes rupning to and from the

X J.M\— boiler becomes so great that they are

very inconvenient and quite expensive.

37. Ina compound cireult, the
_,_/WE supply current moves in a main pipe of
| comparatively large dimensions, com-
monly called the flow meafn, and the
return currents proceed to the boiler
through a similar pipe called the refurn
main, These mains are connected by
a numher of small branches, each of which makes a direct
circuit between the flow and return maing. The radiators
are connected to these branches, usually one on a branch,
sometimes more.
Compound circuits are arranged in many ways, most of
which are variations of the two systems shown in Figs. 10
and 11. In Fig. 10, the mains are vertical. and the branches
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Fig. 10
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are substantially horizontal. In Fig, 11, the mains are hori-
zontal and the radiators are attached to vertical branches or
drop risers. In the former case, the effect of rapid cooling at
any one radiator is to decrease the average temperature of the
retiurn main; and as all the radiators are connected to the same
mains, the effect is divided and distributed over the entire
system. In the latter case, each radiator is independent, and

¢
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the rapidity of the eirenlation through it will depend on the
amount of cooling that occurs at that point.

88. In Fig. 11, the radiators ¢ and 4 are supplied from
the same drop riser, and both are connected to the samme
return pipe. The eireulation through the upper radiator will
always be good, bat while this continues in operation the
lower radiator may be unahle to get anv hot water owing to
the fact that the pressure of the cool water in the return
between ¢ and o overbalances that of the hot-water column
in the flow connection to &, and prevents its flowing through
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the radiator. This trouble can be remedied by provi-
ding it with a separate refurn to the main g, thus making
it independent of the upper radiator.

39. Another methed of operating a radiator on a drop
riser is shown in Fig. 12. The flow connection to the supply
pipe is made at one level and the seturn is connected into
the same pipe at a lower level. The circulation throngh the
radiator will depend mainly on the vertical distance between

= - 3 the points & and 2. The flow connec-

I tion may be made to the top of the

radiator, as shown at @, or to the

5{_] o bottom, as at 4, as convenience may
ﬂa_ reguire,

i 4(. With the arrangement indi-

cated in Fig. 11, each radiator will

& l be supplied with hot water of practi-

cally the same temperature; but in

the case of Fig. 12, the water in the

drop pipe 15 lowered in temperature

by the cooler water returned from

g each radiator; consequently, the water
[["]]I supplied to the radta'tﬂl's at lower
levels will be successively reduced
in temperature. This will usually
ﬁ make it necessary to employ larger

(N

@

radiators on the lower floors when
Fro, 12 this s¥stem is employed.

41. Open and Closed Cirenits,—There is quite a
difference of opinion regarding the truze meaning of the terms
gpen and clossd ¢irrwids. The terms and their meanings as
adopted here, may seem contrary to local usage, but they
coincide with the meanings of the same words as applied in
the electrical profession, and therefore will help to prevent
confusion or misunderstanding.

In the plans shown in Figs. 10 and 11, the flow and return
mains are connected only by the radiator branches, and there
is no way of maintaining a flow of water through them when
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the radiators are shut off. This arrangement of mains is
called an open clrenlt.

When all the radiators, except one or two, are shut off, the
amount of circulation is likely to be too small to keep the
water in the mains at a proper working temperature. Then,
when the other radiators are gpened for use, considerable
time must elapse before the whole system heats to the
desired degree. This slowness of heating may be obviated
by keeping up a good circulation through the mains at all
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times, regardless of the radiators, by connecting the flow and
return mains by a pipe &, as shown in Fig. 18. This arrange-
ment is called a closed cireult. The connection should be
as large as the extreme ends of the flow and return mains
which it connects. As long as a proper fire is maintained in
the boiler, an active cirenlation will go on in the mains and
the water will he always at the maximum temperature, so
that any or all of the radiators may be promptly supplied
with hot water as soon as the valves are opened.
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The closed circuit is desirable for all situations where the
gimple or single circuit, Fig. 9, is not used, and is adapted to
high buildings as well as low ones. It is superior to all
others in long low buildings of one or two stories, where the

i, |
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mains must extend a long distance horizontally, 25 in cases
like Fig. 14,

ONE-PIPE, OR RINGLE-MAIN, SYHTEMS

42, A certain svstem of piping for hot-water heating is
commonly calied the one-pipe system, but the name is a

]
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misnomer, While it is practicable to operate a steam-heat-
ing system with a single main and with single connections
to the radiators, it is whaolly impracticable to do so with hot
water. Hot-water radiators must have two connections. The

(| -— [
[
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overhead system represents the nearest approach that can be
made to a one-pipe system of hot-water distribution. the
flow branches and return branches of the radiators being
connected to the same drop riser as in Fig. 12, or radiator
branch connections may be made to the same main substan-
tially as shown in Fig. 15. In the latter system, the main
is of unusually large diameter, so that it acts as a reservoir,
and the movement of the current through it is comparatively
slow. The risers are tapped into the top of the main, and
the returns are comnected into the side or bottom, so that
they deliver the cooled water into the lower part of the main.

