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risers with 1-in. riser branches and 1-in. radiator tappings. Also select 1
risers with 114-in. riser branches, and 134-in. radiator tappings. Similarly,
select 134-in. flow and return risers and riser branches, and 114-in. radiat

To develop a rule for determining radiator sizes,
similar to that of Fig. 6, in which the total temperature

and which is equipped with 7 radiators, all radiators
quantities of heat. The mean temperature of the wate

will be reduced 5 F for each successive radiator.

.40 per cent larger.

Example 4. Design a two-pipe, direct return, gravity circulation s
out shown in Fig. 7. Assume that the main circuit from the boiler t
riser and from the farthest return riser back t
* 6 elbows, and 1 boiler.

TABLE 8. Maxmum CAPACITIES OF RADIATOR CONNECTIONS IN Mbh, FOorR ONE-Prpp

140 is to 100, and therefore if

<

AND FOR Two-PipE DIRECT RETURN GRAVITY CIRCULATION SYSTEMS WITH
A TEMPERATURE DroP oF 35 F TEROUGH EACH RADIATOR

%'iﬂ- return
for 18 Mpy,
or tappings,
assume a systen
drop is to be 35 F
dissipating equa]
r in' the radiatorg
If the mean tempers.
ture of the water in the first radiator is 200 F, the mean tem
water in the seventh radiator will be 170 F, and,
Chapter 6, of the 1933 GuIDE, the heat dissi
will be to each other as 868 is to 617, or as
_ the last radiator is to dissipate as much heat as the first, its size must be

ystem for the lay.
: o the farthest floy
o the boiler consists of 160 ft of pipe,

CuarTER 33—HoTt Warer Heating SysteMs AND Preing

> l i i ili he pressure
. head of the first floor radiator is about 450 milinches and t!
4""'3: (:;rf lz;lt:ssl'l;l;ieht?m on the upper floor are 1350 milinches greater than those on the
3

oext LOWEY ey the assumption that the boiler pressure head must be
Tableihi ?r‘il::itiZna{l;l:iaissdtl?enmains, and Ehat the several radiator pressure heads must

ﬂual,::l to the respective radiator and riser friction heads. ) )

be design the radiator risers, use Table 7 and begin with the set nearest the bo:ler.'
To ?ﬂgoor risers must supply 28.8 Mbh. According to the table, !%-m. flow and

The ﬁrs.sers will supply 26.0 Mbh; if the return riser is increased to 124 in., the capacity

retufs sed to 34.0 Mbh. This is considerably larger than necessary, and 134-in.

i increa 5 i hat the riser
perature of the will be 1a risers are selected. However, it must be remembered t
as:cording to Table 3 ), 4 fow :hn; r&;uxcrg are the connections from the flow ard return mains to the flow and
pation of these two radiators § :tal?m risers, are to be one size larger than the risers.

floor risers must supply 19.2 Mbh. According to the table, the capacity
of ;?: sﬂeg:n;lnd return risers is 20.0 Mbh, ::;ld t}ll?.t S;.IS sf;alected‘.:l fin. return riser
i i must supply 9.6 Mbh. If a ¥-in. flow and a 34-in. re )
Thseatih l:l(lleﬂg:;aréis:;swﬂl be sp(l)J bh; if both risers are 34 in., the capacity will be
ﬁt()uMbl'x. The 34-in. pipe is selected for both risers. a
'To design the radiator connections, use Table 8 and note that fglxibt}fxe ﬁgs:h ggxf-
- tor connections the capacity of a 34-in. flow and 1-in. return is 9.1 , and that
radl'amﬂow and a l-in. return is 12.5 Mbh. The former is more nearly the correct size,
a Lin. ce it is difficult to secure a good flow through first floor radiators, thesl-l.n. gow
bu:i ::;urn connection is selected. For the two upper floors, the capacity of a 3-in. flow
:gd return connection is 10.5 Mbh, and t_hat size 1s used. .

