400 CHAPTER 28

210 ft. The preliminary design friction loss is then found in
Table 1, as in Ezample 1, to be 2% ft per 100 ft or 270 mi per ft.
At this ave: design friction loes (see Table 1) a l-in. main
will be used for the required flow of 5 gpm:. -

From manufacturers’ data at § gpm flow, the pressure drop
from a l-in. fitting is established at 3000 mi or 025 ft. I.fany
heating units are focated below the main the gravity head due
to temperature difference should be sub
fitting pressure drop. In this example, the riser and convector
friction preasure drop should not exceed 3000 mi or 025 ft. .

The friction loss through the %-in. risers to the 98 MBh
convectar was caleulated to be 0.28 ft or 3450 mi in Emmple 1.
This loss plus the 0.]-ft (1200-mi) loss in the convector, eq

038 ft (4850 mi) which exceeds the cnpwty of the ﬁu.mg bid

¥-in. risers are however, the riser pressure drop is con-
siderably reduced. For 98 MBh flow t.he pipe friction drop is
034 ft for 100 ft (40 mi per ft). The equivalent length changes
from 22 to 26 ft. The riser pressure drop is then 26 X 034 or
0.09 ft (28 X 40 or 1040 mi). The head loss through the convector
circuit is then 009 + 0.1 or 0.19 ft (2240 mi). Since this is be-
low the avn]able fitting pressure d.mp, the
factory. .

Ot.herupfeedmersaremxedmasimihrmmcr

The piping to the 65 MBh convector below the main zs gized
as follows:

The water in this circuit will cool to room temperature during.

off periods. The-center line of the convector is 5% ft belowthe ’

main, The thermal head opposing circulation in the convector
circuit when one riser is filled with 210 F water and the other
has 70 F water is found to be 465 mi per ft or 465 X 5.5 = 2560 mi
total. Subtracting 2560 from the 3000 mi pressure drop in the

:::F leaves 440 mi available to atart circulation. The com-
bi convector and riser pressure drop equals 1380 mi even
when a 1-in. riser is used. Since the convector and riser pressure

with the sising a ¥-in, riser
is adequate.

The pipe sizes selected should be lculated at the de:
fiow rates either in milinches as shown in the upper part MT

following table or in feet per hundred feet as shown in the
- lower part of the table.

nserau.exsmhs-

1959 Guide

quimnent;s 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
loops or circuits. In each circuit, as the same water is
circulated through the heating units in succession, the size
of pipe should not vary materially in any portion of a circuit.
The system circuit length thus becomes very important be-

_cause it influences directly the water flow rate, pressure drop,

and temperature.drop. Sinee the water temperature in each
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Fig. 11....A Series-Loop System

successive heaung unit decreases progressively, some de-
sxgners der it y to i ely the
size of heaung units sufficiently to compensabe for the drop

in temperature. If a small design temperature drop, such as

20 deg or less is used, it may not be necessary to increase the
Length—Ft heating units in size toward the end of the eircuit.
Pi Loss
Section s.: ‘,‘4’: Foo'p:; . o F,r;:;:,, Various considerations a.ﬂ'ectmg the design of & senﬁ»loop
. in. Pipe Mi | Linear Tota) y al W
ipe Fioe. | Eao. | Eqotr. loss MP system are given in the following paragraphs:
1. It may be postble to eliminate all or large sections of the
Main. 50 240 140 | 87° | 227 | 54,500 d:smbuuon main and thereby reduce cost. In large buildings it
8 one-| pxpe ﬁnmp at3000mis....................... 24,000 may be necessary to use a partial two-pipe main in combina-
tion with the series-loop system for certain sections or.divisions
Total. . .. e, 78,500 of the building.
: =| 6.55f¢ 2. The O?rncuca.bxhty of the sysiem will depend upon the
water to be circuiated through the heating units and
Length—Ft the friction loss, Basel or finned-! -type pxpe elemenm for
Pipe | | Loss per i Total series-loop sy are_usually from
Section Size Ml |100 Fiof Friction steel pipe or copper tubing. The friction loss can be determined
In. Pipe Ft | Linear |Elbow | Total | 4o, fy from Figs. 3 and 4.
Pipe | Equiv. | Equiv. 3..If a series-loop system serves more than a single space,
and if the design temperature drop for the system is in excess
1 87° | 227 | 4.54 of 20 deg, the size of the heating unit should be determined on,
8 one-pipe fittings at 0.25 ftheads. .................. 2.0 the basis of the temperature of the water entering the particular
- keating unit and the temperature drop across the unit. The tem-
Total ........................................... 6.54 perature drop through a icular heating unit is equal to the
of that unit divided by the capacity of the total radia-

*Mi = milinches "

. ®Thbe elbow equivalent length is based on: 8 elbowa, Ihnl,’phnlm,l
Gow check valve and 1 bailer.
* ¢ The sctual value for resistance of the one-pipe fittings abould be obtained
mmﬁmmmymmmdyhmmmmw
lumadhthhm;in.

The- pumnp capaclty required is 5.0 gpm at 6.54 it head.
The l%m.p_umpasshowanxg vamddmeet\‘.bere-

tion circuit multiplied by the total temperature drop of the
cireuit.