It is necessary that the temperature of the water be main-
tained at a praper degree throughout the whole length of
the main, so that the water supplied to the radiators farthest
from the boiler will be reasonably hot; otherwise, the radia-
tors supplied with the caoles
water must be made very
large, in order to compensate
for the low temperature of the
supply.

The main in a one-pipe svs-
tem is usually carried around
the basement walls exactly as
for steam heating., Itis con-
nected to the boiler by a return pipe g, thus making a closed
circuit and insuring a circulation through it at all times., In
stores and office buildings where there are a larpe number of
radiators on a single-main cirenit, each being controlled by a
diffierent person, the advantage of having the circuit closed
is of great importance. This system has no apparent advan-
tages, except that in some cases it is cheaper to install. The
circulation in each radiator depends solely on the actuai
height of its individual return column, and the system as a
whole is sluggish in operation.

In the one-pipe system, the connections for a radiator
are made substantially as shewn in Fig, 16, the main current
moving through « in the direction of the arrow, 4 being the
flow connection and ¢ the return. The abject here is chiefly
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to take the supply of hot water from the top of the main and
return the cooler water into the bottom.

43. One of the disadvantages of the single-main, or
continunus-circuit, system of hot-water heating is that the
lack of a uniform temperature throughout the circuit neces-
sitates proportioning the radiators so as to provide for
differences in heating power at different points in the main,
which should be arranged so0 as to secure the advaniages
of a divided instead of a continuous circuit.

44. Whenever it is possible to do so, it iz an advantage
to install the single-main system with multiple, or spit, cir-

Fic. 17
cuits as indicated by a plan view in Fig. 17, which shows

the piping system for a small one-story library. This not
only permits the use of a smaller piping but reduces the tem-
perature drop, thereby insuring greater uniformity of temper-
ature throughout the wheole building. Supply and return
connections may be taken from special fittings, thus reduo-
cing the expense of installation as compared with systems
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wherein the comnections are made as shown in Fig. 16. In
arranging the mains as shown in Fig. 17, the highest points
are at the riser connections nearest the boiler. The separate
main pipes « and § run in opposite directions around the
cellar, to be connected into the return ¢ by means of a long-
turn twin elbow at &, where the main drops to or below the
cellar floor and from thence is carried to the boiler.

45. In the overhead system of hot-water heating,
shown in Fig. 18, a single main riser a is carried directly
upwards from the boiler to the attic, proper provision being
made for expansion; the riser usuzlly supplies two opposite
branches 4, & of smaller diameter, as shown. When the
piping can be so arranged, it may be run beneath the top Aoor,
as shown, with the top-floor radiator conanections taken from
the branch mains, the radiator valves being placed in the
Teturn connections. From the branch mains #, connections
are taken for the drop risers r, ¢/ that supply the radiators
on the floors below. Connections between the drop riser and
radiators may be made as shown at the left of Fig, 18 with
the radiator valve in the return connection, or as shown at
the right, with the radiator valve in the supply connection.
In some cases, two drop Tisers, as ¢ and ¢, Fig. 18, are used
for each line of radiators, this case also being shown in
Fig. 11, the supply riser being reduced in size at each radi-
ator connection and the size of the return riser being corre-
spondingly increased.

46. With the overhead, or drop, system of hot-water
heating, no air wvalves are necessary, except when the
system is arranged as shown in Fig. 18, when the radiators
on the top floor should be eqnipped with air valves for vent-
ing the air that would escape through the expansion tank if
all the radiators were served by drop risers, One of the
advantages of the overhead system of distribution is that it
provides no oppertunity for one radiator to tob another of
its supply of hot water, but all radiators work together
harmoniously, so to speak. The water that passes through
one radiator must flow through the one below it whenever

2654
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the radiator valve is open. Tao preserve the greatest pos-
sible difference in temperature between the ascending and
deseending columns of water, the riser main and the horizon-
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Fic. 14
tal mains taken therefrom to supply the drop risers should
always be well covered with some good pipe covering, but
the drop risers should not be covered.

¢)
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47. Exzpansion tank connections may be made by run
ning a l-inch pipe from a bushing in the long-turn cross at
the top of @ in Fig. 18, or the expansion pipe may be attached
to the return end of one of the radiators on the top floor, in
case such an arrangement would be more convenient. The
overhead systemn is well adapted for use in large residences
where the heating of the first floor is accomplished by means
of indirect radiation, the amount of which should be 50 per
cent. in excess of the amount of direct radiation that would
be reguired to heat the first-floor rooms.

