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™E hydraulic ram—its possibilities of 

development and use *
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Details of Operation.—The operation of the ram may be 
divided into two distinctive periods, namely, the accelera
tion or power accumulating period, and the retardation or 
pumping period. In the former, the waste valve isBy Stirling B. Hill. open
and the water escaping through it, while the check valve 
is closed.Wst 6 hydraulic ram was first invented by John White- 

ln ly72> and was made practical by Joseph M. De 
valve The latter made the action of the waste
toy aut0lr>atic, thus changing the ram from a laboratory 
the h hand, to a useful pumping device. Although
ag0 t^TaU^lc ram was invented and used over 100 years
fifteen 1

In the latter, the waste valve is closed and the 
water is being delivered through the check valve.

In addition to the two periods mentioned there is the 
instant between the closure of the waste valve and the open
ing of the check valve, and also between the closing of the 
check valve and the opening of the waste valve, 
these periods, though extremely short, has its distinctive 
functions and attendant phenomena.

We will now follow more in detail a cycle of operation 
or a stroke as it is commonly called.

When the waste valve opens the static column of 
in the drive pipe, due to the inertia of its 
up velocity at once, but is accelerated gradually. The time 
required to attain a certain velocity depending upon the ratio 
of supply head to length of drive pipe, or, stated in an
other way, upon the slope of the drive pipe, 
the effect of friction, the acceleration is constant like that 
of gravity, and may be expressed in the familiar form V = 
GT, modified, of course, by the slope of the drive pipe, into

Each of
® was but little improvement in its design up to

years ago.
etl8ine° ^ is known of the hydraulic ram, even by
hazy j,! r5' 'ffi® average engineer seems to have the most 
iiig deyea of the characteristics of this much neglected pump- 
soiall €’ *s usually looked upon as a type of pump of 
for iS(oaPaC‘ty an<f low efficiency, useful for pumping 
water .^ated dwellings, or u'here but a small quantity of 

needed and efficiency of no consequence.
0PCfStlA

are n> The essential features of a hydraulic ram
Waste o • lg' supply or drive pipe A, ram chamber B, 
°r t(iuav lmpetus valve C, discharge or check valve D, air 

^ lz|ng tank E, and discharge or delivery pipe F.

thoUgh rn®r® physical operation of the ram is simple, 
'nvolvg, attendant phenomena and hydraulic principles 
Pfincjpjg 'eem to be but little understood. The general 
*" operation is the same in all rams, however the

workings and construction may differ.
11086 th ^or tbe Present, the cause of the action, sup-
*he drive W3Ste Valve (U) to have just opened, the water in 
opens tE 1^P€ an<* ram being stationary, when the valve 
°Pen valC Water lu the drive pipe starts to flow through the 
an<! Press6’ ga*n*nSf in velocity, until the increasing velocity 
ter‘ WheUr<3 kehind the valve are sufficient to close the lat- 
firive pj n tb® waste valve closes, the water flowing in the 
c°hirnn e with the momentum and energy of the moving 
Mfich ° Water behind seeks another means of escape, 

tbrouSr?CUrcc* ^y 0Pening the discharge valve (D), flow- 
0111 through ^atter iut° the air chamber (E), and thence 
Pets as agh the delivery pipe (F). The air in the chamber 
tatQs a neCU'Sk^°n t0 tbe sudden inflow of water and main- 
^0vv fhrcYY constant pressure in the chamber and steady 

g th® delivery pipe.
1|le IBovinLlCClty gradually decreases until all the energy of 

the co*umn of water is expended in forcing water 
1 . 3lr eh" chamber and the flow ceases. The pressure in 
vat*0Q ^airiber then starts a back flow similar to the oscil- 
balve, thus3,61" ina U tube' This instantly closes the check 

3ck flow t rctainiug the water pumped. The tendency to 
ch 1 cause0i,Ct^er w'tb tbe sudden closing of the check 
^ attlber ,^Cs a momentary reduction of pressure in ram 
tiot6r tben s ’ allows the waste valve to open.

is repgtarts to escape as before and the cycle of opera- 
to,hatic aat.e<*‘ The action after once being started is 

st ^he ba= p ram cuutinue to operate.
Pi 1)1 a parti YUrge 's usually sufficient to create for an in- 
tY he taiçg ' Vacuum in the ram chamber. This condition 
eac, Ppper Y advantage of, to introduce automatically into 

stfokê ^ tb® chamber a small amount of air at 
of the ch Uring the waste period this air rises to the 

Sll uukh witu 3 YCr and at the delivery period is carried 
»bYy is m 1 C ^0W into the air chamber. Thus the air
> b

water
mass, cannot get

water

Neglecting

11
V = GT — = GT sin A, where A equals the angle of slope

L
of the drive pipe, H equals the supply head and L the length 
of drive pipe. This is approximately correct for small 
velocities, but the friction varies as the square of the 
velocity, hence it soon becomes an element that must be 
considered.

Blechanicai
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For any §ize pipe on a given slope there is a 
This is found by the 

Chezy formula V =. iC V RS where S is the slope of the
fixed possible maximum velocity.

H
drive pipe, —.

L
Water Hammer.—Up to a certain point there is practic

ally no resistance to the flow offered by the waste valve, as 
it will pass the water faster than it comes to it. After at
taining a certain velocity, the water begins to head up be
hind the vzaste valve and when sufficient velocity and 
sure are attained the waste valve is closed. When the valve 
starts to close the area of flow is further restricted, the 
pressure rises rapidly and the valve goes shut with a bang.

The sudden stopping of the moving column of water 
produces an instantaneous rise in pressure, causing what 
is called “Water Hammer.” The intensity of the hammer 
is limited by the pressure against which the ram is pump
ing, as when this pressure is reached the discharge valve 

and prevents a further rise.
Experiments have shown that the maximum pressure in 

the ram exceeds that in the air tank by only a few pounds.
When the waste valve closes the lower filament of water 

is compressed, and is followed by each succeeding filament 
under like compression to the head of the

pres-

opens

valv

The
drive

pipe, while at the same time, the pipe walls due 
to this compression, are expanded. As this compres
sion wave reaches the open end of the drive pipe, the first 
filament is relieved, then each in succession as a wave of 
rarefaction -moves down the pipe. Thus the pressure waves 
race up and down ordinary pipe at a rate of about 4,000 ft. 
per sec. until worn out by friction.

The intensity of water hammer depends upon the velocity 
of flow and the rate of its suppression.

top
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If it is stopped 
instantly, the pressure developed is found by the formula 

vVW
which otherwise would be gradually 

water under pressure.

°f Paper read before the Pacific Northwest 
neers.

where P = water hammer pressure (in 

of static pressure) in pounds per square inch.
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P = excess
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