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by permitting the water to pass into an open chamber, from which it 
flows over and through a circular weir supported on floats. As the 
water rises in the chamber the weir also rises, and a constant relation 
is thus obtained between the height of the water and that of the weir 
crest. In order to limit the necessary height of the chamber the fioat 
may be made to operate a butterflyvalve on the inlet pipe, so that when 
the float rises the val ve will partly close and thus diminish the quantity 
of water entering the chamber. Conversely as the float falls the 
valve is opened and more water permitted to enter. In neither of 
these two cases can the ilow in the outlet pipe exceed the predeter­
rnined capacity of the circular weir. Another form of the rate of flow 
controller is that in which a balanced valve is operated by the differ­
ences in pressure at the throat and downstream end of a Venturi 
tube inserted in the line. This val ve will open or close as the quantity 
of water decreases or increases below or above sorne fixed quantity. 
In this manner a smaller or greater loss of head is automatically 
introduced into the system, and since the discharge is proportional 
to the square root of the effective head, the mechanism operates in 

such a manner as to maintain a constant flow. 

For determining the discharge or rate of fl.ow within a pipe at 
any instant either a Venturi meter or a Pitot tube with the neces­
sary connections may be used, as described in Arts. 38 and 41. 

Loss of head gages are used in cases where it is desired to indicate 
at one place the loss of head which occurs between two points on a 
system .• The most usual application is in the case of a fil ter bed 
where the loss of head is constantly varying on account of the clogging 
of the filter surface. In this situation a loss of head gage indicates 
at once whether or not a filter should be put out of service and cleaned. 
A gage for this service consists of a float in each of two chambers, 
the chambers being connected with the pipe or filter system at the 
points between which it is desired to measure the difference or loss of 
head. One of the floats is connected by means of a wire to a hori­
zontal axis which carries a pointer, while the other is connected to 
another horizontal axis which carries the dial on which the pointer 
indicates. The two horizontal axes are concident, and the reading of 
the pointer indicates the loss of head. If the water in both of the cham­
bers rises or falls an equal amount, the pointer will still indicate the 
same loss of head, as the directions of rotation of the pointer and dial 
are the same. In order to avoid a movable dial other forms of this 
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apparatusare arranged by the introductionof a differential mecha · 
so that the loss of head is directly indicated by the po' t msm, 
t
. d' 

1 
m er on a sta-

10nary 1a. 

Valves for maintaining a constant leve! in a tank or reservoir are 
us~all~ constructed, for small sizes, of a ball float operating a cock 
as 1t nses and falls by means of a system of Ievers o · 1 k d' • n arger wor · 
aa or mary gate valve operated by a hydraulic cylinder and piston 
may be used. ~ float either on the water surface itself or on the sur­
face of mercury m ~ vessel ~onnecting with the water operates a small 
three-way valve w?1ch admits the water either above or below the pis­
ton of _the hydrauhc valve and so either doses or opens it as the water 
leve! nses above or falls below a fixed elevation. In order to prevent 
such valves from closing too rapidly and thus inducing water hammer 
the ports of the three-way valve may be made quite small 50 as t~ 
cause the :vater to pass very slowly into the operating cylinder or else 
another p1ston m~y b~ i~troduced into the system and so arranged 
t?at the w~ter behmd 1t IS permitted to escape through an orifice the 
stze of w~ch can ~e regulated. By this means the time of closing can 
be very mcely adJusted. 

. A_ll a~tomatic 1evices are more or less likely to get out of order. 
!hlS IS s1°:ply due to the inherent difficulty in attaining perfection 
~n any device. In order that they may at ali times retain their ad­
JUS~ment and properly perform the functions for which they have been 
desig_n~d they mus~ be frequently inspected and always kept in good 
co~dttlon and repa1r. The selection of any particular form of regu­
latmg, control, or recording device will depend upon the condit' 

d h' h · · 1011S 
un er '': 1c 1t IS to operate and upon the past performance of the 
mechanism as attested by the experience of those who have used it. 

Pr~b. ~O~. l\fake a sketch showing the arrangement abovc describcd 
for mamtam1~g a C~!).Stant leve! in a tank by means of a gate valvc operated 
b! a hydrauhc c~lmder. Show also the arrangement of the dampcning 
p1ston for preventmg too rapid closing of the valve. 