TWO-FIFE SYSTEMS

48. Anillustration of the two-plpe system of hot-water
heating is presented in Fig, 18, The hot water flows from
the boiler through the supply mains and risers a,a’ to the
radiators r, », whence it returns to the boiler through the
risers ¢'.¢ and remrn mains ¢, ¢. DBPoth flow and return
mains pitch upwards from the boiler, as shown. FProvision
for expansion of the water is provided by the expansion
tank o, which is connected with one of the return mains near
the boiler, as indicated.

49, The two-pipe system shown in perspective in Fig. 20
is sometimes called the parallel system, because the flow
and return pipes are run throughout the building substan-
tially parallel to one another. In this illustration, the flow
pipes are shown by solid lines and the return pipes by dotted
lines. The hoiler is located in the cellar as usuzl. From
the two tappings on the upper header are run the flow
mains & and 4. The main « is split into two mains € and ¢
by a twin elbow. The return mains are all run on the same
horizontal plane and parallel with their respective flow mains,
except the return main &, which is run under the main ¢ so
that a twin elbow and 45° offset can be used at the point f to
raise the mains g and % to the horizontal planes of the
mains ¢ and #. The branches to the risers and the first-floor
radiators are taken off midway between the top and the side
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of the flow and return mains, by the use of a reducing T, a
short nipple, and a 45° elbow at each branch. The radia-
tors 7,7 are supposed to be lecated on the first floor and
circnlation to them has been favored by making their connec-
tions directly to the main or taking them from the top of the
riser connecticns at the cellar ceiling. The radiators 7, 7 are
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located on the second floor, &, # on the third floor, and /,/ on
the fourth floor. f(Gate valves atre shown located in the
mains &, ¢ to shut off that circuit; gate valves are also located
in the mains &, &, and or & and its corresponding return to
shut off these circuits. The expansion tank m is provided
with a pipe continued up through the roof and bent over in

) |

¢)

$

J

§20 HOT-WATER HEATING o3

the form of & return bend. The bottom of the expansion
tank is comnected to the vertical part of the flow main a,
directly aver the boiler. Many fitters connect the expansion
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Fig, 20

pipe to the return manifold. The advantage of connecting
the expansicn pipe as shown is this; If the gate valves on
the mains are closed for repairs and the fire is not properly
drawn from the heater, steam generated in the heater wil
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pass up through the expansion pipe n, through the tank m,
and escape above the roof without emptying the heater. I.f
the pipe is connected to the tottom of the heater, and if
the same condition occurs, the water in the heater will be
pushed up through the expansion tank by the pressure of
the steam generated in the heater. The parallel system of
piping is very neat when praoperly instalted and hence 1is
favored by heating engineers. Both the flow and the return
mains are graded upwards from the heater to the risers, and
each radiator is equipped with an automatic air vent. Each
radiator is also provided with a valve on the flow or return
conpection to regulate the current. In scme cases, gate
valves are also placed on each riser connection, so that each
riser can be shut off separately without interfering with the
main cireuits., 1t work is laid out as shown in this illustra-
tion and the piping is properly proporticned and the first-floor
radiators favored at their connections, a practically nniform
siceulation and an even temperature at the radiators can be
obtained,

PROPORTIONING HOT-WATER BYBTEMS

GENERAL CONSIDERATIONS

50. Egqualization of Flow of Water.—The principal
«bject to be sought in designing a system of hot-water piping,
is to adjust and egualize the resistance in &ach circuit and
branch so that the hot water will flow with equal readiness
to each radiator. This is accomplished by making the diam-
eter of each pipe just sufficient to pass the desired amount of
water under the head, or driving force, available in that
particular part of the system. Artificial resistances are also
introduced at some points by putting in extra elbows or
bends: valves are sometimes used for the same purpose.

An ordinary low-pressure system requires larger pipes than
a high-pressure system, Decause the difference in tempera-
ture of the flow and return is less, and the driving force is
consequently smaller.

b)

§20 HOT-WATER HEATING 1)
51, Temperature Drop.—The water must fall in tem-

perature while passing through the radiator, in order to emit
heat, The tate of emission per hour being the same, the fall
of temperature will be inversely proportional to the quantity
of hot water passing through. Thus, if the temperature falls
10" with a supply of 100 cubic feet per hour, it will fall 20° if
the supply is reduced to 60 cubie feet per hour. It should be
noted that the temperature multiplied by the volume of the
flow, or its wvelocity, will he a constant figure. Therefore,
it 1s necessary to determine in advance what the fall of
temperature shall be at each radiator, before the guantity of
water to be supplied or the size of the pipe reguired to
properly supply it can be computed.

