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210 ft. The preliminary design friction. loss is. then found in
Table 1, a8 in Ezample 1, to be 244 15 per 100 {1 61 270 m) per ft.
At this a.ver¥e design friction loss (see Table 1) a l-n. main
will be used or the required flow of 5 gpm.

From manufacturers’ data at 5 gpm flow, the pressure drop
{:;m & I-n, fitting ia.eszasl'.;llhbet:bnt m;‘u or 025 ft. If adny
e i located below the main the gravity head
to t o s e should be subtr: §""l"ml!yx iiable
fitting pressure drop. In this example, the riser and convector

f, pressure drop should not exceed 3600 mi or 025 £8,
friction loss through the %-in. risers to the 98 MBh
convector was calculated to be 028 ft or 3450 mi in Ezample 1.
This loss plus the 0.1-ft (1200-mi) loes in the convector, equals
0238 ft (4650 mi) which exceeds the capacity of the fitting. If
¥-in. risers are used, however, the riser pressure drop is con-
ly reduced. For 98 MBh flow the pipe friction drop is
?.’M ﬂ.z;c;ol(g l;_tz (4T0hm|.per ft). The equivn.le&'. length changes
rom . The riger pressure is 26 X
P o0 2 B e e
circuit is then + 0.1 or 0.18 ft (2240 mi). Since this is be-
}:c'tb the available fitting pressure drop, the riser sige is satis-
ry. X
- Other upfeed risera are sited in a gimilar manner,
’If'ohﬁpipin;wthee5MBhwnvecwbelathemﬂiniadmd
lows:

The water in this cireuit will coo! to room temperature during
“off periods. The center line of the convector is 5% {4 below the
‘main. The thermal head gfposmg circulation in the convector
circuit when one riser is filled with 210 F water and the other

70 F water is found to be 465 mi per ft or 465 X 5.5 = 2560 mi
1ﬁ.uu_\l. Subtracting 2560 from the 3000 mi pressure in the
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quirements of the system based on the assumptions stated
for the problem.

Series-Loop System—Description and Design

‘This system, illustrated in Fig. 11, consists of one or more
loopa or circuits. In each circuit, as the same water i
circulated thrangh the heating unils in succession, the sige
of pipe should not vary materially in any portion of a eircuit,
The system circuit length thus becomes very important be.
cause it influences directly the water flow rate, pressure drop,
and temperature drop. Since the water temperature in each

e . tting

increased ad a supply one-pipe fitting, or i #ing
fitting pressure drop through use of & Lﬁer pump. In this case,
t.h_emrmnquedon the basis of an added fitting. In accordance
? thﬁ:tl:ng, in this le, & ¥-in. riser-

The pipe sizes selected should be recalculated i
?S’ﬂﬁfgﬁ"“ xlmf chuu;hownin theuppe'rtp?;gfzﬁe
e or t B
fohowing table o t:!‘;le‘.:e per_ undred feet as shown in the

- of the building,

5.0 MBH 6.0 MBH

Fig. V1.... A Series-Loop System _

successive heating unit decreases progressively, some de-
signers der it Yy to i progressively the
size of heating units sufficiently to compensate for the drop
in temperature. If s small design temperature drop, such as
20 deg or less is used, it may not be necessary to inerease the
heating units in size toward the end of the circuit. .
Various considerations affecting thé design of a series-loop
system are given in the following paragraphs:
. 1. It may be possible to eliminate all or large sections of the
”g;xuon main and thereby reduce cost. In iarge buildings it

may be necessary 1o use a partial two-pipe main in.combins-
tion with the series-doop system for certain sections or divisions

Poe |\ ] tos per Longth—F1 Totl
Section | Stz | Lo | -Faot of - Friction
T Pipe Mi | Linear | Ebow | Tote { o1 pn
Fipe | Eqoiv. | Equiv.
Main...| 1 20 | 140 { g
8 one-pipe fittings at 3000 mie. .. . = “j%
Total....................... 78,500
=-{ 6.55ft
Pipe Loes per | . lenath—Ft T series-]
Section | Sire | 4209 |100 Fror P zel pipe (
In. Pipe £ | Uoear | Eibow | Totat | ‘yous 1y
Fipe | Equiv. | Equlv.
Main...| 1 50 1 20 | 10| s | 2
8 one-pipe fittings at 0.22 foheade ... . ..., ’ ...... ; 34
Total. ..o 6.54

3. The practicability of the system will depend the
i .o? water to be circulated through the huﬁngmand
ﬁxq friction loss. Baseboard or ﬁnned-type’ Pipe ‘r:lemmta for

< are usua) m
steel pipe or copser tubing. The friction loss can be determined
iro:;nn Igs. 3_anl 4.

