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sfice resistor in a union. If the orifice resistor is to be used, its size may be selected
an O, 5 as follows: .
from Table f the first flow riser supplies 28.8 Mbh. According to Table 3, it

Theg:we{-i[r’lar;ige ztmg would have a velocity of 22 in. per second, if 215 were su[s)gl:g;x:ig
shog,%%h aSince' it is supplying 28.8 Mbh, the velocity will be about 26 in. per .
24 .

Referring to the column for an equivalent total length of 300 ft for Sections 4 B agg
KA, each supplying 117.6 Mbh, it will be found that a 1 Y4-in. pipe is too small and 3 2in
pipe is too large. Consequently, a 134-in. pipe is selected for the flow line AB, and ,
2-in. pipe for the return line KA. For Sections BC and JK, each supplying 88 Mb a
1}4-in. pipe is only slightly too small and it is selected. The remaining pipe sizeg a're
selected in a similar manner and recorded in Fig. 5. For a temperature drop of 10 F
24.5 gpm of water must be circulated. The pump to select is one -which has its highest
efficiency when it is delivering 24.5 gpm against a 6-t head. '

To-secure a correct distribution of hot water among the several riéers it'is necessary,

, the € 4 q an
it wi ound that for a 1-in. pipe and a velocity of 24 in, per second,
From Tab!eiltvgld:)?:dfuce a loss of head of 37,000 milinches. For a velocn{y oé 2§t11;1é
0.45-in. o(’i‘ the loss of head will be somewhat more, probably about 43,000 mi Lr}che's, e
persecoéle between it and the required resistance will be about 10 per cent, which is per
dlgef;ﬂg and the 0.45-in. orifice is selected. . ] wlocted in
m .'zes of the orifice resistors for the second, third, and fourth risers alre

;Ir‘xl:i‘laasr1 manner and found to be 0.45 in., 0.50 in., and 0.55 in., respectively.
as

If the design of the system of Fig. 5 is to be extremely refined, the

TaBLE 4. CaracrTies oF PreEs IN Mbk (1000 Bru per HOUR) AND Velocities of
Water in Pipes in Inches per Second ror ForceED CIRCULATION SYSTEMs
WITH A ToTaL FRICTION HEAD OF 18 FT AND FOR ‘A MAXIMUM

- TEMPERATURE Drop oF 10 Fe

i 1d be taken into con-
; ure heads produced by the risers shou | ! .
: : : ] : | > |« | - g'rawtziol:lres:Vith watergt 220 F and 210 F, respectively, in the risers, the
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14 4.0 182.0 122.0 98.2 86.2 74.2 -5 .
- 66 ) 46 37 31 27 FIG. 5. A ForceEp CIRCULATION DIRECT RETURN SYSTEM
2 5.0 371.0 '252.0 201.0 180.0 151. » ili
80 56 45 38 33 ° gravity head is 50 milinches per foot of water column or 25 milinches gz(l)'
' foot of flow and return pipe. The pump pressure head in this case is
24 7.0 bes.0 407.0 - 823.0 1| #87.0| 2400 milinches per foot of pipe, and the gravity head, being only one tenth as
! 6 3 il % large as the pump head, may be neglected without serious error. This is
3 9.0 1110.0 790.0 598.0 527.0 | 4438.0 generally done. . :
— 107 76 60 51 4 Temperatures of 220 F and 210 F would be used only during the coldest

eFor other temperature drops the capacities of pipes are to be changed correspondingly. For example,
for a temperature drop of 30 F, the capacities shown in this table are to be multiplied by 3. The velocities
remain unchanged

bApproximate iength of pipe in feet equivalent to one elbow in friction head. This value varies with
the velocity.

weather for which the system is designed. At other times the tempera-

season if the pump is operated at a constant speed and, consequently, the

- as previously stated, to introduce special resistances to balance the several risers, as gravity- head is generally less than one-tenth of the pump head.

follows: . : .o

The first riser is 80 ft nearer the boiler than the fifth riser. In order that the two may
be balanced, i.e., that they may operate under equal pressure heads, resistance must be
added to the first riser equal to the friction head in the 80 ft of flow main from B to F
plus that in the 80 ft of return main from G to K. o .

It will be noted from Table 3 that the unit friction head is about 240 milinches per
foot. The total friction head in the flow and return mains between the first and ffth
risers is therefore 160 X 240 or 38,400 milinches, or a little more than 3 ft, which must be
supplied by additional resistance in the first riser to prevent its having an advantage
‘over the fifth riser. - - ) i .

" This resistance can be supplied by a calibrated and adjusted modulating valve-or by
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Effect of Variations in Pipe Sizes e 1 .

- The pipe sizes for the several parts of :the system selected Irom the-
tables zﬁ'é) smly approximately correct but the resulting error should laa::
negligible as may be seen from the following study. Assume, ag
extreme case, that the error in pipe size is so large that the water flows
twice as fast through one of the radiators as through the others. This
would make the friction head through this radiator almost four times as
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he gravity heads -
t ould be lower, the temperature drop _smaller, and t
slrlnr:lsl::. ! The pump pressure head remains constant throughout the -
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