The fail of temperature commonly allowed in good practice
is 20°, while 35° is regarded as the limit in any case. For
general purposes, i1 is assumed that the waier will cool 20°
in passing through the radiators, and will thus emit 20 heat
units per pound or 166 units per United States gallon of
231 cubic inches.

52. Length of Clrenit,—In estimating the length of
any given circuit, for purposes of computation, an addition
should be made to the measured, or actual, length sufficient
to equal in resistance the total resistance offered by the fit-
tings. For example, in & circuit having an actual length of
300 feet, there are eight elbows and twelve T's. Allowing
70 nominal diameters for each elbow and T, the length to be
added to the actual length of circuit to represent the resist-
ance of the fittings 1s 84 12 x 70 = 1,400 times the nom-
inal diameter of the pipe. In the case of a 4-inch pipe, this

equals 11@%-& = 467 feet, making the estimated length

300 + 487 = T67 feet,

The actual length of a cireuit is slways understood to be
the actual distance traveled by the water in going from and
returning to the boiler, or the tcbanection at the main.

When the water flows through pipe coils, the actual dis-
tance traveled must be ascertained and included in the
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estimate of length of the circuit, and fall allowance must be
made for each return bend., It is found, by experience, that
the ordinary flow and return connections from a radiator to
the risers or mains, which have an aggregate length of about
10 feet, and include six ordinary elbows or their equivalents,
will present about the same resistance to the flow of water
as a plain, straight pipe from 50 to 100 feet long.  Therefore,
in computing the friction in a circuit, from &0 to 100 feet
shonld be added to the actual length for each ordinary
radiator connection,

53. Helght of Clreuit.—The horizontal pipes on the
upper floors of a building, and also the risers leading thereto,
may be made smaller in diameter than those on the lower
floors, because the driving force that impels the water
increases with the height of the c¢ircwnit, as previously
explained. The proper size of the pipe having been deter-
mined for a given service on the firsi floor, the diameter for
equal service on higher floors, the temperatures remaining
the seme, may be found by multipiying by the following
factors:

SEConD THIRD FourtH FirTH
SToRv SToRY STORY SToRY
Factors . . A7 8 .76 Fri

No factors are given for heights above the fifth floor, or
about 50 feet, because the decrease for the succeeding stories
is so small that it is of little practical account.

The area of heating surface that may be supplied by a
pipe of given diameter will increase as the circuit is made
higher. 1f the area of radiating surface known to be right
fur a given size of pipe on the first floor is taken as 1, the
areas on the upper floors will increase in the following order:
TaIxD STORY

1.8

Szcoxnp Story

1.41

Fourta StoRy

1.98

FirrH STORY

2.24

54. Heat-Emlssive Capacity of Hot-Water Radla-
tlon.—QOwing to the fact that air circulates less rapidly over
hot-water radiators because of the comparatively low temper-
ature of the radiating surface, the heat emission per sguare
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foot of surface per degree difference of temperature is less
than with steam-heated surfaces. The rate of emission
varies with the temperature of the water, being approxi-
mately, in British thermal onits, as given in Table 1I, which
also pives the temperature that the radiating surface shounld
have in order to meet the requirements imposed by varying
weather conditions.

55. Radlating Surface Required.—The amount of
hot-water radiation reguired for heating dwellings of ordi-

TABLE II
HEAT EMISSION OF HOT-WATER RADIATORS
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nary construction when the temperature of the radiating
surface is 160° F. may be found, approximately, by means
of the following rule, which applies to the ordinary two-pipe
system:

Rule.—Wultipdy the exposed wall surface by 25 and add the
actual plass surface fo the product, faking the surfaces in square
Feed,  Mulfiply the sum by 63 fo determine the amount of divect
radiation veguired on the fivsd floor; for the second floor, walti-
ply by 59 and for the thivd floor, by 56,
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Or, R=1{2w+g)e
in which & = direct radiation, in sguare feet;
w = exposed wall surface, in squnare feet;
£ = plass surface, in square feet;
¢ = .63 for first floor, .5Y for second floor, 56 for
third floor.

Exsmrre.—How much radiation is requoired far a first-story, o
second-story, and a third-stery coom Daving 268 sguare feet of sxposed
wail surface and 72 square feet of glass surface? The rooms are to be
heated by the two-pipe hot-water heating system.

Sorrrion.—Applying the role,
£ o= [ 28 > 268 4- T1) x .63 = BY.AT sq. ft. far the first-floor room. Ans.,
K= (.25 X 285 4+ V2] ¥ BB = B2.01 =qg. ft. for the second-floor room.