ART. 104. WATER MAINS IN TOWNS 

_The si~plest case oí the distribution oí water is that where 
ª smgle m~m i~ tapped by a number oí service pipes near its end, 
as s~own _m ~1g. 104. In designing such a main the principal 
cons1derat1on 1s that it should be large enough so that the pr~s-
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sure-head h1, when all the pipes are in draft, shall be amply suffi­
cient to deliver the water into the highest houses along the line. 

l 1 
' ' T ---¡¡ 

1 • 
1¡1 1 
l 

It is generally recommended that 
this pressure-head -in commercial and 
rrianufacturing districts should not 
be less than 150 feet, and in sub­

~=- urban districts not less than 100 fe~. 
º' 0 0 0 0 The height H to the surface of the 

~--➔i---------i--=:;i__ water in the reservoir will always be 
Fíg. 104. greater than h1, and the pipe is to 

be so designed that the losses of head may not reduce h1 below 
the limit assigned: The head h to be used in the formulas is 
the difference H - h1. The discharge per second q being known 
or assumed, the problem is to determine the proper diameter d 
of the water main. 

A strict theoretical solution of even this simple case leads to 
very complicated calculations, and in fact cannot be made with­
out knowing all the circumstances regarding each of the service 
pipes. Considering that the result of fhe computation is merely 
to enable one of the market sizes to be selected, it is pla~n that 
g~eat precision cannot be expected, and that approximate methods 
may be used to give a solution entirely satisfactory. It will then 
be assumed that the service pipes are connected with the main 
at equal intervals, and that the discharge through each is the same 
under maximum draft. The velocity v in the main then decreases 
and becomes o at the dead end. The loss of head per linear foot 
in the length l1 (Fig. 104) is hence less than in l. To determine 
the total loss of head in the length l1, let v1 be the velocity at a 
distance x from the dead end; then v1 = v · x/li and the loss of 
head in friction in the length óx is · 

• <:- 2 2 2 
oh"= ¡~1i.. = f~ !!..-sx 

d 2g dl12 2g 

and hence between the limits o and l1 that loss of head is 

(104) 
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provided that f remains constan t. This is really not the case, but 
no material error is thus introduced, since f must be taken larger 
than the tabular values in order to allow for the deterioration of 
the inner surface of the main. The loss of· head in friction for 
a pipe which discharges uniformly along its length may therefore 
be taken at one-third of that which occurs when the discharge 
is entirely at the end. 

Now neglecting the loss of head at entrance and the effective 
velocity-head of the discharge, the total head h is entirely con­
sumed in friction, or 

h = f !._ t_ + j!l. v2 
d 2g 3d 2g 

Placing in this for v its value in terms of ·the total discharge q 
and the diameter of the pipe, and solving for d, gives 

d5 = (l + ½l1) JjJt_ 
2g'TT'2h 

This is the same as the formula of Art. 97, except that l has been 
replace by l + ½h. The diameter in feet then is 

d = 0.4 79(l + ½l1) ¼ f f J ¼ 

when h and l are in feet and q in cubic f eet per second. 

For example, consider a village consisting of a single street 
with length l1 = 3000 feet, and upon which there are 100 houses, 
each furnished with a service pipe. The probable popi.:¡lation 
is then 500, and. taking 100 gallons per day as_ the consumption 
per capita, this gives for the average discharge per second along 
the length l1 

500 X 100 . b' f q = = 0.0774 cu 1c eet, 
7.48 X 3600 X 24 

and since the maximum draft is often double of the average, 
q will be taken as 0.15 cubic feet per second. The length l to 
the reservoir is 4290 feet, whose surface is 90.5 feet above the dead 
end of the main, and it is required that under full draft the pres­
sure-head in the main shall be 75 feet. Then h = 90.5 - 75 = 
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15. 5 f eet, and taking f = 0.03 in order to be on the safe side, the 

formula gives d = 0 .36 feet = 4.3 inches. 

Accordingly a four-inch pipe is nearly large enough to satisfy 

the imposed conditions. 

