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hasclosed, except that its velocity, v 

toward the origin.The same is true of each following section 3, 4)—(n-r) 

and n; each of these sections, as it is arrested, being com

pressed to the pressure P.
During process (1) a small quantity of water flows 

from the reservoir into the pipe, to occupy the space 
' formed by the compression of the water and the extension 
of the pipe walls. Finally, when all the sections have 

been arrested, the entire column will be under pressure, 
P. The entire energy of the water column is now stored 
(as potential energy) in elastic deformation, viz., m the 
compression of the water column and in the extension of 

the pipe walls.
But this condition cannot be maintained : for (2) as 

the additional pressure, P, has been produced in

ORIGIN

before the gate was
the opposite direction, i-e.now

of the water column, moving
h) The kinetic energy

toward the origin or away from the gate, is now 
verted into potential energy, which manifests ltseJf_ln a^ 

extension of volume of the ^ g,

been reduced to the subnormal 

has been estab-

recon-

beginning with section 1 
entire water column has

pressure.
M When the subnormal pressure 

lished throughout the length of the pipe, and all the water 
has come to rest, the water from the reservoir will again 
direct itself into the pipe, restoring *e normal pressu ^ 
first in section n, next to the reservoir, and then, in rap 

succession, in the other sections (n- )
4, 3, etc., until, when the normal
pressure reaches the gate, we have once 
more the conditions which existed just 

closed, viz. y tne

soon as
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before the gate was ,
normal pressure is restored and the 
water is moving toward the gate wi 
the original velocity, V.

Indicator-Pressure-CurvesConditions or the Water 
Column in the Pipe

GENERAL PRESSUR-WAVE DIAGRAM
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h followed these puisa-0

T We have now 
tions of pressure (with the accompany
ing transformations of energy and flow 
of water into and back from the pipe) 

through a complete cycle of four move
ments, each extending through e 
length of the pipe. For convenience, 

y consider two successive move
ments of the kind as a “round trip 

through the pipe.
The gate remaining closed, the 

whole process is now repeated in a 
second cycle, which, in turn is folio we 
•by a third, and so on, the amplitude ot 
the pressure vibrations gradually di
minishing (because of friction) until the

to a state

N
HP I---- I

I I
-----Z

■ I ">3<■eF##' jj
3

X 1
4

------- 5

— e16 I
we ma

Vs
:
;|io '
I

X
/» 12— \f7 I/ ---- 13 —

I I'--------14—114 s . and the water come

But although the intensity of the 
pressure becomes gradually less, the 
time required for each cycle remains 
constant for all repetitions. This pro
pagation of pressure, consisting of its 
transmission through all points of the 
length of the pipe, each point suc- 

sively repeating the same periodical 
movements, is in its nature, simply a 

of wave motion, like that of a

1 pipe 
of rest.
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Diagrammatic Representation of Water Hammer Phenomenon. caseFig. 2— sound wave.
The velocity of wave propagation is independent of 

the intensity of the pressure, and depends only upon the 
properties of the medium through which the propagation 
takes place—in the case of water hammer, upon the 

elasticity of the water and of the pipe.
We now find that the time required for each cycle of 

pressure transmission (including two round trips through

the pipe) is equal to—-~ , where L is the length of the

is the velocity of wave propagation. This is 
entire pressure vibration in every point

the last section, n, the water in that section will again 
expend, and the walls of that section of the pipe will again 
contract, restoring the original conditions in that section 
and pushing the water of that section back into the reser
voir from which the pipe issues, and restoring the original 

normal pressure in section n.
be repeated by each sectionThis operation will

__4> 3j etc., in turn, until all the potential energy
stored in the water column when it was under the pressure, 
P (neglecting the portion, lost in friction), has been re

converted into kinetic energy.
During process (2) the water which entered the pipe 

during process (1) is forced back into the reservoir. The 
condition of the water column is now what it was just

now

pipe and a 
the period of an
of the pipe. ,

A general diagrammatic representation of the pri 
ciples of water hammer, as just described, is given in Fig. 
2. Here we see on the right, pressure curves correspond
ing to the different jxfints of the pipe indicated at the op- 
On the left of Fig. 2 the conditions of the water columncontinued flowing from the•During process (3) water 

pipe into the reservoir.

Ï