Ans.
77.84 =q. ft. for the third-Acor room.
Ans,

£ o= .25 x 268 4 72) % .h8
56. For the single-pipe overhead system, the amount of
hot-water radiation may be approximated as foliows:

Rule.—Multiply the exposed wall surface by 25 and add the
actual giass surface fo the product, faking the surfaces in sguare
feed,  Multiply he sum by 71 for the fivst floor lo delermine
the diresd! radialion; by 63 for {he secomd foor: and by .56 for
the thivd floor,

Oz, Bo=(80w+role
in which A& = direct radiation, in sguare feet;
w = exposed wall surface, in square feet;
E glass surface, in square feer;
Fa .71 for first fleor, .65 for second floar, .56 for
third fioar.
Exampre.—With the overhead system of heating, how much direct
radiation is required fora frst-story, a second-story, and a third-story,
room having 328 square feet of exposed wall surface and Bl square
feet of glass surface?
SoruTrion.—Applyving the rule,
£ = (.20 X 325+ B1) X .71 = 115.73 sq. ft. for the first-floar room.
Ans,
£ o= (.25 % 328 + BI) X .63 = 102.88 sq. ft. for the second-foor room,
: Ans,

£ = [.25 % 528 4+ 81} % 68 = 91.28 sq. ft. for the third-Boor room.
Ans

lI
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67. Ratlo of Radlating Surface to Space Heated.
For ordinary dwellings having average wall and olass expo-
sures, with the open-tank or low-pressure system of hot-water
heating and direct radiation, Table 111 gives ratios of radi-
ating sorface to space heated such as may be employed when
an approximate determination of the amount of radiating
surface refquired is desired.

Where semidirect radiation is emploved, the radiating
surface should be increased as least 25 per cent.; while for
indirect radiation, there should he 50 per cent. more surface
than would be required for heating by direct radiation. In

TABLE IIX

BRATIO OF DIRECT HOT-WATER RADIATING SURFACE
TO BPACE HEATED

Eatio of Radiating

Character of Space to be Heated Surfate to Cubic Space
Heated
Living rooms, cne zide exposed . . . 1to 32
Living rooms, two sides exposed . . 1to 30
Living rooms, three sides exposed . . 1 to 28
Hleepirdrrtiomie | Jonb o T R0 TS e 1 th 30~40

18 B S C Ty T T Y T 1 10 20—-30
Bchpolrooms and offices .« « & <. 4 s I 10 30-50
Factories and Stores. v con = ocw 1 to 50-70
Auditoriums and churches . . . . . . 1

to Bo—Io00

propartioning flues for indirect hot-water heating, aliow
1.5 sguare inches of flue area for each sguare foot of
radiating surface in the indirect stack for the first floor,
and 1.25 sqguare inches area for the flue to the second
floor and for cold-air duct to stacks.

58. Hot-Water Boller Ratings.—'The manufacturers
of hot-water boilers rate these hoilers hy stating the number
of square feet of direct radiating surface that they will sup-
ply, all uncovered pipes being figured as direct radiation.
Average practice is to base the rating on a consumption of
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4 pounds of coal per square foot of grate surface per hour,
assuming a heat transmission of 8,000 Eritish thermal units
per pound of coal burned to the water in the boiler, and a
temperatore of 170° F. at the radiator.

A careful comparison of the rating of many boilers has
shown that 1 sguare oot of grate surface, on which 4 pounds
of enal is burned per hour, is rated as capable of supplying
ahout 208 sguare feet of direct radiating surface or 137 square
feet of indirect radiating sorface with sufficient hot water to
maintain the radiating surfaces at 170° F. With these fig-
ares as a basis, Table IV has been deduced; with the aid of

TABLE IV
RELATIVE CAPACITIES OF HOT-WATER BOILERS

Temperature of Factor for i' Combustion
Radiating Rate

Surface x Pounds per

Degrees Direct Indirect Square Foot

Fahrenheit BEadiation Badiation per Hour

z21z 2B.3 18.8 -
200 34.0 22.3 6.0
1g0 303 26.0 Lo
180 45.5 30.0 4.5
170 51.5 34.3 4.0
160 59.3 39-5 35
150 67.8 45.0 3.0
140 78.5 52.3 2.6

this table, the grate surface for any hot-water boiler at varions
coal-consumption rates and temperatures of radiating surface
can be found:; it is aiso possible 1o determine what amount
of radiating surface a given boiler will be adapted for under
conditions differing from those under which it was rated,
and what coal consumption will be required for a given set
of conditinns.

69. To find the grate surface, proceed as follows:

‘Rule.—Divide the radiation, in square feef, by the product of
fhe hourly combustion vafe per square fool of prafe and the factor
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rorresponding Io the kind of vadiation and lempervatfure, the facior
befug taken from the secomd or thivd column of Table TV, The
guotient will be the grafe surface, in sguare feef,

ﬂ

i |

where & = grate surface, in sguare feet:
K = radiating surface, in sguare feet:
€ = hourly combustion rate per square foot of grate;
{ = factor taken from Table IV.