To consider the eff ect of fue service upon the diameter of 
the main, let there be four hydrants placed at equal intervals 
along the line li, each of which is required to deliver 20 cubic 
feet per minute under the same pressure-head of 7 5 feet. This 
gives a discharge 1.33 cubic feet per second, or, in total, q = 1.33 
+ o. 15 = 1. 5 cubic · feet. Inserting this in the fopnula, and 

using for f the same value as before, 

d = 0.897 feet = 10.8 inches. 

Hence a ten-inch pipe is at least required to maintain the required 

pressure when the four hydrants are in full draft at the same time 

with the service pipes. 

Prob. 104. Compute the velocity v and the presstire-head h1 for the 
above example, if the main is 8 inches in diameter and the discharge be r.5 
cubic feet per second. Also when the main is 12 inches in diameter. 

' .¡_ .ART. 105. BRANCHES AND DIVERSIONS 8-1 lÁ/\ 

In Fig. 105a is shown a main of length l and diameter d, éon-

nected with a storage reservoir, which has two branches with 

f, . ·~~""'- j____ ,--

___ 
~--~-'--=- . " . 

Fig. 105a. 

lengths l1 and 4, and 
diameters d1 and d2 
leading to two smaller 
distributing reservoirs. 
These data being given, 
as also the heads H 1 

and H2 under which 

the :fl.ow occurs, it is required to find the discharges q1 and q2, 
Let v, v1, and v2 be the corresponding velocities; then for long 
pipes, in which all losses except those due to friction may be 

neglected, the friction-heads for the two branches are 

H1 -y = Ji h_ V12 H 2 -y= 1ih.. V22 

d1 2g di 2g 
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where y is the diff erence in level between the reservoir surface 
~nd the surface of the water in a piezometer tube supposed to be 
mserted at the junction. This y is the friction-head consumed in 

the flow in the large main, and hence from formula (90) its value is. 

y=¡{:!:... 
d2g 

Inserting this in the two equations, and placing for the velocities 
their values in terms of the discharges, they become 

2g1r2 l l 
16 H1 = f-¡,(q1 +q2)2+Ji d:5qi2 

2g1r2 l 4 
16 H2 = f d5 (q1: q2)2+ Ji di5 q22 

from which the values of q1 and q2 are best obtained by trial. 

When it is req~red to determine the diameters from the given 

l~~gths, heads, and discharges, there are three unknown quan­
hties, d, d1, di, to be found from only two equations, and the prob­
lem is indeterminate. If, however, d be assumed, values of d1 

and d2 may be found; andas d may be t~ken at pleasure, it ap­
pears that an infinite number of solutions is possible. Another 
way is to assume a value of y, corresponding to a proper pressure­
had at the junction; then the diameters are directly found from 
formula (97)a for long pipes, in which h is replaced by y for the 
large main, and by H1 - y and H2 - y for the two branches. 

When two reservoirs, A1 and A2, are ata higher elevation than 
a third one into which they are to deliver water by pipes of length 
l1 and 4, both of which connect with a third pipe of length l which 
leads to the third reservoir, the above formulas also apply. In 
this case H1 and H2 are the heights of the water levels in the reser­
voirs A1 and A2 above that in the third re:serv~ir. 

When the principal main of a water-supply system enters 
a town, it divides into branches which deliver the water to different 
districts, and when such branches connect again with the princi­
pal main, they form what may be called "diversions." Figure 
105b shows a simple case, A being the reservoir and AB the prin­
cip:il main, while the pipe lines BCE and BDE forro two routes 



• 
236 Chap. 8. Flow of Water through Pipes 

or dh·ersions through which water can flow to F. Let the main 
AB have the length l and the diameter d, the line BCE the length 
/
1 
and the diameter d1, the line BDE the length k and the diameter 

d
2
• while the line EF has the length l3 and the diameter d3. Sup­

pose that no water is drawn from the pipes except at F and be­
yond, that the pressure-head Ff at F is h3, and that tñe static 
head F/i on F is Ji, and let it be required to find the velocity and 
discharge for each of the pipes. The total head H lost in friction 
is /z - '1

