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the longest supply and l(;néest return piping. The lengths of circuits to
the various radiators may be equalized by using a reversed relurn main
(see Fig. 6). In some cases reversed relurn mains require no more piping

‘than direct return systems.

With gramty circulation and direct return ;;ii;i\ﬁg it is necessary to design

the longest circuit for the available circulating head, and to obtain the same -

resistance in all other circuits by proper selection of pipe sizes, by addition

- of fittings, or by use of orifices. When a reversed return system is used,

it is usually found-that very little adjustment is required to attain uniform
distribution to all radiators.

Forced circulation in two-pipe systems, because of increased available

circulating head, permits design for higher velocities with a consequent’

reduction in pipe sizes. The increased velocity also shortens the heating-up
period ‘and facilitates control of circulation. Reversed return mains are

- also advantageous in forced circulation systems, in equalizing piping re-

sistance to all heating units.

TaBLE 5. CrassiricaTioN o Hor WATER HEATING SYSTEMS

PIPING ARRANGEMENT TyepE OF CIRCULATION ExpansitoN TANK
. Gravity Open Closed
One-Pipe Forced Open Closed
Two-Pipe Gravity : Open Closed
Direct Return Forced Open Closed
Two-Pipe Gravity ~ Open Closed
- Reversed Return Forced Open Closed -

PIPING SYSTEM DESIGN

In designing hot water heating systems certain assumptions are usually
made for the purpose of simplification as follows:

1. Water temperature drop is assumed to be 30 to 35 deg for gravity systems and
20 deg for forced circulation systems. These values usually result in economical
design but, particularly in large forced circulation systems, it is necessary to take
into aceount the cost of pumping the water required at various velocities in relation
to the annual charges in the capital cost of the system.

2. Water velocities in forced systems in excess of 4 fps in piping of 1}4 in. LD
or less are likely to cause disturbing noises in residences. In factories or in. instal-
lations having larger pipe sizes, velocities as high as 8 or 8.5 fps are not uncommon.

3. Design outlet water temperatures in gravity systems are generally selected be
tween 140 and 200 F (with the average approximately 180 F); while forced circulatiod
design temperatures vary from 170 to 220 F, although higher temperatures can be
used if the pressure in the system corresponds.

4. For forced circulation systems, the allowable friction loss, which is based upo?

the available circulating hesd, is determined partially by the characteristics of th¢
pumps available. :

5. Forced hot water system friction should usuaily be held between 600 and 250
milinches per foot. Above 600 milinches high velocities would be encountered, 8%
below 250 milinches circulation would become too slow, so that much of the 89!
response expected from forced circulation would be Jost.

Hot Water Heating Systems

The water to be circulated is
W=H/(CaA?

where . : , , )
W = weight-of water, pounds per hour {gallons per minute = W/(8 X 60)].
H = heat required, Btu per hour. :
C = specific heat of water (= 1). e
At = drop in'temperature between supply and return, Fahrenheit degrees.

I

The following graded series of examples of the:design of hot water piping

systems will illustrate the fundamental principles and methods. The

- differences between reversed return and direct return systems are shown,

and the methods of balancing the several radiators or circuits are illustrated.
A simple gravity system is shown in Fig. 7, and an elementary forced circu-
lation system is diagrammed in Fig. 8. :
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rElementary Gravity System
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4 -, A simple gravity-circulation system is illustrated in Fig. 7 with
i’gdlaatgr lt;hat; 18 giving off heat at the rate of 20,000 Btu per hr or 20 Mbhg. Tvl:v:a bo.i)lxég
Vel%c!i-ts e’z}t to the water at the same rate, and the water circulates at a uniform
head dg. . his uniform velocity i8 such that the friction of the circuit is equal to the
o heig‘{li gfpttahdeby t{xe dxﬂ’eTrgncg in density between the supply and return water and
: system. e circuit consists of 1 boil i iato
Valve ang o oS S 58 1t of o ists o oiler, 1 radiator, 2 ells, 1 radiator

Solution: With the avera : i
. AN X ge water temperatures of 200 and 180 F in the supply and
Et;g’ﬁe;lsers, respectively, the head will be 90 milinches per foot of waterptg)ﬁlxmn.
e conin m;lyhbe found from Fig. 1. Since the center of the radiator is 10 ft above
09 in ofrlgo the boiler, the total head of the circuit is 10 x 90, or 900 milinches, or
e frint; F water. The friction of the circuit must then also be 900 milinches.
Mbh andmtl;l of 1 ftof 1 in. pipe is foun_d from Fig. 2 to be about 46 milinches at 20
2are b e corresponding velocity 9 in. per second. Note that all values in Fig.
p ased on a temperature difference of 20 deg.
inchg:llzrhfr, if a 1} in. pipe were to be used, the friction head would be about 12 mil-
To ﬁp r foot, _anfl th.e corresponding velocity about 5 in. per second, from Fig. 2.
the ent,?d the friction in the elbows, boiler, radiator, and valve, Table 1 is used, and
Each o re cireuit is found to be equal to 10 elbow-equivalents plus 24 ft of pipe.
Then th 0w-equivalent is equal to a Elpe.length of 25 times the nominal diameter.
ipe. xel?gg!l];alenb leptgphs oft;ispraxt t pipe are 45 fsdof 1 in. pipe or 50 ft of 14 in.
cases, it is sufficiently accurate to a er: ? y i
€agth to correct for resistance of ﬁttk;ngs. op cen@ fo the total pipe

ence, if 1 in. pipe is used, the friction of the circuit will be 45 X 46, or 2070 mil-
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