Exaxrre.—What grate surface is required for a hot-water boiler
that (s ta keep 1,200 square feet of direct radiation, inclusive of piping,

at 140° F., with an hourly combustion rate of 4.5 pounds per square
foot of grate?

ar, r =

Sorvrion.—By Table IV, £ = 78.5. Applying the rule,

i = :1-;,---1-.-;--- = 3.4 5q, ft., nearly. Ans,

60. To find what radiation can be supplied by a boiler
under a given set of conditions, apply the following:

Rule.—Muitiply the grafe surface, in squave feef, by the
hewrly combusiion rafe per square foof of grate, and by the factor
tfaken from Table IV, corvesponding fo the lemperature and kind
of radiation. The proguct will be the radiafing surface, in
square feel.

21y R=GCf

in which the letters have the same meaning as in the formula
in Art. 59.

Exaurre—What amount of indirect radiation can be supplied by
i hot-water boiler having a grate surface of 5.8 sgoare feet, when
hurning & pounds of coal per square fost of grate per hour and keeping
the radiating surface at 200° F.?
Sorvrion.—By Table IV, £ = 22.3. Applying the rule,
£ =56X3x2239 = 374.6sqg. fi., pearly. Ans.

61. The hourly combustion rate per square foot of grate
can be approximated as follows:

Rule.—llvide the radiation, in square feel, by the product
of the grate surface, in sguare fect, and the factor, laken from
Table IV, corvesponding to the kind and temperature of radiating
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surface. The guotient twill be the combustion rate per hour per
sguare foaf of grafe.

O, .
GI
in which the letters have the same meaning as in the formula
in Art. 59,
ExamprE.—~Approximately, what should be the combustion rate in
2 boiler having a grate 8 sguare feet in area and supplyiog 1,600 square
feet of direct radintion to keep the rediating surface at 1907 .2

SoLurion,~—By Table IV, f = 36.3. Applying the rule,
G A
T 6% 303
632, Bize of Chimney,—The required size of chimney
fiues for ordinary installations of hot-water heating appara-
TABLE V
CHIMYEY DIMENSIONS FOR HOT-WATER HEATING

= §.3 1b., nearly. Ans.

Sguoare Feet | Required Dimen- || Sgunare Feet ! Required Dimen-
of Direct sions of Chimney aof Direct sions of Chimney
Hadiation Inches Radiation Inches

375 8% 10 1,250 i e e
450 B 12 1,500 13 ¥ 12
tioo B 12 1,800 12 % 12
750 g M 1z 2,100 123 X 14
goo g X iz 2,400 12 T4
1,050 100X 12 2,700 12:0¢ 1l
1,200 10 > 12 3,000 12 1h

tus may be found in Table V, which gives the smallest size
that should be nsed for a given amount of radiation. A
chimney flue smaller than 8 by 10 inches should never
be used.

EXAMPLES FOR PRACTICE

1. Suppose thata pipe of a certain diameter will supply 1% square
feet of radiation on the first floor; how maoy square feet of radiation
will the same size of pipe supply on the fifth floor?

Ans, 435 sq. ft., nearly
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2. A first-story room having 128 square feet of exposed wall surface
and 30 square feet of plass surface is to be heated by a two-pipe sys-
tem of hot-water heating; bow much direct radiation is required for
the room? Ans. 35 sq. fr., nearly

3. Suppose that the room in example 2 is to be heated by the one-
pipe overhead system; how much direct radiaticn will be required?
Amne. 43 sq. ft., nearly

4. 1f 800 sqguare feet of direct radiation, inclusive of piping, i5to be
kept at 150° F., what grate surface should the boiler have for the usoal
combustion rate of 4 pounds of coal per sguare foot of grate per hour?

Ans, 2.2 sq. ft., neacly

f. A hot-water hoiler nas a grate surface of 3.2 square feet. Burn-
ing 4 pounds of coal per heur, how many square feet of direct radiation
can be kept: (a) at 140° F.? (4} at 170° B.} (&) at 200° F.?

(@) 1,005 sq. ft.
Ans.q (6] 659 sq. fr.
{c) 435 sq. ft.

BIZE OF PIFPES

63. Mains.—Table VI shows the area of radiating sur-
face, in square feet, that may be supplied with hot water by
two-pipe mains of a given size and of uniform diameter
throughout their whole length, the radiators being located on
the first ficor. For higher floors, a larger amount of radi-
ating surface can be supplied by mains of & given size; to
find this amount, multiply the value taken from these tables
by 1.41 for the second story, 1.72 for the third story, 1.98 for
the fourth story, and 2.24 for the fifth story. The tables
given are based on a fall of temperature of 20° F., and a
height of circuit of about 10 feet.