3
, and if TV, W1, W 2, and W3 represent the weights of water 
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Fig. 105b. 

that pass any sections of the four pipes per second, the theorem 
of energy, neglecting the en trance head at A and the velocity-head 

at F, gives 
l~ ~~ ~~ ~~ • 

WH= WJ- -+ Wifid--+ W2/2-1 - + W3Jad--
d~ 1~ ~~ s~ 

N ow ref erring to the figure where piezometers are shown on the 
profile at B and E it is seen that the loss of head in friction is the 
same for the diversions BCE and BDE; accordingly there must 

exist the condition 

and since W equals W1 + Tr2 and also equals W3, the above 
energy equation reduces to the simple form 

H=/ v
2 +Ji!J..vi2 +Jah_v/ . 

d 2g di 2g d3 2g . 
The values of v1 and v3 in terms of vare now to be inserted in this 
equation in order to determine i 1• From the conditions of con-

• 
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tinuity of flow and that of equality of friction-head in the divcr­
sions, are found three equations, 

d32 V3 = d"-v d12 V¡+ ch.2 712 = d2v V¡ Vfilil d1 = ½ V/24/ ch 

and accordingly, if the square roots of the quantities Jil1/d1 and 
/2½1 d., be· called e1 and e2 for the sake of abbreviation 

' 
V3 = d2 V ½ = /1d2 V V¡ = e2d2 V 

da2 ~d1 + e1d2
2 ~d12 + e1dl 

The above formula for H then reduces to 

2gH =[! 1 + /1 Ji · ¡211( d2 )
2 
t Jsf1 (!!:.)4}2 

d d1 d2 ~d12 + e1ch2 d3 d3 

from which v can be c~mputed. Then v1, ½, and v3 may be found, 
as also the discharges q, q1, % and qa. 

As a numerical example, let l = 10 0001 l1 = 2200, l,¿ = 2800, 
la = 1200 feet, and d = 12, d1 = 8, ch = 101 da= 10 inches; let 
F be 184 feet below the water level in the reservoir and let the 
required pressure-head at F be 155 feet, so that H = 29 feet. 
Taking for the friction factors the mean value 0.02 (Art. 90), the 
Yalue offl/d is 200, that ofJili/d1 is 66, that of f 2l,¿/ch is 67.2, and 
that of Jala/da is 28.8. The value of e1 is then 8.12 and that of ~ is 
8.20, while dl da is 1.2. Inserting these in the last formula, there 
is found v = 2.45 feet per second; then v1 = 2.16, ½ = 2.14, 
and va = 3.53 feet per second. As a check on these results the 
friction-heads for the four pipes may be computed, and these are 
found to be 18.6 feet for l, 4.8 feet for l1 and 0,, and 5.5 feet for /3 ; 

the sum of these is 28.9 feet, which is a sufficiently close agreement 
with the given 29.0 feet for a prelirninary computation. The dis­
charges are q = qa = 1.93, q1 = 0.75, q2 = 1.18 cubic feet per 
second, and the sum of q1 and q2 equals q, as should be the case. 
The computation may now be repeated, if thought necessary, 
tpe above velocities being used to take better values of the 
friction factors from Table 90a. 

There are marked analogies batween the fiow oí water in pipes 
and the fiow of electricity in metallic conductors. Thus in Fig. 105b, 
let BCE and BDE be two wires that carry the electric current passing 
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from A to F. If C 1 and C2 be the currents in these circuits and R1 

and R
2 

the resistances of the wires, it is an electric law that R1C1 = 
R

2
C

2
, or the currents are inversely as the resistances. For water 

the discharges q1 and q2 are analogous to the electric currents, and, 
from the above equation, which expresses the equality of the friction-

heads, it is seen that 

and accordingly the same law holds if the coefficients of q1 and q2 be 
called resistances. If there be a third diversion BGE of length 14 

and diameter d4 connecting B and E, the current or the discharge 
through AB divides between the three diversions according to the 

same law, and 

from which it is seen that (N4/ dl )Íq4 is equal to each of the corre­
sponding expressions for the other diversions. This subject will re­

ceive further discussion in Art. 208. 
Prob. 105. From a reservoir A a pipe ro ooo feet long and 16 inchcs 