- 2l a senes-loop system serves more than s single space,
and if the design temperature drop for the aysummi:zin excess
of 20 deg, the aize of the heating unit should be determined on
the basis of the t of the water entering the particular
heating unit and the temperature drop across the unit. The tem-
perature drop through a icular heating unit is equal to the

{16 = milinches. :
Tha elbow equivalent length i besed on: § 1
fow waiveant 1 ° on: § elbows, $ tees, 3 gats valves, 1

© The actusl value for resistence of the one-pips Gttings should be cbtainad -

irom the ftting manvfactarers. aro
P iy They aro frequently lower than the valua as-

The pump capacity required is 5.0 gpm at 6.54 ft head.
The l%mpumpnsshownin‘ﬁg.!)wuuldmeetthem—

apacity of that unit divided by the capacity of the total radi
tion '?mm multiplied by the total thpteymmn drop of t:h'e-
crcult. N

4. Bince the temperature of the water supplied to heating
uniuintheaedes-foosys{.e cannot be it is ad-
visable &o p{ovide er il: the obingts oaated, it Is a:d

it adjust

nn

of the heat

p‘Yje or r ion to perm

delivery by each unit. Valves or adjusting fittings, if used in the
water circuit, would affect the performance of the entire loop
and would not be 8 satisfactory means of controlling the heat
output of the units. - -

)

Hot Water Heating Systems

Certain disadvantages of the series-loop system are:

1. The difficulty of making suitable provision for adjustment
u:ﬂ. palancing of the system.

9. The total circul head d may be L

2, The design of the system may be more difficult than fo:
m;pipe or two-pipe main systems. X

Esample 3: A serics-loop system is to be designed for the
residence used in Ezamples 1 and £ for two-pipe and one-pipe

No heat will be mpgl;;d 1o the bascment. The total

peat loss equals 45,500 Btu. board-type radiation having a
rating of 05 MBh per linear foot at an average temperature
of 190 F, is selected as the radistion used. The heating unita are
of baseboard type having a rated output of 05 MBh per linear
foot st an average temperature of 190 F. They are connected
by Ys-in. pipe. A 20-deg design tempemture drop will be used.

Sotution: For a 455 MBh load 455 gpm must be circulated
for a 20-deg temperature drop. For & single looped main the
measyred length equals 140 ft. The approximate equivalent
length equals 140 X 15 or 310 ft. If the 1}-in. pump, Fig. 9,
were initially selected, it would develop a 6-ft head at 455 gpm
delivery. For an available head of 6 i} and an equivalent lengt,
of 2]87!- {uearest to 210 ft) Table 1 shows that only 3 gpm will
i te through

E

e %-in. main. A r, and more costly
ump may be tried. The 3-in, pump, Fig. 9, bas 127 ft available
2d at 455 gpm delivery. If 12-ft available head and 250-ft
equivalent length-are used as the nearest available values,
Table 1 indicates that a flow of 43 gpm at a velocity of 28 fps
will be established through the ¥-in. main. However, because of
cost, an: drop d i this may
not be desirable.

If the aystem is divided into two loops, as shown in Fig. 11,

" & smaller pump may be used and the system temperature drop
deereased. .

The 1%-in. pump at 6-ft head for 4.55 gpm is again selected
o 7 o Longth plusthe length of the

The measured supply main length plus the of the long-
est loop circuit is 106 ft. The equf\'rhn]ent les equals 106 X 15
or 159 f¢. For 6-ft available head and 160 {i equivalent length,
Table 1 indicates that the friction loss would be 3% ft per 100
it or 450 mi per ft. At this friction loss the supply main would
be of I-in. size for & flow of 7 gpm (which is more than the re-
quired 45) and the ¥-in. looped main would' deliver 37 gpm
(more than the required 225 gpm). Because the fl
than ired, the system drop would be less than
20 deg. A smaller pump could therefore be used if desired.