Ty use Table VI, estimate the length of the circuit, and
enter the column headed by the nearest lenpth of circuit.
Run down this column until the nearest radiation iz found;
the proper pipe size is then found on the left. When the
choice lies between two sizes of pipe, it is usually better to
err on the side of safety, that is, to select the larger pipe.

Exampre.—What size of mains is reqoired for a two-pipe system to
sipply 900 sguare feet of direct radiation, the eircnit being 370 feet
hong?

SoruTion.—Referring to Table VI, the nearest lenpth-nf-virenit
columa is 400 ft. Following this column down, and comsslting the
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TABLE VI

EADIATION SUPPLIED BY

TWDO-PIFE HOT-WATER MAINS

DIRECT
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left-hand column, it is seen that 900 sg. ft. can be supplied by a
fi-in. pipe. Ans,

64. In proportioning mains for the single-main, or aone-
pipe, sysiem of hot-water heating, satisfactory results on
civenits under 200 feet in length will ordinarily be obtained
by making the diameter of the main, in inches, not less than
.16 times the sguare root of the direct radiation supplied, in
square fest.

ExamrrieE,—With & single-main system, what size of main is
required to supply 400 sguare feet of radiation, the cirenit being
190 feet long?

SoruTioN.—Size of main = .16 4400 = 3.2 in. In practice, a 83-in,
pipe would be vsed. Ans,

65. For single-pipe system mains, where the circuit is
longer than 200 feet, Table VI may bz consulted and the
size of main there given increased one size.

ExaMpLE.—With & single-pipe system, what size of main is reguired
for a circoit 800 feet long and supplying 600 square feet of direct
radiation?

Sorprrow.—By Table W1, o 5-in. main is nsed. Then, by the
statement in this article, nse a 6-in. main. Ans.

66. PBranches.—When the various branch pipes are of
different sizes, recourse must he had to caleulation to find the
size of main capable of supplying these branches. To save
this calculation for the most common cases, Table VII has
been prepared.

67. Risers.—Table VIII shows the area of direct radia-
ting surface, in square feet, that can prope:ly be supplied at
varicus elevasions by risers of a given diameter. The radia-
tors are supposed to be connected by ordinary short connec-
tions having a total length of ahout 10 feet. Each story
porresponds to a height of about 10 {eet.

There is a practical limit to the vertical length of risers
that can be used to advantage, especially in the smaller sizes
of pipe. If a small riser is extended to a great height, the
friction of low becomes excessive and the quantity of water
delivered will he much smaller than it would be with less

;'\'c- —4
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TABLE VI heizht. The limits for the various diameters are about as
RELATIVE SIZE OF MAINS AND BRANCHES ') 0 followe:

i Tprdeter dndnehes ) s B S AE R 9
Sic[“fh:::'sf Size of Branches That Mains Will Supply HEl.ght,.m f.EE? e L el el a3 _qa g &U,
1iiches If a riser is diminished in diameter towarC the top and the

3 height of any given size of the riser exceeds that prescribed
I Two 3 ahove, a larger size should be used. For instance, if the last
14 Two 1"; or one 1 and two 3 proposed extension of the riser is § inch, and the height of
13 Two 13 or one 14" and two 1" this proposed {-inch extension is over 20 fest and under
2 Two 14" or one 14" and twe 13" B0 feet, a l-inch pipe shculd be used.
2k Two 11 and one 13"; or one 2" and one 1} 68. Radlator Connections.—Table [X gives the area
3 One 23" and one 2"; or two 2" and one 13" of radiator surface, in square feet, that is adapted to connec-
at Two 28 or one 3" and one 2'; or three 2" 3 TABLE IX
4 One 337 and one 24"; or two 3%; or four 2 i i i
e Orie 33/ and one 37 -6 oues-y¥ and ons:ad SIZE OF RADIATOR Cﬂ'.‘i_‘i;E{ZTl(}N:!
g One 4" and one 3'; or one 43" and one 21 | PR i = I
6 Two 4" and one 3"; or foor 3; or ten 2V " N
c oy i 1 Indirect Radiation
) One 6" and one 4"; or three 4 and one 2% Pist Ploor Bseund Floar
8 Two 6" and one 5; or five 4" and two 2" ‘ : i
'E'E: Surface gt?: Surface E:E: | Sarface
TABLE VIII Triotes ISqun.ra Feet Tnitag Square Feet Tritkes |E||'_]u.:1n3 Feet
DIRECT RADIATION SUPPLIED BY RISERS { - !
= i oto 18 i oto 24 i } o0to 24
%E g Floor on Which Radiation is Located I 18 to 40 1 24 to 54 i3 2410 50
Ex 35 vk | g0t 70 1t g4:t0 | 1f toto 8o
g8~ : 2 3 4 5 & G | 70 10 120 13 94 to 160 | z 8o to 120
3 18 28 I ; 4 k
ions having the diameter given, for service on the first floor;
: 36 50 b8 e * that is, at an elevation of about 10 feet abowe the level of
Ii 85 92 i i 145 the return connection to the boiler. If the area of heating
" i iy e 198 234 2 surface exceeds the amount given, the fall of temperature
= 380 #5341 =300 356 403 439 will exeeed 20°, and if it is less, the fall will be less corre-
24 200 366 : 447 ST5 582 634 spondingly. If the connections are long or crooked, less
3 j7o 52L 636 732 828 bo2 heating surface can be operated, or a larger drop in temper-
3% 540 761 | g2B | 1,069 | 1,210 | 1,318 , \) i it
4 Chall B | Lagh | Saasil) hbiel ) 2.066 When the length of the circuit throvngh the radiator connecs

