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TEFLOW 0F WATER TUROlGH LONG
PIPES.

Water, in its: desenùt tbrougb tbe maiînsý absorba
by the resistance of the aides a. portion of the -mer
tive power of the fal1. Again, wben.-the wat.erhba
te Le forced through conduit pipes by mesanes of
punmpe, this resistance requires additional work,
which bas to Lie added to that consumed by gravity.
And thus, in establishing engines for the water
supply of. towns, it je of course necessary te take
into account tbis extra pcwer wbicli has to Le
given -to the prime movýer. -EFvery. foot' of pipe
'wilI afforde more or ]ese cf resistance tbrough fric-
tion and. adhesion to. the motion of the. water;
every change cf direction st a kece or bond wili
inorease thià resistance,- and wiIl cause a ]os of
head equat to the height, due to. tbe velooity multi-
plied by a known coefficient. One of the reasons
of the loss of vi3 viva ini the: change cf direction
undergone by a fluid at a kneeê or curve le te Le
found, in the centrifugal force which, tends to sepa-
rate the water frein the in.ner side cf the pipe,'end
thus te form. a contraction. A . whirling motion is
also produced at the p oint of cress section of the
two diverging. centre lines. Any euddeu enlarge-
ment in the pipe will alsc cause ai diminution cf
the velocity, and in the sanie prteporetmo as the
area cf cross,* section is increased& Wheu, a pipe
je narrowed at the inside by thé jutting put cf a
portion, or by a twist, as is ofteù the case with
drawn out pipes, and etili more with soldercd
pipes, this narrcwing cof the chanitel will' aie
produce a 1l0se cf vis vivà. It bas been found by
means cf a grea t nuinber cf experiments that the..
frictional resistance is quife independent of' the
pressure, but that it is direotly as *the Iength and
inversely as the width cf the pipe. It.bas also
been proved that this resistance je greater at
bigber speeds and emaller at slower. spèed, and
that it inçreuees very nearly with the square cf
the speed. Of course, bowever slow the current
may Lie, ail these. resietances muet malte tbem-
selves felt te a more or lese degree accerding to
the speed, according te the greater or less length
cf the pipe, laccording to its emaller or greater
diameter. An y accidentai cîroumetance, sucb as
the presence cf air, or that cf any narrowing cf
the channel,.wilI aise coneiderably increase this
resistance. With the façt before us that, bowever
slow the epeed, tbese losses will at once make
themeelves felt.in a long. pipe witb a niarrow dia-
meter, it seeme incredible that the motion cf a
corrent- cf water sbould Le employed te gîve
motion te the indicating plungere cf bydraulic
presses. The. lesses are independen t cf the pres-
sure, and being, as we have seen, liable te Le
inci easéd at a rather quicker rate than the square
cf the velocity, fluîd friction je thus in a direct
contraet te the friction cf solide. But thougb the
friction cf water in a pipe is net Increased by
pressure, there ia cvery reason for the belief that,
at very slow epeeds, and wi th very bigh pressures,
the contraction of the water itelf under pressure
wouid ceaie into play, and, faveured by what Mr.
Grove terme "lthe irrepressible bubbie cf gas,"ý
compression alone would preduce soine motion in
a pipa with an attendant lase cf bead. A Bmali
diameter cf pipe would doubly faveur this action.
The formiule cf different authore differ very con-

siderably with regardi te tbe friction cf water in:
pi pes, as welI: as-to other questions -in hydrauhice.
There is more espiecially-one influence on the mo-
tion cf water in pipes. which seeme. te bave been.
littie regarded in -England and- Germany, at any
rate: in the bocks. We allude -te the influence cf
the nature of the surface. cf tbepipe. on-the motion
cof the water. The rules- generally given. suppose
that the nature cf the surfaces doe net influence:
tiu any considerable. extent the resistance, cf the.
sides, and -they are based on an expressien of this
resitance, which centaine a factoir compoeed of-
twe proportional: terme, the one te the firet, the
other te the second, power cf the average veboeity
of: the water in the pipe. But the. engineere of,
*water-works in this country and abroad: had: long
a go neticed that, though the volumes. cf water
delivered oby new sb t-trn mains for a short time.
after their eoection considerably exceeded- the:
amounts indicated by the forniuloe, the case was
exactly opposite after the pipes badl boen in use
for semne timie, and-the slightest deposit had formed
itself iu the pipes. It ie for chese reasone that Mr.
Hawksley bas long recemmended and used- the sin-
pirical formula for the numiber cf gallons de:livered;

per hieurx=J 1 D6) 1, in 'wiich L ie the length

cf pip in yards, Il the bead cf water in feet, and
D thediameter cf pipe in inches. M. d'Aubuisson,-
well kncwn as the author cf a bock on hydrauhics,
and the engineer of the water.works cf Toulouse.
alec proved that the losses cf bead caused by the
friction cf water in mains was sometimes double.
that indicated by the formulas cf De Prony.
D'Aubui8son eniployed, for the calculation cf the,
deliveries cf pipes in which the velocity ameunted
te or exceeded six decime.tres, a formula based on
the supposition that tbe 'resistance was propor-
tional te the square cf the speed merely, and thie
formnula gave results rather leeo, by about e. third,
than the formulm cf De Prony.

The speed ef flow ia pipes in. wbich incrustation
bad be. very slîgbtly duninished the diameter 'was
found te be very considerabi! lese than that indice.-
ted by the formulze cf De Prony, and ouly after
these pipes were cleaned was there an agreement
between De Prony's formulva and* experiebce. In
f act, M. Darcy showed, b; a compars son between
the values cbtained'for the numerical coefficients
determining the amounit cf resistance with pipes
cf the saine, or nearly the saine, diamoer, that
the mere nature cf the surfaces, .bçsides their
more or 'lee polish, exercises a very coasiderable
in.fiuence on the intensity cf the résistance te the
current.: He tound thgat, accerding as the pipes
are cf wrought iren painted with tar, or- cfnew,
cast iron, or cf cast iron covered witti deppsit, thé
cc-efficient varied in tbe ratios cf about 1 te 1-5
and te 3. The twc hast figures in the ratio cf i te
2 juetify, as Mern reniarks, the practîcal rule
adopted by M. d'Aubuisson for calculating theo
dimensions cf conduit pipes. According to thie
formula, he allowed for a fore cf etbead . double
that given by the formula cf M. de Prony. This
resuIt, which bas an important beaning ôpi water
supply, l'shows that, te Le certain cf a regular
and constant delivery cf the mains, it je n ecessary