. . . . . f Fig. 5

lained in the design of the forced circulation system o ,

thf:\ stv:ra:()?pipe direct return system of Fig. 7 will not function c_orrectly
unless its four sets of risers are balanced among themselves. This neces-
sary balancing is accomplished by adding resistances to all risers, except

i  those risers above the boiler pressure head available for the
?:ft;llgzerimserr.t h(Iz‘or example, the first set of risers is 60 ft nearer the boiler
than the last set. Since the flow and return mains are designed for a
friction head of 3 milinches per foot (See Table 6, Column 8), the boiler
pressure head available for the first set of risers is 360 milinches in exiegs
of that available for the fourth set. The velocity in the riser branch is

Pree Sz 1ar Froor 2ND, 3D, AND 478 FLooas
< Equivarenr Lexera

Flow Return or Pres (Fenra) Mk Mo

e % 1.0 4.1 5.9

14 34 5.2 7.6

P4 3% 1.5 7.0 10.6

34 1 9.1 13.0

1 1 2.0 12.5 17.8

1 1Y . 17.6 23.2
1y 14 3.0 23.3 33.2

aApproximate length of pipe in feet equivalent to one elbow in friction head. This value varies with

the velocity. .

Solution. Replacing the boiler by 3 elbow equivalents and assuming that the largest
size of the main will be about 3 in., the total equivalent length of the main will be 160
lus 45, or 205 ft. Assuming that the center of the boiler will be about 4 ft lower than the
gorizontal portion of the main, and that the temperature drop will be 35 F for the
system, the pressure head caused by the difference in weight between the water in the
flow and return risers joining the mains to the boiler will be about 0.6 in. of water, or
- about one-fortieth of the pressure head produced by the circulating pump selected for the

system of Fig. 3.

Table 6 may be used to determine the size of the main as follows: Refer to Column 8
and note that for Sections AB and I4, which supply 105.6 Mbh, a 3-in; pipe is too large
and a 2}4-in. pipe is too small; hence, select 24 in. for Section AB and 3 in. for Section
IA. For Sections BC and HI, which supply 76.8 Mbh, a 214-in. pipe is almost exactly
the correct size and is selected for both sections.

For the forced circulation system of Fig. 5, the pressure head produced by the circu-
lating pump is used to force the water through the mains and also through the risers.
Gravity circulation systems have two distinct pressure heads. One is produced by the
difference in weight of the water in the flow and return risers adjacent to the boiler, and
is the boiler pressure head, which in this case is 0.6 in.
duced by the difference in weight of the water in
the radiators, and is the radiator pressure head.
radiators is about 35 F, and if the story heights o
from the center of the first floor radiator to the average level of the main is 3 ft, the
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The other pressure head is pro-
the flow and return risers adjacent to
If the temperature drop through the
f the building are 9 ft and the distance

i nd (See Table 7) and, therefore, accordiqg to Table §, an
g.ég:igfl;)rsi%ccoe in (a 134-in. un)ion should be used. This will prov1d§ a
resistance of about 420 milinches. In the same manner it is found t aé
for the second set of risers a resistance of 240 milinches is required an
that an 0.70-in. orifice in a 1}4-in. union will provide a resistance of 285
milinches. For the third set of risers, a resistance of 120 milinches is
required and an 0.60-in. orifice in a 1-in. union will provide sufficient
resistance.

EXPANSION TANKS

When water at ordinary temperatures is heated or cooled, its volurqe is
inéreased or decreased. This variation in the volume of the water in a
heating system is generally provided for by means of an expansion tank
into which the water can flow from the system during the heating-up
periods and from which it can flow back into the system during the
cooling-down periods. : )

The expansion tank may be open or closed. In an open expansion tanlé
(Fig. 9), the water is subjected to atmospheric pressure and can expand
f:eely without a material increase in pressure. In a closed expansion
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the one farthest from the boiler, equal to the excess boiler pressure heads -
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