in diameter runs to a point B from which two diversions lead to E. The 
diversion BCE is 1600 feet long and ro inches in diameter, while BDE con­
sists of 2000 feet of 10-inch pipe and r 500 feet of 8-inch pipe. From the 
junction E, a pipe EF, 1000 feet long and 12 inches in diameter, leads to the 
business section of the town, where it is desired to bave four fire streams 
dcliver a total discharge of 900 gallons per minute through four hose lines of 
2~-inch smooth rubber-lined hose and rl-inch smooth nozzles. The point F is 
180 feet below the water leve! in the reservoir. Compute the vclocity and 
discharge for each pipe and hose line, the friction-head Jost in each and the 
pressure-bead at tbe end F. 

.ART. 106. CAST-IRO~ PIPES 

Cast-iron pipes generally range in size from 4 inches to 60 
inches in diameter the larger sizes being usually made to order. 
They are cast in 12-foot lengtbs and dipped into a bot bath of 
coal-tar. The joints are of the bell and spigot type, the space 
about the· spigot being filled with lead or other material so as to 

forma tight joint. 
Sorne waters act rapidly on cast-iron causing the formation 

of tubercules of iron rust to such an extent that in the course of 
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yea~s the dia~eter of the pipe may be reduced by fully 50 percent. 
~anous macbmes bave been devised for removing sucb incrusta­
tions and deposits by scraping and thus in part restoring tbe O • _ 
. 1 . ng 
ma c~pac1ty of the pipe. No definite rule can be laid down for tbe 
select10n o~ a proper friction factor for use in tbe design of a pipe. 
Eacb particul_ar case must be carefully stuclied and tbe proper 
factor determmed upon. Many experiments bave been made in 
order to determine the friction factor in clean cast-iron pipes and 
the results are tabulated in Table 90a. Other experiments 'bave 
been made on pipes of various ages and a few of the results are 
?ere given in Ta~le 106 in order to illustrate the range which 
1s to be expected m tbe values of the friction factor. 

TABLE 106. ACTUAL FRICTION FACTORS FOR CAST-IRON PIPES 

º"" I 
Velocity in Feet pcr Second 

eter in Age in 
lncbes Years 

Reference 

2.0 3 .0 4.0 

--
12 o 0.021 0.019 0.018 Trans. A.m. Soc. C. E., vol. 47 
12 15 0.076 - Hering's Kutter • 
12 22 0.121 0.127 - Hering's Kutter • 
20 5 0.019 0.022 - Trans. Am. Soc. C. E., vol. 35 
20 22 o.oóg 0.071 0.074 Hering's Kutter • 

36 1¼ 0.015 Trans. Am. Soc. C. E., vol. 44 
36 31 0.059 Trans. Am. Soc. C. E., vol. 44 
48 o 0.013 Trans. Am. Soc. C. E., vol. 35 
48 7 0.028 - Trans. Am. Soc. C. E., vol. 28 

48 16 0.023 0.023 0.023 Trans. Am. Soc. C. E., vol. 35 

. An inspection of the foregoing table indicates the great range 
m th~ val~es of the fri:tion factor which are caused by progressive 
detenorat10n of. t~e mterior surface of a cast-iron pipe. Due 
allowanc~ for t?1s _mcre~se ~f the friction factor with age must 
be made m des1grung pipe lines and water mains. 

. ~rob. 106. Compare the discharge of a new cast-iron pipe 20 inches 
m d1a~eter and ro ooo feet long under a bead of 100 feet with that of the 
same pipe when 25 years old. 

• H~ring_and Trautwine's translation of Gauguillet and Kutter's Flow of 
Water m R1vers and Other Cbannels, New York, 1889, p. 155. 
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ART. 107. RIVETED PIPES 

Pipes 36 inches and larger in diameter have been made of 
wrought-iron or sleel plates riveted together. Wrought-iron, 
however, is now but litlle used, on account of its higher cost, 
except in the form of thin sheets for temporary pipes. Each 
section usually consists of a single plate, which is bent into the 
circular form and the edges united by a longitudinal riveted lap 
joint. The diff erent sections are then riveted together in trans­
verse joints so as to forma continuous pipe. At AB (Fig. 107a) 
is shown the so-called taper joint, where the end of each section 

Fig. i0ia. 

goes into the end of the following one, as in a stovepipe, the flow 
occurring in the direction from A to B. At CD is seen the method 
of cylinder joints where the sections are alternalely larger and 
smaller. For the large sizes double rows of rivets are used both 
in the longitudinal and transverse joints, the style of riveted . 
joint depending on the pressure of water to be carried by the pipe. 
Riveted pipes have also been built with butt joints on both 
longitudinal and transverse seams, lap plates being on the oútside. 

