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"sizes, the unit friction may-be found from Fig. 4 and the total friction calculated and
- recorded as shown in Table 6. If the grand total, in the present case 1192 milinches, .
differs materially from the available head, 1225 milinches,.one or more of the pipe sizes .’

must be changed and the calculation repéated until the total friction is practically equal

to the available head of 1225 milinches.-. L s B . :

It is not necessary, in the design of hot water heating systems, to be extremely careful

to have the friction-exactly equal to the available head, because a hot watér heating

system has the ability to adjust itself to varying conditions of considerable magnitude.

For example, in the present case, the calculated friction is 1192 milinches, or about 3 per ~

cent less than the calculated available head; the water would, therefore, circulate a little
faster than contemplated and the return temperature would be a little higher than 160 F.-

TaBLE 6. TABULATED DATA For EmPLE'?:

. Circuit No. 3. Available head 1825 milinthes
a . piig - . P1pe -. | EouivALENT {Untr Friction] TotaL .
- SECTION Ii‘f)m LENGTH EL!SOWS ‘Sizg LENGTH, MILINCHES FricTiON,
. BH. Fr 0. ©OIN. N 2 S PER FT MILINCHES
04 - 45 " 35 2.5 13 113 6.3 TN
4.5 35 10.0 2.0 1M .15.2 9.2 140
5-6 20 12.0 0.0 1 - 120 - . 34 - - 41
63 20 6.5 5.5 1 - 175 13 228
37 20 . 95 5.5 1 205 .13 . 267
7-8 20 12.8 10.. 1 149 13 194
8-9 35 13.8 2.5 1% 20.3 A 9.2 187
9-0 45 23 25 115 ) 10.1 . 6.3 64
Total - 70.4 21.5 121.8 ‘1192

Circuit No. 2._ Available head 1225 milinches

o4 | a5 K : Cg . 71’
45 35 : 140
5-2 15 6.2 6 - 1 - 187 .75 140
28 . 15 .95 7 B ' 20.4 24.0° . 490
89 35 -] . 187
9-0 45 . Coe 64
Total c : . 1092

Circuit No..1. Avoilable head 1225 milinches .’

04 45 . 71

4-10 10 9.0 1.5 % 11.3 1 - 124, ¢

101 10 50 - 55 : 107 48 - am

111 | 10 ©. 95 -5.5 5 181 | . 199

119 .| 10 115 2.5 4 - 154 11 | . 169

9-0 45 . - | 1o S 64
Total B 1 ‘ R Bk - 1067. -

friction would occur at some point between 1192 and 1225 miliriches. . o
Since it is-.generally not necessary to make extremely refined calculations, Tablé 1 may
often be used instead of the chart of Fig. 4 to'determine pipe sizes. For example, in the
present case, Table 1 shows that for a friction of 10 milinches a°114 in. pipe would convey-
28 Mbh with a temperature difference of 20 deg 'or 56 Mbh with a temperature difference
of 40 deg.-. Since the 114 in. pipe in Fig. 10 is to convey only 45 Mbh with a temperature-
difference of 40 deg, or only 22.5 with a temperature difference of 20 deg, it is evident
from the table that the friction will be between 6 and 8 milinches.. For 6 milinches the
heat conveyed is 21.2 and for 8 milinches, it:is 24.8; for 22.5 Mbh, the’ friction would be
estimatged to be about 6.5, which would be sufficiently accurate for the present calculation.
Having completed the design of Circuit 3, it is simple to design Circuit 2 because it,,
has four secticns.in common with Circduit 3 and it is only necessary to design Sections

This would immediately lower the head available for circulation and the balam&e vﬁth the

‘equal to the total friction of Circuit 3.

5-2 and 2-8, as shown in Table 6, so that the total friction-of Circuit 2 will be practically  *

"
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Having completed.the desigrr of Circuit 2, it is necessary to design Circuit 1,.as showi

" otheér two circuits since all three circuits have equal heads. -

Two-Pipe Forced Circulatipﬁ Syétem

in Table 6, so that its total friction will-be approximately equal to the total friction of the *

Exampleli In the design of a system for Fig. 12; as in the design of Example 2, there - '

are three unknowns—head, pipe size, and flow-return temperature difference, any two of

. which may be assumed and the third found. In the design of a system for Fig: 9, the -

pressure head and the temperature difference were assumed and the pipe sizes found.
In this case, the head is to be found. . : .

Solution. In selecting the temperature diﬂ‘erer_zoé and-the pipe ‘sizes, it should 'be
borne in mind that the first cost of the radiation can bé reduced by reducing the tem-
perature differénce and the first cost ‘of the pipe can be reduced. by increasing ‘water

velocity, but the friction .is increased and, thus, the cost of pumping. The choice of .

temperature difference and’pipe sizes which produce the greatest economy:. in first cost
and in cost of operation can be determined after having.made two or three trial designs.

" For the first design, 20 deg will be selected as the temperature difference and the pipe

=
200

Pumip ° . ‘
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sizés will be chosen as shown in Fig. 12. A calculation sim{lar to that of Table 7 will

show that the friction of Circuits 1, 2, and 3 will be, respectively, about 8000, 15,300,
-and 14,300 milinches. To increase the friction of Circuit 1 from 9000 to 15,000 milinches
would require the insertion in the circuit of a section of 34 in. pipe, or an orifice resistor,

. or a regulating valve. However, this would cause unnecessary expensé. The system will -
function well with the pipe system shown in Fig. 12." If the circulator maintains a head -

of 15,300 milinches, the velocity in Circuit 1 will increase until the friction of the circuit
is also 15,300 milinches; 1.e., its friction will be increased from the calculated. 9000 to the
required 15,300, or 6300 milinches. = ;- . R ST -

As calculated, the three radiators are to dissipate 10, 15, and 20 Mbh, respectively,
‘with a temperature difference of 20 deg. Consequently, water must flow through these
three radiators at the rates of 1, 1.5, and 2 gpm, respectively. When water flows through

a )4 in. pipe at the rate of 1 gpm, the velocity in'the pipe is (Fig. 4) about 13 in. per .

'second and the unit friction is 165 milinches. ' The equivalent length’of séctions 4-10;
10-1, 1-11, and 11-9 of this circuit is 50 ft, and its total friction is 8250. - In order that-
-the friction may be increased 6300 milinches, the unit friction must be increased 126

_milinches; consequeéntly, the velocity in the 14 in. pipe (Fig. 4) must be increased from ’

13 to 16 in. per second.. Hence, when the friction: of Circuit 1 has been increased to

" 15,300, water will flow through -Radiator 1-at the rate of 16- + 13, or 1.23 gpm. “This .

‘increase in volume of water will increase the load on the circulating:pump in the propor-
tion of 450 to 473 and will increasé-the heat dissipation-of Radiator 1 slightly (about
3 per cent) but otherwise will not affect the operation of the system. - o T
One-Pipe Gravity Circulation  System

. Example 5. A one-pipe ystem is oné in which the.cooled water from the heating
units is returned to the supply main. - A two-pipe system as shown in Figs. 11'and 12 is

one in which the cooled water returns to the boiler through a separate return main. '
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