4. Since the temremture of the water supplied to_heating
units in the series-loop system cannot' be regulated, it is ad-
visable to nmv:de d m t.he finned

pipe-or b of the heat
de very by each unit. Valves or nd;usung fittings, if used in the
water circuit, would affect the performance of the entire loop
and would not-be a sauafu:wry means of controlling the heat
output of the units
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Certain disadvantages of the series-leop system are:

1. The difficulty of making suitable provmmn for adjustment
:and balancing of the system.
2. The total circulating head ired may be i
3. Thedeagnoiweaystcmmybemoredxﬁicultthanfor
*one-pipe or two-pipe main systems.
Ezomple 3: A series-loop system is to be designed for the
residence used in Ezamples 1 and 2 for two-pipe and one-pipe
desx No heat will be mpphed to the basement. The total
hant loss equals 45, Basgeboard-type radiation having a
rating of 05 MBh per lme.u foot at an average temperature
of 190 F, is selected as the radiation used. The heating units are
of baseboard type having a rated output of 05 MBh per linear
-foot at an average temperature of 190 F. They nre connected
by %-in. pipe. A 20-deg design’ temperature drop will be
Solution: For a 455 MBh load 455 gpm must be vnmulawd
for a 20-deg temoperature d.rop For a single looped main the
equals 140 ft. The approximate equivalent
length equals 140 X 15 or 210 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 8 ft and an equivalent length

. of 218 {t (nearest to 210 it) Table 1 shows that only 3 gpm will

circulate through the %-in. main. A larger, and more costly
pump may be tried. The 3-in. pump, Fig. 9, has 127 ft available
head at 4.55 gpm defivery. 12f¢ available head and 250-ft
equivalent length are used as the.nearest avajlable values,

Table 1 indicates that a fiow of 43 gpm at 8 velocity of 26 fps
wxll be established thmugh the ¥-in. main. Kowever, because of

drop ¢ this may
not "be demmble

If the system is divided into two loops, as shown in Fig. 11,
& smaller pump may be used and the system temperature drop
decreased.

The 1%-in. pump st 6-{t head for 4.55 gpm is again selected
for preliminary sizing of piping.

‘The measured supply main length plus the length of the long-
eat 1oop circuit is 106 it. The equivalent length equals 106 X 15
or 159 ft. For 6-ft available head and 160 ft equuvalent length,
Table 1 indicates that the friction loss would be 3% ft per 100
{t or 450 mi per ft. At this friction loss the supply main would
be of 1-in, size for a flow of 7 gpm (which is more than the re-

uired 4.5) and the Y-in. looped main would deliver 3.7 gpm
more than the requu-ed 225 gpm). Because the flows are-tnore
d, the sy: drop would be less than

20 deg. A smaller pump could therefore be used if desired.

The pipe sizes should be recalculated at the design flow rates
BS followa

. [Friction
Heot | Design Pipe . Totod | Press
Section | lood | Flaw nl/‘;;o Sice | 5T | gquiv | Drap
M | Gpo |7 o Ft A
AB  [45.5|4585] 13 | 1 | 36.0°
’ 2 elbows © -1 50
? '.evsvaa . 2.5
ow valve 50.0
1boiler 1 78| 1007 |17
Boa [msl2s| ug | % | o
Selb(l:‘w's 1326
1.7
13.6

* Actus! pipe kength.
Since the total systemi head loss equals 3z ft at a ﬂow of
4.55 gpm and the 1%-in. pump is a satisfactory selection.

If desired, the actual design temperature drop can be deter-
miried. Because the pump head at 4.55 gpm is greater than 3.27

401

ft, the flow in the systera will increase until pump hesd and fiow

equal system pressure drop and fiow. Construction of a system
curve, as described under centrif pumps, shows that for the
system with the pipe size sels and with the 1%-in. pump,
ethbnum wﬂl be reu:bed M. 6-ft head and 62 gpm flow. The
sctual tem ure drop conditions would then be
(45/62) X 20 or 145 deg, appmnmneely

Combination Systems

Three types of systems have been.illustrated, namely:
one-pipe, two-pipe reversed- return and series-loop. Actually
the design for a particular b g may be a posite of
two or even ail three of these types ot‘ systems. For example,

a two-pipe reversed-return system of distribution may be .

used with a number of one-pipe loops in a single building
such as an apartment house, or a two-pipe reversed-return
sysmnmaybeusedwmhamm 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 ecase, it is well to bear in
mind the principles of design involved in each particular type
of system for that portion of the instalistion where it is
used.

-Adjustment of Flow and Capacity

Where the heating elements and piping are property
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 § to 15 percent of the correct value for a
given heating 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-
mercial 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-
lically unbalanced, because the water for ‘the first heating
load taken off the main is the first to be returned. As a re-
sult, the first heating unit will' recelve a much greater flow
than is required to develop its rated output. The flow through
the last heating unit can be so low that practieally 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 selection. That is, the piping can be sized
s0 that the pressure drop through each piping circuit is the
same at the design ﬂow rate.

These bles are ized by the d-return sys-
tem, Fig. 8. In this system the water for the first heating
load ta.ken off the main is the last to be returned, and all
cireuits are of approximately equal length. Proper hy-
draulic balance is therefore easily obtained and the system
is inherently seli-adjusting. While the reversed-return piping
circuit i3 much preferred, in some large installations 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 downféed, the