Pipes of this kind have long been in use in California in tem­
porary mining operations, the diameters being from 0.5 to 1.5 
feet. In 1876 one was laid at Rochester, ~.Y., partly 2 and 
partly 3 feet in diameter. Since 1892 severa! lines of large diam­
eter have been constructed, notably the East Jersey pipe of 
3, 3.5 and 4 feet diameter, the Allegheny pipe of 5 feet diameter, 
and the Ogden and Jersey City pipes of 6 feet diameter. The 
steel pipe siphons now under construction on the Catskill Aque­
duct for the city of New York vary in diameter from 9.5 to u.2 
feet. These pipes will be covered with concrete as a protec­
tion against exterior corrosion and will be lined inside with 2 

inches of Portland ceinent mortar both as a protective coating, 
as well as for the purpose of increasing their capacity. This, it 
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~ay be noted, is a re-adoption of the old cement-lined pipe and 
it may be stated that the capacity of a pipe so lined is about 2 ~ 

percent_ greater than tha~ of the same pipe without such lining . ., 

Owmg to ~he friction caused by the rivets and joints the dis-
charge from nveted pipes is less than that from t . . · h' h cas -1ron pipes 
m w ic the obstruction caused by the . . t . . Th f 

11 
. JOm s 1s very shght 

d ~ o owmg values of the friction factor/ which haYe bee~ 
enve~ from ~~e data given by Herschel, * ar: applicable to new 

clean nveted pipes coated with aspbaltum in the usual man v 
1 

• • ner. 
e oc1ty rn feet per sccond, v = 1 2 

Cylinder joints { 3 fft. dd!am., f = o.o35 0.029 o.!24 0.:21 o.!19 
6 

4 t. iam., / = o.025 o.022 o.020 o.020 o.021 ::::~ 

Taper joints {3½ ft. diam.,/=~.025 0.024 0.023 0.022 
4 ft. diam ¡ _ 0

·
022 

0.022 
• • ' - 0.027 0.026 0.025 0.024 0.023 0.023 

These fnct1on factors are approximately double th . for t · . . ose given 
new ~as_ -1ron pipes m Art. 90, this increase being largely due 

to ~h~ fnction of the rivet heads and lapped joints though sorne 
of it_ is probably chargeable to the roughness of the asphaltum 
c~atrng. It must be noted that these factors increase with age 
t ~s whe_n. four_ years old the upper end of the above 4-foo¡ 
cylinder Jomt pipe gave the following values: 

Velocity in feet per second, v = 1 2 
Cylinder joint 4 ft. diam., f = o.042 o o32 o !30 o 42 5 6 • . ' .o 9 0.029 0.029 

while the lower portion of this same pipe gave the following value . 
Velocity in feet per second v = l 2 s. 
Cylinder joint 4 ft. diam., 'f = o.027 o.024 o !23 o !24 5 6 · • 0.024 0.024 

The di~ution in capacity here shown during a period of 
4 years_ is_ greater for the upper than for the lower part of the line 
and this is to be ascriboo in part at least to the greater number 
º! vegetable growths which occur in most lines near and for so 
distance below their intakes. ' me 

Whe~ t?is same pipe was 15 years old (Art. 121) the values 
of the fnct10n factor for its upper end were as follows: 

Velocity in feet per second, 11 = 1 2 3 4 s 6 
Cylinder joint 4 ft. diam., ¡ = 0.036 0.036 

* rr5 E . • duits ,te xyperunk en~ on the Carrying Capacity of Large, Riveted, ~letal Con-
' ,, w or , 1vy7. 