tions exceeds 100 feet, allowing for friction of elbows, ete.,
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ase the next larger pipe size for circtits up to 300 feet in
length, and for leonger circuits use pipe two sizes larger
than would be required for the ordinary, or short, radiator
connections.

EXAMPLES FOR PEACTICE

1. In a single-main system bhaving a circuit 180 feet long, what
shauld be the size of the maio if 400 square feet of direct radiation is
to be supplied? Ans. 3% in.

2, If 300 sguare feet of direct radiation is Jocated on the second

finor of a residence, what size of fiser is required? Ans. 2§ in.

&. What should be the size of the connections for & 100-square foot
radiator located on the first foor? Ana, 1§ in.

HOT-WATER HEATING

Serial 1082 e S Edition 1
EXAMINATION QUESTIONS

Notice to Students.—Siudy fhe Tnstruction Paper thoroughiy befors
o ailempt fo answer these guestions. Read each question carefully and
%e sure you understand it; fhen wrils the besl anser you can.  Wien your
answars gre comploled, examinag Mem dosely, correct all the errors you con
Jimd, and see that every question is answered; then modl vour work fo us,

{1) Are the fittings commonly employed for steam work
suitable for hot-water heating apparatus?  Give reason,

(2] What are the principal reguirements of valves
employed in hot-water heating, and how do they differ
from those nsed in steam heating?

(3) Is it considered good practice to use globe valves in
a hot-water system? (Give reason.

(4} What provision shenld be made in hot-water radiator
valves to prevent the water in the radiator from becoming
frozen when the valve is closed?

(6} What must be considered in conpecting up an expan-
sicn tank in regard to stop-valves and frost?

(6) On what does the velocity of circulation depend?

(7) A hot-water heating system contains 200 cuhic feet
of water at 55° F.; how much will the water expand if the
water is raised to 200° F.? Ans. 7.702 cu. ft.

(8) What is understood by motive force, as applied to a
hot-water heating system?

(9) What is the total motive force, per square inch, in a
hot-water heating system, the averzge temperature in the
ascending colomn being 2007 F. and that in the descending
column 160° F., the operative height of the descending
column of water being 80 feet? Ans, 188 10, per sq. in.

L]
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(10) What is the object of using an expansion tank in
connection with a hot-water heating system?

(11] What is the minimum size of an expansion tank
required to provide for the expansion in a heating system
containing 500 gallons of water?

(12} Describe briefly the difference between the open
and closed system of hot-water heating.

(13) Explain how it is that air gathers at the highest
pomts of a hot-water heating systerm.

(14) To what extent will an air lock affect the circulation
in a hot-water apparatus?

(15) Descmbe brefly the simple-cirowdt system of hot-
water heating.

(16) Deseribe how the flow and return branches to the
radiators are connected to the main in a one-pipe hot-water
Syslem.

(17] It 15 found that a 2<nch pipe is the proper size to
supply a radiator on the first floory what size of pipe will be
reguired to supply the same radiator on the fourth floor?

Ans. 134 .

(18) With a two-pipe system of hot-water heating, how
many sgquare feet of direct radiation will be required on the
first floor for a Toom containing 325 =quare feet of exposed
wall surface, and 80 square feet of glass surface?

Ans. 101.0 sg. ft.

(19) What grate surface will be required in a boiler that
is to supply 1,500 square feet of direct radiating surface,
including piping, at 160° F. burning 5 pounds of coal per
square feot of grate surface per hour? Ans. 5.06 sg. It

(20) What size of main will be required to supply 900
square feet of direct radiation on a one-pipe circuit system,
the lenpth of the circuit being 160 feet? Ang. 5

Mail your work on this lesson as soon as you have
finished it and looked it over carefully. DO NOT
HOLD IT until another lesson is ready.