'lihﬁnpipedmshouldbemujquhtedanhedui@ﬂowmu
a3 followa: . .

. [Friction
Heot | Design Fipe Totd | Prem
Seckon | ood | Flow |ctos | siza | EE Equiv. | Drop
-z} Gpm (P00 T ] A
AB 45.5 | 4.55 | 134 1 36.0*
2 elbows 5.0
2 gate valves 2.5
- 1 flow valve . 5.0 .
R} boiler 7.5 101 1.7
BCA.|m5 25| s [ % | v
8elbokws .8
1.7 .
2 tees @ 509 8 9 | 15
Total. ..o .z
‘Mw.lpiuhagﬁh.

Since the total system head loas equals 327 ft at a flow of
455 gpm and the 1Y-in. pump is a satisfactory selection.

If desired, the actual design temperature drop can be deter-

. Because the pump head at 455 gpm is greater than 3.27
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flow in the system will increase until pump head and flow
i:u‘ilenystem pressure drop and flow. Cons'l.ructfm of a system
curve, as described under centrif pumps, shows that for the
system with the pipe size selected and with the 1Y%-in. pump,
equilibrium will be reached at 8-t bead and 62 gpm flow. The

. actual temperature drop for design conditiona would then be

{45/62) A Z0 or 145 deg, approxumately.
Combination Systems

‘Three types of systems have been illu;tmmd, namely:
one-pipe, two-pipe d-return, and series-loop. Act:ually
the design for a particular building may be a P of
two or even all three of these types of systems. Fjor example,
a two-pipe reversed-return system of distribution my_h
used with a number of one-pipe loops in a single building
such as an apartment house, or a two-pipe reversed-return
systern may be used with a main riser at each end of a build-
ing with a series-loop system used to serve the space on
each floor of the building. In any case, it is well to bear in
mind the principles of design involved in each particular type
of system for that portion of the installation where it is
used.

Adjustment of Flow ond Capacity

Where the heating elements and piping are properly
sized and arranged, a hot water system is, to a large ex-
tent, self-adjusting. This is so because the mean tempera-
ture of the water flowing inside the heating unit is the most,
important factor in determining its output. If the flow of
water is within 5 to 15 percent of the correct value for a
given beating unit, the difference in mean  temperature will’
not exceed 1 or 2 deg and, consequently, the effect on heat
output will be negligible. However, the limitations of com-
mereial pipe sizes and pipe arrangement sometimes result
in flow rates considerably different than those required to
develop the proper output of the heating units. A means
of adjusting the heat output of heating elements and branch
circuits must be provided in the system to correct these
effects.

Adjusting means may be necessary due to the type of sys-
tem, for example, the two-pipe system using direct-return
mains. In this system the water flow circuits are hydrau-
fically unbalanced, because the water for the first heating
load taken off the main is the first to be returned. As 4 re-
sult, the first heating unit will receive a much greater flow
than is required to develop its rated output. The flow through
the last heating unit can be so low that practicaily no heat-
is delivered. The poor distribution of flow in the direct~
return system can be corrected by the installation of
orifices or of adjusting fittings or valves, by means of which
the system is balanced after it is placed in operation. In
some cases, proper flow distribution can also be established
by careful pipe size seléction. That is, the piping can be sized
so that the pressure drop through each piping circuit is the
same at the design flow rate.

These bles are minimized by the d-return

sys-
tem, Fig. 8. In this system the water for the first heating
load taken off the main is the last to be returned, and all
circuita are of approximately equal length. Proper hy-
draulic bal is therefore easily obtained and the system
is inherently self-adjusting. While the reversed-return piping
-cireuit s much preferred, in some large i tions a
saving in pipe can be effected by use of a direct-return
system.

When selecting the type of piping arrangement such as’
one-pipe, two-pipe, series-loop, upfeed, and downfeed, the




